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This guide presents recommendations for precast concrete wall 

panels. It should be used with ACI 318-08, “Building Code 

Requirements for Structural Reinforced Concrete,” which is legally 

binding when adopted by the local authority. This guide discusses 

the basic principles of design, tolerances, materials, fabrication, 

installation, quality requirements, and testing.
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CHAPTER 1—GENERAL CONSIDERATIONS

1.1—Introduction

The widespread popularity of concrete as a building mate-

rial can be attributed to the availability, favorable proper-

ties, and geographic distribution of its naturally-occurring 

mineral constituents. Concrete is easily formed and molded, 

comparatively economical, and durable in its finished state. 

Architectural precast panel use has increased because of the 

nature of concrete as a material and the fact that prefabricated 

components add to construction efficiency. By exposing 

decorative aggregates, using veneer facing materials, and by 

varying sizes, shapes, and textures of panels, the engineer/

architect can respond creatively to client needs.

1.2—Scope

This document provides guidelines for specifying, plan-

ning, designing, fabrication, and erecting precast concrete 

wall panels. Although the focus is on precast wall panels 

produced in established precasting plants, site precasting is 

an option that has been used successfully. Tilt-up concrete, as 

discussed in ACI 551.1R-05, is a variation of site precasting. 

ACI 533R should aid in establishing and maintaining quality 

site fabrication as well as plant fabrication of precast wall 

panels.

This guide covers non-load-bearing or load-bearing 

panels, fabricated of normal or lightweight concrete. Panels 

may be one of the following types:

•	 Solid

•	 Insulated (sandwich)

•	 Ribbed

•	 Hollow-core

•	 Sculptured

In addition to reinforced panels, lightly prestressed (effec-

tive prestress, after all losses, between 150 and 225 psi [1.0 

and 1.7 MPa]) and prestressed panels are covered. Structural 

design considerations addressed in Chapter 3 include the use 

of panels as shear wall components.

Emphasis is placed on wall panels with an integral exposed 

aggregate concrete surface finish. Smooth wall panels and 

panels with a textured or shaped architectural surface finish 

are included. Panels having natural stone veneer or ceramic 

veneer finishes are not covered in detail.

1.3—Responsibility

1.3.1 General—Contractual agreements should assign 

responsibilities to avoid disagreements on basic definitions 

and decisions originating from the specifying agency. A 

special report of an ad hoc committee for the responsibility 

for design of precast concrete structures was published by 

the Precast/Prestressed Concrete Institute (PCI 1988) and 

recommends assignment of authority and responsibility for 

design and construction of precast concrete structures.

This guide covers the design of panels by an engineer/

architect. ACI Committee 533 presents supplemental design 

guidelines that are special to precast concrete wall panels 

and should be used with ACI 318-08. ACI 318-08 provides 

minimum design requirements and is legally binding when 

adopted by the local authority.

Overlapping responsibilities for the structural design of 

wall panels may introduce conflicts between the engineer/

architect and general contractor regarding contract document 

review, design for handling, installation stresses, in-place 

loads, and adequacy of connections. It is essential that work 

assignments and responsibilities be clearly defined in the 

contractual arrangements.

1.3.2 Structural design—The engineer/architect can 

benefit from preconstruction contact with panel producers. 

Handling and installation procedures vary widely, and 

guidelines for these operations should correspond with local 

practices but be consistent with Chapter 3 of this guide. Most 

precasters maintain an engineering staff to prepare contract 

documents and the engineer/architect should interact with 

this group to obtain constructive advice and suggestions 

concerning local practice, fabrication details, and fabrication 

capabilities. When possible, this discussion should take 

place during the initial design phases of a construction 

project. Once a job is released for bidding and the structural 

concepts have been established, changes may be difficult to 

implement.
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1.3.3 Reinforcement for handling and installation—

Generally, the engineer/architect relies on the manufacturer 

for developing handling techniques and providing any addi-

tional reinforcement required for withstanding handling or 

installation stresses. The engineer/architect may wish to 

review calculations for handling stresses.

Contract documents may require the manufacturer to 

accept responsibility for design of panels to resist the loads 

shown and to resist other loads that occur during strip-

ping, handling, shipping, and installation. In this case, it 

is common for contract documents to require that design 

calculations and installation drawings provided by the panel 

manufacturer be signed by a professional engineer who is 

either retained or employed by the manufacturer. When the 

load information in the contract documents is insufficient, 

the manufacturer should ask for additional information from 

the engineer of record.

1.3.4 Adequacy of connections—Contract drawings 

prepared by the engineer/architect should show the connec-

tions required and the load support points in sufficient detail 

to permit construction. During the preparation of shop draw-

ings, manufacturers should be given the opportunity to rede-

sign the connections if redesign will achieve economical 

details that facilitate manufacture or installation. If connec-

tions are designed by the engineer/architect, the manufac-

turer should review the connections for structural adequacy 

and economy. If connections are redesigned or other prob-

lems are noted, these should be brought to the attention of 

the engineer/architect for review. Any deviation from or 

discrepancy in the approved installation drawings should be 

communicated to the general contractor by the installation 

contractor before installation. The general contractor should 

make all necessary arrangements for corrections to be made 

by the parties involved before installation.

1.3.5 Handling and installation responsibilities—Respon-

sibility for panel installation and cleaning, joint treatment, 

and supply of hardware for handling, attachment, and 

bracing should be clearly defined in contract documents. The 

specifier should not prescribe specific subcontractors in the 

document specifications. General contractors are generally 

more knowledgeable of the skills and experience of subcon-

tractors who can perform the services and can more easily 

evaluate the alternatives.

1.3.5.1 Cleaning—Specifications should require clean 

panels after installation and cleaning need not be the object 

of a separate operation. The precast manufacturer, carrier, 

or both, are responsible for delivering clean panels (refer to 

Section 7.6). After panel installation, protecting panels from 

soiling and staining during subsequent operations should be 

the responsibility of the general contractor.

1.3.5.2 Furnishing attachment and handling hardware—

Clip angles, inserts, bolts, and miscellaneous metal items 

are required for construction with precast panels. These 

items may be attached to the building frame, embedded in 

the precast panel for erector or for other trades, or provided 

loose at the job site for connection purposes.

Responsibility for supplying items to be attached to or 

placed in the structure to receive precast concrete units 

depends on structure type and local practice. Contractual 

agreements should indicate who is responsible for the supply 

and installation of hardware. When the supporting frame is 

structural steel, installation hardware is normally supplied 

and installed by the precast erector or steel fabricator. When 

the building frame consists of cast-in-place concrete, hardware 

is normally supplied by the precast manufacturer and placed 

by the concrete contractor. Detailed hardware layout is 

prepared by the precast manufacturer for approval by the 

engineer/architect. Occasionally certain special inserts or 

sleeves are required for other trades. In these instances, the 

trade involved is responsible for having such parts approved 

and delivered to the panel manufacturer in time for embedment 

in the wall panels. These should be accompanied by 

the engineer/architect’s approved placement drawings and 

instructions for installation.

1.3.5.3 Execution of connections—The general contractor 

is responsible for accurately constructing bearing surfaces 

and anchorages for precast elements. When a panel cannot 

be erected within tolerances specified in the contract documents, 

the matter should be called to the engineer/architect’s 

attention for consideration and correction.

Changes, other than adjustments within the prescribed 

tolerances, can only be made after approval. Any adjust-

ments affecting structural performance should be approved 

by the engineer of record. No panel should be left in an 

unsafe support condition.

1.3.6 Shop drawing approval—Installation and shape 

drawings prepared by the precast manufacturer (refer to 

Section 6.1) should be forwarded to the general contractor 

for approval regarding constructibility and then forwarded 

to the engineer/architect who checks for conformance with 

the design requirements and contract documents. Draw-

ings reviewed by the engineer/architect should be returned 

to the manufacturer with a statement similar to one of the 

following:

•	 Reviewed for conformance with the contract docu-

ments. No resubmissions necessary.

•	 Reviewed, as noted, for conformance with the contract 

documents. No resubmissions necessary.

•	 Revise and resubmit.

•	 Rejected.

1.4—Aesthetic considerations

Fabrication techniques and procedures covered in this 

guide allow flexibility during fabrication to achieve uniform 

aesthetic results and concrete quality. Performance specifi-

cations for the appearance of precast wall panels explaining 

aesthetic requirements or establishing understandable criteria 

for acceptance are difficult to achieve. It is recommended 

that reference samples be used in determining product char-

acteristics and quality, rather than writing restrictions that are 

difficult to achieve and may prohibit the manufacturer from 

using a process that offers the best possibility of producing 

the desired panel.

1.4.1 Design reference samples—Full-size sample panels 

are preferred, but construction specifications may require 

that the color and texture match small samples. Such samples 

American Concrete Institute Copyrighted Material—www.concrete.org

 GUIDE FOR PRECAST CONCRETE WALL PANELS (ACI 533R-11) 3

https://www.civilenghub.com/ACI/188416543/ACI-533R?src=spdf


should be at least 12 x 12 in. (305 x 305 mm), although 

larger samples may be desirable. If both panel faces are to be 

exposed, samples should show the finished interior surface 

as well as the exterior face of the precast.

The manufacturer should submit samples to the general 

contractor for approval by the engineer/architect, while 

retaining duplicate samples. If the sample is not approved, 

resubmissions should be made until approval is obtained. 

Sample approval should be in writing with reference to the 

correct sample code number, or the approval may be written 

on the sample itself.

1.4.2 Range samples—At least three full-scale (but not 

necessarily full-size) sample panels should be specified. 

These sample panels should contain typical cast-in inserts, 

reinforcing steel, and plates as required for the project. 

These panels should establish the range of acceptability with 

respect to color and texture variations, surface defects, and 

overall appearance. It should be clearly stated in the contract 

documents how long the full-scale samples should be kept 

at the point of manufacture (precasting plant) or at the job 

site for comparison. Approved full-scale panels should be 

allowed to be used in the completed structure. If full-scale 

samples are required before, or at the beginning of, fabrica-

tion, lead time is necessary and the construction schedule 

should be adjusted accordingly. When full-scale sample 

panels are not specified, the first fabrication panels should 

be submitted for inspection and approval by the engineer/

architect.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

b = width of cross section

fc′ = concrete compressive strength specified at age 

considered during design

heff = effective thickness of member

Ig = moment of inertia of gross concrete section 

neglecting reinforcement

k = effective length factor

l = length of span

r = radius of gyration of cross section

lu = unsupported length of panel

2.2—Definitions

ACI provides a comprehensive list of definitions through 

an online resource, “ACI Concrete Terminology,” (http://

terminology.concrete.org). Definitions provided herein 

complement that resource.

bowing––the deviation of the edge or surface of a planer 

wall member, in the out-of-plane direction, from a line 

passing through any two corners of the member

camber––a deflection that is intentionally built into a 

structural element or form to improve appearance or to 

nullify the deflection of the element under the effects of 

loads, shrinkage, and creep.

surface out-of-planeness (roughness)––a local smooth-

ness variation rather than a bowing variation. The tolerance 

for this variation is usually expressed in fractions of an inch 

(millimeter) or in inches per 10 ft (millimeters per 3 m). 

Although other criteria are available, the tolerance is typi-

cally checked with a 10 ft (3 m) straightedge or equivalent 

and definition of roughness.

tolerance––a permitted variation from the basic dimen-

sion or quantity as in the length, width, or depth of a member.

unequal bowing––may be observable when panels are 

viewed together on the completed structure. When two 

panels bow in the same direction, the magnitude of unequal 

bowing is determined by subtracting one bowing value from 

another. When panels bow in opposite directions, the convex 

bowing is taken as positive (+) and concave bowing is taken 

as negative (–) by a standard sign convention, the unequal 

bowing is the algebraic difference.

warping––deviation of a planer surface due to displace-

ment of one corner in relation to any two adjacent corners. 

Warping tolerances are stated in terms of the magnitude of 

the corner variation. This value is usually given in terms of 

the allowable variation per 1 ft (300 mm) of distance from 

the nearest adjacent corner with a not-to-exceed maximum 

value of comer warping.

CHAPTER 3—WALL PANEL DESIGN

3.1—Introduction

This guide presents design recommendations for 

prestressed and conventionally reinforced concrete wall 

panels. Load-bearing and non-load-bearing panels are 

covered. Precast wall panels can be differentiated on the 

basis of structural function as well as panel configuration. 

The classes and types of panels covered in this guide are 

defined in the following.

3.1.1 Panel classes

3.1.1.1 Non-load-bearing panel (cladding)—A precast 

wall panel that transfers negligible load from other elements 

of the structure. This panel is generally designed as a closure 

panel and should resist all applicable service and factored 

loads from wind forces, earthquake-induced forces, ther-

mally-induced forces, forces from time-dependent deforma-

tions, self-weight, and those forces resulting from handling, 

storage, transportation, and installation.

3.1.1.2 Load-bearing panel—A precast wall panel 

designed to carry loads from one structural element to other 

structural elements. Load-bearing panels should interact 

with other panels and the supporting structural frame to 

resist all applicable design loads in addition to those listed 

for non-load-bearing panels. Load-bearing panels also 

include panels designed to function as shear walls.

3.1.2 Panel types

3.1.2.1 Solid panel—A panel of constant thickness; an 

allowance for surface texture should be made in determining 

effective thickness.

3.1.2.2 Hollow-core panel—Precast panel that has voids 

within the thickness in one direction for the full length of 

the panel.

3.1.2.3 Sandwich panel—Precast panel consisting of two 

layers of concrete separated by a nonstructural insulating 

core.

3.1.2.4 Ribbed panel—Precast panel consisting of a slab 

reinforced by a system of ribs in one or two directions.
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