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FOREWORD

This Manual has been prepared as a guideline for quality assurance of architectural precast con-
crete. Since the products are custom designed, the many combinations of shape, size, color and
texture require a great degree of craftsmanship. Therefore it is important to implement and main-
tain the quality control Standards as given in this Manual to achieve the specific performance and
aesthetic requirements of a project.

Materials and performance requirements for the architectural precast concrete should be clearly
stated in the plans and specifications. These requirements should neither be open to interpreta-
tion nor unduly restrictive for the project, but should be written to conform with the intended use of
the architectural precast concrete. Personnel in the manufacturer's organization should be thor-
oughly trained and competent in order to achieve quality architectural precast concrete products.

The first edition of the Manual for Quality Control for Plants and Production of Architectural Precast
Concrete Products was prepared by the PCI Plant Certification Subcommittee for Plant Production
of Architectural Precast Concrete Products. Subsequent to the publication and use of the first edi-
tion, a plant certification program was established for the precast and prestressed concrete industry.
The inspection of architectural precast concrete production facilities, carried out under this program,
was based on the recommended practices and criteria outlined in that Manual. Experience by both
the manufacturers and the inspection teams led to the second edition in 1977.

The third edition which is even more demanding of a high standard of industry practice was pre-
pared by the PCI Architectural Precast Concrete Services Committee and the PCI Plant
Certification Committee. It represents state-of-the-art procedures and is the industry standard for
achieving consistently high quality. Committee members working on this Manual were as follows:

ARCHITECTURAL PRECAST CONCRETE SERVICES COMMITTEE

Donald G. Clark, Chairperson

Kevin Anderson Tom Kelley

James T. Engle Edward S. Knowles
Donald L. Faust, Sr. Douglas L. Lorah
Charles L. Fister Richard C. Nash
Sidney Freedman* Richard C. Page, Jr.*
Marvin F. Hartsfield Ned Piccinini

‘Principal  author Arthur G. Salzman

“Past Chairman

PLANT CERTIFICATION COMMITTEE

Dino J. Scalia. Chairperson

Ray Andrews, Jr. Ted J. Gutt

John H. Bachman, Jr. Ray L. Kennedy
Henry Clark Joel Kessell
Theodore W. Coons Michael W. LaNier
John S. Dick Robert McCrossen
Larry G. Fischer Gary E. Oakes

Stanley J. Ruden
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INTRODUCTION
MNL 117, Third Edition

The Standard and Commentary are presented in a side-by-side column format, with the Standard text
placed in the left column and the corresponding Commentary text aligned in the right column. The Stan-
dard has been printed in Helvetica, the same type face in which this paragraph is set.

This paragraplis set in Times, dl pottions of the Commertary are printed in this type face.Commertary aticle numbers are
preceded by a “C” to further dstinguish them from Standard aicle numbers. The information corained in the Commertary
is na pat of the Standard. i shdl na be wed in judgng qudity cortrol or prodution procedure It does provide sugges
tions to hdp in carryng ou the reqiremerts or intert of the standard.

Architectural precast concrete panels, through the application of finish, shape, color or texture, contribute to the
architectural form and finished effect of a structure. Not generally included are the so-called industrialized pre-
cast products (standard shapes), such as double or single tees, channel sections, and flat or hollow-core slabs
usually produced in fixed, long-line forms. Architectural precast concrete units may be manufactured with con-
ventional mild steel reinforcement, or they can be prestressed. Design flexibility in surface appearance is possi-
ble by incorporating various textures and finishes and through the use of different cements, coarse and fine
aggregates, and pigments into the concrete mix. Natural stone or clay products may be used as a veneer finish
or alternatively, panels may be painted or stained to achieve the required colors.

The architect/engineer is directed to Appendix B for a listing of the responsibilities which are to be considered
in the preparation of plans and specifications for an architectural concrete project.

This manual is divided into two parts. The first part contains Divisions 1 through 7 which form the basis for PCI
Plant Certification in product Group Al — architectural precast concrete products. It is conformance to these
Standards which is audited during each PCI plant inspection and provides the criteria for evaluation of the
plant's capabilities.

The final part — Appendices -contains summaries of useful information for both the manufacturer and specifier.

The Standard is intended to be used as the basis for a quality assurance program for the manufacture of archi-
tectural precast concrete products and to provide requirements for quality production practices. The Standard
portion is intended to serve as a specification reference document. It should be augmented as required for spe-
cific operations and products by the specifier or producer. The Commentary provides amplification and expla-
nation of the Standard to assist the manufacturer.

Routine conformance to requirements of this Standard should result in products of consistent and optimum
quality if used in concert with proven and documented plant-specific procedures. Optimum quality is defined as
that level of quality, in terms of appearance, strength and durability, which is appropriate for the specific prod-
uct and its particular application. In other words, it is that quality which is both economical to achieve and suit-
able for the particular purpose it serves as a component in the overall project.
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This Standard provides a minimum level of quality, but there is no intent to place a ceiling on excellence. The
degree of success in specifying and obtaining optimum quality for products will depend on the combined efforts
of designers and manufacturers to define and coordinate their individual requirements, responsibilities and
expectations.

No Manual of this type can be all-inclusive. The requirements and recommendations given herein are a general
presentation of the important factors governing the quality of architectural precast concrete. Their value is
dependent on rational application and a determination on the part of the individual producer to establish a stan-
dard of quality that will be recognized and respected by the specifier.

Quality assurance begins when the architect determines shape, size, color and texture for the architectural pre-
cast concrete products for a specific project. These characteristics may then determine the methods of manu-
facture, as well as the handling and installation technigues. Consultation with qualified representatives of expe-
rienced manufacturers will be of great value in achieving high quality products at a reasonable cost to the
owner.

The Standard indicates the requirements to obtain the desired quality but not the means or methods. It is not
the intention of the Manual to restrict individual plant techniques. For example, a manufacturer's methods for
mixing, placement, consolidation and curing of concrete will be acceptable, provided these methods can con-
sistently result in uniform and durable concrete of the specified quality.

The Commentary contains suggestions to help in carrying out the requirements or intent of the Standard.

This Manual has been prepared on the basis of current good practice. As significant changes in materials or
process technology occur, revisions will be made to this Manual.

Note: The production of architectural precast con-
crete may involve hazardous materials, operations,
and equipment. This manual does not purport to
address the safety problems associated with produc-
tion. #f is the responsibility of the plant to establish
appropriate safety and health practices. The p/ant
should determine the applicability of any regulatory
f/imitations.
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DEFINITIONS

Accelerated curing — See Curing.

Admixture — A material other than water, aggre-
gates and cement used as an ingredient in con-
crete, mortar or grout to impart special charac-
teristics.

Aggregate — Granular material, such as sand,
gravel, and crushed stone used with a cement-
ing medium to form a hydraulic-cement con-
crete or mortar.

Aggregate, structural lightweight — Aggregate
with a dry, loose weight of 70 Ibs/ft® (1121
kg/m?) or less.

Air entraining admixture -— A chemical added to
the concrete for the purpose of providing minute
bubbles of air (generally smaller than 1 mm) in
the concrete during mixing to improve the dura-
bility of concrete exposed to cyclical freezing
and thawing in the presence of moisture.

Ambient temperature — The temperature of the
air surrounding the forms and molds into which
concrete is to be cast, or of the air surrounding
an element during curing.

Anchorage = The means by which the prestress-
ing force is permanently transmitted from the
prestressing steel to the concrete. In post-ten-
sioned applications, a mechanical device com-
prising all components required to anchor the
prestressing steel and transmit the prestress-
ing force to the concrete.

Architectural precast concrete — A product with
a specified standard of uniform appearance,
surface details, color, and texture.

Architectural precast concrete Trim Units- Wet
cast products with a high standard of finish
quality and of relatively small size that can be
installed with equipment of limited capacity,
such as sills, lintels, coping, cornices, quoins,
medallions, bollards, benches, planters, and
pavers.

Backup mix — The concrete mix cast into the
mold after the face mix has been placed and
consolidated.

Bleeding -A form of segregation in which some of
the water in a mix rises to the surface of freshly
placed concrete: also known as water gain.

Blocking — Materials used for keeping concrete

elements from touching each other or other
materials during storage and transportation.

Bondb reaker — A substance placed on a material
to prevent it from bonding to the concrete, or
between a face material such as natural stone
and the concrete backup.

Bonding agent — A substance used to increase
the bond between an existing piece of concrete
and a subsequent application of concrete such
as a patch.

Bull float -A tool comprising a large, flat, rectan-
gular piece of wood, aluminum, or magnesium
usually 8 in. (ZOO mm) wide and 42 to 60 in.
(1.0 to 1.5 m) long, and a handle 4 to 16 ft.
(1 to 5 m) in length used to smooth unformed
surfaces of freshly placed concrete.

Bugholes -= Small holes on formed concrete sur-
faces formed by air or water bubbles, some-
times called blowholes.

Camber -~ (1) The deflection that occurs in pre-
stressed concrete elements due to the net
bending resulting from application of a pre-
stressing force. (It does not include dimension-
al inaccuracies); and (2) A built-in curvature to
improve appearance.

Certification — Assurance by a competent third
party organization, operating on objective crite-
ria and which is not subject to undue influences
from the manufacturer or purchaser or to finan-
cial considerations, that elements are consis-
tently produced in conformity with a specifica-
tion. It not only proclaims compliance of a prod-
uct with a specification, but also that the manu-
facturer's quality control arrangements have
been approved and that a continuing audit is

carried out.

Clearance — Interface space (distance) between
two items.

Coarse aggregate — Aggregate predominately

retained on the U.S. Standard No. 4 (4.75 mm)
sieve; or that portion of an aggregate retained
on the No. 4 (4.75 mm) sieve.

Compaction -~ The process whereby the volume
of the concrete is reduced to the minimum
practical space by the reduction of voids usual-

ly by vibration, tamping or some combination of
these.
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Conn ection == Device for the attachment of pre-
cast concrete units to each other or to the
building or structure.

Covermeter -See R-meter.

Crazing — A network of visible, fine hairline
cracks in random directions breaking the
exposed face of a panel into areas of from
1/4 in. to 3 in. (6 to 75 mm) across.

Creep — The time dependent deformation
(shortening) of prestressing steel or concrete
under sustained loading.

Curing — The maintenance of humidity and tem-
perature of freshly placed concrete during
some definite period following placing, casting,
or finishing to assure satisfactory hydration of
the cementitious materials and proper harden-
ing of the concrete; where the curing tempera-
ture remains in the normal environmental
range [generally between 50 and 90 deg. F
(10 and 32 deg. C)] use the term normal cur-
ing; where the curing temperature is increased
to a higher range [generally between 90 and
150 deg. F (32 and 66 deg. C)] use the term
accelerated curing.

Detensioning of strand or wire — The transfer
of strand or wire tension from the bed anchor-
age to the concrete.

Draft-The slope of concrete surface in relation
to the direction in which the precast concrete
element is withdrawn from the mold; it is pro-
vided to facilitate stripping with a minimum of
mold breakdown.

Dunnage — See Blocking.

Elastic shortening-The shortening of a mem-
ber which occurs immediately after the appli-
cation of the prestressing force.

Elongation =— Increase in length of the pre-
stressing steel (strand) under the applied
prestressing force.

.Exposed aggregate concrete — Concrete
manufactured so that the aggregate on the
face is left protruding.

Face mix — The concrete at the exposed face
of a concrete unit used for specific appear-
ance purposes.

Fine aggregate -Aggregate passing the 3/8 in.
(9.5 mm) sieve and almost entirely passing
the No. 4 (4.75 mm) sieve and predominately
retained on the No. 200 (75 um) sieve; or
that portion of an aggregate passing the
No. 4 (4.75 mm) sieve and predominately
retained on the No. 200 (75 um) sieve.

MNL-117 3rd Edition

Form -See Mold.

Formed surface — A concrete surface that has
been cast against formwork.

Form release a gent -A substance applied to the
mold for the purpose of preventing bond
between the mold and the concrete cast in it.

Friction loss ~— In post-tensioned applications, the
stress (force) loss in a prestressing tendon
resulting from friction created between the
strand and sheathing due to curvature in the
tendon profile during stressing.

Gap-graded concrete =— A mix with one or a
range of normal aggregate sizes eliminated,
and/or with a heavier concentration of certain
aggregate sizes over and above standard gra-
dation limits. It is used to obtain a specific
exposed aggregate finish.

Grout — A mixture of cementitious materials and
water, with or without sand or admixtures.

Hardware — Items used in connecting precast
concrete units or attaching or accommodating
adjacent materials or equipment. Hardware is
normally divided into three categories:

Contractor’'s hardware — Items to be placed
on or in the structure in order to receive the
precast concrete units, e.g., anchor bolts,
angles, or plates with suitable anchors.

Plant hardware — Items to be embedded in
the concrete units themselves, either for con-
nections and precast concrete erector's work,
or for other trades, such as mechanical, plumb-
ing, glazing, miscellaneous iron, masonry, or
roofing trades.

Erection hardware — All loose hardware nec-
essary for the installation of the precast con-
crete units.

Homogeneous mix = A uniform concrete mix
used throughout a precast concrete element.

Initial prestress = The stress (force) in the ten-
don immediately after transferring the pre-
stressing force to the concrete.

Jacking force == The maximum temporary force
exerted by the jack while introducing the pre-
stressing force into the concrete through the
prestressing strand.

Jig — A template or device to align parts of an
assembly, usually for pre-assembling reinforc-
ing steel and hardware cages, with a minimum
of measurement to attain consistent accuracy
from one cage to the next.

Laitance — Residue of weak and nondurable



material consisting of cement, aggregate fines,
or impurities brought to the surface of plastic
concrete by bleed water.

Lifting frame (or beam) -— A rigging device
designed to provide two or more lifting points of
a precast concrete element with predictable
load distribution and pre-arranged direction of
pulling force during lifting.

Mark number — The individual identifying mark
assigned to each precast concrete unit prede-
termining its position in the building.

Master mold — A mold which allows a maximum
number of casts per project; units cast in such
molds need not be identical, provided the
changes in the units can be simply accom-
plished as pre-engineered mold modifications.

Matrix — The portion of the concrete mix contain-
ing only the cement and fine aggregates (sand).

Miter-An edge that has been beveled to an angle
other than 90 deg.

Mold — The container or surface against which
fresh concrete is cast to give it a desired
shape; sometimes used interchangeably with
form. (The term is used in this Manual for cus-
tom made forms for specific jobs while forms
are used for standard forms or forms of stan-
dard cross section.)

Pattern or positive -A replica of all or part of the
precast element sometimes used for forming
the molds in concrete or plastic.

Plastic cracki ng -— Short cracks often varying in
width along their length that occur in the sur-
face of fresh concrete soon after it is placed
and while it is still plastic.

Post-tensioning — A method of prestressing con-
crete whereby the tendon is kept from bonding
to the plastic (wet) concrete, then elongated and
anchored directly against the hardened con-
crete, imparting stresses through end bearing.

Precast engineer — The person or firm who
designs precast concrete members for specified
loads and who may also direct the preparation
of the shop drawings.

Pretensioning — A method of prestressing con-
crete whereby the tendons are elongated,
anchored while the concrete in the member is
cast, and released when the concrete is strong
enough to receive the forces from the tendon
through bond.

Production drawings — A set of instructions in

the form of diagrams and text which contain
all the information necessary for the manufac-
turer to produce the unit.

Quality — The appearance, strength and durabil-
ity which is appropriate for the specific prod-
uct, its particular application and its expected
performance requirements. The totality of fea-
tures and characteristics of a product that
bear on its ability to satisfy stated or implied
needs.

Quality assurance (QA) — All those planned or
systematic actions necessary to ensure that
the final product or service will satisfy given
requirements for quality and perform intended
function.

Quality control (QC) — Those actions related to
the physical characteristics of the materials,
processes, and services, which provide a
means to measure and control the character-
istics to predetermined quantitative criteria.

Quirk miter-A corner formed by two chamfered
members to eliminate sharp corners and ease
alignment.

R-meter — An electronic device used to locate
and size reinforcement in hardened concrete.

Retarder =« An admixture which delays the set-
ting of cement paste and therefore of con-
crete.

Retarder, surface === A material used to produce
exposed aggregate concrete by retarding or
delaying the hardening of the cement paste
on a concrete surface within a time period and
to a depth to facilitate removal of this paste
after the concrete element is otherwise cured.

Retempering — The addition of water or admix-
ture and remixing of concrete which has start-
ed to stiffen in order to make it more work-
able.

Return -A projection which is angles away from
the main face or plane of view.

Reveal — (1) Groove in a panel face generally
used to create a desired architectural effect;
and (2) The depth of exposure of the coarse
aggregate in the matrix after production of an
exposed aggregate finish.

Rustication -A groove in a panel face for archi-
tectural appearance; also reveal.

Sandwich wall panel == A prefabricated panel
which is a layered composite formed by
attaching two wythes or skins of concrete
separated by an insulating core.

MNL-117 3rd Edition
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Scabbing — A finish defect in which parts of the
form face including release agent adhere to the
concrete, some probable causes are an exces-
sively rough form face, inadequate application
of release agent, or delayed stripping.

Scouring — lrregular eroded areas or channels
with exposed stone or sand particles: some
probable causes of this finish defect are exces-
sively wet concrete mix, insufficient fines, water
in form when placing, poor vibration practices,
and low temperature when placing.

Sealer == A clear chemical compound applied to
the surface of precast concrete units for the
purpose of improving weathering qualities or
reducing water absorption.

Segregation — The tendency for the coarse parti-
cles to separate from the finer particles in han-
dling; in concrete, the coarse aggregate and
drier material remaining behind and the mortar
and wetter material flowing ahead; this also
occurs in a vertical direction when wet concrete
is overvibrated or dropped vertically into the
forms, the mortar and wetter material rising to
the top; in aggregate, the coarse particles roll
to the outside edges of the stockpile.

Self stressing form =— A form provided with suit-
able end bulkheads and sufficient cross-sec-
tional strength to resist the total prestressing
force.

Set-up-Th e process of preparing molds or forms
for casting, including installation of materials
(reinforcement and hardware) prior to the actu-
al placing of concrete.

Sheathing — A material covering forming an
enclosure around the prestressing steel to
avoid temporary or permanent bond between
the prestressing steel and the surrounding con-
crete.

Shrinkage — The volume change in precast con-
crete units caused by drying normally occurring
during the hardening process of concrete.

Shop drawings =-— (1) Collective term used for
erection drawings, production drawings and
hardware details; and (2) Diagrams of precast
concrete members and their connecting hard-
ware, developed from information in the con-
tract documents. They show information needed
for both field assembly (erection) and manufac-
ture (production) of the precast concrete units.

Specially Finished Structural Precast Concrete
— A product fabricated using forms and tech-
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nigues common to the production of structural
elements as defined in MNL-116 and having
specified surface finishes that require uniformity
and detailing more demanding than the require-
ments of MNL-116. These surface finish
requirements should be clearly specified, and
verified with appropriate samples and mockups.

Spreader beam — A frame of steel channels or
beams attached to the back of a panel, prior to
stripping, for the purpose of evenly distributing
loads to inserts and for lifting the panel about
its center of gravity.

Strand - A group of wires laid helically over a
central-core wire. A seven-wire strand would
thus consist of six outer wires laid over a single
wire core.

Strand anchor == A device for holding a strand
under tension, sometimes called a strand
chuck or vice.

Stripping — The process of removing a precast
concrete element from the form in which it was
cast.

Strongback/Stiffback — A steel or wooden mem-
ber which is attached to a panel for the pur-
pose of adding stiffness during handling, ship-
ping and/or erection.

Structural lightweight concrete — Structural con-
crete made with lightweight aggregate with an
air-dry unit weight of the concrete in the range
of 90 to 115 Ib/ft* (1440 to 1850 kg/m®) and a
28-day compressive strength of more than
2500 psi (17.24 MPa).

Superplasticizer — A high range water reducing
(HRWR) admixture producing concrete of sig-
nificantly higher slump without addition of
water.

Surface retarder — A material used to retard or
prevent the hardening of the cement paste at a
concrete surface to facilitate removal of this
paste after curing.

Tendon — A high strength steel element consist-
ing of one or more wires, strands or bars, or a
bundle of such elements, used to impart pre-
stressing forces to the concrete. In post-ten-
sioned applications, a complete assembly con-
sisting of anchorages, prestressing steel
(strand), corrosion inhibiting coating and
sheathing. It imparts the prestressing force to
the concrete.

Tolerance — Specified permissible variation from
stated requirements such as dimensions, loca-
tion, alignment, strength, and air entrainment.



Product tolerances — Those variations in
dimensions relating to individual precast con-
crete members.

Erection tolerances — Those variations in
dimensions required for acceptable matching
of precast members after they are erected.

Interfacing tolerances — Those variations in
dimensions associated with other materials in
contact with or in close proximity to precast
concrete.

Transfer strength == The minimum concrete
strength specified for the individual concrete
elements before the prestressing force may be
transferred to them, sometimes called deten-
sioning strength or release strength.

Unbond ed tendon -~ A tendon in which the pre-
stressing steel (strand) is prevented from bond-
ing to the concrete. When unbonded tendons
are used, prestressing force is permanently
transferred to the concrete by the anchorage
only.

Veneered construction — The attachment of
other materials, such as natural stone or clay
products, to a concrete panel.

Wedges — Pieces of tapered metal with teeth
which bite into the prestressing steel (strand)
during transfer of the prestressing force. The
teeth are bevelled to assure gradual develop-
ment of the tendon force over the length of the
wedge.

Wedge set — The relative movement of the
wedges into the anchorage cavity during the
transfer of the prestressing force to the anchor-
age.

Workability == The ease with which a given set of
materials can be mixed into concrete and sub-
sequently handled, transported, placed, and
finished with a minimum loss of homogeneity.

MNL-117 3rd Edition
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DIVISION | = QUALITY SYSTEM

Standard

11 Objective

The general objective of this standard is to define
the required minimum practices for the production
of architectural precast concrete units and for a
program of quality control to monitor the produc-
tion by measurement or comparison to acceptable
standards.

Quality control shall be an accepted and function-
ing part of the plant operation. Overall product
quality results from individual as well as corporate
efforts. Plant management must make a commit-
ment to quality before it can be effectively adopted
or implemented at the operational level. Manage-
ment shall establish a corporate standard of quality
based on uniform practices in all stages of produc-
tion, and shall require strict observance of such
practices by all levels of personnel.

1.2 Plant Quality Assurance Program
1.2.1 General

The plant shall implement and maintain a docu-
mented quality assurance program in addition to
this manual (MNL-117). Each plant shall have a
unigue manual based on operations at that facility.

The quality assurance program document shall, as
a minimum, cover the following:

a. Management commitment to quality.

Commentary

Cl.1 Objective

The indviduds in control of operéions shodd havethe dsire
to produceproducts of proper quity, andshoud ddegde the
necssry adhorty and &sgn the necesary resporsibility for
results. Qudity products can be expeted if proper procedure
are established andthen carried ou.

While the guddines in this standard ddawith the qudity con-
trol fundion, it is recognzed tha the pimary resporsibility for
qudity in any produt rests with those peope who arein-
volved in its produdion. Produdion pesonné are resporsible
for qudity, andthey must undestand the rde of qudity con-
trol and workto assure effetive monitoring andtimely re-
sponse for necesary corretion andimprovamert.

Supenisory pesonnd are anintegrd part of the proces and
shoud be caonmitted to qudity standard. The prodution of
qudity produds requres uniformity in expetation by manage-
ment for dl areas of operdions andtypes of products.

Construction prged spedficaions and manuds can precribe
and expain proper quity cortrol criteria for dl phases of pro-
dudion corsisernt with produts of the hghest qudity. To en-
sure tha these citeria are followed,inspedion pesonnd and a
reguar progran of audting dl aspeds of produdion shoud be
providedin dl plarts.

Although prodution pesonné shoud be reporsible for qué

ity of produds, prudence idtates a system of checls and b&

ances which inspedion of opertions and produts provdes.

Qudity cortrol inspedions are a necesary and ¥a manage-
ment tool to monitor prodution. Ths inspedion does nat re-

move the responsibilities of the prodution staff, bu provides

managenert with an olpjedive revew. The nmber of pesons

requred to perfom senvices will vary with the size and etert

of plart operdions.

Cl.2 Pant Quality Assuance Program
C1.2.1 General

The e of a witten gart pradices manua requres an initial
effort and cenmitmert by dart managenert for devéopmert
of the docment andshoud indude an ongmg mears of prac-
tice guddine devéopmert in accordance ith the changg
naure of produts or size ofthe prodution fadlity.

Plart procedurs shoud be docerted in the fom of specific
instrudions to operéing pesonnéd in a mannertha will assure
uniformity of bah opergions andtraining for presert and new
employees. See Appenik A for guddines in devéoping a

MNL-117 3rd Edtion
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b. Organizational structure and relationships, re-
sponsihilities and qualifications of key personnel.

Cc Management review of the quality assurance
program at regular intervals, not to exceed one
year, to ensure its continuing suitability and ef-
fectiveness. This review will include non-con-
formance, corrective actions and customer
complaints.

d Plant facilities in the form of a plant layout, not-
ing allocation of areas, services, machinery
and equipment.

e. Purchasing procedures for quality control com-
pliance, including project specification review
for specific requirements.

f. Identification of training needs and provisions
for training personnel in quality assurance re-
quirements.

g. Control, calibration and maintenance of neces-
sary inspection, measuring and test apparatus.

h. Uniform methods for reporting, (include sam-
ple forms), reviewing and maintaining records.
Each precast concrete unit shall be traceable
to a specific set of applicable quality control
records.

. Standards for shop (erection and production)

drawings to ensure accuracy and uniform in-
terpretation of instructions for manufacturing
and handling.

j. Procedures for review and dissemination of
project specific requirements to production and
quality control personnel.

1.2.2 Documented Procedures

Control of documented procedures and data, rela-
tive to the effective functioning of the quality assur-
ance program, shall cover as a minimum:

a. Inspecting and verifying purchased materials
for conformance with specification require-
ments. Vendors shall be required to submit
proof of compliance for both materials and
workmanship.

b. Sampling methods and frequency of tests.
c. Checking and approval of shop drawings.

d. Inspecting and verifying the accuracy of di-
mensions. Checking adequacy and sealing of
the mold to produce units without undesirable

MIML-1 17 3rd Edition

Commentary

plart qudity systtm manud.

When the listed items are closdly cortrolled through adeque
ingpedion, testing, and docmertation revew, the obedive of
qudity cortrol — the prodution & minima pradicd cost of
produds of unform qudity to eswre satisfactory service
through the intended opeting life — will be redized. The
best of materials and dsign pratice will na be sufficiertly ef-
fective urless the atud produdion pratices and proceduse
are perfomed propely. Wherever pssble, highy vaied
pradices, which are subjed to human error or mistakes in
judgement among the varous produdion group, shoud be
eliminated.

The most importart aspeds of a qudity asuurance progna
are:

a. Adequ&e insgpedion pesonnd to asure revew of dl
materials and processes.

b. Cleaty defined responstbilities and reqired fundion for
eachinspedor.

c. Recogrition and accdpnce by supervisory pewsonnd of
the importance andmpad of the qudity assurance pm-
gram and a uiform plart standard of quidy.

d. Clear and coplete record of inspedion andtesting.

e. Updaing and chbraion of testing equpmert in atimely
manner.

Information ganed through qubty cortrol inspedions shoud

be revewed on a weéy basis with production personné. This

review may be useful in identifying area tha may requre re-
training in proper produion procedure or modfied proce-
dures, or equpmen tha need to be repaed or redaced.

Cl.22 Doawmented Procedures

A complete and accute record of opetsgons and inspedion
thereofis beneicia to a produceif questions are rased duing
the use of plart produds.

See Dvision 6, Quality Control for addtiond information.
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distortion or surface non-compliances.

e. Procedures for and inspection of batching,
mixing, material handling, placing, consolidat-
ing, curing, finishing, repairing, product han-
dling, storing and loading.

f. Inspecting the fabrication, placement and se-
curing of reinforcement and hardware, quan-
tity, location and attachment of cast-in items,
blockout, and surface features.

g. Inspection of tensioning operations to ensure
conformance with specified procedures.

h. Preparing or evduaing mix designs for de-
sired properties.

. Sampling and testing of materials, including
concrete, as required.

j. Inspecting detensioning and stripping proce-
dures.

k. Inspecting all finished products for confor-
mance with shop drawings, approved samples
and project requirements.

I. Repair procedures for finish non-compliances.

m. Preparing and maintaining complete quality
control records.

n. Maintenance and calibration requirements
(tems and frequency) of plant equipment af-
fecting product quality.

1.2.3 Management Responsibilities

In order to achieve a satisfactory level of quality
control, certain fundamental requirements shall be
met by management. These include, but are not
limited to:

a. A standard of quality shall be set and ob-
served.

b. Utilization of a written plant manual which will
establish a uniform order or practice for all
manufacturing operations.

c. Personnel, whose primary function is quality
control, shall be responsible to the general
manager or chief engineer in functional struc-
ture.

d. Establish an acceptance program of finished
products prior to shipping.

e. Establish uniform methods for reporting, re-
viewing and keeping records. Each precast

Commentary

Cl.23 Management Rsponsibilities

Plant management must be committed to quality, and twm-
mitment must De denondrated to all personnel. Qualit;on-

trol inspection functions cannot overcome a lack of icgibn

to quality by management. Those responsible fodyming
the productmust understand that management is interested in
producing a high quality product.
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concrete unit produced shall be traceable to a
specific set of applicable quality control
records.

f. Establish engineering operations to meet re-
quired codes, standards, specifications, and
in-plant performance requirements.

1.3 Personnel
1.3.1 General

Each plant shall have personnel qualified to per-
form the functions of the various positions outlined
in this section, and shall clearly define responsibili-
ties and establish the relationship between quality
control, engineering, and production.

At least one individual in the plant organization
shall be certified as a Level | Technician/Inspector
in the PCI Quality Control Personnel Certification
program.

1.3.2 Engineering

Plants shall have available the services of a regis-
tered professional engineer experienced in the de-
sign of precast concrete. The precast engineer
shall prescribe design policies for precast concrete
elements and be competent to review designs pre-
pared by others. The precast engineer shall be re-
sponsible for the design of all products for
production, handling, and erection stresses.

The precast engineer shall be responsible for pre-
scribing or approving methods and procedures for
tensioning, computations and measurements for
elongations, camber and deflections, compensa-
tions for operational stress variations and any other
variables related to prestressing that may affect the
quality of the product.

1.3.3 Drafting

Plants shall utilize experienced personnel compe-
tent to prepare shop (production and erection)
drawings in general accordance with the “PClI
Drafting Handbook — Precast and Prestressed
Concrete”, MNL-128.

MNL-117 3rd Edtion

Commentary

Cl.3 Peasonnel
c13.1 General

In this sedion, the fundiond resporsibiliti es of certain basic po-
sitions are oulined. Whéher one omore of these fundions is
assgnedto one peson, or wheher severa persons are assgned
to aspedfic fundion, is the prerogave of managenert and wil
depend orthe purpee ofthe product andthe size ofthe part.

Roper and rgporsible performance of pesons invalved in the
manufadure of precat concreée products requres spedalized
techncd knowledge and expmmnce.

The PCI Personnd Cettificaion progran currerily oulines
training prograns and ceiificaion of pesonnd a three lev-
els. It is recanmendedthat all pesonnd dang precat con-
crete ingpedion andtesting work & described in this Manua
be cetified d@ the appropete levd. In some operéons, the
cerified indvidud may perfom severad tasks, indudng qual-
ity cortrol fundions.

C13.2 Engineering

Engneeing pesonnd shodd revew the deign of precat
concrdée dements prepared byhe engneer of record. The pre-
cast engneershoud havethe alility to solve probems and de-
vise methods, as requred. forthe deign, prodution, hanting
and/or eregion of precat concrée produts. The engneer of
recordshoud dso approvethe sequence of eréion, whense-
quencemay affed stucturd stblity of suppoting demerts
which they deigned.

CI33 Drafting

Shop draving deails shoud be of such daiity and caonplete-
nessto refed the corrad documerts in a mannertha mini-
mizes the pesshility of erros duing the manufaduring and
eretion procsss.
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1.3.4 Production

Production personnel shall be qualified to produce
units in accordance with the production drawings,
approved samples and the plant's quality control
requirements.

1.3.5 Quality Control

This function shall have lines of communication to
engineering, production and management with re-
sponsibility only to management, Quality control
personnel shall not report to production personnel.

Responsibilities shall include assuring that the fol-
lowing activities are performed at a frequency
shown to be adequate to meet quality objectives or
as prescribed in this manual.

a. Inspecting and verifying the accuracy of di-
mensions and condition of molds.

b. Verifying batching, mixing, material handling,
placing, consolidating, curing, product han-
dling and storage procedures.

c. Verifying the proper fabrication and placement
of reinforcement, and quantity and location of
cast-in items.

d. Inspecting tensioning operations to ensure
conformance with specified procedures.

€. Preparing or evaluating mix designs.

f. Taking representative test samples and per-
forming all required testing.

g. Inspecting finished products for conformance
with shop drawings, approved samples and
project requirements.

h. Preparing and maintaining complete quality
control records.

1.4  Design Responsibilities

1.4.1 General

The manufacturer shall be responsible for translat-
ing the project requirements into samples, shop
drawings, tooling, manufacturing and installation
procedures. The manufacturer shall analyze all
precast concrete units for anticipated handling
stresses or temporary loadings imposed on them
prior to and during final incorporation into the fin-
ished structure. The manufacturer shall design and
provide reinforcement or temporary strengthening

Commentary

(C1.34 Production

Produdion personnel havetheimmedate resporsibility of su-
penising dl shop operions invdved in the manufature of
produds to ersure canpliance vith production drawings, spec-
ificaions and efadished part sandarg.

CL.35 Quality Control

Qudity asaurance is the pimary resporsibility of a part's
qudity cortrol staff. Produdion pesonné may beinvaved in
some qudity adivities but results and record shodd be au-
dited by quéity contral pesonné for evaduation.

The qudificdions of pesonné conduting inspedions and
tests are criticd to provding adequie assurancetha the pre-
cast concreée produts will satisfy the desired leve of qudity.

Qudity cortrol personné shodd observe and repor any
changs in part equpmert, working condtions, weaher and
other items which havethe pdertia for affeding the qudity of
produds.

Cl.4 Design Responsibilities

C14.1 General

Locd pradices regarding the design of precat concrée urits
vary widdy as do, to alesser exert, rdevart codes or statutes
governng professond design andthe resporsibility of manu-
fadurers. Hencethe pants madein this sedion shoud be eva-
uaed for condions apgicalde to the paticuar locdion or to
indvidud projects.

In theinterest of bah precaster and architect/engineer, the de-
sign responsibilities of each pay shoud be ¢eaty defined t
is recanmendedtha this be donein the corrad documerts.

MNL-117 3rd Edition
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of the units to ensure that no adverse stresses are
introduced which will exceed the limitations of
codes or standards governing the project.

1.4.2 Shop Drawings

The manufacturer shall prepare and submit erec-
tion drawings and product details as required for
approval in general accordance with the "PCI| Draft-
ing Handbook — Precast and Prestressed Con-
crete”, MNL-128, and the project specifications.

Production drawings shall be prepared to convey
all pertinent information necessary for fabrication
and inspection of the precast concrete products.

The manufacturer shall have a procedure for keep-
ing project documents for at least 5 years following

project completion, or as required by local statutes.

1.5 Project Samples
1.5.1 General

After award of the contract, and before producing
any units, the precast concrete manufacturer shall
prepare and submit for approval, a representative
sample or samples of the required color and tex-
ture. If the back face of a precast concrete unit is to
be exposed, samples of the workmanship, color,
and texture of the backing shall be shown as well
as the facing. Any changes in the source of materi-
als or in mix proportions to facilitate production
shall require new reference samples and approval
review. If specified, or if the color or appearance of
the cement or the aggregates is likely to vary signif-
icantly, samples showing the expected range of
variations shall be supplied.

The concrete placement and consolidation method
used to make samples shall be representative of
the intended production methods.

1.5.2 Size and Shape

Samples shall reflect a shape relationship to the
actual casting. Flat samples shall only be used for
flat castings.

The size of the samples shall reflect the relation-
ship between materials (maximum size of aggre-
gate to be used), finishes, shapes and casting

MNL-117 3rd Edition

Commentary

The responsibilities of the arclited/engneer aresubjed to
cortradud reationships with the owner and are discusd in
Appendx B, Design Resporsibilities and Considerdiors.

Cl.42 Shop Dawings

The pimary fundion of precat concrée shop (eretion and
produdion) drawngs is the trarslation of contract documents
into usale information for accurte and eficiet manufadure,
handing and ereton of the urts. The ereton drawngs pm-
vide the arcfted/engneer vith a mears of checlkng the inter-
face with adacen materials and the precaster’s interpreation
of the corrad drawings. Good produdion dravings provide
effedive conmunicaions beween the engneeing/drating
and the prodution/eredion depatmerts of a precat concree
plart.

Cl.5 Project Samples

Cl.51 Geneal

AU projed samples shoud be submitted pranptly for eaty ac-
cepance to provide sufficiert lead time for procurenert of
materials and prodution of urits for the prged.

Sample approval shoud be in witing with referenceto the
correct sample code number and witten onthe sample itself.
Approvd of the sample by the arclited/engneer shodd ind-
céae auhotizaion to proceed with produdion, uress such au-
thoriztion is expressly withhdd.

If small samples are $ed to sded the aggrega cdor, the a-
chited shoud be made aware tha the generaappearance of
large aresof a bulding wdl may vary from the samples.

Color seledion shoud be made undetighting condtions simi-
lar to those under wich the precat concrée will be used, such
as the strong light and shadovs of naurd daylight.

C1.52 Size and Shape

For non-panar, curved. or ther canplex shapes, a fat-cast
sample may nd repreert the anicipaed appearance dhe
find produd. Seled sample shapes tha will offer a resonable
compatison to the precat unts represerted.
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techniques, such as mold types, orientation of ex-
posed surfaces during casting, and consolidation
procedures.

1.5.3 ldentification

Samples shall be supplied for each of the different
finishes for a project and all submitted samples
shall be clearly identified.

1.5.4 Visual Mockups and Initial Produ ction
Approval of Architectural Finishes

Projects which use new shapes, shape combina-
tions, finishes or aggregates shall utilize a mockup
consisting of a full-scale portion of a unit for initial
production approval. Previously completed pro-
jects, mockups or samples may be used for initial
production approval of products which are similar.
When approved, these samples shall form the
basis of judgment for the purpose of accepting the
appearance of finishes. These samples shall estab-
lish the range of acceptability with respect to color
and texture variations, surface defects, and overall
appearance. Samples shall be viewed at a distance
consistent with their viewing distance on the struc-
ture but not less than 20 ft (6 m). Samples shall
also serve as testing areas for remedial work. Ap-
proved samples shall be kept at the manufacturing
facility and shall be used to monitor the acceptabil-
ity of the production panels.

The samples shall be stored outdoors and posi-
tioned to allow comparison with production units.
They shall be stored adjacent to each other to allow
proper lighting (sun and shade) for daily compar-
isons of the production units for finish and exposure.

Commentary

C1.54 Visual Mockups and Initial Production
Approval of Architectural Finishes

The prodution of unform, blemish-free samples, which
demonstrate the alilities of a single master crafsman, will be
completely misleadng and cold cawse endess difficuties
when the prodution pesonnd, using adud manufa¢uring fa-
ciliti es, haveto match “the sample”. Samples shoud be made
as nealy as possble in the same manner intended for the ac-
tual units.

Smel 12 in. (300 mm) squaresamples do nu generdly refled
the rdationship bdween materias, finishes, shapes, casting
technques, mold types, thickness of concreée sedion, oierta-
tion of expeed surfaces duiing prodution and cosolidaion
procedurs. Where mockup uiits are né used, the manufac-
turer shodd requst the architect/engineer and/or ownerto in-
sped and approve sfgn and de) initial produdion unts.
Larger prodution samples will remove unceainties in the
minds of the architect/engineer and ownerlike.

At lesst three rangesamples of a size sufficiert to demonstrate
adud planned produ@on condtions may be gedto estaldish a
range of accephlity with resped to cdor and texture vaia-
tions, uniformity of returns, frequencysize and uniformity of ar
voids distribution, surface bemishes and overth appearance.
When spedfied, the accefahlity of repar technques for chps,
spalls or aher surface lemishes shodd also be etadished on
these samples.

See Appenik C, Finish Samples for addtiond information.

MNL-117 3rd Edition
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DIVISION 2 —= PRODUCTION PRACTICES

Standard

2.1 General Objectives and Safety
2.1 .1 General

The plant facility shall be adequate for production,
finish processing, handling and storage of product
in accordance with this Manual.

2.1.2 Plant Safety

Each operation shall establish and maintain a writ-
ten program that encourages workers’ safety and
health. It shall be patterned after OSHA Safety and
Health Standard 29CFR 1910 and/or other juris-
dictional safety and health standards.

2.2 Production and Curing Facili ties
2.2.1 Area Require ments

The production and curing areas shall be designed
for controlled production of quality architectural pre-
cast concrete units and be of adequate size in rela-
tion to the volume and characteristics of the
products manufactured for a well-organized, contin-
uous operation. Consideration for production flexi-
bility and flow patterns shall be made keeping in
mind health and safety provisions.

All materials shall be stored in a manner that will
prevent contamination or deterioration and in ac-

Commentary

C2.1 General Objectives and Safety
C2.1.1 General

Plart fadlities represert the tods of the indwstry and & such
shodd he maintained in good opering condtion. Fadliti es
suitable for the prodution of precat concrée urits will vary
from plart to part. These fadlities will be affeted by size.
weight, and vdume of urnts produced, vaety of surface fn-
ishes offered, dimate.

c2.12 Plant safety

A safety progran is an impoitart eemert of any prodution

operaion. PCI encourage safety andloss prevetion prograns.

The PCI Safety and Loss Prevertion Manua, SLP-100, canbe

used to start a program, Such programs shoud ouline genera
safety pradices as theyrelate to the precast concrée industry and
existing feder&reguations.

A safety progran shoud indude apeds of the fdlowing basic
elemerts:

1. Policy. A wiitten statemert of plart or canpany pdicy
for safety with dear lines of authority shodd be deve
oped.

2. Rules. The managenert of each part shoud devéop a
set of safety rules designedto hdp employees avad in-
Jury.

3. Training. Each plart shodd have atraining progran to

ersure new and ld employees are instructed in safe
daly operding procedures.

4. Acddert investigaion. Acddert investigaion by man-
agemert may idertify cawses or areas needng improve-
ment, beter supenision, or employee training.

The dé¢ails of a safety progran are nat spedfied in this Man-
wal, bu areleft to the individud plarts to tailor to ther fadli-

ties, produds and opergors.

C2.2 Production and
C22.1 Area Reuirements

Curing Facilities

The molds shoud he protected aganst detrimertal environmen-
tal condtions. The produtton area should provide a reson-
abdy uniform ambiert envronmert to maintain the deired
concrée temperaure. Adequee lighting shodd he prouded
for dl operdions.

MNL-117 3rd Edition
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cordance with the manufacturer’s instructions, if
applicable.

2.2.2 Mold Fabrication

Mold fabrication facilities shall be tooled to provide for
the building of molds to a level of accuracy sufficient
to maintain the product within required tolerances.

Molds shall be stored in such a manner to protect
them from damage that could result in dimensional
change or general surface or structural degradation.

For the fabrication of prestressed architectural
products, self-stressing molds or forms, bed abut-
ments and anchorages shall be designed by quali-
fied engineers. Information on the capacity of each
bed and self-stressing form in terms of allowable
prestress force and its corresponding height of ap-
plication above the form base shall be kept on file.

2.2.3 Storage of Release Agents and Retarders

Release agents and retarders shall be stored in ac-
cordance with manufacturer's recommendations,
particularly with regard to temperature extremes.
Before use, release agents and retarders shall be
checked for sediment. If solids have settled out,
uniformity and original consistency shall be main-
tained by periodic mechanical mixing or stirring in
accordance with manufacturers recommendations.

Release agents and retarders containing volatile
solvents shall be stored in airtight containers to
prevent a change in concentration. Release agents
shall not be diluted unless specifically permitted by
the manufacturer.

2.2.4 Hardware Fabrication and Storage

Materials shall be handled and stored to avoid dis-
tortion beyond allowable variations. Steel without
corrosion protection shall be stored on pallets,
blocks, racks or in containers as well as protected
from contamination.

Stainless steel hardware shall be protected from
contamination from other metals during storage
and fabrication. Stainless steel hardware shall be
handled with nonmetallic or stainless materials
only.

Adequate space and equipment shall be provided
for the fabrication of hardware. Fabrication equip-
ment for hardware shall be of a type, capacity, and

MNL-117 3rd Edition

Commentary

C2.2.2 Mold Fabrication

Mold fabiication fadlities shodd be capale of maintaining
corstart working temperdures above the minimum requred
for spedfic raw materials and procsss used. Resins, cda-
lysts accéerdors and actwone, d¢c., for gastic molds shoud
be stored within the manufa¢urer's recanmendedtemperaure
range and away fro the produdion area

The deign of prestressing forms and bed shoud be baed
upon stated fadors of safey accordng to sound engheeing
principles taking into accouh the magritude, paition and fre-
quency ofthe forces articipaed to beimpaded orio the fom
or bed.Founddions shoud be sufficiertly firm to preven un-
desirae movemerts.

C2.2.3 Storage of Rdease Agents and Retarders

Relezse agets and reéardes shodd have a resmnably long
and stade storagelife, bu may besuscegible to danage fron
extreme temperdure change

Certain wedher condions can affet the perfomance of
water-baed rdesse agets or redardes. Generlly, they cant
be wsed in cdd wedher becase they might freeze. Even ta
temperdures slightly above freeng, some wder-baed prod-
ucs thicken enougho producemore bugholes and/or reduce
performance.

Some dls have a dticd emulsifier cortert and dution makes
the emulsion urstable and cases poor perfomance.
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accuracy capable of fabricating hardware assem-
blies to the required tolerances and quality.

Electrodes used for welding operations shall be
bought in hermetically sealed containers. Low hy-
drogen SMAW electrodes shall be stored either in
their original air tight containers or at the recom-
mended elevated temperature in a suitable oven.
Once containers are opened, welding electrodes
and wires shall be kept in dry heated storage.

If hardware is fabricated by an outside supplier, that
supplier shall furnish records of compliance to
specification requirements and mill certificates for
material used.

Periodic review of hardware fabrication shall be
performed by quality control personnel at the fabri-
cation area.

2.2.5 Casting Area and Equipment

The concrete handling equipment shall be such that
it will convey concrete from the mixer to the mold:

1. In sufficient quantities to avoid undue delays in
placement and consolidation.

Without segregation of aggregates and paste.
With uniform consistency.

With ease of discharge into molds.

aa & w M~

With equipment capable of being thoroughly
cleaned.

6. With consideration for concrete temperatures.

The casting area shall be supplied with equipment
in good operating condition for consolidation of the
concrete after placement in the mold. Concrete vi-
brators may be internal, external or surface types,
depending on the service required. These vibrators
may be used singly or in various combinations. Pro-
visions shall be made to supply adequate and safe
power for these units.

Before a vibratory unit is put into use, it shall be

Commentary

It is necssry to store electrodes in a corrolled enwronmert
to preveh moisture alsorption into the fux from ambient
humidity

€225 Casing Area and Equipment

The cating areashodd provde fexbility in panring and
spadng of the molds and efficiert movement of workes, ma-
terids and eqipmert invdved in gadng, initiad cuing and
stripping of produts. Fadlities shodd he prowded for pst
tersioning or pretensioning, if requred.

Provision shoud be madeto cortrol the temperdure with rea-

sonable accuracy,since chenicd retardes and form release

agerts may reat differertly under varing temperdure and hu-
midity range. To med the provsions of Division 4,it may be
necssary to provde heéing and/or proper vetilation for the

casting area andhe molds, depenthg onthe geograpie loca-

tion ofthe part.

MNL-117 3rd Edition
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checked to verify that it is working properly.

2.2.6 Curing and Finishing Areas

The plant shall be capable of maintaining a mini-
mum concrete temperature of 50 deg. F {10 deg.
C) during the initial curing cycle (prior to stripping).

When moist curing is used, facilities shall provide a
well drained area with adequate covering to main-
tain the required relative humidity and temperature.

The capacity of the heat source for accelerated
curing shall be related to the volume of concrete to
be cured, the stripping or transfer strength level,
the length of the curing cycle, and the effectiveness
of the heat enclosure. The heat source and the dis-
tribution system shall be protected from operational
hazards and shall provide uniform controlled heat
for each unit or series of units being cured. Heat
enclosures shall not damage the products nor shall
they affect the uniformity of heat distribution to the
units. Equipment shall be available to control or
record the time and temperature relationship for the
accelerated curing cycle. The number of ther-
mometers or thermocouples shall be sufficient to
establish that uniform heat is supplied to each unit.

The finishing areas shall provide for the varying
types of finishes to be produced by the plant (see
Article 2.7).

In the case where units are to receive no further
finish treatment prior to storage and delivery, they
shall be protected from damage that cannot be
readily removed by cleaning. Products that are to
receive a sealer shall be treated and cured as re-
quired by the sealer manufacturer.

Provision shall be made for an area to patch flawed
or damaged products.

2.2.7 Handling Equipment

The production facilities shall include adequate
product handling equipment maintained in good
working condition. Handling equipment shall be ¢a-
pable of stripping, moving, stacking, retrieving, and
loading units without damaging the products.

MNL-I 17 3rd Edition

Commentary

C2.2.6 Qrring and Finishing Areas

Configurdion of cuing fadlities will depend onthe canpo-
nerts beng made andhe method of cuing.

One temperaure measuring devce shoud be used for eachset
of units cast; (1) within one hour of eachtleer, (2) with similar

mix; and (3) cured undehe same methods/cortrols.

Temperdaure measuring devces shoud be locaed nearthe
concrée test units. if they are cured ith the produt or & alo-
cation furthest from the he&a source,if a masterslave cotrol is
used.

Lighting is extremely importart in the fnishing area andtahe
pant where fnd inspedion is made beforetrarsport to the
storage area Tk is where conpaiison to the approvedsam-
ples is made for ctor and texture. Where pssble, indoor
lighting shodd campareto dayight as dosely as possble.

C22.7 Handling Equipment

The type and capdty of equpmert for handing finished prod-
ucts will depend orthe atud produds andthe operéing con-
ditions.
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2.2.8 Storage Area for Finished Products

The storage area shall be of adequate size to allow
safe storage and easy access to the products by
the handling equipment. The area shall be clean,
well-drained and stabilized to minimize differential
settlements under all weather conditions and to
minimize soiling, warping, bowing, chipping or
cracking of the product.

Storage racks shall be designed to safely store prod-
uct to prevent units from tipping over and damaging
adjacent units. Storage racks such as horses, A-
frames, and vertical racks shall be well constructed to
minimize warping, bowing, chipping, or cracking of
the products. Storage systems actually carrying prod-
ucts shall be reviewed by the plant engineer for their
safe load capacity. Where necessary, such storage
equipment shall be protectively coated to avoid any
staining or discoloration of the finished products.

2.3 Welding
2.3.1 Structural Steel

Welding of steel plates, angles, and other shapes
shall be in conformance with AWS D1 .1. All welds
shall be performed by welders qualified in accor-
dance with AWS D1.| and D1.4. Welding proce-
dure specifications for structural steel shall be
written by plant engineering or quality control. Weld-
ing current shall be within the range recommended
by the electrode manufacturer (typically on the side
of the package). The size, length, type, and location
of all welds shall conform to those shown on the
shop drawings, and no unspecified welds shall be
added without approval of the precast engineer.
Surfaces to be welded, and surfaces adjacent to a
weld, shall be uniform, free from fins, tears, cracks
and other discontinuites and free from loose or thick
scale, slag, rust, moisture, grease, and other foreign
material that would prevent proper welding or pro-
duce objectionable fumes. Mill scale that can with-
stand vigorous wire brushing, a thin rust-inhibitive
coating, or antispatter compound may remain.

The preheat requirements of insert plates shall be
in accordance with Table 2.3.1. Welding shall not
be done when the temperature in the immediate
vicinity of the weld is below 0 deg. F (-18 deg. C).
When the insert plate temperature is below 32 deg.
F (0 deg. C), the plate shall be preheated to a tem-
perature of at least 70 deg. F (21 deg. C) and this

Commentary

C22.8 Storage Area for Fnished Products

Access shodd be proided in the storage fatiti es to dlow for
produd inspedion.

The subgrade in the storage areashoud be stahlized to avad
soft spots where one end of eember cansettle. Ths settle-
mert credes twisting or tersile stresses which can case crack-
ing and dmage. For exanple, urnts shodd nd be stored on
frozen ground vithou proper safeguard to preven settlemert
when the groundthaws. The storage areahoud be inspeded
after hard réns or large snow melts for washous and dher
damage.

C2.3 Wdding
C23.1 Structural Steel

Temperaure sersitive crayols are frequetly used to gve an
approXmate prehettemperaure indicaion. Ths measurement
usudly shoud be made within oneinch (‘25 mm) of the wed
on the bae metal. Crayon marks shodd never benade dredly
on the wed becase of pessble coriaminaion.

MNL-117 3rd Edition
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Table 2.3.1. Minimum preheat temperatures for
insert plates’?

Thickest Section at Point of Welding, Minimum
in. (mm) for A36, Ad41, A500, Temperature @
Grades A and B, and A572, °F (“C)
Grades 42 and 50
Up to 3/4 (19) None
Over 3/4 through 1-1/2 (19-38.1 incl) 50 (10)
Over 1-1/2 through 2-1/2
(38.1-63.5 incl) 150 (66)
Over 2-1/2 (63.5) 225 (107)

(1) Minimum temperature required when using shielded metal arc
welding with low hydrogen electrodes, submerged arc welding, gas
metal arc welding or flux cored arc welding.

(2) If the steel specification for the insert plate or welding process being
used is not shown, refer to Table 4.3 of AWS D1.1 for preheat require-
ments.

(3) This must be compared 1o the preheat requirements for the reinforcing

bar. The higher of the two requirements should be applied.

temperature maintained throughout the entire weld-
ing process. Three inches of the insert plate, in
each direction around the weld, shall be preheated
to at least the minimum required temperature.

Slag from each pass shall be completely removed
before depositing the next pass to avoid porosity
and slag entrapment. Slag shall be removed from
all completed welds, and the weld and adjacent
base metal shall be cleaned by brushing or other
suitable means. Tightly adherent spatter remaining
after the cleaning operation is acceptable. Accessi-
ble welds of corrosion protected material (galva-
nized or painted) shall be touched up after welding.
Zinc-rich paint shall be brush or spray applied to a
thickness of approximately 0.004 in. (100 gm) over
the welded areas to replace the removed galvaniz-
ing or in conformance with ASTM A780.

One of the two following procedures shall be used
for welding galvanized steel:

1. Removal of galvanizing on mating surfaces to
be welded and use of standard procedures.

2. Use of welding procedures using galvanized
base metal and qualified by test in accordance
with the AWS D1 .1

MNL-1 17 3rd Edition

Commentary

When g#vanized sted is wdded, some of the anc coding is
volatilized on eactside of the wed and. wlie athin layer of
zinc4ron dloy remains, thereis a loss in correion resis@nce.
In the cae of Znc-rich panted sted, wdding cawses decanpo-
sition of the pant film which is burrt off for some dstance
eachside ofthe wed. The wdth of the danaged zone W de-
pend onthe he&inpu.

Zinc-ich pants are avalalle which have beerspedally for-
mulated such tha it is na necessary to remove the coding
from the wed pah prior to wdding. A letter shoud be ob-
tained fran pant manufacurer stating it to be “wedabe.”

Some galvanizers supdy sted with predéemined areas un-
coaedto enalbe thesteel to be wéded withou concern for prob-
lems that canarise from the preence of mc duing weding.
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When welding stainless steel plates to other stain-
less steel or to low carbon steel, the general proce-
dure for welding low carbon steels shall be followed,
taking into account the stainless steel characteris-
tics that differ, such as higher thermal expansion
and lower thermal conductivity. Welding of stainless
steel shall be in conformance with AWS 82.1, AWS
A54 and AWS D1 .1. Welding of stainless steel
shall be done by qualified welders familiar with the
welding requirements of these alloys. Preheating or
postheating is not necessary.

Commentary

It is nat uncanmon to find smell craclksin afillet weld on géva-

nizedsted, exendng from the root toward the face ofthe bead.
Whether crackng will occur deperslon many fadors such as

thesilicon conert of the wéd metal, the degree of petration of

the wed, the gap beveenmetals, the thickness of the bae metal

which influence restraint of the joint, andthe cosing weght of

the anc andthe microstructure of the anc coding which are
both influenced bythe canpasition of the bae date, paticuary

with resped to silicon conert. Law-silicon or rutile {non-low-

hydrogen) bse dedrodes with low-silicon cotert (0.251 or

lower) generdy reduce cradkg.

Remova of zinc, where wkl is to be placed,is the most corser-

vative approach in wdding gdvarized sted. Wdding procedure
will then bethe same as for uncodedsted. Zinc can be maoved

by burning with an oxygen fué gas torch, bysha blasting with
portable equpmert or giinding with abraive dscs.

In gener§ manud meta arc wéding procedure for gdva-
nized sted are similar to wdding unco&d sted. However,
welding of gadvanized sted generdy requres tha the weder
recéve spedalized training. In addion, qudificaion of the
welder and whling procedure sing the thickest coding ariici-
paed is strongdy recanmended.

Stainless steds have many propelies tha differ from those of
carbon or ther steds and the dfferences becone mare pro-
nounced vth higher chronium corterts. For exanple:

1. Ther themal condutivity is much lower so they are
more susceftible to locd overheéing and to dstortion
whenthey are whled.

2.  Thear themal exparsion is higher andthis tends to in-
creae dstortion and reults in higher stresses on the wed
during coding.

3. They resist oxidaion urtil heded to temperaures around
ther melting pants in the preence of & Then a fghly
refradory chranmium oxide is formed preveting these d-
loys from beng cu with an ordnary oxyact/lene citing
torch. In weéding stainless steds, the molten metal must
be wdl protected from the ar.

4. Some martensitic aloys, as the carbon caert increaes,
are hghly hardenable and becme bittle when hei@d
andcooled, dueto excesive grain growth & high temper-
atures. Other martensitic dloys suffer alossin corrcsion
resistance if there is apprecalde carbonin the bae or
weld metdl.

Becawe of the réatively high coeffciert of thermal exparsion

[9.2 pu infin. deg.F (16.6 um/m deg. C)] and lower themal

condudivity [9.1 Btu/hr ft deg. F (15.7 w/mk)] of austenitic

stainless sted, precations are necasary to avad wdd bead
crackng, minimize dstortion of sttd and aved crackng of

concrée. The fdlowing procedure may be wwed to minimize

these proltems: lower wéd curren settings, skip-wdd tech-

niques to minimize he& concetration, we of copper backup
chill bas or aher coding technques to dssipae hed tack

welding to hdd the pats in dignmert duing wdding and
smell weld pass.

Stinless steds cannd be cu smooth with an ordinary oxy-

MNL-I 17 3rd Edition
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A method for cutting stainless steel shall be used
that produces a clean, smooth edge. Powder cut-
ting processes such as plasma arc shall be used.

The edges of a thermally cut weld joint shall be
cleaned by machining or grinding to remove sur-
face contamination, particularly iron. Surfaces to be
welded shall be sanded smooth, not ground, and
all blue heat tint removed. Parts to be joined shall
also be free of oil, grease, paint, dirt, and other
contaminants.

In joining austenitic stainless steels to carbon
steels or low-alloy steels, a stainless steel welding
rod that is sufficiently high in total alloy content,
such as Type 309, shall be used. When, due to
service requirements, the depositing of carbon
steel or low-alloy steel weld metal on stainless
steel is required, the short-circuiting method of
metal transfer shall be used.

Welds and the surrounding area on stainless steel
shall be cleaned of weld spatter, flux, or scale to
avoid imoairment of corrosion resistance.

2.3.2 Reinforceme nt

Welding procedure specifications for reinforcing bars
shall be written by plant engineering or quality con-
trol. Welding of reinforcing bars shall be executed
considering steel weldability and proper welding pro-
cedures, whether performed in-plant or by an outside
supplier.

MNL-117 3rd Edition

Commentary

acaylene torch

Clearning of stainless sted to be wéded is importart. Contami-
nation from greae and d canleadto carburization in the wed
area Vith subsequen redudion of corrgion resistance. Post
weld dean-upis dso importart and shodd na be done \th
carbon sted files and brshes. Stainless sted wire brishes
shoud be wed. Carbonsted deanng tools, as wdl as grindng
wheds tha are sed on carborsted, canleave fne aticles em-
beddedin the stainlesssted surfacetha will later rust andstain
if not removed by chmicd dearing.

This will preven martensite formation while & the same time
presening residud amounts of ferite, which courterad the
tendences for ha crackng (a the time of weding) even under
condtions of severe retraint.

C2.3.2 Reinforcement

The grade, basize and chmicd composition of the renforc-

ing barshodd be known por to wdding. Assming a carbon
equvalert higher than wha adudly exsts codd result in a
more canplicaed and cstly weding proces The wédaklity

of sted estalished byits chamicd andysis limits the apfica-

ble weding procedure and sets preheé and interpass tempera-
ture reqirements. Wedallity propeties are spedficdly

exduded fran the ASTM A615, A616, and A617 spedfica-

tions. Most reinforcing bas which meg ASTM A615, Grade
60 (420), will requre preheting. A615, Grade 40 (300) bas

may or may nd requre preheting. ASTM A706 bas are spe-

cidly formulated to be wédabe; hence,the spedficdion con-
tains chemicd composition requremerts and cécuation of the
carbon egqivaert.

The ASTM spedficaions for bill et-sted, ral-sted, aXe-sted
and low-dloy sted reinfordng bas (A 615, A 616, A 617, and
A 706 repedively) requre idertification marks to be rdled
into the surface of oneside ofthe barto dende the produces
mill designdion, barsize, type of sted and minimum yield des-
ignaion, Fig. C2.3.1.

Minimum yield designaion is used for Grade 60 (420) and
Grade 75 (520) baronly. Grade 60 (420) bas can éher have
one (I) singe longtudnd line (gradeline) or the number 60
(420) (grademark). Grade 75 (520) ban caither havetwo (2)
gradelines or the grademark 75 (520).

A gradeline is smeller and beveenthe two main ribs which
are on oppaite sides of dl U.S. made bas. A gradeline must
be coninued & least 5 defomation spaces. A grademark is the
4th mark on a bar.
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Welding procedures shall be in conformance with
AWS D1.4 using shielded metal arc (SMAW), gas
metal arc (GMAW), or flux cored arc (FCAW) pro-
cesses. Striking an arc on the reinforcing bar out-
side of the weld area shall not be permitted. Quality
control or engineering shall review the mill test re-
port to determine the carbon equivalent (C.E.) and
the preheat requirements. Minimum preheat and in-
terpass temperatures for welding of reinforcing bars
shall be in accordance with Table 2.3.2 using the
highest carbon equivalent number of the base
metal. Temperature sensitive crayons shall be used
to determine approximate preheat and interpass
temperatures.

For billet-steel bars, conforming to ASTM
AB15/A615M, the carbon equivalent shall be calcu-
lated using the chemical composition, as shown in
the mill test report, by the following formula:

C.E. = %C + %Mn/6

If mill test reports are not available, chemical analy-
sis may be made on bars representative of the bars
to be welded. If the chemical composition is not
known or obtained:

1. For bars No. 6 (19) or less, use a minimum
preheat of 300 deg. F (150 deg. C).

2. For bars No. 7 (22) or larger, use a minimum
preheat of 400 deg. F (200 deg. C).

3. For all ASTM A706 bar sizes, use Table 2.3.2
C.E. values of 0.46 percent to 0.55 percent in-
clusive.

Surfaces of reinforcing bars to be welded and sur-
faces adjacent to a weld shall be free from loose or
thick scale, slag, rust, moisture, grease, epoxy
coating, or other foreign material that would prevent
proper welding or produce objectionable fumes. Mill
scale that withstands vigorous wire brushing, a thin
rust inhibitive coating, or anti-spatter compound,
may remain.

The ends of reinforcing bars in direct butt joints
shall be shaped to form the weld groove by oxygen

Commentary

Grade 40 (300) and 50 (350) barare requredto have oty the
first three idertificaion marks (no minimum yield designa-
tion).

VARIATIONS: Bar idertificaion marks may be orerted & il-
lustrated or raated, 90”. Grademark numbers may be paced
within separde corsecutive defomation space. Grade line
may be paced onthe side oppsite the barmarks.

AWS D1.4 indicaes tha most reinfordng bas can be wiled.
However, stingert prehe& and dher qudity cortrol measures
are requred for bas with high carbon equalerts. Excep for
welding shops with proven quity cortrol procedurs tha
med AWS D1.4,it is recanmendedtha carbon eqivalerts be
less than 0.45 percen for No. 7 (22) andarger bas, and 0.55
percent for No. 6 (19) andmdler bas.

Welding procedure are citicd for reinfordng sted becase
this sted has a rdatively high carbon cortert. The more carbon
the sted cortains, the more bittle the materid andthe hgher
the suscepibility to embrittlement occuring ater a wéd be-
ginsto cod. As a weld cods, a very bittle form of iron cdled
martensite forms just outside the wed zone. Tks materiad is
subjed to fradure uponimpad. For exanple, if a welded as-
sembly which had no been whled sing proper procedurs is
raised to shouder héght and dropped to the foor, it is qute
possble the bas woud literdly break off &the weéd pant like
a shdtered pece of crgtal. This is dueto the bittle formation
of martensite.
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cutting, air carbon arc cutting, sawing, or other me-
chanical means. Bars for direct butt joints that have
sheared ends shall be trimmed back beyond the
area deformed by shearing.

Welding shall not be done when ambient tempera-
ture is lower than O deg. F (-18 deg. C), when sur-
faces to be welded are exposed to rain, snow, or
wind velocities greater than five miles per hour
(eight kilometers per hour), or when welders are
exposed to inclement conditions.

Table 2.3.2 Welding reinforcing bars

Commentary

Carbon Minimum preheat
equivalent* and interpass
range, Size of temperatures'=*
percent relnforcing bar degF. degC.
0.40 max. Up 1o 11 (36) inclusive None®
14 (43) and 18 (57) 50 10
0.41-0.45 Up to 11 (36) inclusive None®
inclusive 14 (43) and 18 (57) 100 40
0.46-0.55 ‘ Up {0 6 (19) inclusive | None®
inclusive |7 (22) to ii (36) inclusive | 50 10 |
| 1443 and 18 (57) 200 90
0.56-088 |7 nu14tomdipapudBues DUD o]
Above 0.66 7 (@ Wio o618 (9 p) ndse idde 0 40 0"
Notes:

1. When reinforcing steel is to be welded to main structural steel (insert plates or
angles), the preheat requirements of the structural steel shall also be considered
(see Table 2.3.1). The minimum preheat requirement to apply in this situation
shall be the higher requirement of the two tables. However, extreme caution
shall be exercised in the case of welding reinforcing steel to quenched and
tempered steels, and such measures shall be taken as to satisfy the preheat re
quirements for both. If not possible, welding shall not be used to join the two
base metals.

2.When the base metal is below the temperature listed for the welding process
being used and the size and carbon equivalent range of the bar being welded, it
shall be preheated (except as otherwise provided) in such a manner that the
cross section of the bar for not less than 6 in. (150 mm) on each side of the
joint shall be at or above the desired minimum temperature. If multiple passes
are required to make the weld, the area shall be reheated during the time be-
tween passes (interpass). Preheat and interpass temperatures shall be sufficient
to prevent crack formation.

3. After welding is complete, bars shall be allowed to cool naturally to ambient
temperature. Accelerated cooliog is prohibited.

4.Where it is impractical to obtain chemical analysis, the carbon equivalent shall
be assumed to be above (.66 percent except for ASTM A706 bars.

5.When the base metal is below 32°F (0°C), the base metal shall be preheated to
at least 70°F (21°C) and maintained at this minimum temperature during weld-
ing.

6.Use temperature sensitive crayons for determining approximate preheat and in-
teTpass temperatures,
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‘Bars marked with an Sand W meet both A615 and A706

A lorade (AB17)
GRADE 40 (300) AND 50 (350)

Metric Diameter Inch-Pound Dlameter
BarSize |  (mm) Bar Size {in.)
#10 95 #3 0.375
#13 12.7 #4 0.600
#16 15.9 # 0.625
#19 19.1 #6 0.750
#22 22.2 #7 0.875
#25 | 25.4 #8 1.000
#29 ‘ 28.7 #9 11728
#32 323 #10 1270
#36 35.8 #11 1.410
#43 430 #14 1.693
#57 573 #18 2.257

Fig. C23.1 Standard identification markings for
relnforcing  bare.
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Preparation for welding on coated base metal shall
preferably be made before coating. Welding galva-
nized metal, without prior removal of the coating,
shall be performed in accordance with AWS D1.4
or AWS WZC (D19.0). Welding of galvanized metal
may also be done after removing all coating from
within 2 in. (50 mm) of the weld joint. The welding
shall be performed in accordance with AWS D1 .4
for uncoated reinforcing bars. The galvanized coat-
ing shall be removed with oxyfuel gas flame, abra-
sive shot blasting, or other suitable means.

When welding or preheating epoxy coated base
metal, the epoxy coating shall be removed from the
surfaces to be heated.

After welding, suitable coating protection (zinc-rich
or epoxy paint) shall be applied to the finished joint
to restore the corrosion resistant properties of the
coated bars.

Tack welds that do not become a part of perma-
nent welds shall not be made unless shown on the
approved shop drawings — for all reinforcing bars
including ASTM A706 bars. Tack welds shall be
made in conformance with all the requirements of
AWS D1.4, ie., preheating, slow cooling, use of
proper electrodes, and the same quality require-
ments as permanent welds.

Tack welding shall be carried out without signifi-
cantly diminishing the effective steel area or the bar
area shall be one-third larger than required. A low
heat setting shall be used to reduce the undercut-
ting of the effective steel area of the reinforcing bar.

Reinforcing bars which cross shall not be welded
unless shown on the approved shop drawings.

Reinforcing bars shall not be welded within 2 bar
diameters of the beginning point of tangency of a
cold bend.

Commentary

Tack weding, urness done in confomance vith AWS DI.4,
may produce crylizaion (embrittlement or metalurgcd
notch) of the rénfordng sted in the area ofthe tack wed. Tack
welding seams to be paticulady ddrimerta to dudility (impad
resisiince) and figue reisiance, andto a lessr exert, to
static yield stengh and ltimate strengh. Where asmall baris
tack weded to a larger bar, a dementd “metalurgcd nach”
effed is exaggerted in the large bar.Fast coding under ctd
wedaher condions is likely to aggravate these effeds.

Thereis esertidly no dfferencein the pdertia for embrittle-
ment and chenicd changethe materid undergos during tack
welding & comparedte a larger filet, flare, or flare beve
weld. Ths is becase tack weding producs the same tempera-
tures as structural welding. Therefore,if the rénfordng sted
requres the e of prehet and low hydrogen kedrodes, it
must aso be enployed whentack weéding is used to hdd a
cagetogeher. Tack whding shoud be limited to straight sec-
tions of bas and wthin the limitations indicaed in the shop
drawing sedion.

When bars are bent cdd withou the addion of he they be-
come sersitive to hed. Subsequettly, the apficaion oftoo much
hea will cawse the bas to crystlize and rault in unpredctade
behavor of the reinforcing bar a the bend. Thereforesa pre-

caution it is necessary to keep whds away fran cdd bend.

While AWS DI.4 suggestsalowing a céd bend atwo bardiam-
eters from a wed, experenceshows tha a minimum distance of
2 in. (50 mm) with 3in. (75 mm) preferredis beter with the

smell bais commonly usedin precating, seeFig. C2.3.2.
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When reinforcing steel is welded to structural steel
members, the provisions of AWS D1 .1 shall apply
to the structural steel component. When joining dif-
ferent grades of steels, the filler metal shall be se-
lected for the lower strength base metal.

2.3.3 Stud Welding

Headed studs and deformed bar anchors used for
anchorage shall be welded in accordance with
AWS D1 .1 and AWS C5.4 The studs and base
metal area to be welded shall be free from rust,
rust pits, scale, oil, moisture, or other deleterious
materials that would adversely affect the welding
operation. The base metal shall not be painted, gal-
vanized or cadmium-plated prior to welding. Thick-
ness of plates to which studs are attached shall be
at least 1/2 of the diameter of the stud.

The arc shields or ferrules shall be kept dry. Any
arc shields which show signs of surface moisture
from dew or rain shall be oven dried at 250 deg. F
(120 deg. C) for two hours before use. After weld-
ing, arc shields shall be broken free from studs.
The completed weld shall have a uniform cross
section for the full circumference of the stud.

Stud welding equipment settings shall be based on
written welding procedure specifications, past prac-
tice, or recommendations of the stud and equip-
ment manufacturer. If two or more stud welding
guns are to be operated from the same power
source, they shall be interlocked so that only one

MNL-1%7 3rd Edition

Commentary

polnt of crystallization

reinf. bar

(A) IMPROPER

2 x bar dlam. 2° min. (3" preferred) O

reinf. bars

4

e, I
ZZ 7222 227 LLZ
s—— point of tangency

(B) PROPER

Fig. C23.2.Improper and proper methods of weding
reinforcing bars.

C233 Stud Welding

The minimum plate thicknessrequremert is necesary to preven
melt-through occuiing andto assuretha the weld is as strong as
the stud to uili ze its maximum load capaity
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gun can operate at a time, so that the power
source has fully recovered from making one weld
before another weld is started. While in operation,
the welding gun shall be held in position without
movement until the weld metal has solidified.

Stud welding shall not be done when the base
metal temperature is below 0 deg. F (-18 deg. C) or
when the surface is wet or exposed to falling rain or
snow. When the temperature of the base metal is
below 32 deg. F (0 deg. C), one additional stud in
each 100 studs welded shall be tested by methods
specified in Article 8.1.3(9), except that the angle of
testing shall be approximately 15 deg. This is in ad-
dition to the first two studs tested for each start of a
new production period or change in set-up.

When studs are welded using prequalified FCAW,
GMAW or SMAW processes, the following require-
ments shall be met:

1. Surfaces to be welded and surfaces adjacent
to a weld shall be free from loose or thick
scale, slag, rust, moisture, grease, and other
foreign material that would prevent proper
welding or produce objectionable fumes.

2. For fillet welds, the end of the stud shall be
clean and the stud base prepared so that the
base of the stud fits against the base metal.
The minimum size of the fillet weld shall be the
larger of those required in Table 2.2 or Table
7.2 of AWS D1.I.

3. The base metal to which studs are welded
shall be preheated in accordance with the re-
quirements of Table 2.3.1.

4. SMAW welding shall be performed using low
hydrogen electrodes 5/32 or 3/16 in. (4 or 5
mm) in diameter, except that a smaller diame-
ter electrode may be used on studs 7/1 6 in.
(11 mm) or less in diameter for out-of-position
welds.

2.4 Molds
2.4.1 Materials and Construction

All molds, regardless of material, shall conform to
the profiles, dimensions and tolerances indicated
by the contract documents and the approved shop
drawings.

Molds shall be dimensionally stable to produce the
required finish and tolerance. Repeated use of
molds shall not affect the dimensions or planes of

Commentary

The stud wdding arcis nomally of sufficiert intersity and du-
ration to bum or vapoize thin layes such & light coaings of
pant, scde. rwst, or dl. However,initid meta-to-meta con-
tad shoud bemade béwveenthe stud and workto drawthe arc.
Most cortrollers provide a ligh-vdtage fiot surge to start the
arc. A cetter punch or ther mechamcd mears can be used to
pendrate athick coding.

Low-carbon (nild) steds can bestud wdded with no mgor
metallurgicd prodems The upper carbofimit for base pate
sted to beare stud wdded wthou prehe&is 0.30%.

If medum- and ligh-carbon bse-pate materias are to be stud
welded, it is imperdive tha prehe& be wsed to prevem crack-
ing in the he&affeded zone. In some instances, a canbina-
tion of preheting and psthedging ater wdding is
recanmended.

Generdly, the high-stengh low dloy steds are saisfadorily
stud wedded whenther carbon cotert is 0.15% orlower. If
the carbon caert exceed 0.15%.it may be necesary to pre-
hea the work to a low prehet temperdure to oltain desired
toughnesin the wed area.

Most classes of stinless sttd may be stud wdded. Oty the
austenitic stainless steds (300 grade except 303) are recom-
mended for genetaapyications.

C24 Molds
C24.1 Materials and Constuction

The overdl qudity of the prged starts with molds capale of
alowing the prodution pesonnd to make uits which med
all the spedfications with eae and accuracy.

The appearance dhe finished surfaceis diredly reated to the
chace of mold material andthe qudity of the mold itself. The
in-senice life of amold is dso a fundion of the chace of
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the molds beyond allowable tolerances. The mold
fabrication and set-up tolerances shall be sufficient
to produce units within specific tolerances. Mold
materials shall not warp or buckle due to tempera-
ture change or moisture, which can cause unsightly
depressions and uneven swells in the finished sur-
face. The mold materials shall be nonabsorbent or
sealed to prevent excessive moisture absorption in
order to minimize variations in finish due to differ-
ential moisture movements resulting from varying
degrees of absorbency. The precaster shall evalu-
ate the effect of different materials on the color of the
finished surface when they are combined in the
same mold.

Molds shall be coated with release agents that will
permit release without damaging or staining the con-
crete, and without affecting subsequent coating,
painting or caulking operations. Release agents
shall be applied in accordance with manufacturer's
directions. Just prior to applying a release agent,
the surfaces of the mold shall be clean and free of
water, dust, dirt, or residues that could be trans-
ferred to the surface of the concrete or affect the
ability of the release agent to function properly. Ex-
cess release agent shall be removed from the mold
surface prior to casting. Prestressing tendons, an-
chorages for miscellaneous connections and rein-
forcement shall not be contaminated by form release
agents.

Molds shall be built sufficiently rigid to provide di-
mensional stability during handling. The assembled
mold shall not allow leakage of water or cement
paste. Joints in the mold material shall be made so
that they will not be reflected in the concrete surface

MNL-117 3rd Edition

Commentary

mold material, which must therefore besdeded with care,
Molds for archtedurd precat concrée can bemade of vari-
ous materals such & plywood, concree, sted, plastics,
polyester resins reinforced with dass fibers, plaster, or a com-
binaion of these materids. For camplicaed deails, molds of
plaster, dastomeric rubber, foen plastic, or sculptured sand
may be sed. Thee molds are often conbined or reinforced
with woodor sted depenthg onthe size and coplexty of the
unit to be produced.

Mold design shoud takeinto accouhthe speda requremerts of
precat concrée produts. Sharp antes and thin prgedions
should be avoided whenever ggible, and chamferor radi at in-
side caners of the mold shodd beincorporaed dueto the pessi
bility of chipping andspalling & the ¢orners duiing shipping.

In generg the mold fabiicaion andset-up tolerance shoud be
one-hdf of the tolerancs of the wurits they are to produce or a
maximum of £1/8 in. (£3mm).

The seledion of a réesse ageh shoud indude investigation of
the fdlowing fadors:

1. Compatibility of the ageh with the mold materia, form
seder or admixtures in the concree mix. Because of the
rapid loss of slump, most superplasticized concrée need
a snooth “frictionless” surface ong wthich the concree
can eaily move.

2. Possble interference \ith the later apflicaion of sedarts,
seders. or pants to themold contad area.

3. Discdoraion andstaining of the concree face.

4. Amourt of time dlowed béween appcaion and con-
crete fdacemert and the minimum and maxmum time
limits for molds to stay in pace beforestipping. Release
agert may requre a cumg perod before beg wsed. If
too fresh, some of the rdesse ageh will becane embed-
dedin the concréee.

5. Effee of weaher and cuing condions on eae of
stipping.
6. Uniformity of performance.

7. Med current locd envronmerta reguations regardng
the se of a vdatile organc canpound (VOC) compliant
form relese ageh

Applying too much of the réesse ageh can case excssve
surface dsting onthe finished concree.

Minerd oil, oil-solvert based rdesse agets, or paraffn wax
should notbe used on rubber or elasto meric liners as the hy-
drocarbonsolvert will soften the rubber. The rubbepr das
tomeric supgier's recanmenddions shoud he careflly
followed.

Mold seams as well as weds on sted molds shodd he checked
daly duiing the mold prepartion stage. Mold seams resulting

from jointing of loose pats, such & bukhead, side or top

molds. or any mold modification geces shoud be minimized

to the exert requred by the fnished surface, wé-fitted, se-

cured, andseded to preven leakage.
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and mar the appearance of the product,

Molds shall be capable of supporting their own
weight and the pressure of the fresh concrete with-
out deflection or deformation which exceeds toler-
ances. Molds shall be sufficiently rigid to withstand
the forces necessary for consolidating the concrete.
Molds subjected to external vibration shall be capa-
ble of transmitting the vibration over a sufficient
area in a relatively uniform manner without flexing
or plate flutter. The molds shall be designed to en-
sure that resonant vibrations which may be im-
parted into local areas of the forms are minimized.

Molds shall permit controlled, fixed positioning or
jigging of hardware and allow for the suspension or
placement of the reinforcing cage in a position that
maintains the specified concrete cover. Blockouts
shall be of the size, shape and located as shown
on the shop drawings. Blockouts shall be held
rigidly in place within tolerance. Mold parts shall
allow for stripping without damage to the units.

Molds shall be designed to prevent damage to the
concrete from: (1) restraint as the concrete shrinks;
(2) the stripping operation; and (3) dimensional
changes due to pretensioning.

Wood molds shall be sealed with suitable materials
to prevent absorption. The sealer manufacturer's
instructions regarding application shall be followed.
Surface condition, joints and coating material shall
be visually inspected prior to each use.

Concrete molds shall be treated with a coating
which renders the concrete non-absorbent to re-
duce mold damage and to improve the release of
the product during the stripping operations.

Plastic molds shall not be used when tempera-
tures above 140 deg. F (60 deg. C) are anticipated.
The susceptibility of the plastic mold to attack by
the proposed release agents shall be determined
prior to usage. Surface conditions, joints and gel
coat material shall be visually inspected prior to
each use.

Steel molds shall be visually inspected prior to
each use for rust, welding distortion and tightness
of steel sheet joints. If it is planned to apply a pre-
stressing force by jacking against the form, the
mold shall be sufficiently strong to withstand the
force without buckling or wrinkling and still maintain
the required dimensional tolerances.

Commentary

Molds shoud have Igh rigidity, minimum defedion, andmin-
imum movemert of the mold material baweenthe stiffeners

Seding wood molds minimizes non-unformity in surface fn-
ish and wll stakilize the mold dmersions. The manufadurer’s
instudions regardng appicaion of the seder shodd be fd-
lowed. For some seders there are minimum temperdures
stated bdéow which they must nat be apfied. An appropeate
drying or cumg time shoud he dowed.

Sted molds shoud be wdl braced and frequéy examnined for
buging or bucking. Dmpling, twisting, or benthg may occur
if they are nat propely stacked forstorage. Wherjoining twa

or more sted sheds by wdding, careis requred to avad ds-

tortion fram the hed of the weéding operéon. If joining is re-

quired, the wéds shodd be groundsmoath and coted with an
epoxy orsimilar material to hide the joint. Forms shoud dlow

for shortering and movements of the precat concrete units

during trarsfer of prestress and appication of hea when acce

erged cuing is used.
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2.4.2 Verification and Maintenance

The mold surfaces and dimensions shall be checked
in detail after construction and before the first unit is
made and after any modifications. A complete
check of the first product from the mold shall be per-
formed. Molds shall be thoroughly cleaned and in-
spected before each use for defects that will affect
performance or appearance.

Bulkheads, templates, and similar equipment shall
be regularly inspected and maintained as neces-
sary. All anchorage locations on the mold for hold-
ing any cast-in materials to a given position shall
be checked for wear. If more than one mold is
used to produce a given unit, a comparative dimen-
sional check shall be made.

2.5 Hardware installation

All connection hardware, anchors, inserts, plates,
angles, handling and lifting devices, and other ac-
cessories shall be checked prior to casting to verify
that they are accounted for, of the proper size and
type, and accurately located as detailed on the
shop drawings.

Hardware shall be firmly held in the correct position
and alignment, during placement, consolidation
and finishing of the concrete, by attachment to the
reinforcing cage or by jigs, positioning fixtures,
mold brackets, or stiffbacks. Hardware shall have
provisions (holes, lugs, nuts, etc.) so that it can be
secured to the support.

MNL-117 3rd Edition

Commentary

C2.4.2 Verification and Maintenance

When a newmold is placedinto prodution a cenplete dmen-
siond checkshoud be madetaking into accouh main dmen-
sions, wargng, squarenss flainess reveds, blockous and
qudity of the surface fnish. Fixtures and/or templates can &d
in checkng. The repdrof this checkshoud be kep onftile.

The molds shoud be ressmbled wthin the dmersiond limi-
tations spedfied for the produt on the shop dravings. The
overd lengh, width, thickness and ¢her baic dmersions
shoud be checked onllasides of the mold. The squarenes of
the mold shoud be checked by canpaing dagon& measure-
merts to the camers of the mold. Any dscrepancy nted in
mold dmersiond accuracyshodd be trarsmitted to produc-
tion pesonné for corredion.

A basic assssnert of the mold shodd bemadein advance of
each cating. Assssnernt shoud ersure

1. The mold ha been asmbled correctly within spedfied
tolerances.

2. The rdease ageh has been apled satisfactorily and ex-
cessive ponding has nat occurred in recesses, for exam-
ple.

3. Concrde gplatter, wire ties, dust, and the like have nb
contaminated the mold surface.

C2.5 Hardware

Inserts shoud be placed accutaly becase ther capady de-
pends on the deph of embedmert, spaéng and dstance fran
free edge Inserts shoud dso be paced accurately becawse
ther capadty decreaes shargy if they are nbpaositioned per-
pendcuar to the beaing surface, orif they are nbin a
straight line with the apfied force. 1 is importart to pacein-
serts so tha the deph of threadis constant for the same size
insert throughot a paticular job. Gtherwise an ereiton crew
may make mistakes in the field by nd dways engagng the
full thread, ¢ee Fig. C2.5.1). Also, atypicd size andthread
deph for inserts on prgeds will minimize the peshbility of
erection crevs using the incorret size andlengh of bdts.

Installation
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When items cast into units are specified to be
plated, galvanized or of stainless steel, a check
shall be made to ensure that the material is of the
proper type or has the proper coating.

Anchorage shall be provided as indicated on the
shop drawings and may be developed through mild
steel reinforcing dowels, studs, loops of flat bars,
angles, or a combination of these.

When approved by the precast engineer, embed-
ded items such as dowels or inserts, that either
protrude from the concrete or remain exposed for
inspection, may be installed while the concrete is in
a plastic state provided they are not required to be
hooked or tied to reinforcement within the concrete
and they are maintained in the correct position
while the concrete remains plastic. Such items shall
be properly anchored to develop the design loads.
The concrete surface adjacent to the item shall be
flat and well finished for proper bearing and the

Commentary

DON'T

Establish dimensions A and B

and maintain for all similar

sized inserts for the project
|

Fig. C2.5.1. Placing of inserts.

The proper anchorage dhe insett or hardwareis criticd.
Carefd placemert of hardwareto requred tolerancs induding
indinaion of prdrudng bas or stucurd shape is importar,
becage the beaing surfaces of the pank hardwareand the
matching hardware orhe strudure shoud be parke to oltain
optimum beaing or load trarsfer.

MNL-117 3rd Edition
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item shall be placed perpendicular to this surface.

Reinforcement shall not be modified, relocated or
eliminated to accommodate hardware. If hardware
anchors or reinforcing steel cannot be located as
shown on the shop drawings, approval for revisions
shall be obtained from the precast engineer and all
revisions shall be recorded. Connection hardware,
carrying load from the member to supports, or han-
dling inserts shall not be plunged or vibrated into
concrete already placed in the mold without ap-
proval of the precast engineer. If approved by the
precast engineer, non-structural hardware items
may be installed after the concrete has been
placed, and care shall be taken to ensure that con-
crete around anchorages has been consolidated
and that no misplacement of the reinforcing cage
has occurred.

Reinforcement extending out of the elements to
provide structural connection for sequential casting
or cast-in-place concrete shall be located within
£1/2 in. (x12 mm) of shop drawing dimensions
unless closer tolerances are indicated. Paste ad-
hering to extended reinforcement shall be removed
sufficiently to ensure bonding of bars to concrete
that is cast later.

Where angles are used for connections and fas-
tened to the concrete with bolts and inserts, the
concrete surface behind the angle shall be flat and
well finished for proper bearing. The inserts shall
be placed perpendicular to this surface. Such an-
gles may also be anchored with studs or welded to
plates in the precast concrete units.

The concrete under plates or angles shall be con-
solidated in a manner to avoid honeycombing or
excessive air voids beneath the plate or angle.

Voids in sleeves, inserts, and anchor slots shall be
filled temporarily with readily removable material to
prevent entry of concrete during casting. Inserts
and sleeves shall be kept clean of dirt or ice by pro-
tecting them temporarily with plastic caps or other
suitable devices installed in the plant after strip-
ping. Threads on projecting bolts shall be kept free
from any deleterious materials and shall be pro-
tected from damage and rust.

Stainless steel bolts shall be used to connect stain-
less steel plates or angles. Carbide inserts shall be
used for high speed drilling of holes in stainless
steel. Threaded parts of stainless steel bolts shall
be lubricated with an antiseize thread lubricant dur-
ing assembly.

MNL-117 3rd Edition
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Excessive honeycmbing beneth the pate or ande may result
in dminished structurd capady.
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Dissimilar metals shall not be placed near or in di-
rect contact with each other in moist or saturated
concrete unless experience has shown that no
detrimental chemical or electrochemical (galvanic)
reactions will occur or surfaces are permanently
protected against corrosion. Sleeves, pipes, or con-
duits of aluminum shall not be embedded in con-
crete unless they are effectively coated or covered
to prevent aluminum-concrete reaction, or elec-
trolytic action between aluminum and steel.

The installation of inserts and fastenings by explo-
sive actuated or power driven tools shall only be al-
lowed where such installation will not damage the
structural integrity of the units by being too close to
reinforcement or strands, or mar the finish by caus-
ing spalling, chipping or cracking of the unit.

Multiple component lifting devices shall be kept
matched to avoid non-compatible usage.

When grouped in multiples, lifting loops shall be
aligned for equal lifting. Projection of lifting loops
for multiple lift point members shall be maintained
within a tolerance of £1/2 in. (¥12 mm) from de-
sign or plant standard.

Treated or naturally deterioration resistant lumber
shall be used, if cast in the concrete. A wood sealer
shall be applied to prevent moisture migration from
concrete into the wood.

All inserts which are on an exposed face shall be
checked to ensure that they are properly recessed
to give adequate cover and permit future patching.

2.6 Product Handling
2.6.1 General

All precast concrete units shall be handled in a po-
sition consistent with their shape, size, and design
to avoid damage or excessive stresses. Units shall
be handled and supported only by appropriate de-
vices at designated locations. Liking devices shall
be checked to ensure their locations conform to the
shop drawings.

All lifting from threaded inserts shall be with appro-
priate swivel bolt hardware suitable for the insert
unless such lifts are made axial with the inserts,
such as by direct bolt fastening to lifting beams or
frames. If inclined lifting lines are employed, the
angle to the horizontal shall not be less than 45
deg. unless specifically shown by the shop draw-
ings. The bolts being used in the handling inserts
shall be of sufficient length to fully engage all

Commentary

Pladng woodin concrée shoud be avidedsince the tendency
of woodto swell undermoist condtions can caee crackng of
the concree evenif the woodis seded.

C2.6 Product Handling
C2.6.1 General

Pemanert connetion hardwareshoud not be wsed for handing,
excep when dsigned forsuch aditiond service and shown on
the shop dravings, to prevert damage to the connetion or im-

parmert of its performance.
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threads plus extending as recommended by manu-
facturer beyond the threaded position when coil in-
serts are used. In addition, bolts shall be inspected
for cracks, wear or deformations and defective
bolts discarded.

Units shall be handled to avoid structural damage,
detrimental cracking, architectural impairment or
permanent distortion.

2.6.2 Stripping

Tests shall be performed to confirm that concrete
strength meets or exceeds the required values for
stripping or detensioning.

All removable inserts, fastenings and mold parts
shall be released and/or removed prior to stripping.

Care shall be exercised in removing the precast
concrete unit from the mold to prevent damage.
The minimum concrete strength, number and loca-
tion of lifting points for handling of units and details
of lifting devices shall be shown on the shop draw-
ings. Units shall only be stripped at points indicated
on approved shop drawings or as approved by au-
thorized personnel. Initial lifting shall be made cau-
tiously and gradually and equipment for initial
release shall have controls allowing such operation.

Individual precast concrete elements shall be
clearly marked with identification as shown on the
shop drawing, including date of casting or serially
numbered.

Panel markings may be made in the wet concrete,
painted on the units, or they may be made by tag-
ging as long as the tags are securely fastened to
the units. In all cases the markings shall remain
legible for the longest storage period that can be
anticipated.

Surface of unit shall be checked for any dents or
marks that may be the result of mold wear or deteri-
oration. Also, unit shall be checked for voids or ex-
cessive air holes that would indicate improper
vibration.

2.6.3 Yard Storage

Storage shall be planned carefully to ensure deliv-
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Commentary

Each part shodd devéop spedfic unt handing procedure
These shoud indude denolding, lifting, storage, and prepara-
tions for transport.

C26.2 Stripping

Proper igging procedure shodd be stabished and docu-
menrted. Methods of hooling orto dfferert lifting devces and
permissible sling andes shodd be coveredin dart procedurs.
Wheremore than twa lifting pants are ed, the lifting shoud
be iggedto dlow the panneddistribution of pul on lifting de-
vices. Veneered uts shoud belifted dearly to preven chip-
ping or spalling of the veneer edge.

Uniformity of stripping age from unt to unt shodd be main-
tained to minimize concrée cdor hue dfference.

A produd which is stipped or detensioned prior to aclieving
adequée concrée strengh can crackspall, or suffer aloss of
bond betweenthe strands and the concree.

Significart member stresses are often produced dimg demold-
ing. Proper care shodd be taken to minimize denolding
streses and keepthem within accepale limits.

A system for evduaing produt defciendes shoud be estab-
lished so tha probdems and ther sources can beidertified.
Problems which accur whenproducts are stipped cannbbe re-
solved eaily if they are na idertified pior to produd storage.

C2.63 Yard Storage

Units are genelly stored with two-pdnt suppots spacedap-
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ery and erection of the units in an acceptable con-
dition. Units shall be supported and stored on un-
yielding supports at designated blocking point
locations. Units shall be stored on a firm, level and
well-drained surface with identification marks visi-
ble. Dunnage and storage racks, such as A-frames
and vertical racks, shall be well constructed and
aligned to ensure that the precast concrete units
are supported in a given plane to minimize warp-
ing, bowing or cracking of the units and stabilized
against potential lateral loads.

Dunnage shall be placed between products them-
selves as well as between products and storage
devices. Such dunnage shall be of a material and
type that will not create stacking or staining marks
or otherwise cause damage to the finished prod-
ucts. Where necessary, storage apparatus shall be
protectively covered to avoid any discoloration or
staining of the finished products.

Embedded items and sleeves shall be protected
from penetration of water or snow during cold
weather.

2.6.4 Cleaning

All surfaces of the precast concrete units to be ex-
posed to view shall be cleaned, as necessary,
prior to shipping to remove dirt and stains which
may be on the units. The cleaning procedures shall
not detrimentally affect the concrete surface finish.

2.6.5 Loading
Units shall be loaded as necessary:

1. to permit their removal for erection from the
load in proper sequence and orientation to
minimize handling.

2. with proper supports, blocking, cushioning,
and tie-downs to prevent or minimize in-transit
damage.

All blocking, packing and protective materials
shall be of a type that will not cause damage,

Commentary

proximately a the fifth pant. Two-pant suppot is recan-
mendedbecause if suppot is cortinuots acrass three or more
paints, the member may biidge over one ofthe supports (be-
came of dfferertial support movemert) and reult in bowng
and craclkng.

Proper member suppot duiing storage vill minimize warpng
and boving. Warpage in storagemay be cased by temperature
or shrinkage dfferertial between surfaces, creepand storage
condtions. Warpage and boving cannb be totally eiminated,
dthoughit can be minimized by prouding Hocking so that the
unit remains plane.

Units stored learing on one arther may induce kgh stress
loads in long siorage lanes. The “damino effed” (cumulative
loading) shoud be cosidered. Uits shoud be stacked aganst
bath sides of the suppots to equéize loadng andto avad
overturning.

Protedive materia shoud be prowded & pants of beamg and
cortad with exposed surfaces. Careshoud be takento preven
surface staining and clpping or spalling of the edge and cor-
ners of the urts. All blocking, packng, and prtedive materi-
ds shoud be of atype tha will na cawse danage,staining, or
objedionalle dsfiguremert of the uits. Staggered or irregdar
blocking should be avoided. When setting one unit against an-
otheer, non-staining, protedive Hocks shodd be pacedimmedi-
ately in line with the suppots of thefirst unit.

The precat concrée urits shodd be preeded fran cortad
with eath, al, gss, tar, orsmoke.

C2.64 Cleaing

A smHl areashoud be ¢eaned and appsed to be ceain
thereis no advese effed¢ on the surface fnish before proceed-
ing with the work.

For information on renoving spedfic stains from concree, ref-
erence shoud be made to “Removing Stains and Cleaning
Concrde Surfaces,” IS 214, pulished bythe Portland Cemert
Asdation, Skokie, IL.

C2.65 Loading

Protedive coveing of the urts duting trarmsportation is nor-
mally nat requred.
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staining or other disfigurement of the units.

The blocking points and orientation of the units
on the shipping equipment shall be as desig-
nated on the shop drawings.

3. with proper padding between units and chains
or straps to preclude chipping of edges or
damage to returns.

2.7 Surface Finishes
2.7.1 General

Each plant shall develop quality requirements for
all arc hitectural finishes prior to undertaking actual
production of such finishes. Such requirements
shall include samples and production procedures.
A finishing process shall produce an acceptable
uniform appearance without detriment to required
material properties.

All finishes of precast concrete units shall be stated
on shop drawings. Reference samples or mockup
units shall be available in the plant so that all con-
cerned can be assured that standards of finish and
exposure are being maintained.

MNL-117 3rd Edition

Commentary

C2.7 Surface Finishes
C2.7.1 Generh

Concrete is a variable material and, even after final finishing,

there will he a rangen cdor or texture. Some dfference are
to be expeted. Finishing technques vary considerably be-
tween indvidud plarts. Many parts have devioped spedfic
techriques suppoted by skilled opertors or speda fadliti es.
In addition, many finishescannot be achieved withequal visual

qudity on dl faces of the unt. The reaon for this camprises
severd fadors such @ mix propotions, vatiade dephs
(and presires) of concrée, andsmell difference in corsolida-
tion technques, paticuardy in the cae of intricae shapes with
complex flow of concrée.

It shodd be recogized tha some blemishes or vaiaions in
cdor occur in archtedurd precat concrée. For exanple,
units cortaining aggreg&s and matrices of cortrasting cdors
will appear less uniform than those coraining materids of
similar cdors. Consisency in appareh cdor of dl finishes
can be enhanced by loo canpaibility of materas. If the
coarse aggregee, fine aggregte and cmernt paste are similar
in cdor, the deph of expsure and “ptchy” effeds (minor
segregéion of aggrega) will na he & naicealbe in maintain-
ing cdor corsisency. In cotrast, if materia cdors are gute
differert, produds may appear llotchy for the same reaon.

Further, fom-finished uits may appearess uniform in cdor

than the same unts subsequetly given an expsed aggredes
finish. Unformity in cdor, even \ithin smell unts finished

with Hack cdoring, and forunits using gray or buff cemert,

may vary from unit to unit. The cdor of precat concrée can
vary between adjacent elementsdue to daily variations in the
water-canert raio and cumng condtions for the concree.

This is less pronouncedn mixes using whte cemert thanthose

using gray or buff cmert. Addtiondly, this cdor vaiation

will be less pronounced in finishes tha have some degree of
aggregte expaure. The degree of uormity nomaly im-

proves with an incre@ed deph of expeure. Buff color

acheved wth fine aggrede is more eaily cortrolled evenin

combingion with gray cement. When fabicaion continues

over extended peiiods, cdor can vary becase of the change
in the phyicd charateristics of cemerts, coarse aggregées

andsands, eventhoughthey may be fnm the same sources.

The effet of gravuty duiing corsolidaion forces the larger ag-
gregdes to the bdtom and the smdler aggregs, plus the
sand and ceert cortert, upward. Consequetly, the down-
face in the mold will neaty dways be the most uniform and
derse surface ofthe unt. The fnd orertation of aggregs
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The extent to which aggregates are exposed or “re-
vealed” shall be no greater than one-third the aver-
age diameter of the coarse aggregate particles, or
not more than one-half the diameter of the smallest
sized coarse aggregate.

A demarcation feature shall be incorporated into
the surface of a unit having two or more different
mixes or finishes. The different face mixes shall
have reasonably similar behavior with respect to
shrinkage in order to avoid cracking at the demar-
cation feature due to differential shrinkage.

Appearance, color, and texture of surface finish of
all units shall match within the acceptable range of
the color, texture, and general appearance of the
approved sample panels.

2.7.2 Smooth

The molds shall be carefully made and finished so
as to present a smooth, unmarked surface. If air
voids are anticipated on return surfaces, the sam-
ple shall be used to establish acceptability of such
voids with respect to frequency, size and uniformity
of distribution of the voids.

Commentary

may dso result in dfference in expsure béweenthe down-
face and rarns in expsed aggrege surfaces. Emphasis
shoud be paced on chaging suitade concrée mixes with ag-
gregdes which are resonally spheicd or culicd to minimize
differences. For large returns, or situaions whereit is nece-
sary to minimize varations in appearance, conéee mixes
shoud be seleded wherethe aggredga gradéion can be un
formly cortrolled and preferdp fully graded. Expsures
shoud be medum to deep and dor dfferences beween the
ingrederts of the mix shoud be minimd.

Pands with large réurns may dso be cat in separde pgeces
and joined wth dry joints. This enaltes al faces to be cast
with the same oiertation. If this is the indicaed prodution
method, dtertion shodd be pad to suitabe fillets and rén-
forcement a the cornes, and a groove or aritecdurd fedure
shoud be incorpordéed d the dryjoint. Althoughthe dryjoint
may nd show with cetain mixes and textures, a grooveis
generdly requred to hdp mask it.

As a generarule, a textured surfaceis aestheticdly more satis-
factory than asmoath surface becase the texture ofthe surface
to a verylarge etent camouflages suhbtle dfferences in texture
and cdor of the concree.

C2.7.2 Smooth

A snoath off-the-fom finish may be one othe most econani-

cd, bu is perhap the most difficut to produce, as the cdor
uniformity of gray, buff, or gmented surfaces is extremely

hardto acheve. The cment exerts the pimary cdor influence
on a smooth finish becase it codas the expsed surface.
In some instances the sand may dso havesome effed. Initialy,

this is unlikely to be significart unessthe sand cotteins a hgh

perceiage of fnes or is itself highly cdored. As the surface
wedahers, the sand wil becane more expeed. casing its cdor
to becane more pronounced. The cdor of the coase aggre-
gae shodd nad be significart unlessthe paticuar unt requres

extremely heavy comolidation. Underthis circumstance, some
aggregée trarsparencymay occur, casing a botchy, non-uni-

form appearance.

Aggregde trarsparency or $hadowng” is a condion in which
a light cdored, fomed concree surface is marked by dark
areas similar in size andshapeto paticles of dark or deey
cdored coase aggrege in the concree mix. When encoun-
tered, it usudly appeas on smocath surfaces.
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2.7.3 Sand or Abrasive Blast

Uniformly texturing a panel by sand or abrasive
blasting requires trained operators. The type and
grading of abrasives utilized during the blasting
process shall remain the same throughout the en-
tire project.

MNL-117 3rd Edition

Commentary

Formwork for smooth-surfaced conctte is perhag the most
criticd and the most difficult to cortrol of any type of fom
work encoutered for precst concree, paticuady wherelarge
singe-pane surface ares are invoved. Any imperfedion in
the surface ofthe mold or anymisalignmert is immedately ap-
parert and becmes the predminart fador in the charater of
the surface. Animpenious surface such & plastic liners, sted,
ovelaid pywood, or fberdass surfaced pywood will usudly
result in alighter cdor andmore unform appearancéf joints
have been proplr prepared. In gendrahe joints of the mate-
rials used to corstruct the cating surfaces are difficut to hide.

The snooth cement film on the concree may besuscepible to
surface craing, i.e., ine and randm harline crack, when ex-
posed to weting and dring cydes. This is. in most cases, a
surface phenmenon and Wl na affed structurd propeties or
durablity. In some envronmerts, craing will be accetuaed
by drt cdleding in these minute crack. This will be more
appareh in whte than gray ihishes and in hoizortal more
than veticd surfaces.

When é&r voids of a remonalble sire. t/§ to 1/4 in. (3to 6 mm)
are encoutered on reurn surfaces, it may be deiralbde to retain
them rather than flling andsack rubling them in. Color vaia-
tions can occur whensacking is perfomed.

Even wth good qukty cortrol, smoath finished concre will
exhibit some negéve aetheic fedures such & cdor vaia-
tions, ar voids, minor surface craing, and botchiness espe-
cially on non-profed flat pands. Repars to this finish tend to
be even more ndicealbe ater wedheiing.

C2.7.3 Sand or Abrasive Blast

Sand or abrsive Hasting of surfaces is suitade for expsure of
either large orsmell aggregtes. Uniformity of degh of expo-
sure béween pans and wthin panés is esertid in abraive
blasting, & in dl other expsed aggreda process, andis a
fundion of the skill and expeence ofthe opertor. As much
as possble, the sandbasting crew and eqpmert used shoud
remain the same throughot the job. Thetype and graichg of
abrasives affed the resulting surface fnish. Differert shadngs
andto some exert, cdor tone wil vary with degh of expo-
sure. The age othe pank at time of Hasting will dso affed
the speed and dep of expaure. The age andtrengh of the
concrée & time of Hasting shoud be cosisert throughout the
proed in orderto acheve the dsired unform finish and ctor
from pané to pané

The degree of uformity obltainabe in a sandbasted finish is
generdly in dred propotion to the degh of sandBasting. A
light sandbasting may look accefade on asmdl sample, bu
uniformity is rather dfficut to acheve in a ful size unt. A
light sandbast will emphssize vsible defets, particularly bug-
hdes, and reveladefeds previously hidden bythe surface skin
of the concree. Thelighter the sandbasting, the more citicd
the skill of the opertor, paticuary if the urts are sculptured.
Smel vaiances in concrée stengh a time of Hasting may
further conplicae results.

Sculptured uiits will have & voids on the reéurns which might
show strondy in alight sandbasted texture. If such air hdes are
of a remonable size,1/8 to 1/4 in. (3to 6 mm), it is strondy rec-
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Sands used for blasting operations shall be free of
deleterious substances such as fine clay particles.
If sand is used as the abrasive, a high silica con-
tent sand shall be used rather than bank or river
sand. The abrasive used shall not cause any color
contamination.

2.7.4 Acid Etched

Acid etching may be accomplished by: (1) brushing
the surface with a stiff bristled fiber brush immersed
in the acid solution; (2) spraying acid and hot water
onto the panel surface using specially designed
pumps, tanks and nozzles; or (3) immersing the
unit for a maximum of 15 minutes in a tank contain-
ing from 5 to 35 percent hydrochloric acid. In sand-
wich wall panels, where the insulation is exposed
at the edges of the panel only those methods that
prevent damage to the insulation shall be used.

An acceptable range of concrete temperatures and
strength levels during the application of the acid
shall be established to provide uniform finish quality.

In cases where aggregates are to be exposed to
considerable depth, only acid resistive siliceous ag-
gregates shall be used. The concrete unit shall be
well wetted with clean water prior to acid treatment
because acids will penetrate faster and deeper into
dry concrete. Acid shall not be allowed to lie on the
surface longer than 15 min. Deep etch shall be
achieved by multiple treatments. After completion
of acid etching, the unit shall be thoroughly flushed
with water.

Commentary

ommended tha they be accdpd & pat of the texture becase
filli ng andsack-rubbing may cawse cdor vaiations.

The oljedive of a brsh-blast, which is little more than a uir

form scour dearnng that lightly textures the surface skin, is to
remove minor surface varations. A brush-blast surface seldom
appeas uniform at close inspedion andshoud be vewed & a
distance for uiformity. Brush-blast is only used (1) on reveb
and dher smell areas for accets due to its non-uriform ap-
pearance omarge areas or (2)to improve bond of cotings to
unit..

C2.7.4 Acid Etched

Acid dching is most commonly used forlight or medum expo-
sure dslving the surface cenert paste to reved the sand with
only a smell percetage of coae aggreg@ beng visible. Add
etching of concreée surfaces will result in a fne. sandytexure if

the concrée mix andits corsolidaion have produced a ifiorm
distribution of aggreg@s and cenert peste d the exposed sur-

faces. Concentrations of cement paste and under @m etching
of differert parts of a concrée surface, orvariation in sand cdor
or cortert may cawse some uriformity prodems paticudady
whenthe aéd eching is light or used for large. plain surfaces.

Carbonde aggregis e.g., limestones, dolomites and marbes,

may dscdor or dissolve dueto ther high cdcium cortert.

With lighter textures, cdor campaibility of the cenert andthe
aggregées becanes more importart to avad a Hbotchy effed.
White or light cdors are forgving to the eye andncreae the
likelihood of béter cdor match from unit to urit.

Thereis a minimum deph of ech that is requred to oltain a
uniform surface. To atempt to go anylighter thanthis will result
in a Botchy paneé finish. Ths depth will expee sand and oly
the very tip of the coase aggregee. It is difficult to achieve ato-
tally uniform very light expesure on a parighat is highly sculp-
tured. Ths is dueto the add spray béng defededto aherareas
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Prior to acid etching, all exposed metal surfaces,
particularly galvanized metal, shall be protected
with acid-resistant coatings. These include vinyl
chlorides, chlorinated rubber, styrene butadiene
rubber (not latex), bituminous paints and enamels
and polyester coatings.

Touch-up of all exposed galvanized metals cast in
the precast concrete units affected by acid washing
or etching shall be done utilizing a 3-mil thickness
of a single component zinc-rich compound with 95
percent pure zinc in the dried film.

2.7.5 Retarded

Surface retarders that are to be used to expose the
aggregate shall be thoroughly evaluated prior to use.
A sample panel shall be made to determine the ef-
fects created by the mold and concrete materials.
This involves using the particular type of cement, ag-
gregate, and specific mix selected for the product.

When using a retarder, the manufacturer's recom-
mendations shall be followed. Surface retarders
shall be applied by roller, brush, or spray, and care
shall be taken to ensure uniform application of re-
tarders to the mold surface. Water shall not con-
tact the retarder on the mold surface before the
concrete is placed to prevent activation of the re-
tarder.

MNL-117 3rd Edition
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of the pang particularly a inside cornes. This may be accep
alle if the sculpturing credges differertid shadowng.

Prewetting the concree with waer fills the pores and cajil ar-
ies and prevets the aéd from etching too deepy, and #s0 d-
lows dl add to be fushed afer dching. Qder dred concrées
are likely to be more carbonted. Athoughthe reations of car-
bonaes with the aed might nat be much faster thanthose with
other cenert compounds, they case greger effervacenceso
that the reation is far more obvous and seens to be gang
faster.

Acid solutions lose their stengh quickly oncethey are in con-
tad with cemert paste or mortar, howevergven weak, reidud
solutions can be hamful to concrée dueto pcssble pengtra-
tion of cHorides. Failure to canpletely rinse the add solution
off the surfacemay result in efflorescence or aher danagng
effeds.

C275 Retarded

Retarddion invaves the appicaion of a spedalized chenicd
to the concree surface (nomaly the mold surface)tha ddays
the surface cenert paste from hardeing within atime perod
andto a deph depenthg uponthe type or concetmation of re-
tarder sed.

Chemicd retardes are avalalle for the face-downor face-up
methods of casting, and for haeorta as wel as vetticd sur-
faces. Retardes are avalalde for light, medum and deerexpo-
sures. The degree of uformity nomally improves with an
increaed degh of expaure.

The effetiveness of the rearder wil vary as it is extremey
sersitive to change in the rate of hydrdaion dueto dfferert
temperaures, humidity or water cortert of the facemix. The
deph of reved or raarddion will be deeper (1) the wdter the
mix; (2) the slower the time of set; (3) the more aggredga in
the mix; and (4)the closer togeher the coase aggregee.

Retardes fundion by déaying, nd preveting, the set of a
given anourt of camert paste in ordertha the aggrega can
be eaily expmed. Ths concep will hdp in andyzing vaious
mix designs for deph of raarddion. If more sand or coarse
aggregate is addedto a mix; with proper cosolidaion, there
will be less cement paste per viume of materid & the surface,
thus a deeper expore.
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The retarded surface shall be exposed by removing
the matrix material to match the approved sample.

2.7.6 Tooled or Bushhammered

Operators shall be trained to produce a uniformly
textured surface to match the approved sample
when exposing aggregate by tooling or bushham-
mering

2.7.7 Honed or Polished

Care shall be taken to obtain a uniform depth of
grind from unit to unit to minimize finish variations,
An approved sample unit shall be kept near the
grinding for comparison and evaluation of the prod-
uct finish. Air voids in the concrete surface shall be
filled before each of the first few grinding opera-
tions or no later than half-way through the third
grinding step using a sand-cement mixture that
matches the matrix of the concrete. Careful filling
and curing are required and the next grinding oper-
ation shall not be performed until the fill material
has reached sufficient strength.

Commentary

Some rdardes are effedive for long perods of time wrile ah-
ers are adive for oy a few hous Water in cortad with the
retarder beforethe concrée is placed ativates the rdarders
adion prenaturdy andmay result in a non-uiform surface.

The rearded concrie shoudd be renovedthe same daytha the
units are stipped. Any diy in removing the matrix will result
in alighter, less uniform etch. Preliminary tests shoud be per-
formed before fanring the cating for alarge prged to deer-
mine the most suitade finishing time. The timing of the
surface fnishing operéion shodd be cosisert each day &
some rdardes ceae to dday the hardemg procss as the
produd cures.

C2.7.6 Tooled or Bushhammered

Concreae may bemecharncaly spalled or chipped wth a vari-
ety of hand and powetoodls to produce an expged aggrege
texture. Thetechnque wudly is cdled toding or bishham-
mering andis most suitade for fat or convexsurfaces. Pneu-
matic or dedric tods may be fitted with a bishhanmer, canb
chisel, crandall, or multiple panted dtachmerts. The type of
tod will be déemined by the surface effet desired. Hand
tools may be wed for smell ares, camers, and for reticted
locions where a powetoo] cannd reach.

Oriertation of equpment and dredion of movemert for toodl-

ing shodd be kep unform throughot the toding procss as

toding produce a defnite pdtern on the surface. Varations
dueto more than oneperson working onthe panks may occur
with this finish. Care shoud be exerdsed to avad exeting ex-
cessive presaure onthe tool, 'especially whenstarting, so & nat
to remove more materia than ether necesary or desiralde.

Bushhammeling & ouside caners may cawse jagged edge If

sharp caners are deired, bushhammering shoud be héd back
from the corner, It is qute feaible to execte toding dong
specific lines. If area nearcorners areto betoded, this shoud

normally be done by handincetods will na reachinto inside
comers. Chamfered caners are preferred \ith toded surfaces
and with care a In. (25mm) chanfer may be toded.

C2.7.7 Honed or Polished

The ginding of concrée surfaces produce snocth, expeed
aggregée surfaces. Grinding is dso cdled homng and pbsh-
ing depenthg on the degree ofmoahness of the fnish. In
genery honed ifnishes are produced by sing gindng tods
varying fran abou No. 24 coease git to a ine git of abou
No. 220to produce asmooth bu matte finish free of jits and
scraches. Polishing is accanplished afer horing. Polishing
corsists of severd successive ginding steps, each eploying a
finer git thanthe preceihg step, then a buffer bck or fdt pad
with tin oxide pdishing powderis used to produce a igh doss
pdish.

Mold flathessshoud be+3/32 over 13ft (+2 mm over 4m). For
a very large prged requring many catings it coud be vabe to
have the mold surface mactined fat duiing mold manufat¢ure
since minor variations in flatness canincreae cuting time dur-
ing initial pdishing operéions. In addtion, panks shoud be
placed oto pre-levelled blocks with the final dignmert carried
out using alaser bean, then wedged foifinal adustmert.
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Care shall be exercised in the application of polish-
ing compounds to prevent creating a visually unac-
ceptable halo effect on the surface, particularly if
applied manually over a portion of surface during
the blending of defective spots.

Compressive strength of the concrete shall be
5000 psi (35 MPa) before starting any honing or
polishing operations. The concrete shall have a
uniform and dense surface. When choosing aggre-
gates special consideration shall be given to their
hardness.

2.7.8B Form Liner

Form liner panels shall be secured in molds by
methods which will not permit impressions of nail
heads, screw heads, rivets or the like to be im-
parted to the surface of the concrete unless this fea-
ture is desired. Attempts shall be made to
camouflage anomalies to within the pattern of the
texture.

An investigation shall be made to determine
whether staining or discoloration may occur from
the liner material, its fastenings, or joint sealers.
Care shall be taken to use mold release agents and
retarders that are compatible with the liner and the
liner shall not be subjected to temperatures in ex-
cess of those recommended by the manufacturer.

2.7.9 Veneer Facing Materials

Quality requirements (design and production proce-
dures) for finishes derived from materials such as
natural cut stone (granite, limestone, marble), brick,
ceramic or quarry tile, and architectural terra cotta
shall be based on previous records with the identi-
cal materials, or sufficient testing of sample and

MNL-117 3rd Edition

Commentary

Uniformity of appearancehodd na be a protem on flat cast
faces hut vetticd faces are likely to show vaidion in aggre-
gae demity. Carefd corsideraion shodd be given to manu-
facturing methods when panke returns do nd dign with
adacent window dass but abu with flat panés as this will

highlight the texturd differences.

When a 90 degreturn of a pankis honedor pdished,it may
prove benetia to sequettidly cast the return to dlow it to be
cast in a hoizortal position which will crede a more derse
uniform surface.

C2.78 Form Liner

Form linen may beincorporaed in or atachedto the surface
of amold to producethe deired pdtern, shape ortexture in the
surface ofthe finished urts. The method of dtacting the form
liner shodd be studied for reulting visud effed.

A form liner texture can be of caideralbe influencein assist
ing &-cast surfaces to appearmore uniform. Form liner mate-
rial seledion depend on the anourt of usage and whder or
not the patern ha underct (negdive) drafs. Matching joints
beweenliners, is very dfficut. Lineis shodd dther belimited
to widths less than the avdale width of the liner, or liner
joints shodd be a form edge or be désled & an architecurd
feaurein the fom of a groove, reas ot rib.

C2.7.9 Veneer Fadéng Materials

Color cortrol or Hendng for unformity shoud be donein the
stone fabicaor's plant since ranges of cdor and shade, in-
ishes, and markings such & vening, seams and intrusions arg
easily seen duing the finishing stages. A qudified repreerta-
tive of the pwner who undestands the asthetic appearancae-
quested by the pwner or arclited shodd perfom this cdor
cortrol. Accefiable cdor of the stone shodd bejudged for an
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mockup units to establish performance criteria
under the service conditions. Particular attention
shall be paid to the compatibility of materials with
respect to differential expansion and contraction
caused by thermal and moisture changes: and also
the differential volume change (shrinkage) between
the veneer facings and concrete backup. If the ma-
terials do not have similar physical properties, the
final design shall include compensation for some
interaction of the different materials.

Natural stone. Cut stones that are easily stained
by oils and rust, require the molds to be lined with
polyethylene sheets or other non-staining materi-
als

A complete bondbreaker between natural stone ve-
neer and concrete shall be used. Bondbreakers
shall be one of the following: (1) a liquid bond
breaker applied to the veneer back surface prior to
placing the concrete; (2) a minimum 4 mil polyethy-
lene sheet; or (3) a 1/8 in. (3 mm) polyethylene
foam pad or sheet. The bondbreaker shall prevent
concrete from entering the spaces between pieces
of veneer and thereby potentially inhibiting differen-
tial movements. Connection of the veneer to the
concrete shall be with mechanical anchors which
can accommodate some relative movement. Pre-
formed anchors, fabricated from Type 302 or 304
stainless steel shall be used. Close supervision is
required during the insertion and setting of the an-
chors If the anchor is placed in epoxy, it shall not
be disturbed while the epoxy sets.

When using epoxy in anchor holes, 1/2 in. (12 mm)
long compressible rubber or elastomeric grommets
or sleeves shall be used on the anchor at the back
surface of the stone, and the epoxy manufacturer's
recommendations as to mixing and curing tempera-
ture limitations shall be followed.

The strength of the stone veneer material shall be
known or determined along with that of the anchor-
age system to assure adequate strength to resist
stresses during handling, transportation, erection,
and service conditions.

Veneer joints within a concrete element shall allow
for differential movement between materials. In the
mold, the veneer pieces shall be temporarily
spaced with a non-staining, compressible spacing
material, which will not adversely affect the sealant
to be applied later. Shore A hardness of the gasket
shall be less than 20 durometer.

Commentary

ertire bulding devaion raher than for indvidud panés.

All testing to de¢emine the phyicd propeties of the stone ve-
neer with the same thickness and fnish & will be wed onthe
structure shoud be condued bythe owner por to the award
of the corrad. This will reduce the need for pertialy
costly repars or redacamert shodd defciendes in the stone
veneer be found akr start of fabiication.

The phyicad propeties of the day produts shodd be com-
pared vith the propeties of the concree backup These proper-
ties indude the coeffcient of thema expamsion, moduus of
dasticity and vdume change duéo moaisture.
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The gaskets shall be of a size and configuration
that will provide a pocket to receive the sealant and
also prevent any of the concrete backup from en-
tering the joints between the veneer units. Spacer
materials shall be removed after the panel has
been stripped from the mold unless a resilient
sealant backup is utilized.

When stone veneer is used as an accent or feature
strip on precast concrete panels, a space shall be
left between the edge of the stone and the precast
concrete to allow for differential movements of the
materials, This space shall be caulked as if it were
a conventional joint.

Clay products. Bricks with an initial rate of absorp-
tion (suction) of less than 30 g per 30 sq in. per min
(30 g per 194 cm? per min), when tested in accor-
dance with ASTM C67, are not required to be wet-
ted. However, brick with high suction or with an
initial rate of absorption in excess of 30 g per 30 sq
in. per min (30 g per 194 ¢m? per min) shall be wet-
ted prior to placement of the concrete. Unglazed
quarry tile and frost-resistant glazed wall tiles, gen-
erally, are not required to be wetted. Terra cotta
units shall be soaked in water for at least one hour
prior to placement to reduce suction and be damp
at the time of concrete placement.

Because variations in brick or tile color will occur,
the clay product supplier shall preblend any color
variations and provide units which fall within the
color range selected by the architect. Clay products
that suffer from various surface defects, such as
chips, spalls, face score lines and cracks shall be
culled from the bulk of acceptable units by the clay
product supplier or precaster according to the ar-
chitect's requirements and applicable ASTM speci-
fications.

Ceramic glaze units, where required for exterior
use, may craze from freeze-thaw cycles or the
bond may fail on exposure; therefore, the manufac-
turer shall be consulted for suitable materials and
test data backup.

Clay product faced units shall have joint widths
controlled by locating the units in a suitable tem-
plate or grid system set out accurately on the mold
face. If an elastomeric form liner is used, it shall be
produced to a tolerance of +1/32 in. (f0.8 mm).

In addition to normal dimensional checks, clay
product coursings shall be rechecked for alignment
and all clay products shall be fully seated against
the mold face. Clay product units shall be checked
for tight fit and wedged if not tightly secured - espe-
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Commentary

Clay produts. Whde biicks are generdly na used in precat
ing becaee of the difficulty in adequesly grouing the thin
joints and the resultart necessity to use mecharcd anchos.

Clay produts with high sudion or with a hgh initia rate of ab-
sorption shoud be wéted prior to pacemert of the concree to
reducethe amourt of mix water alsorbed andthus improve
bond.

Some biicks are too dmersiondly inaccurée for precat con-
crete appicaions. They may confom to an ASTM spedfica-
tion suitade for site laid-up apficaions. bu they are na
manufatured accurely enoughto pemit their use in a pre-
formed gid tha is used to pasition biicks for a precat concrete
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cially on return sections - to prevent grout leakage
to the exposed face of the panel. Concentrations of
clay products of the same shade shall be avoided,
and chipped or warped units shall be checked and
removed.

Care shall be taken during mortar or concrete plac-
ing and consolidation to prevent movement of the
individual facing materials, which would upset the
appearance of the finished surface.

After the concrete cures and the unit is removed
from the mold, joints shall be filled, if necessary,
with pointing mortar or grout carefully formulated for
color and texture. Before pointing, joints shall be
saturated with clean water. After the joints are
properly pointed and have become thumbprint hard,
they shall be: (1) tooled to a smooth concave sur-
face, which offers the best durability, or (2) struck
and troweled flush with the face of the clay units.
Initial grout cleanup shall be done within 15 minutes
of pointing to avoid hard setting of the grout on the
units. Final cleanup shall be completed within 60 to
90 minutes.

Thin brick and ceramic tile shall be applied to a re-
cessed concrete surface that has been properly
roughened by sandblasting or bushhammering
using dry-set mortar conforming with ANSI Al 18.1
or latex-portland cement mortar conforming with
ANSI Al 18.4. Installation using either dry-set or
latex-portland cement mortars shall conform to
ANSI A108.5. When dry-set mortar is used, the
necessity of wetting either the concrete surface Or
clay product is eliminated. Since lattices vary con-
siderably, each latex manufacturer's directions
shall be followed explicitly, particularly with regard
to curing.

Units shall be grouted and tooled using dry-set or
latex-Portland cement grouts conforming with mate-
rial and installation specifications contained in
ANSI A118.6 and ANSI A108.10.

2.7.10 Sand Embedded Materials

Bold and massive, rock-like architectural qualities
may be achieved by hand placing large diameter
stones (cobbles or boulders), fieldstone or flag-
stone into a sand bed or other special bedding ma-
terial. The depth of the bedding material shall keep
the backup concrete 25 to 35 percent of the stone’s
diameter away from the face.

Extreme care shall be taken to ensure that the ag-
gregate is distributed evenly and densely on all sur-

Commentary

unit. Tderancs in anindividud brick of +3/32 in. (+2 mm) or
more cause problems. Brick may be avhale from some sup
pliers to the dose tolerancs [£1/16 in. (22 mm)] necessary for
precating. Close tolerance dso can be otsined bysaw cuting
each bick, bu this substartidly increaes cost

2.7.10 Sand Mnbedded Materials

The sand enbedmert technque revels the facng material and
producs the appearance of mortar joint onthe fnished panke
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faces, particularly around corners, edges and
openings. To achieve uniform distribution and ex-
posure all aggregate shall be of one size gradation.
Where facing materials are of mixed colors, their
placement in the mold shall be carefully checked
for the formation of unintended patterns or local
high incidence of a particular color. If it is the inten-
tion to expose a particular facet of the stone, plac-
ing shall be carefully checked with this in mind
before the backup concrete is placed.

2.7.11 Unformed Surface Finishes

For unformed surfaces, visible (exposed) areas
shall have finishes which are realistic in relation to
the exposure, production techniques, unit configu-
ration, and quality requirements. The finish require-
ments for all unformed surfaces shall be shown on
the shop drawings.

Troweling shall not be done on a surface that has
not been floated. Magnesium screeds and floats
shall be used with air-entrained or lightweight con-
crete to minimize surface rippling, tearing, or pull-
outs.

To obtain a durable surface on unformed concrete,
proper procedures shall be carefully followed. Sur-
faces shall be filled and struck off immediately after
concrete placing and consolidation and then rough
floated. The operations of s¢reeding, floating and
first troweling shall be performed in such a manner
that the concrete will be worked and manipulated
as little as possible in order to obtain the desired
result. Over-manipulation of the surface shall be
avoided. Overworking of the surface of structural
lightweight aggregate concrete shall be avoided
even more so than with normal weight concrete.

Each step in the finishing operation from bull float-
ing to the final floating or troweling, shall be de-
layed as long as possible to permit the desired
grade and surface smoothness to be obtained. If
excess moisture or bleed water does accumulate,
it shall either be allowed to evaporate or, if exces-
sive, it shall be removed by blotting with mats,
draining, or pulling off with a loop of hose, so the
surface can lose its water sheen before the next
finishing operation is performed. Under no circum-
stances shall any finishing tool be used in an area
before accumulated water has been removed, nor
shall neat cement or mixtures of sand and cement
be worked into the surface to dry such areas.
During final troweling, the surface shall be manip-
ulated only as required to produce the specified
finish and to close any surface cracks that may
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Commentary

C2.7.11 Uhformed Suface Finishes

The back of a presaconcrée unt may be given a vaiety of
finishes depenthg on the intended senvice ¢r appearance.
These may indude ascreed, light broam, floa, trowel, stip-
pled, or wéer-weshed or retarded expsed aggrega finish.

Overmanpulaion of the concree surface bmgs excessve
fines and wéer to the top whch impadrs the qudity of the fin-
ished surface casing such undsirabe effeés as checkng,
craiang, dwsting, and @cdoring.

Excess moisture or bleed waer is na as likely to appear and
accunulate beween fnishing operéons if proper mix propor-
tions and cosisency are used.
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have developed.

Prior to initial set of the concrete, a check shall be
made to ensure that the floating or finishing opera-
tion do not result in high areas or ridges around
plates or inserts that have been cast into the unit.
Also, screeding of units shall be checked to ensure
uniform thickness across the entire unit.

2.7.12 Applied Coatings

Whenever concrete is to be painted or stained, only
mold release agents compatible with coating shall be
permitted unless surface preparation is required to
assure good adhesion between the coating and the
concrete.

Coating applied to exterior surfaces shall be of the
breathing type, (permeable to water vapor but im-
permeable to liquid water). The coating manufac-
turer’'s instructions regarding mixing, thinning,
tinting, and application shall be strictly followed.

Whenever concrete is so smooth that it makes ad-
hesion of some coatings difficult to obtain, such
surfaces shall be lightly sandblasted, acid etched,
or ground with silicon carbon stones to provide a

slightly roughened, more bondable surface.

2.8 Repairs

Plant personnel involved with repairs shall have de-
tailed written repair procedures.

When objectionable discrepancies do occur, imme-
diate action shall be taken to determine the cause
of such discrepancies and apply solutions to pre-
vent their further occurrence.

Since the techniques and materials for repairing ar-
chitectural precast concrete are affected by a vari-
ety of factors including mix ingredients, final finish,
size and location of damaged area, temperature
and humidity conditions, age of member, surface
texture, etc., precise methods of repairing cannot
be detailed in this Manual.

Commentary

C2.7.12 Aplied Coatings

Paints may be used for purely decorative reasons. SéieleAr
2.10 for dscussbn onseders, bah dear and fgmerted.
Every pant is formulatedto gve cetain perfomance under
specific conditions. Since there isvast difference in paintor
stain types, brand. prices, and perfamances, knowedge of
composition and performance standards is neceskaryob-
taining a satisfactory concrete paint or stain.

C2.8 Repairs

The written repair procedure should clearly defiven qual-
ity control is required to consult with the precasigineer to
determine an appropriate fix or repaiajor repairs should
not be attempted until an engineering evaluatiomadeto de-
termine whether the unit will be structurally sourahd, if so
determined.the rep& procedureshoud be approved bthe
precast engineer.

A certain amourt of produc repar is to be expeted. Repar
work requires expert craftsmanship and careful ctiele and
mixing of materials, if the end result is to beustarally sound,
durable and aesthetically pleasinBepairs are acceptable pro-
vided the structural adequacy, serviceability, heé appear-
ance ofthe produtare nat impared. Excesive vaiationin
color and texture of repairs fmm trsurrounding surfaces may
result in the panks nat being approved uil the varationis
minimized.

Repairs should be done which ensure that the ezpairea will
conform to the balance of the work with respectapipearance,
structural adequacy and durability. Repairs shdoéd made at
the plant well in advance of shipping to allow faoper curing

of repaired area. Provision should be made to regamaged
products in either the finish or curirgrea of the plant or a spe-
cial area set aside for this purpose. Repairs should bededoi
in the yard storage area or on ttruck just prior to shipment.
Slight color variations carbe expected between the repaired
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Adequate curing methods for repairs shall be imple-
mented as soon as possible to ensure that the re-
pair does not dry out too quickly. Corrosion
protected materials shall be touched-up upon com-
pletion of all intended curing and acid cleaning.

All repaired products shall be inspected by quality
control personnel to ensure that proper repair pro-
cedures including curing have been followed and
that the results are acceptable. Repairs shall be
evaluated after having been cured.

2.9 Acceptability of Appearance

Uniformity of color and intensity of shading are
generally a matter of subjective individual judg-
ment. Therefore, it is beyond the scope of this
Standard to establish definitive rules for product
acceptability on the basis of appearance. The fin-
ished face surface shall have no obvious imper-
fections other than minimal color and texture
variations from the approved samples or evidence
of repairs when viewed in good typical daylight il-
lumination with the unaided naked eye at a 20 ft
(6 m) viewing distance. Appearance of the sur-
face shall not be evaluated when light is illuminat-
ing the surface from an extreme angle as this
tends to accentuate minor surface irregularities.

Unless approved otherwise in the sample/
mockup process (see Article 1.5.4) the following is a
list of finish defects that shall be properly repaired, if
obvious when viewed at a 20 ft (6 m) distance.

1. Ragged or irregular edges.
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Commaentary

area andhe oigind surface dueto the dfferert age and ciing
condtions of the repa. Time (severa weels) will tend to
blend the rep& into the rest of the member so tha it shoud

becane less naticealte. Gress variation in cdor andtexture of
repars from the surroundng surfaces will requre removad of
the repa materia and reaplpcaion of new repa maternia.

Small cracks, under 0.010n. (0.25mm), may nd need repa,
unless failure to do so can case corrgion of rénforcemert. If

crack repar is requred forthe restoraion of structurd integity
or member finish, cracls may be flled or prewure injeded
with a low viscosity epoxy.

To match spedfied archtedurd finishes, repair mixes shodd
be devéoped edy, following approvh of initial sample. A
tridl and error procss is nomally requred for each nely de-
veloped facemix to effedively match cdor andtexture.

C2.9 Acceptability of Appearance

It shodd bestated in the cotrad documerts who the accefing
auhority will be — cortrador, arclited, engneer of record,
owner orjobsite inspedor.

At the time the visud mockups or initial produdion unts are
approved,the accefade rangein cdor, texture and uiformity
shoud be déemined.

1. It is stondy recanmendedtha al edge of precat con-
crete unts be déeailed with a resonalde radus or cham-
fer, rather than leavng them as sharp cornes. Sharp
comers chip eaily duiing hanting and dung senice in
the bulding. It can be dficut to cast concrée to a 45 de-
gree pint becase of the size of the aggregas. When
the edgeis sharp, oty fine aggrege cdleds there and
this weakers the edge. Ao, vads occur dueto the inter-
ference oflarger aggreda. Therefore,this edge shoud
have a ctoff or quirk. Thesize ofthe qurk return shoud
not be lessthan 3/4 in. (20 mm), nor lessthan 1.5times
the maximum aggregee size sed in the concree mix.
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2. Excessive air voids (commonly called bug-
holes) larger than 1/4 in. (6 mm) evident on the
exposed surfaces.

3. Adjacent flat and return surfaces with greater
texture and/or color differences than the ap-

proved samples or mockups.

4, Casting and/or aggregate segregation lines ev-
ident from different concrete placement lifts
and consolidation.

5. Visible mold joints or irregular surfaces.

6. Rust stains on exposed surfaces.

7. Units with excessive variation of texture and/or
color from the approved samples, within the
unit or compared with adjacent units.

Commentary

2. Sculptured panks, channé pands, and panis with deep
returns may have isible ar voids on the rdurns. These
air voids or “bug/blow hdes,” becane accetuaed when
the surface is smooth, add-eched or lightly sandbasted.
If the ar hdes are of a resonalle size,1/8 to 1/4 in. (3to
6 mm), it is reconmendedtha they be accepd @ part of
the texture. Filling and sack-rubbng coud be sed to
eliminae the vdds. However,this proceduremay cawse
cdor dfferences. Samples or the mockup pankshoud be
used to estadish accepade ar void frequency,sire, and
distribution.

3. Returns in some finishes will na appear exdly like the
front face (down-face) dut a number of fat¢ors such &
mix propotions, vaialde dephs (and presures) of con-
crete, and sl differences in corsolidaion technques,
paticulady in the case of intricate shapes with canplex
flow of concrée. The effet of gravty duing corsolida-
tion forces the large aggredes to the bdtom and the
smeller aggreges, plus the sand and cmert cortert, up-
wards. Consequetly, the down-facein the mold will
neaty dways be more urform and deeer than the re-
turns Or upper rais.

6. Rust stains cawsed by reative iron pyites or aher con-
taminarts will occur wheresuch contaminarts are found
as part of the aggredas. Rust stains may dso be cased
by paticles of sted left by the aggrega crsher, peces
of tie wire fran the cage sseembly, or paticles of sted
burned offin wdding and addertaly left in the mold.
These stains (and sted paticles) shoud be renoved fran
the surface @ soon @& they are okerved. Rust stains
cawed by corrothg reénfordng sted are not common.
When rénforcing sted does corrode.it refleds shortcom-
ings in design, concrée qudity or workmarship. Rust
stains due to corrsion of hardwareshodd na occur if
the hardware lmbeen prtedively coaed or whereit is
ertirely betind a wetherproofedjoint.

1. It shodd be recogized tha some Hemishes or varations
in cdor occur in arclitedurd precat concrée panés.
Uniformity in cdor is diredly rdated to ingrederts sup-
plying the cdor.

Pands cortaining aggreg@s and matrices of cortrasting
colors will appearessuriform thanthase cortaining mate-
rials of similar cdor (as the sire of the coarse aggregee de-
creases, less matrix is seen andhe more uriform the cdor
of the panewill appear).tlis advsale to match the cdor
or tone of the matrix to tha of the coarse aggregte so
minor segregéion ofthe aggrega will na be ndicealbe.

Color uriformity is difficut to achieve on gray, buff, and
pigmerted concree surfaces. The e of whte cement
will give hefer cdor uriformity than gray cemert. Al-
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6. Blocking stains evident on exposed surface.

9. Areas of backup concrete bleeding through the

facing concrete.

10. Foreign material embedded in the face.

11. Visible repairs at 20 ft. (6 m) viewing distance.

12. Reinforcement shadow lines,

13. Cracks visible at a 20 ft (6 m) viewing distance.

2.10 Sealers or Clear Surface Coatings

If sealers or clear surface coatings are specified,
they shall be tested on reasonably sized samples of

MNL-117 3rd Edition

12.

13.

Commentary

lowable cdor vaiation in the gray cmert is enoughto
cawse ndicealbe cdor dfferences in precat concrée
pands. The slightest change of dar is readly appareh
on the unnterrupged surfaces of smoath off-theimold
concreée, and any vaation is likely to be regardedsaa
surface bemish. As a generarule, atexured surface is
aestheticdly more satisfactory (greder unformity) than a
smooth surface. Thesurface lghlights and n#urd varia-
tions in aggregee cdor will, to a large efert, canou-
flage subtle dfferences in texture and chlor of the
concrée. The degree of uormity (different shadngs
andto some exent, degh of cdor) béween panks and
within panés in asandbasted inish, & in dl expsed ag-
gregde processs is generlly in dred propotion to the
deph of expaure. For exanple, alight sandbasting may
look accefbe on asmdl sample bu uniformity is
rather difficult to achievein redity.

Sunlight, and expeure to the demerts may evenout the
varation to a greaexert.

Blocking wed to separge prodution peces from each
other in the storage yardor during shipmert shodd con-
sist of nonstining materid. Blocking wsed for exended
peiiods of time shoud dlow the precat concrée urit to
curein asimilar envronmert as the rest of the urit, bah
under and arounthe Bocking. by no trapgng moisture
or preveting ar circuation to the Bocked areaPlastic

buble type pad are avdade andare wel suited for this
purpcse. Lumber or paddng wrapped \th pastic shodd
not be wsed for Bocking, udessin an aredahat is na visi-

ble in the ind structure,

Reinforcing sted in some finishes may show up & light
shadow lines usudly diredly over the sted depenthg on
mix, concrée cover, Vbraion of renforcamert, pladng,
etc. In a few cees, a darkshadow péern is displaced
fmmthe sted above.

It shodd be recogizedtha a cetain amourt of craing or
crackng may occur vithou beng ddrimertal. With re-
spect to accepability of cracls, the cawse shoud
be deéemined & well as the stress condtion a crack Wi

be underith the precat concrée urit in pace.

While some of these cracks may be repaed and effec-
tively seded, thar accepallity shoud be governed bythe
importance andthe fundion of the pankunder coridera-
tion. The dedsion regarthg accefallity must be made on
an engneeing basis as wel as on vsud appearance.

C2.10 Seders or Clear Surface Coatings

Seders or dear surface cotings may be cosidered forthe

possble improvemert of wedheiing charateristics. The qu&

ity of concrée nomally spedfied for arcitedurd precat con-
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varying age, and their performance verified over a
suitable period of exposure or be based on prior ex-
perience under similar exposure conditions. Sealers
shall be applied in accordance with manufacturer’s
written recommendations. Any clear sealer used
shall be guaranteed by the supplier or applicator not
to stain, soil, darken or discolor the finish, cause
joint sealants to stain the panel surface or affect the
bond of the sealant. The manufacturers of both the
sealant and the sealer shall be consulted before ap-
plication, or the materials specified shall be
pretested before application.

Commentary

crete, even with minimum pradicd thickness does nat requre
seders for waterproofng.
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3.1 Concrete Materials
3.1.1 General

An inspector shall continually check for any change
in materials or proportions that will affect the sur-
face appearance.

3.1.2 Cement

The type and kind of cements shall be selected to
provide predictable strength and durability as well
as proper color. Cements shall conform to ASTM
C150. Concrete mixes using cements conforming
to ASTM C595, C845 or C1 157 shall be tested and
evaluated for the intended applications.

To minimize the color variation of the surfaces ex-
posed to view in the finished structure, cement of
the same type, brand and color from the same mill
shall be used throughout a given project. The ce-
ment used in the work shall correspond to that
upon which the selection of concrete proportions
was based.

3.1.3 Facing Aggregates

3 — RAW MATERIALS AND ACCESSORIES

Commentary

C3.1 Concrete Materials
C3.1.1 General

A changein aggregte propotions, cdor or gradéon will af-
fect the unformity of the finish, paticualy wherethe aggre-
gae is expeed. In smooth concrée the cdor of the cenert
(plus pigmert) is dominart. If the concrée surfaceis progres
sively removed by sandbasting, ré¢ardes or aher mears, the
caor becanes increaingly dependenon the fine and coae
aggregses.

C3.1.2 Cement

Unless otherwise spedfied, the producershodd have the
chdce oftype and knd of cenert to use to achieve the speci-
fied phyicd propeties. Differert camerts have dfferert cdor
and stengh devéopmert charateristics tha affed the deired
concreée. Copies of the cenert strengh urformity tests coo-
ducted in accordance ith ASTM C917 shoud be requsted
from the cement supgier. The cmert cdor exets a corsider-
abe influence onthe cdor of the finished produt due to its
tremendos surface area per itnof weght.

Colored cenerts confoming to ASTM CI50 whch are pro-
duced by adahg pgmerts to whte cenert during the produc-
tion procesmay dso be used.

Cemert perfomance can benfluenced by tnospheic cond-
tions, and cenert has an influence on ifishing techriques,
mix design requremerts and cating procedure Normal pro-
dudion varabes such & changs in waer corert, cuing cy-
cles, temperdure, humidity and expsure to dimatic
condtions a varying stengh levds dl tend to cawse cdor
vaiation. Color vaiation in a gray ceert matrix is generdly
greder than those matrices made wth whte cemert. A gray
coor may be produced bysing wtite cemert with a Back
pigmert or a bend of wlite andgray cement. Uniformity nor-
mally increaes with increasing percetage of wilite, bu the
gray cdor is dominart.

The temperaures of the mixing waer and aggredges play a
more importart role in dgemining the concree temperdure.

C3.13 Facing Aggregates

The chace of ine and coae aggregs to be sed for face
mixes shoud be baed on a isud inspedion of samples pre-
pared bythe precaster.

Seledion of aggregas shoud be governed bythe following:

I.  Aggregades shoud have proper durdlty and be free of
staining or ddeterious materias. They shodd be nonre-
adive with cement and avidale in paticle shape
(rounded or cuitcd rather than slivers) requred for good
concrée and appearance.

2. Find seledion of cdors, shodd be made fran concreée
samples that have the propermatrix and are ihished in
the same manner as planned for produmn. Some finish-
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Fine Aggregate. Fine aggregates for face mixes,
other than lightweight aggregates, shall consist of
high quality natural sand or sand manufactured
from coarse aggregate. Fine aggregates shall com-
ply with ASTM C33, except for gradation which can
deviate to achieve desired texture. Variations in
fineness modulus of fine aggregate shall not ex-
ceed % 0.20 from the value used for the mix design
and the amount retained on any two consecutive
sieves shall not change by more than 10 percent
by weight of the total fine aggregate sample.

Fine aggregates shall be obtained from sources
from which representative samples have been sub-
jected to all tests prescribed in the governing speci-
fications and the concrete-making properties of the
aggregates have been demonstrated by trial mixes.

Coarse Aggregate. Coarse aggregates for face
mixes other than lightweight aggregates shall con-
form to the requirements of ASTM C33, except for
gradation.

The nominal maximum size of coarse aggregate in
the face mix shall not exceed:

1. One-fifth of the narrowest dimension between
sides of molds.

N

One-third of the thickness of panels.

w

Three-fourths of the minimum clear depth of
cover.

4. Two-thirds of the spacing between individual

MNL-117 3rd Edition

Commentary

ing process changethe appearance dhe aggregas. If
smell concrée samples are sed to seled the aggrege
cdor, the arclited/engneer shodd be awaretha the
generd appearance ofarge ares after instlaion tends
to be differert thanindicaed bythe trial samples.

3. Aggregdes with a dil appearancamay appear lhghter
in a white matrix than a graymatrix.

4. Wedheling may influence newy crwshed aggrega.
When first crushed, many aggredgas are bight but will
dul slightly with time. Similady, some of the sparke
cawed by aed @ching or bushhammering may nd sur-
vive more than a few week The arcited/engneer
shodd recogiwe tha samples maintained indoos may
not retain ther exad¢ appearance tEr expaure to
wedaher for a few week

5. The method wsed to expee the aggredga in the finished
produ¢ may influencethe find appearance.

6. The maximum size of coase aggrege is usudly con-
trolled by (1) the dmersions of the urit to he cat, (2)
clear dstance beween rénforcamert, (3) dear dstance
betweenthe renforcenert andthe fom, and (4)the de-
sired finish.

Fine Aggregte. Fine aggregas have amaor effe¢ on the
cdor of whte andlight buff cdored concrie, and can besad
to add ctor tones. Wherethe cdor depend mainly onthe ine
aggregées, graddion corrol is requred, paficulaly wherethe
color tone depension the finer paticles.

For the fine aggrege, the materid passing the No. 100 (150-
um) sieve shodd na exceed 5 percénandthe maximum vari-
ation of the material passing the No. 100 (150-um) sieve fran
the fine aggrega wed in the initid mix design shodd nd ex-
ceed] percen to ersure urformity of concrée mixes.

Coarse Aggregée. Coarse aggreg@s may be seleded onthe
basis of cdor, hardnes size, shape, gradaon, method of sur-
face expeure, cat and avdahlity provided levds of strengh,
durablity and workabity are met. Colors of naurd aggre-
gaes may vary corsideralty according to ther gedogicd das-
sificaion andeven among rocls of onetype

Aggregde size shodd dso he seleded onthe bais of the total

areato be cast andthe dstance fran which it is to be vewed
Aggregdes expaed onthe face ofthe precat concreée urit
may vary from 1/4 in. (6 mm) up to stones and ruble 6to 7in.
(150 to 175 mm) in dameter andlarger. Larger aggretss are
required on large aresfor any degree of apparerdief. When
surfaces are some dstance fron the main flow of traffic, large
aggregte is requred for a rougtiextured look. A suggested
visibility scde is givenin Table C3.1.3a.
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reinforcing bars or bundles of bars or preten-
sioning tendons or post-tensioning ducts.

5. The minimum rib size, unless workability and
consolidation methods are such that the con-
crete can be placed without honeycomb or
voids.

Coarse aggregates shall be obtained from sources
from which representative samples have been sub-
jected to all tests prescribed in the governing speci-
fications and the concrete-making properties have
been demonstrated.

Once a sample panel has been approved by the ar-
chitect/engineer, no other source of exposed aggre-
gate or facing material shall be used for the project
unless shown to be equivalent in quality, gradation
and color to the approved sample.

The precast concrete manufacturer shall verify that
an adequate supply from one source (pit or quarry)
for each type of aggregate for the entire job will be
readily available and, if possible, obtain the entire
aggregate supply prior to starting the project or have
the aggregate supply held by the supplier.

Facings of any suitable material such as natural
stone, thin brick, ceramic tile, terra-cotta, oversized
natural or crushed aggregates, aluminum or stain-
less steel sheets or sections may also be used as
facing materials. Each of these special facing appli-
cations shall be properly designed and tested before
use both with respect to suitability of the material and
to the effect of its inter-relationship with the precast
concrete.

When an aggregate source is specified that does
not meet the requirements of this Manual, the pre-
caster shall notify the architect/engineer in writing
before the start of production.

3.1.4 Backup Aggregates

Aggregates in backup concrete shall comply with
ASTM C33 or ASTM €330. In general, the maxi-
mum size of coarse aggregate shall not exceed:

1. One-third of the thickness of panels

2. Three-fourths of the minimum clear depth of
cover.

3. Two-thirds of the spacing between individual
reinforcing bars or bundles of bars or preten-
sioning tendons or post-tensioning ducts.

All backup aggregates shall be from approved
sources from which representative samples have
been subjected to all tests prescribed in the govern-

Commentary

Table €3.1.3a. Suggested Vvisibility scale.

Aggregate size, in. (mm)

1/4 - 172 (6-13)
1/2-1 (13-25)
1-2 (25-50)
2-3 (50-75%

Distance at which
texture is visible, ft (m)
2030 (6-9)
30-75 (9-23)

75 - 125 (23-38)
125-175 (38-53)

Stockpling of aggregas for an etire prged will minimize

cdor vaiation caged by varahlity of materia and wil max-

mize coor uriformity.
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ing specifications and the concrete making proper-
ties have been satisfactorily demonstrated.

3.1.5 Aggregates for Lightweight Concrete

Lightweight aggregates shall conform to the re-
guirements of ASTM C330. Provisions for testing
shall be as stipulated in Articles 6.1.2 and 6.1.3 ex-
cept tests for gradation, unit weight, and impurities
shall be made in accordance with requirements of
ASTM C330.

3.1.6 Mixing Water

Water shall be free from deleterious matter that
may interfere with the color, setting or strength of
the concrete.

Water, either potable or non-potable, shall be free
from injurious amounts of oils, acids, alkalies, salts,
organic materials, chloride ions or other substances
that may be deleterious to concrete or steel. The
water shall not contain iron or iron oxides which will

Commentary

C3.15 Aggregats for Lightweight Concrete

Precasters using lightweight aggregtes shoud be experenced
in mixing and pladng lightweight concrée mixes since thar

weight and shrinkage charderistics often reqire spedd at-

tertion in order ta obtain a reasonable uniformity in appear-

ance when exmed. The cambinaion of noma weight face
mix and a backupmix with lightweight aggregtes may in-

creae the peshility of bowing or warpng. Before producing

such a caonbindion, glot unts, produced andtored under an-
ticipated production condtions, are desirable to veify satisfac-

tory performance.

Lightweight aggregees tend to take onmoisture andif not sat-
urated will pull water fran the mix cawing a rapd slump loss
creding problems in handing andplacing.The ACI Committee
213 repor, Gude for Structurd Lightweight Aggregae Con-
crete, provides a thorough disc ussion of lightweight aggregate
properties induding propotioning and mixing pradices.

C3.1.6 Mixing water

Excessve impuiities in mixing wder nd only may affed set-
ting time and strength, but also may cause efflorescence, stain-
ing, increamed vdume change and reduced duity.
Therefore, cdain optiond limits shoudd be set on cHorides,
aulfates, dkalis, and solids in the mixing waer or appropate

Table 3.1.6. Chemical limits for non-potable mixing water.

r Substance

Soluble carbon dioxide
Calcium plus magnesium
Chloride, as Cl

Iron

Phosphate

Arsenic

Boron and borates
Alkalies. as Nay0 + 0.658 K50
Silt or suspended particles
pH

Dissolved solids

lodate

Sugars and oils

Maximum Concentration, ppm ASTM Test Method’
600 D513
400 D511
500 D512
20 b
100 D4327
100 D2972
100 D3og2
600 D4191 & 4192
2000 D1888
6.0t0 6.0 D1067
2000 D1a88
500 [
Not detectable C

a Other methods as used by water analysic companias are generally satisfactory.
b Alternatively, soluble carbonate and bicarbonate may be determined by appropriate methods
(e.g., Hach Chemical Company procedures) and calculated as CO,).

¢ No ASTM method available.
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cause staining in light colored or white concrete.
Water from a source other than a municipal water
supply shall be tested on an annual basis as required
in Article 6.12. The water shall not exceed the maxi-
mum concentration limits given in Table 3.1.6.

3.1.7 Admixtures

If a satisfactory history of admixture performance
with the concrete making materials to be used in a
project is not available, a trial mixture program with
those materials, particularly the cement, shall be
conducted. The trial mixture program shall demon-
strate satisfactory performance of the admixture
relative to slump, workability, air content, and
strength under the conditions of use, particularly
with respect to temperature and humidity. Admix-
tures shall be carefully checked for compatibility
with the cement or other admixtures used to ensure
that each performs as required without affecting the
performance of the other admixtures. Admixture
supplier's recommendations shall be observed sub-
ject to plant checking and experience. The effect of
variations in dosage and the sequence of charging
the admixtures into the mixer shall be determined
from the recommendations of the admixture sup-
plier or by trial mixes.

The same brand and type admixtures shall be used
throughout any part of a project where color unifor-
mity is required.

Air entraining admixtures shall conform to the re-
quirements of ASTM C260.

Water reducing, retarding or accelerating admix-
tures shall conform to the requirements of ASTM
C494. High-range water-reducing admixtures
(HRWRA) or (superplasticizers) shall conform to
the requirements of ASTM C494 Type For G, or for
flowing concrete to ASTM C1017, Type 1 or 2. Ad-
mixtures containing chloride ions shall not be used
in prestressed concrete, or in concrete containing
aluminum embedments or galvanized reinforce-
ment and/or hardware, if their use will produce a
deleterious concentration of chloride ions in the
mixing water and cause corrosion.

Commentay

tests can be perfonedto deemine the effe¢ the impuity has
on varous propeties. Some impuities may havelittle effed
on strengh and setting time, yd they can adveely affed
durablity and aher propeties.

The chorideion cortert shoud belimitedto alevd wdl bdow
the reconmended maximum, if pradicd. Chloride ions con-
tained in the aggrege andin adnixtures shoud be cosidered
in evduding the accefahlity of total choride ion conert of
mixing wder.

C3.1.7 Admixtures

All types of admixtures used shodd be materias of standard
manufadure havng wel estadished record of tests to con-
firm ther propeties. Expeted perfomance of a tyen brand,
class or type of adnixture may be prgeced fran one ormore
of the fdlowing sources:

1. Results from jobs which have sed the adnixture under
good techncd cortrol, preferaby using the same materi-
as and under contions similar to those to be expected.

2. Techncad literaure andinformation fran the manufac-
turer of the adnixture.

3. Labordory tests madeto evdude the adnixture.

Tria mixtures can hemade & midrangeslump and & con-
terts expeted or spedfied forthe prged. The cement cortent
or waer/cemert ratio shoud betha requred for the spedfied
design strengh and duratlity requremerts for the job, Tial
mixtures also can bemade with a range of aeert corterts —
water/cemert ratios, slumps or other properties to bracke the
projed requremerts. In this manner, the ogimum mixture
propotions can beseleded andthe reqired results achieved.

Various results can be expeed with a gven adnixture dueto
differences in dosage, cenert composition and nenes ceamert
content, aggregate size aggadation, the presence of other ad-
mixtures, addtion sequence, changen waer/canert raio, and
wedher condtions from dayto day.

Differences in setting times and edy strengh devéopment dso
can be expeted with differert types and sources of canert as
weil as concreée and anbiert temperaures.

The use of ar ertrainmert is recanmendedto enhance dura-
bility when concre will be subjeded to freezng andthawing
while we.

Use of wder-reduing adnixtures results in a dasirade reduc-
tion in waer-camert rdio for a gven comisency €lump) and
cement cortert, an increaed comsisency forthe same waer-
cement ratio and cement content or obtaining specified strength

a lower cenert cortert while keejng the water-cemert raio
the same. The redugon in wdaer-canert raio acheved by
eliminaing excas mixing waer may producegreater stengh
improvamert than asimilar redution oliained by adthg ce-
mert. Generlly, the effet of use of these materids on the
hardened concte is increaed canpressive strengh and some
redudion in pemeablity and,in canbingion with adequte ar
ertrainmert, improved raisance to freezng and thawing.
Water-reduing adnixtures dso may improve the propeties of
concreée coraning hash fadng mixes which necesily have
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To avoid corrosion problems admixtures containing
chloride ions shall be limited to a maximum water
soluble chloride ion {CI") in prestressed concrete to
0.06 percent by weight of cement or 0.30 in rein-
forced concrete when tested in conformance to
ASTM C1218.

Mineral admixtures or pozzolans meeting ASTM
C616 or C1240 may be added for additional worka-
bility, increased strength and reduced permeability
and efflorescence provided no detrimental change
is experienced in the desired architectural appear-
ance. If a HRWRA is to be used with silica fume,
ensure that the admixture to be used is compatible
with that already in the silica fume, if any. The
amount of silica fume or metakaolin in concrete
shall not exceed 10 percent by mass of the port-
land cement unless evidence is available indicating
that the concrete produced with a larger amount
will have satisfactory strength, durability, and vol-
ume stability.

Coloring admixtures or pigments shall conform to
the requirements of ASTM C979. All coloring pig-
ments required for a project shall be ordered in one
lot. The coloring pigment shall be a finely ground
natural or synthetic mineral oxide or an organic ph-
thalocyanine dye with a history of satisfactory color
stability in concrete. Pigments shall be insoluble in
water, free of soluble salts and acids, colorfast in
sunlight, resistant to alkalies and weak acids, and
virtually free of calcium sulfate. The amount and
type of pigment used shall be harmless to concrete
setting time or strength. Amounts of pigment used
shall not exceed 10 percent of the weight of cement.
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poor aggred® gradéion. Dsages requred to producespedfic
results are usudly recanmended bythe manufadurers.

There aremid-range weer-reduéng adnixtures which may be
classfied under ATM C494 & Type A or Type F depenihg
on daeagerate,

Retardng adnixtures are used pimarily to offset the acckera-
ing and dmagng effed¢ of high temperdure, orin some ceses
to keep concite gastic for a sufficiertly long perod of time
(retard or cortrol the initial set of the concree) so tha succeed-
ing lifts can be faced vithou deveopmert of cdd joints or
discontinuities in the unt. For exanple, to actieve good bond
between faing and backup conde

High-range weer-reduéng adnixtures can be sed to signifi-
cartly increae slump withou addng more water, orto gredly
reduce weer conert withou a lossin slump. Concrees con-
taining these admixtures, particularly those with initid slumps
lessthan 3to 4in. (75to 100 mm) andlow weter-cemert ra-
tios, tendto lose slump and stiffen rapgdly. While, some high-
range wéer-reduéng rdardes can maintain the necesary
slump for exended peods a eevaed concree temperdures.

Cdcium chloride and aohixtures cortaining cHoride ions will
promote corrsion of sted reinforcenent and gévarized or
duminum embedmerts, may cawe non-uiformity in cdor of
the concrée surface (darkeimg andmottling), andmay dsrupt
the effciency ofsurface réardes.

Where a pdicuary snmooth surfaceis desired, the addion of
fine minerds or pozzolans confoming to ASTM C618 may be
desiralle. These materials dso may be addedo improve work-
ablity or to reducethe posshility of efflorescence provided no
detrimental changeis experencedin the deired arcltedurd
appearance. Thesel of y ash or silica fume {microsilica) in a
concrée mixture will darkenthe concrete cdor andmay make
it difficut to acheve cdor uriformity. The color of silica fune
depend on carbon caert and severa other varales. Silica
fume from onesource cold be dmost white in cdor, while tha
from angher may be tack. Metakaolin is a wtite dry powder
and dos na darkenwhite or gray concree.

Pigmerts often are addetb the matrix to olktain cdors which
canna be oltained through conbindions of cemert and fne
aggregee done. Varade amounts of a ggmert, expressed & a
percemtage ofthe cemert cortert by weght, produce vaious
shades of cdor. High percetages of pigmert reduce concte
strengh becase of the hgh percetage of fnes introducedto
the mix by the pgments. For these reaons, the anourt of pig-
mert shoud be cotrolled within the limits of strengh and ab-
sorption requremerts. Different shades of cdor can be
obtained by varing the anourt of cdoring materid or by
combining two or more pigmerts. Brilliart concrée cdors are
nat possble with dther naurd or synthetic pigmerts due to
ther low dlowale addtion rdes and the masking effeds of
the cemert and aggreges. White portland cemert will pm-
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3.2 Reinforce ment and Hardware
3.2.1 Reinforcing Steel

Steel reinforcing bars shall be deformed bars of the
designated types of steel, sizes and grades and
shall conform to the following applicable specifica-
tions as shown on the production drawings:

ASTM A6l S/AB15M
Low Alloy Steel Deformed Bars ASTM A706/A706M
ASTM AB16/A616M
ASTM A61 7/A617M

Billet-Steel Deformed Bars

Rail-Steel Deformed Bars

Axle-Steel Deformed Bars

It shall be permissible to substitute: a metric size
bar of Grade 300 for the corresponding inch-pound
size bar of Grade 40; a metric size bar of Grade
350 for the corresponding inch-pound size bar of

Commentary

duce cleaner, highter cdors and shoud be ed in preference
to gray cenert.

When sing ggment dosages of lessthan 1% by wight of ce-
mert, the sersitivity of cdor intersity to minor ggmert quan-
tity vaiations is very high, casing pdertia unt to urit cdor
variaion. When sing dsages from 1% to 5%, this sersitivity
is much lower, and clor vaiation will be more eaily con-
trolled. Addtion of synthetic iron oxde pgmerts above 5%
will nat increae cdor intersity, while for naurd pigmerts the
saturdion pants are ¢oser to 10%.

Coloring pgmerts of iron oxdes are genelby preferred be-
cawe of beter perfomance, bt they may reat chemicdly

with other produds, such & surface réardes or muriatic add,
andshoud betested pror to use.

Greenis qute pemanen, excep in light shade. Some Hues
are not uniform or permanent. Cobdt blue shoud be sed to

avad prodems Dark cdors have more tendencyto show ef-

florescence tha forms on d concrée surfaces. If the lighten-
ing of the cdor becanes too oljedionabe, the cdor can be
resiored by wahing with dlute hydrochoric add and msing

thoroughy. Carbon Ihack, dueto its exremely fine paticle

size, ha atendencyto wash out of a concree matrix andis nat

recanmended.Synthetic back iron oxde wll produce amore

stable charcokcdor.

Architeds can best spedfy the cdor they deire by refering to
a swatch or cdor cad. A cenert cdor cardis preferae bu
one pulished by a piat manufadurer is accepade. An excée
lert cdor references the Feder& Color Standard595 B, pub-
lished bythe US. Govermmert Printing Office.

Efflorescence depsited on the surface may mask the true
caor and gve the appearance of fam) eventhoughthe ce-
mert paste itself has undergone no change. In @toh, wedh-
ering of the pgmerted cenert paste expmes more of the
aggregte to view. If the cdor of the aggredge is in corirast to
tha of the pgmert, a changen the overd cdor of the surface
may benoted.

C3.2 Reinforcement and Hardware
C32.1 Reénforcing Sted

Grades of renfordng sted requred for aspedfic appication
are deemined bythe structurd design of the precat concrée
units.

Many mills will mark andsupdy bas orly with the metric
designaion, whch is a soft convesion. Soft mears tha the
metric bars have exaity the same dmersions and properes
as the equivaert inilb designaion.

The size of renfordng bas is often governed by ichersions
of the demert, requred concrée cover ovested, and funtion
of the demert. In gener§ bar sires shoud be kep reasonally
smel even where this will reduce the spadgng of the bas.
Smeller bas cosely spaced vill decreae the size of pdertia
cracls and improve the dstribution of temperdure stresses.
The e of addiond reinforang bars as campared vith fewer
heaver bas becanes more importart in thinner concre sec-
tions. Since the sum of paertia craclks in concrete is more or
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Grade 50; a metric size bar of Grade 420 for the
corresponding inch-pound size bar of Grade 60:
and a metric size bar of Grade 520 for the corre-
sponding inch-pound size bar of Grade 75.

Zinc-coated (galvanized) reinforcement shall con-
form to ASTM A767/A787M and be chromate
treated.

Epoxy coated reinforcement shall conform to ASTM
A775/A7T75M or A934/A934M. Any plant supplying
epoxy coated reinforcement shall be a participant in
the CRSI| Voluntary Certification Program for Fu-
sion-Bonded Epoxy Coating Applicator Plants.

Fading of the epoxy coating color shall not be
cause for rejection of epoxy coated reinforcing bars.

Bar mats shall conform to ASTM Al 84/A184M and
shall be assembled from the bars described above.
If bars other than the types listed above are to be
used, their required properties shall be shown on
the production drawings. In addition to the ASTM
specification requirements, all reinforcing bars shall
meet the requirements of ACI 318.

The weldability of reinforcing bars other than ASTM
A706/A706M shall be evaluated according to provi-
sions of AWS D1.4.

Welded wire reinforcement shall conform to the fol-
lowing applicable specifications:

Plain Wire ASTM A82
Deformed Wire ASTM A496
Welded Plain Wire Reinforcement ASTM Al 85

Welded Defoned Wire Reinforcement ASTM A497

Galvanized welded wire reinforcement shall be
made from zinc-coated (galvanized) carbon steel
wire conforming to ASTM Ag641; or be hot-dipped
galvanized and be chromate treated; or be allowed
to weather. Epoxy-coated welded wire reinforce-
ment shall conform to ASTM AB84/A884M, Class A.
All damaged areas of epoxy coating shall be re-
paired (touched-up) with patching material.

Welded wire reinforcement mesh spacings and wire
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Commentary

less corstart for a gven set of condtions, the more bas there
arethe smeller andless visible the crack.

Where gdvanizing of renforang bas is requred, gévarizing
is usually performed ater fabiication. The ASTM
AT6T/IAT6TM spedficaion precribes minimum finished bend
diameters for bas tha are fabicaed before daanzing.
SrmHler finished bend @dmeters are pemitted if the bars are
stressrelieved. The ATM A767/A767TM spedficaion ha two
classs of zinc coding weghts. Class Il [2.0 oz.fsq. ft (610
g/mY] is nomally spedfied for precat concrée urits.

When epoxy-caad rénfordng bas are expeed to sunlight
over a pefod of time, fadng of the cdor of some epoxy coa
ings may occur.Since the dscooraion dos na ham the co#
ing nor affet its corrcsion-prdedion propeties, such fadng
shodd na be casge for rgedion of the coded bas.

ASTM AT06/AT06M is spedficdly intended for whling.
Chemicd andyses are no ordnaily meanngfu for ral-sted
(ASTM AB16/A616M) and akested (ASTM A617/A617M)
reinforcing bas. Wdding of these bars is na reconmended.

Welded wre reénforcament may be sed & the main ranforce-
mert and, if necessary, renforang bars are addedn ribs or
other locaions to provide the area obted requred.

Gdvanized or epoxy-cdad renforcemert is generlly re-
guired when cover over irgorcamert is 3/4 in. (19 mm). In
these caes, the e of gdvanzing or epoxy-co@ng shoud be
spedficdly cdled forin the corrad documerts and shown on
the shop dravings.

It is recanmended tha wedded wre rénforcemert be pur-
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sizes (gages) shall be shown on the production
drawings. In addition to the ASTM specification re-
guirements, all wire reinforcement shall meet the
requirements of ACI 318.

Reinforcement, with rust, seams, surface irregulari-
ties, or mill scale shall be considered as satisfac-
tory, provided the minimum nominal dimensions,
including minimum average height of deformations,
and nominal weight of a hand-wire-brushed test
specimen are not less than the applicable ASTM
specification  requirements.

Plastics for welded wire and bar supports shall be
composed of polyethylene, styrene copolymer rub-
ber-resin blends, poly-(vinyl chlorides), Types | and
I, and polytetrafluoroethylene. Plastics shall be al-
kali resistant and should have at least 25 percent of
their gross plane area perforated.

3.2.2 Prestressing Materials
Strand materials for prestressing shall consist of:
1. Pretensioning

a. Uncoated, low-relaxation strand conforming
to ASTM A416, Grade 250 (1725) or Grade
270(1860).

b. Uncoated, stress-relieved (hormal relax-
ation) strand, conforming to ASTM A416,
Grade 250 (1725) or Grade 270 (1660).

2. Post-Tensioning

a. Strand as described above either singly or
in multiple parallel strand units with wedge
type or other adequate anchorages.

b. Uncoated, stress-relieved wire conforming
to ASTM A421 in multiple parallel wire units
with wedge-type, button head or other ade-
quate anchorages.

c. High strength, stress-relieved bars conform-
ing to ASTM A722 with wedge type,
threaded, or other adequate anchorages.

A light bond coating of tight surface rust on pre-
stressing tendons is permissible, provided strand
surface shows no pits visible to the unaided eye
after rust is removed with a non-metallic pad.

Commentary

chasedin largesheds rather than rolls for beter corirol of flat-
ness.

Plastic bar suppotts and spaces have abot fifteen times the
themal exparsion coefficient of concrée. The pane surface
has to be perforted to pemit the concrée to weaveinto the
sedion and retrain movemert. This inhibits thermal punching
and transverse crackng in thin sedions.

C3.22 Prestressing Materials

Due to the bond devepmert requred of concree to prestress-
ing strand, bars or wires, the surface condion of tendors is
critica to prestressed concrée. The preence oflight rust on a
strand ha proven to be an enhanoeert to hood over bright
strand andthereforeshoud not bea deerrer to the wse of the
strand. A pt visible to the unaéded eye, when exrained & de-
scribed in “Evauaion of Degree ofRusting on Prestressed
Concrege Stand’ Sason, Augusto S., PCI JOURNAL. May
June 1992, V.37, No. 3, pp. 25-39 cause for rgedion. A gt
of this magritude is a stress miser and grey reducs the ca-
pacity of the strand to withstand repeted or faigueloadng. In
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Strand chucks for pretensioning shall be capable of
anchoring the strand without slippage after seating.
Length of grips and configuration of serrations shall
be such as to ensure against strand failure within
the vise jaws at stresses less than 95 percent of
strand ultimate strength. Steel casings for strand
vises shall be verified by the manufacturer as capa-
ble of holding at least 100 percent of the ultimate
strength of the strand.

Tendon anchorages for post-tensioning shall meet
the following requirements:

1. Anchorages for bonded tendons tested in an
unbonded state shall develop 95 percent of
the actual ultimate strength of the prestressing
steel, without exceeding anticipated set at time
of anchorage. Anchorages which develop less
than 100 percent of the minimum specified ul-
timate strength shall be used only where the
bond length provided is equal to or greater
than the bond length required to develop 100
percent of the minimum specified ultimate
strength of the tendon. The required bond
length between the anchorage and the zone
where the full prestressing force is required
under service and ultimate loads shall be suffi-
cient to develop the specified ultimate strength
of the prestressing steel. Determine the bond
length by testing a full-sized tendon. If in the
unbonded state the anchorage develops 100
percent of the minimum specified ultimate
strength it need not be tested in the bonded
state.

2. Anchorages for unbonded tendons shall de-
velop 95 percent of the minimum specified ulti-
mate strength of the prestressing steel with an
amount of permanent deformation which will
not decrease the expected ultimate strength of
the assembly.

3. The minimum elongation of a strand under ulti-
mate load in an anchorage assembly tested in
the unbonded state shall be not less than 2
percent when measured in a gauge length of
10 ft (3 m).

Anchorage castings shall be nonporous and free of
sand, blow holes, voids and other defects.

For wedge type anchorages, the wedge grippers
shall be designed to preclude premature failure of
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Commentary

many ca&es, a heaily rusted stand wth rdatively large jits
will still test to an Utimate strengh greder than spedficaion
requremerts. However, it will nat meed the faigue test re-
quirements.

Strand chuck maintenanceshoud bein force for d demerts
in wse baed on giddines in Article 5.3.5 and Appeiixl D.

Posttersioning tendors subjed to expaure or condesation,
and whch are nbto be groued, shodd be pemanerly pro-
teded aginst corrcsion by pastic coding or other approved
means.

3. Hongdion baed ontests with a gaugdengh less than
10 ft (3 m) shoud nd be cause for rgedion.
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the prestressing steel due to notch or pinching ef-
fects under static test load conditions to determine
yield strength, ultimate strength, and elongation of
the tendon.

Anchorages other than the types listed may be used
provided they are shown by an adequate program
of tests to meet the basic requirements listed above.

Sheathing for bonded post-tensioned tendons shall
be strong enough to retain its shape, resist unre-
pairable damage during production, and prevent
the entrance of cement paste or water from the
concrete. Sheathing material left in place shall not
cause harmful electrolytic action or deteriorate. The
inside diameter shall be at least 1/4 in. (6 mm)
larger than the nominal diameter of single wire, bar,
or strand tendons; or in the case of multiple wire,
bar, or strand tendons, the inside cross-sectional
area of the sheath shall be at least twice the net
area of the prestressing steel. Sheaths shall be ca-
pable of transmitting forces from the grout to the
surrounding concrete. Sheaths shall have grout
holes or vents at each end and at all high points
except where the degree of tendon curvature is
small and the tendon is relatively level.

Grout shall consist of a mixture of cement and
water unless the gross inside cross-sectional area
of the sheath exceeds four times the tendon Cross-
sectional area, in which case fine aggregate may
be added to the mixture. Fly ash and pozzolanic
mineral admixtures may be added at a ratio not to
exceed 0.30 by weight of cement. Mineral admix-
tures shall conform to ASTM C618. Aluminum pow-
der of the proper fineness and quantity or other
approved shrinkage-compensating material which
is well dispersed through the other admixture may
be used to obtain 5 to 10 percent unrestrained ex-
pansion of the grout. Admixtures containing more
than trace amounts of chlorides, fluorides, alu-
minum, zinc, or nitrates shall not be used. Fine ag-
gregate, if used, shall conform to ASTM C404, Size
No. 2, except that all material shall pass the No. 16
sieve. Grout shall achieve a minimum compressive
strength of 2500 psi (17.2 MPa) at 7 days and 5000
psi (34.5 MPa) at 28 days when tested in accor-
dance with ASTM CI 107, and have a consistency
that will facilitate placement. Water content shall be
the minimum necessary for proper placement, and
the water-cement ratio shall not exceed 0.45 by
weight.

Sheathing for unbonded tendons (monostrand
post-tensioning system) shall be polypropylene,
high-density polyethylene, or other plastic which is

Commentary

Different requrements are imposed upon sheahings for
bonded andunbonded tendors. In unbonded tendors, the
sheahing doe nat trarsmit any bondstresses from the pre-
stressng sted to the concrete and therefore hato asaure the
freedan of movemert of the pretressing sted and fom an ad-
equde coveropver the coaed tendon. In bondedendors, bond
stresses will be transmitted through the shedhing, andit must
be of such materia and/or confgurdion to effedively dlow
this stresstransfer.

The vad in the concree in which the tendonis to be locaed
can 4o be pre-fomed (e.g. byinflaade and renovabe
tubes) and the tendonsubsequenly pulled through. Wth pre-
formed vads no addtiond sheahing will be requred.

Due to vaiations in the manufaturing procss slight varia-
tions may occur concetfricdly in the wdl thickness The
shedhing shodd provde asnoah drcuar ouside surface and
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not reactive with concrete, coating, or steel. The
material shall be watertight and have sufficient
strength and durability to resist damage and deteri-
oration during fabrication, transport, storage, instal-
lation, concreting, and tensioning. The sheath shall
have a coefficient of friction with the strand of less
than 0.05. Tendon covering shall be continuous
over the unbonded length of the tendon and shall
prevent the intrusion of water or cement paste and
the loss of the coating material during concrete
placement. The sheaths shall not become brittle or
soften over the anticipated exposure temperature
and service life of the structure. The minimum wall
thickness of sheaths for noncorrosive conditions
shall be 0.04 in. (1 mm.) The sheathing shall have
an inside diameter at least 0.030 in. (0.76 mm)
greater than the maximum diameter of the strand.

Tendons shall be lubricated and protected against
corrosion by a properly applied coating of grease or
other approved material. Minimum weight of coat-
ing material on the prestressing strand shall be not
less than 2.5 pounds (1.1 kg) of coating material
per 100 ft (30.5m) of 0.5 in. (12mm) diameter
strand, and 3.0 pounds (1.4 kg) of coating material
per 100 ft (30.5m) of 0.6 in. {15.24mm) diameter
strand. The amount of coating material used shall
be sufficient to ensure essentially complete filling of
the annular space between the strand and the
sheathing. The coating shall extend over the entire
tendon length. Coatings shall remain ductile and
free from cracks at the lowest anticipated tempera-
ture and shall not flow out from the sheath at the
maximum anticipated temperature. Coatings shall
be chemically stable and nonreactive to the tendon,
the concrete and the sheath.

3.2.3 Hardware and Miscella neous Materials

All hardware — connection items, inserts or other
appurtenances — shall be clearly detailed in the
project documents showing size and yield strength
for architect/engineer approval.

Hardware shall be made from materials that are
ductile. Plates and angles shall be low carbon
(mild) steel and steel for anchors shall be of a
grade and strength similar to the hardware material
which it anchors to minimize welding complications.
Brittle materials, such as low shock resistant, high
carbon steels or gray iron castings, shall not be
used. Malleable cast iron is satisfactory.

MNL-117 3rd Edition

Commentary

shoud na visibly reved the lay of the strand.

C3.2.3 Hardware and Miscdlaneaus Materials

Precadions shodd be takento asaure tha hardware kemens
weldedtogeher are compatible. The degree oprotection from
corrasion requred will depend onthe atud condtions to
which the connettons will be expcsed in senice. The most
common condtion requring prdedion is expure to dimatic
condtions. Connedion hardware gendlg need praedion
aganst humidity or a correive envronmert. Corrosion coud
cause subsequen rusting andmariing of adacen demens or
failure of the unt or connetion. The ge of dal besed pimers
cortaining lead may be rsticted dueto locd envronmerta
reguations. Protedive codings shoud be of such quéity and
apdied in such a manner tha embrittlement cannd occur.
Also, nolossof connetion stengh or reinforcemert bondloss
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Materials used in ferrous items embedded in the
concrete, for the purpose of connecting precast el-
ements or attaching or accommodating adjacent
materials or equipment, shall conform to the re-
quirements of the following specifications:

Structural steel: ASTM A36/A36M, (for carbon steel
connection assemblies) except that silicon (Si) con-
tent shall be in the range of 0 to 0.04% or 0.15 to
0.20% and phosphorus (P) content in the range of
0 to 0.02% for materials to be galvanized. Steel
with chemistry conforming to the formula Si + 2.5P
< 0.09 is also acceptable.

Stainless steel: ASTM A666, Type 300 series,
Grades A or B, (stainless steel anchors for use
when resistance to staining merits extra cost.)

Carbon steel plate: ASTM A283/A2B3M, Grades
A, B, CorD.

Malleable iron castings: ASTM A47/A447M,
Grades 32510 or 35028.

Carbon steel castings: ASTM A27/A27M, Grade
60-30 (for cast steel casting clamps).

Anchor bolts: ASTM A307 (carbon steel) or
A325/A325M (high strength steel) for low-carbon
steel bolts, nuts and washers).

Carbon steel bars: ASTM A&75/A675M, Grade 65
(for completely encased anchors).

Carbon steel structural tubing: ASTM A500, Grade
B (for rounds and shapes).

High-strength low-alloy structural steel: ASTM or
A572/A572M except that silicon (Si) content shall
be in the range of 0 to 0.04% or 0.15 to 0.20% and
phosphorus (P) content in the range of 0 to 0.02%
for materials to be galvanized. Steel with chemistry
conforming to the formula Si + 2.5P < 0.09 is also
acceptable.

Welded headed studs: ASTM A108 Grades 1010
through 1020 inclusive or ASTM A276 (stainless
steel) with the following mechanical property re-
qguirements (Table 3.2.3):

Commentary

shoud occur wich had no been aticipaed and Hhowed for
in the deign. Oten, ind finishing of the produts caises the
protedive finish of the hardwardo be danaged. Wherthis oc-
curs, a find touch up coting of the oigind pratedive material
is requred. Ths work shoud be perfomed in accordance ith
the reconmenddions of the codéng materid manufadurer.
Sincethe final connetion of a uiit to astructure may requre a
field wdd, the prdedive coding (2nc fich or epoxy pant)
shodd he apped accorthg to the manufadurer’s requre-
merts after find welding and tearning of the weded area.
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Table 3.2.3. Minimum mec hanical property requirements for

studs.
Type C
ASTM A486 . Stainless Steel
Type A TypeB (deformed ASTM A276
Physical | AWS  AWS bars - AWS
Property I D1 D14 any size) D16
Tensile Strength. psi 55,000 | 60,000 80,000 75,000
(MPa) (380) (415} (552) (517)
Yield Strength, psi (MPa)
(0.2% off-set) — 50,000 30,000
(345) (207)
(0.5% off-set) —_ - 70,000
(485)
Elongation (% in 2in) 1 7 20 — 30
Reduction of Area, % a0 50 - 40

All metallic hardware surfaces exposed to the
weather in service or subject to corrosive condi-
tions, including condensation, shall have the por-
tions of the hardware within 1/2 in. {12mm) of the
concrete surface protected against corrosion or be
made of non-corrosive materials. Hardware shall
be properly cleaned prior to application of protec-
tive treatment.

Corrosion protection, when required, shall consist
of one of the following:

1. Shop primer paint — FS-TT-P-645 or 664, or
SSPC-Paint 25.

2. Zinc-rich paint (95 percent pure zinc in dried
film) — FS-TT-P-641, Type Ill, or DOD-P-
21035, self-curing, one component, sacrificial
organic coating or SSPC-Paint 20.

3. Zinc metalizing or plating -ASTM B633.

4, Cadmium plating — ASTM B766 (particularly 4.Cadmium coaings will satisfactorily prated sted embed-
appropriate for threaded fasteners). dedin concrée, evenin the preence ofmoisture and nor-
mal choride concetrations. Minor imperfedions or
breals in the coéing will generfly na pramote corrion
of the unddying sted.

Hot dip galvanizing-ASTM A123 or A153.

6. Epoxy coating.

7. Stainless steel. 7. Some designes have spedfied the wse of stainless sted
connetions to prevem longtem corrcsion. While this
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8. Other coatings or steels proven suitable by
test.

Threaded parts of bolts, nuts or plates shall not be
hot dip galvanized or epoxy coated unless they
are subsequently rethreaded prior to use. Con-
nection hardware shall be galvanized, if required,
following fabrication. To avoid possible strain-age
embritlement and hydrogen embrittlement, the
practices given in ASTM Al43 shall be adhered
to. Malleable castings shall be heat-treated, prior
to galvanizing by heating to 1250 deg. F (677 deg.
C) and water quenching.

Care shall be taken to prevent chemicals, such as
muriatic acid, from contacting the hardware and
causing corrosion.

Commentary

may appearto be the dtimate in corrcsion prdedion,
users are caudionedtha the weding of stainlesssted pro-
duces more hea than convetion wdding. Thd, plus a
higher coeficient of thema exparsion, can cre@ ad-
verse hardware expaion adacen to the assmbly beng
welded, thus cawsing crackng in the aglacer concrée
and pranoting accéerded longtem deerioraion. When
stainless sted connetion fdates are wed, edgershoud
be ket free fran adacert concrée to dlow expamsion
during weding withou spalling the concree. Hea dissi
paion can &o be faditated bythe wse of athicker pate.
In addtion, the 300 Series stainless steds are suscegible
to stress corrasion crackng whenthe temperdure is over
140 deg.F (60 deg.C) and choride solutions are in con-
tad with the materid.

8. Embedded nrd wedheing steds generfly do nd per-
form wel in concrée cortaining moisture and cloride.
Weaheling steds adoining concrée may dscharge rat
and case staining of concrée surfaces.

In orderto ersure tha the strenghs of the varous eemerts of
a connetion are na reduced by hedip gdvanzing, severad
precations are necssaary. Whenitems of a connetion assem-
bly requre weding, such & anchor bars to pates, the fdlow-
ing recanmenddions by the Amelican Hd-Dip Galvanizers
Assdiation have been fountb producesatisfactory results:

1. An uncoded dedrode shoud be wed whenever Esble
to preven flux depaits

2. |If coaed dedrode is used, it shoud provide for “self-
slaggng” as recanmended by wikling eqipmert sup-
pliers. All wedding flux residues must be renoved by
wire brishing, lame dearing, chppng, gindng, neete
gun or abrasive Hast clearing. Ths is necassary becase
welding flux residues are chemicdly inett in the nomal
pickling solutions used by galvanizers; ther exstence
will producercugh andincamplete znc coverage.

3. A welding procss such & metd-inet gas (MIG}, tung-
seninet gas (TIG), or CO, shielded arcis recan-
mended when msble since they produce sertialy no
slag.

Spedal care shodd be taken when daanzed aembles are
used. Many pats of connetion camponerts are fabrcaed
using cdd rdled std or cdd working technques, such &
bendng of anchor bar Any form of cdd working reducs the
dudility of sted. Operdions such & punching hdes. naching,
produéng fillets of smell radi, sheaing and sharp bendng
may leadto strain-age enbrittlement of suscegible steds, par-
ticdaly those with high carbon caert. The enbrittlemert
may nd be evdert urtil after the work ha been gbvanized.
This occus becage agdng is reatively slow a& ambiert tem-
peraures but is more rapd & the éevaed temperdure of the
gdvanzing bah.
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The materials of a connection shall be selected and
joined in a manner such that embrittlement of any
part of the assembled connection will not occur.
Nonferrous inserts shall have proven to be resis-
tant to electrolytic action and alkali attack. Docu-
mentation shall be provided showing satisfactory
results over a reasonable period of time. If more
than one material is used in a connection, abutting
materials shall be selected such that corrosion is
not induced. Dissimilar metals shall not be embed-
ded near or in direct contact with each other in
moist or saturated concrete unless experience has
shown that no detrimental chemical or electro-
chemical (galvanic) reactions will occur or surfaces
are permanently protected against corrosion.

Wooden inserts in the concrete shall be sealed to
minimize volume changes during concrete placing,
curing, and freezing weather conditions.

3.2.4 Handling and Lifting Devices

Since lifting devices are subject to dynamic loads,
handling and liking devices shall be fabricated from
ductile material. Reinforcing bars shall not be used
as lifting devices. If smooth bars are required for
liking, ASTM A36 steel of a known steel grade bent
to correct size and shape shall be used provided
adequate embedment or mechanical anchorage
exists. Each bar size and configuration shall be
substantiated, by testing, to ensure it meets load
and handling requirements. The diameter shall be
such that localized failure will not occur by bearing
on the lifting device. Coil rods and bolts shall not be
welded when used in lifting operations

To avoid overstress in one lifting loop when using
multiple loops, care shall be taken in the fabrication
to ensure that all strands are bent the same to as-
sure even distribution of load between loops.
Strands undergo physical changes when bent into
loops; therefore, care shall be exercised with multi-
ple bending.

Shop drawings shall clearly define insert dimen-
sions and location for fabrication and placement or
refer to standard details. Corrosion protection shall
be considered where such hardware is left in the
units.

All lifting devices shall be capable of supporting the
element in all positions planned during the course
of manufacture, storage, delivery and erection.
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Nonferrois metals embeddedin concrée may corrodein two
ways: (1) by dred oxiddion in strong dkaline solutions nor-
mally occuring in fresh concrée and mortar; or (2) by g&
varic currerts tha occur whentwo dssimilar metals are in
cortad in the preence of an ledrolyte, or when an koy ot
metal is nat perfedly homogeneos, or when dfferert parts of
ametal have beersubededto dfferert hed treamerts or me-
chancd stresses.

Aluminum suffers attack when mbeddedin concrée. Initialy,

when duminum is placedin fresh concrée, a reation occurs

resulting in the fomation of duminum oxide andthe evdution
of hydrogen. The gréer vdume occuped by these oxdation
produds cawses expamsive pressures around the enbedded
metal and may lead to increaed porsity of the surroundng
concrée & well as crackng and/or spalling of the concree.

A wood seder shoud be apfied to prevemn moisture migraion
from concree into the wood. The high vdume change ofumber
which occus even vith change in @mospheic humidity may
leadto crackng of the concree. Also, the enbedmert of lumber
in concrée ha sometimes resulted in leaching of the wood
resins by cdcium hydroxde with subsequen deterioraion.

(324 Handling and Lifti ng Devices

The most common lifting devces are prestressing strand or
cale loops prgeding fram the concree, cal threadedinsetts,
or proprietary devices.

Deformed rénforcing bas shodd nd be sed since the defor-
mations result in stress concetrations from the shacke pn.

Also, renfordng bars may be hard grade orre-rolled ral sted
with little dudility andlow impad strengh & cdd temperatures.

Therefore,suddenimpad loads, such as those encoutereddur-

ing stipping and hanldhg, may cawse falure.
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Safe loads for lifting inserts or devices shall be es-
tablished by full-scale tests to failure performed by
a licensed professional engineer or supplied by
manufacturer of proprietary devices. Information
also shall be supplied by manufacturer on use and
installation of the devices to assure proper perfor-
mance.

Connection hardware shall not be used for lifting or
handling, unless carefully reviewed and approved
by the precast engineer.

3.3 Insulation

Insulation types shall conform to ASTM standards
for material production. These standards present
quality control minimums for each product matrix
and are as follows:

Expanded Polystyrene

ASTM C-576 Type I, 11, VIII, IX, XI

Extruded Polystyrene

ASTM C-576 Type IV, V, VI, VII, X
Polyurethane

ASTM C-591 Type1,2,3
Polyisocyanurate

ASTM C-591 Type 1,2,3

Phenolic

ASTM C-l 126 Type I, I, 11l

All relevant information on properties of insulating
materials shall be on file at the plant.

Care shall be exercised when the insulation is ex-
posed to temperatures greater than 140 deg. F (60
deg. C).

3.4 Welding Electrodes

Electrodes for shielded metal arc welding (SMAW)
shall conform to the requirements of AWS D1 .1,
Section 4 or AWS D1 .4, Section 5 (AWS A5.1 or
A5.5). All welding electrodes shall be of a type suit-

Commentary

C33 Insulation

Cellular (iigid) insulations used in the manufa¢uring of sand-
wich panés come in two primary foms themoplastic and
thermesetting. The themoplastic insulations are known a
molded expanded pystyrene or beadboard andtexded pdy-
styrene or extruded board Thermosetting insulations corsist of
payurethane,polyisocyanurate and phenolic.

Althoughthere are many insulation types on the marke today,
sandwich panés utilize a clular (iigid) insulation dueto the
material propeties neededto perfom beween two indepen-
dert layes of concrée. These matelia propeties indude, ht

are na limited to, thema and vaportrarsmisson charateris-

tics, moisture alsorption, dmersiond stahlity, coeficiert of
exparsion and copressive and flexural strenghs.

Since the insulation is generlly placedin dred cortad with
the pastic concrée, excesive dewatering of the fresh concrée
may occur \vith the e of highly alsorbert insulation prevet:
ing cenert from hydraing propety. The insulating qudity of
a material aso will diminish if it atsorbs moisture. For this
reason, a material which exlibits no capillarity, or has suitatle
vapor bariers, shodd be sdeded. Some insulating materias
such & molded pdystyrene have igh atsorption.

C3.4 Wdding Electrodes

MNL-117 3rd Edtion
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Table 3.4.1. Filler me tal requireme nts

Commentary

Grade 60 (420)

Electrode Classifications for Welding Processes

Grade A E7XT-X

Grade B (Except -2, -3, -10, -GS)
ASTM  A441 AWS A5.1 or A55 AWS Ab5.20
ASTM A572 E7016 E7XT-X

Grade 42 E7028 (Except -2, -3, -18, -GS)

Grade 50
ASTM A572 AWS A5.5 AWS AB.29

Grade 60 E8016-X

Grade 65

VYV _ AR awdp

able for the chemistry of the steel being welded
(see Table 3.4.1).

The electrodes and the shielding for gas metal arc
welding (GMAW) or flux-cored arc welding (FCAW),
for producing weld metal with minimum specified yield
strengths of 60 ksi (415 or less, shall conform to
the requirements of AWS A5.18 or AWS

Electrodes for welded reinforcing bar lap splices in
contact or lap welds with splice plates or angles need
not comply with Table 3.4.1. The length and size of
welds shall be as shown on the shop drawings.

Weld metal having a minimum specified yield
strength greater than 60 ksi (415 shall con-

MNL-117 3rd Edition

Design tersile capaity of lap weds is ddemined by lengh
and size of weds using vaious dedrodes na by canpdibility
of materia tersile strengh. However,the chenicd

tion of the materials should be compatible.
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form to the following requirements:

1. The electrodes and shielding for gas metal arc
welding for producing weld metal with a mini-
mum specified yield strength greater than 60
ksi (415 shall conform with AWS A5.28.

2. The electrodes and shielding gas for flux-cored
arc welding for producing weld metal with a min-
imum specified yield strength greater than 60 ksi
(415 shall conform to AWS A5.29.

3. The plant shall have on file the electrode man-
ufacturer's certification that the electrode will
meet the above requirements of classification.

When a gas or gas mixture is used for shielding in
gas metal arc or flux-cored arc welding, it shall be
of a welding grade having a dew point of -40 deg. F
(-40 deg. C) or lower. The plant shall have on file
the gas manufacturer's certification that the gas or
gas mixture will meet the dew point requirement.

All low hydrogen electrodes conforming to AWS
A5.1 shall be purchased in hermetically-sealed
containers or shall be dried for at least 2 hrs. at a
temperature between 500 deg. F (260 deg. C) and
800 deg. F (430 deg. C) before they are used.

All low hydrogen electrodes conforming to AWS
A5.5 shall be purchased in hermetically-sealed
containers or shall be dried at least 1 hr. at temper-
atures between 700 deg. F (370 deg. C) and 800
deg. F (430 deg. C) before being used.

Electrodes shall be dried as specified above prior
to use if the hermetically-sealed containers are
damaged, improperly stored, or for any reason the
electrodes are exposed to high moisture condi-
tions. Immediately after removal

sealed containers or from drying ovens, electrodes
shall be stored in holding ovens and held at a tem-
perature of 250 deg. F (120 deg. C) above ambient
temperature. E70 series electrodes that are not
used within 4 hrs., E80 series within 2 hrs., E90 se-
ries electrodes within 1 hr., or E100 series within
1/2 hr., after removal from hermetically-sealed con-
tainers or from a drying or storage oven, shall be
redried in a drying oven before use. Electrodes
shall be dried only once for any reason. Electrodes
which have been wet shall not be used.

When joining different grades of steels, the electrode
shall be selected for the lower strength base metal.

When steel cannot be completely cleaned of scale,
rust, paint, moisture or dirt, an or
electrode shall be used.

Commentary

All low hydrogen and stainless steel shielded metal
arc electrode coverings should be protected from
moisture pickup. Normally, electrodes packaged in
hermetically sealed containers can be stored for
several months without deteriorating. However,
after the container is opened, the coating begins to
absorb moisture and, depending on the ambient air
condition, may need to be reconditioned after only
four hours of exposure, otherwise porosity may re-
sult, especially at arc starts.

Only low hydrogen welding rods (EXX-X5, 6, or 8)
should be kept in an oven once removed from their
air tight container. Although they must not get wet,
the coating of other rods (60-1 1) will be damaged if
heated.

MNL-117 3rd Edition

65



66

Standard

Martensitic stainless steels that are to be

ated = (annealed, stress-relieved, or used under
high temperature conditions) shall be welded with
straight-chromium stainless steel electrodes of the

E-

400 series. Any of these alloys that will not be

postheated shall be welded with austenitic
chromium-nickel electrodes of the E-300 series.

The maximum diameter of electrodes shall be:

1.

al

5/16 in. (6.0 mm) for all welds made in the flat
position, except root passes

1/4 in. (6.4 mm) for horizontal fillet welds

1/4 in. (6.4 mm) for root passes of fillet welds
made in the flat position and groove welds
made in the flat position with backing and with
a root opening of 1/4 in. or more

5/32 in. (4.0 mm) for welds made with low hy-
drogen electrodes in the vertical and overhead
positions

. 3/16 in. (4.6 mm) for root passes of groove
welds and for all other welds not included
above.

MNL-117 3rd Edition

Commentary



DIVISION 4 — CONCRETE
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4.1 Mix Proportioning

The properties of concrete mixtures and the color
and texture of the unit shall be as specified in the
project specifications.

4.1.1 Qualification of New Concrete Mixes

Concrete mixes for precast concrete shall be estab-
lished initially by laboratory methods. The propor-
tioning of mixes shall be done either by a qualified
commercial laboratory or qualified precast concrete
quality control personnel. Mixes shall be evaluated
by trial batches prepared in accordance with ASTM
Cl 92 and production tests under conditions simulat-
ing as closely as possible actual production and fin-
ishing. Tests shall be made on all mixes to be used
in production of units. When accelerated curing is to
be used, it is necessary to base the mix proportions
on similarly cured test specimens.

Each concrete mix used shall be developed using
the brand and type of cement, the source ar¢l gra-
dation of aggregates, and the brand of admixture
proposed for use in the production mixes. If any of
these variables are changed the proportions of the
mixture shall be re-evaluated.

Commentary

C4.1 Mix Proportioning

Much of the skill, knowledge andechnque of produimg qud-

ity archtedura precat concrée ceners aroundthe proper pro-
pottioning of the mix. Before a concte mix can be propéy

propotioned, severd factors must be known. The ifish, size
and shaper of uits to be cat shoud b corsidered. Thamethod

of corsolidaion shoud be knownto ddemine the reqired

workahlity. The maximum size of the coase aggrege shoud

be etadished. The requed canpressive strengh affeds the
amourt of cemert to be wed & wdl as the maximum water d-

lowed. The requred surface fnish frequetly will cortrol the

ratio of coase to fine aggrege. The etert of expaure to se-

vere wegher or dher hash envronmerts will affed the dura-
bility requremerts of the concree mix design.

Concrde mixes are usudly divided into two groups, namely,
face and backupFace mixes are usudly composed of speda
decordive aggregis, and are frequdély made wth whte or
buff cemernt andor pgmerts, where expsed aggreda surface
finishes are dsired. Backup mixes are wudly camposed of
more econmica local aggregées and gray ceert and are used
to reducematerid costs in large uits employing face mixes.
Backup concre mixes are dso used where exped aggredge
or aher spedd finishes are nat requred, and wher¢he size and
distribution of aggreg@ an nbo citicd. In precat concreée
units of complicated shapes and deepnarrow sedions, the face
mix may be ed throughot the member if procedurs for sepa-
rating the face and backumixes becane too cumbersome.

C411 of New Cacrete Mixes

Accepted methods of mix propotioning are given in ddal in
the following pubicaions:

1. Portland Cement Asodation:

a. Design and Control of Concrete

2. Amelican Concrde Institute:

a. Standard Pradice for
Normal agnd

).

b. Standard Practice for

Selecting Proportions for
and Mass Concrete

Selecting Proportions for
Structural Lightweight ConcretfACT 211.2.

c. StandardPractice for SelectingProportions for No-
Slump Concrete

d. for
ings (ACI 301).

Concrete for Build-

MNL-117 3rd Edition
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Concrete mixes shall be proportioned and/or evalu-
ated for each individual project with respect to
strength, absorption, volume change, and resis-
tance to freezing and thawing, where such environ-
ments exist, as well as desired surface finish (color
and texture). The mix shall have adequate workabil-
ity for proper placement and consolidation.

4.1.2 Specified Concrete Strength

Concrete strengths shall be determined on the basis
of test specimens either at time of stripping or at a
specified age, usually 28 days, although other ages
may be specified. A minimum acceptable strength at
time of stripping shall be established by the precast
engineer and shall be stated on the drawings.
When members are prestressed, the concrete shall
have a specified compressive strength suitable for
transfer of prestress at time of stripping and 28 day
strength as required by the specifications, unless
otherwise specified by the Engineer.

4.1.3 Statistical Concrete Strength
Considerations

For commonly used concrete mixes such as backup
mixes, or for face mixes where the size of the pro-
ject warrants, a plant shall maintain up-to-date doc-
umentation of the compressive strength variability.
Based on this information, a design strength shall
be chosen for the concrete which will comply with
the statistical interpretation of the strength require-
ments given in ACI 318.

MNL- 17 3rd Edition

Commentary

An archtedurd precat concrée mix heas demandng citera
since its appearance W be a goverimg item, bu strengh and
durablity will dso be regired. Mix design fadors which in-
fluence appearancare seledion and propdroning of fine and
coarse aggregee, cdor of canert and e of ggmerts. Often
severd aggregtes must be Bended andhe propeties of the
mixture corsideredin propotioning the mix. Typicdly a larger
portion of the mix will be coase aggrege which affeds con-
sisency, and strengh. Carefu seledion of aggre-
gae sizes, cdors and mix propotions is neededo provde the
desired enphasis upon the matrix or the expsed surface tex-
ture. Thee corsiderdions vary significartly from those for
propotioning for strengh and duraltity done andthe wse of
samples becanes a necssry step in the mix design proces

C4.1.2 Specified Concrete Strength

A minimum design strengh for concrée shodd be déemined
by the baed uponin-senice reqiremerts.

Considerdion for prodution and ereiton arethe resporsibility

of the The mix is generdly propotioned for appear-
ance, andstrengh becanes a secondary cosiderdaion. Excep

for load-beang urits, stresses on urits are usudly higher dur-
ing fabicaion and ereiton than those arnicipaed in the struc-

tural design for in-service condions. Produdion requremerts

for ealy stripping of unts or ealy stress trarsfer and subse-

quert radd reuse of forms demand hgh levds of eaty com-

pressive strengh. The minimum trarsportation and ereton

strengh levds will depend orshape ofthe urit, handing, ship-

ping and ereion techniques and onschedde, which will nor-

mally result in strenghs higher than the spedfied
minimum.

In cases wherethe typicd 28 daystrengh of 5000 gi (34.5
MPa) is nat stucurdly necesary, ormay be dficut to atain
dueto spedal cemerts or aggregees, durahlity and
wedaheiing qudities may ofen be olsined by cotrolling
proper & ertrainmert and alorption limits a a strengh levd
as low a 4000 si (27.6MP2).

C4.1.3 Statistical Concrete Strength Consideration

Concrde strengh test evdudion shodd follow methods out-
linedin ACI 214.

Strengh tests failing to meé these citefia may occur occsion-
dly (probally abou oncein 100 testg, eventhough strengh
levd and umformity are satisfactory. Allowance shodd be
made for such sttisticdly noma devations in decding
whether ar nat the strengh levd beng produceds adequte.

Mix designs and concre may beseleded onthe
basis of estahished record for the concrée prodution fadlity.
The bater the cortrol, as measured bythe coeficiernt of varia-
tion or standard deltion, the more econmicd the seleded
mix may becone. Underthe best cortrol, there still are many
vanafes tha caninfluence concte such & vatations
of ingrederts, vaiations in baching, andtesting. Concree for
which dl spedmers can be expeed to show strenghs above
the spedfied minimum strengh is generlly impradicd, and
evduaion of strengh tests shoud recogize this fad.
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The strength level of the concrete shall be considered
satisfactory if the average of each set of any three
consecutive strength tests equals or exceeds the
specified strength and no individual test falls below the
specified strength by more than 500 psi (3.5

4.1.4 Proportioning to Ensure Durability of
Concrete

Concrete strength and durability shall be achieved
through proper consideration in the mix design of
air, water and cement contents, and workability.
Low water-cement ratios shall be used to provide
specified strength, durability and low absorption.
Drying shrinkage characteristics shall be controlled
by aggregate size, gradation, mineralogy, aggre-
gate-cement ratio, cement factor, water-cement
ratio, additives, and admixtures. All of these above
items shall be considered.

All combinations of cement and aggregates shall be
those for which chemical and physical properties or
long experience have shown conclusively that the
various components are compatible and will not re-
sult in serious volume changes, cracking or deterio-
ration of the concrete as it ages. In particular, the
use of high alkali cement together with alkali reac-
tive aggregates is prohibited. Also to be avoided
are aggregates subject to “pop-outs”, rusting, stain-
ing, or other surface deterioration. These

Commentary

Concree for backgroundests to deemine standard denation

is corsidered ta have been similar” to tha requred if it was

made wth the same genera types of ingrederts under no
more restictive condtions of cortrol over materia qudity and
produdion methods than will exst on the propsed work, and
if its spedfied strengh dd nd deviate more than 1000 pi (6.9
MPa) from the reqired A changein the type of ce-
mert or a mgor increae in the reqired strengh levd may in-

crease the standard deiation.

Adequde sttisticd records are based on & least 30 corsecu-
tive stengh tests olbtained within the pat year represerting
similar materids and condions to those expeted. The 30 con-
secuive strengh tests may repreert dther agroup of 30 con-
secuive bdches of the same dass of concrée gr the statisticd
average fotwo groups totaling 30 ormore bdches.

Average strenghs, used & the bais for seleding propotions.
shoud exceedhe spedfied strengh by d least:

400 i (2.76 MPa) if the standard deiation is less
than 300 pi (2.07

550 i (3.79 the standard deiation is 300
(2.07MPa) to 400 i (2.76

700 i (4.82 MPa) if the standard deiation is 400
(2.76 MPa) to 500 fsi (3.45MPa}.

900 i (6.20 MPa) if the standard deiation is 500
(3.45MPa) to 600 si (4.14MPa).

If the standard deiation excees 600 psi (4.14MPa) or
if a suitade record ofstrengh test perfomanceis na
avdlabe, propotions shodd be seleded to produce an
average a least 1200 si (8.27 MPa)

than the spedfied strengh

C4.1.4 Prgortioning To Ensure Durability of
Concrete

Seledion of fine and coarse aggregee affeds both dersity and
appearance. Theidh qudity of the aggrege doe not nece-
saily by itself assure goodmix design, hu it does rdate to
qudity of concrée & evidenced byits duralility. If the aggre-
gae material is nat durabbe, deeriordion can be expéed in
areas where the concrete is in cortad with corresive a@mo-
spheres, salts, excessve moisture, and/or severe temperdure
change.

Achieving low atsorption rdes for the surface ofthe concree
a high dersity of the concrie surface.

3rd Edition
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tions are particularly necessary in areas subject to
freezing and thawing or in locations where salt or
sulfate exposures are expected.

4.2 Special Considerations for Air
Entrainment

Units subject to freezing and thawing shall be air
entrained. For gap-graded facing mixes, where a
given percentage of air cannot be reliably mea-
sured, the dosage of air-entraining agent shall pro-
duce an 8 to 10 percent air content when tested in
accordance with ASTM C 185 but using only the
mortar [material passing the No. 4 (4.75 mm) sieve]
portion of the mix or provide 19% =+3% of entrained
air in the paste when tested according to ASTM C
185. Once established for the mixture, the corre-
sponding entrained air content of the total concrete
mixture may be determined, and that value shall be
used in production control.

When a specific level of air content is to be main-
tained in concrete units exposed to freeze-thaw,
deicer and wet-dry conditions, air content at the
point of delivery shall conform to the requirements
of Table 4.2.1. For specified compressive strength
greater than 5000 psi (34.5 reduction of air
content indicated in Table 4.2.1 by 1.0 percent
shall be permitted.

Table 4.2.1. Total alr content for various sizes of
coarse aggregate for normal concrete.

The properties of the concrete-making materials,
the proportioning of the concrete mixture, and all
aspects of mixing, handling, and placing shall be

MNL-117 3rd Edition

Commentary

C4.2 Special Considerations for Aii
Entrainment

Air-ertrained concree shoud be able to withstand the effets
of freedng & soon asit attains a canpressive strengh of about

500 psi (3.45 MPa) providedtha there is no exernd source of
moisture. Becawse of the gradfion charateiistics of most gap-

graded faimg mix concrete or for mixes with high cemert con-
terts and low slumps, a dgven percetage of & canna be
reliady measured for many mixes.

Air is ertrainedin the mortar fradion of the concree; in prop-
erly propotioned mixes, the mortar cortert decreaes as max-
mum aggregee size increaes, thus decreaing the requred
concrde ar cortert for bah workalility and duraltity.

Typicd plart cortrol pradice invdves ony the measuremert
of ar volume in freshly mixed concree. Athough measure-
mert of a@r volume done dos na pemit full evduaion of the
importart charateristics of the ar-void system, ar-ertrain-
mert is generdly corsidered effetve for freezahaw resis
tance whenthe vdume of ar in the mortar fradion of the
concree (materiad passig the No. 4sieve)is abou 9 +1%.
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maintained as constant as possible in order that
the air content will be uniform and within the range
specified for the work.

4.3 Compatibility of Face and Backup
Mixes

In order to assure compatibility of face and backup
mixes the following shall be investigated for their
consequences on the unit design: (1) relative
shrinkage characteristics; (2) relative thermal coef-
ficients of expansion; and (3) relative modulus of
elasticity.

Special attention shall be given to mix compatibility
when normal weight face mixes are combined with
lightweight backup mixes.

4.4 Proportioning for Appearance of
Concrete Surface

The face mix for architectural concrete units shall
be designed to produce the desired appearance
taking into account the technique for obtaining the
surface finish.

45 Mix Proportioning for Concrete Made
with Structural Lightweight Aggregate

Lightweight concrete shall be selected to
meet the specified limit on maximum air-dry unit

weight as measured in accordance with ASTM C
567.

Commentary

C4.3 Conpatibility of Face and Backup
Mixes

Face and backupnixes shodd be propdionedto minimize
vaiations in shrinkage, themal of expasion, and
moduus of dasticity such that finished produts med the tol-
erance requemerts for bowing and warfng. Thee mixes
shodd havesimilar waer-canert and cenert-aggregée raios.

The canbinaion of a nomal weight face mix and a backup
with lightweight aggregtes may increae the pashility of
bowing or warjng. Before sing such a cabinaion, sample
units produced, cured anstored under aicipaed prodution
condtions, shoud be madeto veify satisfactory perfomance.

C4.4 Proportioning for Appearance of
Concrete Surface

The type of inish to be ackevedis the key fator to corsider

when making the decsion regarthg the quatity of coase ag-
gregde desired in the arclitedurd concrée facemix. The ma-

terid requremerts will vary with the deph and anourt of
surface renoved. Theshdlower the reved, the more \isud in-

fluence the aggrege fines and cenert will have, andthe
deeperthe reveh the more vsud influencethe coase aggre-
gae will have.

Propotioning of fine and coae aggrege is of importanceto
workallity of the mix and,thus, to final appearance.

In gener§ where appearance and la@o uriformity are of
prime importance mixes may have cosiderally higher ce-
mert cortert than is nomaly requred to aclieve aspedfied
strengh. If the cenert is the main cortributor to the cdor of
concree, the cador will becane more interse or darker \th in-
creaed cenert cortert or decresed ratio.

C4.5 Mix Proportioning for Concrete Made
with Structural Lightweight Aggregate

Mix propotioning methods for studurd lightweight aggre-
gae concrée (ACI 211.2) genefly differ somewha from

those for noma weight concrée. The pmdpd propeties tha

requre modification of propotioning and cotrol procedurs
are the greéer total water alsorption and rée of of

lightweight aggregtes, plus ther low wedght. The alsorption

of water by the aggrege ha little effed on caonpressive

strengh, provdedtha enough weer is supdied to saturde the

aggregée. The moisture comert of the aggrege must be
known, and agistmernts must be made fran bach to bach to

provide comstart camert and & corterts, similar slumps, and a
constant volume of aggregas.
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4.6 Proportioning for Concrete
Workability

The slump and workability of a mix shall be suitable
for the conditions of each individual job, i.e., to per-
mit the concrete to be worked readily into the forms
and around reinforcement under the conditions of
placement to be used, without excessive segrega-
tion or bleeding. Workability considerations shall in-
clude the shape of the unit, height of casting, the
amount and complexity of reinforcement, and the
method of consolidation.

In color sensitive units, the slump shall be as low
as possible and constant from batch to batch in
order to provide uniformity of color in the end prod-
uct. Slump tolerances of +1 in. mm) prior to
the addition of HRWR shall be maintained for mix

consistency and color control.

When superplasticized concrete falls below the
specified slump due to a delay, it shall be

with superplasticizing admixtures only rather
than additional water.

4.7 Water-Cement Ratio
4.7.1 General

The water-cement ratio shall not exceed 0.45 by
weight with an allowable variation during produc-
tion of In all mix designs for precast con-
crete production the importance of a low
water-cement ratio shall be recognized, but this
ratio shall also be evaluated in relation to the work-
ability required for satisfactory placing and

MNL-117 3rd Edition

Commentary

C4.6 Proportioning for Concrete
Workability

It is difficut and unnecgsary to estadish limits for slump for
typicd precat concrée prodution. Very stiff mixes requre
more laborto place andspedal vibraion technques.

Requred workaliity is related to the shape ofthe precat con-
crete unt andthe method of comsolidaion. Methods of corsoli-
ddion wing mechaicd equpmert requre less fines for
workalility. The lower the percetages of fines, the lower the
spedfic surface area of the aggredas andthe lower the water
and cenert requremerts of the mix, which leads t¢ a hgher
qudity paertial of the concree. However, venjow fines con-
tert mixes may Heed excssvely and reqire a ligh waer con-
tert for workabhlity.

Workalhlity underthe influence of a propbr seleded \ibrator
is the importart corsiderdion and no slump. Workalility of
freshly mixed concree is the propely that ddemines the eae
and hanogendéty with which it can bemixed, paced, com-
paded, and ifnished.

S|U mp is a measure of concrete consistency. Howevers inat,
by itself, a measure of workablity. Other coriderdions such
as cohssiveness hashness segregéion, Heedng, ease of con-
solidaion, and inish ablity are adso importart, andthese prop-
erties are nat ertirely measured byslump.

The consistency of concrete. as measured by the slu  mp test, is
anindicaor of the réative water cortert of the same concrée
mixture. Addtiond water increaes the waer-cemert ratio and
has the undsirade effe¢ of reduéng the cohsion within the
mixture andincreaing the pdertia for segregéion and exces-
sive Heedng.

Excessive waer will affed strengh, shrinkage, desity and ab-
sorption and uiformity of cdor.

Concree slumps in coler sersitive arclitedurd pands shoud
not exceed 3n. (75mm) in most instances, prior to the add
tion of high range weer reducer, excéjons to this are gap-
graded mixes which shoud generlly nat have slumps greder
than 2in. (50mm)

C4.7 Water-Cement Ratio
C4.7.1 General

With gven materias, the ogimum mixture propadtions use the
least amount of total water per unit volume of concrée to ob-
tain the reqired slump and workallity. With a fixed water-ce-
mert ratio, material costs are reduced by sing mixtures having
the least paste. The ceert in the pat is typicdly the most
costly ingredert of the concree; therefore, using more paste
than requred add unnecesily to the cat of the concree.
However, when sing exremely high-piced aggredas, the
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dation techniques for the actual mix application.
Water shall be limited to the minimum needed for
proper placing and consolidation by means of vi-
bration. Low water-cement ratios shall be accom-
panied by controls on total water content.

4.7.2 Relationship of Water-Ce ment Ratio to
Strength, Durability and Shrinkage

Since the water-cement ratio is one of the funda-
mental keys governing the strength and durability
of the concrete the proportioning of the concrete
mix design process shall minimize the water-ce-
ment ratio to the maximum extent possible consis-
tent with acceptable workability of the concrete mix
in the intended application.

4.7.3 Relationship of Water-Cement Ratio to
Workability

The water-cement ratio shall not be increased for
reasons of improving workability. Use of suitable
workability improving admixtures shall be employed
if additional workability is needed in concrete mixes
which are already proportioned at the maximum al-
lowable water-cement ratio.

4.8 Effects of Admixtures

All types of admixtures used shall be materials of
standard manufacture having well established
records of tests to confirm their properties and their
short term and long term effects on the properties
of both fresh and cured concrete. The manufactur-
ers’ recommendations shall be followed in their
use.

Whenever more than one admixture is used in a
concrete mix, it shall be verified to production
that each material performs as required without ad-
versely affecting the performance of the other.

Commentary

cost of paste shoud be bdanced agast the aggrega cost.

Most chemicd admixtures of the wader-reduing type are
water solutions. The wder they cortain becanes a pat of the
mixing waer in the concree andshodd be cosideredin the
cdculation of waer-camert raio. The propdiond volume of
the solids induded in the adnixture is so sl in rdation to
the size ofthe bach that it can be ndgded in the mix design
cdcudions.

When sing asilica fume slurry, the waer potion of the slurry
must be takeninto account when déemining mix propotions.
This ertails reduéng the amount of bach weer to correct for
the wader in the slurry.

C4.72 Réationship of Water-Cement Ratio to
Strength, Durability and Shrinkage

A reasonalle bdance shoud be stalished béween amaxi-
mum ceamert cortert for stripping andsenice strengh requre-
merts and aminimum cemert cortert to diminish its negdive
qudities, such & shrinkage and amatrix hardnes lower than
tha of the aggregas.

Minimizing the pate is desirable becase waer in the pate is
the pimary cawe of shrinkage a the concree hardes and
dries. The more water (i.e., the more paste), the greger the
drying shrinkage. Aso, cemert hed as it hydraes.
Therefore, lgh cemert corterts may produce an undiabe
temperdure tise duing cuing and crack-prodilcg tempera-
ture dfferertials.

C4.7.3 Rdéationship of Water-Cement Ratio to
Workabili ty

The wader coriert of concrée is influenced by a nmuber of
factors: aggregte size andshape, slump, waer-canert réatio,
air cortert, cemert cortert, admixtures, and enironmenrtal
condtions. Increaed ar cortert and aggrede size, redution
in waer-canert ratio andslump, rounded aggretes, andthe
use of wder-reduéng adnixtures reduce wter demand. On
the dher hand,increaed temperdures, increaed cenert con-
terts, increaed slump, increaed wder-cemnert ratio, aggregte
anguarity, and a decresad propotion of coase aggrege to
fine aggregte increae waer demand.

C4.8 Effects of Admixtures

The devéopmert of admixtures to modfy and improve the
propeties of fresh and cured conde is one of the most
rapdly changng area of concrée techndogy. Some con-
crete adnixtures have beenin succesdul senice for many
years and can be caidered wé proven with no

advese side effets.

MNL-1 17 3rd Edition
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Regardless of the form of the admixture, provision
shall be made for controlling the quantity and uni-
form introduction with other concrete components
to ensure it's well distributed incorporation into the
mix.

49 Storage and Handling of Concrete
Materials

4.9.1 General

Concrete batching plants and their operation shall
be in conformance with ASTM C94. Concrete batch
plants shall be capable of producing concrete of
the quality required for architectural precast con-
crete members; and they shall be properly
equipped, maintained and operated. Batching and
mixing facilities shall have provisions for producing
concrete during the expected range of hot and cold
ambient temperatures normally encountered. There
shall be an adequate water supply, with pressures
sufficiently constant or regulated to prevent interfer-
ence with accuracy of measurement.

Concrete supplied to a plant by an outside batch
plant shall meet the same requirements of on site
batch plant facilities. Evidence of conformance
shall be certification of the outside plant by NRMCA
(National Ready Mixed Concrete Association).

4.9.2 Storage and Handling of Aggregates

Each aggregate shall be handled and stored by
methods that will minimize variability in grading and
moisture content upon arrival at batch weighing
equipment. Rehandling of aggregates shall be mini-
mized to avoid the aggregate segregation which
can occur as result of each handling operation.

Wet or moist aggregates shall be stockpiled in suf-
ficient time before use so that they can drain to uni-
form moisture contents. Required storage times,
depending primarily on the grading and particle
shapes of the aggregate, shall be verified by mois-
ture tests or measurements.

Stockpiles. When aggregates are to be stockpiled,
the use of aggregate bins is preferred; but failing
this, it is imperative that a hard, clean and well-
drained base shall be provided for each aggregate
stockpile. If contamination from underlying material
cannot otherwise be avoided, the area shall be
planked or paved. Stockpiles shall be built up in
horizontal or gently sloping layers. Conical stock-
piles or any unloading procedure involving the
dumping of aggregate down sloping sides of piles

MNL-117 3rd Edition

Commentary

C4.9 Storage and Handling of Concrete
Materials

C4.9.2 Stoage and Handling of Aggegptes

for handing andstorage of aggreges are oulined
in further deail in ACI 221 and ACI 304,

Unless uniformity of aggregtes as bachedis assured.

tion of uniform concree is urlikely. It is esertial tha aggre-
gdes be ket cdean andtha cortaminaion of one aggrega by
another is  prevented

Stockples. Stockples of coase aggreg inevtady tend to
accunulate an excss of tines nearthdr bases. Enough ofthis
fine material should be periodicallyemoved and discarded so
the coarse aggregee @ ddiveredto the baching kins is within
edfied graddon limits.
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shall be prohibited. A front-end loader or reclaimer
shall remove slices from the edges of the pile so
that every slice will contain a portion of each hori-
zontal layer. Trucks, bulldozers, or other vehicular
or track equipment shall not be operated on the
stockpiles because in addition to breaking the ag-
gregate, dirt is frequently tracke d onto the piles. In-
termixing of different materials shall be prevented
by suitable walls or ample distance between piles.

Fine aggregate shall be handled in a damp state to
minimize the separating of dry fine aggregate by
wind action. Stockpiles shall not be contaminated
by spillage from swinging aggregate filled buckets,
conveyor belts, or clams over the various stock-
piled aggregate sizes.

Bins. When bins are used for storing aggregates,
separate compartments shall be provided for fine
aggregates and for each required size of coarse
aggregate. Each compartment shall be capable of
receiving and storing material without cross ¢on-
tamination. Bins shall be filed by material falling
vertically, directly over the outlet. Each compart-
ment shall be designed to discharge freely and in-
dependently into the weigh hopper. Bins shall be
kept as full as practicable at all times.

Storage bins shall have the smallest practicable
equal horizontal dimensions. To avoid accumula-
tion of fines in dead storage areas, bottoms of circu-
lar bins shall slope at angles not less than 50
degrees from the horizontal toward center outlets.
The bottom slope of rectangular bins shall slope at
angles not less than 55 degrees from the horizontal.

Bags. When bagged aggregates are used, the indi-
vidual sizes shall be stored on pallets in a well
drained, reasonably dry area. Bagged fine aggre-
gate shall be stored under dry conditions. Bagged
aggregate shall be weighed prior to usage.

4.9.3Storage and Handling of Cement

Any cement that develops hard lumps (due to par-
tial hydration or dampness) which cannot be re-
duced by light finger pressure shall not be used,
unless tested for strength or loss-on-ignition

Bulk Cement. Bulk cement shall be stored in
weather-tight bins or silos which exclude moisture
and contaminants. Storage silos shall be drawn
down frequently, at least once per month, to pre-
vent cement caking. Each brand, type and color of

Commentary

Bins. Aggreg#e kins in cdd dimates may haveto be appropr
ately heded in winter.

Chuiing the aggrege into a bn & an ante and agast the bn
sides will cawse it ta segregée. Baffle plates or dividers will
hdp minimize segregéon. Round bins are preferred.

By keepng hLins full, breakage and chargg gradng will be
minimized & the materials are drawn down.

Bags. If stored ouside, aggregas baggedin butap shodd be

proteded with a weéher prdedive coverto preven

tion of the hag from moisture in we regons. If aggregées

are to bestoredin pdypropylene bag the bag shoud be pro-
teded from sunlight to preven deerioraion of the bag. Long
peliods of storage may requre or other mears to

preven breakng of bag when hankkd. Storage shodd be
suchthat thereis no mixing of sizes if some bag break andhe

aggregte is recovered.

C4.93 storage and Handling of Cement

Cement canbe supdied in bag or in buk. Portland cenert
has gred affinity for waer andif left expsed to the atmo-
sphere vill gradudly atsorb waer from the ar andthereby be-
come “set” into small lumps. If kept dry it will retain its
qudity indefnitely.

Bulk Cemert. Most of the comamindion of cenerts ocours
during shipping and haniéhg. It is generlly cawsed by félure
to clean ot trucks and rdl cas in which cemert is to be
shipped.Change in cdor or texture or the presence of coarse
patticles may be eidence of a

3rd Edition
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cement shall be stored in a separate bin.

Silos and Bins. Compartments shall be designed
to discharge freely and independently into the
weighing hopper. The interior of a cement silo shall
be smooth with a minimum bottom slope of 50 deg.
from the horizontal for a circular silo and 55 deg.
for a rectangular silo. Silos not of circular construc-
tion shall be equipped with features to loosen ce-
ment which has settled tightly in the silos.

Each bin compartment from which cement is
batched shall include a separate gate, screw con-
veyor, air slide, rotary feeder, or other conveyance
which effectively combines characteristics of con-
stant flow with a precise cut off feature to obtain ac-
curate automatic batching and weighing of cement.

Procedures shall be in place to avoid cement being
transferred to the wrong cement silo, either by
faulty procedures or equipment.

Bagged Cement. Cement in bags shall be stacked
on pallets or similar platforms to avoid contact with
moisture and to permit proper air circulation. Bags
shall be stored clear of wall areas where condensa-
tion may occur. Bags to be stored for long periods
shall be covered with waterproof coverings. Bags
shall be stacked so that the first in are the first out.

4.9.4 Storage and Handling of Admixtures and
Pigments

All manufacturers of admixtures and pigments have
specific recommendations for storage, handling,
batching and use of their particular materials.
These instructions shall be followed at all times.
Adequate storage facilities shall be provided to en-
sure uninterrupted supplies of admixtures during
batching operations. Liquid admixtures shall be
stored separately in weather-tight containers or
tanks, with each one clearly labeled with type,
brand and manufacturer.

Provision shall be made for proper venting so that
foreign materials cannot enter storage tanks or
drums through openings and tanks or drums do not
become air bound, restricting the admixture flow.
Facilities for straining, flushing, draining, and clean-
ing the storage tanks shall be provided. Fill nozzles
and other tank openings shall be capped when not
in use to avoid contamination.

In addition to mechanical or electromechanical dis-
pensing systems used for measuring and charging
of the admixtures to the concrete batch, a cali-
brated holding tank shall be part of each system so
that plant operators can visually verify that the

MNL-1 17 3rd Edition

BaggedCemert. Portland cement should be kep seded in its
origind bag and wd praeded fran waer or humidity urtil
use. Mixes shoud besizedto wse ful bag of camert whenever
posshle. If it is necessry to store patialy used bag of ce-
mert, they shoud be fdded d¢osed andthen entosed in a
pdyethylene bag. @ cemert may reducethe strengh of the
concree.

Storage and Handling of and
Pigments

The requirements for storage of powdered auxtures are the
same as those for storage of cmert.

Admixture manufadurers usudly furnish dather conplete stor-
age and dpersing systems or a least information regaréhg
the degree of amtion or re@rcuation requred for ther ad-
mixtures. Timing devces commonly are used to control recir-

of the corterts of storagetanks to avad settlemert or,
with some pdymelizaion.

High vdume liquid admixtures, such as non-clioride acckera-
tors or silica fume slurries may nd use a céibraed hdding
tank. Theymay bemetered dredly into the mixer.
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proper amounts of each admixture are batched.

All admixture dispensers shall provide for diversion
of the measured dosages for verification of the
batch quantity. Batching accuracy shall be
checked at least every 90 days. Calibrated sight
tubes shall be vented so that they do not become
air bound and restrict flow. Piping for liquid admix-
tures shall be free from leaks and properly fitted
with valves to prevent backflow or siphoning and to
ensure that measured amounts are completely dis-
charged.

Every volumetric admixture dispenser shall be pro-
vided with visual indication or interlock cutoff when
its liqguid admixture supply is depleted. Dispenser
control panels shall be equipped with timer-relay
devices to ensure that all admixtures have been
discharged from the conveying hoses or pipes.

Tanks, lines, and dispensing equipment for liquid
admixtures shall be protected and configured to
prevent freezing, contamination, dilution,

tion and shall have a means for preventing

ment or separation of the admixtures. To prevent
freezing, storage tanks and their contents shall be
either heated or placed in heated environments.
The manufacturers’ instructions regarding the ef-
fects of heat or freezing on the admixtures shall be
observed.

Separate dispensers shall be used for each admix-
ture, although multiple use of dispensing controls is
permitted. Compatible admixtures may be stored
in the same holding or checking reservoir after
batching and prior to introduction into the mixer. If
the same dispensing equipment is used for non-
compatible admixtures, the dispenser shall be
flushed at the end of each cycle.

Storage areas for pigments shall be adequately
clean and dry. Pigments shall remain in sealed
containers until used, and all opened packages
shall be protected from contamination.

Silica fume shall be packaged in bags or in drums
(slurry). Silica fume slurries in drums will stiffen or
gel during storage without appreciable settling and
shall be remixed before being used. Bulk storage
tanks shall be equipped with a mechanical agitation
device or with a recirculation system that is de-
signed to appropriately remix all of the silica fume.
Metakaolin shall be packaged in powder form in
bags or bulk.

Commentay

Some adnixtures becane qute Jscows a lower temperdures
which might cause difficuty in ther use in cdd wedher.
Freeing cancause ingrederts of some liguid admixtures to
separde and,therefore, affecconcreée qudity cortrol.

Pigmerts are packagedn bag (dry powder jpgmerts) and
drums (liquid pgmerts).

3rd Edition
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4.10 Batching Equipment Tolerances

Batching equipment shall be maintained and oper-
ated in accordance with ASTM C94.

The quantities of ingredients used for each batch
shall be recorded separately for each batch.

When measuring by bulk volume, batching shall be
in accordance ASTM C 665 with the weight toler-
ance waived.

If graphical recorders are used, they shall register
scale readings within + 2 percent of total scale ca-
pacity, while digital recorders shall reproduce the
scale reading within = 0.1 percent of scale capac-
ity.

For ingredients batched by weight, the accuracy
tolerances required of the batching equipment shall

be applicable for batch quantities between 10 and
100 percent of scale capacity.

For water or admixtures batched by volume, the re-

quired accuracy tolerances shall be applicable for

all batch sizes from minimum to maximum, as is

determined by the associated cement or aggregate
rating.

Operation and maintenance of batching equipment
shall be such that the concrete ingredients are con-
sistently measured within the following tolerances:

For Individual Batchers, the following tolerances
shall apply based on the required scale reading:

Cement and other Materials:

+1 percent of the required weight of material being
weighed, or + 0.3 percent of scale capacity,
whichever is greater.

Aggregates:
+ 2 percent of the required weight of material being

weighed, or + 0.3 percent of scale capacity,
whichever is greater.

Water:
+ 1 percent of the required weight of material being

weighed, or + 0.3 percent of scale capacity, or
+ 10 Ibs, whichever is greater.

Admixtures:
+ 3 percent of the required weight of material being
weighed, or + 0.3 percent of scale capacity, or

t+ the minimum dosage rate for one 94 Ib (43
kg) bag of cement, whichever is greater.

Pigments in powder form are used in extremely
small dosages and shall be batched by hand from

3rd Edition

Commentary

Batching Equipment Tolerances

The range oftolerance caimol, weight control limitations of

batching equpment and béching corrols are coveredin the

Concreae Plart Mixer Standarg of the Concree Plant Manu-
Bureau.
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pre-measured containers packaged in amounts
sufficient for proper dosages per unit volume of
concrete. Pigments shall be weighed to the nearest
+ 1% of the required weight.

For Cumulative without a tare compen-
sated control, the following tolerances shall apply
to the required cumulative scale reading:

Cement and other
gregates:

Materials or Ag-

+ 1 percent of the required cumulative weight of
material being weighed, or + 0.3 percent of scale
capacity, whichever is greater.

Admixtures:

+ 3 percent of the required cumulative weight of
material being weighed, or + 0.3 percent of scale
capacity, or + the minimum dosage rate per bag of
cement, whichever is greater.

For Volumetric Batching Equipment the following
tolerances shall apply to the required volume of
material being batched:

Water:

+ 1 percent of the required weight of material being
batched, or £ 1 gallon, whichever is greater.

Admixtures:

+ 3 percent of the required volume of material
being batched but not less than + 1 ounce (30 gm)
or = the minimum recommended dosage rate per
94 Ib. (43 kg) bag of cement, whichever is greater.

Aggregates

When measuring lightweight aggregate by bulk vol-
ume, batching shall be in accordance with ASTM
C685 with the weight tolerance waived.

4.11 Scale Requirements

Each scale in the plant shall consist of a suitable
system of levers or load cells that weigh consis-
tently within specified tolerances, with loads indi-
cated either by means of a beam with balance
indicator, a full-reading dial, or a digital read-out or
display.

For all types of batching systems, the batch

Water:

The mechaiisms in most commerdal waer meters cannad re-
to quarities less than I-gdlon incramerts.

Admixtures:

Dispersers for liquid adnixtures may measure ether by vd-
ume or weght. Powdered anhixtures shoud be measured by
weight. GenerHy beter results are olained fran admixtures
in liquid form. Modem liquid adnixture baching equpmert
incorpording effedive corrols and intedlocks have vrtudly
eiminaed the reqiremert for weaghing adnixtures in the
powderedstate.

When hgh-vdume wage of jpgmerts is cortemplated, the
supdier of the pgment may supdy a suitabe buk dispersing
system.

Aggregdes:

In some instances the accurge corirol of concrée with
lightweight aggregte is more feaible measuring by buk vol-
ume raher than by weght.
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tor shall be able to read the load-indicating devices
from the operator's normal station. Where controls
are remotely located with respect to the batching
equipment, monitors or scale-follower devices shall
repeat the indication of the master scale within
+0.2 percent of scale capacity.

Separate scales shall be provided for weighting ce-
ment and other cementitious materials. Gates,
valves, controlled screw feeders, air slides or other
effective devices that will permit a precise cutoff for
cement shall be used to charge the cement weigh-
ing equipment.

The reading face capacity or the sum of weigh-
beam capacities of a scale on a cement

shall be not less than 660 pounds per cubic yard
(390 kg per m?) of rated capacity.

Fine and coarse aggregates shall be weighed on
separate scales or on a single scale which will first
weigh one aggregate, then the cumulative total of ag-
gregates. The reading face capacity or the sum of
weigh-beam capacities of a scale on an aggregate

shall be not less than 3,300 pounds per
cubic yard (5236 kg per m?) of rated capacity.

All scales shall be maintained so they are capable
of accuracy within 1 percent of loads weighed
under operating conditions or within £ 0.20 percent
of scale capacity throughout the range of use. For
direct digital read-out, the tolerance shall be in-
creased to + 0.25 percent, to allow for the fact that
digital readings may be limited to whole-number
values which cannot reproduce weight indications
closer than + 0.05 percent of capacity. All exposed
fulcrums, and similar working parts shall
be kept clean. Beam type scales shall be checked
to zero load with the bins empty each time the mix
is changed and at least once during each day’'s op-
eration. Scales shall register loads at all stages of
the weighing operations from zero to full capacity.

For calibration of scales, standard test weights ag-
gregating at least 500 Ib. (227 kg) (each accurate
within + 0.01 percent of indicated values) shall be
used. Calibration of scales shall be performed at in-
tervals not greater than 6 months, and whenever
there is reason to question their accuracy. Scale
calibration certificates and charts shall be displayed
prominently at the batch control location.

4.12 Requirements for Water Measuring
Equipment

The reading face capacity or the sum of weigh-
beam capacities of a scale on a water shall

Commentary

C4.12 Requirements for Water Measuring

Equipment

Water meters shoud
Water Works Assdiation.

to the Standard of the American
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be not less than 320 pounds (145.5 kg) or 38 gal-
lons per cubic yard (188 liters per cubic meter) of
rated capacities.

If added water is to be measured by volume, the
water measuring device shall be arranged so the
measurements will not be affected by variable
pressures in the water supply line.

4.13 Requirements for Batchers and
Mixing Plants

4.13.1 General

It is not the purpose of this Article to specify any
particular type of concrete plant. The batch plant
which supplies concrete to the precast concrete
fabricating activity shall be so equipped that batch-
ing, mixing, and transporting equipment provide
sufficient quantities of concrete to maintain the
casting schedule. The concrete mix shall be prop-
erly proportioned and mixed to the desired unifor-
mity and consistency, and be capable of
developing the required strength.

Batchers for weighing cement, aggregates, water
and admixtures (if measured by weight) shall con-
sist of suitable containers freely suspended from
scales, equipped with necessary charging and dis-
charging mechanisms. Batchers shall be capable
of receiving rated load without contact of the
weighed material with the charging mechanisms.

Charging or dispensing devices shall be capable of
controlling the rate of flow and stopping the flow of
material within the weighing tolerances. Charging
and discharging devices shall not permit loss of
materials when closed. Systems shall contain in-
terlocks which prevent charging and dis-
charging from occurring simultaneously and
provide that, in the event of electrical or mechanical
malfunctions, materials cannot be over batched.
Provision shall be made for removal of material

Commentary

Measuring tanks for water shoud be eqipped wth ouside
tags and valvesta provide for checkingmeter calibration not
less frequenly than every 90 day Volumetric tank waer

should be equipped with a valto remove overloads.

In the cae oftruck mixers usedto supdy the part, if wash

water is permitted to be used as a portion of tienm water

(back up mixes only don't use wawater for face mixes) for
the succeeding batch, it shall be measured acturiatea sepa-

rate tank andiakeninto accouhin deeminingthe anourt of
additional water required.

C4.13 Requirements for Batchers and
Mixing Plants

C4.13.1 General

Concrete batching plants include simple manual pgent in
which the operator sets batch weights and dischargaterials
manudly; semi-auomatic partsin which bach weghts are
set manudly andmaterials are dscharged atomaticaly; or
fully automated electronically controlled plants which mixes
are cortrolled bymears of seledors or punch card or cam-
puter memory.

Any of the methods describedte acceptable as long as con-

crete is of consistent quality and operations confdo ASTM
c94.

When batch plants of outside supplierare used they shoulibe
reviewed regularly by plant staff to compliance with
National Ready Mixed Concrete Association Plant tifea-
tion requirements and other applicable requiremerfithis di-
vision.
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overloads.

The shall be equipped with provisions to
aid in the smooth and complete discharge of the
batch. Vibrators or other appurtenances shall be in-
stalled in such a way as not to affect accuracy of
weighing, and wind protection shall be sufficient to
prevent interference with weighing accuracy.

Cementitious materials shall be provided
with a dust seal between charging mechanism and

installed in such a manner that it will not
affect weighing accuracy. The weigh hopper shall
be vented to permit escape of air. The hopper shall
be self-cleaning and fitted with mechanisms to en-
sure complete discharge of the batch.

4.13.2 Requirements for Concrete Mixers

Mixing equipment shall be of capacity and type to
produce concrete of uniform consistency, and uni-
form distribution of materials as required by ASTM
c94.

High intensity stationary mixers, of the vertical or
horizontal shaft type capable of producing uniform
low slump concrete, shall be used for architectural
concrete face mixes. Backup mixes may be mixed
by any of the methods listed in Article 4.17.2.

Mixers with a rated capacity of 1 cu. yd. (0.8 m?) or
larger shall conform to the requirements of the
Standards of the Concrete Plant Mixer Standards,
Mixer Manufacturers Division of the Concrete Plant
Manufacturers Bureau Truck mixers shall conform
to the requirements of the Truck Mixer and Agita-
tor Standards of the Truck Mixer Manufacturers Bu-
reau. Truck mixers shall be equipped with counters
by which the revolutions of the drum, blades or
paddles may be verified.

4.13.3 Mixer Requirements

For each mixer and agitator, the plant shall have on
file, the capacity of the drum or container in terms
of the volume of mixed concrete.

A mixer shall not be used to mix quantities greater
than those recommended by the mixer manufac-
turer. The rate of rotation of drum or blades for sta-
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Commentary

Requirements for Concrete Mixers

An importart asped of mixer perfomance is bach-to-béach
uniformity of the concrée wtich is dso largdy affeded bythe
uniformity of materials and thar measuremerts as wel as by
the effciency of the mixer. isud observaion of the concree
during mixing and discharge fron the mixer is an importart ad
in maintaining a umform mix, paticdaly unform corsis
tency. Some recorihg corsisiency meters, such & those oper-
aing from the anperage draw ornhe éedric motor dives for
revdving drum mixers, have &0 occaiondly proved to be
usefu. However, the most pasitive corrol method for main-
taining bach+to-bach uriformity is a reglady schedued pro-
gram of tests of the fresh concrée indudng urit weight, ar
cortert, slump, coase aggreg® corert, and

For a decription of the varous mixer types. refer to the Con-
crete Plart Mixer Standard, Mixer Manufadurers Division of
the Concree Plart Manufadurers Bureau.

C4.133 Mxer Requirements

Low-slump concrée may requre smdler loads than raed
mixer capaity.
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or truck mixers shall be in accordance with
manufacturer's recommendations.

4.13.4 Maintenance Requirements for Concrete
Mixers

All mechanical aspects of mixers or agitators, such
as water measuring and discharge apparatus, con-
dition of blades, speed and rotation of the drum or
blades, general mechanical condition of the units
and cleanliness shall be checked daily. Mixers shall
be examined daily for changes in condition due to
accumulation of hardened concrete or mortar, or
due to wear of blades. Accumulations of hardened
concrete shall be removed.

414 Concrete Transportation Equipment
4.14.1 General

Properly designed bottom dump buckets or hoppers
shall be used to allow placement of concrete at low-
est practical slump consistent with consolidation by
vibration. Discharge gates shall have a clear open-
ing no less than one-third the maximum interior hor-
izontal area or five times the maximum aggregate
size being used. If dump buckets are used side
slopes of transportation containers shall be steep,
being no less than 60 degrees from the horizontal.
Controls on the gates shall permit personnel to
open and close them during any portion of the dis-
charge cycle.

All conveying equipment shall be thoroughly
cleaned at frequent intervals during a prolonged
casting, between casting of different mixtures, or
between stages of the same units such as between
facing mix and backup concrete.

4.14.2 Requirements for Concrete Agitating De-
livery E quipment

Agitators, truck mixers or truck agitators, shall be
capable of maintaining the concrete in a thor-
oughly mixed and uniform mass and of discharg-
ing the concrete with a satisfactory degree of
uniformity. All types of mixers and agitators shall
be capable of discharging concrete at its specified
slump.

4.15 Placing and Handling Equipment

Placing equipment shall be capable of handling
concrete of designed proportions so it can be read-
ily consolidated by vibration. Account shall be
taken of any special degree of harshness or stiff-
ness of the mixes used, of any unusual variations
in shape and position of casting, and of

Commentary

C4.15 Racing and Handling Equipment

Adequde dtertion to padng and hanlthg equpmert is nec-

essary to dlow efficiert handing of réatively low-slump con-

crete, paticuarly gap-graded conde whch will na ready

flow down a chte, dropout of a bucké or hopper,or dis-

charge through gées, dthough it is workalle in pace when
vibrated.
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tions resulting from any unusual items to be cast
into the concrete. The assessment of any special
method or procedure shall be based on the unifor-
mity and the quality of the end product.

Limitations on concrete consistencies and propor-
tions shall not be imposed by inadequate chutes,
hoppers, buckets or gates.

Chutes shall be amply steep, metal or metal-lined,
round bottomed, of large size, rigid, and protected
from overflow. Discharge gates, bucket openings
and hoppers shall be large enough to allow con-
crete of the lowest slump likely to be used to pass
quickly and freely. Chutes shall have a slope not
exceeding 1 vertical to 2 horizontal and not less
than 1 vertical to 3 horizontal.

Chutes having a length that causes segregation
[more than 20 ft (0.3 m)] or having a slope greater
than 1 vertical to 2 horizontal may be used if con-
crete materials are recombined by a hopper or
other means before distribution.

4.16 Batching and Mixing Operations
4.16.1 General

All concrete shall be batched and mixed so that it
represents a uniform mixture, with a uniform ap
pearance, and with all of the ingredients in the de-
signed amounts evenly distributed throughout the
mixture.

Once an appropriate mix design has been devel-
oped and confirmed by laboratory testing or by
other means to assure the suitability of the mix for
the intended purpose, the constituent materials
shall be accurately, uniformly, and consistently
combined to produce a uniform mixture with the de-
sired properties.

To produce concrete of uniform quality, the ingredi-
ents shall be measured accurately for each batch.

MNL-117 3rd Edition

Commentary

C4.16 Batching and Mixing Operations
C4.16.1 General

The am of all batching and mixing procedures is to pradu
uniform concrete containinghe required proportions of mate-
rials. To attain this, it is necessary 4ssure the following:

1. The equipment provided will accurately batch teguired
amounts Of material andthe can be esily
changed, when required.

2. The required proportions of materialfe maintained from
batch to batch.

3. All materials are introduced into the mixer foper Se-
quence.

4. All ingredients are thoroughly intermingled dgyi mix-
ing, and all aggregate particles are completelytezbavith
cement paste.

5. The concrete, when discharged from the mixelt, hei
uniform and homogeneous within each batch and from
batch to batch.

Batching is the process of weighiig volumetrically measur-
ing and introducing into the mixer the ingredieftis a batch
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In addition to accurate measurement of materials
correct operating procedures for the batching and
mixing operation shall also be used. Care shall be
taken to ensure that the weighed materials are
properly sequenced and blended during charging
of the mixers to maintain batch-to-batch uniformity.

Materials shall enter the mixer at a point near the
center of the mixer.

Information on mix designs, batching and mixing
procedures shall be recorded and maintained as
required for other quality control records as out-
lined in Division 6.

Ready mixed concrete delivered to the plant via
truck from off-site batching locations shall be docu-
mented with tickets showing batch quantities, ad-
mixtures, mix designation, design slump and time
of batching.

4.16.2 Batching of Aggregates

Low variation of aggregate grading as batched is
required for the production of uniform concrete.
This is a necessary prerequisite, even when a high
order of accuracy in measurement and superior
mixing and placing are provided.

Under normal conditions all of the aggregates shall
be batched to the mixer after the initial 5 to 10 per-
cent of the mix water has been charged. Eighty
percent of the water is added at this same time.
When heated water is used in cold weather, the ad-
dition of the cement shall be delayed until most of
the aggregate and water have intermingled in the
drum.

Batch weight of normal weight aggregates shall be
based on the required weight of saturated

dry aggregate corrected for the moisture conditions
at the time of batching. The weight setting system
shall provide adjustments of aggregate batch
weights for aggregate moisture, and the moisture
meter shall be able to detect changes of 1 percent
in the moisture content of fine aggregate. The
batch weight tolerance shall apply to the accuracy
of measurement of the corrected weight.

If moisture meters are not used, the free moisture
of the fine aggregate shall be determined at least
daily, or any time a change in moisture content be-
comes apparent. Corrections based on the results
of the tests shall be made. Moisture testing shall
be per ASTM C70 and ASTM C566.

Refer to Article 4.17.7 for lightweight aggregate
batching.

Commentary

of concree. Consisencyin all phases of baching andmixing
is a keyto havng a quéty finished produt Eachmix shoud

be bached in the same sequence andhen mixed the same
lengh of time. Waer corert, dispession of cdor and cenert,

and slump are # cortrolled through uiform baching and
mixing.

Batching of Aggregates

When heted wder is usedin cdd wedher,the order of charg-
ing may requre some modficaion to preveh possble rapd
stiffening.

Cement can fuff up as much & 35 percehwhen aerged for
huk handing, andsand wth intertmedate amourts of surface
moisture canbulk and occupymore spacein a bn or stockple
than avery dry or very wet sand. t is for this reaon tha bach-

ing of cenert and aggredas is done by wight far the most

part.
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4.16.3 Batching of Cement and Pigments

Cement and pigments shall be batched in a man-
ner that assures uniform distribution in the mix. Ce-
ment and coloring pigments shall be charged with
the fine and coarse aggregates but shall enter the
stream after approximately 10 percent of the aggre-
gate is in the mixer. Free fall of cement shall not be
permitted. Cement shall flow from its hopper into
the stream of aggregates through a suitable enclo-
sure chute, usually a tube of canvas or rubber.

If batching by bag, the weight of full bags of cement
shall be checked for conformation to stated weight
once for every 10 bags used and to determine that
tolerances are being met. Any fractional bags shall
not be used unless they are weighed.

4.16.4 Batching of Water

When mixing normal weight concrete, a portion of
the mixing water, between 5 and 10 percent, shall
precede and a like quantity should follow discharge
of other materials. The remainder of the water shall
be introduced uniformly with other materials.
Charging of water shall be complete within the first
25 percent of the mixing time. Where mixers of 1
cu yd (0.8 m®) capacity or less are used, the ag-
gregates may be placed into the mixer first and
then the cement and water introduced at the same
time.

4.16.5 Batching of Admixtures

Admixtures shall be charged into the mix as solu-
tions and the liquid shall be considered part of the
mixing water. Admixtures that cannot be added in
solution may be either weighed or measured by
volume as recommended by the manufacturer. A
procedure for controlling the rate of admixture ad-
dition to the concrete batch and the timing in the
batch sequence shall be established and followed.
Admixture discharge shall ensure uniform distribu-
tion of the admixture throughout the concrete mix-
ture during the charging cycle.

Admixtures shall be charged to the mixer at the
same point in the mixing sequence batch after
batch in accordance with the admixture manufac-
turer's recommendations. Regardless of whether in
liquid, paste or powdered form, the introduction of
admixtures shall generally be at a rate proportional
to that of the other concrete components to assure
uniform distribution into the mix. Liquid chemical
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Batching of Cement and Pigments

Of the corstituert elements of the concree mixture the propor-
tioning of the cenert in the mixture is the most importart de-
teminart of the charaterstics of the concrée. The proisions
outlined hen for bahing andmixing the cenert recogiize the
importance ofthe cenert in the mixture andshodd be ob-
served.

C4.164 Batching of Water

Next to the cemert, the amourt of waer in the concree mix-
ture ha the most significart effed onthe propeties of the con-
crete. Becase of the advese corsequencs of the addtion of
excess water to the mix a varous stages of the manufac¢uring
stringert cortrols on the hanting, measuremert, and
introdudion of waer to the mix shoud be olserved.

C4.165 Batching of Admixtures

Most admixtures are furnshedin liquid form and ofen do no re-
quire dilution or cominuows agtation to maintain ther solution
stahlity. For eae of hanting andincreaed pregion in béch-
ing, adnixtures are preferabe in liquid form

If the adnixture is suppied in the fom of powder. fakes, or
semisolids, a solution shoud be preparecprior to use, fdlow-
ing the reconmenddions of the manufaturer. Whenthis is
done.mixing drums or storagetanks from which the adnixture
will be dspersed shodd be eqipped wvith agtation or mixing
equpmert to keepsolids in suspersion.

Becawe of the fat¢ tha small quarities of admixtures, and
combinaions of admixtures. can creg large changein the
propeties of the fresh and cured concte, the hanting, stor-
age, andmeasuremert of admixtures, which have beenigen
spedal atertion in this documert shodd be olserved.

In some instances. changng the time & which the adnixture is

added dung mixing canvary the degree of eff¢iweness of
the adnixture. Ths may cawe the wder denandto vary which

may cawe incorsisent finish and ctor. For some

cemert caombinations. varying the time & which they are added
during mixing may result in vaning degrese of retarddion or

acceerdion. Varyng dasage rées in dfferert haches may
cause cdor vaiations.
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admixtures shall not be added directly to the ce-
ment or to dry, absorptive aggregate. Liquid admix-
tures shall, in most cases, be charged with the last
portion of mix water. The entire amount of non-re-
tarding admixtures shall be added prior to the com-
pletion of the addition of the mixing water. Addition
of retarding admixtures shall be completed within 1
min. after addition of water to the cement has been
completed, or prior to the start of the last
fourths of the mixing cycle, whichever occurs first.

If two or more admixtures are used in the concrete,
they shall be added separately to avoid possible
adverse interaction. This practice shall be followed
unless tests indicate there will be no adverse ef-
fects or the manufacturer's advice permits intermix-
ing of admixtures.

Tanks, conveying lines, and ancillary equipment
shall be drained and flushed on a regular basis per
manufacturer’'s recommendations. Calibration
tubes shall have water fittings installed to allow the
plant operator to water flush the tubes so that divi-
sions or markings can be clearly seen at all times.

A manually operated admixture dispenser system
shall be furnished a valve with a locking mecha-
nism to prolong the discharge cycle until it is ascer-
tained that all admixture has been discharged.

When finely divided mineral admixtures are used in
bulk, the weighing sequence shall be cement first
and admixture or pigment second, followed by ag-
gregates. This procedure shall be followed when
cement and finely divided mineral admixtures are
weighed cumulatively on the same scale beam.
Pigments shall be preweighed and batched from
packages that are of a size appropriate for a single
batch. Mineral admixtures shall not be charged into
a wet mixer ahead of the other materials. Likewise,
they shall not be charged into the mixer at the
same time as the mixing water.

With central mixed concrete, silica fume shall be
added after (or if ribbon fed, along with) all other in-
gredients. For truck mixed concrete, the silica fume
shall be added to the truck before any other ingre-
dients since it contains much of the batch water
needed for the mix. Metakaolin shall be added to
the batch along with the cement or added after all
other ingredients. Care shall be taken when adding
metakaolin after all other ingredients to ensure that
the mixer is not overloaded and the slump of the
concrete is greater than 4 in. (100 mm).

If more than one achixture is bang wed through asingle ds-

perser withou flushing of the dsperser with waer ater each
cyde, it is necessary to ascettain tha the adnixtures are con-

paible andtha the mixing of the adnixtures prior to introduc-
tion in the mix will not be dérimertal. An advese interadion
might interfere with the effciency of é&her adnixture or ad-
versely affed the concree.

Although adixture baching systems usudly are instlled and
maintained by the adnixture producer, lart operaors shoud

thoroughy undestand the system and be ale to adust it and
perfom simple maintenance.Prior to instlaion of the ds-

perser, the system shoudd be anbyzed careflly to deemine
wha possble baching erros codd occur and, vth the hdp of
the adnixture supgier, they shoud be déiminated.

Minerd admixtures have atendencyto stick to the sides of a
wet mixer drun when charged ahead ofher materials. Also,
they have d@endencyto bdl up when chargethto the mixer &
the same time & the mixing wder.

Adding silica fume last to a truck mixer may result in “head
packng” and inadequee mixing, paticdady in larger loads.
Adding dry desified silica fume last to atruck mixer may pro-
duce inadequie mixing, paticuary in largerloads.
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4.17 Mixing of Concrete

General

All mixers and methods used shall be capable of
thoroughly combining the concrete materials con-
taining the largest specified aggregate into a uni-
form mass of the lowest slump practical for the
product being produced within the established mix-
ing time or number of revolutions.

Care shall be taken to ensure that the weighed ma-
terials are properly sequenced and blended during
charging of the mixers. All concrete materials shall
be discharged to the mixer while the drum or
blades are rotating. In the discharge of component
materials from batching facilities to the mixer, the
solid materials shall, if possible, be arranged in the
charging hoppers so proportional amounts of each
will be ribbon fed to the mixer.

4.17.2 Method s of Concrete Mixing

Concrete shall be mixed by one of the following
methods:

1. Central mixed concrete — concrete mixed in a
central stationary mixer and delivered to the
casting area by buckets, truck agitator or non-
agitating trucks.

2. Shrink mixed concrete — concrete that is par-
tially mixed in a stationary mixer, then mixed
completely and delivered to the casting site in
a truck mixer.

3. Truck mixed concrete — concrete that is com-
pletely mixed in a truck mixer as it is delivered
to the casting site (for backup mixes only)

All requirements for mixing of concrete as given in
this Article are valid for both normal weight

oates as in ASTM C33 and for
aggregates for structural concrete as specified-in
ASTM

The time from start of mixing to placement shall
not exceed 1 hour. Retempering (with water) of
concrete which has started to stiffen shall not be
allowed.

When colored concrete, or buff or white cement
mixes are used in conjunction with gray
with facing and backup

3rd Edition

Commentary

C4.17 Mixing of Concrete
C4.17.1 General

Concrde of satisfactory qudity requres the materias to be
thoroughy mixed uril thereis a unform distribution of the
materidls andthe mix is uniform in appearance. The nesary
mixing time will depend ormmany fadors indudng bdch size,
workahlity of the bach, size and gradg of the aggrege,
type of mixer, condion of Hades, andthe aliity of the mixer
to produce uiform concreée throughot the bach and fran
bach to bach. With some mixes, to reducethe pdertia of sur-
face vads (bughdes), the concrie shodd be mixed slightly
longer than nomal to hdp break up wier dropets and large
air pockes and & the same time beter workalility in
the concrete mass

Varying the mixing time from bach to bach may cawse dffer-
ert degree of dspersion of cenert or cdoring pgment, if
used, andtherefore, dferernt shades of cdor. Ths is paticu-
lally importart when sing whte cemert with or withou cdor
pigmerts and wherthe cdors of the sand and omert are differ-
ent.

C4.17.2 Mehods of Concrete Mixing

3. Truck mixing is only suitable for back-upmixes becase it
usudly results in insufficiert uniformity for unform vi-
sud appearancén architecurd units.

The pratice of adéhg to courtera¢ slump
loss must be careflly monitored to avad pdertiad urifor-
mity prodems
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arate mixers and handling arrangements are re-
quired. Alternatively, the equipment shall be water
flushed several times and completely cleaned to re-
move all concrete residue before being used for
producing a different color mix.

4.17.3 Mixing Time and Concrete Uniformity

Mixing time shall be measured from the time all ce-
ment and aggregate are in the mixer drum. All
water shall be in the drum by the end of the first
one-fourth of the established mixing time. Mixing
time for air-entrained concrete shall be verified and
controlled to ensure the specified air content. The
mixing time required for each batch shall be uni-
form and based upon the ability of the mixer to pro-
duce uniform concrete throughout the batch and
from batch to batch. For each type of mixer, the op-
timum mixing time shall be established by manu-
facturer's recommendations, or mixer performance
shall be determined from tests using two samples,
one taken after discharge of approximately 15 per-
cent and the other after 85 percent of the batch, but
not more than 15 minutes apart, see Table 4.17.3.

When uniformity sampling is done, slump tests of
individual samples taken at the time of sampling
shall be made for a quick check of the probable de-
gree of uniformity. If the slumps differ more than
that specified in Table 4.17.3 the mixer shall not be
used unless the condition is corrected or the opera-
tion changed to a longer mixing time, a smaller
load, or more efficient charging sequence that will
permit the requirements of Table 4.17.3 to be met.

Table 4.17.3. Requirements for of eon-
ete (rom ASTM c-94)
Allowable
Test Deviation
Samples
Weight per cubic foot calculated to
an air-free basis, |b/ft? 1.0
Air content. volume % of concrete 1.0
Slump:
If average slump is 4 in. or less, in. 1.0
If average slump is 4 to 6 in. 15
If used in mix, in. 25

Coarse aggregate content, portion
by weight of each sample retained
on No. 4 sieve, % 6.0

Unit weight of air-free  mortar based
on average for all comparative
samples tested, %. 16

C4.173 Mixing Time and Concrete Uhiformity

Both and are to be avaded. Under
mixing will result in concrée of varabde corsisency andlow
strengh. Ovemixing reults in loss of ar in dr ertrained
mixes, grinding of aggregas, and loss of workablity. Con-
crete mixing procedure shoud be stalished for eachtype of
mixer. Vaiations in mix designs such & lightweight concree
and the use of may requre to stan-
dardmixing procedureused for dher mixes.

The anourt of ar ertrained vares with the type and conition
of the mixer. the anourt of concrée béng mixed, andthe mix-

ing speed and duten. Air cortert increaes as mixer capaity
is approachedMore ar is ertrained & the speed ofmixing is
increaed upto 20 rpm and decreses & higher speed. The
amourt of ertrained ar increaes with mixing time up to abou

5 minutes, beyond wiich it slowly decreaes. However,the ar
void system, as charaterized by spedfic surface andspadng
fadors, generly is na harmed by prdonged agation.

Mixers shoud nd he loaded abovether rated capaities and
shodd be operged d the speed for which they were dsigned.
It may prove benéfia to reducethe bach size bdow the rded
capadty to ersure more efficiet mixing. Increaed ouput
shoud be ohtained by @ing alarger mixer or addiond mix-
ers. rather than by speedng up or ovetoadng the eqipmert
on hand. Ifthe Hades of the mixer becone worn or coded
with hardened concre the mixing adion will be less effi-

ciernt. Bady worn blades should be repaced and hardened con-

cree shoud be renoved peiodcadly, preferaby after each
day’s produdion of concrée.

The most positive corrol method for maintaining

bach unformity is a regliady schedued progran of urifor-
mity tests of the fresh concrée. Schedling of opertions
shoud be careflly cortrolled o preven any déays in the pe-
riod baween charipg the mixer and depsiting the concree in
the molds. Such déays, which cause the concree to be héd in
mixers. trarsporting equpmert or buckes, or anywhere lse
tendto caise non-uiiformity in the paced concite.

See ACI Manua of Concree Inspedion SP-2 for procedurs to
determine coase aggrege content and ar-free urit weight of
mortars.
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4.17.4 Mixing Time = Stationary Mixers

Unless otherwise recommended by the mixer man-
ufacturer, for stationary mixers, the minimum mix-
ing time shall be one minute for batches of 1 cu yd
(0.8 m?) or less. This mixing time shall be increased
by at least 15 seconds for each cubic yard, or frac-
tion hereof, of capacity in excess of 1 ¢u yd (0.8
m?}. The mixing time shall be increased when nec-
essary to secure the required uniformity, particu-
larly for colored concrete, and consistency of the
concrete, but mixing time shall not exceed three
times the specified time. In case a batch has to be
held in the mixer for a longer period, the speed of
the drum or blades shall be reduced to an agitating
speed or the mixer stopped for intervals to prevent
over mixing. Both undermixing and overmixing
shall be avoided.

4.17.5 Mixing Time-Shrink Mixing

When a stationary mixer is used for partial mixing
of the concrete, the time may be reduced to a mini-
mum of 30 seconds, followed by not less than 50 or
more than 100 revolutions at mixing speed in a
truck mixer. Any additional revolutions in the truck
mixer shall be at agitating speed in accordance
with mixer manufacturers recommendations.

4.17.6 Mixing Time = Truck Mixing

For mixing in a truck mixer loaded to its maximum
capacity, the number of revolutions of the drum or
blades at mixing speed shall be not less than 70 nor
more than 100. If the batch is at least 1/2 cu yd
(0.4 Mm% less than the maximum capacity, the num-
ber of revolutions at mixing speed may be reduced
to 50. All revolutions in excess of 100 shall be at ag-
itating speed per mixer manufacturer's recommen-
dations.

An absolute minimum of 100 revolutions at a speed
of at least 15 revolutions per minute shall be used
for truck mixers mixing concrete containing silica
fume or metakaolin. When using dry densified sil-
ica fume, these requirements must be increased to
120 revolutions at a minimum speed of 15 revolu-
tions per minute. The load size shall be limited to
not more than 75 percent of rated mixing capacity
when truck mixing mixes including silica fume.

4.17.7 Special Batching and Mixing
Requirements for Lightweight Aggregates

Lightweight aggregate concrete shall be batched and
mixed as recommended by the producer of the ag-
gregate. Batch weights of lightweight aggregates
shall be based on weights corrected for ab-
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C4.17.4 Mxing Time . Stationary Mixers

Mixing time less than tha spedfied by the manufadurer may
be pemitted provded perfomancetests indcae tha the time
is to produce uiform concrée.

C4.17.7 Special Batching and Mixing
Requirements for Lightweight Aggregates

ACI 211.2 Standard Pradice for Seleding Proportions for
Studurd Lightweight Concreée provdes addtiond informa-
tion onthe e of lightweight aggregtes.

When a lightweight concrée mix is used for the frst time, the



Standard

sorbed moisture or absorbed moisture plus surface
moisture.

Lightweight aggregate may require pre-dampening
prior to batching. Aggregate shall be tested for
water absorption with the minimum moisture con-
tent likely to occur during production.

With aggregates having less than 10 percent total
absorption by weight or shown to absorb less than
2 percent water by weight during the first hour after
immersion in water, pre-dampening prior to mixing
is not required.

If lightweight aggregate absorbs more than 2 per-
cent water by weight, it shall be pre-dampened and
a mixing procedure developed that is shown to pro-
duce concrete of uniform quality.

4.17.8 Cold Weather Mixing

Concrete temperatures at the mixer shall be main-
tained above a minimum of 50 deg. F (10 deg. C).
Materials shall be free from ice, snow and frozen
lumps before entering the mixer.

When exposure to cold weather is severe, due ei-
ther to low air temperature, or because the concrete
sections are thin, the temperature of concrete shall
be increased by heating to assure the concrete tem-
perature does not fall below 50 deg. F (10 deg. C).
To accomplish this, the mixing water and, if neces-
sary, the fine aggregates shall be heated. Aggre-
gates shall not be heated above 180 deg. F (80
deg. C).

To avoid the possibility of premature stiffening or
flash set of the cement when either the water or ag-
gregates are heated to a temperature over 100
deg. F (40 deg. C), water and aggregate shall
come together first in the mixer so that the temper-
ature of the combination is reduced below 100 deg.
F (40 deg. C) before the cement is added.

Any material used in a liquid or slurry form shall be
protected from freezing. Powdered materials shall
be protected from moisture. Any material that has
deteriorated, has been damaged by frost, or has

Commentary

mixing and hanlthg procedure shoud be checkedo make

sure they are adeqie to produce uiform concreée of the

qudity spedfied. Insuch a cae, the aggrega produces rec-
may be paicuady hdpful.

Knowledge of the aggrede wder alsorption charateristics
simplifies the process of baching lightweight mixtures, asur-
ing propermixing in a of time. If lightweight aggre-
gae unt weight varies, then b&hing by vdume raher than by
weight is necessary

C4.17.8 Cold Weathe Mixing

To hdp provde for produts of cdor, concrée tem-
perdures shodd be & uniform as pradicade from béach to
bach.

When concree temperdures are less than 50 degF (10 deg.
C) the time requred for the concree to gan strengh is gredly
extendedor stopped.

Where ho water is used for a minimum concree
temperaure, provsions shoud be made for the opertor to
readthe temperaure ofthe wder beforeit enters the mixer and
after pessble Hendng with cdd weter.
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been contaminated shall not be used in the produc-
tion of concrete.

4.17.9 Hot Weather Mixing

Concrete temperature at the mixer shall be main-
tained below a maximum of 95 deg. F (35 deg. C)

If high temperatures are encountered, the ingredi-
ents shall be cooled before or during mixing, or
flake ice or well-crushed ice of a size that will melt
completely during mixing, may be substituted for all
or part of the mixing water to avoid low slump, flash
set or cold joints.

4.18 Requirements for Transporting and
Placing of Concrete

4.18.1 General

Proven and effective procedures for placing con-
crete are described in detail in the following publi-
cations of the American Concrete Institute:

1. Recommended Practice for Measuring, Mix-
ing, Transporting, and Placing Concrete (ACI
304)

2. Recommended Practice for Hot Weather Con-
creting (ACI 305).

3. Recommended Practice for Cold Weather
Concreting (ACI 306)

These publications shall be available in precast
concrete plants and supervisory personnel shall be
familiar with their contents.

Sufficient mixing and placing capacity shall be pro-
vided so the products are free from unplanned cold

MNL-117 3rd Edition

Commentary

C4.17.9 Hot Weather Mixing

Care shoud be takenin ha climates to praed bach materia
storage lins and waer lines from dired sun.

Concree temperdures higherthan 80 degF (27 deg. C) will
result in a faster setting rde, \vsible flow lines, and pssble
cdd joints. Since hgh temperdure concree ha a reduced
workalility time avédade for padng and cosolidding,
proper scheduing of the concree dacamert is necesary.

High temperaures in face mixes @ time of pgadng can crede
unaccefabe finishes and vaiations in cdor.

If false set occus, the mix shoud sit for 1 to 3 minutes and
then the mixer restarted for 30 adiiond second. The renix-
ing of fdse set will mechaicdly breakthe fdse set and pro-
vide a galde mix.

C4.18 Reuirements for and
Placing of Caoncrete

C4.18.1 General

In arrangng equpmert to minimize separdéion or segregdon,
it is importart tha the concrte drop veticdly into the cerer
of whaever comainer recéves it. The importance ofthis in-
creaes gredly with incre@es in slump, maximum size and
amourts of coase aggreg®, and \ith redution in cemert
cortert. The heght of free fdl of concrée need nb be limited
unless a separéion of coase paticles occus (resulting in hon-
eycanb) or uriformity of appearancés affeded, in which cae
alimit of 3to 5 ft (0.9to 1.5m) may be adequa. However,
ta proted spaces, embedded fetres and mold surfaces, and
to prever displacement of renforcemert, concrée fdl in
molds shoud be limited, by mears of a suitade drop chte or
other devce, to within a few fee of concrée in pace. Whéher
such a fdl is into mold orinto a hopperor bucke, the find
pottion of the dropshoud be veticd and withou interference.
If molds are sufficiertly openso concrée canbe droppedinto
them with little or no dsturbanceto reanforcamert or face mix,
etc., dred dischargeinto molds is usudly faster and saves the
labor of padng. moving and renoving hoppes and drop
chues. Where dred dumping is pradicabe, it results in little
but unmportant scatered separdion, wherea fixed drop
chues often case corsiderabbe separéion due éherto flow-
ing pr stacking of the concree.

If concree is placedin layes to produce amondithic and V-
sudly accepalde finished pacemert, it is importart eachlayer
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joints or a plane of separation. If delays occur
which result in the concrete attaining its initial set
so it will not receive a vibrator and again become
plastic, partially filled molds shall be washed out or
partially cast units rejected.

The concrete consistency and desired surface ap-
pearance will also affect the placement method
employed; the lower the slump or water-cement
ratio, the shallower the lift that shall be used. The
time lapse between placing face mix and backup
mix shall be short enough to ensure proper plastic
bonding between the layers and shall occur prior to
face mix attaining its initial set.

4.10.2 Transporting and Placing Concrete

Since the workability of concrete decreases with
time after mixing, the concrete shall be transported
from mixer to forms in the shortest possible time
and in such a manner as to prevent segregation or
loss of mortar.

Free water or excess grout shall not drip from
buckets onto a retarder film or previously finished
concrete during the placing operation.

Before the beginning of a new run of concrete,
hardened concrete and foreign matter shall be re-
moved from the surfaces of the equipment in-
volved.

The need for agitation during transportation will de-
pend on the length of time between completion of
mixing and discharge of the concrete.

Regardless of the manner of transportation, con-
crete shall be discharged into the molds while in its
original mixed or plastic state. Retempering by
adding water and remixing concrete which has
started to stiffen shall not be permitted.

4.18.3 Preventing Aggregate Segregation

Only those methods and arrangements of equip-
ment shall be used which result in placing concrete
in a uniform, compacted condition without separa-
tion of coarse aggregate and paste. Obvious clus-
ters and pockets of coarse aggregate are
objectionable and shall be scattered prior to placing
concrete over them to prevent rock pockets and
honeycomb in the completed unit. Placing methods
used shall preserve the quality of the concrete, in
terms of water-cement ratio, slump, air content,
and homogeneity.

Commentary

of concrée be shallow enough so it may be paced wiie the
previous layer is still plastic (prior to initiadl set and/or
tion of bleed waer) andthe two layes be vbraed togeher.

C4.182 Transporting and Pladng Cancrete

Trarsportation of concrée to the padng site shodd be eviu-
ated and procedusemaintained to avad unnecesary changse
to the concree.

The we of non-agating trucks to transport concrée corain-
ing silica fume or is na recanmended.

C4.183 Prevating Aggregate Segregaton

Scatered individud pieces of separded coase aggrege are
not objedionable if they are readly endosed and cosolidated
into the concrete as it is placedand vibrated.

It is a canmon fdlacy to bdieve tha segregéion occuring in
handing will be diminaed by subsequen pladng and cosoli-
ddion operéons.

Concree shodd nd be dumpedin separde ples andthen lev-
eled and workedogeher, nor shoud the concree be depsited
in large jles and moved hoizortaly into find position. Such
pradices result in segregéion becase mortar tends to flow
ahead of coaer material with resultart visible flow lines on
expaosed surface. Aso, dadng concrée on concrete areadyin
the mold minimizes loose aggreg rollout and swirl pdterrs
during corsolidation, andit minimizes addtiond ertrapped &
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4.18.4 Preparation of the Molds

Prior to concreting, the mold shall be cleaned and
any unwanted materials, such as tie wire clippings,
shall be removed by compressed air, vacuum
cleaning, or other methods. If required, before
placing either reinforcing steel or concrete, a form
release agent or retarder shall be carefully and uni-
formly applied to all mold surfaces that will be in
contact with the concrete to provide easy release
and stripping of the element from the mold consis-
tent with the required finish.

4.18.5 Placing Concrete Under Severe Weather
Conditions

Freshly deposited concrete shall be protected from
freezing, excessively high or differential tempera-
tures, premature drying, and moisture loss for a pe-
riod of time necessary to develop the desired
properties of the concrete.

Concrete as placed shall be at a temperature be-
tween 50 deg. F (10 deg. C) and 95 deg. F (35
deg. C) and as uniform as is practical from one
batch of concrete to another for a specific project.
Measures shall be taken during severe weather
concreting operations so that the concrete remains
plastic for a suitable placing and finishing period
and then gains strength under favorable curing
conditions.

4.18.8 Placing Concrete in Wet and Rainy
Conditions

Because of the nature of the architectural precast
concrete production process, the producer shall
have adequate weather protection provisions on
hand at all times for outside production activities. It
shall be possible to deploy the weather protection
provisions without compromising the quality of the

3rd Edition

Commentary

beweenthe depsits a the mold face

Where mixtures of dry or stiff consisendes are requred. the
placemert rate shoud be slow enoughto pemit proper vbra-
tion in orderto avad and honeyambing. Pladng
concrée too slowly can layer lines or cdd joints due
to improper comolidaion. The rée of dacenert and vbraion
factors (intersity. spadng) shoud be seleded to minimize en-
trapped & in the concree. Thn, even layes of 6 in. (150
mm) or less can be cosolidaed wth orly smal ar hdes
likely to show; layes thicker than 12in. (300 mm) will in-
creae the paeshility of trappng more andlarger & hdes. For
this reason, the e of a facemix or aspedally placedmix of
only tto 2in. (25to 50 mm) thick may he advsahe.

C4.185 Placing Concrete Under Severe Weather
Conditions

Using wedher daa for the prodution area,temperdure ex-
tremes and durdions can beidertified. A gan of procedur®
for severe wether condions shodd be devped for se
whenever wether condions dictate.

Optimum concree temperaure for gadng is recanmended a
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4.18.7 Placing Concrete in Hot or Windy
Conditions

For concrete placed in hot weather, the tempera-
ture of concrete at time of placing shall not be
above 95 deg. F (35 deg. C). Adequate moisture
shall be retained in the concrete during the curing
period to prevent surface drying. The temperature
of the concrete as placed shall not be so high as to
cause difficulty from loss of slump, flash set, or cold
joints.

When the ambient temperature is above 80 deg. F
(27 deg. C). methods shall be taken to protect con-
crete in place from the effects of hot and/or drying
weather conditions.

Commentary

C4.18.7 Padng Concrete in Hot or
Conditions

The upperlimit of 95 deg.F (35 deg.C) for concrée pace-
ment temperdure is a guddine whch may needto belowered
for spedfic materiadls which respond negtively a higher tem-
perdures. If problems ate encoutered wing 95 degF (35 deg.
C) as an uppellimit for materias in use, the maximum temper-
ature shodd be reduced uih prodems are diminaed.

Wind or dired sunlight can havesignificart and rapd drying
and shrinkage effets. These dong wth low humidity are
items which must he comssidered and gdsted for dumg dace-
mert of concrée.

If hot and/or drying wedher condions occur, any ofthe fol-
lowing procedure or canbingion of procedure may be sed
to preven plastic shrinkage cradkg of concréee or loss of
strength:

1. Shadedstorage for aggreges.

2. Sprinkling or fog spraying of aggredas or chlling ag-
gregdes with liquid rnitrogen

3. Burying, insulating and/or shadng waersupdy fadli-
ties.

4. Use of cdd water in baching,

5. Use of shaved or crehedice for a paiion of the mixing
water. Orly as much ice shoud be sed & will be en-
tirely melted a the conpletion of the mixing perod.

6. Maintaining concrete surfaces in a cod and moist cond-
tion by use of coveings such & wet burlap or by sprin-
kling or as soon & expesed concree surfaces are
finished.or as soon & water sheen ‘Ibis is es-
pedaly importart for ha, windy. expeed locaions.

7. Shadng of produt surface duing and ar cating to
avdd hea buldup in dred sunlight.

8. Do nd use cenert with temperaures over 170 degF (77
deg.C)

9. Whte ggmerted membranes may be sed bu are nat rec-

in very hat weaher for the first 24 hr. afer

casting sincethey do no cod the concrée & much & wet
curing methods.

10. A setretardng adnixture indudedin the concrie mix
may deéay concrée setting time in ha wedher and gre a
longer peind for gadng and inishing.

11, Whenthe temperdure of sted is greder than 120 deg.
F (50 deg.C), sted molds and rénforcamert shodd be
sprayed vith water just prior to pladng the concree. Sur-
face ofmold shoud be free of isible water drodets prior
to padng concrée since waer dropets will often appear
as voids on the concree surface, evenif propety vi-
brated.
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4.18.8 Placing Concrete in Cold Weather
Conditions

Special precautions shall be taken to protect con-
crete placements in cold weather [below 40 deg. F
(5deg. C)] so that the concrete gains strength
under favorable curing conditions.

4.18.9 Placing Facing Concrete

When placing the initial concrete face mix, care
shall be taken to avoid coating the reinforcement
with cement paste which may endanger proper
bonding in the second stage of concreting. Where
this coating cannot be prevented, the placing of the
backup concrete mix shall be done prior to the
hardening of such coating, or it shall be cleaned
off. Alternatively the placement of the reinforce-
ment shall follow the consolidation of the face mix.

Facing concrete shall be carefully placed and
worked into all details of the mold. This is particu-
larly important in external and internal comers for
true and sharp casting lines. Concrete shall be
placed so that flow is away from comers and ends
rather than toward them. Each batch of concrete
shall be carefully ribboned on, as nearly as possi-
ble, in final position, into previously cast concrete
until the mold is filled and the whole mass consoli-
dated by vibration with as little shifting as possible.
Concrete shall be spread, if necessary, with a
short-handled, square-end shovel, a come-along,
hoe, or similar solid faced tools. If toothed rakes
are used to spread concrete, care shall be taken to
prevent concrete segregation

Concrete shall not be subjected to any procedure
which will cause segregation or flow lines. When a

MNL-117 3rd Edition

Commentary

Pladng Concretein Cold Weather
Conditions

Concrde can be lacedsuccessully when anbiert temperdure
falls below 40 deg.F (5 deg.C). This is done by heiing the
molds to maintain a minimum concrée temperdure of 50 deg.
F (10 deg.C). The eistence of vindy and ctd condtions may

dictate added predion to maintain temperdure of the mold

andthe concrete after dacement.

The mold temperdure shoud be abotithe same as the concree

temperdure. An opimum of 75to 80 degF (21to 27 deg.C)

is desirable. It is more importart tha the temperdures remain

relatively corstart from unt to unt throughot the prged
rather than wheher they are neathe upperor lower levd of a
temperdure range.

C4.189 Radng Fadng Concrete

Paste coding of stand or mild sted reinforcamert duiing
placenert shoud be of no concern uf the top of the sec-
tion, abovetha, paste shodd be kep from or deaned fren al
reinforcamert.

The e of separde face and backumixes or the se of a ui+
form concrée mix throughot the urt depend on econmics,
the type of finish requred, the confguraion of the urit andthe
pradice of the paticuar precating darnt. Members with intri-
cate shape and deepnarrow sedions one
uniform concrete mix throughot

Where an aggregte or fnished facemateria changs within a
pané, a defnite fedure (denarcdion strip) shoud be inserted
into the pank face to fadlitate cating andto achieve anac-

demarcaion joint beween fnishes. Two concrée
mixes with dfferert cdored matrices expsed d the face ofthe
pané shoud generfly na be wwed wthin one uit urless a
technque is used to prevemn mixing of the two mixes. For ex-
ample, the two-stage 6equetia) precating method where one
pan of a uit is cast first of onemix and, after cuing. is cast
into the total unit has beensuccesdully used.

Units with large orsteep réurns (such & channé cdumn cov-
ers and some spandrds) may be cast in separdée fieces in order
to acheve matching high qudity finishes on dl expsed facs
andthen joined with dry joints. Althoughthe dryjoint may nd
show with cetain mixes and textures, a groove or guk will
hep to mask the joint. Where dsired, this joint can bere-
cessed deep enougho dlow instlaion of asmel backer rod
and pacemert of al/4 in. (6 mm) bead ofjoint sedart. Some-
times precations may be to ersure wader tightness
of the dryjoints. Care shoud betakento ensure tha the rdurn
is jigged and hdd securdy a the proper arig duing produc-
tion ofthe bae pané
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retarder is used, the concrete shall not be moved
over the mold in such a manner that it would disturb
the retarder. Concrete placing on a slope shall begin
at the lower end of the slope and progress upward
thereby increasing compaction of the concrete.

The thickness of a face mix after consolidation
shall be at least 1 in. (25 mm) or a minimum of 1-
1/2 times the maximum size of the coarse aggre-
gate, whichever is larger. A face mix shall be thick
enough to prevent any backup concrete from show-
ing on the exposed face.

4.18.10 Placing Backup Concrete

In placing backup concrete, care shall be taken to
break the fall into the mold so that it will not dis-
place the face mix.

4.19 Consolidation of Concrete
4.19.1 General

Concrete used in architectural precast concrete
units may be uniformly consolidated by internal, or
external vibration (with or without vibrating table),
surface vibrators, spading, by impact, or a combi-
nation of these methods.

Consolidation of concrete mixes shall accomplish
full coating of the coarse aggregate and reinforce-
ment with cement paste. Air pockets around un-
coated reinforcement which create potentially
corrosive environments shall be avoided by the se-
lected consolidation methods.

After the proper vibrating equipment has been se-
lected, it shall be operated by conscientious and
well-trained operators who will consistently main-
tain the proper vibrator spacing and vibration times,
and who have been trained to judge when the con-
crete is adequately consolidated.

Regardless of the techniques used for vibration, its
effectiveness shall be judged by the surface condi-
tion of the finished concrete, unless circumstances
indicate a more in-depth evaluation is needed. If
surface defects such as honeycombing, aggregate
or mortar pockets and excessive air bubbles are
common, the vibration procedure, number and
depth of lifts or other procedures shall be revised
as necessary to produce acceptable surfaces.

Vibration procedures shall be evaluated at the be-
ginning of a project to determine the vibration time
for each type of vibrator for each mixture, mold

Commentary

The 1 inch minimum thickness of face mix dimension
is chesen becase the comsolidated faceis nomally usedto
provide theproper concrete coverover the reinforcement. For
units not exposed to weather or for face mixes iegplace-up,
this dimension may be reducedo 314in. (20mm) provided
the backup mix does not bleed through the face mix.

Placing Backup Concrete

The allowable time intervd beween padng facemix and
backup mix depends on the concrete mix, the terhpes of
the mix and the ambient air. athe drying conditions near the
mold.

C4.19 Consolidation of Concrete
C4.19.1 General

Vibraion shoud be dstributed so theconcrete is thoroughy
consolidated, producing a dense, mass with surfaces
free ofimperfedions or Hemishes. The optimum time of -
bration depends on the type of vibrator. the misrabteristics,
andthe confguraions of mold and reinforcemert. Redudng
the \ibraion time onthelastlift in returns will result inin-
creased bugholes.

The selection of the best vibrator or vibratimethod involves
factors such as:

1. Size, shape, type and stiffness of molds.
2. Concrete mix and consistency.

3. Plant preferenceased on experience.

Unless there is a gross violation of recommender ptopor-
tioning and vobration procedurs it is difficult to harm con-
crete by excesie \ibraion, provded tha the foms are
designedto withstandthelonger durtions of high frequency
vibration. Under ibration is far mere common thanover vi-
bration.
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type and configuration. Each member and concrete
layer shall be vibrated for the same time duration,
consistent with the slump of the concrete as deliv-
ered tO the mold.

4.19.2 Consolidation of Lightweight Concrete

In consolidation of lightweight concrete precautions
shall be taken to avoid aggregate floatation caused
by over vibration.

4.193 Consolidation of Face and Backup Mixes

Special attention is required for consolidation of
face mixes, especially if the aggregates are to be
exposed later by removing the paste from the sur-
face.

The layers of face mix concrete shall be as level as
possible so that the vibrator does not need to move
the concrete laterally, since this will cause segrega-
tion, see Article 4.18.9. Where there are some
mounds or high spots in the surface of the concrete
as placed, a vibrator shall not be stuck into the cen-
ter of each mound to knock it down, but instead
leveling shall be by hand or mechanical

4.19.4 Use of Internal Vibrators

Care shall be taken to ensure proper vibration with
minimal penetration of the backup mix into the face
mix. All vibrating shall be done by workers specifi-
cally trained to use internal vibrators in the correct
manner, with emphasis on the fact that vibrators in
concrete must be moving at all times.

MNL-117 3rd Edition

Commernary

C4.19.2 Cosolidation of Lightweight Concrete

In corsolidation of lightweight aggregge concrée, careshoud
be taken no to over vibrae. Since the coase aggreg® pat-
cles arethe lightest solid ingrederts in the mix, over vibraion
can case the paticles to rise, so tha finishing probbems result
from “floding” aggregte which coud cawse the strengh to be
non-uriform throughthe degh of the member. In addion to
carein vibraion, the wse of slumps less than 4in. (100 mm)
heps gredly in avading segregéon, duing bdh handing of
the mix and comsolidaion and inishing.

C4.19.3 Casolidation of Face ad Badckup Mixes

During \ibraion each indvidud coase aggrege paticle
moves in dl diredions through the mortar. At the same time
each paticle is turning about its shorter axis andstriving to og¢-
cupy a paition so that it can pentate the cenert mortar most
easily. As the aggrega pengrates and thorougtly mixes with
the mortar, any wéer or ar bubbes that are trapped beneh it
becane rdeaed andstat to move upward. The prose can
occur oty if thereis sufficiert mortar presert.

Expeienced and cwopedert vibraor operdors working with
regualy maintained vbraors and sufficiert standby uits are
esertial to a satisfactory corsolidaion progran. There is a
tendency forinexpetenced vbraor oper#ors to merdy flatten
the bach. Proper comolidaion is assuured oty whenthe dher
items evidenéng adequi \ibraion aresought and dained.

C4.19.4 Ue of Internal Vibrators

The dstance baween vbraor insettions shdl generdly be
abotu ] to 1-1/2 times the radus of adion, orsuchtha the area
visibly affeded by the \ibrator ovetaps the aglacen justvi-

brated area by a fewnches. The vbraor shdl na be inserted
within 2 ft. (0.6 m) of anyleadng (unconifned) edge.

Employing internd vibraors in this manner vill minimize en-
trapped & beweenthe concree andthe mold and bend the
two layes.

Consolidating Flowing Caoncrete. When cating urits with

corstricted dmenrsions or limitations on the anourt of corsoli-

daion effot which may be apped, a Igh slump, flowing con-
crete shodd be wed. When cosolidding this concrée, wse a
large anplitude (.e., large dameter) internd vibraors inserted

a a dose spadng and withdrawn slowly. While corsolidaing

in this manner,the surfaceshoud be exanined for evdence of
excess water or pate, andif this does appearthe amourt of

corsoliddion effot used shodd be reduced. Theidgh-slump,

sdlf-levding charateristics of the fowing concrée may appear
nat to need any cawolidation effot. However, &least nomind

vibration shoud be proidedto diminae large & voids.
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Vibrators shall not be allowed to contact forms for
exposed concrete surfaces. Internal vibrators shall
not be inserted closer to the form than 2 to 3 in.
(50 to 75 mm). Care shall be taken to avoid vibrat-
ing the reinforcement. Also, care shall be taken not
to displace cast-in hardware or disturb the face
mix.

When internal vibrators are used to consolidate
concrete around epoxy-coated steel reinforcing
bars, the vibrators shall be equipped with rubber or
nonmetallic vibrator heads.

4.19.5 Use of External Form Vibrators

External vibrators shall be securely fixed to the
forms to obtain the maximum vibration effect and to
avoid damage to vibrators and forms. During the
casting operation, a check shall be made to verify
that the vibrators are in operation and firmly in
place.

The size and spacing of form vibrators shall be
such that the proper intensity of vibration is dis-
tributed evenly over the desired area of form and
no form damage occurs.

4.19.6 Use of Surface Vibrators

Surface vibrators shall be of a type and shape, and
shall be applied in such a manner that will prevent
suction action during use. Surface vibrators shall be
moved at a rate so vibration is sufficient to embed
the coarse aggregate and bring enough paste to the
surface for finishing. The vibration and rate of
movement shall be sufficient to compact the full
depth of the concrete layer. Solid plate and bull float
vibrators shall be operated at a slight angle from the
plane of the concrete surface for best results.

If grate tampers are used, the concrete slump shall
not be over 2 in. (50 mm). Vibrating grate tampers
shall not be used for structural lightweight aggre-
gate concrete.

Commentary

The \braion frequenies which affe¢ the aggredgas and
tines of a concre mix range mm 1,200to 14,000 cykes per
minute The lower frequenies adivate the large dameter par-
ticles, andthe hgher frequenes affed the fines and cenert in
the mix and @&ure coverage ofarger paticles with a canplete
film of grou.

Vibraors cortading foms for expsed concrie surfaces may
mar and dfigure the concree surface. Inernd vibraors in-
serted dose to the form may cawse the coase aggrege to be
driven away fron the fom face produimg locd pockes of
fine material (stinger marks) on the surface. \Vibraion of ren-
forcement may cause reinfordng sted refledion fedures visi-
ble in the surface ofthe finished produt

C4.195 Use of External Form Vibrators

The spadng of exernd form vibraors is a fundion of the
type, stiffness and shape ofthe fom, degh and thickness of
the concree, force otput per ubrator, workallity of the mix,
and vbraing time.

Forms shoud be paced on neoprerisolation pad or other re-
sitient base material to prevemn trarsmisson andloss of vibra-
tion to the foundaion.

On large prgeds tria produdion of typicd pieces may be ap-
propiiate & presert knowledge is inadequte to predct an
exad solution to the canplex prolbem of vibraor spagng.

C4.19.6 We of Surface Vibrators

Surface vbrators which may be sed to corsolidae thin layes
of concrée like faéng mixes indude \brding screed; a small
plate or gid vibraory tamper [wudly 2to 3 f (0.6to 0.9 m)
squarein area] powered by an texnd ar vibraor; handjitter-
bug bul floas with vibrators mourted dong the rib sedion of
the foas. Vibraors on the bdl floas shoud be mourted so
that ther shatts rotate in oppeite dredions.

When sing surface vibrators, care shodd be exerised to pre-
vert a snmooth facemix back surface wiich may result in poor
bond of backup concte.
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4.19.7 Use of Vibrating Tables

Care shall be taken to obtain the proper distribution
of vibration. The number and location of external vi-
brators to be used on a vibrating table shall be de-
termined on the basis of adequate amplitudes of
vibration and uniform distribution over the entire
concrete surface. The frequency and amplitude
shall be checked at several points on the table,
using a vibrograph, vibrating reed tachometer, or
other suitable method. The vibrators shall be
moved around until dead spots are eliminated and
the most uniform vibration is attained.

4.20 Requirements for Curing Concrete
4.20.1 General

Freshly deposited and consolidated concrete shall
be protected from premature drying and extremes
of temperature. The curing concrete shall be main-
tained with minimal moisture loss at a relatively
constant temperature for the period of time neces-
sary for the hydration of the cement and proper
hardening of the concrete. Curing procedures shall
be well established and properly controlled to de-
velop the required concrete quality and stripping or
transfer strength. Curing procedures shall minimize
any appearance blemishes, such as non-uniformity
of color, staining or plastic shrinkage cracking.

To produce concrete of uniform appearance, consis-
tent and uniform curing conditions shall be provided.

Protection of concrete surfaces against moisture
loss to prevent shrinkage cracking of silica fume or
metakaolin concrete shall begin immediately after
finishing, whatever the finishing process may be.
High dosages of silica fume or metakaolin produce
concrete with significantly reduced bleeding.
Therefore, there is no requirement to wait for the
bleeding to conclude before initiating protection of
surface.

4.20.2 Curing Temperature Requirements

The concrete in the mold shall be maintained at a
temperature of not less than 50 deg. F (IO deg. C)
during the curing period. Curing shall be started im-
mediately following initial set of the concrete. The
time between placing of concrete and the start of
curing shall be minimized in hot or windy weather
to prevent loss of moisture, and the resultant drying
and plastic shrinkage cracking.
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Commentary

C4.19.7 We of Mibrating Tables

Vibraing tables or casting declks are bst used for fat or low

profile urnts, and prowde an esy and effetive method for ap-
plicaion of exernd vibraion

The frequency andneplitude of vbraing foms and vbraing
taHes equpped wth exernd vibraors shodd be déemined &
sufficiert paints to estahish ther distribution overthe surface.
Inadequée amplitudes cawse poor comolidaion, while exce-
sive locd amplitudes cawse the concrée to rdl and tumble so
that it does nat corsolidae propely.

Requirements for Curing Concrete
General

The cuing of concrée depend on many varaldes, induding
the mass of the member, type and propdies of cemert, ar

temperaure, humidity and dher varaldes. The cuing perod
of concrée which is of significart interest is duiing the ealy
stages of strengh devéopmert fmm initiad set urtil the con-
crete ha reached a dign strengh for stripping or the
member. Curing invaves the maintaining of a satisfadory
moisture conert and temperdure in concrée. If concrée is d-

lowed to lose moisture, it may suffer alack of devé-

opmert and pdertia plastic shrinkage cracing as the surface
moisture is lost Therefore. concte surfaces shodd be pro-
teded to preven rafdd loss of moisture whle the concree is
plastic.

Curing Temperature Requirements



During the initial curing period (prior to stripping)
positive action shall be taken to provide heat (if
necessary to maintain minimum temperatures) and
to prevent loss of moisture from the unit. Curing
materials or methods shall not allow one portion of
an element to cure differently or dry out faster than
other portions of the element.

4.20.3 Curing to Attain Specified Stripping or
Release Strength

Curing temperature and duration of curing shall as-
sure the stripping strength indicated on the produc-
tion drawings has been reached before a product is
removed from its mold. The stripping strength shall
be set by the design engineer, based on the char-
acteristics of the product. It shall be high enough
to ensure that the stripping does not have a delete-
rious effect on the performance or the appearance
of the final product.

Prior to stripping, transfer of stress, or handling, the
strength of the product shall be determined by test
specimens cured, as nearly as possible, in the
same manner as the product.

In addition to regular test cylinders cured in accor-
dance with ASTM requirements, for units where ship-
ping or erection strength may be critical, extra test
cylinders shall be made and cured similarly to the
precast concrete units to verify curing results and es-
timate the strength of units at time of shipping.

The establishment of a strength level where expo-
sure to local climatic conditions is considered safe
by individual plant standards or local practices (see
Article C4.2.) shall not relieve the precast concrete
manufacturer of responsibility to verify that the
products have reached the required final design
strength.

4.21 Accelerated Curing of Concrete
4.21 .1 General

Accelerated curing procedures shall be developed
based on efficiency of concrete strength develop-
ment without damaging the concrete. Temperature
guidelines for accelerated curing, no matter which
method is used. are as follows:

1. The controlling temperatures shall be those
achieved within the concrete elements, not

Commentary

Retertion of the hea released by the hydrdon of the cenernt
can be sed advatageosly by to provde much of
the he&for culing. Irsulated tarpalins are effedively used for
a canbination of moisture and hedaretertion. Accéeraed cut-
ing is the we of added heao increae the rate of the hydréion
readions.

Differertial cuing of an éemert may produce clor vaiations
in the fnished produt and differertia shrinkage ofthe con-
crete which canleadto warpng of the éemert.

Curing to Attain Spedfied Stripping or Re-
lease Strength
Usudly stripping or release

mum of 2000 i (13.8 MPa) for
3000 psi (20.7MPa) for units

are spedfied & a mini-
precat and

C4.21 Accelerated Curing of Concrete
c4.21.1 General

Curing procedure shoud be déemined on au expenertal
basis and areimportart, since they ix the totad culing time
within the 24-hr cyde esertia to econmnic

precations shodd be taken wth accéeraed cuing of
units using surface réardes to make certain that the properre-
tarder is seleded andtha retarddion is uriform and effetive
a time of stipping andtreaing the surface.
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ambient temperatures of the curing area.

2. The beginning point for adding heat or elevat-

ing curing temperature over placed concrete
temperatures shall be determined by using
ASTM to determine when the mortar
strength has reached 500 psi (3.4 (initial
set). For each mix design being considered,
the results of three or more time of setting
tests shall be plotted together. The best fitting
smooth curve shall be drawn through the data
points. These shall be used to determine the
preset time which will be just beyond the de-
velopment of 500 psi (3.4 mortar com-
pressive strength.

Care shall be taken to maintain the ASTM

test sample within the temperature
range of 66 deg. to 77 deg. F (20 deg. to 25
deg. C). Once the preset time has been estab-
lished for a particular mix design, it shall be
adhered to. Heat application to the curing area
may be required immediately in cold weather
[below 50 deg. F (10 deg. C)] to maintain or
regain placed concrete temperatures.

3. For accelerated curing, heat shall be applied

at a controlled rate following the initial set of
concrete in combination with an effective
method of supplying or retaining moisture.
Heat gain of not over 80 deg. F (27 deg. C)
per hour is acceptable for the curing concrete
as long as a proper delay period is used
(ASTM

4. The maximum sustained concrete temperature

during the curing cycle shall be 160 deg. F (70
deg. C).

5. Maximum peak concrete temperature during the

curing cycle shall be 190 deg. F (66 deg. C).

6. Maximum cooling rate from sustained

ated curing temperature shall be 50 deg. F

MNL-117 3rd Edition
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Commentay

After dadng, corsolidation and inishing, the concree
shoud be #lowedto dtain its initid set before hekis ap-

plied otherwise the devaed temperaure may have a
detrimertal effed on the longtem strengh of the con-
crete. Enough hdashoud be apgied to the mold and its

surroundng @mosphere to maintain the concree & na

less than 50 deg.F (10 deg.C). A peiiod of 3to 5 hr., de-
pendng on dimatic condtions, type and brand of ceert

and adnixtures. temperdure of the mix and waer-canent

ratio is requred for the concrie to dtain its initia set.

Delay perods in excas of 10 hr.may result in loss of ef-

fediveness of hed cuing. Duing the initial set peiiod,

provisions shoud hemadeto preven surface dryng.

If plant produdion requre ealy appicaion
of steam, the rde of temperaure iise shoud be retricted
to lessthan 20 degF (11 deg.C) per hr. Dueto the slow
rise of ambiert temperdure with radart hed, appication
of the radart hea cyde may be accéeraed to mee di-
matic condtions.

. The opimum curing temperdure is from 140 deg. F to

160 deg.F (60 deg.C to 70 degC). In no cae shoud the
concree temperdure exceed 190 dedr (88 deg.C) as
higher temperdures may have a demend effed on
strengh. Durdion of hea cuing shoud he dctated by
strengh requremerts for stripping @& measured by test
cylindess cured vith the Cauion shoud dso be
exerdésed when lamps are wed. Locéized “hd
areas” shoud be avaded. Whenmembers produced \ith
non-ar ertrained concre are expced to danp or we
condtions frequenly or for lenghy pefods, the max-
mum concrée temperdure shoudd he cotrolled to avad
possble with ddayed formation and
crackng of the concree.

. Unts shoud be dowed to cod gradudly to preven

themal shock and rajgl temperdure changg which may
cawse crackng. Whenthe concree is wammer thanthe ar
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per hr (28 deg. C per hr) and cooling at this
rate shall continue until the concrete tempera-
ture is no more than 40 deg. F (22 deg. C)
above the ambient temperature outside the
enclosure in order to prevent surface crazing.

7. Self-recording thermometers shall be provided
showing the time-temperature relationship
through the curing period from placing con-
crete to stripping or transfer of prestress. At
least one recording thermometer per contigu-
ous form group with a common heat source
shall be used to monitor the product at appro-
priate locations (usually the coolest position).

4.21.2 Curing with Live Steam

Steam curing shall be performed under a suitable
enclosure to retain the live steam to minimize mois-
ture and heat losses. The enclosure shall allow
free circulation of the steam. Steam be
positioned so they do not discharge directly onto
the concrete, forms, or test cylinders.

4.21.3 Curing with Radiant Heat and Moisture

During the cycle of radiant heat curing, effective
means shall be provided to prevent rapid loss of
moisture in any part of the member.

4.22 Curing by Moisture Retention With-
out Supplemental Heat

4.22.1 General

For curing of the concrete without supplemental
heat, the surface of the concrete shall be kept cov-
ered or moist until such time as the compressive
strength of the concrete reaches the strength spec-
ified for detensioning or stripping.

Commentary

during cdd wedher, thereis a tendency forsoluble salts

to migrae to the surfaceimmedately on
shipping. In addion, cod waer shodd na be wsed to
accanplish aggregee expaure uril the unt has coded
to ambiert temperdure.

I. To ad pesonné who corrol the temperaure duing cur-
ing, it is recanmendedtha the deired cuing time-tem-
peraure réations be paced onthe char of the recorthg
themometer. With this information aval ade, the desire d
temperaure may be more essily maintained. Forms
shoud be checked for uformity of heda apgicaion.
Temperaure monitoring shodd be a the codest position
on a fom.

Curing with Live Steam

Monitoring techniques will require temperature checks at various
points on a bedn dfferent casts to effedively cortrol cuiing.

Curing with Radiant Heat and Moisture

Radart hed may be apgied to forms by mears of pipes circu-
lating steam, ha oil or hot water, by electric blankets, or heat-
ing demerts on foms or by drcuating wam ar under and
around foms Pipes blankds or other heéing demerts shoud
nat be in dred cortad with concrée, foms or test cylindes.

Moisture may be apfjed by a cover oimoist budap, cdton
matting, or dher effetive mears. Moisture may be réained
by coveing the member with animpemeabie shed in cambi-
naion with an insulating cover, or by appying aliqud sed
coat or membrane cuing canpound.

Due to the slow rise of temperdures with radart hed,
apgicaion of the he& cyde may he accéerded to med cli-
matic condtions. In dl cases, the cuing procedurgo be wed
shoud be wdl estabished and carefly cortrolled to mee the
requremerts oulined in Article 4.21.

C4.22 Quring by Moisture Retention
out Supplemental Heat

C4.22.1 General

Acceptade methods of cuiing are

1. Leavng the demert in the form with the side foms in
place and keeépg the top surfaces cortinudly moist by
fogging, spraying or coveing with moist bulap or cdton
mats, or by coveing top the top surface with
abde coven ommembrane cuing compound.

2. Removing side foms and preveting loss of moisture
fmm the sides and top surfaces by appicadle methods
described above.
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4.22.2 Moisture Retention Enclosures

Any enclosures used for the purpose of retaining
moisture during the curing period shall provide for
retention of moisture to the extent that free water is
at all times present on all concrete surfaces. Mois-
ture retention enclosures shall be resistant to tear-
ing and shall be positively fastened in place to
avoid displacement by wind or other means during
the curing cycle. Moisture retention enclosures
shall remain in place until the completion of the cur-
ing cycle as described above.

4.22.3 Curing with Membrane Curing Compound

In the use of membrane curing compound to retain
moisture within the concrete during curing the fol-
lowing shall be observed:

1. The coating of membrane curing compound
shall cover the entire surface to be cured with
a uniform film which will remain in place with-
out gaps or omissions until full curing cycle is
complete. Positive means shall be taken to de-
tect and areas of incomplete coating.

2. Membrane curing compound shall be applied
at a rate of coverage which assures that the
amount of compound applied per unit area of
the surface being cured is at least the mini-
mum coverage recommended by the manu-
facturer.

3. Membrane curing compound shall be applied
to the top surface of the concrete element
being cured as soon after casting as the sur-
face water sheen disappears.

4. Membrane curing compound shall be compati-
ble with coatings or other materials to be ap-
plied to the product in later construction
stages.

3rd Edition

C4.223Curing with Membrane Curing Compound

Curing campounds shoud orly be wsed onthe back of urits

becage of ther tendencyto dscdor or stin. Some cuing
compound fundion @& bond breaker and may interfere wth
adhesion of rep#rs or surface covengs such & pants, fabiics.
insulation materids or other spedfied prdedive codings.

Manufadurers shodd be cosulted & to the effet tha ther

compound ha in these respeds. In addtion, membrane cuing
compounds shodd nd be sed in area where joint sedarts
may be apled, uhessthey are ertirely removed & the end of
the cuing perod by sandbasting or by using an approvedol-

vert, or urless condusive tests show that the residue of the
membrane dos na reduce bond.



DIVISION 5 — REINFORCEMENT AND
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5.1 Reinforcing Steel
5.1.1 General

Procedures for fabrication and placement of rein-
forcing steel shall be developed, implemented and
understood by appropriate personnel. Procedures
and practice shall be reviewed frequently to assure
conformance.

5.1.2 Storage of Reinforcing Steel

The reinforcing steel deliveries shall be identified
with a heat number which can be tied back to a
mill certificate. Reinforcing steel shall be kept free
of contamination, stored separately in a neat and
orderly fashion and identified so that different
types, grades, sizes and preheat requirements can
be identified and recognized through the entire re-
inforcement preparation process. Bundles of rein-
forcing materials shall be kept straight and free of
kinks until cut and bent to final shape to facilitate
dimensional control within established placing tol-
erances. All reinforcing steel shall be stored on
blocks, racks or sills, up off the ground. Special at-
tention shall be given to prevent loose rust from
forming or the steel from becoming contaminated
with grease or oil or any material that would ad-
versely affect the bond.

Equipment for handling coated welded wire or re-
inforcing bars shall have protected contact areas.
Nylon slings or padded wire rope slings shall be
used. Bundles of coated welded wire or reinforc-
ing bars shall be lifted at multiple pick-up points
to minimize abrasion from sags in the bundles.
Hoisting with a spreader beam or similar device
shall be used to prevent sags in bundles
Coated reinforcement shall not be dropped or
dragged. Coated reinforcement shall be stored
on timbers or other suitable protective cribbing
with the spaced close enoughto pre-
vent sags in the bundles.

Epoxy-coated reinforcing bars shall be handled in

a manner so that the protective coating is not dam-

aged beyond what is permitted by ASTM
or

Each bundle of flat sheets of welded wire rein-
forcement shall have attached a suitable tag bear-
ing the name of the manufacturer, style designa-
tion, width, length, and any other information spec-
ified by the purchase agreement. Steel strapping

Commentary

C5.12 Storage of Reinforcing Steel

Reinfordng sted shoud be subdvided into caegoies of pre-
hed unless a uriform high prehetis chesen for d welded as-
To designae dfferert prehe&requremerts, it is rec-
tha eithera taggng or a cdoring system be sed to

designae prehetirequremerts whenthe bas are recéved.

Good bond between rénforcement and concre is essertia if
the sted is to perfom its fundions of resisting tersion and of
keepng cracls small. Therefore,the rénforcamert shoud be
free of materials injurious to bond, induding loose rust. Mill
scde tha withstands hard wre brishing or a coting of tight
rust is nat derimertal to bond.

If it is necessary to store epoxy-coted bas outdoors for an
extended peod of time, wudly more than 2months, the ban
shoud be preeded fran dired rays of sunlight and shdtered
fmm the wedher.
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used to bundle the welded wire sheets shall not be
used to lift the bundles.

5.1.3 Fabrication of Reinforcing Steel

The fabrication equipment shall be of a type, ca-
pacity, and accuracy capable of fabricating rein-
forcing cages to the required quality, including tol-
erances

Review of fabrication shall be performed by quality
control personnel to check that reinforcement has
been cut and bent to correct shapes and dimen-
sions, and is of correct size and grade.

Reinforcing bars shall be bent cold, unless other-
wise permitted by the precast engineer, and shall
not be bent or straightened in a manner that will in-
jure the material. Bars with kinks or improper bends
shall not be used. Diameter of bend measured on
the inside of the bar shall be in accordance with
ACI 318. Bars to be galvanized shall be bent in ac-
cordance with ASTM

When zinc-coated (galvanized) is
damaged, the area to be repaired shall be coated
with a zinc-rich paint (92 to 95 percent metallic zinc
in the dry film) conforming to ASTM in
accordance with ASTM A760.

Small spots of epoxy coating damage might occur
during handling and fabrication and shall be re-
paired with patching material when the limits stated
in the project specifications are exceeded. The
maximum amount of repaired coating damage at
the precast plant shall not exceed 2 percent of the
total surface area per linear foot (0.3 m) of the
coated bar. This means that a careful inspection
and evaluation is needed prior to the approval of
touch-up or re-coating.

Damaged epoxy-coating shall be repaired with
patching material conforming to ASTM

and in accordance with patching material
manufacturer's recommendations,

When epoxy-coated reinforcing bars are welded or
cut during fabrication, the weld area and the ends
of the bars shall be coated with the same material
used for repair of coating damage.

The starting and ending points of a welded wire re-
inforcement bend shall be located at least 4 wire di-
ameters from the nearest welded cross wire. For
deformed wires larger than W or D6, the diameter
of the mandrel about which the bend is made shall
be 4 wire diameters but only 2 wire diameters for
all other wires.

MNL-117 3rd Edition

It is recanmendedtha reinfordng bas be ben after gdvanz-

ing when pesble. When gklanzing is perfomed before
bendng, some crackng and faking of the gdvanized coéing

a the bendis to be expeted andis na a case for rgedion,

The tendency for cradkg of the gdvanzed coéing increaes

with bar dameter andwith seveity and rée of benéhg.

Locd removd of the gdvarized codéing in the area of wlels,
bends, or sheared erslwill na significartly affed the

tion offered by ghvarizing, provded the expased surface area
is small comparedto the aglacen surface area of dgeanzed
sted. Whenthe expaed area is excessive, and gap are evidert
in the gdvanzed coéing, the areashoud be repaed.
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If reinforcing steel is fabricated by an outside sup-
plier, that supplier shall furnish records of compli-
ance to specification requirements and mill

cates for material used.

Cage assemblies, whethermade for the entire
casting or consisting of several sub-assemblies,
shall be constructed so that they fit into molds
without being forced. Cages shall have sufficient
three dimensional stability so that it can be lifted
from the jig and placed into the mold without per-
manent distortion. Also, the reinforcing cages shall
be sufficiently rigid to prevent dislocation during
consolidation in order to maintain the required
cover over the reinforcement.

Reinforcing bars shall be tied using black annealed
wire or welded in accordance with AWS D1 4 with
the approval of the precast engineer. Zinc-coated
reinforcement shall be tied with zinc-coated an-
nealed tie wire, non-metallic coated tie wire, soft
stainless steel or other acceptable materials.
Epoxy-coated reinforcement shall be tied with
plastic- or epoxy-coated tie wire or other accept-
able material. All tie wires shall be bent back away
from formed-surfaces to provide maximum con-
crete cover.

Where cages are tied, ends of ties shall not en-
croach on the concrete cover of the reinforcement.
When cages are welded, care shall be taken that
tack welding does not undercut reinforcing bars
and thus diminish their area and strength.

All splicing of welded wire reinforcement or rein-
forcing bars, whether by lapping, mechanical con-
nections or by welding shall be shown on the ap-
proved shop drawings. The concrete cover and bar
spacings as a result of splicing shall conform to
ACI 318. Mechanical connections or splices shall
be installed in accordance with the splice device
manufacturer’'s recommendations. After installation
of mechanical connections on zinc- or

coated reinforcing bars, coating damage shall be
repaired appropriately. All parts of mechanical con-
nections used on coated bars, including steel
splice sleeves, bolts, and nuts, shall be coated
with the same material used for repair of coating
damage.

5.1.4 Installation of Reinforcing Steel

The size, shape and spacing of all reinforcement
shall be checked against the approved shop draw-
ings. Variations in spacing of reinforcement ex-
ceeding allowable tolerances shall be corrected.

Installation of Renforcing Sted
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All reinforcement, at the time concrete is placed,
shall be free of grease, form oil, wax, dirt, paint,
loose rust or mill scale, or other contaminants that
may reduce bond between steel and concrete or
stain the surface of the concrete.

If there is more than one mat of reinforcement, bars
shall be vertically aligned above each other in all
horizontal directions during casting to minimize in-
terference with placing and consolidating concrete.

Reinforcement shall be accurately located in the
mold as indicated on the approved shop drawings
and securely anchored to maintain its designed lo-
cation within allowable tolerances while concrete is
placed and consolidated. If spacers are used, they
shall be of a type and of material which will not
cause spalling of the concrete, rust marking or
other deleterious effects. Metal chairs, with or with-
out coating, shall not be used in a finished face.
For smooth cast facing, chairs shall be plastic
tipped or all-plastic to ensure absence of surface
rust staining. If possible, reinforcement cages shall
be securely suspended from the the back of the
molds. Non-coated reinforcement shall be sup-
ported on supports made of plastic.

Zinc-coated (galvanized) reinforcement supported
from the mold shall rest on bar supports made of
dielectric material or other acceptable materials.
Galvanized reinforcement shall not be directly cou-
pled to large areas of uncoated steel reinforcement
unless plastic tie wire is used and local insulation is
provided with dielectric materials, such as polyethy-
lene or similar tape.

Epoxy-coated reinforcing bars supported from mold
shall rest on bar supports made of plastic or other
acceptable dielectric material. Reinforcing bars
used as support bars for epoxy-coated material
shall be coated with epoxy as well. Proprietary
combination bar clips and spreaders used with
epoxy-coated reinforcing bars shall be made of cor-
rosion-resistant material or coated with non-con-
ductive material.

Supports shall be sufficient in number and strength
to carry the reinforcement they support and prevent
displacement before and during concreting. They
shall be spaced so that any sagging between sup-
ports will not intrude on the specified concrete
cover.

After reinforcement is set to its final position within
the mold, clearances or cover to the nearest defor-
mation of surface for smooth wire shall be checked
by measurement. Care shall be taken to maintain
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Reinforcanent shodd be paced a symmetricdly as possble
about the pand’s cross sediond to minimize bowng
and dstortion of panés. Nonsymmetricd placenert may
cause pané due to restraint of drying shrinkage or
temperature  movements.

Spaces (bar suppots) or chars may mar the finished surface
of an demert which will evertudly be expeed to weaheling.

The bmetalic coupe estaldished by direct contact between
gdvanzed sted and uncoded sted shodd na exhbit corro-
sive readions as long & the deph to zindsted cortad is not
less than the cover requred to prded uncoded steel done
underthe same condtions or the gdvarnized mass is largerthan
the uncoted sted mass

Protedion of reénforcing steel from corrasion andthe resultant
posshility of surface staining is obtained by proiding ade-
quae cover. A protedive iron oxde film forms on the surface
of the bar a a reult of the high dkalinity of the cement paste.
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the critical dimensions determining the cover over
reinforcement. The reinforcement type, sizes and
spacing shall also be checked against the approved
shop drawings. Variations in spacing of reinforce-
ment exceeding allowable tolerances shall be cor-

The horizontal clear distance between rein-
forcement and mold shall be equal to the specified
concrete cover or 1.5 times maximum aggregate
size, whichever is larger.

For exposed aggregate surfaces, the concrete
cover to surface of steel shall be measured from
the mold surface and the typical depth of mortar re-
moval between the pieces of coarse aggregate
shall be subtracted. Attention shall also be given to
scoring, false joints or rustications, and drips; the
required minimum cover shall be measured from
the thinnest location to the reinforcement.

Reinforcement shall be placed within the allowable
tolerances, but the concrete cover shall be set so
that the resulting concrete cover is never less than
the specified cover.

Care shall be observed in placing of bars which ex-
tend out of the member and which are intended to
provide structural connection for cast-in-place con-
nections or use in sequential casting. The exten-
sions shall be within £1/2 in. (12 mm) of plan di-
mensions. Exposed reinforcing bars shall be pro-
tected from corrosion with a cold zinc coat or
cement slurry to prevent rust washing down onto
the exposed face during storage. Paste adhering to
extended steel shall be removed to ensure bonding
of bars to concrete in a later pour.

Reinforcement shall not be bent, without approval
of the precast engineer, after being embedded in
hardened concrete.

Commentary

As long @ this dkalinity is maintained, the flm is effedive in
preverting The praedive high dkalinity of the ce-
men paste is usudly lost only by leacting or carbonation.
Therefore, concte of sufficiertly low pemeabllity with the
requred cover over the sted will adequee prdedion.
Low pemeablity is charateristic of wdl-corsolidaed con-
crete with alow raio and hgh cemert cortert.
This camposition is typicd of archtedurd precat concree.

For concrée surfaces expoed to wedher, strand
shoud be préeded by aconcrete cover of na lessthanl in.

(25 sted shoud be préeded by concrete
cover equhto namind diameter of bas bu na less than 3/4
in. (19mm).

For concrée surfaces nat expsed to weaher, ground,or
water, prestresshg stand shoud be proteded by a concite
cover of na less than 314in. (19 mm). Reinfordng sted
shodd be préeded by concrie cover of nb less than the
nomind diameter of bas but nat lessthan 5/8 in. (16 mm).

Cover reqiremerts over reinforcanert shoud be increaed to
1-112 in. (38 mm) for non-gévarized rénforcemert or be 3/4
in. (19 mm) with gdvanzed or epoxy cdad rénforcemert
whenthe precat concrée demerts are add treaged or expeed
to a correive envronmert or to severe expsure condions. In
addtion, the 3/4 in. (19mm) coveris redistic only if the max-

mum aggregte size does na exceedl/2 in. (12 mm) and the
reinforang cageis na complex.

Reinfordng barsizes No. 3 No. 5may be bent cad the
first time reinfordng bartemperdure is above 32 deg.
F (0 deg.C). For barsizes largerthan No. 5 rinfordng bas
shodd be preheted before beridg. Hea may be apgied by
any method whch doe na harm the rénforang bar material or
cawse damageto the concree. Alengh of ranforang bar equa
to a lesst 5 bar dameters in each dedion from the certer of
the bendshoud be prehead hu preheting shoud nd extend
bdow the surface of the concree. Thetemperaure ofthe rén-
forcing bar &the concree interfaceshodd na exceeds00 deg.
F. (260 deg.C). The prehea of the renfordng bar
shoud be béween 1100 to 1200 deg.F (593 to 649 deg.C).
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If reinforcing steel or hardware anchors cannot be
located as shown on the drawings, all changes
shall be reviewed and approved by the precast en-
gineer and drawings in turn corrected to show the
as-cast position. Under no circumstances shall
main reinforcement or prestressing steel be elimi-
nated to accommodate hardware. Reinforcement
close to anchors, on which hardware units rely for
anchorage, shall also be provided and maintained.

5.2 Tensioning
5.2.1 General Tensioning Requirements’

In all methods of tensioning, stressing of tendons
shall be accomplished within close limits, as the
force is critical for both performance and structural
safety of the member and the structure of which it
forms a part. Because the force cannot be checked
accurately later in the production process, the
stressing operation is important and shall be sub-
ject to careful production and quality controls.

5.2.2 Tensioning of Tendons

In all methods of tensioning, force in the tendons
shall be determined by monitoring applied force
and independently by measuring elongation. Ap-
plied force may be monitored by direct measure-
ment using a pressure gauge piped into the hy-
draulic pump and jack system, dynamometer, load
cell, or other accurate devices. At the completion of
stressing operations, the two control measure-
ments, force and elongation, shall agree with their
computed theoretical values within a tolerance of
15 percent. If discrepancies are in excess of 5 per-
cent, the tensioning operation shall be suspended
and the source of error determined and
evaluated by qualified personnel before proceed-
ing. Additionally, the control measurements of force
and elongation shall algebraically agree with each
other within 5 percentage points. If the measure-
ments do not agree within 5 percent, a load cell
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Commentary

The preheatemperaure shoud be maintained util bendng or
straightening is complete. The prehdatemperdure shoud be
measured by temperdure measuremert crayors, cortad py-
rometer, or dher accefade method. The he®d bas shoud
not be cc&d (with waer or forced &) urtil after
coding to at least 600 deg.F (316 degC).

Tensioning
General Tensioning Reguirements

The dtimate capaity of a concrete is usu-
aly na affeded by moderde vaiations in the stressing of in-
dividud tendors; however. inaccurée and vaabe stressing
can rault in dfferertia camber, inaccurée concrée stresss,
laterd bowing of members, and redution of the crackng load,
all of which can cotribute to the manufadure of ursatisfac-
tory members.

C52.2 Tensioning of Tendons

In tersioning of tendors, the gau@ng system indcaes the
proper force habeen aplped. A check of ngaion indicaes
the corret size of tendon ha been sed and opeteond losses
are wthin tolerance limits, and it provides a check onthe
gaugng system. Hongdion ads in confrming the phicd
propeties and charaeristics of the strand sed. Infomation
on dongdion corretions is in Article 5.3.10 andnformation
on force corretons is in Article 5.3.11.
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may be added at the “dead end” and if force mea-
surements agree within 5 percent between the
gauge at the live and the load cell at the dead end,
the elongation agreement can be waived.

After an initial force has been applied to the tendon,
reference points for measuring elongation due to
additional tensioning forces shall be established.

Calculations for elongation and gauge readings
shall include appropriate allowances for friction,
chuck seating, movement of abutments, bed short-
ening if under load, thermal corrections, and any
other compensation for the setup.

5.2.3 Method s of Force Measurement

Methods of measurement of the tensioning force
shall consist of one or more of the following:

1. Pressure gauges to measure force from the
pressure applied to hydraulic jacks.

2. Dynamometers connected in tension into the
stressing system.

3. Load cells connected into the stressing system
so the action of the stressing operation imparts
a compressive force to the sensing element.

4. Digital readouts connected to a pressure trans-
ducer to measure force from the pressure ap-
plied to the hydraulic jack.

5. Force computed from the actual elongation of
the strand based on its physical properties and
compensation adjustment. This method is used
as a review of the four methods above.

Commentary

C5.23 Metods of Force Meaurement

1. Presaure gaugs or trarsduces shodd have dls or digita
readot cdibrated to show jacking force bymears of an
approved and didoraed load cHi. The gauge can show
hydradic pressure whch, through corrkstion with the area
of the ran in use, deemines the at¢ud load sed for the
tersioning procss

It is preferale to cdibrate rams and gauge togeher & a
system. However, gaugemay be clbraed agast a mas-
ter gauge of known accuracy, prded the rans are cdi-
braed aginst the same master gauge.

2. Dynanometers can be sed for initid tersioning opera-
tions due to the lower levd of forces invaved in initia
tersioning.

3. Propety cdibraed load cdis will provide the most accu-
rate measure of tendonstress a thar pant of appicaion.
Jackng systems are avdade with load cdls in the jack
head or prewre trarsducer and aidital readot instead of
a gauge.

5. To ddemine the stressing force (P) from elongdion (A),
use the equéon:

L

where Ais area ofthe strand and Hs mod-
ulus of dasticity of the strand and Lis the stressing lengh
chuckto-chuck.

Sample cdculations for tersioning setups are shown in Ap-
pendx H.
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52.4 Gauging Systems

Hydraulic gauges, dynamometers, load cells or
other devices for measuring the stressing load shall
be graduated so they can be read within a toler-
ance of £2 percent. Gauges, jacks, pumps, hoses
and connections shall be calibrated as a system in
the same manner they are used in tensioning oper-
ations. Calibrations shall be performed by an ap-
proved testing laboratory, calibration service, or
under the supervision of a registered professional
engineer on the staff of a production plant or as a
consultant, according to the equipment manufac-
turer's recommendations. A certified calibration
curve shall accompany each tensioning system.
Pressure readings can be used directly if the cali-
bration determines a reading is within a +2 percent
tolerance of actual load. Calibrations shall be per-
formed at any time a tensioning system indicates
erratic results, and at intervals not greater than 12
months.

Pressure gauges, pressure transducers for hy-
draulic systems, or other measuring devices, such
as digital readout, shall have a full range of mea-
surement of 1 -1/2 to 2 times their normal working
pressure, whether for initial or final force. If the
same unit is used for both initial and final tension-
ing, the jacking system shall have separate gauges
or separate scales to ensure accurate measure-
ment of both the initial and final force.

readings based on system pressure shall not
be made below 10 percent or above 90 percent of
the full-scale capacity of the gauge/transducer un-
less the gauge/transducer is calibrated within that
range and 2 percent accuracy verified.

Tensioning methods employing hydraulic gauges
shall have appropriate bypass valve snubbers and fit-
tings so that the gauge pointer will not fluctuate but
will remain steady until the jacking load is released.

5.2.5 Control of Jacking Force

Pressure bypass valves may be used for stopping
the jack at the required force or for manually stop-
ping the application of force with the valve. The ac-
curacy of setting of automatic cutoff valves shall be
verified by running to the desired cutoff force when-
ever there is reason to suspect improper results,
and at a minimum, at the beginning of the opera-
tion each day.

5.2.6 Wire Failure in Strand or Tendon

Failure of individual wires in a pretensioning strand
or post-tensioning tendon is acceptable provided
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Commentary

C52.4Gauging Systems

Gaugs or dgita readots for single strand jacks may be cé-
braed by mears of an approved and Ichraed load cd.
Gaugs for large multiple strand jacks ading singy or in mul-
tiple shodd be céibraed by proing rings or by load cdis
placed on ither side ofthe movalle end carage.

In multiple stand tersioning, se of amaster gaugesystem to
monitor accuracy of hydrdic gaugs is accepalde as an on-
going cdibration method, since the cydes of tersioning are
only a fradion of the cydes in asinde strand system.

Forces to be measured shoud na be less than one-fouth and
not more than three-quaters of the total gradused capaity,
unless cdibration information deaty estabishes corsisert ac-
curacy over a wider range. Gaugeshoud haveindicding dals
a least 6 in. (150 mm) in dameter. Gauge shoud dso be
mourted & or near working eyelevd and wthin 6 (1.8 m) of
the opertor, pasitionedso tha readngs may be oleined with-
ou pardlax. A gaugng system shodd have & lesst two
gaugs, a workng gauge and a check gauge.

Control of Jaking Force

Whenmanua cuoffs are sed for cotrol of jacking force, rée
of force appcaion shodd be slow enoughto pdit the oper-
aor to stop the jack within the limits of spedfied forcetoler-
ances.

Wire Failure in Strand or Tendon

The 2 percenlimit of the total area oftendors in a member
represerts a rdatively limited number of broken \wves tha can
be accefed in a setup. Whenthe 2 percentoleranceis ex-
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the 5 percent allowable variation in prestress force
for all strands in the entire element is not exceeded
and provided the total area of broken wires is not
more than 2 percent of the total area of tendons in
a member, and providing the breakage is not symp-
tomatic of a more extensive distress condition.

The entire strand shall be considered ineffective if a
wire breaks in a strand.

Welding shall not be performed near any prestress-
ing strand. The prestressing strand shall not be ex-
posed to spatter, direct heat, or short-circuited cur-
rent flow.

52.7 Calibration Records for Jacking
Equipment

Calibration records shall show the following data:
1. Date of calibration.

2. Agency, laboratory or registered engineer su-
pervising the calibration.

3. Method of calibration; i.e., proving ring, load
cell, testing machine, etc., and its calibration
reference.

4. The full range of calibration with gauge read-
ings indicated against actual load (force),

Calibration records for all tensioning systems in use
shall be on hand for use in preparing theoretical
tensioning values and shall be maintained until the
next calibration. Personnel involved in preparing
tensioning calculations shall have a copy of these
records for reference.

5.3 Pretensioning
5.3.1 Storage of Pretressing Steel

Prestressing steel reels and coiled tendons shall be
stored with identifying tags listing the heat number
to relate the reel or tendon to a mill certificate. It is
recommended that the reel or coil numbers be
identified on the stressing sheets. Care shall be
taken in storage to avoid confusion between differ-
ent types [low relaxation or stress relieved (normal
relaxation) strand] or diameters. Material handling
of prestressing steel in the plant shall be done care-
fully to avoid abrading, nicking or kinking the
strands, bars or wire as they are moved through the
plant or set up for stressing. Special attention shall
be given to protecting sheathing when unloading
and storing coiled, sheathed tendons.

Care shall be taken in the storage of prestressing
steel to prevent corrosion due to humidity, galvanic

Commentary

an adustmert is requred whch may sometimes ne-

cessitte and repadng the affeted strands.

In any evefy the setup with broken wires shodd be exanined
to ddemine the reaon for the break, and engeeing shoud
be derted for an evimation. Strands which have whls within
the cdls sometimes demonstrate broken wes & these wdd
points. Other prolbem ar=as indude incorredly digned stand
chuclks which cre¢e a bnd a the frort of the chuck duing
seding, orimpropety maintained chuck

Weld spater can case stress concefrations, andthe

ture rise dueto the dred effed of weding hea or the indired
effed of current flow through the hghtersile prestressing
sted can case asuddenloss of tersion (strand rupure).

Calibration Records for Jacking Equipment

Tersioning systtms must be céibraed on a redar bais or
whenever erfic results are encourered to provde effetive
cortrol of tersioning. Tersioning caculaions shodd be done
with corre¢ and curreh cdibraion dda, thereforethese data
shoud be distributed to pesonné prepaing these cdculations.

Pretensioning
c53.1 storage of PrestressingSteel

The minimum yield of low rdaxaion andstressrelieved (nor-
ma relaxdion) strand are different so the strands needto be
idertified to avad ovestressng the stressrelieved strand to
low rdaxaion strand loads.

High strengh sted is much more suscegible to corrasion than
sted of lower strenghs. Where prestressing sted is expaed to
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or battery action which can occur when dissimilar
metals are adjacent to an ionized medium common
to both, or electric ground currents.

Sands on strand packs shall not be cut by torch.
Cutting or welding around strands in storage or
prior to casting shall not be allowed.

5.3.2 General

In all methods of pretensioning, the force shall be
applied in two increments. An initial force shall be
applied to the individual strands to straighten them,
eliminate slack, and provide a starting or reference
point for measuring elongation due to additional
tensioning forces. The final force shall then be ap-
plied and elongation of strands computed and mea-
sured from the reference points. This method of op-
eration shall be mandatory except as provided in
Article 52.2.

Each plant shall develop written stressing proce-
dures providing step by step instruction to person-
nel performing the stressing operation. Personnel
shall be well trained, and personnel authorized to
perform and/or record the stressing process shall
be identified as part of the written procedures.

Stressing procedures shall include instructions for:
1. Operation and control of jacking equipment.
2. Operation and control of gauging system.

3. Stressing to an initial force and marking strand
in preparation for measuring elongation.

N

. Stressing to a given final force, measuring and
recording the corresponding elongation.

Checking for strand anchor seating.
Procedures in case of out-of-tolerance results.

Procedures in case of wire failure.

0o ~N o o

Alternative stressing methods or measure-
ments.

9. Detensioning and stripping.

5.3.3 Strand Surfaces

Special care shall be exercised to prevent contami-
nation of strands from form release agent, mud,
grease or other contaminants that would reduce
the bond between steel and concrete. Form re-
lease agent shall be applied to the mold so that it
does not contaminate any strand.

3rd Edtion

Commentary

wet weaher or excessively humid condtions in storage, corro-
sion danage may occur vithin a few week Storage under
COVer is a a mears of minimizing correion. Corro-
sion which deefy etches or pts the surfaces canna be toler-
ated on pretressig steds; however, alight coding of tight
surfacerust is beneicia to bond.

Strand propeies are dtered by concdreted he& or aréng
eledricd current. This dteraion canresult in lowered ltimate
strengh which coud result in strand falure underoad.

c5.3.2 General

Two methods of are in generhuse. Singe strand
tersioning corsists of stressng eachstrand individudly. Muiti-
pie strand tersioning corsists of tersioning severa strands si-

multaneosly. Either method may be sed subjed to proper d-
lowance and cotrols. Both methods shodd uili ze initid ten-
sion, then a ind tersion incremert. Usudly, in a
member, afer dl losss, is in the range of 156 800 i (1 to

55 MPa),

C5.3.3 Strand Surfaces

Prior to stinging of strands, batom forms shodd beinspeded
for deariness and accuracy oflignmert due to the dfficuty
in making corretions after the strands have beentersioned.
The etire force of astrand is trarsferred into the concree
through bonithg of the hardened condeeto the strand. There-
fore, it is exremely importart tha the strands be dean pior to
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5.3.4 Stringing of Strands

To avoid possible entanglement of strands and
minimize unbalanced loads on the molds during
tensioning, a planned sequence of stringing and
tensioning shall be followed.

Strands shall be pulled from the correct side of the
pack, as identified by the manufacturer. Each
length of strand shall be cut between the strand
chuck and the coil or reel. Stringing of lengths of
strand incorporating points previously gripped by
strand chucks within lengths to be stressed shall
not be permitted.

After stringing and tensioning, the strand shall be
inspected for contamination by form release agent
or other surface coatings and, if contaminated, shall
be cleaned using an approved method.

5.3.5 Strand Chucks and Splice Chucks

Strand chucks and splice chucks shall be capable
of securely anchoring maximum tensioning forces.
Chucks shall be used as complete units. Strand
chucks designed with spring-equipped caps shall
be used with caps. Strand chuck components shall
be inspected between each use, cleaned, and lubri-
cated as necessary. Barrels, wedges or caps that
become visibly worn, cracked, distorted, or which
allow slippage, shall be discarded. Strand chucks
shall be assembled of compatible components from
the same manufacturer to avoid improper fit and
seating on strands. Inspection and maintenance of
strand chucks in use shall include matching of
chuck barrels and wedges by strand size and man-
ufacturer. During inspection and reassembly, care
shall be taken to avoid assembling improper
chucks; i.e., 1/2 in. (18 mm) barrels with 7/16 in.

Commentary

concrete placemert to ersure tha bondng takes place. Since it
is extremely to effedively deanstrands tha have been
cortaminaed, it is desirae to plan a progmm of prevetion of
cortaminaion raher than dependg upon teanng ater con-
taminaion occus.

Release agets which do no dry bu remain & an adl shoud be
everly appied to assure réesse, bu withou excess or puddes
which wodd cortaminae strand placedin the mold. Any ex-
cessrelease agehshoud be renoved from the mold surface.

C53.4 Stringing of Strands

An ordety procedure ofstingng andtersioning strands fadli-
tates the keeng of record andis esertiad when déa from a
force recorthg devce are to be idertified with a paticuar
strand.

Strand may be furiished éther in cdls, red-less pacls, or on
reds. Stands may be strung singly or in multiples. Stand
pad-ou from a cal or red-less pack wil rotate eachtime a
revdution is puled fran the cdl. Provision shodd be madeto
relieve these rdations.

Stands may be threadedthrough blkhead or cags of ren-
forcing sted. In this cese, careshoud be takenso the strand
passs through freey and tindng does na occur duing the
stresshg operéon.

The pratice of cotinuows strandng is na adlowed dueto the
patertia of pladng nicked strand within a member. Al strand
chucls nach or rick the wires of the strand. The itks result
in locd stress concettrations which may result in falure of the
strand dumg stressng and wich through féigue lower the u-
timate strengh of the strand.

C53.5 Strand Chucks and Splice Chucks

Stand chuck generdly corsist of a barré grooved wedge
with an O-ring puling then togeher, anda spring-equpped
cap.

Proper care ofstand chuck cannd be overenphasized. In
Appendx D guddines are gven for ddy inspedions of
strand chuck The begning cracls which can be olservedin
wedges and barrels are evidencetha the dements shoud he
takenfrom senvice immedately to avad a paertia failure.

Strand chuck which are nb equpped wth spring cajs have a
tendencyto sea the wedge unevety. produdng stressrisers

on sides of the strand & the forward cotad pant. Whenthese

chucks are sed, proper #@ertion shoud be gven te asare
evenseding of the sediors.
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(11 mm) wedges, etc. Chuck maintenance is an im-
portant aspect of tensioning and is further outlined
in Appendix D.

5.3.6 Strand Splices

Strand lengths spliced together shall have the
same lay of wire to avoid unraveling. Only one
splice per strand shall be permitted. The ends of
the strand to be spliced shall be cut by shears or
abrasive saws or grinders,

The location of strand splices shall be such that
they will not fall within a member unless they are of
a type that will develop the full ultimate strength of
the strand.

For single strand tensioning, as the seating losses
of individual splices can be checked and corrected
for differential seating, the number of strands per
bed that may be spliced is not restricted.

For multiple strand tensioning either all or none of
the strands may be spliced.

6.3.7 Strand Position

Strands shall be positioned in accordance with de-
tailed dimensions shown in the production draw-
ings. Strands shall be supported as required to
maintain the vertical and horizontal position within
the tolerances as specified in Article 7.1.2.

5.3.6 Initial Tensioning

Care shall be taken to ensure that a valid starting
point is established for elongation measurement by
initial tension After strands have been positioned,
an initial force in the range between 5 and 25 per-
cent of the final force shall be applied to each
strand which will have elongation measured to pro-
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Strand Splices

When stand sedions are spliced togeher wth oppeing lay
(twist), the splice will rotate, resulting in corsideralbe stress
lossin the strand.

As the structurd propeties of the strand in the immedate
vicinity of torch-cuting are affeded by beg it is requred that
the end of the strandta be spliced be ctiby sheas or abraive
saws or gindes.

Strand Pasition

The importance ofthe corret quartity and paition of pre-
stresshg strand cannb be overenphasized. Thee factors are
criticd to the produt perfoming & designed. At the very
least, strand paition shoud be checkednitialy a the ends of
the membeis and & dl intermmedate bukhead adong the fom
Member behaior is rdatively insersitive to hoizorta loca-
tion of tendors in typicd flat pands or membeis sigrificartly
wider than thick.

Check bed and eqipmert (heades, ec.) initialy to sssure de-
sired strand paition. I is paticudady importart to checkstrand
position requremerts when inddertd reinfordng sted is sup-
ported patialy or ertirely by the strands, e the weght of the

sted will pul the strand od of pasition if not moni-
tored ¢osely. On longiine produts or heaily reinforced cage
sedions, strand shodd be chéred to assure dsign pcsition. On
pands the veticd position of sted is ciiticd and
shoud be tosely cortrolled andmonitored. Thesequence of
placemert and locdion of renfordng sted, inseits, and hock-
outs shoud be careflly plannedto avad interference \th the
designed veticd position ofthe sted.

C53.8 Initial Tensioning

Initia tersion is animportart pant to duiing the ten-
sioning operéons. For tha reason, the initial tersion shoud
be enoughto remove the slack fran the strand so that a pant
can be estalished for éongdion measuremert tha is vdid,
but na too excesve @& to diminae too much of the donga-
tion which will take paceto reach ind load.
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vide an initial force in all strands that will result in a
uniform final force. Regardless of the method used,
initial force shall be measured within a tolerance of
+100 Ib (f45.4 kg) per strand if initial force is equal
to or less than 10 percent of final force, or 200 Ib
(f90.7 kg) per strand if initial force is greater than
10 of final force. Elongation measurements
as a measure of initial force are impractical and
shall not be used. In self-stressing forms, care must
be taken to tension strand symmetrically on the
form to prevent warping of the form due to eccentric
loading.

5.3.9 Measurement of Elongation

At the completion of initial tension, reference marks
shall be established from which elongation by final
tensioning forces can be measured. Elongations
are then accurately measured from these reference
points. Elongations shall be measured as required
in Articles 52.2 and

5.3.10 Elongation Calculation and Corrections

Elongation measurement shall take into account all
operational losses and compensations in the ten-
sioning system. For computation of the elongation,
the modulus of elasticity and steel area of the ten-
don shall be determined from mill certificates pro-
vided by the manufacturer of the strand. An aver-
age area and modulus may be used provided the
force indicated falls within the tolerance limit speci-
fied herein. Corrections to the basic computed elon-
gation for a bed setup vary between casting beds
and shall be evaluated and compensated for in
computing elongation. Principal operating variables
are:

1. Chuck seating.

a. Dead end seating

Commentary

A initial force shodd be apfied to producethe ma-
jority of strand seding into the dead end chuck. If ané
stressing force oflessthan is used, spedd procedurs
are requred to prevenm strand slippagein the chuck.Consult
the strand supgier for deails.

C53.9 Meaurement of Elongation

For singe strand dongdion shoud
be made bymarking the strand to dlow measuremert of tha
strand.

For multiple strand setups, dongdion can bemeasured by
travd of stresshg headerBoth types shodd be monitored to
confirm operdiond loses and agustmerts. The operiond
corredions corsidered in the of dongdion are
outlinedin Article 5.3.10 andshoud beindudedin eachsetup.

Meauremert for dongdion must be atud measuremerts
rather than etimates so tha an evéuaion can bemadein de-
termining the vdidity of corre¢ions andthe vdidity of the ten-
sioning proces The degree of accuracy nes®y in measur-
ing dongdions depend on the magritude of dongdion,
which is a fundion of the lengh of the bed. Accuracy ofnea-
suremert to closer thanthe nearst 1/4 in. (6 mm), correspond-
ing to a maximum error of 1/8 in. (3 mm). is corsideredim-
pradicd. For forces used nomaly with 1/2 . (13 mm) diam-
eter high tersile stengh strand and of 1/4 in. (6
mm) corresponds to force varations of approxmately 3 per-
cert in a 50t {15 m) lengh of bed ormember andl percen
for a 150 ft (46 m) bed ormember. Accuraies of this order
can andshoud be dtained.

Elongation Calculation and Corrections

Sample cdculations for tersioning setups are shown in Ap-
pendx H.

The canputation of dongdion is based on force agjed to the
strand which is a percetage ofthe utimate capaity of the
strand. Forms shoud be surveyed andmonitored to estalish

Any dteraions of the form
will requre reevéudion of corretions and many new setups
will requre vaiation in asamptions. The fdlowing are the
most common corretions for corsiderdion:

I. Chuck

a. Dead endseding. The initia force paced onthe
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b. Live end seating.

c. Splice chuck seating.

2. Form shortening (self-stressing forms)

3. Abutment rotation or movement of anchorages

(fixed abutment forms) = elongation of
ment anchoring rods.

4. Thermal effects.

5.

Gauge correction based on calibration data

MNL-117 3rd Edition

Thema effeds. In the evehtha
ticipated, & the strand is wamed fran a cdd morning
stressing to concrée gdacamert, then the cdcuated éon-
gaion must be changedo correspond to the change in
stress

Commentary

strand seds the stand into the dead end chuckow-
ever, fran tha initia tersion forceto the final tersion
force, addtiond seding will typicdly occur and vl
show up & added bngdion in the measuremert.

. Live endseding. As astrandis seaed into the live end

chuck, seding loss occus. In multiple strand tersion-
ing, this is a rdatively namind amourt similar to dead
end seding loss However,in singde strand tersioning,
stressis trarsferred fnm the jack to the chuck der the
final loadis reached. Ifthe chuck are in good cond

tion with propely fundioning spring caps. this seding
lossis nat too gred, bu it must be aticipaed and il

generdly range fron 3/8 in. to 3/4 in. (10 to 19 mm).
This shodd be monitored by part pesonné to dder-
mine an appropgte vdue for the tersioning system in
use & the part.

Splice chuckseding. Similar to dead endseding loss
the strands are seaded in the splice chuck bythe initial
tersion loads. A smdl amourt of seding loss will still
take pace fran the initia force to the ind force.
Strands shoudd be marked on eaclide of the splice to

the @awumed seding loss This shoud be done
often enougho confirm asamptions of seding wed in
cdculations.

Form shortening. Self-stresshg forms will shotten under
the stressng load onits ends Since dongdion is typicdly
measured & a referenceto the end ofthe fom. the form
shortering shows up @ increaed dongdion. As one sin-
gle srand is tersioned, the fom shortering is very slight,
However, members do nd move instartaneosly

load, andthe form is no excepon. Many times the form
has enough fiction on the subsurface to restrain move-
mert urntil a gven pont. Tha is why an average Mae is
best used, since thereis no wayto predct whenshortering
will take pace.

Movemert of anchorage This is most commonly a phe-

nomenon for abument forms wherethe loads are imposed
onto the abtmerts which defed dasticdly. The founda-
tion ha paertiad movemert as wel. The movemerts are

usudly very smal for wdl corstruded abtmerts, bu

they shoud be evduaed and cmpersated forin cal¢ula-

tions.

change are an-
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53.11 Force Corrections

Operational conditions resulting in variations of
stress as indicated by jacking pressure consist of:

1. Friction in jacking system. Rams used in
jacks for single strand tensioning are typically
small; therefore, friction losses in the jacking
system can usually be ignored provided gauges
and systems are calibrated in accordance with
Article 5.2.7. The anchorages are not part of
the jacking system.

Multiple strand tensioning methods, because of
the large jacking ram and the heavy sliding or
roling anchorage to which all strands are at-
tached, are subject to friction which must be
overcome by the jack in addition to the force re-
quired to tension the strand. There may be sub-
stantial variations in friction between various
strand patterns. To minimize friction, the sliding
surfaces shall be clean and well lubricated. If two
methods of force measurement exceed the al-
lowable variation, a third method shall be used.

2. Thermal effects. For abutment anchorage set
ups, where strands are anchored to abutments
that are independent from the form, thermal ad-
justments are required if the temperature of the
steel at the time it is tensioned and at the time
the concrete starts to set differ by more than 25
deg. F (15 deg. C) and the net effect is greater
than a 2-1/2 percent force differential. Consid-
eration shall be given to partial bed length
usage and adjustments made when the net ef-
fect on the length of bed used exceeds the al-
lowable. The thermal coefficient of expansion of
steel shall be taken as 6.5 x F (12 x

C). Since tensioned strands are held
at a fixed length, variation between ambient
temperature at time of stressing and concrete
temperature at time of placing results in
changes of stress. Lowering of strand tempera-
ture increases force while a temperature rise
results in force loss. For strands stressed to ap-
proximately 70 to 75 percent of the strand ulti-
mate tensile strength, a temperature variation in
the strand of 10 deg. F (5 deg. C) will result in a
variation of 1 percent. Allowance shall be made
in the stressing for temperature variation of 25
deg. F (15 deg. C) or more by understressing or
overstressing at the rate of 1 percent for 10
deg. F (5 deg. C). of anticipated temperature
variation, depending respectively on whether a
reduction or rise of temperature is anticipated.
This adjustment is typically not required for self-

Commentary

C5.3.11 Force Correditons

Any instance where fction is excessve for multiple stand
systems rendeing the gauge psaure ineffedive for a coiral,
load cdls woud be reqired for the substartiation & a third
method for veificaion of the stressihg force.

Themal effeds. This item is importart for abumert beds
as the abtmerts are nat affeded bythe temperdure tise of
the strand fran the temperdure d stressng on a chd

morning to the concree temperaure d placemert in the

forms a mid-day or afernoon. The atons woud be re-

versed for strands tersioned & devaed temperdures with

coder concrée cat around it. Sef-stresshg bed are not

affeded by this phenanenon becase the beditself under-
goes ,a similar change. A the strand is wamed and ex-
pands, the bed does as well. Sincethe strandis anchoredo
the bedthe forcein the strandis reative to the bedlengh.

As the strand is expandhg andtrying to rdax, the bedis

expandng and héding the strand & its desired vdue.

MNL-117 3rd Edion
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stressing beds.

3. Live end seating overpull. Release of strands
from single strand jacks results in a force loss
as the strand seats into the live end chuck. To
compensate for this loss, strands shall be
stressed and elongated additionally to offset
the seating. The extra force shall be added to
the desired theoretical force.

5.3.12 Final Stressing of Strands

For single strand tensioning, after application of the
initial force and establishment of reference marks
for measuring elongation, the full strand force shall
be applied. Strand force indicated by gauging sys-
tems shall control the tensioning, with elongation
checked on every strand. An exception is the case
of a completely open bed with no bulkheads or
other possible sources of friction. In such in-
stances, strand elongation shall be checked on the
first and last strands stressed and at least 10 per-
cent of the remaining strands.

For multiple strand tensioning, following application
of initial force and seating of each strand on the an-
chorage header, reference marks shall be estab-
lished for measuring elongation and seating. Refer-
ence marks for seating shall be made by marking a
straight line across the strands in each row along
the face of the anchorage. For uniform application
of force to strands, the face of anchorage at final
load shall be in a plane parallel to its position under
initial force. Parallel movement shall be verified by
measurement of movement on opposite sides of
the anchorage and a check of its plumb position
before and after application of the final force.

The allowable jacking force during tensioning shall
not exceed the values stated in the latest edition of
the PCI Design Handbook.

5.3.13 Datensioning

Stress shall not be transferred to pretensioned
members until concrete strength, as indicated by
test cylinders or other properly calibrated nonde-
structive test technique, is in accordance with spec-
ified transfer strength.

If concrete has been heat-cured, detensioning shall
be performed immediately following the curing pe-
riod while the concrete is still warm and moist.

MNL-117 3rd Edition

Commentary

3. Live end seding To add adiiond eongdion
to offset seding losses requres addtiond force to stretch
the strand. The etxa force must be addedts the deired
theorgicd force.

Since dongdion is meaured bytravd of the anchorage, ref-
erence mark is usudly made & the face ofthe anchorage on
eachside ofthe bed.

C5.3.1.2 Final Stressing of Strands

Staight strands are the most straightforward tersioning setup.
Care is requred to be sure a véid startting pant is estadished
by puling to initial force for ¢ongaion measuremert and that
all appropriate corrections are made in the setup calculations.

C53.13

Tests haveshown bondtrarsfer for wet mix concree is

nat apprecally affeded by concree strenghs in the range of
2500 i to 4000 i (17.2to 27.6 MPa) a rdease. Concrde

strengh does influence cember and @nersiond changs due
to strains in the concrée. trarsfer strengh

of 3,000 psi (20.7 MPa) is recanmended.

If concree is dlowedto dry and cobprior to ddersioning, d-
mersiond change take pace wlich may case corradion
crackng or undsirale stress bulding upin the concree. Be-
fore deersioning, temperaure dfferertials shodd be minimized
betweenthe concree massandthe ambiert ar to which the top
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In single strand detensioning, both ends of the bed
shall be released simultaneously and symmetrically
to minimize sliding of members. Forms, ties, in-
serts, or other devices that would restrict longitudi-
na movement of the members along the bed shdl
be removed or loosened. Alternately, detensioning
shall be performed in such manner and sequence
that longitudinal movement is precluded.

In multiple strand detensioning, strands are re-
leased simultaneously by hydraulic dejacking. The
total force is taken from the header by the jack,
then released gradually. The overstress required to
loosen lock nuts or other anchoring devices at the
header shall not exceed the force in the strand by
more than 5 percen

The sequence used for detensioning strands shall
be according to a pattern and schedule that keeps
the stresses nearly symmetrical about the vertical
axis of the members, and shall be applied in a man-
ner that will minimize sudden shock or loading.
Maximum eccentricity about the vertical axis of the
member in the casting bed shall be limited to one
strand or 10 percent of the strand group. Limitation
of vertical axis eccentricity shall be at initial cutting
of ends of bed and as strands are cut between
members in setup. For unusual shapes and heavily
stressed shapes, production drawings shall show
detensioning procedures.

5.3.14 Protection of Strand Ends and
Anchorages

Special attention shall be paid to finishing of ends
of members in the area of strand ends and anchor-
ages, as specified on the shop drawings before
members are yarded. Unless such areas are main-
tained in a permanently dry condition after erection,
strand ends and anchorages shall be protected
against moisture penetration.

Commentary

surfaceis expaed. Strands shodd be immedately

upon stripping off coves, or a way devioped to

strands before the ¢covers (or detersioned be-
fore stipping coves). The e of sef-stressing forms reducs

the effet¢ of dmensiond changs.

For stressto be réeased graduby, strands shodd nd be cut

quickly but shodd be heted uriil the metd gradudly loses its

strengh. This becanes much more significart as the rdio of
forceto the area ofmember increases.

Loss of dueto slippage bveen concre and strand
also reducs load capady since momert capady re-
duces as slippage increaes into the sedion. The affeted
lengh of slipped strand is degemined by cosideling an over-
lap ofthe zone offlexural bond with the zone ofstrand stress
devdopment bond.

C5.3.14 Protecion of Strand Ends and Anchorages

Lack of proper prtedion of end anchoragedlows an acces
point for moisture and a deVeping pant for corrcsion. If salts
are presert in the moisture or waer tha acceses an anchorage,
then corrgion is enhanced and t&n acckeraed, making ade-
quae end prtedion manddory.

When expeed to view, anchorage (stresshg pockées) shoud

be recexed and packed ith a minimum of a lin. (25 mm)

thickness of nonmetalic, nonshrink mortar and redee a
sack fnish. Prior to instling the pocké mortar, the inside

concrée surfaces of the pocké shoud be coded or sprayed
with an epoxy bonthg ageh This mortar sed shoud be ade-
quately covered for cung since shrinkage or comadion
cracks will moisture pengation. When nb expased to

view, strand end shoud be co#ed wth a rwst inhibitor, such
as zinc fich- or epoxy-pent to avad corresion and
possble rwst spats.
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5.4 Post-Tensioning of Plant-Produced
Produ cts

54.1 General

The stressing of post-tensioned members is gov-
by many of the considerations applicable to
pretensioned concrete.

Stress in the tendons shall always be measured by
gauge readings and verified by elongation. Due to
frictional losses peculiar to post-tensioned mem-
bers and generally due to their relatively short
length (as compared to most pretensioning beds)
the predetermination of jacking loads and elonga-
tions and accuracy and reconciliation in measure-
ment are particularly important. The elastic short-
ening of the concrete member during tensioning
shall be given due consideration in computing ap-
parent elongations.

Records shall be maintained for plant post-tension-
ing operations in a similar fashion to other plant op-
erations.

Post-tensioning systems shall be installed in accor-
dance with manufacturers’ directions and proven
procedures. Manufacturers’ recommendations shall
be observed regarding end block details and spe-
cial reinforcement in anchorage zones applicable to
their particular systems.

Plastic coated unbonded tendons with a low

cient of angular friction looped within the panel, and
anchorages installed at one end only or at both
ends may be used. Curvature in the tendon profile
shall preferably not be closer than 3 feet (0.9 m)
from the stressing anchorage. Tendons shall be
firmly supported at intervals not exceeding 4 feet
(1.2 m) to prevent displacement during concrete
placement.

MNL-117 3rd Edition

Commentary

Paost-Tensioning of Rant-Produced
Products

General

Many arcltedurd panés which do né lend themslves to
bang becase of dfficuties with long line cast-
ing, such & jackng bukhead or sdf-stressihg form requre-
merts, can be esly posttersioned. Tbe proas of postten-
sioning incorpordes the inst@lation of dther bonded orun-
bonded tendors in prefomed vads or duds throughot the
lengh of the member, or through asedion of the member.
After cuing the member. stands are stressed and anchored
aganst the hardened condee

Bondedtendors areinstlled in voids or duds and
are made mondithic with the member and prteded fran cor-
rosion by grouing ater the stresshg opertion is campleted.

tendors are praeded aginst corrcsion by a prop-
elly appied cosing of gdvarizing. epoxy, gres, wax, [es-
tic, btuminows or aher approvedmaterid, and are carefuly
cast in concrée in a sheahing of heavy paper orlgstic. Un-
bondedtendors are conneted to the member ony through the
anchorage hardware, weh shoud be sired and dsigned in
accordance ith ACI 318.

The strand ¢endon)most frequenly used in archtedurd pre-
cast posttersioned concre is cdled the moncstrand. A-
though can be fabcaed to be groted, they are
usudly coaed with grease and coveredwith paperor plastic.
Thus, they are typicdly used in the condtion. If
friction is excepiondly high dueto lengh or curvaure of the
tendon, astrand coged with teflon and encsed in a plastic
tubeis avalade. Thee have alow coeffciert of
angudar friction (x = 0.03to 0.05). Anchorageand pocke for-
ums shoud be igidly attachedto the forms to prevenm intru-
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5.4.2 Details and Positions for Ducts

Ducts for post-tensioning tendons shall be con-
structed of flexible or semi-rigid metal or corrugated
HOPE/polypropylene tubing installed within the
member. Tendons which are not to be bonded by
grouting may be installed in ducts of plastic, or
other material. Metal ducts shall be of a ferrous
metal and may be galvanized. Aluminum or PVC
shall not be used for ducts.

The alignment and position of ducts within the
member shall be controlled. The trajectory of ducts
shall not depart from the curved or straight lines
shown on the design drawings by more than 1/2 in.
(13 mm) per 10 ft (3 m). For curved members, the
tendons, and consequently the ducts, shall be
placed on or symmetrically about the axis of the
member that is parallel to the direction of the curva-
ture. The position of ducts with respect to the thick-
ness of the member, especially at critical locations
shall be maintained within a dimensional tolerance
consistent with the size and usage of the members,
with a maximum variation from specified position of
x1/4 in. (+6 mm) or 1/8 in. per foot of depth,
whichever is smaller.

The alignment of ducts shall be such that tendons
are free to move within them and, if grouting is to
be used, area shall be sufficient to permit free pas-
sage of grout. The inside diameter shall be at least
1/4 in. (6 mm) larger than the nominal diameter of
single wire, bar or strand tendons; for multiple wire
or strand tendons, the inside cross-sectional area
of the duct shall be at least twice the net area of the
prestressing steel.

Ducts installed in members prior to casting the con-
crete shall be of such construction that they will not
admit concrete or mortar during casting. Ducts or
duct forms shall be so supported and fastened that
they will maintain their positions during casting and
compaction of concrete. Joints between duct sec-
tions shall be adequately coupled and taped to
maintain geometry and prevent concrete paste in-
trusion during casting. After placing of ducts and re-
inforcement and forming is complete, an inspection
shall be made to locate possible duct damage. All
holes, openings, or excessive dents shall be re-

Commentary

sion of cemert psste into the anchorage ciy. Ties beween
the shedhed tendon andsuppot sted shoud nd be so tight as
to cawse sible defomations (inderiations) in the

Details and Pasitions for Duets

Materials commonly used for fomed duds are 22to 28 gauge
gdvarized or bight spiraly wound orlongtudindly seamed
sted strip with flexible or semi-rigid seans

Although most duds are fomed sing metal tubing, occaion-
dly cdlagpsible or inflated rubbertubes that can be removed
after the concrée ha hardenedare usedto form a void in the
member. Ths woud nda be a preferrednethod if grouing
were to be tilized, dueto the lack of canposite adion be-
tweenthe cyinderleft by the vad andthe grou placedin the
void. For groded tendors a corrugéed HDPE or pdypropy-
lene dut may be w@ed if the materidls med the appropete
PostTersioning Institute recanmenddions.

Short kinks or wobHles in dignmert will result in appreade
increaes in friction duing tersioning.

Tendors may beinstaled in the duds ether pror to or subse-
quert to padng concrée. In genera it is preferabe to pace
the tendors subsequen to the concréng operéion so tha
water and grout can be wn pr deaned fron the dut to
avdd bockage ofthe dut.
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paired prior to concrete placing.

All ducts shall have grout openings at both ends.
Grout openings and vents shall be securely an-
chored to the duct and to either the forms or to re-
inforcing steel to prevent displacement during con-
crete placing operations.

5.4.3 Friction in Ducts

The jacking force necessary to provide the required
stress and overcome frictional force shall be indi-
cated. Production documents shall also show the
techniques to be observed in jacking, which may
consist of over-jacking and over-elongation fol-
lowed by a reduction of load for seating the anchor-
ages or of jacking from both ends.

Maximum jacking force shall not exceed the appli-
cable limits in ACI 318.

5.4.4 Tensioning

A schedule indicating the minimum jacking strength
and a sequence of tensioning tendons to keep
stresses within predetermined limits of symmetry
about the axis of the member shall be established
and shown on the production drawings. The con-
crete compressive strength shall be determined
from test cylinders.

A minimum initial force of 10 percent of the jacking
force shall be applied to the tendon to take up slack
and to provide a starting point for elongation mea-
surement. The jacking force shall then be applied,
including any overload and release that may be
called for in the procedure. The rate of application
of the force shall be in accordance with the
post-tensioning manufacturers’ recommended pro-
cedure.

Final force applied to tendon and actual elongation
measured shall check the theoretical values within
7 percent and shall agree with each other within 7
percent. If stressing is not achieved within this tol-
erance, then procedures shall be altered until toler-
ance limits are observed. For post-tensioned ten-
dons the stress at the end anchorages, immedi-
ately after tendon anchorage lock-off shall not
exceed 0.70 fp,,.

5.4.5 Anchorages

Anchorage devices for all post-tensioning systems
shall be aligned with the direction of the axis of the

MNL-117 3rd Edition

C5d.3 Friction in Ducts

Friction onthe pattersioning tendonis dueto lengh and cur-
vature of the duts The lengh effed is the amourt of friction

tha woud be expeied in astraight tendon dueto minor mis-

dignment (wobHe of the du¢). The curvaure effet results
from friction dueto the curvature of the duc¢. Both
componers of this friction are to the respedive
coefficierts of friction beweenthe tendon andhe side of the
dud. Coefficierts and corstarts to be wsed for canputing fric-

tiond effed have been satished by reearch for & dud and
tendon canbinations in canmon wsage.

Tensioning

Posttersioning in part producedmembesrs is generdly in short
lenghs so dongdion is usudly a smal vadue whch paces
added enphasis on careflly oltaining accurte reaihgs.

For posttersionedtendors shorter than 25 ft (7.6 m), spedal
stressng methods and éongdion measuremert methods are
requred.

An accurate gaugeis a necssity for tendors since
stressng the strands by cdcuating the dongdion woud be
difficut becage of the daborde strand confguraions (multi-
tude of tendon curvlures) andlosses which occur dung the
jacking proces

The atud €ongdion of the strand shoud be
checked agast the theorgicd dongdion to ensure tha the
strand is ertirely stresed. Thestrand may becone bondedor
kinked orthe anchomay nd be workng preveiing
the strand from bang fuly stressed.

Sample cdculations for tersioning setups are shown in Ap-
pendx H.

Anchorages

For systems, the anchorage prodes the oy trans-
fer pant from tendon to member, therefore,it is crticd tha
the anchoragebe capale of 95 perceanof the Utimate devel-
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tendon at the point of attachment; concrete sur-
faces against which the anchorage devices bear
shall be perpendicular to the tendon axis. Anchor-
age losses, due to seating loss or other causes,
shall be measured accurately and compared with
the assumed losses shown in the post-tensioning
schedule and shall be adjusted or corrected in the
operation when necessary.

The connections attaching the anchorages to the
form shall be sufficiently rigid to avoid accidental
loosening during concrete placement. The anchor-
age area shall be sealed immediately after the ten-
dons or strand are post-tensioned. Minimum con-
crete cover for the anchorage shall not be less
than the minimum cover to the reinforcement at
other locations.

Plastic pocket formers used as a void form at
stressing anchorages shall prevent intrusion of con-
crete or cement paste into the wedge cavity during
concrete placement. Pocket formers shall be
coated with grease prior to insertion to help prevent
concrete leakage into the anchorage and to aid in
their removal during form stripping.

5.4.6 Grouting

Ducts shall be blown free of water after curing of
the concrete and provision made to keep water out
of the ducts prior to grouting. To provide maximum
protection to the tendons, grouting shall be per-
formed within ten days after completion of the ten-
sioning operation unless otherwise specified. If a
delay is expected in grouting, a rust inhibitor can be
applied to the tendon before placement in the duct.

Grout shall always be applied by pumping toward
open vents. Grout shall be applied continuously
under moderate pressure at one point in the duct
until all entrapped air is forced out the open vent or
vents. Vents shall not be closed until they dis-
charge a steady stream of grout. Once all vents are
closed, pumping shall continue until a steady pres-
sure of 100 psi is maintained for ten seconds.

Thixotropic grouts shall be mixed with a shear-type
mixer rather than a paddle mixer.

5.4.7 Sealing of Anchorages

Tendon anchorages shall receive a concrete or grout
seal to provide the minimum cover required for the
tendon material elsewhere in the structure. This seal
shall be adequately covered for curing since shrink-
age or contraction cracks will permit moisture

Commentary

of thetendon.

Alignmert of anchorage is criticd for seding of tendors.
Misaignmert during cating can reduce effégeness of an-
chorage.

C5d.6 Grouting

Posttersioning membeis which areto carry heavy fududing
or dynanic loads or which are suljed to frequem wetting or

or severe timatic expasure shodd havethe duds con-
taining the tendors pressure grotied fdlowing the campletion
of tersioning. Grouing is an importart operdion, sening to
proted the tendors, rdieve the anchorage ddtress fluctuion,
and increae the effciency of the tendonin resisting utimate
momerts.

C5.4.7 Sealing of Anchorages

Care shoud be exensed to praed end anchorageof tendors.
Even with groued tendors, the end anchorage an integrd
pat of the posttensionedsystem.

Lack of proper pritedion allows an acces pant for moisture
and a deveping pant for corrasion. If salts are preert in the
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tration. Low-shrinkage, non-metallic grout shall be
chosen for anchorage pocket sealing.

If a concrete or grout seal cannot be provided, then
the anchorage and tendon end shall be completely
coated with a corrosion-resistant paint or other effec-
tive sealer. The anchorage and tendon end shall
then receive a cover which will provide fire resis-
tance at least equal to that required for the structure.

3rd Edtion

Commentary

moisture or waer that accesses an anchoragethen
enhanced and @ acckeraed, making adeque end
tion manddory.
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6.1  Inspection

6.1.1  Necessity for Inspection

To ensure that proper methods for all phases of
production are being followed and the finished
product complies with specified requirements, in-
spection personnel and a regular program of in-
specting all aspects of production shall be provided
in all plants. Inspectors shall be responsible for the
monitoring of quality only and shall not be responsi-
ble for or primarily concerned with production.

Every effort toward cooperation shall be observed
between production personnel, who are responsi-
ble for quantity and quality, and inspection person-
nel, who are responsible for observation and moni-
toring quality.

6.1.2 Scope of Inspection

To establish evidence of proper manufacture and
quality of precast concrete, a system of records
shall be utilized in each plant which will provide full
information regarding the testing of materials, ten-
sioning, concrete proportioning, placing and cur-
ing, and finishing.

In general, the scope of quality control inspec-
tions to be performed in precast concrete plants
shall include, but not necessarily be limited to the
following:

All required plant testing of materials for accep-
tance prior to initial placement and daily check
testing for quality maintenance.

Mix design for all concrete and required con-
crete testing.

Inspection of molds and new set-up changes
prior to placement of concrete. The plant shall
prepare its own list of items to be checked as
part of the pre-pour inspection, and emphasis
shall be on items that cannot readily be
checked after concrete placement.

Checking of positioning, sealing strips,
rustication strips, castin items, position and
amourt of renforcemert, and any other criticd
tolerance items, as well as the proper securing
of these items during placement of concrete.

Commentary

C6.1 Inspection

C6.1.1 Necessity for Inspection

Pre- and pat-pourinspedionsare useful for managng qual-

ity. Recurring defects require decisive action by management.

Plant management should give the quality contrgbadenent
sufficient time and resources to cin adequate job. Inspection
operdions shoud beso managedha produdionis na de-
layed @ long as spedfied procedurgare beng fdlowed.
Manyitemsmust he checked dimg the pre-pouinspedion
and each type of panel (different mark numbers) adiffer-
ent set of requirements. A plant's training prograhould in-
clude a definitive outline of items to be inspected

C6.1.2 Scope of Inspection

To document the pre-pour inspection, quality cdntrecords
should be identified with the same job number, madmber,
and dherinformation wedto idertify the produt after in-
spection.

The post-pour inspection is frequently the last anetimes
the orly oppotunity to confrm tha produds weremadein

conformance with the shop drawings. The most inaportas-
ped of the pstpouringpedion is the timeiness of the in-

spedion. Post-pour ingpedions shodd bemadeas scon as

practical after products are stripped from theirldeo If a de-
fect is evidentor a mistake haseen made and that defect or
mistakeis degeded duing the pastpourinspedion, similar
defeds or mistakes in produds yet to be cat can be pre-

vented.

The number of persons requredto perfom inspeding ser-

vices will vary with the size and scope of operaiowithin
the plant. It is important that a sufficiemumber of inspection
personnd are avalable to carry out dl prescribedtasks to

maintain the thoroughnes of inspedions andtests Assgn-

merts and for dl inspeding fundions shoud

be clearly defined and planned for in productiohestiling.

Information gained through quality control inspenti should
be reviewed on a daily basis with production pemsénThis
review shoud be eful in idertifying area tha may need
production procedures reinforced or modified, oruipment
that needs to be repaired or replaced.
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5. Checking of molds and appurtenances for
maintenance of tightness, dimensions and gen-
eral quality with continued use.

6. Daily detailed inspection of batching, mixing,
conveying, placing, compacting, curing and fin-
ishing of concrete.

7. Dally inspection of stripping from mold.

6. General observation of plant, equipment, work-
ing conditions, weather and other items affect-
ing production.

9. Preparation of concrete specimens for testing
and performing of tests for slump, air content,
compressive strength, and other concrete tests.

10. Inspection of finish to make sure that the prod-
uct matches the standard established by the
approved project mockup or sample in color,
texture, and uniformity. Finish defects, crack-
ing, and other problems shall be reported and
a decision made as to acceptance, repairs, or
manufacturing change. Units which are dam-
aged are to be recorded and marked.

11. Check finished product against approved
shop drawings and approved samples to en-
sure that proper finishes are on all required
areas, product measurements are correct,
cast-in items are correctly located, panel is
properly identified and marked, and that all
measurements are within allowable toler-
ances

12. General observations of storage area for
proper blocking, methods for prevention of
chippage, cracking, contamination or
blocking stains, and any other items that may
adversely affect the quality of the product.

13. Final inspection of product during loading for
proper blocking and to detect stains, chips,
cracks, or other defects.

14. Inspection of products following any repair.

6.2 Testing
6.2.1 General

Testing shall be an integral part of the total quality
control program. Testing for quality control of the
precast concrete unit shall follow plant standards
as well as standards required by the specifications
for a particular project.

For control of concrete, testing of specimens, and
the design and control of concrete mixes, each pre-
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C6.2 Testing
C62.1 General

Testing is necasary for internd plart qudity cortrol as well
as qudity cortrol of the precat concrée urit. Testing shoud
be dreded towards maintaining a umform levd of part
standard.

Testing operéions shodd beincorporaéed into dart operdions
to avdd unnecssary deays in produdion, and proiwde ade-
quéae produt and procss review.
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cast concrete plant shall be equipped with adequate
testing equipment, staffed with personnel trained in
its use, or if the plant has contracted for quality con-
trol to be performed by an outside independent lab-
oratory, that laboratory shall be accredited by the
Cement and Concrete Reference of the
National Institute of Standards and Technology (Na-
tional Voluntary Laboratory Accreditation Program).
The laboratory shall conform to the requirements of
ASTM E329 and the plant or independent laboratory
shall meet the concrete inspection and testing sec-
tion requirements of ASTM

Specified properties of all materials in Divisions 3
and 4 shall be verified by appropriate ASTM stan-
dards performed by either the material supplier or
the

In order to establish evidence of proper manufac-
ture and conformance with plant standards and
project specifications, a system of records shall be
kept to provide full information on material tests,
mix designs, concrete tests, and any other neces-
sary information.

6.2.2 Acceptance Testing of Materials

Suppliers of materials shall be required to furnish
certified test reports for cement, aggregates, ad-
mixtures, curing materials, reinforcing and pre-
stressing steel, and hardware materials, indicating
that these materials comply with the applicable
ASTM standards, project specifications and plant
standards.

1. Cement. If mill certificates are not supplied
with each shipment, testing of cement is re-
quired. The mill certificate shall contain the al-
kali content in percent expressed as
equivalent. Mill certificates or test reports of ce-
ment shall be kept on file in the plant for at
least 5 years after use.

C6.2.2 Accetance Testing of Materials

In some instances, materidls may nd confom to naiondly
recognzed spedfications bu may have along hstory of sat-
isfactory perfomance. Such nonconfaning materids are
pemitted when approved bthe when ac-
evidence ofsatisfactory perfomanceis provided.

1. Cement. Mill test repots shoud be revewed for
changs from prevous repots. Lower concrige strengh
shoud he expeed fran: lower cube strengh; lower
C,S; lower inenes; higher % retained on No. 325sieve
(45 pm); and figher loss on ignition. Increae in total d-
kali may reduce concte strengh gan ater 7 dag and
impar the strengh-produéng eficiency of waer-reduc-
ing adnixtures. Varation in a gray ceert's cdor may
in part be traced to a varatle Fe,0 cortert (a 2% vaia-
tion beng significart).

An addtiond repot is avalade from cement produces
tha dlows the concree producerto evduae cemernt
strengh uriformity (ASTM The daa will show 7
and cube strenghs with 5 day moving average
andstandard deiatiors. It is suggested tha rou-
tinely obtain these reports for the prevous 6 to 12 months
to monitor corsisency ofcube strenghs.

If the silicae (C;8) cortert vaies by more
than 4%, the ignition loss by more than 0.5%.or the
fineness by more than 375 Blaine (ASTM

then probems in maintaining a umform high stengh
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Characteristics of special cements not

ing to ASTM CI50 shall be investigated prior to
use to be certain that they do not exhibit undesir-
able attributes of high slump loss, strength retro-
gression, plateau-strength or other aberrations
under typical casting and curing conditions.

2. Aggregates. Fine and coarse aggregates shall

be regarded as separate ingredients. Aggre-

gates shall conform to ASTM C33 or ex-
cept for grading and soundness. The grading
requirements (only) of ASTM C33 or shall

be waived or modified to meet the special re-
quirements of gap-graded face mixes and pro-
vide the advantages in having the backup mix
as compatible as possible with the face mix.
Sieve analysis in accordance with ASTM

shall be conducted on samples taken from the
initial shipment received at the plant. Specific
gravity, absorption, and petrographic analysis
tests performed within the past 5 years shall be
obtained from the supplier prior to the time of
first usage or when a new lift or horizon in a
quarry is utilized or there appears to be a
change in quality of the aggregate.

The specific gravity factor of lightweight aggre-
gate shall be determined in accordance with

MNL-117 3rd Edition
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may result. Sulfate (SO,) vaiations shoud be limited to
+ 0.20%.

It is good pratice to keep a 1o 15 Ib cemert sample
(compasite from 2 or 3 subsamples) in an atight and
moisture proof coteiner with minimum ar space over
sample, uril prged accepance, to check ctor and
strengh devéopmert, if necessary.

If problems have occurrecwith cemert cdor vaiations, a
visud checkin sunlight of a cenert sample for cdor con-
formity for each pried shoud be made before lbowing
the cenert to beloadedinto the silo. A visud check of ce-
mert cdor shoud bemade and cmparedto prevous sam-

ples by pgadng the sample beaween two peces of plate
glass and taping the edge to hdd in the cenert. This is

hdpful in veifying tha ceamert is from a standard mill

source. Unannounced chamsga mill sources may result
in vaiabe concrée propeties, such &: ar corten,

strengh, setting and ctor.

Aggregdes. Sampling of stockgles or conveyor bks for
aggregées shoud be in accordance ih ASTM D75.
Once asample ha& been taken, the sample shodd be
mixed and then quatered in accordance Wwh
ASTM (C702. Oncethe sample ha been reducetb a test
size, testing shoudd follow ASTM C136. Sieve anbysis
tests are reqired to ersure uriformity of materds re-
ceived andto check cosisiency of gradton with the ag-
gregde supdier's repoted sieve anbysis taking into ac-
court expeted change in graddon tha may be cawed
by rough hanling in shipmert.

Spedfic graity and aborptiion of normal weight coarse
aggregee shodd be déemined accorihg to ASTM CI27
and fortine aggrega accoréthg to ASTM C128.

The spedfic gravty and alorption of an aggredea are
used in cetain canputations for mixture propotioning
and cortrol. such & the alsolute vdume occuped by the
aggregte. It is na generfly used & a measure of aggre-
gae qudity. though some porows aggregees that extibit
accderaed freezethaw deerioraion do havelow

grawties.

Petrograplic andysis shodd be made in accordance with
ASTM C295 to ersure tha sdleded aggregas are
durabe, inert and free fran iron sulfide (pyite) and ther
ddeterious materials. Petrographic examingion may dim-
inae need for kkali readivity tests The frequency ofest
ing will vary depenithg on the naure of the source of the
aggregte.

For some rdatively smocth surfaced, lightweight coarse
aggregees, reguar spedfic gravty and alorption proce-
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procedures described in ACI 211.2, Appendix A
— Pycnometer Method. The oven-dry loose
unit weight (ASTM C29) of the lightweight ag-
gregate shall be determined. A maximum 10
percent change in unit weight of successive
shipments from sample submitted for accep-
tance tests is allowed.

Evaluation of aggregates for potential alkali-sil-
ica or alkali-carbonate reactions (excessive ex-
pansion, cracking or in concrete) shall
be based on at least 15 years of exposure to
moist conditions of structures made with the ag-
gregate in question, if available, or petrographic
examination (ASTM C295) to characterize ag-
gregates and determine the presence of poten-
tially reactive components. If an aggregate is
found to be susceptible to alkali-silica reaction
using ASTM it shall be evaluated further
using ASTM CI260 and CSA Aggre-
gates which exhibit ASTM CI260 mean mortar
bar expansion at 14 days greater than 0.10 per-
cent shall be considered potentially reactive. Ag-
gregates further evaluated by CSA

that exhibit mean concrete prism expansion at
one year greater than 0.04 percent, shall be con-
sidered potentially reactive. Aggregate sources
exhibiting expansions no more than 0.04 percent
and demonstrating no prior evidence of reactivity
in the field shall be considered nonreactive. Re-
liance shall not be placed upon results of only
one kind of test in any evaluation.

If an aggregate is judged to be susceptible to
alkali-carbonate reaction using ASTM C295, it
should be evaluated further for alkali-carbonate
reaction in accordance with ASTM or
ASTM CI 105.

ASTM DA4791 shall be used to determine the
percentage of flat and elongated particles in
crushed coarse aggregate. Flat and elongated
aggregate particles (slivers) shall be limited to a
maximum of 15 percent by weight of the total ag-
gregate. If aggregate is to be exposed in panel
returns, the percentage shall be limited to
10 percent. ASTM CI252 (Method A) shall be
used to evaluate angularity of fine aggregate.

Commentary

dures by ASTM (C127 can be sd however, alid is
needed orthe baket to confine foaing peces.

Lightweight aggregtes shoud be ordered \ith spedfica-
tion restictions. Uniformity of spedfic gravty and dry
loose urit weight are importart concers for lightweight
concrée. However.some sources do nd corsisertly pro-
vide this material within a regonalle set of limits; there-
fore, adustrerts in mix propotions may be regired.
Supdiers shodd forward gradéon an#yses and spedfic
weight tests of the materia with initid shipmerts. The
spedfic waght test or weight of spedfic vdume of load
shodd be perfomed on eachshipmert so in
baching canbe made & the materia change in spedfic
gravity from tha assimed in the mix design.

Whenever pssble, aggrega@s shodd be eviuaed from
ther senvice record, taking into accouh the dkali con-
terts of the cenents used, wheher the aggreg® wes used
alone or in cambinaion with andher aggrege, andthe
expaure condtions and age ofhe concrée.

One genellty accepted definition of a fat paticle is one
in which the width or lengh exceedhe thickness by some
ratio, wudly 3: 1. An dongded paticle is one wherethe
lengh exceed the width by some rdio. wudly 3: 1. Flat
pieces and déongded peces (slivers) will produceirreguar
and non-uiform finishes when expeed and do nohdd
well in the concree matrix duing high pressure wahing.
Roughiextured, anglar. dongded paticles requre more
water to produce workale concrée than do snoath,

compad Hence, aggrega paticles
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These requirements may be waived if perfor-
mance testing demonstrates satisfactory results.

Tests for deleterious substances and organic
impurities shall be done at the start of a new ag-
gregate supply and annually thereafter, unless
problems are encountered requiring more fre-
guent testing. Deleterious substances in aggre-
gates shall be limited to the allowances given in
ASTM C33 for exposed architectural concrete
located in severe weathering regions with the
following exceptions: (1) fine aggregate shall
not exhibit a color darker than Organic Plate 1
when tested for organic impurities in accor-
dance with ASTM and (2) clay lumps and
friable particles in fine aggregate shall be limited
to maximum of 1 percent and in coarse aggre-
gate to a maximum of 0.25 percent.

Coarse aggregates may occasionally contain
particles with an iron sulfide content that re-
sults in unsightly stains. Since this aggregate
could meet the staining requirements of
ASTM the requirements shall be tight-
ened. If ASTM C295 indicates the presence of
iron sulfides, then aggregates tested by
ASTM C641 shall show a stain index less than
20.

Unless all aggregate is stockpiled at the begin-
ning of a project, a sample of the approved ag-
gregate for exposed surfaces shall be main-
tained until all units are accepted by the archi-
tect. As shipments of aggregates are received,
a visual inspection shall be made such that the
general appearance of the material can be com-
pared with the approved aggregate sample.

Water. Water shall be potable or chemically
analyzed when a private well or non-potable
water is used in concrete mix. Except for water
from a municipal supply, an analysis of the
water shall be on file at the plant, be updated
annually and be clearly related to the water in
use.

Mortar cubes made in accordance with ASTM

using non-potable or questionable mixing
water shall have strengths equal to at
least 90 percent of the strengths of companion
specimens made with potable or distilled water.
Time of set (ASTM for mortar made with
questionable water may vary from one hour
earlier to 1-1/2 hours later than control sample

MNL-117 3rd Edlition
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that are anglar requre more camert to maintain the same
water-canert ratio. In addtion, long, aggregte
pieces produce concte dfficut to adequeely corsolidae
becase of aggrege intedock.

Many times friade paticles or day bdls in aggregt,
which are deeded by ASTM (142, are weakened on we
ting andmay degrade on repieal weting and dring.

Precast concree urits, dthough nd nomally expesed to
sdting orinterse freeing andthawing, may be expaed to
strong we-dry cyding. We-dry sersitive coase aggre-
gaes may crumble andsuch crumbling may be néiceatbe
evenif aggregée is used in smell quariities.

Staining due to iron sulfides generfly becanes ndticeatbe
at alater dde dueto moisture and obdaion from expcure
to the amosphere.
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(made with municipal or distilled water). Water
resulting in greater variations shall not be used.

4. Reinforcing Steel and Prestressing Materials.

Plant testing of reinforcing steel, welded wire
reinforcement, or prestressing materials shall
not be required if mill certificates and coating
reports are supplied. Mill certificates of reinforc-
ing steel, welded wire reinforcement, and pre-
stressing materials in stock or in use shall be
required and indicate that they meet the re-
quirements of applicable ASTM specifications
and ACI 316. Mill certificates shall be kept on
file in the plant for at least 5 years after use.
Certificates shall be obtained for each size and
shipment and for each grade of steel. Certifi-
cates shall be obtained for each ten reels or
coils of prestressing strand or wire in each size,
and for each heat or at least for each shipment
if less than ten reels or coils. Certificates for
prestressing materials shall be kept on file for
each size, shipment, each heat, or each
shipment if less than 10 tons. Incoming steel,
wire and strand shall be examined for damage,
excessive scaling or pitting.

When it is required to restrict the range in the
chemical composition of steel to provide satis-
factory weldability, conformance with these
supplemental requirements shall be certified in
writing by the supplier.

The in-plant review and monitoring of welded
wire reinforcement shall include a periodic in-
spection as it is received to confirm that the
styles conform to the required size and spac-
ing specified. Spacing of the wires shall be
within 1/4 in. (6 mm) of the desired spacing,
and the resistance welds at intersections of
wires shall have not more than 1 percent bro-

Commentary

Reinforcing Steeland Materials. It should

be a practice to reviewmill cetificaes from sup-
pliers of reinforcing bas for confomanceto the purcha

ing requremerts and shop dravings. As reinforang ship-

merts are reviewed, barsize and gradeshoud be con-
firmed. Based on the chenicd andysis the welding

criteria (if welding is to be tilized for rénforcdng sted)

shodd be stadished andthe renfordng sted marked ac-
cordngdly. If the reinfordng sted is wddale accoréhg to

AWS D1 .1 and D1.4,the preherequred will vary de-
pendng on the chenicad andysis of the sted.

Upon recépt of a shipmert, bas shodd be revewed for
ther gener&condtion. Bars are accepade with acertain de-
gree ofmill scde & wdl as some ruwsting. Bars shodd na
have excssie ptting orlossof sedion cased by rsting. If
the rustis easily removed by éher pressureor a pen-
cil eraer and nosignificant pitting is observed, the bars are
in confomance vith accepale standardg.

Upon recept of prestressing sted, the mill cetificaes from
the supdier shoud be reiewed for confamance vith the
purchae requremens. The sted should be
physicdly inspeded for conirmation of the materia size
andtha the reés or the shipmerts are propely tagged and
idertified with a mill cetificae and idertifying that it is
low rdaxdion or stess rdieved stand. Thee materias
shodd be inspeded for exceswve ruwst, nicks, and knks
which can case prolbems in tersioning of the material.
Rusting is generdy accepale if the rsting is light and if
pitting ha nat begun. Ifrust can he rmoved by fnger
presaure orby the wse of a nommetalic pad,it generdly is
not a cage for rgedion. It shoud be nded tha there are
cettain sttes, Cdifornia béng one, with for pullicly-
funded prgeds require tha strands be bright andshiny and
cortain esertially no rwst when used. Supgiers and part
personnd needto be aware othese speda requremerts
when ordeing, shipping, andstoring strand. Kinks or ricks
in strands. bas or wire an area wheretresss are
conceltrated, and breakage can occMtaterial whichiis re-
ceived with kinks or nicks shoud nd be accegd.
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ken welds. Additionally, if specific finish re-
qguirements are specified, such as galvanizing
or epoxy coating, this shall be confirmed at
the point of delivery.

The stress-strain curve of the prestressing steel
shall be on record. Stress-strain curves shall be
for material tested from heats used to produce
reel packs and shall be referenced to those reel
packs. Average, typical or generic curves are
not acceptable.

In lieu of mill certificates, reinforcing steel shall
be tested for its physical and chemical properties
in accordance with ASTM A370 to confor-
mance with the applicable ASTM specifications.

Admixtures. The manufacturer of the admix-
ture shall certify that individual lots meet the
appropriate ASTM requirements. All relevant
admixture information with respect to perfor-
mance, dosages, and application methods and
limitations shall be on file at the plant. Air-en-
training admixtures shall conform to the re-
qguirements of ASTM Other admixtures
shall conform to the requirements of ASTM
C494, Types A, B, D, F and G or ASTM

The supplier shall certify these admixtures do
not contain calcium chloride. Fly ash or other
pouolans used as admixtures shall conform to
ASTM Metakaolin shall conform to
ASTM Class N requirements and silica
fume to ASTM

Laboratory test reports submitted by the sup-
plier of chemical admixtures, shall include infor-
mation on the chloride ion content and alkali
content expressed as equivalent. Test re-
ports are not required for air-entraining admix-
tures used at dosages less than 130 mL per
100 kg (2 fl 0z per 100 Ib) of cement or
nonchloride chemical admixtures used at

mum dosages less than 325 mL per 100 kg (5
fl 0Z per 100 Ib). Both the chloride ion and total
alkali content of the admixture are to be ex-
pressed in percent by mass of cement for a
stated or typical dosage of the admixture, gen-
erally in milliliters per 100 kg or fluid ounces per
100 Ib of cement.

Pigments and Pigmented Admixtures. The
supplier shall certify that pigments or other col-
oring agents comply with the requirements of
ASTM C979.
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Admixtures. Tbe propietary nane andthe neé quarity in
pounds (kilogramg or gdlons (liters) shodd be painly in-
dicaed onthe packageor cortainers in which the adnix-
ture is ddivered The adhixture shoud med ASTM re-

on dlowable varahlity within eachlot and be-
tweenlots and betweenshipmerts.

It is desirae to ddgemine tha an adnixture is the same
as tha previously tested or tha successive lots or ship-
merts are the same. Teststha can be used to idertify ad-
mixtures indude solids cortert, spedfic gravty using hy-

infrared for orgaic materi-
als, cHoride cotert using silver ritrate solution, pH, and
others. Admixture manufaturers can recoimend wlich
tests are most suitade for thar admixtures and the results
tha shoud be expeed. Guddines for ddemining uni-
formity of chemicd admixtures are givenin ASTM C494,
C233 andCi017.

Normd setting adnixtures that cortribute less than 0.1
percett choride by weight (mas§ of cement are most
common and their usshould be evaluated based cm an ap-
plicaion bais If chloride ions in the adnixture areless
than 0.01 percerby weght (mas9 of mate-
rial, such contribution represerts an insignificart amount
and may be cosideredinnocuos.

and Pigmented Synthetic minera
oxide pgmerts may reat chemicdly with other produts
used onthe surface,such & surface retarders or
add, andshoud betested forthese reations prior to use.
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Hardware and Inserts. Plant tests shall not be
required for hardware but certification shall be
obtained for all steel materials and each differ-
ent grade of steel to verify compliance with
specifications. Inserts need not be plant tested if
used only as recommended by the suppliers
and within their stated (certified) capacities and
application qualifications. Records shall be on
file establishing working capacity of each kind
and size of insert used for handling and/or con-
nection corresponding to the actual concrete
strengths when inserts are used, unless the
manufacturer's load table indicates adequate
capacity at a strength lower than the maximum
strength at time of use. No extrapolation of the
suppliers test data is permitted. In lieu of certifi-
cation for hardware, six specimens of each size
and material heat number of a steel item shall
be tested in accordance with ASTM A370 to
verify conformance with the applicable ASTM
specification. For other hardware items informa-
tion shall be on hand describing the material, its
qualities and applications, including limitations.

Stud Welding. Headed stud and deformed bar
anchor materials and base metal materials
shall be compatible with the stud welding pro-
cess. Suppliers of both materials shall provide
physical and chemical certification on the prod-
ucts supplied. The certification test shall have
been made within the six month period before
delivery of the studs.

When assemblies are produced outside the
precast concrete plant, the vendor producing
the assemblies shall test assemblies in accor-
dance with the testing procedure in Article

The procedure shall be provided to
vendor and written into the sales agreement re-
quiring conformance. Vendor personnel shall
maintain records on an hourly basis and these
records shall be provided to the precat plart.
In addition, random sampling shall be done for
each production lot of assemblies received at
the precast plant. One unit for each 50 assem-
blies received shall be selected and the stud
weld(s) visually inspected, and one stud bend
tested, in accordance with the procedures de-
tailed in Article Any failure of the vi-
sual inspection or the bend test shall require
like testing on a random 10 percent sample of
the production lot. Any failure within this 10 per-
cent sample shall require inspection and bend
testing of 100 percent of the production lot, or

Commentary

7. Hardware and Inserts. If suppiers load tabes indcate

adequée capaity a a concrete strengh lower thanthe de-
sign strengh, the insert capady is satisfactory

Stud Welding. The head of anchorstuds are sometimes
subjed to cracks or “bursts’ during manufaduring. Ths is
esertialy a crackstartting & the edge othe head and pro-
gresshg toward the ceter. As long & the crack do nd
extend mare than h#f the dstance fran the edgeto the
shank, & degemined by a isud inspedion, the crackis
not cawse for rgedion. These interrugions do nd ad-
versely affed the studurd strengh, corrsion resisance
or aher reqiremerts of the headedtuds.

Au asembly failure in senvice can beindastic and occur
withou warring. Two falures in 10 percem of a produc-
tion lot is cawse for serious concern. In adton to testing
the enire lot, the manufadurer shodd he cosulted and
ther procedurs and materids checked for confonance
with standard.

A “produdion lot” is any cdledion of like asemblies re-

ceived in a single shipmert. Separdée shipmerts of the
same a®mbly type corstitutes multiple prodution lots.
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replacement of the entire lot.

Substitution of reinforcing bars for deformed
bar anchors shall not be allowed unless ap-
proved by the precast engineer.

Curing Compounds, Form Release Agents,
Surface Retarders and Weatherproofing
Sealers. Instructions for proper use and appli-
cation shall be obtained from suppliers and
kept on file at the plant for all such materials
used in the plant. If membrane curing com-
pounds are used to retain moisture in concrete,
such materials shall conform to ASTM if
sheet materials are used they shall conform to
ASTM CI 71, Any coating used should be guar-
anteed by the supplier or applicator not to stain,
soil, or discolor the precast concrete finish or
cause joint sealants to stain concrete. Consult
manufacturers of both sealants and coatings or
pretest before applying the coating.

Concrete Mixtures. Concrete mix proportions
shall be established under carefully controlled
laboratory conditions. For lightweight concrete
mixes, representative cylinders shall be cast
and cured under plant production conditions to
demonstrate the strength and weight of the
concrete produced. All concrete mixes shall be
developed using the brand and type of cement,
the type and gradation of aggregates, and the
type of admixtures proposed for use in produc-
tion mixes. If at any time these variables are
changed, the mix shall be re-evaluated. This
re-evaluation may include one or more of the
following concrete properties: (1) color, surface
texture, or aggregate exposure; (2) air content
or durability; or (3) strength (selected tests at
appropriate ages).

Records of all concrete mixes used in a plant
and their respective test results shall be on
file. Acceptance tests for concrete mixes shall
include:

a. Compressive Strength. Standard test
specimens [6 x 12-m. (150 x 300 mm) or 4 X
8-in. (100 x 200 mm) cylinders or 4-in. (100
mm) cubes] shall be made and cured in ac-
cordance with ASTM CI92 and tested in ac-
cordance with ASTM C39. Test specimens
using 4-in. (100 mm) cylinders or cubes are
permitted providing proper and proven cor-
relation with the standard 6 x 12-m. (150 x
300 mm) test cylinder is available. In addi-
tion to the tests, compression tests
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Commentary

W&l ablity charateristics of reinforcdng bars are usually
different, andstrenghs may nd be the same.

10. Concrde Mixtures. Casting of amix in a citicd part of

an atud mold is often advsalde for checkng amix under
produdion condtions.

a. Compressve stengh. Typcdly, the design
strengh estadished for facemixes and backup con-
crete should be not less thar3000 psi (34.5MPa).
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shall be made at the time of stripping the
production unit from the mold to determine if
stripping strength requirements have been
met.

b. Absorption. The maximum water absorp-
tion for normal weight concrete (150 Ibs. per
cu. ft.) (2403 facing mixes at 28 days,
shall not exceed 6 percent by weight. Alter-
natively, absorption expressed by volume
shall not exceed 14 percent. The absorption
of the facing mix of a continuous production
run shall be verified every 6 months, for
each new project, and whenever the
als and/or production methods are modified.

c. Slump. Slump tests shall be made in accor-
dance with ASTM C143.

d. Unit Weight. Unit weight shall be tested in
accordance with ASTM CI36 or C567.

e. Air Content. Air content in concrete shall be
measured in accordance with ASTM
or C231 as applicable.

b. Absorption. A water absorption test of the proposed

fadng mixes may provde an edy indcaion of
weaheling propeties of the concree (raher than
durablity).

Samples for testing. Three 4x S-in. (100x 200 mm)
cylindess or 4-in. (100 mm) cubes shoud be cast with
concree fmm three differert batiches from each ofthe
mixes being tested. If pssble, samples shoud be cat
in cortainers made fran the mold materia intended
for the a¢ud unit. Test samples shoud be
corsolidated. cured andifished similar to the prod-
uds they repreert. Test samples shoud be ¢ean and
free fran any pating or form relesse ageh or any
sealer.

Test procedure. Spedmers shodd be tested afer 28
days in accordance ith ASTM C 642 excep proce-
dures described in Sedions 5.3 and 5.4 othe ASTM
test are na requred. The perceage aborption is the
average aforption of the three speémers. This figure
may be trarsformed to vdume percetage baed on
the spedfic waght of the concréee tested.

A compaiison of waer quatities atsorbed afer a
given time, for instance 15minutes, may he deer-
mined fran Rilem Test Method 11.4, Weer

tion under LowPresaure Pipe Method). Ths test pro-
cedure can be sad to assss the effetiveness of a
seder. However, a cortation to ASTM C 642 ha
nat been deveped, therefore accdpnce citeia have
not been stalished forthe Rilem Test

. Slump. The standardslump test may beinadequte &

a measure of the workaldity of concrées with high
propotions of coase aggrege.

¢. Air Content. The vdumetric method of checlng dr

ertrainment (ASTM C173) may be used on anytype
of aggreg#e, wheher it be dese, cdlular or
lightweight. The presure method (ASTM C231) gves
excdlert results when wed wth concrée made wth
relatively derse ndurd aggregtes for which an aggre-
gae corretion fador can be demined satisfactorily.
It is nat recanmended for e on concrees made wth
lightweight aggregtes, ar-coded Hast furnace slag,
or aggregtes of high porsity. It dso may nd work
propety on very hash ar low-slump mixtures.

Since arcitedurd precat concrée urnits are generiy
ereted in an above-grade wezd position, which is a
moderde envronmert, ar corterts as low & 3 to 6
percen in the concrée or 7% & in the mortar fadion
appearto provide the reqired durabity.

ment levds no higher than necesry are preferred,
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6.2.3 Production Testing

Production testing shall be directed towards main-
taining production and product uniformity by routine
testing of materials and concrete to ensure that they
are consistent with supplier's reported data or es-
tablished requirements.

1. Aggregates. A sieve analysis (ASTM CI 36)
and unit weight test (ASTM C29) shall be con-
ducted in the plant with test samples taken at
any point between and including stockpile and
batching hopper. Such tests shall be carried
out for each aggregate type and size at least
once every 2 weeks or for each of the following
aggregate volumes, where usage in a
period exceeds such volume:

a. Aggregates used in architectural face mixes
40 cu. yds. (31 m?)

b. Fine aggregates used for backup mixes
. . 200 cu. yds. (150 m?)
c. Coarse aggregates used for backup mixes
. 400 cu. yds. (310 m?)

Each shipment of aggregate shall be visually
compared with the approved aggregate sample.

3rd Edition

Commentary

since the campressive strengh of concrée is reduced
by approxmately 5 percen for each 1 percénof en-
trained @ (whenthe wder-cemert ratio is hdd con-
stant). Strengh redutions tend to be greter in mixes
cortaining more than 550lb. of cemert per culic yard
(326 kg/m'). Since most precat concrée mixes con-
tain a hgh cemert fador, rdatively high redutions in
strengh may be aticipaed wth high levds of ar en-
trainmert. Also, & compressive strenghs increae and
water-canert ratios decreae, ar-void paraneters im-
prove andertrained air percetages can be set a the
moderde expaure limits.

The addtion of noma amourts of an ar-ertraining
agert to hash gap-graded faeg mixes will improve
the workalility andincreae resistinceto freeing and
thawing eventhough ofy a smal amourt of ar is
usudly ertrained.

Production Testing

Qudity-cortrol chats displaying test results shoud
be wsed to uncover unaricipaed varations in materials, bach-
ing, mixing, cuing, andtesting concrée. The pimary oljec-
tive of quéity-cortrol charts is to test whether or nat a procss
is in sttisticd cortrol. chats are véuabe in visudly
preserting the dda in a manner where véation can be realy
seen. Thee charts can provde information on whéher aprob-
lem exsts in a operdion; however, quiity-cortrol
chats may nd locge wherethe varahlity is occuring. Qua-
ity-cortrol charts do provde dues on whereto look for pro-
cess varnahlity. Qudity-cortrol chats provide the benefs of
(1) limiting defetive bdches, (2) fewer rgeded baches, and
(3) beter overdl qudity.

For furtherinformation onthe wse of cortrol chats refer to ACT

of Conaete SP-2 and StevenH., In-
terpretation of Chares for  Concrete Production”
ACI Materids Journd, July/August, 1990, pp. 319.326.

1. Aggregates. Sampling preferaty shoud be fran convey-
ors or from the dscharge opemg of kins. Stockples are
most difficult to sample propely andshoud be avdded &
sample sources, if possble. Themost represertative sam-
ple pesble is tha from a conveyor He For fine aggre-
gae take scoopfus from the bét urtil a buckéful is ob-
tained, fran which the test Sample can besplit or quar-
tered. For coase aggregie, take samples from the bét
only if it is pradicade to stop it while d materid on a
short lengh of bt is removed. If arrangemerts cannd be
made to stop the bdt, or if there are no belt conveyos a
the pant, other mears must be sed. The nexbest method
is to take the enire momertary dscharge of coae aggre-
gae from a chde or bn gde. Take &least severd culic
feet of material and quaer the test sample fram this
amourt. Such samples are most represertative whenit is
possble. to quater them from materia taken fnm the first,
midde, andlast of the matelia to he tested.

Close corirol over gradd@ion of aggregas is eseertia to
minimize varations in surfacetexture and ctor in the fin-
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Moisture tests are not required for bagged ag-
gregates stored indoors. Surface moisture in
bulk aggregates shall be evaluated and compen-
sated for in all concrete proportioning. Moisture
content shall be determined by drying (ASTM

by a meter that measures moisture by
the pressure of chemically generated gas, by an
electric probe with moisture indicated by the re-
sistance between electrodes, by microwave en-
ergy absorption, or other devices -calibrated
against ASTM C566..

Either the moisture meter or electric probe are
satisfactory for continuous moisture determina-
tion provided they are calibrated against the
drying method (ASTM C566). If moisture me-
ters are not used, the free moisture shall be de-
termined at least daily, or at any time a change
in moisture content becomes obvious and ap-
propriate corrections shall be made.

Concrete Strength. During production, con-
crete shall be sampled and specimens made in
accordance with the following specifications ex-
cept as modified herein:

ASTM — Sampling Fresh Concrete.

ASTM C31 — Making and Curing Concrete
Test Specimens in the Field.

Each sample shall be obtained from a different
batch of concrete on a random basis, avoiding
any selection of the test batch other than by a

Commentary

ished produd. Aggregaes shoud be handed and stored in
a waytha minimizes segregéion and degradtion and pre-
vents cortaminaion by déeterious substances.

unit weight of aggregte is importart for mix design whle
vainations in unt weight may indicate a change
in graddion, spedfic gravty or paticle shape.

It is good pratice to maintain a runiing average on fra 5
to 10 prevous graddion tests droppng the results of the
oldest and adthg the most recen to the total on wtlich this
averageis cdculated. Thee average canthen be sed to
make necesary adustmerts to mix

For coase aggregte, déemine the loose dersity andthen
cdculate vad corternt based onthe spedfic gravty of the
aggregee. If the “umber change fmm the initiad supgdy
have the aggreg® supdier investigate the varation.

Compersation for surface is paticuardy impor-
tart for face mixes wherethe anourt of fine aggregas

bached by weght may vary enoughto seriowsly affed the
color andtexture ofthe finished face. The fremoisture on
aggregees affeds neé aggregte weghts as wedl & the
amourt of water addedto the bach andmay cawse dther
over- or under-yelding of concrefe mixes. It is recon-

mendedtha weighing be eqipped with propely

maintained moisture meters peiodcdly cdibraed to de-
ted changs of | percen in the freemoisture cortert of
tine and coase aggregees so corretions can bemade and
mixes adusted d@ any time. Readngs from moisture me-
tering devces based on conduevity will vary with the
dersity of the aggreg®s and are nbrecanmended for
lightweight aggregtes. Deteminaion of moisture corert

by drying is time corsuming and nb necesily accurdée
for pradicd concrée propotioning & it tests orly an iso-

lated sample.

Concrae Stengh. Testing of concrée strenghs by wsing
test spedmers is a citicd part of the quéity cortrol pro-
gram. In addtion, propely corrdated rebound hamer or
other nondstuctive tests may be sed to indcae stip-
ping strengh.

Samples for strengh tests must be taken on astictly ran-
dom besis if they areto measure the accefahlity
of the concree. A predéemined sampling dan (chance
approach)shoud beset up before the start of produdion

MNL-1 17 3rd Edition 139



140

Standard

number selected at random before commence-
ment of concrete placement.

The size of specimens made and cured in ac-
cordance with ASTM C31 are modified to per-
mit use of either 6 x (150 x 300 mm) or 4
X 8-in. (100 x 200 mm) test cylinders or 4-in.
(100 mm) cubes. Test specimens using 4 x 8-
in. (100 x 200 mm) cylinders or 4-in. (100 mm)
cubes shall be considered acceptable, provided
that proper correlation with standard 6 x

(150 x 300 mm) test cylinders is available.

Maximum size of aggregate in 4 x 8-in. (100 x
200 mm) cylinder or 4«in. (100 mm) cubes
should not exceed 1 in. (25 mm). If larger
sized aggregate is contained in the concrete,
the compressive strength shall be measured
using standard 6 x (150 x 300 mm) cylin-
ders. Special cube size may be used when
they more adequately represent particular
products, if correlation to standard 6 x 12-in.
(150 x 300 mm) cylinders is provided.

Four compression specimens shall be made
daily for each individual concrete mix (whether
facing or backup mix), or for each 40 cu. yds.
(31 m? of any one mix where the daily con-
sumption exceeds this volume.

The required average strength of the concrete

MNL-117 3rd Edtion

Commentary

by estahishing the intervds a which samples will be
taken. Theintervds may beset in temms of dthertime
elapsedor yardage faced. The chioe oftimes of sam-
pling or the baches of concrete to be sampled must be
made onthe bais of chance lone wthin the perod of
placement in ordeto be representative. If batches of con-
crete to besampled areseleded onthe bais of appear-
ance, conveniencexr other possibly biased criteria, statis-
tical concepts lose their validity. Obviously, rmiore than
onetest shoud be taken fran asingle bdach, and weer
should not be added after the sample is taken.

Devdopmert of a corréation curve dowsthe wse of a
newor unapprovedesting method afer corréating tha
methodto an method of testing. Correlation test-
ing shoud be done annuby as aminimum and &the stat
of a new mix design and should include the following:

1. A corrédation curveshodd be stabished for each
combination ofconcrete mix design, curing procedure,
and age of test.

2. A minimum of 30 kests should be used for eactorre-
lation curve.

3. Test results shoud fal within the 95 percenconi-
dence limit ofthe correlationcurve,

If values cannot be obtained during testing whicte con-
sistently within the 95 percent confidence limfien a valid

curve cannot be established. It is recommended
that the specific procedure, specimen siretest method
being considered not be used, sincecannot be relatedto
the standard with the degree of confidence.

Although 4-". (100 mm) diameter cylindeksr cubes tend
to test slightly higher thaié-in. (150 mm) diameter cylin-
ders, the difference is usually insignificant. the absence
of adequate test data for a correction factor, cofaof 80
percent of the strength should be used as a con-
servative measuremeto coavert to Standard (6x 12 in.)
(150 x 300 mm) cylinder strength for thsame concrete.

Reparation and testing of cubes should be nearlycoss

sistent with the appropriate requirements fur ddirs as
possible, with the exception that tcencrete be placed in
a single layer of 4 in. ( 100 mm). or external vi-
bration methods woud then proceedsoulinedin the

ASTM designations. Internal vibration should not be-

plied to the consolidation of cubes.
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shall be selected in accordance with Chapter 5,
ACI 318.

Cylinder molds shall be kept clean and free
from deformations and conform to require-
ments of ASTM

Test specimens shall be made as near as pos-
sible to the location where they will be cured
and shall not be disturbed in any way from 1/2
hour after casting until they are either ready to
be stripped or tested. Specimens shall be pro-
tected from rough handling at all ages.

Test specimens shall be cured with and by the
same methods as the units they represent up
to the time of stripping or detensioning from
form or mold. Cylinders stored next to a prod-
uct shall have their curing conditions verified as
similar to the product. In lieu of actual curing
with the member, cylinders may be cured in
curing chambers correlated in temperature with
the product they represent. In such a case, the
correlation shall be constantly verified by use of
recording thermometers in the curing chambers
and comparison with the temperature records
of the product, and by use of the same meth-
ods of moisture retention for curing chambers
and casting beds.

After stripping of the unit, test specimens shall
be removed from their molds and stored in a
moist condition at 73.4 deg. F + 3 deg. F (23 £
1.7 deg. C) until the time of testing.

Unless specimen ends are cast or ground to
within 0.002 in. (0.05 mm) of a plane surface,
they shall be capped prior to testing or un-
bonded caps (elastomeric pads) may be used
in accordance with ASTM Capping pro-
cedures shall be as specified in ASTM C617
except that with fast setting sulfur compounds,
especially manufactured for capping, compres-
sion testing may be performed 1/2 hr. after the
caps have been in place. The casting tempera-
ture of capping compounds shall be controlled.
Thermostatically controlled heating pots shall
be used.

Commentary

Moids for making test spedmers shodd bein accordance
with appicade requremerts of ASTM C31 and C470.

The strengh of atest spedmen can be grély affeded by
jostling, change in temperdure, and expmure to drying,
paticuady within the frst 24 hous after cating. Thus,

test spedmens shoud be cast in locgions where subse-
quert movemert is unnecesary and where ptedion is

possble. Cylindes shoud be from rough han-
ding & dl ages Becawse of the danger of prodiuag
cracks and weakened lgnes, concrée with slumps less
thanabout 1 in. (25 nun)shoud nd he moved everin the

first 15 to 20 min. Concree in cylindes may be comoli-

dated by or by vibraion @ spedfied in ASTM

C3 1. Any devetions from the reqiremerts of ASTM C31

shoud he recordedn the test report. If vibraors are sed,
technques shoud be devdoped to predude segregdion.

MNL-1 17 3rd Edition
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Testing of specimens to determine compres-
sive strength shall be performed in accordance
with ASTM C39. The strength of concrete at
any given age shall be determined as the aver-
age of two specimens except one specimen
can be used to determine stripping or stress
transfer strength as production progresses. If
either specimen shows definite evidence, other
than low strength, of improper sampling, mold-
ing, handling, curing or testing, it shall be dis-
carded, and the strength of the remaining cylin-
der shall be considered the test result.

The strength level shall be considered satisfac-
tory if both of the following requirements are
met:

1. The average of all sets of three consecutive
strength tests equal or exceed the specified
28-day strength.

2. No individual strength test (average of two
cylinders) is more than 500 psi (3.4
below the specified strength.

Non-destructive tests can be useful tools to
supplement, but not replace, cylinder tests, ex-
cept as noted. They can serve to give a com-
parative or qualitative evaluation of concrete
strengths. They may serve to determine strip-
ping or transfer strengths when cylinders have
been damaged or have all been used and to
indicate shipping strength.

Non-destructive test methods shall be accept-
able provided the following conditions are met:

1. A correlation curve is established for each
combination of concrete mix design, curing
procedure, and age of test.

2. A minimum of 30 tests is used for each cor-
relation curve.

3. Test results fall within the 95 percent
limits of the correlation curve.

4. Correlation curves are established for each
test instrument, even of the same type.

Where concrete strengths are to be evaluated
by an impact hammer in accordance with
ASTM at least 3 sets of readings (test
areas) shall be taken along the member. The
area to be tested shall have a uniform surface
produced by stone rubbing. Care shall be
taken not to take readings on an isolated
piece of coarse aggregate or on any surface
imperfection or directly over reinforcing steel
or other steel near the surface.

MNL-117 3rd Edition

Non-destructive testing is testing generthy perfomed on
the produt rather than a sample anddoes nat destroy the
produd or area tested. Themost common method is the
impad hammer. For all such testing, the most importart
criterion is corrdation testing backto cylindes to provde
a corréation fador. Such testing shoud be done athe be-
ginning of we of non-dstudive testing and annuby
thereafer.
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The compressive strength for concrete in the
area tested shall be taken from the point on the
calibration curve corresponding to the average
reading; and the strength of the unit shall be
taken as the average of the strengths indicated
at the three test areas.

If the compressive strength of a unit is ques-
tionable because test results were more than
500 psi below specified strength (Article

at least three cores shall be taken from each
unit considered potentially deficient. Test cores
shall be obtained, prepared and tested in ac-
cordance with ASTM C42. If the panel repre-
sented by the cores will be dry under service
conditions, cores shall be air dried (at room
temperature with the relative humidity less than
60 percent) for 7 days, and shall be tested dry.
Concrete in the unit represented by the core
tests shall be considered structurally adequate
if both of the following requirements are met:

1. The average strength of three cores is equal
to at least 85 percent of the specified
strength

2. No single core is less than 75 percent of the
specified strength.

3. Slump. Slump tests for each concrete mix
design shall be made in accordance with
ASTM Cl43 at the start of operations each
day, when making strength test specimens,
whenever consistency of concrete appears
to vary, and every second or third air content
test.

The following tolerances shall be allowed for
individual batches provided the slump variation
does not affect appearance or other qualities
of the concrete beyond that allowed in the
specifications:

Slump, where specified as “maximum” or “not
to exceed,” for aff wvalues +0 in.

Specified slump 3 in. (75 mm) or less
+0, {+0, -38 mm)

Specified slump more than 3 in. (75 mm)

If it is necassry to drill cores, thar locaion shodd be de-
termined by the precat engneer to least impar the
strengh of the structure and expsed surface fnish. Core
hdes can ofen be adequey pached wthou damage to
the appearance atructurd integity of the éemert.

When pasble, core shodd be dill ed so that the test load
is appied in the same dredion & the senvice load. Hori-
(in rdation to casting) dilled core may be upto
15 perceh weaker than veticdly drlled cors. Cores
shodd be dilled with a damond bt to avad an
cross sedion and dmage fron dilling. If possble, cors
shoud be dilled conpletely throughthe member to avad
havng to break out the core. Ifthe coremust be broken,
wooden wedge shoud he sed to minimize the likelihood
of damage and lbow 2 exra in. (50 mm) of lengh a the
broken endta pemit sawing off end to planesurfaces be-
fore cappng. If any coreshows evidence of danage pior
to testing, it shoud he refdaced.

The indusion of renfordng sted in the cors may ether
increae or reducethe strengh. The vaidtion tends to be
larger for core cortaining two bas rather than one. The
corer, therefore,shoudd be trimmed to diminae the ren-

forcemert provided alengh to diameter raio of 1.00or

greder canbe attained.

Slump. The slump test is a measure of concree corsis
tency. For gven propotions of camert and aggredge
withou admixtures, the hgher the slump, the wedter the
mixture. Slump is indicaive of workaldity when asssing
similar mixtures. However,it shoud na be sed to can-
pare mixtures of totaly differert propotions. When sed
with dfferent baches of the same mixture, a changen
slump indicates a changein corsisency, aggreda grading
or moisture corert, ceamert or adnixture propeies,
amourt of ertrained & or temperdure. This, slump test
values are indicdive of hourto-hour or dayto-day varia-
tions in the urformity of concrée.

concrée achieved bythe incorporéion of hgh
range water reduces are diffi-
cult to control within tight a spedfied slumps of 7
in. {175 mm) or greder. In addtion. it is difficut to accu-
rately measure high slumps. Consideraion shoud be givento
eliminaing amaximum slump requremert when a HRWR is
used to achieve concrete.

MNL-1 17 3rd Edition
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+0, in. (+0, -63 mm)
Slump, when specified as a single value

Specified slump 4 in. (100 mm) or less
+ 1in. mm)

Specified slump more than 4 in. (100 mm)
= 1-1/2 in. mm)

Where range is specified there is no tolerance.

For superplasticized <concrete
+ 2-1/2 in. mm)

Air Content. If an air-entraining admixture is
used, the air content of concrete shall be mea-
sured in accordance with ASTM or C231
as applicable. Air content shall be tested peri-
odically during the daily operation with a mini-
mum of one daily check per mix design or
when making strength test specimens.

Variations from the established value of air
content shall not exceed percentage
points to avoid adverse effects on compressive
strength, workability, or durability.

A check on the air content shall be made when
the slump varies more than £ 1 in. (25 mm),
temperature of the concrete varies more than +
10 deg. F (5 deg. C), a change in aggregate
grading occurs, or there is a loss in concrete
yield.

Unit Weight. Unit weight tests of concrete in
accordance with ASTM CI36 shall be carried
out at least once per week for each mix design
used regularly except for lightweight concrete
which shall be tested daily in accordance with
ASTM C567 to confirm batching consistency.
When the nominal fresh unit weight varies from
the established value by more than +2 Ibs. per
cu. ft for normal weight concrete or
+2 percent for structural lightweight concrete,
batch adjustments shall be made.

MNL-117 3rd Edition
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4. Air Contert. The vdumetric method of measuring ar con-

tert (ASTM C173) may be sed on anytype of aggrege,
whether it be derse, cdlular or lightweight. The presre
method (ASTM C231) dves excdlert results when wed
with concrée made wth rdatively derse ndurd aggre-
gdes for which an aggreda corretion fador canbe deter-
mined satisfactorily. It may nd work propely on very
harsh or low-slump mixtures. With such mixtures, the ap-

of presare to the surface ofthe concrée may nd
result in the expeted conpresson of the ar in the vad
system. The vdumetric method ASTM 173, is nat sub-
ject to this limitation andshoud produce accuta results
on eventhe diest concree.

Althoughthese tests measure orty ar volume and nb air-
void charateristics which can oty be deemined micro-
scopcdly (ASTM it has beenshown by labordory
teststha these methods are genellty indicdive of the ade-
quacy ofthe ar-void system.

Unit Weight. The unit weight is a quck and gefu mea-
suremert for cortrolling qudity. A changein urit weight
generdly indicaes a changen dther ar cortert or aggre-
gae waght. When uit weight measuremerts (ASTM
CI38 or indicate a varation of the cédcuated fresh

unit weight from the laboraory mix design of more than 2
Ibs. per cu. t. (32 kgnr) for normal weight concrete or +
2 perceh for structurd lightweight concree, the ar con-
tert shodd he checkediffst to estadish if the corret
amourt of ar has been etrained. If ar corterts are cor-

rect, then a checkshoud be made onthe aggredas to

make cefain tha the urt weight, graddion, moisture con-
tert or propotions used have nbchangedResults of these
checls generdly will reved the cage of the varations in
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Temperature of Concrete. The temperature of
freshly mixed concrete shall be measured in
accordance with ASTM Cl064 and recorded
whenever slump or air content tests and com-
pressive test specimens are made, at frequent
intervals in hot or cold weather, and at start of
operations each day.

Air Temperature. Ambient air temperature
shall be recorded at the time of sampling for
each strength test.

Welding. Quality control shall verify the
welder's qualification, making certain that the
proper electrodes (oven dry) are available and
used, and that the preheat temperature indicat-
ing devices are at hand. Welder qualification
shall be for the welding process, expected weld
types and position of welds to be performed. As
a minimum, welder shall be qualified for com-
plete joint penetration groove welds and flare-
groove welds.

The welder’s qualification shall be considered as
remaining in effect indefinitely unless: (1) the
welder is not engaged in a given process of
welding for which the welder is qualified for a pe-
riod exceeding six months, or (2) there is some
specific reason to question a welder’s ability.

Personnel responsible for acceptance or rejec-
tion of welding workmanship shall be qualified.
The following are acceptable qualification
bases:

a. Current or previous certification as an AWS
Certified Welding Inspector in accor-
dance with the provisions of AWS

b. Current or previous qualification by the

Commentary

unit weght of ¢oncrete andindicae whd mix adustmerts
need to be made. Afer adustmerts are made, the urit
weight shodd agan be measured.

The urit weight test results are used to cdcuate the vd-
ume or yield produced frm known weghts of materals
and to cdculate the cenert cortert in pound per cukic
yard of concree.

Temperdure of Concrde. Tenperdure of fresh concrée
affeds a number of propeiies of concrée. Wam concree
sets faster than cod concrée. Wam concrée requres
more wder per culr yard than cod concrée to produce
the same slump. So for mixes of the same slump, urless
more cemert is used in the wamer concrée, the concree
will have a kgher waer-canert ratio. Wam concreée
gans strengh faster than cod concrée, bu the a
later ags may be lower than tha of cod concrée. A
knowledge ofthe temperdure of fresh concrée pemits the
bach gart operdor to agust mixes. Higher concre tem-

result in more ar-ertraining ageh beng needed
to produce aigen ar cortert. Wam concree tends to dry
faster so cuing of warm concrée is evenmore importart
than cung of cool concrée. Also importart is maintaining
a gven minimum temperdure duing cdd wedher con-
crete operéions, bah duing dacemert and duing the time
that praedion is necessry.

8. Wwdding.
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Canadian Welding Bureau (CWB) to the re-
qguirements of the Canadian Standard Asso-
ciation (CSA) Standard W178.2.

c. An engineer or technician who, by training,
or experience, or both, in metals fabrication,
inspection and testing, is competent to per-
form inspection of the work.

The qualification of the responsible personnel
shall remain in effect indefinitely, provided they
remain active in inspection of welded steel fab-
rication, unless there is specific reason to ques-
tion the personnel’s ability.

Inspectors shall have passed an eye examina-
tion with or without corrective lenses to prove:
(1) near vision acuity of English, or
equivalent, at 12 in. (305 mm); and (2) far vi-
sion acuity of or better. Vision examina-
tion of all inspection personnel is required
every three years or less if necessary to
demonstrate adequacy.

Prior to welding, inspection shall include the
following:

a. Reviewing welding drawings and welding
procedure specifications.

b. Assuring that welding materials and consum-
ables are in accordance with specifications.

c. Checking and identifying materials as they
are received against specifications.

. Checking storage of filler material.

. Checking welding equipment to be used.
Checking weld joint preparations.

. Checking for base metal discontinuities.

. Establishing a plan for the recording of re-
sults.

S KQ ™ 0O QA

Visual inspection during welding by weld operator
shall include:

a. Quality of weld root bead.

. Joint root preparation, such as slag removal,
prior to welding the second side.

o

Preheat and interpass temperatures.
. Sequence of weld passes.
. Subsequent layers for apparent weld quality.

- o o o

Cleaning between passes (use of a wire
brush and chipping hammer to get rid of any
slag).

g. Conformance with the applicable procedure,
i.e., voltage, amperage, heat input, speed.

MNL-117 3rd Edition

Visud inspedion guddines are dven in AWS BLlll

while radographc and ltrasonic testing procedure and
limits are givenin AWS D1.1 and D1.4 andhoud be ref-
erenced|f needed Radograplic testing is good and ultra-

sonic testing is poor in ddgeding vdumetric

ities, such as porasity. Ultrasonic testing is good for de-
teding panar dscortinuties, such & incanplete sidewdl

fusion, whle radograpfic testing canmiss such

nuities urlessthese are orierted parfid or near paiéel to
the radation.



(A) DESIRABLE FILLET {B) ACCEPTABLE FILLET

WELD PROFILES WELD PROFILES
Note: convexity, C, of a weld or Measured leg size or width
surface bead shall not Of individual surface bead, L Maximum convexity
gxceed the value of the
table: 116in. (1.6 mm)
5116 in. <L <1in. (25 mm) 1/8in. {3 mm)
L=21in. 316 in: (5mm)
insufficient excessive insufficient incomplete
throat convexity undercut leg fusion

(C) UNACCEPTABLE FILLET WELD PROFILES

direct butt splice R

(D) ACCEPTABLE GROOVE WELD PROFILES

(E) UNACCEPTABLE GROOVE WELD PROFILES

Fig. Welded Profiles.

MNL-117 3rd Edition

147



Standard

The following items shall be checked on at
least 10 percent of all assemblies after welding
to determine the quality of the welds:

a. Geometric imperfections. The fillet weld
faces shall be slightly convex or slightly con-
cave as shown in Fig. A and B or
flat, and with none of the unacceptable pro-
files exhibited in Fig. C.

b. Welds shall have no cracks in either the
weld metal or heat-affected zone of the base
metal.

c. There shall be thorough fusion between
weld metal and base metal and between
successive passes in the weld.

d. All craters shall be filled to the full cross sec-
tion of the weld, except for the ends of inter-
mittent fillet welds outside their effective
length.

e. Welds shall be free from overlap.

f. For materials less than lin. (25 mm) thick,
undercut depth greater than 1/32 in. (1 mm)
in the solid section of the bar or structural
members shall not be allowed except at
raised reinforcing bar deformation where
1/16 in. (1.5 mm) is allowed. For steel, refer
to AWS D1. for the requirements of the
specific structure type.

g. For reinforcing bars, the sum of diameters of
piping porosity in flare-groove, and fillet
welds shall not exceed 3/8 in. (10 mm) in
any linear inch (25 mm) of weld and shall
not exceed 9/16 in. (14 mm) in any 6 in.
(150 mm) length of weld. For steel, refer to
AWS D1 .1 for the requirements of the spe-
cific structure type.

h. Incomplete joint penetration.
i. Slag inclusions.
j- Amount of distortion.

In addition to checking that required weld size,
length, location and type are as indicated on
the approved drawings, and that no welds are
omitted, a check shall be made that no welds
have been added without approval.

Weldments shall be checked after fabrication
for brittleness by striking at least one out of
every 50 pieces with a 3 Ib (1.3 kg) hammer.
Brittle weldments break under a hammer blow
and if brittle weldment is found, all assemblies
made using similar procedures become sus-
pect and shall be checked for acceptance.

3rd Edition

b. Visud inspedion for crack in wdds andbase metal and
other shoud be aded by astong light,
such other deviceas may be found helpful.

c. Ory incamplete fusion apparen duing a wsud in-
spedion need be caidered ufess spedficaions re-
quire radography or lirasonic examingion.

Size, lengh, and cotour of weds shodd be measured
with suitade wed-size gauges. Groove wéds shoud be
measured for proper ii@forcamert on bdh sides of the
joint. Qudity cortrol shodd campare the weds with
three-dmenrsiond “workmarship samples’ avalade from
AWS. These are adud weded samples, or fdastic repicas
of welded samples tha depct adud weld condtions.
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Welds shall be corrected by rewelding or re-
moval, in accordance with specified procedures.

Stud Welding. The stud-welding operator shall
be responsible for the following tests and in-

to ensure that the proper set-up vari-
ables are being used for the weld position, stud
diameter and stud style being welded. Testing
is required for the first two studs in each day's
production and any change in the setup such
as changing of any one of the following: stud
gun, stud welding equipment, stud diameter,
gun lift and plunge, total welding lead length, or
changes greater than 5 percent in current (am-
perage) and dwell time.

For studs welded in the down hand position, the
operator shall at the start of each production
period, weld two studs of each size and type to
a production weld plate or to a piece of material
similar to the weld plate in material composition
and within +25 percent of the production weld
plate thickness. The test weld plate and produc-
tion weld plate pieces shall be clean of any dirt,
paint, galvanizing, heavy rust or other coatings
which could prevent welding or adversely affect
weld quality. These studs shall be visually in-
spected by the operator to see that a proper
weld-fillet has formed. The weld-fillet (flash)
may be irregular in height or width, but shall
completely “wet” the stud circumference without
any visual sign of weld undercut.

The test studs shall exhibit an after weld length
measurement shorter than the before weld stud
length. After weld length shall be consistent on
both test welds and on all production welds.
Typical length reductions for various stud diam-
eters are shown in Table

After the test studs are allowed to cool, they
shall be bent to an angle of approximately 30
deg. from their original axis by striking the
studs with a hammer or placing a pipe or other
suitable hollow device over the stud and manu-
ally or mechanically bending the stud. At tem-
peratures below 50 deg. F (10 deg. C), the stud
shall be bent slowly using the hollow device
only. Threaded studs shall be torque tested in
accordance with AWS D1.| to a proof load of
approximately 80 percent of their specified
yield strength rather than bend tested.

Completion of the visual and mechanical tests
listed above on both studs without evidence of
failure in the weld zone constitutes acceptance

Commentary

9. Stud Wdding. Testing of sample studs shoud be par of

daly operdions. If failures occurin pate stock to which a
stud is welded, then reqiremerts for plates shoud be re-
viewed by enigeeing.

At bdow 50 degF (10 deg.C), some materi-
as for the stud and bse materids lack adequa toughnes
to passa hanmer test
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Table Length reductions.
Stud Diameter, in. (mm) Length in. (mm)
Y& (5) through’s (12) [ ©)

of the stud welding procedure and qualifies the
process and the operator for production weld-
ing in the down hand position.

If either stud fails the visual, measurement or
bend test inspection, the operator Shall check
the welding variables and make the necessary
adjustments. Two additional studs shall be
welded by the operator after adjustment and
re-tested per the above procedure. Failure of
either of the second set of test specimens shall
cause the stud welding operation to be stopped
and appropriate supervisory personnel notified.

Studs welded to positions other than down Completion of the ten (10)stud tests succes<ully qudifies
hand and studs welded to the heel of an angle the proces andthe for produdion weding in the
or into the fillet of an angle shall be subject to out-of-position or dher apjicetion detail tested.

the same pre-production tests and inspections
except that ten (10) studs shall be welded and
satisfactorily bend tested 90 deg. without failure
prior to proceeding with production welding.

Weld procedure specifications (WPS) and pro-
cedure qualification records (PQR) shall be
maintained by the appropriate supervisory per-
sonnel if required by the owner or engineer of
record.

Pre-production test samples shall be identified
and set aside for verification and approval by
the welding supervisor or for other action in the
case of weld failures. Studs on approved test
samples which can be used in production may
have the bent studs straightened by a hollow
pipe or hollow device placed over the stud and
a continuous, slow load applied until the stud is
in the correct position, or may be used bent at
the discretion of the precast engineer.

Production welded studs requiring a bend shall
be bent to the required position for embedment
in a similar manner with a pipe or hollow device.
The studs shall be bent with a slow, continu-
ously applied load in such a manner that the
bend is not made directly at the stud base but
above the stud base so that a bend radius four
(4) to six (6) times the stud diameter is made
during the bending process. Studs shall not be

MNL-117 3rd Edition



Table

Standard

heated prior to or during bending operations.

During stud welding production, the operator
shall ensure that all studs have the ceramic arc
shield removed and are visually inspected at
one hour intervals. This shall be considered a
production lot of studs. The operator shall then
proceed to inspect the production lot of studs.

If a visual inspection reveals any stud that does
not show a full 360 deg. weld flash, the stud
shall be measured to determine if the after weld
length is within the satisfactory weld length re-
duction listed in Table Studs with satis-
factory length reduction but lacking a full 360
deg. flash shall then be bent approximately 15
deg. from the original axis in a direction oppo-
site to the missing portion of the weld flash.
After bending, the stud shall be straightened by
applying a slow, continuous load with a pipe or
other hollow bending device. If no failure oc-
curs, the stud weld shall be considered satis-
factory. Threaded studs which exhibit lack of
full 360 deg. weld flash shall be torque tested
to the required proof load.

At the option of the welding supervisor, studs
with a satisfactory after weld length but lacking
a full 360 deg. weld flash may be repaired by
adding a minimum fillet weld as required in
Table The repair weld shall extend at
least 3/8 in. {10 mm) beyond each end of the
discontinuities being repaired.

If a repair weld is made on studs with lack of
full 360 deg. weld flash and satisfactory after
weld height, each stud repaired shall be subject
to the 15 deg. bend and straighten test de-
scribed above.

Studs with unsatisfactory weld burn off and lack
of a full circumferential flash shall be repaired
with a fillet weld, bent 15 deg. and straightened
or torque tested.

Minimum filet weld size for studs

Stud Diameter, in. (mm) Size Fillet*, In. (mm)

14 (6) through 7Ae (11) % (5) |

"4 (8)

The wdd flash aroundthe stud bae is inspeded for cosis
tency and Lack of a fash may indicae a falty
weld. Fig shows typicd accepabde and unaccép
able wdd flash appearance In Fig. (A) shows
satisfactory stud wed with a good whkl flash fomation. In

{B) shows a stud wdd in which the punge wa
too short. Prior to wdding, the stud shodd dways prged
the properlengh beyondthe bdtom of the ferrde. (Ths
type of defet may dso he cawsed by arc ow.) (C) illus-
trates “hang-up.” Thestud dd na plunge into the wed
pod. This condtion may be correied by regning the
gun accesries to ensure completely free movemert of the
stud duing lift and punge. Arclengh may dso requre ad-
justmert. (D) shows poor veticd dignmert, which may be
correted by positioning the stud gun perperiduar to the
work. (E) shows the results of low wdd power (heg. To
corred this prodem, the and # connetions shoud
he checked. Ko, the curreh setting or the time setting, or
bath, shoud heincreaed. t may dso be necssary to ad-
just the arclengh. The effet of too much weéd power
(hed) is shownin (F). Decreaing the currehsetting or the
dwdl time, or bah, will lowerthe wed power

Fig.
welds.

Satisfactory and unsatisfactory arc stue

3rd Edition
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Studs which fail the inspection test by breaking
off or tearing in the weld zone shall be re-
moved. The weld spot shall be ground smooth
and the stud replaced.

The welding supervisor shall verify that these
inspections have been made and identify any
studs repaired or replaced.

Inspection and testing during production weld-
ing for studs welded in positions other than
down hand shall be identical to those proce-
dures listed addition, because of the
greater risk of incomplete welding, these studs
except for threaded studs shall receive 100%
testing by striking with a heavy, short-handled
machinists hammer. Any studs that break off
shall be shown to the supervisor, and re-
placed with new studs or repaired by arc weld-
ing. Repaired or replaced studs shall be in-
spected by bending 15 deg. and straightening
without failure.

After a production welding period of one hour,
the two (2) stud pre-production testing proce-
dure outlined above shall be repeated for studs
welded or in any other position. If ei-
ther of the two (2) studs on this production test-
ing fails the test, the supervisor and the opera-
tor together shall proceed as follows:

a. Working backward from the studs welded for
this test, test the previous ten (10) most re-
cently welded studs, If any fail, test ten (10)
more and continue working backward until 10
studs are tested successfully without failure.

b. In addition, the supervisor shall visually in-
spect all studs welded from the ten (10) suc-
cessful stud tests backward to the previous
regular production test.

c. The pre-production test shall be repeated
with appropriate equipment and weld setting
adjustments until satisfactory welds are
achieved before proceeding with further pro-
duction.

The stud welding operator shall maintain a
record of the start-up and hourly testing pro-
gram testing and record the date, time of the
test, conformance or non-conformance of the
results and if non-conformance, the further test-
ing required and performed. The sheet shall be
kept in the stud welding operator's work area
and shall be inspected at least daily by quality
control inspector as a monitoring technique. In
addition, the quality control inspector shall per-
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form bend tests and visual inspection on one
stud for every 50 assemblies,

6.2.4 Special Testing

1.

6.3
6.3

Heat of Hydration. When massive castings, or
castings in partly insulated molds are being
made, excessive concrete temperatures may
be produced as the cement hydrates. This
may, in turn, cause or excessive
shrinkage of the casting. When such castings
are being produced, the temperature history of
one typical casting shall be recorded by self-
recording thermometers and, if over 150 deg. F
(66 deg. C), steps must be taken in all castings
to cool the concrete.

Freeze-Thaw Tests. Routine freeze-thaw
durability tests of vertical elements are not re-
quired. If, due to special environmental condi-
tions, freeze-thaw tests are specified, the test
conditions of freezing in air, thawing in water
(ASTM Method B) shall be followed.
Under this test method, the minimum allowable
durability factor shall be 70.

Records
.1 Recordkaaping

In order to establish evidence of proper

ture
ject
be

test

and conformance with plant standards and pro-
specifications, a system of recordkeeping shall
used which will provide full information regarding
ing of materials, mix designs, production tests,

and any other information specified for each project.

Commentary

Spedal

1. Heda of Hydrdion. In precat concrée membeis most of
the het generéed bythe hydréing cenert is dissipaed a-
most as fast as it is generged, andthereis littl e temperdure
differertial from the inside to the ouside of the member.

Extreme dfferences beweeninternd and otside tempera-
tures of massive members may result in surface crackg.
For exanple, temperdure stresses occur as the temperdure
of the concree rises because of hed of hydrdaion andthen
drops esentialy to the temperdure of its surroundngs. As
the ouer surface cots and tends to shrink, canpressive
stresses are set up in the cerer andtersile stresses in the
coder outer surfaces. Whenthese tersile siresses becane
greder than the tersile strengh of the concree, crackng
occus. Since the interior reat¢s so much more slowly than
the surfaceto cydes of temperdure, it is as thoughthe sur-
face were retrained bythe interior concree.

The maximum pemissible gradent for a naninaly
reinforced is generlly less than 100 deg. F
(38 deg. C).

2. Freeze-Thaw Ts&ts Labordory freezng and thawing

tests may be condued to evaduae the durablity of con-
crete undersevere timatic condtions. These tests can be
made on pematic samples prepared rhm labordory tria
mixes or even fron cores cut from the face of ihished
produdion unts. Such tests however,take severd months
to complete. The veticdity of wadl unts sedom alows
concrée to reachthe citicd sauraion pant (above 90
percert) on which such tests are based. However, where
horizortal area dlow waer or snow to accumulate or
where groundlevd pandés may be subjeded to splashing
by decing salts andto freeing condions & moisture con-
terts above dticd saturdion, an ar-ertraining adnixture
shoud beused. In addtion, it is probalby a prudet pdicy
to haveair entrained concrete in all precast concrete ex-
posed to freezethaw cydes.

These tests take severd months to camplete. Equvaert
evduations can be obtained more ragdly by conduting
“air void studies’ (amourt and charaer of ertrained ar in
cores taken fnm the prodution urnt) in accordance ith
ASTM C457.

C6.3 Recods
C63.1 Recordkeepng

Records provide the velicle for trarsmitting and eviuaing,
and shoud result in corretion of defciert procedurs or prod-
ucts by canmunicaion of probbems
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Records shall be designed for a minimum of writing
(see Sample Record Forms in Appendix E).

Each precast concrete unit shall be marked on the
backside or edges of the unit with the date pro-
duced and a unique identification number that can
be referenced to production and erection drawings
and testing records.

Recordkeeping shall be the responsibility of the
quality control inspection personnel. In the absence
of project specification requirements or state
statue, records shall be kept for a minimum of 5
years after final acceptance of the structure, or for
the period of product warranty provided by the
manufacturer, whichever is longer.

6.3.2 Suppliers’ Test Reports

Certified test reports for materials not in-plant tested
shall be required of suppliers. Refer to Article 2.1.2
for this requirement. These reports shall show the
results of suppliers’ mill or plant tests, tests by an in-
dependent testing laboratory, petrographic analysis
of aggregates for face mixes, and other testing re-
quired by the project specifications. These reports
shall state compliance with applicable specifications.

Mill or suppliers’ test certificates or standard test
results shall be available for the following materials:

Cement.
Aggregates.

Admixtures.

1
2
3
4. Reinforcing steel (all grades).
5. Prestressing tendons.

6. Studs or deformed anchors.

7. Structural steel or other hardware items.

6. Inserts or proprietary items as specified for indi-
vidual projects.

9. Pigments.
10. Curing compounds.

These records shall be kept for the same period of
time as the other project records.

MNL-117 3rd Edition
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Units shodd bemarkedin an area othe member na expased
to view whenin pace onthe stucure, bu accesble for re-
view andingpedion wthile in storage & the precat concree
plart.

Member markings. reated to mold number whensevera iden-
ticd molds are neededmake it posshble to rdate qudity con-
trol daa to spedfic urts. They dso fadlitate documertation of
member prodution, ingpedion and repa.

Suppliers Test Reports

All spedficaions requre standard for materids used
in produ¢ion. A manufat¢uring fadlity must oktain cetificaes
of complianceto ersure the integiity of the produt andto pro-
ted its own interests Corrdaion to a spedfic prdged is
needed for confonance \ith the deign andspedficaiors.

Plarts which uili ze materids tha are fabricaed or supdied by
outside vendos shoud pefodcdly insped those vendos to
assure tha they arein campliance vith the spedficdions of
this manud. All vendos shoud be requred to submit proof of
compliance for bth materids and worknarship.
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6.3.3 Tensioning Records

An accurde record of all tensioning operations
shall be kept and reviewed by qualified personnel.
This record shall include. but not be limited to, the
following:*

. Date of tensioning.
. Casting bed identification.

Description, identification and number of elements,

1

2

3

4. Manufacturer, size, grade, and type of strand.
5. Coil or pack number of strand, identifying heat.
6

Sequence of stressing (and detensioning, if
critical).

~

Identification of jacking equipment,
8. For all pretensioning:

a. Required total force per strand.
b. Initial force.

c. Anticipated and actual gauge pressure for
each strand or each group of strands
stressed in one operation.

d. Anticipated elongation for each different
jacking force.

Tensioning calculations shall show a sum-
mary of anticipated operational losses such
as strand chuck seating, splice chuck seat-
ing, abutment movements, thermal effects
and self-stressing form shortening.

9. For single strand pretensioning:

a. If the setup is open, where no friction is im-
posed on the strand between strand chucks,
the record shall contain jacking force for
each strand and the actual elongation of the
first strand tensioned in each different stress
group and the elongation of at least 10% of
the remaining strand.

b. If one system is used for determination of
the jacking load and friction is expected to
be imposed on the strand, the actual elonga-
tion of every strand and the jacking force
shall be recorded.

10. For multiple strand pretensioning, the actual
elongation of the strand group measured by
movement of the jacking header.

11. For post-tensioning:
a. The actual net elongation of each tendon

Commentary
C633 Temioning Record

Variations of adud vaues from computed theor¢icd vaues
shoud be computed each dayo monitor devéoping trends and
to make pesonnd aware of
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with allowance made for elastic shortening
of the member, as well as jacking force.

b. Data on and date of grouting.

12. Any unanticipated problems encountered dur-

ing tensioning such as wire breakage, exces-
sive seating, restressing, or other factors hav-
ing an influence on the net stress.

6.3.4 Concrete Records

Records of concrete operations and tests shall be
kept so the following data will be available:*

A w N o=

© © N @ @

10.
11.
12.
13.

14.

15.
16.
17.
18.

19.
20.

Unit and job identification.
Production date.
Mix proportions by weight.

Mixing water corrections and/or aggregate cor-
rections due to surface moisture.

Yardage, design and actual yield or unit weight.
Identification of production area, mold or bed.
Test specimen identification.

Concrete temperature.

Air temperature, weather conditions, if applica-
ble, and any measures taken for cold or hot
weather concreting.

Slump.
Air content.
Unit weight (fresh).

Inspection of batching, mixing, conveying, place-
ment, consolidation and finishing of concrete.

Method and duration of curing, e.g., tempera-
ture charts for accelerated curing.

Strength at stress release or stripping.
strength.
Absorption on concrete exposed to weathering.

Cylinder strength tests and air-dry unit weight
for lightweight concrete.

Fresh unit weight for lightweight concrete.

Inspection reports.

6.3.5 Calibration Records for Equipment

Calibration records for plant equipment such as
batch plant scales, compression testing machine,

MNL-117 3rd Edition
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In evduaing mix design eficiency or performance, 4 infor-
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impact hammer, or non-destructive testing devices
and other necessary equipment shall be supplied by
the testing agency and the equipment operator shall
have ready access to the records.

6.4  Laboratory Facilities
6.4.1 General

The plant shall maintain an adequately equipped lab-
oratory or retain the services of a testing agency in
which investigation and development of suitable con-
crete mixes may be conducted, and ongoing quality
control testing may be performed.

The laboratory facilities shall be in a protected area
with environmental controls to ensure proper working
conditions. equipment shall be maintained
in proper condition and calibrated as needed, but not
less than annually. Calibration records shall be kept
on file.

6.4.2 Quality Control Testing Equipment

The plant shall have all equipment required for per-
forming the testing procedures. Equipment shall
meet the requirements of the test procedure specifi-
cation.

6.4.3 Test Equipment Operating Instructions

Operating instructions shall be obtained for all testing
equipment as well as national and industry stan-
dards, for materials and testing. These instructions
shall be kept in the laboratory and shall be carefully
followed by all testing personnel.

Testing machines shall be kept clean and no attempt
shall be made to use them beyond their rated capaci-
ties. Machines shall be capable of applying loads at
the specified rate. Testing machines shall be cali-
brated so that the maximum error is not more than
+1 percent of full scale reading. Calibration shall be
performed whenever there is reason to question the

Commentay

Recoras that show devations shoud be used by part pewson-
nd to oltain correct readngs.

C6d.2 Quality Control Testing Equipment

The labordory shoud havethe fadliti es necessary for the deve
opmert and of concrée mixes andthe qudity cortrol
tests to be perfomed by the manufadurer in accordance ith
ASTM C1077.

Sincethe canpressive strengh of concrée must he deemined
prior to stripping or stress trarsfer, testing equpmert shoud be
provided a al plarts. It is preferabe to havethis equpmert a
the part to avad ddays and possble danage to cylindes by
trargporting them to a central laboraory

Testing machines shoud be eqipped with a guardtha will
prated pesonnd fmm flying debis.

Care in wsing capjng canpound is requred becase of the
potertial for fire. If the conpoundis overheted. a fre may
result, so a fundioning themostat is requred. Dueto fumes
produced,the capmg canpound heter shodd be vered to
the exerior of the testing area.
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Standard Commentay

accuracy of indicated loads, or at least annually. Cali-
bration curves shall be available at all times and used
by testing personnel.
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DIVISION 7 =— PRODUCT TOLERANCES

Standard

7.1 Requirements for Finished Product
71.1 Product Tolerances — General

The tolerances listed in this Division shall govern
unless other tolerances are noted in the contract
documents for a specific project.

Commentary

C7.1 Requirements for Finished Product

C7.1.1 Praduct Tolerances — General

are dividedinto three céegoies: tolerancs,
eredion tolerance and interfadng tolerance. See Appenik |
for eredion tolerance.*

Tolerance is a spedfied pemissble varation fran exad re-

of the corrad documerts. A tolerancemay he ex-
presd & an aditive orsubiradive (+) variation fran a spec-
ified dimersion or rédation or & an absolute devation from a
spedfied redation. Tderance shoud be established for the
following reaons:

1. Structural. To ersure tha the studurd design propety
accours for fadors sersitive to vaiations in dmersiond
cortrol. Examples indude eccetic loadng condtions,
beaing areas, reinforcemert locdions, and hardware and
hardware anchoraglocdions.

2. Fessibility. To ensure accepabe perfomance ofjoints
and interfadng materias in the finished structure and to
ensure tha designs and déails are dimersiondly feasible
from manufaduring and costrudtion pants of view.

3. Visual effects. To ensure that the variations will be contral-
lable and rault in an accepalde looking structure

4. Economics. To ersure ege andspeed of produton and
eretion by haing a known degree of accurady the
dimersions of the precat concrée urits.

5. Legd. To avad encroactng on propdy lines and to
estadish a tolerancestandard agast which the work can
be canparedin the eveh of a dspute.

6. Contractual. To estabish a known accephlity range
and dso to estabish resporsibility for devdoping, achev-
ing andmaintaining mutudly agreedtolerance.

It is very importart tha the ertity (arctited, engneer of record,
or taking resporsibility for estadishing the prged
tolerancs be deaty & the onset of the prged.

The arctited/engneer shodd he reporsible for coordnating
the tolerances for precat concrée work with the reqiremenrts
of other trades whase work agoins the precat concrée con-
struction. In d cases the tolerancs must be resonalle, red
istic and within generlly acceped limits. It shodd he under-
stood by those invaved in the deign and costruction proces
tha tolerancs shown in Article 7.1.2 must he comsidered a
guiddines for an accefade range and ridimits for rgedion.
If these tolerance are met, the urt shoud be accefed. If

MNL-117 3rd Edition
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Standard

Applicable product tolerances shall be clearly con-
veyed to production and quality control personnel.

Accurate measuring devices and methods with pre-
cision capability appropriate to the tolerance being
controlled shall be used for both setting and check-
ing product tolerances. To maximize accuracy,
products shall not be measured in increments in a
manner which creates the possibility of cumulative
error.

Any special measuring or record keeping methods
specified in the contract documents shall be ob-
served by the plant quality control personnel.

7.1.2 Praduct Tolerances

MNL-117 3rd Edition

Commentary

these tolerance are exceededthe urit may still be accembe

if it meds any ofthe fdlowing citeria:

1. Exceethg the tolerance dog na affed the in-
tegiity or architedurd perfomance ofthe urnt.

2. The uit can be brough within tolerance bystrucurdly
and arcitedurdly satisfactory mears.

3. The total ereted asembly can bemodfied to meed dl
structurd and arcitedurd requremerts.

Where a prged involves paticuar fedures sersitive to the cu-

mulative effed¢ of generfly acceped tolerance on indvidud
portions, the arclted/engneer shodd anicipae and proide

for this effed by setting a cunulative tolerance or by

escape ares(clearancg) where accmulated tolerancs can be
absorbed. The cosequence of dl tolerancs pemitted on a
patticular prged shoud be investigaed to degemine wheher
a changes in the design orin the tolerancs appica-
ble to the prged or individud componerts.

Carefd inspedion of the listed tolerance will reved tha
many times one tolerance Wl overide an¢her. The howale
vaination for one uit of the structure shoud nd be apficabe
when it will pemit andher urt of the structure to exceedits
allowalle vaiations. Restictive tolerance shoud be revewed
to ascettain that they are compaible andtha the restictions
can bemet. For exanple, a regiremert which states tha *no
bowing, or movemert is pemitted” is nat pradicd or
possble to acheve.

Product Tolerances

Produd tolerancs are those neededn anymanufaduring pro-
cess They are nomally deemined by econmicd and prat-
cd produdion corsiderdions, and funtiond and appearance
requrements.

The archted/engneershoud spedfy produd tolerancs or rg-
quire perfomance vithin generlly acceped limits. Tolerance
for manufaduring are standardzed throughot the industy
and shoud na be made more enating, and therefore more
costly, urless absolutely necesry.



Fig.

During the pre- and post-pour check of dimensions,
the inspector shall have the approved shop draw-
ings for reference. Discrepancies shall be noted on
the post-pour record and transmitted to manage-
ment or engineering for their evaluation.

Figs. and b shows the location of the toler-
ances listed below.
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Standard

Units’ shall be manufactured so that the face of each
unit which is exposed to view after erection complies
with the following dimensional requirements;

a,

o

81

Overall height and width of units measured at
the face exposed to view.

10 ftor under £1/8in (£3 mm)
10to 20 ft...+ 1/8in., in. {(+3 mm, -5 mm)
20t0 40 ft ,uivvi vvivr ven v 2 14N, {(£6 mm)

Each additional 10 ft £ 1116 in. (1.5 mm) per

height and width of unit measured at
the face not exposed to view.

10 ft or under ... o+ 1/4 in.
10 to 20 ft +1/4in., =3/8 in.
20 to 40 ft . +3/8in.
Each additional 10 ft +1/8 in.

Total thickness or
flange thickness ... .... ... +1/4in., =1/8 in.
(+6 mm, -3 mm)

Rib thickness ..+1/8in {3 mm)

Rib to edge of flange .... £ 1/8 in. (+£3 mm)

Distance between ribs £ 1/8 in. (3 mm)

Variation from square or designated skew
(difference in length of the two diagonal mea-
surements) + 1/8 in. (£3 mm per 2 m}
per 6 ft of diagonal

or x 1/2in. mm),

whichever is greater.”

Length and width of blockouts and openings
within one unit ... ... + 1/4 in. (6 mm)

Location and dimensions of blockouts hidden
from view and used for HVAC and utility pene-

trations .. .+ 3/4in. mm)
Dimensions of haunches = 1/4 in. (z6 mm)

Haunch bearing surface deviation from speci-
fied plane v e 2 1/8 1000 (£3 mm)

MNL-117 3rd Edition

Commentary

a,. Lengh or width dmersions and straightness of a urit will

affed the joint dimersions, openng dmensions beween
pands, and perhagpthe overd lengh of the structure.

Thickness variation of the precat concrée urnt becomes
criticd wheninterior surfaces are expsed to view. A non-
uniform thickness of adacen pands will cawse offsets of the
front or therear faces of the panels.

Pands out-of-sguare can case taperedoints andmake ad-
justment of adacen pands



Standard

j Difference in relative position of adjacent
haunch bearing surfaces from specified relative
position +1/4 in. (£6 mm)

k Bowing +
max. 1 in. (25 mm)

I Local smoothness 1/4in. in 10 ft (6 mm in 3 m)
Does not apply to visually concealed surfaces.
(Refer to Fig. for definition.) For clay

Commentary

k. Bowing is an overall out-of-planenss condtion which dffers
from wargng in that while the cornes of the pankemay fdl in
the same the potion of the panke two pardiel
edges is ou of plane.Bowing condtions are shown in Fig.

Bowing and warpg tolerance have a’importart effed on
the edgematch up duimg eretion and orthe visud appear-
ance of the ereted panks, bah indvidudly and when
viewedtogether. The requemerts for bowing and warpng
of panés may be oveidden bytolerance for pands as in-
stlled with referenceto joint widths, jog in dignmert and
stepin face

PLAN PLAN

{convex bowing) (concave bowing)

ELEVATION
both plan and
elevation
Fig. Bowing definitions for panels

A speda appearance regqemert may be necgary for
honed or plished fat concrée wdls where bowng or
wargng tolerancs might have to be decresed to 75 or
50% of tolerance in Article 7.1.2in orderto avad joint
shadows. Ancther spedal case might be tolerance for d-
mersions cortrolling the matching of openshaped paris.
These tolerance may haveto be smdller than the standard
dimersiond tolerance (75% oB0%), urless the arclted
has recogrized andsolved the dignmert prodem as pat of
the design.

L. out-of-planenss which is not a charateristic of the
entire panel is defined as alocal variation
rather than a bowing variation. of local

MNL-1 17 3rd Edition
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Standard

product faced units 1/16 in. (2 mm) variation
between adjacent clay products.

m  Warping

MNL-117 3rd Edition

(1.5 mm per 300 mm)
of distance from nearest
adjacent comer

Commentary

vanations are shown in Fig. The tolerance forthis
type of variation is usually expressed in fractions af inch per

Fig. aso shows how to deemine if a surfacemeds
atolerance ofl/4 in. in 10 ft (6 mm per 3m). A 1/4 in. (6
mm) diameter by 2in. (50 mm) long roller shoud tit any-
where béwveenthe 10ft (3 m) long straightedge andhe ele-
ment surface beng measured whenthe staightedgeis sup
ported 4 its ends on 3/8 in. (10mm) shims as shown. A1/2
in. (12 mm) diameter by 2in. (50 mm) long rdler shoud
nat tit beaweenthe surface andhe straightedge.

Fig. C7.1 .2b. Measuring local smoothness vari-
ations.

m. Wargng is generfly an overH vaiation from in

which the ¢orners of the pank do nd dl fal within the
same plane. Warng tolerance are stated in temms of the
magritude ofthe caner varation, & shownin Fig.

Fig. C7.1 .2e. Warping definitions for panels



n

0

Standard

Tipping and of plates + 1/4 in.
{(x6 mm)

Dimensions of architectural features and rusti-
c a t i o n s x18in. (xt3mm)

Positions tolerances. For cast-in items measured
from datum line location as shown on approved
erection drawings:

p Weld plates 1lin mm)
g Inserts . .......... +1/2in. (f13 mm)
r Handling devices £3in mm)
8; Reinforcing steel and welded wire fabric ......wien.
+1/4in. (6 mm)

where position has structural implications

or affects concrete cover, otherwise = 1/2 in.

mm)

8> Reinforcing steel extending out of member ...........
1+ 1/2in. mm) of plan dimensions

t Tendons....... vertical: £1/4in. (+3 mm)
+1in. (25 mm)

u Location of rustication joints +1/8in. {x3 mm)
v Location of opening within panel ... + 1/4 in.
{£6 mm)

w Flashing reglets + 1/4 in. (6 mm)
X Flashing reglets at edge of panel + 1/8 in.
(3 mm)

y for glazing gaskets .. .. £1/8in.
(1.5 mm)

Zz Electrical outlets, hose bibs, etc. .. + 1/2 in.
mm)

aa Haunches 1 1/4 in. (£6 mm)

bb Allowable rotation of plate, channel insert, elec-

trical box, etc., Fig. 7.1 .2¢ . . ........ 2 deg. rotation
or 1/4 in. (6 mm) max.
over the full dimension of the element

Commentary

Note that bowing and warpng tolerance are of in-
terest a the time the pankis ereded. Carefd atertion to
pre-eretion storage of pars is necaary, since storage
condtions can be animportart fador in acheving and
maintaining panel bowing and waring tolerancs.

The likdihood that a pané will bow or warp depensi on
the dsign of the pankandits reative stiffness or alility to
resistdefledion & a gate member. Slender parle are more
likely to bow, andthe tolerance shoud bemore liberd.
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allowable angle \

Fig. Allowable rotation.
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APPENDIX A

Guidelines for Developing Plant Quality System Manual

INTRODUCTION

Documented quéity system procedurs shodd be the
basis for the overd planring and adhinistration of adiv-
ities which impad on quédity. These documerted proce-
dures shodd cover d the demerts of the canpany’s
qudity system standard. Theyshodd describe o the
degree of dwil requred for adequa corirol of the adiv-
ities concerned) the resporsibilities, auhoiities, and
interrdationships of the pesonné who manage, perfan,
verify, or reMew work affeting qudity, how the differ-
ent adivities are to be perfomed, the docwmertation to
be wed, andhe cortrals to be apped. Al of this is par-

importart for pesonnd who needthe orgaira-
tiond freedan and athority to (a) initiate adion to pre-
vert of any knd; (b) idertify and doc-
umert any protbems rdéting to process andor
qudity systems; (c) initiate, reconmend or proide solu-
tions through dsignaed channis; (d) veiify the imple-
mertation of solutions; and (e) cotmol further procssing,
deivery or instlation of non-confaming prodution
until the protbem(s) have been corrésd.

Documerted qudity system procedurs shodd nd, & a
rule, erter into purdy techncd ddails of the type nor-
mally documerted in dealed work instrudions.

The quéity manud shodd idenify the managenert
fundions, addres or referencethe docmerted qudity
system and proceduse and brefly cover # the apfi-
cale requrements of the qudity system standard
seleded by the orgaieaion. Wherever approjate, and
to avdd unnecssry dugicaion, referenceto exsting
recognized standar@ or documerts avadlade to the
qudity manud user shodd be incorporaed

Release of the quéity manud shoud be approved by
the managenent resporsible for its implemertation.
Each copyshoud bear eiwdence ofthis rdease auho-
rizaion.

Although there is no reqired structure or fomat for a
qudity manua, it shodd convey accutdly, camplete-
ly, and conisely the qudity pdicy, oljedives, and gov-
ernng documerted procedure of the orgaieetion.

One ofthe methods of aswuring tha the subjed matter is
adequéely addressed andlocaed woud be to key the
sedions of the qudity manua to the quéity demerts of
the PCI qudity manua Other approacts
such & struduring the manud to refed the naure of
the orgaiedion, are equby accepale.

MANUAL CONTENTS

A qudity manua shoudd nomadly cortain the fdlow-
ing:
Table of Cantents

The tade of conerts of a quéity manua shodd show
the titles of the sedions within it and howthey canbe
found. The nmbeing or codihg system of sedions,
subsedions, page, figures, exhbits, diagrans tades,
etc., shoud be ¢ear andogicd andshoud indude rev-
sion status.

Definitions

Definitions of tems or concets tha are umqudy used
within the part shodd be induded, é&houghit is rec-
ommended, when préicd, to use standard dehitions
andtemms shownin

I. MANAGEMENT RESPONSIBILITY
A. Qudity Policy Statemert

In the most gener& serse, a qulity pdicy
shoud be ashort, dear statement of cam-
mitmert to a standard of qudy and a
warrarty from the hghest levd of man-
agemert tha qudity will na be canpro-
mised whenit is in confict with ather
immedate interests The quéity pdicy
aso shodd defne oledives petaining
to qudity. The olpedives focus and dred
the quéity system toward concrie gods,
giving the part’s pewsonnd the motiva-
tion to devéop and maintan the system.
To the cstomer, the oledives are an
expressbn of animplied pronise tha sat-
isfaction of theér need is gang to bethe
pont of referencein thdar rdationship
with the part.

This sedion shoud dso describe howthe
qudity pdicy is made knownto, and
undestood by, # employees and howit
is implemerted andmaintained & dl lev-
els. Managenert shodd ersure tha ind-
viduds are faniliar with those corterts of
the manud appropiate to each user with-
in the orgaredion.

Include a hief description of the docu-
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procedure used to idertify the
status andto cortrol the dstribution of the
qudity manud, wheher or no it cortains
confidertial information, wheher it is
used orty for the pant’s internd purpcses,
or wheher it can bemade avdade exer-
ndly.

B. Organization
1. Resporsibility and Auhority

a. Ths sedion of the manua shoud pro-
vide a graplta organzation chat
showing key pesonnd, ther duies
and reporsibilities, auhorties and
the interrdationship structure. Ths is
the most effedive and straightforward
way to defne and docmert an organ-
zdion’s strudure. Indude a geneta
organizaion chat for the whde cam-
pany, supplementing it with more
detaled chars tha present internd
organzaions of depammerts diredly
concerned wh the QA and C adivi-
ties. It is nat pradicd nor requred to
include in the chats the nanes of
assgned pesonnd. Documerts ewu-
dendng individud assignmernts to
organzaiond fundions shdl be main-
tained désewhere- for exanple, in the
peronng depatmert.

b. While the chats document genera
fundiond thereis aso
a needto assgn pesonnd the auhori-
ty and reporsibility to carry ot spe-
cific adions referencedin the qudity
system. Deails of the resporsibiliti es,
auhoities, and herarchyof- dl func-
tions which manage, perfon, and ver
fy work affeding qudity shodd be
provided. Assgnmert and docmerta-
tion of thase spedfic is
best made dredly within procedure
deding with the corrgpondng adions.
For exanple, pesonnd resporsible for
idertifying and recorishg produ¢ qud-
ity prodems can be dehed in the
inspedion and testing procedure sec-
tion.

2. Veificaion Resources and

a. Procedurs and quiity plams shoud
completely define the rewew, monitor-
ing, inspedion and testing need &
spedfic pdnts in purchaing, recév-
ing, manufaduring and shipping. The

3rd Edition
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extert and scope of the veificaions
must be etalished bythe pan.

The veification adivities shoud be
suppoted with qudified pesonné and
adequée resources. The part shoud
idertify what levd of training and
experenceis neededo perfom spedf-
ic veificaion fundions and to eu-
dencetha the aspgned pesonnd med
those requremerts. All training, no
matter how informal, shoudd be docu-
mernted and recorded.

b Self-inspedion may be adoged pro-
vided tha it is qudified, docmented
and reglally audted. Audts shoud be
caried odu by pesonnd independen
from those havng dred resporsibility
for the work. Irspedion andtesting are
exduded fron this requrement of
independence.

C. Management Review

In addition to andysis of PCI Plant
Cettification audt results, rues for schedling,
conduting and recorithg managenent reviews
of the quéity system shoud be estalished.

. QUALITY SYSTEM

The manud shoud describe and docment the
apgicabe demens of the part qudity manage-
mert system. The decription shodd be dvided
into logicd sedions reveding a wd-coordnaed
qudity system. The quéty manua shoud indude
policies, operding procedurg work instuctions,
process procedurs, canpany standard, PCI stan-
dards, and the prodution and quiity plars. This
may be done byndusion of, or referenceo, doc-
umerted qudity system procedure. Audting and
review of the implemertation of the quéity sys
tem shoud be discussed.

The purpee is to:

1. Define purpse, conerts and fomat of the
qudity system documertation.

2. Asspn reporsibilities for estadishing and
maintaining the qudity system documertation.

DOCUMENT CONTROL

The purpaee, scope and rgorsibility for cortrol-
ling eachtype of qudity system documert shoud
be deined. Ths sedion shodd provide asystem
and instuctions and a&sgn resporsibilities for
estadishmert, review, adhorizaion, issue, dstribu-
tion and reisions of the qudity system documerts.



VI.

A brief decription of how the qudity manud is
revised andmaintained, who reiews its corterts
and how dfen, whois auhorized to changethe
qudity manud, and whois auhorized to approve
it; this information may dso be gven underthe
system demert concernefda method for

ing the hstory of any changén proceduremay be
induded,if approprate.

To ersure tha eachmanua is ke up to dde, a
method is neededto asaure tha dl changs are
receved by eachmanud hdder andincorporded
into eachmanud. A talde of corterts, a separde
revision-status page, or ther suitable mears
shoud be wwed to assure the wsers tha they have
the athorized manuéd.

PURCHASING

There shoud be a tear and fli description of
ordered produs and the vendormonitoring pro-
cedurs to veify that qudity requremerts of the
plart are met. Procedurs for dispaosition of non-
conforming materias shodd be decribed.

Rules apgdicalde to prepar&on, revew and
approva of purchaing documerts and e of
approved vendarshoud be provded.

PRODUCT IDENTIFICATION AND
TRACEABILITY

Describe the system to ready idertify each uit
produced andto dstingush bdween dfferert
grades of atherwise similar materials, canponetts,
subassemblies and produts and maintenance pro-
cedurs for record.

PROCESS CONTROL

Process coves dl adivities conneted with pro-
dudion such & produdion ganring, envronment,
equpment, techndogy, procas cortrol, work
instructions, produ¢ charateristics cortrol, ciite-
ria for workmarship, andso forth.

The prodution dan shoud defne, docmert and
communicate dl manufaduring process and
inspedion pants as wdl as workmarship stan-
darcs. A produdion flow chat shoud beinduded.
Work instuctions shoud indicate how to operée
and agust equpmert, wha steps are reqired to
perfom cetain operéions and inspedions, warn
aganst safety hazard, €c. Maintenance and da
bration of eqipmernt and testing apparaus sched-
ules shoud be stabished and recorded.

Provide for asystem and
resporsibiliti es for:

and aspn

1. Estadishing and % of work order, work

instructions and change order

2. Produdion equpmert checkng and monitor-
ing.

3. Qudification and coftrol of speda processes
such & wdding.

4. Estalish ciiteria and reporsibility for
nance of the prodution envronmert - items
that advesely affed perfomance.

. INSPECTION AND TESTING

A. Recaving Inspedion and Testing

The purpee of this sedion is to provide for a
system and andto assgn resporsi-

biliti es for perfoming and recorichg the

recaving inspedions of purchaed produts.

Scope and fan of recéving inspedions shodd

be estahished.

As a minimum, the scope of recwing QC
inspedions comprises:

1. Review of materid cetificaion, source
inspedion and test record, canpliance
cettificaes and dher such docunertation
ddivered wvith the produt

2. Visud inspedion to dded any danageor
other \isible qudity prodems

3. Taking measuremerts and testing, &
requred.

4, Recordng the atud meauremerts and
test results.

B In-Process Ingpedion and Tsting

Degree, scope andmanner of in-process
inspedions shoud be estalished to ensure
produds are producedn accordance ih pro-
dudion drawngs and approvedsamples.
Inspedion of speda processes such a welding
must be mornitored and camnolled. Indude
sample copes of checlists or forms used by
plart pesonnd for qudity cortrol fundions.

reguremerts to be coveredre:

1. Planring and doconertation of inspedion in
the canpany’s qudity plars or

2. Handing of change to shop dravings
during prodution.

3. Idertificaion ofinspedion status of
4. Handing of non-confaming produt

Idertify those produt charateristics tha canbe
inspected only at specific stages of production.
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VIII .

IX.

X.

C. Fina Inspection

The qudity plan and proceduseshoud defne
the exent and scope of the ind inspedions
andteststo velify tha dl recéving andin-pro-
cessinspedions spedfied forthe produt have
been ou with satisfactory results. The
means of idertifying non-confaming produts
should be described.

D. Inspection and Test Records

Describe the recorthg of each ingpedion,
sign-off procedure andhe maintenance ofthe
records.

INSPECTION, MEASURING AND TEST
EQUIPMENT

The purpee of this sedion is to provide for asys
tem andinstrudions, andto assgn

for cdibraion & prescribed intervds, idertifica-
tion induding type, modd, range and accuracy,
and maintenance ofmeasuring andtest equpmert.
Cdlibraion procedure and record shoud be
estabished andmaintained.

Idertification of to be made andhe
tolerance dlowed shodd be docmented in the
qudity plan, produt drawings and spedficaions
for use by prodution andinspedion pesonnd.

The system of checkng and cdifying jigs, tem-
plates and p#errs or molds used in manufadur-
ing orinspedion shoud be stalished.

INSPECTION AND TEST STATUS

The purpaee of this sedion is to provde for asys
tem and instrudions, andto assgn
for:

1. Idenificaion of a produts inspedion status.

2. Releme of confoming produt for storage or
shipmert.

The most canmon methods for ingpedion stetus
idertification are marking, taggng or labding the
produd itself, enteing an inspedion recordin a
travder acconpanying the produt, and phgicd
segregéion of produts accordng to ther inspec-
tion status. Whaever system is adoped, it must
be deaty documerted in approprate procedure

CONTROL OF NON-CONFORMING
PRODUCT

The purpee of this sedion is to provide for asys
tem and instructions, andto assgn resporsibiliti es
for:

1. Iderifying, docwnerting and eviaing non-

MNL-117 3rd Edition

XI.

XII.

confoming incaming materids, materias in
produdion, produts tha predude repa and
produds that are repaable.

2. Disposition of a non-confaning produt.

in this sedion must demonstrate dear-
ly tha the non-confaning produt is beng pre-
verted fran shipping and tha the non-confanity
is recorded.Reinspedion procedure for repared
or reworked produs shoud be decribed.

A non-confomity may be anisolated minor defed
that can be regeed immedately by asimple pro-
cessor, a the dher exreme, aserious pullic safe-
ty hazard ptertidly invdving alarge nmber of
aready shipped produs. In deding with this
prodem, it is usefu to dvide the pesble non-
confomities into cdegoies such & minor or
major or cosimetic or studurd defeds and @sign
to them differert levds of auhoity for disposi-
tion. The tasses shoud dstingush beween small
and large nunber of produts affeded, isolated
errors and system prodems posshility of impad
on dready shipped produts and seriousness of the
non-confomity. Such dassficdion will aso be
very hépful in planring andimplementing correc-
tive adions. The raporsibility and procedure for
the preparon of concrée repa mixes shoud he
defined.

CORRECTIVE ACTION

All adivities relating to corretive adions shoud
be covered by witten procedure The corretive
adion system shodd camprise investigaion of
cawses, implemertation of corretive adions and
verification of therr effediveness

HANDLING, STORAGE, AND
LOADING/DELI VERY

A.

The of this sedion is to defne spedfic
rules for handing dfferent units, prescribe a
managenert system for stored urits, and
fy arrangenerts for praedion of produts dur-
ing

B. Handling

Describe procedure to reguate the wse and
instuct in operéing handing equpment as
well as handing equipmert maintenance.

C. storage

The purpcse of this sedion is to provde for a
system and instructions, and to assign respon-
sibilities  for:



X1,

XIV.

XV.

1. Ersuring produts are stored in accordance
with drawngs.

2. Use and maintenance ofsiorage areas for
both materials and fnished produt

3. Periodicd assssnert of stored matenals
and to check on daage, stains or
cortamination.

Describe proceduréo provide for asystem and
instructions, and to assgn resporsibiliti es for

loadng produts and preéeding dur-
ing ddivery wheher or no ddivery is regured
by cortrad.

QUALITY RECORDS

Compliance wth the fdlowing requrements
shodd be docwmerted in written procedure

1. Idenifiade andlegble record.

2. Eaily retrievalle record from files in a suit-
alle envronmert.

3. Retertion of record for a spedfied perod of
time.

Format, idertification, apficadle procesng and
filing locdion for a recordshoud be stipulated in
the proceduregha requres credion of the record.
There shodd be anindex listing types of record
and their locdions.

INTERNAL QUALITY AUDITS

The purpage of this sedion is to provide for asys-
tem and instructions, andto assgn resporsibiliti es
for conduting and docmerting internd qudity
audts to veify complianceto the qudity manua
and the effediveness of adivities to aclieve
defined quéity objedives. The auit plan shoud
list al the adivities in the varous sedions of the
company’s qudity manud, idertify the locdion
wherethe ativities are place, andschedue
the audt for each ativity and locdion. Adivities
which recéve more frequeh audting by part per-
sonnd shoud be decribed. A corretive adion
and fdlow-up procedure for any diefendes
found duing an aud shoud be etaHdished and
documented to veiify the implementation and
effediveness of the corretive adion. In addion,
discuss the exernd audt procedurs of the PCI
Plart Cettificaion progran and the corretive
adion and fdlow-up procedure

TRAINING

The purpee. of this sedion is to for asys
tem and instructions, andto assgn resporsibiliti es

for determining training need, providing the
training and keejmg training record.

As a minimum, the training shodd camprise the
following topics:

1. Produd orertation with emphasis on crudal
qudity charateristics.

2. Presertation of the conpany's qudity system.

3. The rde of employees in maintaining the qué
ity system and improving its efficiency.

Recordng procedurefor enployee in
training and maintenance ofthe shoud he
discussed.
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Example of a possible format for a secton of a quality

Organization Title-Subject Number

Unit issuing Approved by Date Revision

POLICY OR POLICY REFERENCE

Give govering requremert.

PURPOSE AND SCOPE

List why, what for, area covered, and dusions.

RESPONSIBILIT Y

Give organizational unit responsible for implemerting the documert and ackeving the purpce.

ACTIONS AND METHODS TO ACHIEVE SYSTEM ELEMENT REQUIREMENT

List, step bystep, wha need to be done. &k referencg if approprate. Keepin logicd sequenceMertion any

excepions or spedfic areas of atertion. Consider the wse of

DOCUMENTATION AND REFERENCES

Idertify which referenced docterts or forms are asdated wth using the docunent, or wha déaa haveto be

recorded. We exanples, if

RECORDS

Idertify which record are generéed as a result of using the docunert, wherethese are réained, and for howong.

NOTES
1. This format may dso be sed for a docmerted qudity system procedure.
2. Thestucture and order ofbe items listed aboveshoud be déemined by orgaizaiond need.

3. The approvihand revsion status shoud beidertifiabe.
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Describes the qudity system in accordance ith the
stated quidity pdicy oljedives andthe apficalde

standard.
Documerted quiity Describes the ativities of indvidud fundiond units
system procedure neededto implement the quédity system eemerts.
Other qudity documerts Consistsof deailed work

(work instructions, forms repots, €c.

NOTE: Any document levd in this hierarchymay beseparae, wsed with referencg or canbined.
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APPENDIX B

Design Responsibilities and Considerations

Design caculations shodd be perfomed under the
supenision of a regstered profesond engneer wth

in precat design and shoud be stamped
(seded). The preca manufadurer shodd be prepared
to assistin the deign of panés and conneons. The
owner’s designer (arcited/engneer) shodd provde dl
of the deign load information and maintains overdl
design resporsibility.

The arclited/engneer inexperenced in precat design
can benéf from ealy cortad with expeirenced manu-
facturers who can offer costructive adwce duing pre-
liminary deign.

It is common pratice for the arclited/engneerto rdy
on the precat manufaturer for hanting and erewon
procedurs, and for emuring tha the uit is adequeely
designed for the loads incurred duing manufa¢uring,
handing, shipping, and instlation. Al procedurs
shodd be checkedo ersure tha they do no cawse: (1)
cracking, (2) damage, (3) arcitedurd impair-
mert, or (4) pemanen distortion.

Contrad drawings prepared bythe arclted/engneer
shoud show connetion locdions in sufficient deail to
pemit design, estimating, and kdding. Pand manufac-
turers, duiing the preparon of shop dravings, shoud
review connetions for tolerancs, dearancs, pradicdi-
ty, and perfamance. Themanufat¢urer shoud cd to
the archted/engneers atertion any foreeen prokems
Whether d reinforcemert and conneton deails are
shown bythe deigner orleft ertirely to the is
the prerogtive of the arclited/engneer. Tlis dedsion
may be deemined bylocd pradices or by the prged
spedfications.

The generacortrador is resporsible for the locaion of
al pane beaing surfaces and anchorageon non-precst
concree frames. Change, cther than agust
merts within the precribed tolerancs, requre approvh
by the

Responsibilities

Resporsibility for bah and asthetic design of
architedurd precat concrée shoud rest with the arcliv
ted/engneer whoshoud:

N

10.

. Design the suppoting

Provide dear and corise drawngs and spedfica-
tions and, where nesary, interpraation of the
cortrad documerts. Idertify the deign loads and
appicalde cods onthe cotrad drawings.

Estabish the standard of accepability for surface
finish, cdor range and meeda procedurs for
defe¢s and danage. The ardted/engneers right
to rged work is provided to praed the owner
aganst work which doe nat med these standard.

Determine the pat, if any, payed bythe precat
concree in the suppot of the structure & a whde.

As patt of the design, dlow for the effec¢ of differ-
ences in material propeties, stiffness temperaures,
and dher éemerts which might influencethe inter-
adion of precat concrée urits with the

Detemine the load reations necessary for the accu-
rate design of both reinforcement and connetons.

Evduae thema movemerts as they might affed
requremerts for joints, connetions, renforcanert
and conpaibility with adacer materials.

Analyze the wadertightness of concrée wdl pané
systems evduaing joint treament, indudng the
perfomance of ajhcert materials for campatibility
in joint treamen, andthe properseding of win-
dows and dher opeimgs, excep where such sys
tems are manufadured andmarkded &

items

Make seledion of surface fnishes recogrnzing cer-
tain limitations in materias and produton tech-
niques in regard to uniform color, texture,
reparahlity and perfomance, epedaly the limita-
tions which areinheren in ngurd materials.

so that it will carry
the weght of the precat concrée @& wel as any
supetimposed loads; including provsions for
defledion and reetion of the suppoting stucture
during and afr eretion of the precat concrée.
Spedfy which members of the suppoting

are to suppot the arcltedurd precat concrée,
e.g., orslabs.

Design the suppoting structure for the temporary
loadng condtions asocdated with the propsederec-
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tio” sequence andnethods. However, the genera
cortrador is resporsible for the mears,
methods, techriques, sequence, or procedure

11. Provide dedils for the interfadng of precat con-
crete and aher materials and with gener-
al

12 Make seledion of interior pané finishes defning
the area of expesure andthe interior appearance for
occupancy regeemerts, agan recogizing material
and prodution limitations.

13 Design sandwich wdl pands, where aplicalle, for
properstucturd andinsulating perfomance.

14 Design for durabe exerior wdls with resped to
wedheling, corr@ive envronmerts, hed trarsfer,
fire resisance réing, vapor dfusion, andmoist air
or rairt penération.

15 Review and approve prester's shop dravings
(eredion andtypicd shape drawngs) and typicd
cdculations.

16 Spedfy dimersiond and eretion tolerancs for the
precat concreée, and tolerance for suppoting
structure and cotmador's hardware. Any excep-
tions to PCI standardtolerancs shoud be ¢eaty

idertified.
Contrad drawings shoud a dear interprdation
of the coniguraion and dnersions of individud “nits,
ther rdation to the andto aher materials. The

drawings must supdy the fdlowing information:

1. All sedions and dmersions necessary to the
size andshape ofthe wurit.

Thetrarsition from onemass of concrée to andher
within a precat concree urit is a pime corsidera-
tion in findizing shape. Wherever psble, this
trarsition shoud be gradua As a” exanple, alarge
radus or fillet is preferred forthe trarsition from a
mullion, sill, or to a fat pottion within a
precat concrée demert. This is necessary to mini-
mize the pashility of shrinkage streses catsing
crack fomation at the pant where two concrée
sedions of distindly differert mass med. A gradu-
a flowing trarsition of shape éong with wdl dis-
tributed reénforcemert will reducethe risk of this
type of crackng. Where a reanabe trarsition is
not possble, a concrie mix with low shrinkage
charateristics (low waer and ceert cortert)
becanes increaingy importart. Alterndively, the
transition may be accmplished by two stage
(sequettial) casting.

2. Locdion of d joints, bah rea (fundiond) and
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10.
11.

12.
13.

false (aesthetic). Joints beween uits shoud be
completely detailed.

The materials and fnishes requred on # surfaces,
and a tear indicaion of whch surfaces areto be
expcsed whenin place.

Whenthe surface of a preat concrée demert has
two or more dfferert mixes or finishes, a denarca-
tion (reved feaure is a necesmry pat of the
design. The deth of the shoud be & lesst
1-1/2 times the aggred® size andthe width shodd
be in dmensiond lumber incramerts such & 3/4
or 1-1/2 in. (19to 38 mm). The grooveshoud gen-
erdly be wder than it is deepin orderto stip the
elemert withou damagng the mold. The impor-
tance ofthe separéion provded by a dearcaion
feaure depensl on the confgurdion of the urit on
which the finishes are canbined. For exanple, a
groove or offet is necssary when a’ expsed
aggregee flat surface is locaed béween wddy
spaced ibs with a dfferert surface fnish, bu na
necesary when asimilar flat surfacelies beween
closely spaced ibs. Propersamples shoud be sed
to asessthe probbem. The importance ofthe sepa-
ration dso depend on the spedfic types of finishes
involved. If a denarcdion groove occw “ear a
change ofsedion, it may creée a weaknss and
courter any #empt to provde a graduatrarsition
from one mass to andher.

Details for the camers of the
Details for jointing to aher materials.

Details for unwsud condtions and tire endurance
requrements.

Design loads and moments, which indude eccen-
tricities.

Defledion limitations.

Spedfied tolerance and ¢earance redtemerts for
proper producinstallation.

Suppot locdions for gravty andlaterd loads.

Spedfic mention of any requred eretion
sequence

Reinforcament of urits, see Opion 1, Tale B1.

Details of connetions to the suppoting
see Opion 1, Talke B1.

This shoud be sufficiertly deailed to
enalbe the to design and produc¢he “rits
and for the eretor to install them. In most
instances, will make their own eretion



drawings to idertify the information for precat
concrée urits and trarslate these ddails into pro-
dudion and ereiton requremerts. A mgor reaon
for leavng most pané design and hardware théls
to the precater wodd be tha they nomally have
extersive expeience in this fiedd and can chae
details suitade for thdr plant’s produdion and
eredion technques.

If reinforcamert and connetons are no ddaled by the
archited/engneer, the perfomance requemens for the
design must be dealy idertified. The eourt of space
allowed for connegons shoud dso beindicaed. k is
generdly recanmendedtha the arclited/engneer deihe
dead,live, wind andseismic loads and decribe asedion
adequée to recéve loads, and dsign the connetton for
eachtypicd unit. This approach prades a design can-
paible with structurd capaliity, concrée cover, hard-
ware prdedion, appearance, andiearance for

cd senvices. In addtion, it will estadish paraneters for
ressonable modificaions which may be suggested by the
precater to suit thar produdion and ereiton technques,
and & the same time satisfy projed design requremerts.
Design devations requested by the precater or eretor
will be pemitted ony after the arclited/engneers
apprové of the propsged change.

Constructor  Resporsibiliti es

The generacondtions of the comstrudion corrad usud-
ly state the resporsibility of the comstuctor (wsudly the
generd cortrador) in coordnaing the cormstruction
work. The costructor is typicdly resporsible for prged
schedue, dmersions and quatities, coordnaion with
al other comstuction trades, and for the adequacy of
corstruction mears, methods, technques, sequencs, and
procedurs of corstrudion, in addtion to precau-
tions and progrens in connetion with the prged. The
precat concrée manufadurer shodd nd proceed \ith
fabrication of any produts prior to recéving approvh of
ere¢ion drawngs by the comstructor.

The comstructor shoud:

Be resporsible for coordnaing dl information nec-
esary to produce the precat concrée eretion

drawings.

Review and approver obtain approvéafor dl pre-
cest concrée shop dravings which indude the
schane of hanting, trarsporting, and erding the
units, as well as the pan of temporary braing of
the structure. (Hanting and trarsporting resporsi-
biliti es depend on wtiber precat concrée is sold
F.OB. plart, F.OB. or ereted.)

Be resporsible for the coorinhaion of dmersiond
in&fadng of the precat concrée urits with aher

materials and costruction trades.

Asaire tha tolerance are maintainedin the
suppoting to provde for accuree fit and
overd confomity with precat concrée eretion
drawings.

Incorporde on orin the structure cornrador’s bard-
ware accorthg to alayou or anchor pan supdied
by the precater.

It is the resporsibility of the comstructor to estallish and
maintain, & converert locdions, cortrol pants and
benchmarks in an undsturbed coniion for wse by the
erecor urtil find completion and accepnce of a pii@d.

The comstructor must be resporsible for coord@naing pre-
cast concree eretion drawngs with shop dravings from
other trades so that related items can betrarsmitted to the
designer in one package. The caructor must

ately natify the precater of any deiations found in
dimersions dueto gan or costudion erros or changs
to the structure.

After eretion of the precat concrée panés, the con-
structor shodd ndify the arclitea for the pre-ind
inspedion of the work. Represertatives of the

and the eretor shodd be preparedo paticipae in this
inspedion tour and aswer any qustions posed by the
archted.

Precast Concrete Manufaturer

The exert of design resporsibility vested with the pre-
cast concrée manufadurer shodd be teaty defned by
the arclited/engneer in the conrad documerts. Tale
Bl outlines the typicd options.

Most work is coveredin Ogtion Il Tade B 1, dueto the
speddized naure of precat concrée design. Addtiond
design resporsibiliti es for the manufadurer may occur
when the arclited/engneer ges methods of canmunica-
tion decribed in Ogions Il and Il in Tabe Bl Option
M (b) may occur when no enigieeris invdved with the
archited for precat design and where dottul

area of resporsibility may exst. Under this option, the
precater shodd employ or rdain a stucturd engneer
experencedin the deign of precat concrée, who will

ersure the adequacy othose stucturd aspeds of the
eredion drawngs, manufadure andinstallation for
which the manufadurer is resporsible. Ogion II] is nat
yet a conmon pratice bu might be wed for dsign of
systems buldings or with perfomance spedficaions.
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Table B1 Design Responsibilities

Contract Information Supplied
by Architect/Engineer

of the
of Precast Concrete units

Provide complete drawings and specifications detailing all
aesthetic, functional and requirements plus

OPT

ON |

The manufacturer shall make shop drawings (erection and
production drawings). as required, with details es shown by
the designer. Modifications may be suggested that, in
manufacturer's estimation, would improve the economics,
structural soundness or performance of the precast concrete
installation. The manufacturer shall obtain specific approval for
such modifications. Full responsibility for the product design,
including such modifications, shall remain with the
gineer. Alternative proposals from a manufacturer should
match the required quality and remain within the parameters
established for the project It is advisable for the ar-
to give favorable consideration to such pro-
posals if the modifications are suggested so as to conform to
the manufacturers normal and proven procedures.

Detail all aesthetic and functional requirements but specify only
the required structural performance of the precast concrete
units. Specified performance shall include all limiting

of loads together with their points of application.
This information shall be supplied in such a way that all details
of the unit can be designed without reference to the behavior of
other pans of the structure. The division of responsibility for the
design shall be clearly stated in the contract.

OPTI

ON I

The manufacturer has two alternatives:

(@ Submit erection and shape drawings with all necessary
details and design information for the approval and ultimate
responsibility of the architect/engineer.

(b) Submit erection end shape drawings for general approval
and assume responsibility for pert of the structure design,
i.e., the individual units but not their effect on the building.
Firms accepting this practice may either have a profes-
sional engineer in their employ stamp (seal) drawings or
commission engineering firms to the design and
stamp the drawings.

The choice between alternatives (a) and (b) shall be decided
between the architect/engineer and the manufacturer prior to
bidding with either approach clearly stated in the specifications
for proper allocation of design responsibility.

Experience has shown that divided design responsibility can
create contractual problems. It is essential that the allocation of
design responsibility is understood and clearly expressed in
the contract documents.

The second alternative is normally adopted where the architect
does not engage a design engineer to assist in the design.

Cover the required structural performance of the precast
soncrete units es in Option Il and cover all or parts of the
aesthetic and functional requirements by performance
specifications. Define all limiting factors such es minimum and
maximum thickness, depths, weights and any other limiting di-

Give acceptable limits of any other requirements not
detailed.

OPTI

DN Il

The manufacturer shall submit drawings with choices assuming
responsibilities as in Option II.

The manufacturer completes the design in accordance with the
specified performance standards and submits, with the bid,
drawings end design information including structural calculations.
The manufacturer accepts responsibility for complying with the
specified performance standards. After acceptance of the bid,
the manufacturer submits shop drawings for review by the
architect/engineer and for the approval of the constructor.
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APPENDIX C

Finish Samples

PRE-BID SAMPLES

samples, as for dl samples, shdl orly be regard-
ed sa for perfomance vithin the varations of
workmarship andmaterials to be expeted.

Due to individud preferencg dfference in sources of
supdy, or dfferert technques devéoped in vaious
plants sening the same area, the arclited/engneer
shodd na expet to sled one sample and olain exat
matching by d precat concreée produces.

Many arclteds have devioped a praéce of making
sample seledion and approvajust prior to bid dosing.
Thus, for a spedfic prged, the approved .
names and corrgpondng sample code nmbers, may be
pulishedin an addendua or approvalist givenin writ-
ing to the generacortrador.

This pradice may result in a slight vaiation in cdor,
aggregee or texture (bu na qudity) from

biddes, since the individud within
spedficdion limits, sdeds the materids and enploys
the padng and inishing technques best suited to ther
plart operdgion. The arcited/engneer, when making
preldd approva of samples pat of the spedficaions,
shoud adhereo the fdlowing requremerts:

Sufficiert time shoud be dlowed forthe bdder to

submit samples or information for approvh Time

shoud dso be prowdedto enalbe such approvis to

be conveyedo the precater in writing so that the
can stimate andsubmit a bd.

Any prelid submittal shoud be treaed in coni-
dence, andthe individud producer$ solutions
andor techniques praeded bdh before and &ér
bidding.

If the charateristics of submitted prelbd samples in any
way devate from the spedficaions, the manufadurer
shoud make this dear to the arclited/engneer when
submitting the samples and dher information.
For proper evauaion and approvaof the samples, the
manufadurer shodd state the reaons for the devetiors.
Thee reaons might be the concern over
cortrolling varation in dther cdor or texture within
spedfied limits. In regardto adequacy ofpedfied mate-
rids, concers abou satisfying dl condtions of the
spedfications must be baed upon praécd plart pro-

dudion requrements, and the or wedher-

ing ofthe produtin its find locaion.

The arclited/engneer may requet daa & described in
Article 1.5.3in orderto evduae these devations. If
such devations and samples are approvedthe ofgind
proed spedficaions and cotrad drawings shoud be
changed accordgy by the arclited/engneer.

Since some samples are devioped forspedfic prgeds
with paticular shapes or aher charateiistics, while ah-
ers are more generafor simple apficaions, it is the
resporsibility of the precater dther to make sure that
the arclited/engneer dos na retain these spedfic pro-
ject samples, or that they are deaty marked wth resped
to limits of appication to prevemther use for ursuitade
appicaions.

Some exanples of use of samples for spedfic appica-
tions are sandbasted lightweight aggregee urits for
interfior appications, or urits tha use mixes with lower
compressive strengh higher alsorption percet
ages for dry, non-correive @mospheic condtions, or
the e of concree demerts in temporary bildings,
such @ exhibit hdls.

IDENTIFICATION

A file of sample code nmbers with dl reated daa
shoud be maintained by the precater to ersure fuure
dugdicaion of anysample submitted.

MOCKUPS AND PRODUCTION APPROVAL

Aesthetic mockups can offerthe oppotunity to evduae
the fdlowing fadors:

1. Range of accepbe appearancen regardto cdor,
texture, deéails on the expsed face, and
of

N

. Sequence of erdion.

3. Avalade methods of braéng urts prior to find
connetions beng made.

4. Desirahlity of the method of connetton in light of
handing equpmert and eretton procedurg

5. Colors and fnishes of adacen materids (window
frames, glass sedarts, €c.)
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6. Dimersiond accuracy ofthe precat concrée work
andthe corstnrctibility of the spedfied tolerancs.

7. The accefahlity of the precat concrée pané inside
surface fnish (where expsed).

8. Availade methods for the repa of chips, spdls or
other surface tbemishes. The mockup will dso estab-
lish the exent and accegalility of defe¢s and repa
work.

9. Suitahlity of the seleced seders.

10. The wetheiing pdterrs or ran run-off on atypicd
sedion of precat concrée pané facade.

Mockups shoud be using standard produ@n
equpment and techriques. Some importart varades tha
shoud be cotrolled & close to adud cast condtions
indude retarder coverage ta and of appication,
mix design and slump, adnixtures, heda of plastic and
cured concre, age, ibraion, pece thickness and
method of dearing. Ths is espedally importart with
light etches which are paticualy affeded by chanig
condtions. Speda ddails such & reved pdterrs and
intersedions, camer drip sedions, paterns, cdor
andtexture, andother visud pané charateristics shoud
be denonstrated in large prodution samples for approva
Change in aggregee ofertation, cdor tone, andiexture
can eaily be naed on fll scde mockup panks.

The oljedive of the mockup sample can ko be to
demonstrate the more déaled condions tha may be
encouriered in the prdgect (recesses, reveds,
outside/inside cornes, multiple finishes, textures,
venees, €c.). Ths sample may nd be fdly represena-
tive of the exat finishes that can be resonally achieved
during mass produdion.

Mockup panks shodd cortain typicd castin-inserts,
reinforcemert, and pates as requred for the prged.
Handing tbe mockup panks saves as a checkthat the
stipping methods andlifting hardware Wl be suitale.

The arclited shoud \visit the precat plart for
exaninaion and approva(sign and dee) of tbe first pro-
dudion urits. To avad pcssble later coriroversies, this
approva shoud precede a tesse for prodution. The
archited shoud redize, howeverthat ddays in visiting
plarts for such approvis may upet noma plart opera-
tions andthe job schedue. It shoud be cleaty stated in
the cortrad documerts how long the prodution urits or
the mockup structure shodd be kepin the part or job-
site for canpaiison purpaes. It is recaonmendedtha the
cortrad documerts pemit the approved firsized uiits
to be wedin the job instlation in the late stages of con-
struction. The uits shodd remain idertifiade even on
the urtil find accepance ofthe prged. The
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pands shoud be ereted aglacen to each ther onthe
building to dlow cortinued conpaiison, if necessary.

The face of eackample shoud cortain & least two area
of approvedsize andshape wich have been ¢bped ot
and then pached and repeed. The ctor, texture and
appearance of pehedareas shodd match tha of ada-
cert surface see Aticle 2.8.

Plart inspedion by the archted duiing pané produdion

is encouraged. Tk hdps asare bdh the arclted and

the tha the deired end raults can and are
beng oltained.



APPENDIX D

Chuck Use and Maintenance Procedure

Strand chuck are pretsion peces of equpment
designedto hdd thousands of pound of force. t is ciiti-
cd tha inspedions and prevetive maintenance be per-
formed perodicdly to insure thar perfomance. The fb
lowing procedurelists bah generh rules for using
chucls on a bed and faher maintenancen the shop.

A. Bed Crews

1. Chucks shodd dways be kep dean. Chucks na
on the strand shoud never bethrown on the
ground. Al used chuck shoud be réunedto the
chuck dearing bench.

2. To secure strand, &ways use a chucktha is
markedthe same size & the strand.

3. Visudly insped each chuck bartébefore padng it
on the strand. This canbe done by tgndng down
the ceter of the chuckto be cetain dl 3 wedgs
arein dignmert andtha the chuckis dean.

4. To rdesse a chuck frmm a pece ofstrand, simply
gresp the chuck and pgh the barré forward to
remove the wedge A second &éerndive woudd be
to force the narrow end of a chuck mevd tod
into the barré end of the asmbled chuck. Tis
will force the wedge back into the chuck and
releae it from the strand.

5. If the barré still does nat release, e a ginderto
cut the strand approknately two fee on éther side
of the chuck andake the chuck \ith the strand in
it to the chuck tearing roan so it can be ramoved
propety. The chuck barteshoud never be it with
a hanmer, rock, rebar or anyhing dse.

7. If the chuck cmes off the strand eaily, pu the
wedges backinto the barrd.

8. All chucls and wedge shodd be teaned,nsped-
ed andlubricated before sing.

B. Chuck and Inspection Personnel

1. To renove a chuck witch ha been broughto the
shop on alengh of stand, we a chuck neovd
tod, a vice and asliding hanmer.

a. Placethe chuck rmovd tod overthe strand and
push the narrow end upto the barréend of the
chuck.

b. Placethe strand (wth the chuck renovd tod in
place) upight in the vse so tha the chuck

removd tod restsflat aganst the \ise. Leavethe
jaws of the \ice loose enoughso the stand can
move béween them.

¢. Use the sliding hanmer to strike the open end of
the chuck. If neceary, anther hanmer can be
used to strike the sliding hanmer. Do nd strike
the chuck bartfeitself with any hard ofed.

d. Stiking the open end ith the sliding hanmer
will force the chuck the removd tod
pushing the wedge backinto the barrk andjar-
ring the chuckloose. The chuck carthen be
removed either by presing the removd tod into
the barré andsliding the the strand or
by dsassmbling the chuck.

. To ingped and lubiicae the chuck, use the fd-

lowing procedure

a. Separge dl chucls by size. Irsped one size of
chuck conpletely before padng andher size
chuck onthe bench.

b. Disassemble dl chucls by removing the wedge
and the rubber rining ing.

c. Put on safety gogdes before sing the brishes
to dean the chuck. Rubber doves or doves
tha will na ge caugh in the brishes shoud
also be sed.

d. The chuck body can bdeaned \ith a tapered
wire brugh.

e. Before renoving the rubber r@ining iing, the
wedges can be eaned vth a motorized tapered
nylon brwh. Care must be takento asare the
wire body brsh is never used to dean the
wedges as damage cold result.

f. After dearnng, renove the rubber rgining ring
and insped the wedgs for signs of scraches,
chipped thread, and score marks. Examine the
rubber réaining lings for signs of splitting or
damage. Irsped the barrés for signs of excesive
rust, corrasion or dets. Discard all damaged
pats to ssaure they are nbusedin reagssembly.

g. Clean andlubricae the barrés and #ow them
to dry approknatdy five minutes. Lubricae
the exerior of the jaw aembly.

h. Reassemble the chuck and store thean in a rack
designed to keep them clean and out of the weather.

i. Repea the proces for the nex size of chuck.
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APPENDIX E

Sample Record Forms

Numerous items which requre recordkeemg for conir-

mation and eviadion are outlinedin this qudity cortrol

manud. The fdlowing record foms are suggested for
corsiderdion in a qudity cortrol progran. These are na

the oy forms needed for opeti@ns, bu will provide a
begnning pant for form devéopmert. It shodd be rec-
ogrized that these are oty SAMPLE record foms and
tha a gart may design its own forms to best serve its

operdion. Theimportance of any recordg form is the

information that it cortains and no its format. The

repots serve & a record ofthe manufaduring procesin

case this information is requred d some fuure dae.

Iltems tha can be measured quatitatively are to be

recordedin numericd terms Items that must be

ated subjedively shodd be rded in a comsisert fash-
ion. Items such & lengh and wdth measuremerts can
be gven a checkmark or “O.K.” if they are within the
tolerancs listed in Article 7.1.2.

Where exra dtertion is regured to improve materia or
produ¢ qudity, or improve worker quigty perfor-
mance, orto idertify matters beyondthe cotrol of the
worker, renarks or sketches shoud be sed. Remarks
can bemade onthe back ofthe foms whenthereis na
room on the fron side.

The flowing foms areinduded

1. Aggregde Gradéion, Materid Finer than 200 Sieve,
Aggregde Moisture Contert, Orgarnc Impurities

2. Batch Plart Scde Check

3. Concrde Tests Repot

e

Tersioning Repot

o

Inspedion Repot
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AGGREGATE GRADATION MATERIALS
MATERIAL FINER THAN CONTROLS
MOISTURE TEST
ORGANIC IMPURITIES _
Sheet No.:
QUALITY CONTROL
Date:
Inspector: AGGREGATES
Applicable FINE AGGREGATE Date Del.:
Specifications Remarks
Sieve Weight % Cum. % %
Size Retained (g) Retained Passing ASTM C33 Bin Tons Rep.
I
No. 30
No. 50
No. 100
Pan
Applicable COARSE AGGREGATE Date Del.
Specifications Remarks
Sieve Weight % Cum. % %
Size Retained (g) Retained Passing ASTM C33 Bin Tons Rep.
17
3/ ”
1/2"
3/8"
No. 4
No. 6
No. 16
MATERIAL FINER THAN 200 SIEVE (ASTM
Coarse Agg. Fine Agg. | Original Wt. of Sample (at least 2.5 kg
. Dry Wt. of Orig. Sample =k
Supplier .
Dry Wt. Sample After Washing =(
Date Del. % Material Finer than 200 Sieve = =/
AGGREGATE MOISTURE CONTENT (C566) ORGANIC IMPURITIES IN SAND
Wt. Sample & Container (Wet) (D) Circle Color Organic Plate No
' . E of Sodium
Wt. Sample & Container (Dry) {E) Hydroxide ’
Wt. of Container (F) Solution 2
Wit. of Moisture (D-E) (Q) 3 (standard)
Net Dry Wt. of Sample (E-F) {H) g
% Moisture = G x100 =
H Sand Supplier
Moisture Test ____ % Date




EQUIPMENT
BATCH PLANT CALIBRATION

SCALE CHECK
QUALITY CONTROL Sheet No.:
Date:

D Balance Point at Zero at Start of Check
j Balance Point Off _ PtsD Under D Over
D Adjustment Required on Bar to Balance

Scale Report to be Completed
On first Day of Each Week

Checked by
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MATERIALS

CONCRETE CONTROLS
TEST REPORT
Sheet No.:
QUALITY CONTROL eet o
Job Name Job No.
ALL PRODUCTS
FACE MIX Mix Designation (sample number) Design Strength
BACKUP MIX Mix Designation (sample number)
COMMENTS:

Impact Hammer (ASTM

Average Rebound
Reading (R)

Compressive
Strength (psi)

Concrete Yield Computation (ASTM C138)

Air Measurement (ASTM C231)

Cement ___ Wit Container &
Fine Aggregate __ Wt. Container
Coarse Aggregate _ Wt. Concrete
Admixtures Slump

Admixture (Pigment) Entrained Air
Water No. X

Total Wt. per Cu. Yd. (A)

Container Size
Wt. per Cu. Ft. (B)

Yield = A
B

cu. ft.

Aggregate Correction Factor(G)
h, =
hy =
G=h,-hy=
Apparent Concrete Air Content (A,)
h, =
ha =
A =h -hy=

A (Air Content) = A, =G =
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QUALITY CONTROL

Date:

TENSIONING REPORT

| PR D

Job Name

PLOT STRANDS ON GRID

Job No.
Bed No.
Member Identifications

Pour No.

Product

Jack Identification

S NW PO ~N@D O

ASCDEFGHIJKLMNOPQRSTUVWX

Strand Size
Type of Te

NO Pattern

Strand Brand

nsioning

Al

End

Strand Temperature

°F

Theoretical Elongation

Gauge Reading

lbs.

Temperature Correction for Elongation

LOAD CELLS

Temperature Correction for Gauge Reading

—~ " Total Elongation

Correct& Reading
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QUALITY CONTROL

INSPECTION REPORT
BUILDING PRODUCTS

FORM SET-UP, CASTING
AND FINISHED PRODUCT

Date Produced:
p e ¢ t o r

|l n s
Date of Post Inspection:

Mold No.:

Job No.:

Product:

Job Name:

Release Agent:

[ Product Rejected
USE OF SHEET FOR REMARKS AND

Reason



APPENDIX F

PCI Plant

In 1958, the Concrde Institute rec-
ogrized that a dedcaed effot to produce qudy prod-
uds was necssary andtha such an effar woud pay
an integrd role in the devéopment of the precat and
prestesed concrée indwsty Following the pultishing
of severd qudity and standaréd manuds, in 1967, the
Institute inauguréed its Plart Cettificaion Program
which ha cortinued to grow since tha time. The pro-
gram is now manddory for dl PCE members and the
experse is borne pimarily by the individud paticipa-
ing darts. Unannounced aitd are perfomed twice a
year by a ntondly recognzed stucturd engneeing
corsultart to aswre impatial and umform evdudions.
are graduze and profssond structurd eng-
nees with experencein design, corstruction, andman-
ufadure of precat and pretressd concrée produts.

The Plart Cettificaion Progran was expandedin 1970
to indude prodution of arclitedurd precat concree
and agan in 1979to indude dass fiber rénforced con-
crete produts.

In 1988, PCI implemerted a futher expasion of the
Plant Cettification Progran to requre cetification by
the type of produts manufadured. Ths refinemert of
the progran requres a more produtspedfic inspedion
and evéudaion of a pant’s spedaized capaititi es.
Plarts may be in upto four produt grours:

Group A Group B GroupC Group G

Architectural ~ Bridges Commerdal Glass Fiber
Reinforced
concree

Group A indudes two (2) cdegoies; caegory AT for
miscdlaneos Architedurd Trim edemerts and céego-
ry Al for Architedurd precat Concrde,

Within groups B and C are four (4) ckegoies
tha idertify produd types tha more effetively convey
the expdise and capdlity of the individud plart. The
caegoies reflea differences in the way in which the
produds are produced.

PCI’s Plart Cettificaion Progran is recogmzed & a
qudity aswuurance agency bthe fdlowing:

» Interngiond Conference of Building Officials
(ICBO)

« Building Officials and Code Adnministrators

Program

« Southern Building Code Congress Interndiond, Inc.

PCI Plart Cettification is listed in the fdlowing spedfi-
cdions:

« Master Spedfication -~ American Irstitute of
Architeds

« Navd Fadlities Engneeing Command
+« U.S. Army Corps of Engnees

PCI Plant Certification is highly endosed by the
Federd Highway Adninistration andis now requred
by more than twelve (12)individud state depamerts
of trarsportation.

of Purpose

The cetificaion of a produmg dart by PCI indicaes
the part has a system of qudity in pace starting with
managenert. Further, the quéity system extends to dl
area of plart operdions induding athorough and wle
documerted quédity cortrol program. Cettificaion ind-
cates tha plarnt pradices arein confomance vith time-
tested indwsty standard. It mears tha the part regu-
laly demonstates the capallity to produce quiéy
produds of the type in which they are ceified.

PCI cetificaion doe nat guaratee the qudity of spe-
cific precat concree produts.

Qualification of

Applicarts for PCI Plart must be produc-
ers of precat prestressed concrée produts, and
must have beenin prodution for twelve (12) mornths

prior to the Iritial audit, Participarts may be @éher PCI

producer members or nonmembers.

Applicants

of

All plants are auded a least twice each year. Alid
are unannounced and areudly of two days durdion.
New paticiparts are auded threetimes duiing the first
year,

Auditors compile numericd grades and prepare aiin-
deph written aud repot.
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Gradng is organzed in keepng with the Dvisions in
this manud, MNL-117, and aspedfic numerica

gradeis requred for cetificaion. The aull covers al

aspeds of produdion and quiity cortrol as wdl as
engneeing and genetaplant pradices. During each
audt, stored produts are revewed andseleded pan-
els are measured and cmpared to shop dravings to

velify conformance vith tolerance. The produt evd-

uaions perfomed by in-howse qudity cortrol peison-

nd are #so revewedto ddemine if reguar monitor-

ing is corret¢ and accur.

Audits and grathg of structurd
concree are based on MNI-116. Audts and grathg of
glass fiber rénforced concree are bsed onMNL-130.

A list of Certtified Plarts is pudished quaterdy by PCl.
Failure to med standard results in loss of cetification.
In this even, cetificaion may be regemed oty by
passng a new,speda audt. Grade cannd be negtat-
ed ormitigated. Spedfic grads are confidertial and are

MNL-117 3rd Edition

not reeased

Plart Cettification corinues to be raéed by ers & a
highly effedive tod for audting ther internd qudity
asurance progmas For further information abou the
progran and alist of Cettified Plarts, plesse conad:

Diredor of Prograns
Concrde Institute
175 West Jackson Boulevard
Chicago, llinois 60604

(312) 786-0300

GUIDE QUALIFICATION
SPECIFICATION
ARCHITECTURAL PRECAST

The arcltedurd precat concrée manufaturing dart
shdl be cetified by the Concree
Institute PCI Plart Cettificaion Progran. Manufaturer
shdl be cetified d time of bdding. Cettificaion shdl
be in produt¢ group and dagory peled one or bth:
AT-Miscellaneows Architedurd Trim Units; Al-
Architedurd Precat Concree].
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Reference Literature

This manua and its commentary refer to many stan-
darcs and otline reconmendaions based onthe avil-
abe body of knowedge invdving precat and pre-
stresed concree. Ths appendk provides a baic out-
line of apficale standard and referencenaterid It is
esertial tha a produton fadlity’s pesonnd be fur-
nished wth currem referenceliteragure and be encour-
ageto read and tili zeit.

A minimum referencdist shodd indude apfpicabde and
currert pubications of the American Society for
Testing andMaterias: the America” Concrde Irstitute:
the Concree Institute; the Portland
Cemert Asodation; and similar agenies havng peti-
nert apgicade spedficaions deding with manufa¢ure
of precat concrée.

American Sodety for Testing and Materials (ASTM)
100 Barr Harbor Dive

West Penrsylvana

The ASTM Book of Standard cortains spedficdions
and test methods for most of the materiads and standard
pradices used in the prodution of precat
concreée. They &0 cortain spedficaions and methods
of test for rdated materials.

The fdlowing is alist of individud standard which can
be orderedn sedion pulished bythe sodiety.

ASTM

Designation Title

A Spedficaion for Sted Castings,
Carbon,for Generd Applicaion

A Spedfication for Carbon Structurd
Steel

A41 Spedficaion for Feritic Mallealle
Iron Castings

A 4™ Spedficaion for Malleabie

Iron Castings (Metric)

A 82 Spedficdion for Sted Wire, Plain for
Concrée Reinforcemert

A 108 Spedficdion for Sted Bars, Carbon,
Cold Finished, Standard Quigty
A 123 Spedfication for Zinc (Ha-Dip

Gavanized) Coatings on Iron and
Stee] Produds

A 143

A 153

A 185

A216

A 307

A325

A 370

A421

A 496

A 497

A 500

Practice for Safeguardng Aganst
Embrittlemert of Hat-Dip Gdvarized
Structural Sted Produds and
Procedurefor Deteding Embrittlemert

Spedficaion for Zinc Coding
Dip) on Iron andSted Hardware

Spedfication for  Fabricated
Deformed Sted Bar Mats for
Concrdée Reinforcemert

Spedficdion for Sted Welded Wire
Fabric, Plain, for Concrege Rein-
forcemert

Spedficaion for Stainless and Heat-
Resisting Sted Bars and Shapes

Spedficaion for Low and Iter-
mediate Tersile Strengh Carbon
Stee] Plates

Spedficaion for Carbon Sted Boalts
and Studs. 60,000 PSI Tensile
Strengh

Spedfication for Structura Bolts,
Sted, Heda Treaed, ksi
Minimum Tersile Stengh

Test Methods and Defnitions for
Mechatcd Testing of Sted Produds

Spedfication for Sted Strand,
Uncoded Seven-Wre for Prestressed
concrée

Spedfication for Uncoaed
Relieved Sted Wire for Prestressed
Concrde

Spedfication for Sted Wire, De-
famed, for Concrde Reinforcemert

Spedficaion for Sted Wdded Wre
Fabiic, Defomed, for Concrde
Reinforcamert

Spedfication for Cold-Formed
Welded and Seanless Carbon Sted
Structurd Tubing in Rounds and
Shapes

Spedficaion for Hgh-Stengh Low-
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A641

A 641M

A 666

A 722

A780

A 884

B 633

B 766

C29

c31

MNL-117 3rd Edition

Alloy Columbium-Vanadum Struc-
turd Steel

Spedficaion for Defomed andPlain
Bill et-Sted Bars for Concrée
Reinforcamert

Spedficdion for Rail-Sted Defommed
and Plain Bars for Concrete
Reinforcamert

Spedficaion for AXe-Sted Deformed
and Plain Bars for Concrete
Reinforcamert

Spedfication for Zinc-Coated
(Gdvarized) Carbon Sted Wire

Spedfication for Zinc-Coated
(Gavanized) Carbon Sted Wire
(Metric)

Spedficaion for Stainless
Sted, Shed, Strip, Plate andFlat Bar

Spedficdion for Sted Bars, Carbon,
Hot-Wrought, Spedal Qudity,
Mecharcd Propeties

Spedfication for Low-Alloy Sted
Deformed Bars for Concree
Reinforcamert

Spedficaion for Uncoaed
Stengh Sted Bar for Prestresshg
Concrae

Spedfication for Zinc-Coated
(Gdvanzed) Sted Bars for Concrde
Reinforcemert

Spedfication for Epoxy-Coated
R&forcing Sted Bars

Pradice for Repar of Damaged and
Uncoated Areas of Hot-Dip
Gdvarized Coaings

Spedficaion for Epoxy-Coaed Sted
Wire and Wéded Wire Fabric for
Reinforcamert

Spedfication for EpoxyCoated
Prefabicaed Sted Reinforcng Bars

Spedfication for Hecrodepasited
Codtings of Zinc on Iron and Sted

Spedfication for Hedrodepaited
Codings of Cadmium

Test Method for Unt Weight and
Voids in Aggregée

Practice for Making and Curing

c 33
c 39

C 40

C42

C67

C 88

c 109

c 117

C 125

C 127

C 128

c 131

C 136

C 138

C 142

c 143

c 144

Concree Test Spedmers in the Field
for Concrée Aggregées

Test Method for Compressive
Strengh of Cylindricd Concree
Spedmers

Test Method for Orgaric Impurities in
Fine Aggregges for Concrde

Test Method for Ohkaining and
Testing Drilled Cores and Sawed
Beans of Concrde

Test Methods of Sampling and Teting
Brick andStructurd Clay Tile

Test Method for Surface Moisture in
Fine Aggregte

Test Method for Soundness of
Aggregaes by Use of Sodum Sulfate
or Magnesium Sulfate

Spedfication for Ready-Mixed
Concrae

Test Method for Compressive
Stengh of Hydralic Cemert Mortars
(Using 2-in. or Cube
Spedmers)

Test Method for Materials Finer than
No. 200 Sieve in Minerd
Aggregades by Washing

Temindogy Relating to Concrée and
Concrée Aggregées

Test Method for Spedfic Gravty and
Absorption of Coarse Aggrege

Test Method for Spedfic Grauty and
of Fine Aggregte

Test Method for Resistance to
Degradaion of Small-Size Coarse
Aggregde by Abraion and mpad in
the Les Angdes Macthine

Test Method for Sieve Andysis of
Fine andCoarse Aggregées

Test Method for Unt Weight, Yield,
and Ar Content of
Concrde

Test Method for Clay Lumps and
Friabe Particles in Aggregses

Test Method for Slump of Hydralic
Cemert Concree

Spedfication for Aggregae for



c 150
c 171

C172

c 173

c 185

Cl88

C 191

C 192

c 221

Cc231

C233

C295

C342

c 370

Masonry Mortar
Spedficaion for Portland Cemert

Spedfication for She¢ Materid8 for
Curing concrée

Pradice for Sampling Freshly Mixed
concrée.

Test Method for Air Content of
Freshly Mixed Concree by the
Volumetric Method

Test Method for Air Content of
Hydradic Cemert

Test Method for Demsity of Hydradic
Cemernt

Test Method for Time of Setting of
Hydradic Cemert by Vicat Neede

Practice for Making and Curing
Concrde Test Spedmens in the
Labordory

Test Method for Fineness of Hydradic
Cement by Air Permeahlity
Appardus

Test Method for Potertial Alkali
Readivity of Cement-Aggregde
Combinaions (Mortar-Bar Method)

Test Method for Air Content of
Freshly Mixed Concree by the
Pressure Method

Test Method for Air-Entraining
Admixtures for Concree

Spedfication for Air-Entraining
Admixtures for Concrde

Gude for Petrograplic Examination
of Aggregaes for Concree.

Spedficaion for Liquid
Forming Compound for Curing
Concree

Specification for Lightweight
Aggregaes for Structurd Concrete

Test Method for Potertial Volume
Change of Cement-Aggregéae

Test Method for Moisture Expasion
of Fired

Test Method for Time of Setting of
Concrge Mixtures by Pendration
Resistance

c457

C 469

C470

c494

c566

C 567

C578

C586

C591

c595

C 617

C 641

c642

C666

c 843

Test Method for Microscopical
of Paraneters of the Air-
Void System in Hardened

Test Method for Static Moduus of
Elasticity and Poisson’s Ratio of
Concrde in Compression

Spedficaion for Molds for Forming
Concrege Test Cylindes Vertticdly

Spedfication for  Chemical

Admixtures for Concree

Test Method for Total Moisture
Contert of Aggregée by Dning

Test Method for Unt Weight of
Lightweight Concrde

Spedficaion for Rigid, Cellular
Polystyrene Thema Insulation

Test Method for Potertial Alkali
Readivity of Carbonde Rocks for
Concree Aggregées (Rock Cylinder
Method)

Spedficaion for Preformed
Rigid Cellular Polyisocyanurae
Themal Insulation

Spedfication for Blended Hydralic
Cemerts

Practice for Cappng Cylindrica
Concrde Spedmers

Spedficaion for Cod Fly Ash and
Raw or Naturd for
Use as a Minerd Admixture in
Concrde

Test Method for Staining Materias in
Lightweight Concrde Aggregées

Test Method for Spedfic Gravity,
Absorption, and Vdads in Hardened
Concrde

Test Method for Resistance ofConcréae
to Rapd FreeZng and

Spedfication for Concréae Made by

Volumetric Batching and Cortinuots

Mixing

Pradice for Redudng Samples of
to Testing Size

Test Method for Rebound Nwmber of
Hardened Concrde

Spedficaion for Expasive Hydralic
Cemert
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C 881

c917

c 979

c 989

c 1017

c 1059

c 1064

c 1077

c 1105

C 1126

C 1218

C1231

C 1240

c 1252

c 1260

D75
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Spedficaion for EpoxyResin-Base
Bondng Systems for Concree
Test Method for Evduaion of Cement

Strengh Uniformity from a Single
source

Spedfication for Pigments for
Integrdly Colored Concrde

Spedfication for Ground Grarated

Blast-Furnace Slag for Use in
Concrde andMortars
Spedfication for Chemical

Admixtures for Use in Produdng
Flowing Concrae

Spedfication for Laex Agerts for
Bondng Fresh to HardenedConcrde

Test Method for Tenperdaure of
Freshly Mixed Portland Cement
concrde

Pracice for Laborsories Testing
Concrege and Concrdée Aggregées for
Use in Constudion and Criteria for
Labordory Evduaion

Test Method for Lengh Change of
Concrége Due to Alkali-Carbonae
Rock Readion

Spedficaion for Faced or
Rigid Cellular Phendic Themal
Insulation

Performance Spedfication for
Blended Hydralic Cemert

Test Method for Waer-Soluble
Chloride in and Concrde

Pradice for Use of Caps in
Determination of Compressive
Strength of Hardened Concree
Cylindes

Spedficaion for Silica Fume for Use
in Hydraudic-Cement Concrde and
Mortar

Tet Methods for Void
Content of Fine Aggregée (as
Influenced byPatticle Shape, Surface
Texture and

Tet Method for Potertial Alkali
Readivity of Aggregaes (Mortar-Bar
Method)

Pradice for Sampling Aggregées

D 4791 Test Method for Flat or Bongaed
Particles in Coarse Aggregée

E4 Practices for Force Veification of
Testing Maclhines

Ell Spedficaion for Wre Cloth Sieves
for Testing Purpcses

E 105 Pradice for Probalblity Sampling of
Materials

E 329 Spedfication for Agenges Engagedin

the Testing Inspedion of
Materids Used in Construction

For dl materials and eqipmert used in the manufature
of precat and concrée, for which an appro-
priate ASTM designgion ha na been deveped, man-
ufadurer’s spedficaions and dredions shoudd be avd-
abe. Such materials and eqgipment shoud be sed ory
when they have beeshown by teststo be adequa for
the purpee intended andher usage ha been approved
by the purchaing erity.

American Concrete Institute
P.O. Box 9094
Hills, M1 48333

1. Manud of Concree Inspedion, SR2
2. Manua for Concree Pradice

Part 1 Materials and Geneila Propeties of
Concrde

Part 2 Construdion Pradices and Irspedion
of Pavemerts

Part 3 Use of Concree in Building - Design,
Spedficdions, and Related Topcs

Part 4 Bridges, Substructures, Santary, and
Other Spedal Structures; Structural

Pat 5 Masonry, Precat Concrde; Speda
Processes

These vdumes cortain acceped ACI Standard indud-
ing the Building Code reqiremerts and appropate
pubicdions coveing dl aspeds of concrée propotion-
ing, baching, mixing, padng, and cung. They shoud
be avdabe in dl precat plants. Some of the more per-
tinert recanmended pratices and gides are & foll ows:

ACI

Designation Title

116R Cemert and Concrege Temindogy
117R Standard Spedficaions for Toerancs

for Concrdge Construction and
Materias



211.1

211.2

211.3

212.4

21R

214

221R

22R

301

30R

304R

304.5

30R
306R
308

30R

Guide to Duralbe Concrde

Standard Practice for Selecting
Propottions for Nomal, Heavywéght,
and Mass Concrde

Standard Practice for Selecting
Propottions for Structurd Lightweight
Concrde

Standard Practice for Selecting
Propottions for No-Slump Concree

Chamicd

Guide for the Use of Hgh-Range
water Redudng Admixtures
in Concree

for Concrde

Guide for Structurd Lightweight
Aggregde Concrde

Recanmended Pradice for Evéduaion
of Strengh Test Results of Concrde

Simplified Version of the
Recanmended Pradice for Evéuaion
of Strengh Test Results of Concrde

Guide for Wse of Noma Weight
Aggregaes in Concrde

Causes, Evduation, and Repar of
Cracks in Concrde Strudtures

Guide to the Selecion and We of
Hydradic Cemerts

Spedficaions for Stucturd Concrde
for Buildings

Guide to Castin-Place Arclitedurd
concreée Pradice

Guide for Measuring, Mixing,
Trarsporting, andPladng Concrde

Batching, Mixing, and Job Cortrol of
Lightweight Concrede

Hot Weaher Concrding

Cold Wedher Concrding
StandardPradice for Curing Concrde
Guide for Consolidation of Concrae

Behavor of Fresh Concrde Duing
Vibraion

Identification and Control of
Consolidation-Related Surface
Defeds in Formed Concrée

Batch Plant Inspedion and Field
Testing of ReadyMixed Concree

318

36R

Building Code Requrements for
Concrée and Commertary

State-of-the-Art Repot on
stengh concrée

Recommendaions for Concrde
Members Prestressed with Unbonded
Tendors

Sted Reinforcement -~ Physica
and U.S. Availability

Acceleraed Curing of Concrde &
Atmospheiic Presaure

Concrde Irstitute

175 W. Jackson Blvd.
Chicago, IL 60604

PCI
Designéion

MNL-116

MNL-120

MNL-122
SLP-122

JR-307

TN-3

Title

Manuda for Qudity Control for Plants
and Producdion of Precast and
Prestresed Concrde Produds

PCI Drafting Handbook Precast and
Prestreseed Concrde

PCI Design Handbook- Precast and
Concree

Architedurd Precat Concrde
PCI Safety and Lcss Prevertion

Tderancs for Precast and Prestressd
concrée

on Precast Concrde

Portland Cemernt Asdation
5420 Qd OrchardRoad
Skokie, IL 60077

PCA

EB 1

IS 214

Title

Design and Control of Concree
Mixtures

Removing Stains and Clearnng
concrege Surfaces

American Welding Sodety

550 N.W.

Rd.

P.O. Box 351040
Miami, FL 33135

AWS

Designation

A5

Title

Spedfication for Carbon Sted
Eledrodes for Shielded Metd Arc
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A5.4

A5.5

A5.18

A5.28

A5.29

B1.1l

B2.1

c5.4

D1l

D1.4

QCl1

z49.1

Welding

Spedfication for Stainless Sted
Eledrodes for Shielded Metal Arc
Wedding

Spedfication for Low Alloy Sted
Covered Arc Wiling Hedrodes

Spedficdion for Carbon Sted Filler
Metals for Gas Shielded Arc Wéding

Spedfication for Carbon Sted
Electrodes for Flux Cored Arc
Wedding

Spedfication for Low Alloy Sted
Filler Metals for Ga Shielded Arc
Wedding

Spedfication for Low Aloy Sted
Electrodes for Flux Cored Arc
Welding

Guide for Msud Inspedion of Wedds

Standard for Whling Procedure and
Performance Qubficaion

Recanmended Pradices for Stud
Wedding

Stucurd Weding Code Structurd
Steel

Structurd Weding Code - Reinfordng
Steel

Spedfication for Quadification and
Cettificaion of Weding Inspedors

Safety in Weding, Cutting and Alied
Processes

Canadian Standards Assdation

178

Boulevard

Etobicoke (Toromo)
Ontario, CanadaM9W 1R3

CSA
Designation

A23.1iA23.2

Title

Concrée Materids and Methods of
Concrége Construction/Methods of
Test for Concrde

Potertial Exparsivity of Aggregaes

for Lengh Change dueto
Alkali-Aggregde Readion in
concree Prismg

National Ready Mixed Concrete Asdation

900 spring Stred

Silver Spring, MD 20910
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NRMCA
Designation

Pub. #102

Title

Recanmended Gide Spedficaions
for Baching Equpmert and Cortrol
Systems in Concrde Batch Plarts

o Concrée Plart Standard of the
Concrege Plant Manufadurers

« Concrde Plat Mixer Standard of

Plant Mixer Manufadurers
Division, CPMB

« Truck Mixer and Agator Standard
of the Truck Mixer Manufadurers

« Cettificaion of Ready Mixed
Concrde Produdion Fadliti es

US. Bureau of Redamation

Denver Federal Center
Denver, CO 80225

. Concrée Manua

Concrete Reanforcing Sted Institute

933 N.Plum

CRSI

Designation

Road

IL 60173

Title

o Guiddines for Inspedion and
Acceptation of Epoxy<Coated
Reinfordng Bars at the Job Site

« Field Handing Techmques for
Rebar a the Job Site

« Fusion Bonded Epoxy Coaing
Applicator Plant Certification
Program



APPENDIX H

Sample Tensioning Calculations

A. Pretensioned Straight Strand

The following example details the method for calculating the elongation of a straight strand in an abutment
anchorage setup. Adjustments for abutment rotation, dead end seating loss, live end seating loss, and

temperature variation are shown.

chuck to _chuck (1809 In.) ml

ABUTMENT

STRAND

CASTING BED

First, the necessary material data and bed setup information must be established,

1. Size and type of strand: 3/8 in. mm]
diameter,

2. Physical characteristics of strand:
From the mill certificate supplied by the
manufacturer,

A = 0.0845 in?

E = psi
The average valUues being used by the plant
are,

A =0.0850 in.?

E= psi

Comparing the actual values to the averages,

AE 0.0845 x
0.0850 x

x 100 - 98.9%

MY X 557w 100 - 98.9%

Since AE is within 2.5% of average, the
average values can be used in the calculations.
Note that if AE was not within 2.5% of average,
this does not indicate that the strand is not in
compliance with specification, but on/y that the
actual values from the mill certificate must be
used in calculations.

3. Initial tension of 1,500 lbs N] has proven
adequate on strand in this bed in the past.

4, Strand is to be stressed to 75% of ultimate,

23,000 Ibs x 0.75 = 17,250 ibs
N x 0.75 = 78,728 N]

Corrections to Tensioning:

a. Abutment Rotation
Based on ongoing monitoring of abutments
under various strand patterns, the abutments
are expected to rotate inward under load
1/8 in. [ mm] each, for a total correction of
1/4 in. [6 mm].

b. Dead End Seating Loss
Based on ongoing monitoring, seating after
initial tension is applied is expected to be
1/8 in. [3 mm].

€. Live End Seating Loss
Expect 3/8 in. [10 mm] based on past history.
Over pull of 3/8 in. [10 mm] is required.

d. Temperature Variation
Strands will have a temperature of 50 F
[10 C] when stressed. The concrete is
expected to be at 85 F [29 C] based on
current production monitoring, giving an
anticipated change of +35 F [19 C].

Self-stressing forms do not require corrections for
abutment or temperature variation;
however, they do require a correction for elastic
shortening of the bed. Elongation should be
increased by the average of the bed
shortening, determined by historical data from

during tensioning, and the strand
force increased accordingly.
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Tensioning Computations:

Basic _ (Force required beyond initial tension) (Length of strand between anchorages)
(Area of strand) (Modulus of elasticity)

Basic = - Ibs x 1809. in.

- = 11.76 in.
0.085 in.2 x psi
(76,728 6,672) N x 45.95 m _ 0.299 m
54.8 mmZ2 x 196,507 MPa
Theoretical Elongation = Basic Elongation combined with appropriate correc  tions.

Computation of Corrections to Tensionlng:

Based on the assumption that elongation wil be mea  sured relative to abutment or live end chuck bearin g on
the abutment, the following wil be required.

a. Abutment Rotation: Add 1/4 in. [6 mm] to elongation. No adjustment to force will be made.
Note that when a large number of strand are used, or when using a multi-strand tensioning scheme, the
force lost in the individual strands can be significant, and a force correction would be required.

b. Dead End Seating: Add 1/8 in. [3 mm] to elongation. No adjustment to force is requi  red.

c. Temperature Adjustment (required for variations of 25 F [14 C] or greater)
Adjust 1% per 10 F [5.5 C] variation. Since the strand wil be warmed as t he concrete is placed,
over-pull is required.

Elongation Adjust ment = 17,250 x 1,808 x 0.035 = 0451 in

0.085 x
Force = 17,250 x 1.035 = 17,854 Ibs

Elongation Adjustment = 54.8 76,728 mm 2 N x X 196507 45.95 mMPa x 0.035 = 0.011 m |
[ Force = 76,728 N x 1035 = 79,413 N

d. Live End Seating : Over pull by 3/8 in. [10 mm]. Adjust force accordingly.
11.76 in. _  0.375 in.
15,750 Ibs  Added Force

therefore, Added Force 0—37511’(7%5 750 - 502 Ibs

Added Force - 10.MM X N _ 533N
300 mm
Total Load Requied = 17,664 + 502 = 16,356 Ibs +2.335 = 81.748 kN |
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Elongation Computation Summary:

Basic Elongation
Abutment Rotation
Dead End Seating Loss
Temperature Adjustment
Live End Seating Loss

Total Elongation

Rounded

Gross Theoretical

Net Theoretical

Use Gross Theoretical Elongation for monitoring travel of ram, and compare to 16,356 Ib
Use Net Theoretical Elongation for comparison, after seating live end chuck, against movement of mark on

strand from initial tension reference.

Elongation Elongation
11.76 in. 299 mm 11.76 in. 299 mm
0.25 6 0.25 6
0.125 3 0.125 3
0.451 11 0.451 11
0.375 10 0.0 0
12.961 in. 329 mm 12.566 in. 319 mm
13 in. 330 mm 125 in. 320 mm
-5% = 123 in. [312 mm] -5% = 12 in. mm)]
+5% = 1354 in. (346 mm] +5% = 13% in. mm]
kN] force.

Note that if the required temperature differential was greater, the total force required during jacking (in this
case, 16,356 Ibs) would exceed 60% of the ultimate tensile strength (0.60 x 23,000 = 16,400 lbs
This would require an allowance for temporary strand stresses to exceed the 60% limit, or other means to

control the temperature differential.
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B. Post-tensioned Panel Using Straight Single Strand Tendon

The following example details the method for calculating the elongation of a straight, greased and plastic
coated (unbonded) strand. Adjustments for anchor wedge seating, elastic shortening, and friction losses are

shown.
PANEL (547 in.) m]
TENDON
ANCHOR STRAIGHT MONOSTRAND TENDON

/

Panel §"x 8 - 0", (5) Tendons per Panel

First, the necessary material data and tensioning setup information must be established

1. Size and type of strand: 1/2 in. mm] Corrections to Tensioning:
diameter, 270 K
a. Dead End Seatina Loss
2. Physical characteristics of strand: Based on monitoring, seating after
From the mill certificate supplied by the initial tension is applied is expected to be
manufacturer, 1416 in. [1.5 mm].
A = 0.1536 in? mm’] b Live End Wedge Seating Loss
E= psi Expect 3/16 in. {5 mm] based on past
The average values being used by the plant history. Over pull of 3/16 in. [S mm] is
are, required.
A = 0.1530 in? mm’] c. Elastic Shortening of Panel
E = 28500,000 psi
Comparing the actual values to the averages, ES=05
G
AE | X X 100 = o in which f.,, is the average compressive
0.1530 x stress in the concrete along the member
. length at the center of gravity of the tendons
99.1 mm? x 198,024 MPa x 100 = . immediately after tensioning.
2
98.71 mm* x 198,500 MPa . e = % . 55 ?‘,3%%19_ - 251 psi
Since AE is within 2.5% of average, the
average values can be used in the calculations. oy ioag 173 MPa
Note that if AE was not within 2.5% of average, O X—r£e:0 =L
this does not indicate that the strand is not in (0.152°m) x (244 m)
compliance with specification, but on/y that the E =33 ( ) = psi
actual values from the mill certificate must be
used in calculations. 0.043 (2’400 ( ) - 23,000 MPa
3. From information supplied by the tendon
manufacturer, ES = 0.5x 251 x —547—in—— = 0.021 in
K (wobble friction coefficient) = 0.0014 per foot psi
of tendon per meter]
M (curvature friction coefficient) = 0.05 -
0.5 x (1.73 x2309913.MPam = 05 mm

4. Use initial tension of 3,000 Ibs, kN]
The calculation of elastic shortening is
5. Strand is to be stressed to 70% of ultimate, shown here for demonstration only.
Generally, with the low levels of
bs x 0.70 = 28,910 Ibs used in t)rllese pane/s, and their relatively
kN x 0.70 = 128.6 kN] short length, elastic shortening can be
neglected for tensioning calculations.
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d. Friction Losses:

Friction in the tendon system will result in a reduced strand stress at the dead (non-jacking) end of the
tendon. Thus, some over pull is required to ensure that the average strand stress equals the design value.
When friction losses are high, it is recommended that sequential jacking at both ends of the tendon be
used to reduce the possibility of overstressing the strand at the live end.

where Py equals the force in the strand at the dead end, P, equals the force in the strand at the live end, L
is the tendon length, in feet, between anchorages, and a is the total angular change of the tendon profile,
in radians, between the anchorages, For this example,

a = 0 for a straight tendon, and g -(0.0014x 45583 1 _ 5 g3 [ g (0.0048 x 133 m) - () gag ]

Pg
Average strand force = (1 + = 0.969, loss = 3.1%

(Force required beyond initial tension) (Length of strand between anchorages)
(Area of strand) (Modulus of elasticity)

Basic Elongation =

ibs x 547 in.
0.153 in2x psi

= 3.25 in,

Basic =

(128.6 -13.3) kNx 13.9 m - 00827 m
(96.71 x 10 m?2 x 196,500 MPa x 1000

Theoretical Elongation = Basic Elongation combined with appropriate corrections,
a. Dead End Seating: Add 1116 in. [1.5 mm] to elongation. No adjustment to force is required.

b. Live End Seating: Over pull by 3/16 in. [5 mm]. Adjust force accordingly.

325 _In 0.1875 in. Added Force - 1875 X~ 1495 |hs
25,910 Ibs = Added Force 3.25

(5 kN) _ 6,97 kN |

c. Neglect Elastic Shortening

d. Friction Losses
The total force at the live end must be increased to compensate for friction losses.

Elongation Adjustment = 3.25 x 0.031 = 0.101 in. mm x 0.031 = 3 mm]

Force = 28.910 x 1.031 = 29,806 Ibs kN x 1.031 = 132.6 kN]
Total Gross Theoretical Load Required = 29,606 + 1,495 = 31,301 Ibs + 6.97 = 139.6 kN}
This load is less than 80% of the ultimate strand strength (33,000 Ibs therefore it is not

necessary to jack at both anchorages.

Total Net Theoretical Load Required = 29,806 Ibs kN]
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Elongation Computation Summary:

B a s i ¢

Dead End Seating Loss
Live End Seating Loss
Friction Losses

Total Elongation
Rounded

Tolerance Limits

Gross _Theoretical

Net Theoretical

Elongation

3.25 in.
0.0825
0.0

0.101

82.7 mm
1.5
0
3

-5% = 334 in.
+5% = 3% in.

3.4135in.
3% in.

-5% = 3% in.
+5% = 3% in.

Use Gross Theoretical Elongation for monitoring travel of ram, and compare to 31,303 Ib
Use Net Theoretical Elongation for comparison against movement of mark on strand from initial tension

reference.

87.2 mm
87 mm

mm]
mm]

kN] force.



C. Post-tensioned Panel Using Loop ed Single Strand Tendon

The following example details the method for calculating the elongation of a looped, greased and plastic

coated (unbonded) strand. Adjustments for anchor wedge seating, and friction losses are shown. Note that
with the exception of including the curvature friction loss factor, the procedure for calculating the tensioning
parameters is the same as for Sample B.

TENDON ANCHOR

\ SINGLE MONOSTRAND TENDON

6" m]

PANEL THICKNESS: 4 in. [0.1 m]
TENDON CURVATURE: CIRCULAR

First, the necessary material data and tensioning setup information must be established,

1.

2.

Size and type of strand: 1/2 in. mm]
diameter, 270K
Physical characteristics of strand:
From the mill certificate supplied by the
manufacturer,

A = 0.1532 in? mm’]

E= psi
The average values being used by the plant
are,

A = 0.1530 in?
E= psi
Comparing the actual values to the averages,
AE _ 0.1532 x x 100 = .
0.1530 x

98.84 mm?2 x 107,542 MPa X
98.71 mm? x 106,500 MPa

Sincg]AE is within 2.5% of average, the
averfh {es can be used in the calculations.
Note it AE was not within 25% of average,
this does not indicate that the strand is not in
compliance with specification, but only that the

actual values from the mill certificate must be
used in calculations.

100 = o

. From information supplied by the tendon
manufacturer,
K (wobble friction coefficient) = 0.0007 per foot
of tendon per meter]

H (curvature friction coefficient) = 0.05

Corrections to Tensioning:

a. Dead End Wedge Seating Loss
Based on ongoing monitoring, seating after
initial tension is applied is expected to be
1/8 in. [8 mm].

b. Live End Wedge Seating Loss
Expect 1/8 in. [3 mm] based on past history.
Over pull of 1/8 in. [3 mm] is required.

c. Elastic Shortening of Panel

Neglect effects of elastic shortening for this
short panel.
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4. Use initial tension of 3,000 Ibs kN]

5. Strand is to be stressed to 70% of ultimate,
41,300 Ibs x 0.70 = 26,910 Ibs

1183.7 kN x 0.70 = 1286 kN]

Friction Losses:

Friction in the tendon system will result in a reduced strand stress at the dead (non-jacking) end of the
tendon. Thus, some over pull is required to ensure that the average strand stress equals the design value.
When friction losses are high, it is recommended that sequential jacking at both ends of the tendon be used
to reduce the possibility of overstressing the strand at the live end.

where Py equals the force in the strand at the dead end, Py equals the force in the strand at the live end, L is
the tendon length, in feet, between anchorages, and a is the total angular change of the tendon profile, in
radians, between the anchorages. For this example,

Tendon Length

=(224 in. -6in. 14 in.) (2) + (224 in. - 12 in. 26 in.) (2) + {mnx 14 in. x 3) = 908 in
[(57m-0.15 m-0.

355m) (2) +(5.7m -0.305m -0.71 m) (2) +(n x 0.355 m x 3) = 23.1 m]

Curvature = n(3) = 9.42 radians

e -0.0007 x 7557 1+ 005 x 942) _ y 59
s

[e -c.0023x 23.1 m - 0.05 x 9.42, - 0_59]

Average strand force = (1 + = 0.795, loss = 20.5%. This will require jacking from both ends of the
tendon to compensate for friction losses.

Calculate the friction loss at mid-point of the tendon,

- - 0.77

L ( - 077

Average strand force over one half of the tendon = (1 + = 0.685, loss = 11.5%

. (Force required beyond initial tension) (Length of strand between anchorages)
(Area of strand) (Modulus of elasticity)

Basic

- = 3,000) Ibs x 908 in. _ 5.40 in.
0.153 in.2 x psi

(128.6 - 13.3) kN x 23.1 m - 0137 m
(96.71 x 10® m? x 196,500 MPa x 1000

Theoretical Elongation = Basic Elongation combined with appropriate corrections.

a. Dead End Seating : Add 1/8 in. [3 mm] to elongation. No adjustment to force is required,

b. Live End Seating: Over pull by 1/8 in. [3 mm] Adjust force accordingly.
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5.40 in. 0.125 in.
25910 Ibs = Added Force

therefore, Added Force 0125 X 25,910 _ ggg [pg

(3 mm) X kN) . 553 kN
137 mm

¢. Neglect Elastic Shortening

d. Friction Losses
We would exceed the breaking strength of the strand if total friction losses were included in the
tensioning force. Tension at one anchorage to the Gross Theoretical Values and note the elongation
achieved. Jack at the other anchorage to the same force value and again note the elongation. Add the
two elongation values to obtain the total. This total must agree with the calculated value within 5%.

Elongation Adjustment = 5.40 x 0.115 = 0.621 in. mm X 0.115 = 15.6 mm]
Force = 26,910 x 1.115 = 32,234 Ibs kN X 1.0115 = 143.4 kN]
Total Gross Theoretical Load Required = 32,234 + 600 = 32,834 Ibs +2.53 =145.9 kN]
This load is less than 80% of the ultimate strand strength (33,000 Ibs therefore our

procedure is acceptable. Note that if the result was greater than 33,000 Ibs, a multi-stage tensioning
procedure would be required with incremental tensioning steps at alternate anchorages until the total
Gross Theoretical Elongation was achieved.

Elongation Computation Summary:

Gross Theoretical Elongation Second Stage Elongation
Basic Elongation 5.40 in. 137 mm 5.40 in. 137 mm
Dead End Seating Loss 0.125 3 0.0 0
Live End Seating Loss 0.125 3 0.125 3
Friction Losses 0.621 15.8 0.621 15.8 mm
Total Elongation 6.271 in. 156.8 mm 6.146 in. 155.8
Rounded 6% in. 159 mm 6% in. 156 mm
Tolerance Limits -5% = 6 in. [151 mm] -5% = 5% in. [148 mm]
+5% = 6% in. [167 mm] +5% = 6% in. mm]

For the initial tensioning stage use Gross Theoretical Elongation for monitoring travel of ram, and compare to
32,834 1b kN] force. At second stage tensioning, the force is the same, but the elongation

measurement is reduced by the “dead end seating loss”, since the strand has already seated at the opposing
chuck.
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Erection Tolerances

joint width

PLAN ELEVATION

Precast element to precast or cast-in-place concrete, masonry, or structural steel

a = Planlocaion from bulding gid daum* ............cccccoevvviiveeeriinnns +1/2 in. (x13 mm)
a, = Planlocaion fram certerline ofsted ** ..........cccccoiiiiiiiiiieieeen, +1/2 in. (£13 mm)
b = Top devdion from nomind top devaion
Exposed individud pang.. .............ccccceiiiiiiiiee e +1/4 in. (6 mm)
individud pané .............cccceoeveeeiiiee e +1/2 in. (£13 mm)
Exposed réative to agacen pané..............cocceveiiiiiiiiiin s 1/4 in. (6 mm)
relative to agacen pané ...............ccceeeeeeiiieciee e, 1/2in. (13 mm)
¢ = Suppot devdion from nomind devaion
MaXIMUM TOW ..o 12 in. (13mm)
Maxmum high ... 1/4 in. (6 mm)
d = Maxmum plumb vaiaion over haght of or
100 1 (30M) WhiCheVErS €SS .....ccoiiiiiiiiiee et 1lin. (25mm)
¢ =Plumbin any 10 f (3 m) of demert hdght ... 1/4 in. (6 mm)
f = Maxmum jog in dignmert of matching €dgs ............cccoeeiiiiiiiiinne, 1/4 in. (6 mm)
g = Joint width (goverrs overjoint taper) ............cocoovooieiiie et +1/4 in. (6 mm)
h = Joint taper MaXimUM ..........ooiiiiiiiiece e 3/8in. (9mm)
hjp= taperover 10 ft (3} ..o 1/4 in. (6mm)
i = Maxmum jog in dignmert of matching face ..................cocoeiieein 1/4 in. (6 mm)
j = Differertial bowing or canber @ ereded
adacert members of the same design ... 1/4 in. (6 mm)
* For buildings in excess of 10 ft (3m) tall. tolerance<“a” and“d” can increase at thrate of 1/8 in. (3 mm) per storyovet

100 ft (30 m) to a maximum of 2 in. (50 mm).
** For precast elements erected on a steel fraimg, tblerance takes precedence over tolerance mendion “a”.
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APPENDIX J

Architectural Tri m Units Category

Architedurd Precast Concrde Tim Units (AT) is a caegory of produts for cetification within the Arctitedurd

Produds Group. Tlis caegoryis defined &,

produds with an archiedurd surface fnish and of rétively smal size tha can be
instlled with equpmert of limited capaity, such & bdlards, benchs, planters, and paves, and cat

stone buiding urits such & sills, lintels, copgng, cornces,

and meddli ons.

This definition indudes spedalty produds spedficdly designed for a prigd, and not conmodty or ornamerta units
produced for whiesde or real purpses. This caegory dos na indude dry-cat produds such & machine made

paves, or drytamped cat stone.

Standard

1.3 Personnel

1.3.2 Engineering

Plants shall have available the services of a regis-
tered professional engineer experienced in the
design of precast concrete. The engineer shall pre-
scribe design policies and be competent to review
designs prepared by others. The engineer shall be
responsible for the design of all products for pro-
duction and handling.

1.3.5 Quality Control

Quality control procedures shall be established by
the plant's general management, with duties
assigned to qualified personnel such that authority
for carrying out the responsibilities of quality con-
trol is maintained by general management or engi-
neering, and is not a function of the production
staff.

Responsibilities shall include assuring that the fol-
lowing activities are performed at a frequency
shown to be adequate to meet quality objectives or
as prescribed in this manual.
a. Inspecting and verifying the accuracy of
and condition of molds.

b. Verifying batching, mixing, material han-
dling, placing, consolidating, curing, product
handling and storage procedures.

c¢. Verifying the proper fabrication and place -

Commentary

Cl.3 Personnel

Cl.32 Engineering

Engneeing pesonnd shoud revew the deign of pre-
cast concrée demerts prepared bythe engneer of
record. The erigeer shodd havethe allity to solve
prodems and deise methods, as requred, for the
design, prodution, hanéing, eretion of precat
concrée produts.

Cl.35 Quality Control

Due to the limited staff a& most plants produéng
Architedurd Trim Units as ther primary produt, it is
impradicd to requre aseparde qudity cortrol depat-
mert in the orgaizaiond studure. Theintert of this
sedion is to asaure tha auhority for maintaining qudi-
ty requrements is nat vested with pesonnéd who are
primarily concerned \vth produdivity.

The quéificaions of pesonnéd conduting inspedions
and tests are citicd to prouvding adequie asurance
that the precat concree produts will satisfy the
desired levd of qudity.

All personnd shoud olserve and reporany changgin
plart equpmert, working condtions, weaher and ther
items which havethe pdenrtial for affeding the qudity
of produds.
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Standard

ment of reinforcement, and quantity and
location of cast-in items.

d. Preparing or evaluating mix designs.

e. Taking representative test samples and per-
forming all required testing.

f. Inspecting all finished products for
with shop drawings, approved sam-
ples and project requirements.

g. Preparing and maintaining complete quality
control records.

3.2 Reinforce ment and Hardware
3.2.2 Prestressing Materials

This section does not apply to Category AT.

3.3 Insulation

This section does not apply to Category AT.

4.1 Mix Proportioning
4.1 1 Qualification of New Concrete Mixes

Concrete mixes for precast concrete shall be estab-
lished initially by laboratory methods. The propor-
tioning of mixes shall be done either by a qualified
commercial laboratory or qualified precast concrete
plant personnel. Mixes shall be evaluated by trial
batches prepared in accordance with ASTM CI92
and plant tests under conditions simulating as
closely as possible actual production and finishing.

Each concrete mix used shall be developed using
the brand and type of cement, source and gradation
of aggregates, and the brand of admixture proposed
for use in the production mixes. If any of these vari-
ables are changed, the proportions of the mixture
shall be re-evaluated.

Where a history of use of a mix with simi-
lar proportions and materials to those of the pro-
posed production mix is available, laboratory test-
ing and evaluation is not required.

Concrete mixes shall be proportioned and/or evalu-
ated for each individual project with respect to

MNL-1 17 3rd Edition

Commentary

C4.1 Mix Proportioning

C41.1 of New Concrete

Due to the variety of concrete mixesused for rela-

tively small volume produéion rurs, it is impradicd to

require separate trial batches for all mix designs. Initial

mix propotions can be bsed on preiously used con-
crete mix designs for which sufficient daa is avalale

to predct stengh, duraliity, and workabity of the

new deign. Tests for strengh and & cortert shoud be
conduted duing the preparéion of cdor and texture

samples to confrm the apficaklity of the reference
concrée mix.



strength, absorption, volume change, and resis-
tance to freezing and thawing where such environ-
ments exist, as well as desired surface finish (color
and texture). Mixes shall have adequate workability
for proper placement and consolidation.

5.2 Prestressing

This section does not apply to Category AT.

5.3 Pretensioning

This section does not apply to Category AT

5.4 Post-Tensioning of Plant-Produced
Products

This section does not apply to Category AT.
6.2 Testing

6.2.3 Production Testing

The requirements for frequency of testing during
production are modified for Category AT products
as follows.

1. Aggregates

A sieve analysis (ASTM and unit weight
test (ASTM C29) shall be conducted in the plant
with test samples taken at any point between
and including stockpile and batching hopper.
Such tests shall be carried out for each aggre-
gate type and size at least once every 4 weeks,
or for every 40 cu. yds. (31 m®} of an aggregate
used in a 4 week period when usage in that peri-
od exceeds 40 cu. yds. (31 m?).

2. Concrete Strength

For each concrete mix in use, a minimum of four
compression test specimens, made in accor-
dance with ASTM C31, shall be made weekly or
for every 15 cu. yds. (11.5 m? produced,
whichever is more frequent. Two of these speci-
mens shall be used to verify design
strength, and at least one of the shall
be used to verify concrete strength at the maturi-
ty being used for removal of products from their
forms.

Two compression specimens shall be made daily
for each individual concrete mix used. These

Commentary

C6.2 Testing

C6.2.3 Produdion Testing

Due to the réatively low vdume of materids used in
produdion of AT produds, the minimum test
ing frequency requemerts are modified to levds more
reasonabe for the typicd produdion cydes.

2. Concree Stengh

Whensmall volumes of concrée are used, and daa is
avdlalde to suppot the anicipaed strengh of a con-
cree mix design, a reduced frequency aésting is
approprate. At least once each week, or feevery 15
Cu. yds, (11.5m’) a set of tests shoud be condued
to veify concrege mix design perfomance. Tis is a
minimum requremert. Any indicaion of pdertia for
reduced concte. perfomanceis cawe for increaed
frequency oftesting.

The e of 4 x 8 in. (100 x 200 mm) cylinder sped-
mers is recanmended.

Thetwo test made each dagnay betested d
or & any age dewed appropete forthe
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specimens shall be made in accordance with
ASTM except that a “Chace Indicator” test, in
accordance with AASHTO T-199, may be used to
determine air content.

4. Air Content
For periodic daily checks, a “Chace Indicator”
test, in accordance with AASHTO T-I 99, may be
used.

6.2.4 Special Testing

1. Heat of Hydration
Testing is not applicable to Architectural Trim
Units category.

7.1 Requirements for Finished Product
7.1.2 Product Tolerances

1. Sills, Lintels, Coping, Cornices, Quoins, Medallions

a. Overall height and width of units, measured at
the face(s) exposed to view. £1/8 in. (3mm)

b. Total thickness of flange thickness
e e e . +1/8 in. (3mm)
Where one face will be installed in dead wall
space or mortar joint +1/4 in.
maximum

2. Bollards, Benches, Planters
+1/4 in. (6 mm), all dimensions

3. Pavers

a.  Width and thickness
. in. (1.5 mm), -118 in. (3 mm)
b. Length 2 ft. (0.6 m) or less
in. (1.5 mm), -1/8 in. (3 mm)
2to5ft (06 to 1.5 m) £1/8 in. (3 mm)

+1/8 in. (3 mm), -3A6 in. (4.5 mm)

4. Size and location of rustications and architec-
tural  features in. (15 mm)

5. Location of inserts and appurtenances:
a. on formed surfaces. £1/8 in. (3 mm)
b. on un-formed 13/8 in. (9 mm)

6. Bowing. 1/8 in. max (6 mm)

7. Local smoothness. #1/8 in. in 5 ft.

@ mmin 15 m)

MNL-117 3rd Edition

Commentary

cation (such & prior to shipping). Thee spedmers may
also be wed to veify qudity of produdion runs if the
weely test set indicates a pdertial prodem.

4. Air Contert
The “Chace Indcaor” will give an approxmate vdue
for the ar cortert. Any indicaion tha the ar cortert
is nat within spedfied limits woud be cause to testin
accordance ith ASTM CI73 or C231.

C62.4 Spedal Testing
1. Hed of Hydraion
This class of produd¢s does na invdve “massive
castings’.
C7.1 Requiremens for Finished Product
C7.12 Product Tolerance
These tolerance are the minimum accepalde citeria in
the afsence of requremerts. Projed spedfica-

tions, or product apgdicaion, may reqire more.stringert

Referto Sedion 7.1.2 fortolerancs nat listed here.



B. Warping:

a. Pavers
.The numerically greater of 1/16 in. (1.5
1/32 in. per foot, (0.75 mm per 300
mm) of distance from nearest adjacent corner.

b. Other products
1/16 in. per foot (1.5 mm per 300 mm)
of distance from nearest adjacent corner,
1/4 in. maximum (3 mm)
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COMSTUCION ...cveeiiecie e 24.1
ENVAOPE ..o, C24.1
Fabication ............cccoveveeiecee e, 222
MBSTET.. .o c.24.1
MateIialS.. .....eeviiiiecciee e 24.1
PIaStiC ...cooeiieeeecee e, 24.1
Prepardion ............cccceeveeeeiiieeeeeeee e 4.18.4
SEE.. ..o 24.1

Nonferrous Metals .............ccoooveeeeeiecieeeeeeee e, 32

= T 2.7.12

PIgMENES ..o 3.1.7
BaIChiNG ......ccoveiviiiiiieeccee e 4.16.3
Certification.. ........cooevueeeeeeecee e 6.262
5] 0= 10 [ 494

Pladng
Aggregate Segregéion ..........ccceeeeeiiiieeennnnns 4.1 X3
Backup Concréde .............ccccovveeiivieeeieeeeiees 4.18.10
Cold Wedher Condtions.. ............cccceeeeveeeeenne 4.18.8
Concrde Tamperdure..............

EQUPMEN ..o 4.15
Fadng CONCIEE ............ccvveecreeeciee e 4.18.9
GEeNEIA ... 4.18.1
Hot and Windy Condtions ..........ccccccceeveiinnnes 4.18.7
SevereWeaher Condtions.. .........ccceeeeeiineenns 4.18.5
Wet and Rainy Condtions .............cccccoeeveuveee.. 4.18.6

Plant Program..........ccccce.... Apperd F

Plant Fadlities...........ccoceeevvveeeiieceeeeeee, 2.2.1, 3.2

Plant Manual ..............ccoc....... 1.2.1, Appendix A

Plagic Shrinkage Cradking ......................

Post Tensioning
BArS ..o 3.2.2
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Term Section Number

DUAS ..ot 5.4.2
Elongdion Meauremert ..............cccevveeeeeennnns 541
Find force ..., 5.4.4
Friction in DUS ..........cooooiiiiiiiieeieee h.4.3
GrOUING vvvvvrieeeeieiiiieeeeesiree e e e e e s e s ene 5.4.6
Initial fOrce .......uvveeveeiiiiiiiiiiie 544
RECOIGE......c.vvee et 541
SEAING.. ciiiiiiiiiiiiie e 54.7
Shedhing .....ccvvveeieee e 322
Strand ... e 32.2
Stress Measuramert ........ccccceeeeeeeeeeeeceieviceee e, 54.1
TEMBIONING ..ovvvveeeeeeeiiiiiiee e s 5.4.4
TENAOIS ...covvveeeieeeeieeeeeeeeeeeeeee e 5.4.1
L= 3.2.2
Post Tersioned Anchorages ..............ccuvveee..
Sted
COITASION .ooeeeeeeeeeeeee e eemeeraaees 53.1
Mill Certificaes........cccccvvueereriiiiiiiieeeeeeeeene 6.24 (
RUSE.... e 3.2.2
SIOMAJE it 531
Strand SUIMaces ........cccccvvvvvveviiiieiieeeeeeeeee e 5.3.3
Quality CoNntrol ......ccuvviiiiiiiiiiiet e 131
Personng .......ooooueeeiieeeeeeee e 23,1.35
RECOIG.. ...ueviiiiiiiiiiiiiiieeieeee e 122
E U 135
................................................... 6.3.1
Calibration Record.........ccccocvuvvvnennnirinieeeeeeeen. 6.3.5
Concrde RECOr® ....coovvvvvveeeeieeeeeeeeeee e, 6.3.14
FOMS oo e Appendx E
SUPEIEr'S TESES. .ooovciiiieie e 6.3.2
Tersioning RECOIG.. .......vuvvveeviiiiiiieeee e 6.3.3
ReferenCes.....cccovvcvvieee e, Appendx G
Reinforcement
Epoxy Coded ........cccovvevreeiiiiiieeee e 3.2.1194
Fabiicaion .........ccccooooi i 5.1.3
GaAvanzed .......cccccceiiiiiiiiieeee e 321
Idertificaion ..........cccccceueiiiiiiiiieieeeeeeee e C2.3.2
[1055Y= | K= (o]0 TR 514
Mill Certificates.. ......cccccevvurerriiiiieeeeeeeeeeeeen 6.4
RUSE ... 321
Shadow LNES........uuvviiviiiieiiieieiieeee e 2.9
SPlICES it 5.1.3
SOFAGE ..o 5.1.2
Welded WIre ....oeveeeeeeieeeeeeeeeeeeeeeeeeeeeeeee e, 3.2.1
WEAING.. .ooveiiiiii e 232,321
Release AQaNLS ......ceevvveiiiiiiiiieeeis 2.2.3,C2.25,24
Release Strength......ccccoovveiiieniiicicieenn 41,2
CUMNG i e 4.20.3
REPAITS ... 2.8
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Term Seciion Number
Retarded Surface .........cccccceevviiiiviee e 2.7.5
Retarders.. .....cccceevvcvvieeie e ee e 6.2.2(9)

.................................................... 4.18.2

REMUINS .o 2.9

SATELY ..t 2.1.2

SAMPIES.. vvveiieeeeicieeee e 15.1,15.2
Finish ..o Appendx C
MOCKUEB oot pendx C

.................................................. pgendx C

Sand Embedment ........cccoveeeiiiiieiiiee e .720

Scale Reguirements
TOIEraNCE ..oooveeeeiier e 4.11

Seder.. i, 2.2.6, (9)

Sheathing ... e 3.2.2

Shop Drawings .....cceeevvvvveeeeeininniieeenn. 1.3.3, 1.4.2.3.

Silica FUME.. ..ooviiieiii e 3.1.7,
BatChing ....cccvvvviiiii e 4.16.5
CUMNG.. e e 4.20.1
SIOMAQE weeeiiiiiiiieii e 49.4

SIUMP oo 3.17,4.6, 4.17.3
TESHNG woveveveee e, 6.(10), 6.2.3 (4)

Staining
WaALET.. oo 3.1.6

Stining (iron sulfides) ........ccccvvveeiiiiiiiiee e, 6.2.2 (2)

StAINIESSSLEE ... 223.2.3
Hardware ........ccccooevviiiee e ceeeeee e 2.3.1
INSEIELON ...ooeiiie e 2.5
SWOS .ot C2.3.3

SHAINS.. coeiiiiiiee e 2.6.4
BIOCKNG ..o C2.9
RUSTE .. 2.9
Finished Produds .............ccoooiiiiiiiiiicis B2.
Hardware .........ccccovvveeeiiiiene e ecee e 224
Produd .....ccoeveiiiece e 2.6.3
Release Agerts and Retardes.. ........ccoovevvvneenn. 2.2.3

Storage RakS ......ccoovvvveeiriiieenienene,

SANG.. oo 3.2.2
ElONGaiON ..o 3.2.2
POSITION. ©evvieeiiiiie e s cmmnre e 5.3.7
Protedion of ENG........cccoeevviiviieeee i 5.3.14
SPIICES ittt 5.3.6

Strength (of CONCrete). .....coccvvveevvreeeniienireee e, 12
Design, Stripping, Trarsfer.......ccccceeevniiiieennenn, 4.1.3

Stresshg of Strands
FINA oo 5.3.12



Term Secton Number
Stressing Procedure ........c.cocveeeeveeeeieeecieeecvveeenns 5.3.2
Sringing of Strands........cccovvieiniiiiee 5.3.4
SUPPING c o
Steel ..., 32.3
Stud WeldiNg ... 2.3.3
Certificaion ..........ccoooveiee e 622 (8)
INSPEAION ....veviveciiiieie et 6.2.3(9)
Vendor TeStiNG .......ccevveveereecreee e 6.22 (8)
SEUAS.. o 2.3.3
Supplier's Test RePOrts.........ccccceveveeveevieiieenen, 6.3.2
Suface Finishes (see Rnishes) .................cc........l 2.7
Tack WEIAS.. ...ooovveiieiiiccec e 2.3.2
Temperature
CONCIEE .....oeeivieeeiie e e e 2.2.6
CUMNG. oeiictiei et eneeas 4.20.2
MEEBUINNG ......cooveeeeeeeiiee e 226
TENSIONING ..veciieviiiciie et 5.22
Calculations ..........ccceeeeieeieiie e Appéxdd
Force Appicaion.. ......cccccceveeeeeiieniieeeee 5.3.2
Force Measuramert.. .......cccccccvveeeeiiiiieeeeiiinenn. 5.2.4
INITE] ..o 5.3.8
Jacking Force Control ..............c.cccoiviiiicenne 5.25
RECOIE.......oiiiiieiiecieeie e 6.3.3
Terra Cotta.......cccccevvveeee e 2.7.9
Testing EqQUIpMent.. ....c.oooverieeiee e 6.4.2
Operding INSIUGioNS ...........cccoeeiiieeiieeecied 643
Texture
Surface Finish ... 2.7.1
VariationS ........ccceeiieieiiie e e 2.9
Tl .. e —————— 279
Tolerances
Eredion.. ......cccoee e, ppendx |
Transfer Strengh ..., 4,1.2
Transporting Concrete.. ......cccecvveviererieeennenn. 4.182
Agitating Equipment..........cccceeeveneenne.
Unformed Surface Finishes................c..ccco........ 2.7.11
UNiformity.. ..o Cc2.7.1,3.1.1
Uniformity of Concrete ..........cccccvevvevieeiiennnnns 4.17.3
Unit Weight, Testing .................... 6.2.2(10), 6.2.3(5)
Vibration (See Camsolidation)
VIDIatOrS ....oocviiiiicic e 2.2.5
Water, TeStiNG .....ccoveriiieiieie e 6.22 (3)
Water Absorption, Tedting........................... 6.2.210)

Term Section Number
Water Measuring Equipment.........coccocveeeeienennn. 4.12
Water-Cement Ratio ..................

Welded Wire Renforcement ...................... 3.2.1,51.2
Bendng .....ooociiiiiii e 513
INSPEAION ..o 6.2.2(4)
Mill Certificaes.. ..........ocovvevviiiiiieeeeeiieeee 6.2.2 (4)

Welder

................................................... 2.3.1

WeldiNg.....covi i,

Bar Idertificaion Marks .........ccccccooovivieinnnnn C2.3.2
Carbon EqWalemn..........ccccceeevveciieeeeciieee e 2.3.2
Eledrodes.. ......cccovvvvvvvvvnnnne. 224231232, 34
Gavanized Sted ...........ccoceeveeveiiieee e,
HeadedStds.. ........cocoveeeiieiecieeecee e, 3.2.3
101 oT=T a1 o] o N 6.2.3 (8)
Mill SCAIE ... 2.3.2
Rehed......ccocoveviiiiieeee e, 2.3.1, 23.2
Reinforcamert ...........cccccovvieviiieiie e, 2.3.2
Reinforcng Bars ..o 321
SENESSSEE ... 2.3.1
Structurd Sted ... 23.1
Tack Weding.. ......cccoovvieiiiee e

Welding Slag.. ....coocuvveeiiiiiieei e 2.3.2

Wire Failure in Strand .......cccceeeeeieeiineeiiiiiiiniiennn, 5.2.6’

Zinc Coated Reinforcement (see Gdvarized

Reinforcamert)

Zinc Rich Paint ........c.ooovvviiiiecece e, 23.1
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