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cracking (fracturing); curing; deflection; design; drying shrinkage; fabrica

2.2—Definitions

5.10—Joint sealants and fillers
of individuals who are competent to evaluate the significance 
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6.6—Surface finishes

comparatively economical, and durable in its finished state. 

components add to construction efficiency. By exposing 

aggregate concrete surface finish. Smooth wall panels and 
panels with a textured or shaped architectural surface finish 

veneer finishes are not covered in detail.

responsibilities to avoid disagreements on basic definitions 

wall panels may introduce conflicts between the engineer/

assignments and responsibilities be clearly defined in the 

benefit from preconstruction contact with panel producers. 

concepts have been established, changes may be difficult to 
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load information in the contract documents is insufficient, 

tions required and the load support points in sufficient detail 

bracing should be clearly defined in contract documents. The 
specifier should not prescribe specific subcontractors in the 
document specifications. General contractors are generally 

—Specifications should require clean 

be erected within tolerances specified in the contract documents, 

guide allow flexibility during fabrication to achieve uniform 
aesthetic results and concrete quality. Performance specifi

for acceptance are difficult to achieve. It is recommended 

difficult to achieve and may prohibit the manufacturer from 

are preferred, but construction specifications may require 
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exposed, samples should show the finished interior surface 

necessarily full-size) sample panels should be specified. 

panels are not specified, the first fabrication panels should 

concrete compressive strength specified at age 

ACI provides a comprehensive list of definitions through 

terminology.concrete.org). Definitions provided herein 

a deflection that is intentionally built into a 

nullify the deflection of the element under the effects of 

and definition of roughness.

basis of structural function as well as panel configuration. 

defined in the following.
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according to ACI 318-08 except as modified in Sections 

except as otherwise modified in this guide.

caused by deflection, variable moment of inertia, stiffness, 

(b) The magnified moment for design of a compres

(e) An equivalent uniform bending moment factor, defined 

3
12 g

eff
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h
b
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to the configurations listed in this section may have the 

ment, fire resistance, member and local stability, deflection, 

supports for a precast wall panel loaded in flexure only should 

flange or face. The maximum slenderness 

the compression face or flange for stemmed sections. Lateral 

be shown that other portions of the cross section have suffi

The action of service loads on deflec
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Computed permissible deflections—

tions, deflection of any point on the panel measured from its 

3.5.2. In calculating deflection, nonlinear behavior of the 

Crack size limitations are specified for structural reasons. 

receiving a sandblasted or acid-etched finish.
Cracks in precast concrete panels may be classified as hair

visible but not measurable without magnification.

dark. They are most apparent on white panels, flat surfaces, 
and smooth finishes. Crazing is of little structural impor

concrete finishes to render potential crazing less visible.

Significant reduc

is more like that of a two-way slab, flexural reinforcement 

Limit on flexural tension—

flexural tension in the member under loads produced by 

5
c

of concrete should be modified according to Section 11.2 of 

Deflection to be considered Deflection limitation
Immediate deflection due to combined effects of prestress (if any), 

Immediate deflection due to live load, in. (mm).

large deflection

That part of the total deflection after the installation of the non-load-
bearing element (sum of long-time deflection due to all sustained loads 
and the immediate deflection due to live load).
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deflection, should be considered in the design of panel 

fied in Sections D.4.4 and D.4.5 of ACI 318-08. Connec

fireproofed to have minimum fire resistance equivalent to 

saze118.com

saze118.co
cm



be specified with tolerances limiting deviation from design 

presents tolerances specifically applicable to precast concrete 

joints and interfacing materials in the finished structure.

with maximum flexibility and to maintain liberal tolerance 
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(c) Total erected assembly can be modified to meet all 

example, bowing or warping tolerances for flat concrete 
panel members with a honed or polished finish might have 

make adjustment of adjacent panels extremely difficult. 
Sealant application difficulties due to tapered joints can 

specific job conditions. Cast-in grooves, reglets, or lugs that 

members, typically used for roof and floor units, are also 

defined in 

(also defined in 

shows a relationship between overall flat panel 

for flat panels of nonhomogeneous materials, such as two 

trades and should be consistent with the tolerances specified 
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benchmarks in areas that will remain undisturbed until final 

building perimeter offset line at each floor approximately 2 
ft (0.6 m) from the edge of the floor slab and benchmarks on 

be maintained until final completion and acceptance of the 
work. They may be scored into columns and floor slabs or 

site dimensions, a 3/4 in. (19 mm) joint may be specified 

one floor, or between adjacent floors.

specified. Adjustment in building length will then have to be 
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floor slabs and beams, vertical alignment of floor slab edges, 

Variations in floor heights are greater and more prevalent 

be increased to reflect local trade practices, structure 

are shown, specifically precast element to precast element, 

concrete floor slabs carried by steel beams or concrete-

is that tolerances be no more than those specified in ACI 

possible deflections and rotation of structural members 

deflection is sensitive to location or eccentricity of the connec

deflections caused by creep of the supporting structural 

Variation of bearing of surface from specified elevation

a. Variation in plan from straight lines parallel to specified linear building lines:

b. Variation in elevation from lines parallel to specified grade lines:

a. Variation from specified location in plan:

c. Variation from specified elevation:
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and for deflections due to thermal effects.

result in the unstressed panels supported at each floor level 

interface space between members, should be specified to 

determined with specified tolerances for all site placement. 
Unless another value is specified by the engineer/architect, 

should be modified if tolerances are exceeded. No element 

Joint sealants and fillers.
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specified when it is required. Cement Types II, IV, and V 

Mill certifications—Mill certifications should 

well-drained areas in identifiable bins. Bins should be 

gradation, specific gravity, and moisture content are critical 

balance of fine and coarse sizes. Grading that combines 

desired finish, and flow requirements.

the desired surface finish, appearance, and texture can dictate 
fine and coarse aggregate grading. Gap grading can achieve 

gate surface exposed. A gap-graded combination of fine or 

mity. Common sizes of gap-graded fine aggregates are 30 to 

600 mm). Using coarse and fine sizes combined can produce 

and more uniform surface finish. In SCC, gradation and 

achieve a stable mixture than the finish. Selecting an aggre
gate and its properties should satisfy flow requirements and 
surface finish.

surface finishing.

sufficiently thick to prevent backup concrete from showing 

sufficient quantities from the particular source to complete an 
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Specific surface color and texture

C150M-11) or fly ash should be used with the aggregate. 

such as fly ash, may be used if the matrix color meets archi

added to the concrete mixture to bring about specific changes 

mixtures, a specification for the amount of air-entraining 
admixture rather than a fixed percentage of air is recom

sions, where a particularly smooth surface is desired, fine 

and Type F fly ashes. Using Type C fly ash minimizes loss 

Retarders delay the time of set and allow longer finishing time. 
They generally do not fit into a high-speed casting operation.

group includes high-range water reducers for difficult 
placing conditions. Laitance, bleeding, and efflorescence can 

Viscosity modifiers
tures (VMA) are sometimes used in SCC to enhance the flow 

concrete are finely ground natural or synthetic mineral 
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flow. Closed-cell insulations with a water vapor permeance 

connectors are classified as a structurally composite or struc

fluctuations of the exterior wythe. Structurally composite 

Glass fiber-reinforced polymer (GFRP) composite 

tured from continuous glass fibers pulled through thermoset 

Carbon fiber-reinforced polymer (CFRP) shear 
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below that ordinarily specified or recommended, reinforce

ment, reinforcement clad with stainless copper, and fiber-rein

Carbon fiber-reinforced polymer (CFRP) grids

cally thin and flexible and usually supplied on rolls. Like 

the cast-in inserts occurred and a field solution is required.

not be used. Specifications for bolts include ASTM A307-10, 
A325-10, and A490-10. Specifications for stud welded anchors 

conform to applicable bolt specifications and be perfor

should not interfere with the fit of nuts onto the threaded 
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tomeric sealants (caulks) include polysulfides, silicones, and 

performance one- or two-part sealants such as polysulfides, 

mended for weatherproofing joints in precast panels. These 

Joint fillers—Backup fillers are needed in joints to 

to the sealant. Asphaltic (bitumastic) fillers should not be 
used. The sealant manufacturer can advise on filler materials 

mended shape factor should also be listed. Acceptable fillers 

movement. A round filler profile provides maximum edge 

The best filler profile is a rod of spongy or foamed material 

finished surface.

flexibility. As a general rule, the retarder should expose 

surface. When used, retarders can produce finishes of the 
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ents are fish oils, vegetable oils, animal fats, or combinations 

facilitate form release by producing a barrier film, much like 

installation of the precast products from the specifications 

and profiles of each member. Connections, reinforcement, 

Unless otherwise specified, temporary bracing for 

applicable. Further, special fittings such as stripping, lifting 

concrete plants are certified in accordance with the Precast/
Prestressed Concrete Institute (PCI) Plant Certification 

be outdoors. When specific project requirements warrant 

vorable curing and protection from the elements, difficulty 

possible deficiencies. The fabrication facility, whether in a 
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Additional space for finishing and curing operations.

coarse and fine aggregates. Moisture compensation deter

polyester resin reinforced with glass fibers, and combi

reuse, panel details, possible salvage, and desired finish and 

a special mold or finish or a particular mold material, these 

They should be sufficiently rigid to meet the casting toler
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two or more steel plates by welding to form a flat surface is 
difficult due to distortion from the heat of the welding opera

finished product. It is best to minimize casting over a welded 

more uniform finish on the precast product. Concrete molds 

relatively small, flat panels are being produced, or they can 

sive absorption, maintain uniformity of panel finish, and 

the finished product. Properly designed GFRP molds have 

somewhat flexible, even though they have excellent tensile 

supported along edges and flat areas. This may be accom

The high-gloss finish imparted to a precast panel by some 

work, weathering may cause the glossy finish to disappear 

onto a GFRP mold. Avoid high-gloss finishes on exterior 

lations of this finish in a similar climate.
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extremely fine finish of GFRP-formed concrete enhances 
the integral colors and because of high reflectivity, smaller 

Polyethylene film laid over uniformly distributed cobble

Verification and maintenance
checked in detail after construction and before the first 
product is made. A complete check of the first product from 
the mold further verifies mold adequacy. Checking the mold 

can be identified by the specific mold in which it was cast.

limitations specified for the product on the shop drawings. 

templates, and similar equipment influencing the accuracy 

concrete should be considered in precasting, specific mixture 

conventional concrete, particularly in the emphasis on finish 

Required surface finish as it affects the ratio of coarse 
to fine aggregate.

. It is important that the specifier realize that 
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211.2-98 to produce a specified compressive strength of 

by volume of fine aggregate to coarse aggregate usually is on 

should be consulted about specific material characteristics 
and recommended mixture designs. A lower ratio of fine 

finish caused by a maximum concentration of coarse aggre

mixtures should have similar shrinkage, thermal coefficients 

aggregates may be placed into the mixer first and then 

allows the water or aggregates to cool sufficiently to avoid 
flash set when the cement is placed in the mixer.

ents should be cooled before mixing to avoid flash set, cold 

tions to ensure sufficient mixing. When facing mixtures of 

should be flushed several times and completely cleaned to 
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concrete compressive strength should be sufficient to meet 

recessed and backfilled with epoxy special grout, or other

first increment applies sufficient load to the strands to 

ment is then applied until the strands reach final stress and 

begin until concrete has attained sufficient strength to resist 

sion system should firmly hold the assembly in its proper 

should be done by certified welders with written approval of 
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without significantly diminishing the effective steel area, or 

mm) between insulation sheets should be filled with spray 

Carbon fiber-reinforced polymer (CFRP) rein
—Like steel trusses, carbon fiber trusses are 

ment depth. Carbon fiber shear trusses can be stapled to the 

sheets should be filled with spray foam to prevent concrete 

qualifies as SCC. Regardless of consolidation type, the goal 

it depends on formwork, mixtures, and finish, among other 

or forms should be sufficiently rigid to transmit vibration 

damage. A vibrating table works best for flat or low-profile 
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settle to the bottom and fines rise to the top. With lightweight 

be placed as close as possible to its final position. The entire 

be sufficiently thick to prevent any backup concrete from 

flat, spade-like tool after internally vibrating the concrete. 

ment if project specifications call for the panel surface to be 

Surface finishes can be achieved in many ways, depending 

ments or finishes are executed when the concrete is plastic, 

Brooming, floating, or troweling the back face.

Smooth metal form finish with field-applied color stains 

Special form finish.

Thin brick placed in GFRP frames with concrete filling 

Artificially created broken rib texture (hammered ribs 
or fractured fins).

Refer to PCI MNL-122-07 for additional finishes and 
further discussion of finish treatments. Regardless of the 
type of finishing method, factors such as type and brand of 

of final architectural finishing), and curing techniques used 
all affect final appearance. When finishes remove part of the 

All finishing methods for a project should be studied 

finishes before undertaking fabrication of such finishes. The 
finishing process should produce an acceptable uniform 

When two or more different mixtures or finishes are on the 

achieve matching high-quality finishes on all exposed faces 

recessed sufficiently deep to allow installation of a small 

the finished exposed surface whether it is cast up or cast 

of cement, aggregates, and specific mixture selected for the 
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Because the most suitable period for providing the final 

grading and hardness all affect final exposure. Sand or abra

The surface of large flat panels should be separated into 
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Deep exposure of coarse aggregate requires a finer 

Exposed aggregate finishes are popular because they are 

that produce very fine particles after impacting the surface. 

successive degrees of grit fineness varying from approxi

fine grit. Polishing can be done with finer grits. Generally, 
honing alone provides a sufficiently smooth surface for 

in the concrete surface should be filled with cementitious 

Thorough inspection is required to find and fill air voids after 

the fill paste material has gained adequate strength. Strength 
of the concrete and fill paste material should be 5000 psi 

flushed from the concrete with clear, clean water to prevent 

Concrete cures provided that suffi

early-strength cement or very finely ground Type I cement 
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with sufficiently high cement contents to assure adequate 

strength and should be specified by the panel designer. Addi

panels. The first 8 to 16 hours is the initial stage and the most 

permits) or enclosed building until final design strength has 

temperatures below 50°F (10°C) to inhibit efflorescence.

to examine the surface finish and perform any required 

finishes and should be avoided. Because of their tendency 

surfaces that will later receive a finish. Because some curing 

tures fall below this level during the first 16 hours, either 

near-vertical position. If stored in a horizontal or flat posi

finishing, surfacing, or both.

The need for protection depends on configuration of the 
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Storage of thin flat panels—

position. Two-point supports spaced approximately at the fifth 

and should not cause damage, staining, or disfigurement of the 

where height, width, or weight exceed specified limits. 

fabrication date and an identifier showing final position of 

perform a field check of the project to ensure that the foun

crane and delivery truck access as well as possible field 

supported on A-frames mounted to flatbed trailers. They 

at two points with the supports located at the fifth points of 

manufacturer after considering size and shape, finish type, 

architect specifies a particular wrapping protection.
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7. Field layout and verification. Offset lines should be set at 
2 ft (0.6 m) off the exterior around the perimeter of each floor.

many factors occur that influence project planning. Each 

completion of floors designed to carry lateral loads.

panel installation that final frame connections are to be 

deflection and rotation of the supporting steel members 

trades to guarantee accurate fit and overall conformity 

timing of application of fireproofing for prewelding that 

and any overhanging scaffolding can influence the method 

concrete should be clearly identified. For projects close to 
airports, lights, flags, or both, may be required on booms.
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turbed condition for use by the erector until final completion 

any known discrepancies in field location, line, or grade and 

been field-placed or are of contractor’s hardware. The goal 

precast concrete units will fit. All dimensions and details 

conflicts with the support structure are determined early. 

modification to bearing surfaces or connection hardware can 

 The erector should confirm that the minimum 

 Notes of all discrepancies exceeding specified 

ments are modified and reviewed by the engineer/architect. 
Verification of remedial work should be the responsibility 
of the GC/CM. The erector should return to the site for final 
layout verification after all necessary corrections of site 

lines and elevation marks, as required, for use at each floor 

them with minimal measuring and moving to final position. 

floor slabs horizontal, and properly positioned end-for-

shipped flat, ensure that panels are designed so they can 

floor and roof members and openings in walls should be 
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should be flexible to allow for full loads, using reasonable 
fill-out units when necessary; control of unit position on the 

The exterior panel should always be unloaded first from a 

disconnected. Use bolts of a sufficient length to provide 

devices are provided only for the convenience of field 
handling. When these devices are located in finished edges 
or exposed surfaces, bolt and insert holes will require filling 

other anchor types can be used. Insufficient thread engage

or handling, unless specifically designed and designated 
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firm, and well-drained. Storage areas should be located 

on firm, level ground. Sufficient dunnage should be placed 

members directly from the delivery trailer to their final loca

is clear of debris and sufficiently level to allow safe storage 
is often difficult. When storing products on the ground, care 

areas should be level, firm, well-drained, and located where 

arranged in vertical planes and sufficiently deep to provide 

with identification marks visible.

tification marks clearly visible and supports at the blocking 

This leaves an unsightly patch of polystyrene that is difficult 
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—Safe and efficient use of cranes, hoists, personnel 

training and qualification. The erector should have compe

loads and the safe operation of the specific equipment they 

fications, mobility for anticipated site conditions, and 

achieved until proper alignment and final connections are 

the insert in both the panel and floor slab is important. A 

underscore the significance that direct and indirect costs 
can have on their company’s financial results. To prevent 
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Identity of first aid representative.

and fire departments when 911 service is not available.

Location and proper use of fire extinguishers.

and means of prevention is identified to prevent recurrence. 

the floors for multistory buildings or on foundations for 

floor or beam. Shim material should have a bearing capacity 

detail, and easily adjusted in the field to meet project condi

minimize plant and field installation quality control prob

finish and surrounding materials may require protection from 

for field connection of precast panels using either bonded 

after the stressing operation is completed. Grout should fill 

tion. Post-tensioning operations require qualified personnel 

located and grout holes are filled just before setting precast 
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how the final joint will be made and how the corners will 

responsible for meeting specific tolerances in the fabrication 

final project tolerances. In turn, the precast manufacturer, 

connection or fitting so that corrective action can be taken for 

design should be modified, if required.

as fireproofing. Otherwise, adjacent materials should not be 

fiber brush should be used for cleaning. Panels are usually 

surfaces that will be exposed to view. Final finish should be 

tions first. A thorough washing with clear water should 
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and lungs. Materials that can produce noxious or flammable 
fumes should not be used in confined spaces unless adequate 

be cleaned with a stiff fiber, stainless steel, or bronze wire 

fiber brush and a masonry cleaning solution. A prepared 

be flushed from the panel with large amounts of clean water 

removing specific stains from concrete, refer to PCA (1988).

prepare a written repair procedure that clearly defines when 

of final cleaning and joint sealing. Any repair work on joints 

in job record files.

attempted. Repairs can accentuate flaws rather than remove 
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is better to complete preparation of all finishes on the precast 

of the panel finishing. Patch mixture designs and finishing 

deep to provide a shoulder of sufficient depth to permit a 
smooth finish. For exposed aggregate finishes, cutting back 

the repaired area. In liner-type finishes, it may be desirable 

should be painted with the epoxy adhesive. Apply sufficient 

are clamped together. Use an epoxy with sufficient viscosity 

Smooth finishes
finish is difficult because of variations in color and texture, 

stone, or by grinding. A light abrasive blast with very fine 

Formliner finishes

compacted repair should be struck flush with the original 

to a board or wooden float should be pressed against the 

ribbed, it may be necessary to form the rib and fill the form 

Exposed aggregate finishes
finishes, after compacted repairs are struck flush with the 

with a small wooden block. Use a wood or rubber float to 

water to expose aggregate and texture the finish to blend with 

Sandblasted finishes—To obtain a sandblasted finish, 

depth. A fine-graded silica blasting sand, 120 to 200 mesh 

method to obtain a deep sandblasted finish is to cure the 
repair for 7 days then use a deep blast on the repair, filling 

3/16 in. (3 to 5 mm) higher than the surrounding finished 
face then ground flush using hand tools of successively 
finer stone until the specified finish, level, and planeness 

epoxy containing crushed and graded coarse aggregate fines 
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damp flannel, linen, cheese cloth, or other nonstaining fabric 

blanket of flannel, linen, or cheesecloth that is then placed 

use on finished architectural panels.

have no significant structural problems may be chipped or 

closely matches the concrete surface. Epoxy-filled crack 

rounded edges, and it will be more difficult to minimize the 

Continue to inject at lowest port until epoxy flows from 

Plug each injector port after it has been filled.
Continue the procedure until the entire crack has been filled. 

tion benefits the precaster by reducing the cost of repairing 

tors benefit when panels meet tolerances because they do 

out-of-tolerance panels. Owners benefit when a structure 

that panels conform to project specifications.

review the specifications and identify those specification 
sections for incoming materials. Specifications should 
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acceptability. These may include analysis certificates, mill 
test reports, and compliance certificates. Inspection records 

before concrete placement. The face finish of the panel 

the form. Before shipping, the finish surface of the panels 

specifications, fabrication tolerances, and assembly draw

Product finish—
color, texture, and finish from panel to panel. Acceptable 

product is difficult to evaluate because it is subject to the 

and selected an acceptable range of finish and texture, the 

materials, in-process materials, and finished products) are 

panels are rejected. The following list gives definitions of 

finished panels.

gate color, adjacent flat and return surfaces with greater 

(9 m) after final installation and finish.

structurally sound. When the inspector finds cracks, chips, or 

evaluated to assure they meet their respective specifications. 

and should be identified in the QA/QC program.

should provide a certified mill test report with each shipment 

test reports should be kept for at least 2 years. It is beneficial 
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fine aggregates should meet the requirements of ASTM C33/

and for specific gravity in accordance with ASTM C128-07. 

following specifications as appropriate:
ASTM C1116/C1116M-10 for nonmetallic fibers.

laboratory or in trial batches in the field to assure compati

testing. If the water comes from an unqualified source, it 

with one part of the pigment, using sufficient water to form 

the test samples to develop efflorescence. The efflorescence 

bility under the influence of light can be a lengthy process 
and sometimes a special artificial light is used to accelerate 

at least once per day for each mixture used. Significant 

greater than the maximum specified slump may be allowed 

specification limits. Concrete of lower-than-usual slump 

a Vebe time greater than 6-1/2 seconds may be difficult to 

Finishing difficulties develop.

Aggregate grading changes significantly.

bility specifications and achieve the compressive strength 

earlier stripping for form reuse, better architectural finishes, 
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and-thawing conditions, but a specified fixed air content level is 

the concrete strengths typically specified for architectural 

flush with the specimen top. In both cases, the water should be 

cured, and finished similarly to the products they represent.

priate ASTM specification should be discarded.

be taken on a strictly random basis as specified by ASTM 

However, one specimen may be sufficient as fabrication 

finishing procedures should follow ASTM C31/C31M-10 

Capping procedures should be as specified in ASTM 

should withstand elevated temperature without significant 
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Tests of finished panels

cores should be at least 85 percent of the specified strength. 

fied. Core sample length-to-diameter ratio should be as close 

strength and the exposed surface finish. Core holes can often 

tectural precast panels are cast flat, top coring of the panel 

data correlation between field and laboratory compression 

Each probe leaves only a small hole that can be easily filled 

and cavities; for examining panel damage due to frost, fire, 

where concrete is sufficiently strong to allow pulse trans

concrete are significantly different.

precast panels with a specific mark number that can be tied 
to a certain mold or form on a specific date.

Specifications for Tolerances for Concrete Construc
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Specifications for Structural Concrete

Identification and Control of Visible Effects of Consol

Specification for Carbon and Glass Fiber-Reinforced 

Standard Specification for Bonding Hardened 

Specification for Tolerances for Precast Concrete

Standard Specification for Steel Bar, Carbon and Alloy, 

Standard Specification for Zinc Coating (Hot-Dip) on 

Standard Specification for Steel Welded Wire Rein

Standard Specification for Stainless Steel Bars and 

Standard Specification for Carbon Steel Bolts and 

Standard Specification for Structural Bolts, Steel, Heat 

Standard Specification for Steel Strand, Uncoated 

Standard Specification for Uncoated Stress-Relieved 

Standard Specification for Structural Bolts, Alloy Steel, 

Standard Specification for Steel Wire, Deformed, for 

Standard Specification for Steel Welded Wire Rein

Standard Specification for Deformed and Plain 

Standard Specification for Low-Alloy Steel Deformed 

Standard Specification for Uncoated High-Strength 

Standard Specification for Zinc-Coated (Galvanized) 

Standard Specification for Epoxy-Coated Steel Rein

Standard Specification for Epoxy-Coated Steel Wire 

Standard Specification for Rail-Steel and Axle-Steel 

Standard Specification for Concrete Aggregates
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Standard Specification for Ready-Mixed Concrete

(Specific Gravity), and Absorption of Fine Aggregate

Standard Specification for Portland Cement

Standard Specification for Air-Entraining Admixtures 

Standard Specification for Lightweight Aggregates for 

Standard Specification for Molds for Forming Concrete 

Standard Specification for Chemical Admixtures for 

Standard Specification for Coal Fly Ash and Raw or 

Standard Specification for Epoxy-Resin-Base Bonding 

Standard Specification for Pigments for Integrally 

Standard Specification for Chemical Admixtures for 

Standard Specification for Fiber-Reinforced Concrete

Standard Specification for Silica Fume Used in 
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