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Significant 
changes to 
ACI 318-08  
relative to 
precast/ 
prestressed 
concrete:  
part 1
S. K. Ghosh

Significant changes have been made since American Concrete 
Institute (ACI) Committee 318 published the 2005 Building 
Code Requirements for Structural Concrete (ACI 318-05) and 
Commentary (ACI 318R-05).1 The changes in the new 2008 
edition2 are summarized in this paper.

The intent of this article is to provide a summary of signifi-
cant changes affecting conventionally reinforced concrete, 
precast concrete, and prestressed concrete (including post-
tensioned concrete). This information should be useful to 
building officials, design engineers, practitioners, and the 
academic community. Only changes to chapters 1 through 8 
of ACI 318-08 are discussed in part 1 of this article series. 
Changes beyond chapter 8 will be discussed in parts 2 and 3, 
which will appear in subsequent issues of the PCI Journal.

Unlike previous releases of new ACI 318 editions, ACI’s Con-
crete International did not publish a complete list of changes. 
Only a summary paper was published in the July 2007 issue of 
the magazine.3 The changes were posted on the ACI website 
until August 15, 2007, when the public comment period ended. 
Pertinent discussion received by the August 15 deadline and 
the official response from ACI committee 318 will be pub-
lished on ACI’s website. In response to public comments, the 
committee has made additional changes to ACI 318-08, which 
has not yet been published.

ACI 318-08 will be the reference document for concrete de-
sign and construction in the 2009 edition of the International 

Editor’s quick points

n  This first of three papers describes the changes from 
the 2005 edition to the 2008 edition of ACI 318, Build-
ing Code Requirements for Structural Concrete and 
Commentary for chapters 1 through 8.

n  ACI 318 underwent a major revision with this version.

n  Parts 2 and 3 will follow in subsequent issues of the 
PCI Journal.
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ture, as used in section 1.3.3, may be taken as the 
surface temperature of the concrete. Commentary 
section R1.3.3 used to say: “however, during 
mixing and placing it is practical to measure the 
temperature of the mixture.”

It now says: “Surface temperatures may be deter-
mined by placing temperature sensors in contact 
with concrete surfaces or between concrete sur-
faces and covers used for curing, such as insulation 
blankets or plastic sheeting.”

Commentary section R1.1.9, “Provisions for 
Earthquake Resistance” (formerly section R1.1.8), 
has been completely rewritten with the introduction 
of SDC terminology into ACI 318. Table R1.1.9.1 
(formerly table 1.1.8.3), which provides corre-
spondence between the new terminology and the 
terminology used in legacy model codes (seismic 
performance categories, seismic zones) and in prior 
editions of ACI 318 (regions of low, moderate, and 
high seismic risk), has been updated.

Chapter 2: “Notation  
and Definitions”

Definitions that used to be located at the beginning 
of chapter 21—previously “Special Provisions 
for Seismic Design” and now titled “Earthquake-
Resistant Structures”—have been transferred to 
section 2.2.

The definition of lightweight aggregate concrete 
now references ASTM C3307 and replaces “dry 
loose weight of 70 lb or less” with “loose bulk den-
sity of 70 lb/ft3 or less, determined in accordance 
with ASTM C29.”8

The definition of building official (previously in 
section 1.2.3) has been moved to section 2.2.

All-lightweight and sand-lightweight concretes are 
now defined separately, whereas they used to be part 
of the definition of lightweight concrete. Normal-
weight concrete is now also defined. In the defini-
tion of lightweight concrete, “equilibrium density 
not exceeding 115 lb/ft3” has been replaced with 
“equilibrium density between 90 and 115 lb/ft3.”

The term contract documents is now defined in 
chapter 2.

A new definition for specified concrete cover has 
been added. The commentary to this definition 
points out that tolerances on specified concrete 
cover are provided in section 7.5.2.1.

Building Code (IBC),4 which will continue to reference ASCE 
7-05.5

All section and chapter numbers used in this paper refer to 
those of ACI 318-08, unless otherwise noted.

Chapter 1: “General 
Requirements”

A new section 1.1.4 permits concrete members that fall within 
the scope of ACI 3326 (including cast-in-place footings; 
foundation walls; and slabs-on-ground for one- and two-
family dwellings and multiple single-family dwellings, such 
as townhouses, and their accessory structures) to be designed 
and constructed in accordance with ACI 332, Requirements 
for Residential Concrete Construction, instead of ACI 318-08.

Section 1.1.8 clarifies that ACI 318 requirements do not apply 
to the composite design of structural concrete slabs construct-
ed on stay-in-place composite steel decks. Section 1.1.8 spe-
cifically states that ACI 318 requirements do apply to portions 
of such slabs designed as reinforced concrete. Commentary 
section R1.1.8.2 explains that the design of negative moment 
reinforcement to make a slab continuous is an example of 
when a portion of the slab design should conform to ACI 318 
requirements.

A new section 1.1.9 requires that the seismic design category 
(SDC)4,5 of a structure be determined in accordance with the 
legally adopted general building code. It further requires that 
all structures, except those assigned to SDC A or otherwise 
exempted by the legally adopted general building code, must 
satisfy the applicable provisions of chapter 21.

The former section 1.2.3, which defined building official, has 
been deleted. A definition of this term is now found in section 
2.2, where all definitions are located.

In section 1.3.2, which lists items to be included in inspection 
records, item (a) used to read: “Quality and proportions of 
concrete materials and strength of concrete.”

It now reads: “Delivery, placement, and testing reports docu-
menting the quantity, location of placement, fresh concrete 
tests, and other tests of all classes of concrete mixtures.”

In commentary section R1.3.2, two substantive sentences have 
been added: “Some of the information regarding designated 
concrete materials on a project is often provided in a pre-
construction submittal to the licensed design professional. For 
instance, concrete mixture ingredients and composition are 
often described in detail in the submittal and are subsequently 
identified by a mixture designation (reflected on a delivery 
ticket), that can also identify the placement location in the 
structure.”

Commentary section R1.3.3 clarifies that concrete tempera-



reinforcing bars may conform to ASTM A615,15 ASTM 
A706,16 or ASTM A99617 type R, as before, or may now con-
form to ASTM A955, Standard Specification for Deformed 
and Plain Stainless Steel Bars for Concrete Reinforcement, 
section 3.5.3.1.18 Commentary section R3.5.3.1 clarifies that 
stainless-steel bars are used in applications in which high 
corrosion resistance or controlled magnetic permeability are 
required. The physical and mechanical property requirements 
for stainless-steel bars under ASTM A955 are the same as 
those for carbon-steel bars under ASTM A615. Newly added 
section 3.5.3.3 states that deformed reinforcing bars conform-
ing to ASTM A1035, Standard Specification for Deformed 
and Plain, Low-Carbon, Chromium, Steel Bars for Concrete 
Reinforcement,19 may now be used as transverse reinforce-
ment as permitted by section 21.4.4 or as spiral reinforcement 
as permitted by section 10.9.3.

The upper limit of D-31 is placed on the size of deformed wire 
in section 3.5.3.5 because tests have shown that D-45 wire will 
achieve only about 60% of the bond strength in tension given 
by Eq. (12-1). Newly added section 3.5.3.10 now specifically 
permits the use of deformed stainless-steel wire and deformed 
and plain stainless-steel welded wire conforming to ASTM 
A1022, Standard Specification for Deformed and Plain Stain-
less Steel Wire and Welded Wire for Concrete Reinforcement,20 
as concrete reinforcement.

Headed studs and headed-stud assemblies conforming to 
ASTM A1044, Standard Specification for Steel Stud Assem-
blies for Shear Reinforcement of Concrete,21 are now specifi-
cally recognized by the added section 3.5.5. Added section 
3.5.8 requires that steel used in discontinuous fiber reinforce-
ment must conform to ASTM A820, Standard Specification 
for Steel Fibers for Fiber-Reinforced Concrete.22 It further 
requires that steel fibers be deformed to increase mechanical 
bond with the concrete and have a length-to-diameter ratio no 
less than 100.

New section 3.5.9 requires headed deformed bars to conform 
to ASTM A970, Standard Specification for Headed Steel Bars 
for Concrete Reinforcement.23 It further requires that obstruc-
tions and interruptions of the bar deformations, if any, not extend 
more than 2d

b
 from the bearing face of the head, where d

b
 is the 

diameter of the bar.

Fly ash or other pozzolans, ground-granulated blast-furnace 
slag, and silica fume have now been removed from section 
3.6, “Admixtures,” because they are included in section 3.2, 
“Cementitious Materials.” ACI 318-05 section 3.6.2, which 
required that an admixture be shown capable of essentially 
maintaining the same composition and performance through-
out the work as the product used in establishing concrete 
proportions in accordance with section 5.2, has been deleted. 
This is because it used to apply to fly ash or other pozzolans, 
ground-granulated blast-furnace slag, and silica fume, which 
are now considered cementitious materials. ACI 318-05 sec-
tion 3.6.5, now section 3.6.4, has been rewritten as “Admix-

Design load combination is now defined.

A drop panel is now defined as "a projection below 
the slab used to reduce the amount of negative 
reinforcement over a column or a minimum re-
quired slab thickness, and to increase the slab shear 
strength."

Important new definitions have been added for 
equilibrium density, headed deformed bars, and 
headed shear stud reinforcement. Commentary 
to the definition for headed deformed bars points 
out important differences between such bars and 
headed shear stud reinforcement.

The term registered design professional has 
been replaced with licensed design professional. 
Because registered design professional is the 
term used in the IBC, the ACI 318 definition for 
licensed design professional includes, “in other 
documents, also referred to as registered design 
professional.”

The definition for pedestal has been modified once 
again for clarity.

The term seismic design category is defined. Also, 
new definitions for shear cap, steel fiber-reinforced 
concrete, and work have been added.

Finally, definitions for special precast structural 
wall and special reinforced concrete structural 
wall were added. The term special structural wall 
is now defined, and it can be made of cast-in-place 
or precast concrete.

Chapter 3: “Materials”

Cementitious materials, rather than cements, are 
now defined in section 3.2. These include fly ash 
and natural pozzolans complying with ASTM 
C618,9 ground-granulated blast-furnace slag com-
plying with ASTM C989,10 and silica fume com-
plying with ASTM C1240,11 in addition to portland 
cement complying with ASTM C15012 and blended 
hydraulic cements complying with ASTM C595.13

Section 3.4 simply refers to ASTM C1602/
C1602M14 for water used in mixing concrete. All 
the text contained in prior editions of ACI 318 was 
deleted.

Whereas reinforcement consisting of structural 
steel, steel pipe, or steel tubing was previously 
permitted by ACI 318, reinforcement consist-
ing of discontinuous deformed steel fibers is now 
additionally permitted (section 3.5.1). Deformed 
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tures for water reduction and setting time modification shall 
conform to ASTM C494.24 Admixtures for use in producing 
flowing concrete shall conform to ASTM C1017.”25

Table 1 lists the ASTM reference standards added to section 
3.8.

Section 3.8.9 added a reference to Requirements for Resi-
dential Concrete Construction (ACI 332-04)6 and section 
3.8.10 added a reference to Acceptance Criteria for Special 
Unbonded Post-Tensioned Precast Structural Walls Based on 
Validation Testing (ITG 5.1).26

Chapter 4: “Durability 
Requirements”

Chapters 4 and 5 of earlier editions of ACI 318 were refor-
matted in 1989 to emphasize the importance of considering 
durability requirements before selecting fc

'
 
and the specified 

concrete cover over the reinforcing steel. In ACI 318-08, 
the format of chapter 4 is extensively revised by introducing 
exposure categories and classes, with applicable durability 
requirements given for the various classes in a unified format.

Tables in chapter 4 have been modified due to the adoption 
of exposure categories and classes. The coverage of durabil-
ity in ACI 318 has been reorganized to make it more parallel 
with the approach used in the codes of some other countries. 

The restructuring of chapter 4 does not include 
any significant technical changes to the provisions 
included in ACI 318-05.

ACI 318 defines exposure categories and classes for 
concrete structures in section 4.2.1—specifically in 
tables 4.2.1.a through 4.2.1.d. Tables 2 through 5 
are adapted from those tables and the commentary to 
section 4.2.1. Associated requirements for concrete 
relative to the exposure classes are provided in ACI 
318 section 4.3.

Chapter 5: “Concrete 
Quality, Mixing, and 
Placing”

A new section 5.1.6 has been added, and it re-
quires steel fiber–reinforced concrete to conform to 
ASTM C1116, Standard Specification for Fiber-
Reinforced Concrete.27 The minimum fc

'  for steel 
fiber–reinforced concrete is required to be 2500 
psi (17 MPa), the same as that for conventionally 
reinforced concrete.

Because of the concern that material properties 
may change with time, a limit of 12 months has 
been imposed on the age of the historical data used 
to qualify mixture proportions under section 5.3, 

Table 1. ASTM reference standards added to ACI 318-08, section 3.8

ASTM Standard Title
A820/A820M-06 Standard Specification for Steel Fibers for Fiber-Reinforced Concrete

A955/A955M-07A Standard Specification for Deformed and Plain Stainless-Steel Bars for Concrete Reinforcement

A970/A970M-06 Standard Specification for Headed Steel Bars for Concrete Reinforcement

A1022/A1022M-07 Standard Specification for Deformed and Plain Stainless Steel Wire and Welded Wire for Concrete Reinforcement

A1035/A1035M-07 Standard Specification for Deformed and Plain, Low-Carbon, Chromium, Steel Bars for Concrete Reinforcement

A1044/A1044M-05 Standard Specification for Steel Stud Assemblies for Shear Reinforcement of Concrete

C29/C29M-97 (revised 2003) Standard Test Method for Bulk Density (Unit Weight) and Voids in Aggregate

C231-04 Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

C1012-04 Standard Test Method for Length Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution

C1116-06/C1116M-06 Standard Specification for Fiber-Reinforced Concrete

C1602/C1602M-06 Standard Specification for Mixing Water Used in the Production of Hydraulic Cement Concrete

C1609/C1609M-06 Standard Test Method for Flexural Performance of Fiber-Reinforced Concrete (Using Beam with Third-Point Loading)

Table 2. Exposure Category F based on freezing and thawing exposure

Class Description Condition
F0 Not applicable Concrete not exposed to freezing and thawing cycles

F1 Moderate
Concrete exposed to freezing and thawing cycles and that may be occasionally exposed to moisture before 
freezing (for example, exterior walls, beams, girders, and slabs not in direct contact with soil)

F2 Severe
Concrete exposed to freezing and thawing cycles and that is in continuous contact with moisture before freezing 
(for example, water tanks)

F3 Very severe
Concrete exposed to freezing and thawing cycles, that is in continuous contact with moisture, and where expo-
sure to deicing chemicals is anticipated (for example, parking structures in the northern United States)

Source: Data adapted from Building Code Requirements for Structural Concrete (ACI 318-08) and Commentary (ACI 318R-08) table 4.2.1 and commen-
tary section R4.2.1.
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and proportioning on the basis of field experience 
or trial mixtures or both is allowed.

Under section 5.3.3.2, the requirements that must 
be met by trial mixtures for concrete proportions 
established from such mixtures to be acceptable 
have been revised as indicated:

Requirement (b) of section 5.3.3.2 in 318-05 •	
used to read: “Trial mixtures having propor-
tions and consistencies required for proposed 
work shall be made using at least three differ-
ent water-cementitious materials ratios or ce-
mentitious materials contents that will produce 
a range of strengths encompassing fcr

' .”

It now reads: “Trial mixtures with a range of 
proportions that will produce a range of com-
pressive strengths encompassing fcr

'  and meet 

the durability requirements of chapter 4.”

Requirement (c) of ACI 318-08 was: “Trial mixtures •	
shall be designed to produce a slump within ±0.75 in. (19 
mm) of maximum permitted, and for air-entrained con-
crete, within ±0.5% of maximum allowable air content.”

It now reads: “Trial mixtures shall have slumps within the range 
specified for the proposed Work; for air-entrained concrete, air 
content shall be within the tolerance specified for the proposed 
Work.”

Requirement (d) of ACI 318-05 was: “For each water-•	
cementitious materials ratio or cementitious materials 
content, at least three test cylinders for each test age shall 
be made and cured in accordance with ASTM C192, 
Standard Practice for Making and Curing Concrete Test 
Specimens in the Laboratory.28 Cylinders shall be tested 
at 28 days or at test age designated for determination of 

Table 3. Exposure Category S based on sulfate exposure

Class Description
Water-soluble sulfate in soil, % 
by weight

Sulfate in water, ppm Commentary

S0 Not applicable SO
4 < 0.10 SO4 < 150 Injurious sulfate attack not common

S1 Moderate 0.10 ≤ SO4 < 0.20 150 ≤ SO4 < 1500 sea water More critical value of measured water-
soluble sulfate concentration in soil or the 
concentration of dissolved sulfate in water 
governs

S2 Severe 0.20 ≤ SO
4 ≤ 2.00 1500 ≤ SO4 ≤ 10,000 Same as for S1

S3 Very severe SO4 > 2.00 SO4 > 10,000 Same as for S1

Source: Data adapted from Building Code Requirements for Structural Concrete (ACI 318-08) and Commentary (ACI 318R-08) table 4.2.1 and  
commentary section R4.2.1.
Note: ppm = parts per million.

Table 4. Exposure Category P based on requirements for low permeability

Class Description Condition Commentary
P0 Not applicable Concrete not required to have low 

permeability to water
—

P1 Applicable Concrete required to have low 
permeability to water

When the permeation of water into 
concrete might reduce durability or 
affect the intended function of the 
structural element

Source: Data adapted from Building Code Requirements for Structural Concrete (ACI 318-08) and Commentary (ACI 318R-08) table 4.2.1 and  
commentary section R4.2.1.

Class Description Condition Commentary
C0 Not applicable Concrete that will be dry or protected from moisture 

in service
No additional protection required against the corro-
sion of reinforcement

C1 Moderate Concrete exposed to moisture but not to an external 
source of chlorides in service

—

C2 High Concrete exposed to moisture and to an external 
source of chlorides in service

For example, deicing chemicals, salt, brackish water, 
seawater, or spray from these sources

Source: Data adapted from Building Code Requirements for Structural Concrete (ACI 318-08) and Commentary (ACI 318R-08) table 4.2.1 and  
commentary section R4.2.1.

Table 5. Exposure Category C based on requirement for corrosion protection of reinforcement
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a minimum time for the moisture gradient to dis-
sipate. It now further explains that the maximum 
time between coring and testing is intended to 
ensure timely testing of cores when strength of 
concrete is in question. Newly added commen-
tary further explains that to provide reproducible 
moisture conditions that are representative of 
in-place conditions, a common moisture con-
ditioning procedure that permits dissipation of 
moisture gradients is now prescribed for cores. 
ASTM C42 permits the specifier of tests to 
modify the default duration of moisture condi-
tioning before testing.

New section 5.6.6.1 requires that steel fiber–re-
inforced concrete beams be tested in accordance 
with ASTM C1609, Standard Test Method for 
Flexural Performance of Fiber-Reinforced Con-
crete (Using Beam with Third-Point Loading).30 

New section 5.6.6.2 states that steel fiber–rein-
forced concrete is to be considered acceptable 
for shear resistance if three given conditions are 
satisfied. The commentary points out that these 
performance criteria are based on results from 
flexural tests conducted on steel fiber–reinforced 
concrete beams with fiber types and contents 
similar to those used in the tests of beams that 
served as the basis for newly added section 
11.4.6.1(f).

Chapter 6: “Formwork, 
Embedments, and Con-
struction Joints”

“Embedments” has replaced “Embedded Pipes” 
in the title of the chapter. Throughout the chap-
ter, “conduits and pipes embedded in concrete” 
or “conduits, pipes, and sleeves embedded in 
concrete” have been changed to “embedments in 
concrete.”

In section 6.4.7, shear caps, as defined in section 
2.2, have been added to the list of items (beams, 
girders, haunches, drop panels, and capitals) that 
must be placed monolithically as part of a slab 
system.

Commentary section R6.3.2 now points out that 
section 6.3.2 prohibits calcium chloride or any 
admixture containing chloride from being used in 
concrete with aluminum embedments.

Chapter 7: “Details  
of Reinforcement”

To permit a more consistent application of toler-

fc
' .”

It now reads: “For each trial mixture, at least two 6 in. × 
12 in. (150 mm × 300 mm) or three 4 in. × 8 in. (100 mm 
× 200 mm) cylinders shall be made and cured in accor-
dance with ASTM C192. Cylinders shall be tested at 28 
days or at test age designated for fc

' .”

Requirements (e) and (f) of ACI 318-05 read: “From •	
results of cylinder tests a curve shall be plotted showing 
the relationship between water-cementitious materials 
ratio or cementitious materials content and compressive 
strength at designated test age. Maximum water-cementi-
tious materials ratio or minimum cementitious materials 
content for concrete to be used in proposed Work shall 
be that shown by the curve to produce fc

'  required by 
5.3.2, unless a lower water-cementitious materials ratio or 
higher strength is required by chapter 4.”

All of this has been replaced by a new item (e), which 
reads: “The compressive strength results, at designated 
test age, from the trial mixtures shall be used to establish 
the composition of the concrete mixture proposed for the 
Work. The proposed concrete shall achieve an average 
compressive strength as required in 5.3.2 and satisfy the 
applicable durability criteria of chapter 4.”

It should be noted that ACI 318 has now recognized the 
use of three 4 in. × 8 in. (100 mm × 200 mm) cylinders as 
equivalent to the use of two 6 in. × 12 in. (150 mm × 300 
mm) cylinders. This change is also reflected in section 
5.6.2.4. The commentary clarifies that the confidence level 
of the average strength is preserved this way because 4 in. 
× 8 in. cylinders tend to have about 20% higher within-test 
variability than 6 in. × 12 in. cylinders. The commentary 
also points out that more than the minimum number of 
specimens may be desirable to allow for discarding an 
outlying individual cylinder strength in accordance with 
ACI 214R.29

Commentary section R5.3.3.2 provides new commentary 
on items (b), (d), and (e) under section 5.3.3.2.

ACI 318-05 section 5.6.5.3 reads: “Cores shall be prepared 
for transport and storage by wiping drilling water from 
their surfaces and placing the cores in watertight bags or 
containers immediately after drilling.”

The section now reads: “Cores shall be obtained, moisture 
conditioned by storage in watertight bags or containers, 
transferred to the laboratory, and tested in accordance with 
ASTM C42.” A newly added sentence requires that the 
specifier of tests referenced in ASTM C4231 be a licensed 
design professional.

Commentary section R5.6.5 previously explained that the 
restriction on the commencement of core testing provides 
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ances in ACI 318 and other ACI documents, speci-
fied cover has replaced minimum cover throughout 
chapter 7. This change affects sections 7.7.1, 7.7.2, 
7.7.3, 7.7.4, 7.7.5, and 7.7.6.

Newly added section 7.7.5 requires that for headed 
shear-stud reinforcement, specified concrete cover 
for the heads or base rails shall not be less than 
that required for the reinforcement in the type of 
member in which the headed shear–stud reinforce-
ment is placed.

In section 7.7.6 on corrosive environments, “dense-
ness and nonporosity of protecting concrete shall 
be considered” has been replaced by “the pertinent 
requirements for concrete based on applicable 
exposure categories in chapter 4 shall be met.”

In section 7.13, “Requirements for Structural 
Integrity,” changes have been made to the anchor-
age and splice requirements for structural integrity 
reinforcement. Continuous top and bottom struc-
tural reinforcement is now required to pass through 
the column core. Also, the types of transverse 
reinforcement used to enclose structural integrity 
reinforcement in perimeter beams are more clearly 
specified.

Section 7.13.2.1 of ACI 318-05 required that, in 
joist construction, at least one bottom bar be con-
tinuous or spliced with a Class A tension splice or 
a mechanical or welded splice. A Class B tension 
splice is now required. Whereas ACI 318-05 re-
quired that this bar be terminated at noncontinuous 
supports with a standard hook, it is now required 
that the bar be anchored to develop f

y
 at the face of 

the support using a standard hook satisfying section 
12.5 or a headed deformed bar satisfying section 
12.6 at noncontinuous supports.

Section 7.13.2.2 now requires beams along the 
perimeter of the structure to have continuous 
reinforcement passing through the region bound by 
the longitudinal reinforcement of the column. At 
noncontinuous ends, this reinforcement is required 
to be anchored to develop f

y
 at the face of the sup-

port using standard hooks satisfying section 12.5 or 
headed, deformed bars satisfying section 12.6.

Section 7.13.2.3 now requires that all continuous 
reinforcement required by section 7.13.2.2 for pe-
rimeter beams be enclosed by transverse reinforce-
ment of the type specified in section 11.5.4.1 for 
torsion. The transverse reinforcement is required 
to be anchored as specified in section 11.5.4.2. It is 
spelled out that the transverse reinforcement need 
not be extended through the column.

Where splices are required to satisfy section 7.13.2.2, the top 
reinforcement is required to be spliced at or near midspan 
and the bottom reinforcement at or near the support. Splices 
are required to be Class B tension splices or mechanical or 
welded splices satisfying section 12.14.3, which was section 
7.13.2.4 in ACI 318-05.

Any continuous positive-moment reinforcement (other than 
that in perimeter beams) provided in compliance with the re-
quirements of section 7.13.2.5 is required to pass through the 
region bound by the longitudinal reinforcement of the column. 
Where such reinforcement is spliced, the splices are required 
to be Class B tension splices or mechanical or welded splices. 
At noncontinuous supports, such reinforcement is required 
to be anchored to develop f

y
 at the face of the support using 

standard hooks satisfying section 12.5 or headed, deformed 
bars satisfying section 12.6.

A new section 7.13.2.7 refers the ACI 318 user to sections 
18.12.6 and 18.12.7 for newly added structural integrity re-
quirements for prestressed, two-way slabs.

Terms such as structural engineer, registered engineer, 
registered architect, registered design professional, engineer, 
designer, engineer, and architect have all been either replaced 
with licensed design professional or eliminated. The corre-
sponding term in the IBC4 is registered design professional.

Design requirements for earthquake-resistant structures have 
been rewritten in terms of SDC. The prior terminology of 
regions of low, moderate, and high seismic risk is gone. This 
change makes ACI 318 terminology the same as that used in 
the IBC and the ASCE 7 Standard Minimum Design Loads 
for Buildings and Other Structures5 (since its 1998 edition). 
Because the IBC has emerged as the one model building code 
for the entire country on which the legal codes by most legal 
jurisdictions (such as cities, counties, and states) are based, 
this is a sensible and timely change. The IBC will no longer 
have to provide an interface between its own terminology and 
that of ACI 318, as it has in the past.

Chapter 8: “Analysis 
and Design—General 
Considerations”

A new commentary section R8.2.4 has been added. It explains 
that the restraint of shrinkage and temperature effects can 
cause significant internal forces and displacements. In cases 
of restraint, shrinkage and temperature reinforcement require-
ments may exceed flexural reinforcement requirements.

In the title of section 8.4, “Redistribution of Negative Mo-
ments in Continuous Flexural Members,” the word negative 
has been dropped. The section has been modified to permit 
moments to be redistributed away from positive-moment sec-
tions as well as negative-moment sections.
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service-level lateral forces, or more detailed analy-
ses must be carried out. Member properties greater 
than gross section properties must not be used in 
determining lateral deflections under service-level 
lateral forces.
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Notation

d
b
	 = nominal diameter of bar, wire, or prestressing strand

fc
'

	
= specified compressive strength of concrete

fcr
'

	
= �required average compressive strength of concrete

f
ct
	 = �average splitting tensile strength of lightweight concrete

f
y
	 = specified yield strength of reinforcement

λ	 = �modification factor reflecting the reduced mechanical 
properties of lightweight concrete, all relative to nor-
malweight concrete of the same compressive strength
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Editor’s quick points

n  This second of three papers describes the changes from the 
2005 edition to the 2008 edition of ACI 318, Building Code 
Requirements for Structural Concrete and Commentary, for 
chapters 9 through 20.

n  ACI 318 underwent a major revision with this version.

n  Part 3 will follow in a subsequent issue of the PCI Journal.

Significant 
changes  
to ACI 318-08 
relative  
to precast/ 
prestressed 
concrete: 
Part 2
S. K. Ghosh

Significant changes have been made since American Con-
crete Institute (ACI) Committee 318 published the 2005 
Building Code Requirements for Structural Concrete (ACI 
318-05) and Commentary (ACI 318R-05).1 The changes in 
the new 2008 edition2 are summarized in this paper.

The intent of this article is to provide a summary of 
significant changes affecting conventionally reinforced 
concrete, precast concrete, and prestressed concrete (in-
cluding post-tensioned concrete). This information should 
be useful to building officials, design engineers, practitio-
ners, and the academic community. Changes to chapters 1 
through 8 of ACI 318-08 were discussed in part 1 of this 
article series, published as a member supplement to the 
March–April 2008 issue of the PCI Journal. Changes to 
chapter 9 through 20 of ACI 318-08 are discussed in this 
part 2 of the article series. Changes to chapter 21 and the 
appendices will be discussed in part 3, which will appear 
in a subsequent issue of the PCI Journal.

ACI 318-08 will be the reference document for concrete 
design and construction in the 2009 edition of the Inter-
national Building Code (IBC),3 which will continue to 
reference ASCE 7-05.4

All section and chapter numbers used in this paper refer to 
those of ACI 318-08 unless otherwise noted.
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Members.” The slenderness provisions are reorganized to 
reflect “current practice where second-order effects are 
considered primarily using computer analysis techniques,” 
while the style of presentation used by ACI 318 since 1971 
is retained. The moment magnifier method is also retained 
as an alternate procedure.

Section 10.10.1 permits slenderness effects to be neglected 

"for compression members not braced against sidesway 
when:

  

kl
u

r
! 22
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and

"for compression members braced against sidesway 
when:
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where

k	 = effective length factor

l
u
	 = unsupported length

r	 = radius of gyration

M
1
	 = smaller factored end moment

 
2
	 = larger factored end moment

M
1
/M

2
	 = �positive if a compression member is bent in 

single curvature

A new feature permits a compression member to be con-
sidered braced against sidesway when “bracing elements 
have a total stiffness, resisting lateral movement of that 
story, of at least 12 times the gross stiffness of the columns 
within the story.”

Section 10.10.2 requires that when slenderness effects are 
not neglected as permitted by section 10.10.1, “the design 
of compression members, restraining beams, and other 
supporting members be based on the factored forces and 
moments from a second-order analysis satisfying [section] 
10.10.3, 10.10.4, or 10.10.5.”

Section 10.10.3 is titled “Nonlinear Second-Order Analy-
sis,” section 10.10.4 contains requirements for elastic 
second-order analysis, and section 10.10.5 details mo-
ment magnification procedure. The members being 
discussed are also required to satisfy sections 10.10.2.1 
and 10.10.2.2. Section 10.10.2.1 requires that second-order 
effects in compression members, restraining beams, or 

Chapter 9: “Strength and 
Serviceability Requirements”

The new commentary section, R9.2.1(a), provides valuable 
and much-needed clarification. It points out that the load-
factor modification of section 9.2.1(a) is different from the 
live-load reduction based on the loaded area that is typi-
cally allowed in the legally adopted general building code. 
The live-load reduction in the code adjusts the nominal 
load L. The lesser load factor in section 9.2.1(a) reflects the 
reduced probability of the joint occurrence of maximum 
values of multiple transient loads at the same time. The 
reduced live loads specified in the legally adopted general 
building code can be used simultaneously with the 0.5 load 
factor specified in section 9.2.1(a).

In section 9.3.2.2, the strength-reduction factor  for spi-
rally reinforced columns was increased from 0.70 to 0.75. 
Commentary section R9.3.2 notes that this increase is part-
ly due to the superior performance of spirally reinforced 
columns when subjected to excessive loads or extreme 
excitations5 and is partly due to new reliability analyses.6

The -factor modifications of section 9.3.4(a)–(c) are 
now also applicable to structures that rely on intermediate 
precast concrete structural walls to resist earthquake effects 
in seismic design categories (SDC) D, E, or F. Previously, 
the modifications applied only to structures that rely on 
special moment frames or special structural walls to resist 
earthquake effects.

In section 9.3.5, the -factor for plain concrete was in-
creased from 0.55 to 0.60. As stated in commentary section 
R9.3.5, this is partly due to recent reliability analysis and a 
statistical study of concrete properties.6

The first paragraph of section R9.3.4 of ACI 318-05 was 
eliminated. In section R9.4, it is clarified that the maxi-
mum specified yield strength of nonprestressed reinforce-
ment f

y
 in section 21.1.5 is 60,000 psi (420 MPa) in special 

moment frames and special structural walls.

Chapter 10: “Flexure  
and Axial Loads”

“For a compression member with a cross section larger than 
required by considerations of loading,” section 10.8.4 permits 
the minimum reinforcement to be based on a reduced effec-
tive area A

g
 not less than one-half the total area. ACI 318-05 

used to state that the provision does not apply in regions of 
high seismic risk. ACI 318-08 now states that this provision 
does “not apply to special moment frames or special structural 
walls designed in accordance with chapter 21.”

The most significant change in chapter 10 is a rewriting 
of sections 10.10 through 10.13 of ACI 318-05 into the 
new section 10.10, “Slenderness Effects in Compression 
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other structural members not exceed 40% of the moment 
due to first-order effects. Section 10.10.2.2 requires that 
second-order effects “be considered along the length of 
compression members.” This can be done using the non-
sway moment magnification procedure outlined in section 
10.10.6.

Section 10.10.4 on elastic second-order analysis includes 
new equations (10-8) and (10-9), which provide more-
refined values of EI considering axial load, eccentricity, 
reinforcement ratio, and concrete compressive strength, as 
presented in the two Khuntia and Ghosh ACI Structural 
Journal articles.7,8

Commentary section R10.13.8, “Tie Reinforcement around 
Structural Steel Core,” which was section R10.16.8 in ACI 
318-05, used to state:

Concrete that is laterally confined by tie bars is likely 
to be rather thin along at least one face of a steel core 
section. Therefore, complete interaction between the 
core, the concrete, and any longitudinal reinforcement 
should not be assumed. Concrete will probably separate 
from smooth faces of the steel core. To maintain the 
concrete around the structural steel core, it is reason-
able to require more lateral ties than needed for ordi-
nary reinforced concrete columns. Because of probable 
separation at high strains between the steel core and the 
concrete, longitudinal bars will be ineffective in stiffen-
ing cross sections even though they would be useful in 
sustaining compression forces.

This text has now been replaced with, “Research has 
shown that the required amount of tie reinforcement 
around the structural steel core is sufficient for the longi-

tudinal steel bars to be included in the flexural stiffness of 
the composite column.”9

Chapter 11: “Shear  
and Torsion”

The revisions to achieve a consistent treatment of light-
weight concrete throughout ACI 318 (see discussion 
of section 8.6 in “Significant Changes to ACI 318-08 
Relative to Precast/Prestressed Concrete: Part 1”10) have 
led to the deletion of section 11.2 of ACI 318-05. The 
revisions to ACI 318 also affect several of the equations 
in chapter 11. Those equations are found in sections 11.2, 
“Shear Strength Provided by Concrete for Nonprestressed 
Members”; 11.3, “Shear Strength Provided by Concrete 
for Prestressed Members”; 11.5.1, “Threshold Torsion”; 
11.5.2, “Calculation of Factored Torsional Moment”; 11.9, 
“Provisions for Walls”; and 11.11, “Provisions for Slabs 
and Footings”.

In addition, in section 11.6.4.3 (11.6 is the section on 
shear friction), λ = 0.85 for sand-lightweight concrete was 
changed to “Otherwise, λ shall be determined based on 
volumetric proportions of lightweight and normalweight 
aggregates as specified in [section] 8.6.1, but shall not 
exceed 0.85.” Although the equations in the sections noted 
previously have different appearances, there have not been 
any significant changes related to the shear strength of 
structural members made of lightweight concrete.

Significant changes were made to the list of members in sec-
tion 11.4.6.1 for which minimum shear reinforcement is not 
required where V

u
 exceeds 0.5V

c
. Solid slabs, footings, and 

joists are excluded from the minimum shear-reinforcement 

Figure 1. Stud rails are used as slab shear reinforcement. Photo courtesy of Decon U.S.A. Inc.



Specia l  Supplement  | PCI JournalS6

lines of headed shear stud reinforcement.”

Both the amount of shear assigned to the concrete V
c
 and 

the nominal shear strength V
n
 = V

c
 + V

s
 are permitted to be 

larger for headed stud assemblies than for other forms of 
slab or footing shear reinforcement at 3 fc

' b
o
d and  

8 fc
' b

o
d, respectively. Section 11.11.5.1 clarifies that in 

the calculation of V
d 
= A

v 
f
yd 

/s, A
v
 is equal to the “cross-sec-

tional area of all the shear reinforcement on one peripheral 
line that is approximately parallel to the perimeter of the 
column section, where s is the spacing of the peripheral 
lines of headed shear stud reinforcement.”

Commentary section R11.11.5.1 clarifies that “when there 
is unbalanced moment transfer, the design must be based 
on stresses. The maximum shear stress due to a combina-
tion of V

u
 and the fraction of unbalanced moment γ

v
M

u 

should not exceed v
n
, where v

n
 is taken as the sum of  

3λ fc
'  and A

v 
f
yt 

/(b
o
s).”

“The specified spacings between peripheral lines of shear 
reinforcement [Fig. 2] are justified by experiments.”18 
Commentary section R11.11.5.2 cautions that the “clear 
spacing between the heads of the studs should be adequate 
to permit placing of the flexural reinforcement.”

Chapter 12: “Development 
and Splices of 
Reinforcement”

A new section 12.1.3 was added. The section specifi-
cally calls designers’ attention to the structural-integrity 
requirements in section 7.13. There was concern within 
ACI Committee 318 that many designers were simply not 
aware of these requirements, though they have existed 
since the 1989 edition of ACI 318.

In all of the equations for development length of deformed 
bars and deformed wire in tension and compression, in 
sections 12.2.2 and 12.2.3, respectively, the lightweight-
aggregate factor λ was moved from the numerator to the 
denominator. At the same time, in section 12.2.4(d), λ = 
1.3 was replaced by “λ shall not exceed 0.75 unless f

ct 
is 

specified (see [section] 8.6.1).” All of this is consistent 
with the definition of λ in section 8.6 and is explained 
clearly in commentary section R12.2.4.

Before ACI 318-08, Eq. (12-2) for K
tr
 included the yield 

strength of the transverse reinforcement fyt. The current ex-
pression assumes that f

yt 
= 60 ksi (414 MPa) and includes 

only the area and the spacing of the transverse reinforce-
ment and the number of bars being developed or lap 
spliced. This is because tests have shown that transverse 
reinforcement rarely yields during bond failure.

By far the most significant change in chapter 12 is the 
introduction of section 12.6, “Development of Headed and 
Mechanically Anchored Deformed Bars in Tension.” The 

requirement because there is a “possibility of load sharing 
between weak and strong areas.” Section 11.4.6.1, under 
item (a), has now clarified that the slabs must be solid. Based 
on experimental evidence,11 a new limit on the depth of hol-
low-core units was established in item (b) of section 11.4.6.1.

“Research has shown that deep, lightly reinforced one-way 
slabs and beams, particularly if constructed with high-
strength concrete, or concrete with a small coarse aggre-
gate size, may fail at shear demands less than V

c
 computed 

using Eq. (11-3) especially when subjected to concentrated 
loads.”12–14 Because of this, “the exclusion for certain beam 
types in 11.4.6.1(e) is restricted to cases in which the total 
depth h does not exceed 24 in.”

Commentary section R11.4.6.1 further advises that “for 
beams where

 
f
c
'  is greater than 7000 psi, consideration 

should be given to providing minimum shear reinforcement 
when h is greater than 18 in. and V

u
 is greater than 0.5V

c
.” 

The new exception in item (f) in section 11.4.6.1 provides 
a design alternative to the use of shear reinforcement, as 
defined in section 11.4.1.1, for members with longitudinal 
flexural reinforcement in which

 
f
c
'  does not exceed 6000 

psi, h is not greater than 24 in., and V
u
 does not exceed  

2 fc
' b

w
d. Fiber-reinforced concrete beams with hooked 

or crimpled steel fibers in dosages greater than or equal to 
100 lb/yd3 (59 kg/m3) “have been shown through laborato-
ry tests to exhibit shear strengths larger than 3.5 fc

' b
w
d.”15 

Commentary section R11.4.6.1(f) points out that the use 
of steel fibers as shear reinforcement is not recommended 
when corrosion of fiber reinforcement is of concern.

In section 11.6.5, the upper limit on the nominal shear-fric-
tion strength V

n
 was significantly increased for both mono-

lithically placed concrete and concrete placed against inten-
tionally hardened concrete. Commentary section R11.6.5 
points out that the increase is justified in view of test data.16,17 
Section 11.6.5 now clarifies that if a lower-strength concrete 
is cast against a higher-strength concrete, the value of

 
f
c
'  

used to evaluate V
n
 must be the

 
f
c
'  for the lower-strength con-

crete. The increase in the upper limit on the nominal shear-
friction strength is also reflected in section 11.8.3.2.1 (part of 
section 11.8, “Provisions for Brackets and Corbels”).

One of the most significant changes in chapter 11 is the 
addition of code requirements to permit the use of headed 
stud assemblies as shear reinforcement in slabs and foot-
ings (section 11.11.5). “Using shear stud assemblies, as 
shear reinforcement in slabs and footings, requires specify-
ing the stud shank diameter, the spacing of the studs, and 
the height of the assemblies for the particular applications” 
(Fig. 1). Tests18 have shown that “vertical studs mechani-
cally anchored as close as possible to the top and bottom of 
slabs are effective in resisting punching shear. . . . Com-
pared with a leg of a stirrup having bends at the ends, a stud 
head exhibits smaller slip, and thus results in smaller shear 
crack widths. The improved performance results in larger 
limits for shear strength and spacing between peripheral 
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bearing strength provisions of [section] 10.4.19,20 Appendix 
D contains provisions for headed anchors related to the 
individual failure modes of concrete breakout, side-face 
blowout, and pullout, all of which were considered in the 
formulation of [section] 12.6.2. The restriction that the 
concrete must be normalweight, the maximum bar size of 
no. 11, and the upper limit of 60,000 psi on f

y
 are based on 

test data.21

Commentary Fig. R12.6(a) shows the length of headed 
deformed bar l

dt
 measured from the critical section to the 

bearing face of the head, which is given in section 12.6.2 
for developing headed deformed bars.

use of headed deformed bars is attractive as an alternative 
to hooked bar anchorages in regions where reinforcement 
is heavily congested.

The term development, as used in section 12.6, indicates 
that “the force in the bar is transferred to the concrete 
through a combination of a bearing force at the head and 
bond forces along the bar.” The term anchorage, as used in 
section 12.6, indicates that “the force in a bar is transferred 
to the concrete through bearing of the head alone.”

Commentary section R12.6 states that the “provisions for 
headed deformed bars were written with due consideration 
of the provisions for anchorage in Appendix D and the 

Figure 2. Typical arrangements are shown for headed shear-stud reinforcement and critical sections. Reproduced with permission from ACI 318-08 Figure R11.11.5.
Fig. R11.11.5—Typical arrangements of headed shear stud reinforcement and critical sections. 
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from the face of the column that is equal to the thickness 
of the projection below the slab soffit.”

In section 13.3, what used to be called special reinforce-
ment is now called corner reinforcement. Corner reinforce-
ment is now required “at exterior corners of slabs support-
ed by edge walls or where one or more edge beams have a 
value of α

f
 greater than 1.0.”

New, useful commentary is provided in section R13.3.6. 
In section 13.3.8.5, column core was replaced by region 
bounded by the longitudinal reinforcement of the column.

Section 13.5.3.3 on transfer of unbalanced moments to col-
umns was editorially rewritten for clarity. Two substantive 
changes have also been made. The limit of 37.5% of the 
balanced steel ratio on the amount of reinforcement within 
the effective slab width was updated to refer to a minimum 
net tensile strain of 0.010 to be consistent with the unified 
design approach, and the requirement for the minimum net 
tensile strain was eliminated for moment transfer about 
the slab edge for edge and corner connections based on the 
original recommendation from ACI Committee 352.

New commentary section R13.6.7 explains the moment re-
distribution of up to 10% that is permitted to occur in slabs 
that are analyzed using the direct design method.

Chapter 14: “Walls”

Section 14.3.7 used to read, “In addition to the minimum 
reinforcement required by 14.3.1, not less than two no. 
5 bars shall be provided around all window and door 
openings. Such bars shall be extended to develop the bar 
beyond the corner of the openings but not less than 24 in.”

The section now reads, “In addition to the minimum rein-
forcement required by 14.3.1, not less than two no. 5 bars 
in walls having two layers of reinforcement in both direc-
tions and one no. 5 bar in walls having a single layer of 
reinforcement in both directions shall be provided around 
window, door, and similar sized openings. Such bars shall 
be anchored to develop f

y
 in tension at the corners of the 

openings.”

Section 14.8, “Alternative Design of Slender Walls,” was 
introduced in the 1999 edition of ACI 318, and the provi-
sions are based on similar provisions in the Uniform Build-
ing Code (UBC),22 which in turn are based on experimen-
tal research.23 Changes were made in the 2008 edition to 
reduce differences in the serviceability provisions between 
ACI 318 and the UBC to ensure that the intent of the UBC 
provisions is included in future editions of the IBC.

Before the 2008 edition, under section 14.8.3, the effec-
tive area of longitudinal reinforcement in a slender wall 
for obtaining an approximate cracked moment of inertia 
was calculated using an effective area of tension reinforce-

“For bars in tension, heads allow the bars to be developed 
in a shorter length than required for standard hooks.19–21 
The minimum limits on clear cover, clear spacing, and 
head size are based on the lower limits on these param-
eters used in the tests to establish the expression for l

dt
 in 

[section] 12.6.2. … Headed bars with A
brg

 < 4A
b
 have been 

used in practice, but their performance may not be accu-
rately represented by the provisions of [section] 12.6.2.” 
Headed bars may be used only in compliance with the 
requirements of section 12.6.4.

“A factor of 1.2 is consistently used for epoxy-coated 
headed reinforcing bars, the same value as used for epoxy-
coated standard hooks.” The upper limit of 6000 psi on 
the value of

 
f
c
'  in section 12.6.2 is based on the concrete 

strengths used in the Texas tests.19–21

“Because transverse reinforcement was shown to be largely 
ineffective in improving the anchorage of headed deformed 
bars, additional reductions in development length … are 
not used for headed deformed reinforcing bars.” The sole 
exception to this is a reduction for excess reinforcement.

Commentary section R12.6 indicates that where longitudi-
nal headed deformed bars from a beam or slab terminate at 
a column or other supporting member, as shown in Figure 
R12.6(b), “the bars should extend through the joint to the 
far face of the supporting member, allowing for cover and 
avoiding interference with column reinforcement, even 
though the resulting anchorage length exceeds l

dt
.” Ex-

tending the bar to the far face of the supporting member 
improves the performance of the joint.

Section 12.6.3 requires that heads “not be considered effec-
tive in developing bars in compression” because there are 
no available test data demonstrating that “the use of heads 
adds significantly to anchorage strength in compression.”

In section 12.8, Eq. (12-3) for the development length of 
plain welded-wire reinforcement in tension now shows the 
lightweight-aggregate factor λ in a position that is consis-
tent with its definition in section 8.6. In section 12.13, the 
expression for the embedment length of web reinforce-
ment between the midheight of a member and outside end 
of the hook now contains λ. In section 12.15, “Splices of 
Deformed Bars and Deformed Wire in Tension,” section 
12.15.3 was added. The section states that “when bars of 
different size are lap spliced in tension, splice length shall 
be the larger of l

d
 of larger bar and tension lap splice length 

of smaller bar.”

Chapter 13: “Two-Way Slab 
Systems”

Section 13.2.6 has also been added. This section states 
that “when used to increase the critical concrete section 
for shear at a slab-column joint, a shear cap shall project 
below the slab and extend a minimum horizontal distance 
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Chapter 17: “Composite 
Concrete Flexural Members”

No change was made to this chapter.

Chapter 18: “Prestressed 
Concrete”

One important change in section 18.4.1 permits an increase 
in the allowable concrete compressive stress immediately 
after prestress transfer at the ends of pretensioned, simply 
supported members from 0.60

 
f
ci
'  to 0.70

 
f
ci
' . This change 

was made based on research results and common practice 
in the precast/prestressed concrete industry. The remainder 
of section 18.4.1 was editorially rewritten.

Section 18.8.2 on minimum flexural reinforcement was 
editorially rewritten.

A sentence added to commentary section R18.8.2 points 
out that the requirement of section 18.8.2 does not apply to 
members with unbonded tendons because the “transfer of 
force between the concrete and the prestressing steel, and 
abrupt flexural failure immediately after cracking, does not 
occur when prestressing steel is unbonded.”24

Changes were made in section 18.10.4 on redistribution 
of moments in continuous prestressed flexural members, 
which are very similar to the corresponding changes made 
in section 8.4 on redistribution of moments in continuous 
nonprestressed flexural members.

Section 18.12.4 provides “specific guidance concern-
ing tendon distribution that will permit the use of banded 
tendon distributions in one direction. . . . The minimum 
average effective prestress of 125 psi was used in two-way 
test panels in the early 1970s to address punching shear 
concerns in lightly reinforced slabs.”

A sentence was added to clearly indicate that if the slab 
thickness varies along or perpendicular to the span of a 
slab “resulting in a varying slab cross section, the 125 psi 
minimum effective prestress and the maximum tendon 
spacing are required at every cross section tributary to the 
tendon or group of tendons along the span, considering 
both the thinner and the thicker slab sections.”

There are significant modifications of the requirements 
for structural integrity steel in two-way, unbonded, post-
tensioned slab systems, previously in section 18.12.4, now 
in sections 18.12.6 and 18.12.7.

Section 18.12.6 requires that “in slabs with unbonded 
tendons, a minimum of two ½-in. diameter or larger, sev-
en-wire post-tensioned strands shall be provided in each 
direction at columns, either passing through or anchored 
within the region bounded by the longitudinal reinforce-
ment of the column.” Such reinforcement provided at 

ment defined by Eq. (14-7) without the h/2d modifier. The 
contribution of the axial load to the cracked moment of 
inertia was overestimated in many cases where two layers 
of reinforcement were used in a slender wall. The effective 
area of longitudinal reinforcement was modified in 2008 
by introducing the h/2d modifier. “The neutral axis depth c 
in Eq. (14-7) corresponds to this effective area of longitu-
dinal reinforcement.”

Section 14.8.4 has undergone significant changes. Prior to 
this edition, out-of-plane deflections of wall panels were 
calculated using the effective moment of inertia given in 
section 9.5.2.3. “However, reevaluation of the original 
test data23 indicated that out-of-plane deflections increase 
rapidly when the service-level moment exceeds 2/3M

cr
. A 

linear interpolation between ∆
cr
 [given by Eq. (14-10)] and 

∆
n
 [given by equation (14-11)] is used to determine ∆

s
 to 

simplify the design of slender walls” if the maximum mo-
ment in member due to service loads M

a
 exceeds 2/3M

cr
.

Commentary section R14.8.4 states that “service-level load 
combinations are not defined in Chapter 9 of ACI 318.” 
However, they are discussed in appendix C of ASCE/SEI 
7-05, although, unlike ACI 318, “appendixes to ASCE/SEI 
7 are not considered to be mandatory parts of the stan-
dard.” Appendix C of ASCE 7-05 recommends the follow-
ing load combination for calculating service-level lateral 
deflections of structures:

D + 0.5L + 0.7W

“which corresponds to a 5% annual probability of ex-
ceedance.”

According to section R14.8.4, “if a slender wall is designed 
to resist earthquake effects, E, and E is based on strength-
level seismic forces,” a conservative estimate of service-
level seismic forces is 0.7E.

Chapter 15: “Footings”

An important new section 15.10.4 was added, stating 
unequivocally that the minimum reinforcing steel in non-
prestressed mat foundations shall meet the requirements of 
section 7.12.2 in each principal direction and that the maxi-
mum spacing shall not exceed 18 in. The new commentary 
section R15.10.4 also supplies important clarification. It 
states that “minimum reinforcing steel may be distributed 
near the top or bottom of the section, or may be allocated 
between the two faces of the section as deemed appropriate 
for specific conditions, such that the total area of continu-
ous reinforcing steel satisfies [section] 7.12.2.”

Chapter 16: “Precast 
Concrete”

No substantive changes were made to this chapter.
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The test load intensity in section 20.3.2 of ACI 318-05, 
0.85 (1.4D + 1.7L), was not changed when the ASCE/SEI 
7 load combinations were brought into the main body of 
ACI 318-02 because Committee 318 did not want to re-
duce the fundamental level of structural safety. However, 
the ACI 318-05 format was confusing to practitioners be-
cause it appeared to refer only to the traditional ACI load 
combinations, which are now in appendix C. Also, test 
load combinations including snow and rain loads were not 
provided. To correct these deficiencies without substan-
tially changing the test load intensity, the required test load 
intensity was revised to be not less than the largest value 
given by three different load combinations.
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“are prevented from bursting through the top surface of 
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two structural integrity tendons are required to pass under 
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orthogonal tendons.
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Chapter 20: “Strength 
Evaluation of Existing 
Structures”
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enced section 5.6.5 for determining concrete strength from 
cores when evaluating the strength of an existing structure. 
However, section 5.6.5 was developed for investigating 
low-strength test results, not evaluating the strength of 
existing structures. ACI Committee 214 has developed 
procedures for estimating an equivalent

 
f
c
'  from core test 

data. The requirements of section 20.2.3 were changed to 
require an estimate of an equivalent

 
f
c
'  and the commentary 

references the ACI 214.4R-03 methods.26
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α
f
	 = �ratio of flexural stiffness of beam section to flexural 

stiffness of a width of slab bounded laterally by 
centerlines of adjacent panes (if any) on each side of 
the beam

γ
v
	 = �factor used to determine the unbalanced moment 

transferred by eccentricity of shear at slab-column 
connections

∆
cr
	 = �computed out-of-plane deflection at midheight of 

wall corresponding to cracking moment

∆
n
	 = �computed out-of-plane deflection at midheight of 

wall corresponding to nominal flexural strength

∆
s
 	 = �computed out-of-plane deflection at midheight of 

wall due to service loads

λ 	 = �modification factor reflecting the reduced mechani-
cal properties of lightweight concrete

µ	 = coefficient of friction

φ	 = strength-reduction factor

v
n
	� = nominal shear-stress capacity 

 
= 3λ

 
f
c

'  + A
v 
f
yt 

/(b
o
s)

 
f
c
' 	= specified compressive strength of concrete

 
f
ci
' 	= �specified compressive strength of concrete at time of 

initial prestress

h	 = overall thickness or height of member

I	 = moment of inertia of section about centroidal axis

k	 = effective length factor for compression members

K
tr
	 = transverse reinforcement index

l
d
 	 = �development length in tension of deformed bar, 

deformed wire, plain and deformed welded-wire 
reinforcement, or pretensioned strand

l
dt
	 = �development length in tension of headed deformed 

bar, measured from the critical section to the bearing 
face of the head

l
u
	 = unsupported length of compression member

L	 = live loads or related internal moments and forces

M
1
	 = �smaller factored end moment on a compression 

member

M
2
	 = �larger factored end moment on a compression  

member

M
a
	 = maximum moment in member due to service loads

M
cr
	= cracking moment

M
u	

= factored moment at section

r	 = �radius of gyration of cross section of a compression 
member

s	 = �center-to-center spacing of items, for example, 
spacing of the peripheral lines of headed shear-stud 
reinforcement

V
c
	 = �nominal shear strength provided by concrete

V
d
	 = shear force at section due to unfactored dead load

V
n
	 = nominal shear strength

V
s
	 = �nominal shear strength provided by shear  

reinforcement

V
u
	 = factored shear force at section
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Significant changes have been made since American 
Concrete Institute (ACI) Committee 318 published the 
2005 Building Code Requirements for Structural Con-
crete (ACI 318-05) and Commentary (ACI 318R-05).1 
The changes in the new 2008 edition2 are summarized 
in this series of papers.

The intent of this series of articles is to provide a sum-
mary of significant changes that affect conventionally 
reinforced concrete, precast concrete, and prestressed 
concrete (including post-tensioned concrete). This in-
formation should be useful to building officials, design 
engineers, practitioners, and the academic community. 
Changes to chapters 1 through 8 of ACI 318-08 were 
discussed in part 1 of this article series, published as 
a member supplement to the March–April 2008 issue 
of the PCI Journal. Changes to chapters 9 through 20 
were discussed in part 2 of this article series, published 
in a supplement to the May–June 2008 issue of the PCI 
Journal. Changes to chapter 21 are discussed in this 
part 3 of the article series. Changes to the appendices 
will be discussed in a separate article, which will appear 
in a subsequent issue of the PCI Journal.

Editor’s quick points

n  This part 3 of three papers describes the changes from the 2005 
edition to the 2008 edition of ACI 318, Building Code Requirements for 
Structural Concrete and Commentary, for chapter 21.

n  ACI 318 underwent a major revision with this version.

n  Changes to the appendices will follow in a separate article in a subse-
quent issue of the PCI Journal.

Letter to the Editor

Exposure class assignments
In “Significant Changes to ACI 318-08 Relative to Precast/Prestressed Concrete: Part 1” in the supplement to the 

March–April 2008 issue of the PCI Journal, S. K. Ghosh provided a nice summary of significant changes to chapters 1 
through 8 of Building Code Requirements for Structural Concrete (ACI 318-05) and Commentary (ACI 318R-05).

I would like to add a comment. In my view, one of the more significant changes in chapter 4 of ACI 318-08 is the 
statement in section 4.2.1 that “The licensed design professional shall assign exposure classes based on the severity of the 
anticipated exposure of structural concrete members for each exposure category according to Table 4.2.1.”

This statement explicitly requires the licensed design professional to consider and assign exposure classes for the struc-
ture in accordance with the new format for durability provisions. This change may be of interest to your members.

Anthony E. Fiorato
Senior consultant
CTLGroup
Skokie, Ill.

Significant changes to  
ACI 318-08 relative to  
precast/prestressed  

concrete: Part 3
S. K. Ghosh
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But then the model building codes started triggering seismic 
detailing requirements by seismic performance categories, 
which were a function of the seismic hazard at the site and 
the occupancy of the structure. The IBC3 now triggers seismic 
detailing requirements by seismic design categories (SDCs) 
that are additionally functions of the soil characteristics at the 
site. Thus, in recent times, ACI 318 has used the awkward 
language: “in regions of low seismic risk or for structures as-
signed to low seismic performance or design categories,” “in 
regions of moderate seismic risk or for structures assigned to 
intermediate seismic performance or design categories,” and 
“in regions of high seismic risk or for structures assigned to 
high seismic performance or design categories.”

ACI 318-08 has dropped this cumbersome language. Instead, 
SDCs are now used directly in section 1.1.9, “Provisions for 
Earthquake Resistance,” section 21.1.1, “Scope,” and else-
where. This is a significant positive development. Because 
the IBC will no longer have to provide an interface between 
the SDC and the regions of low, moderate, and high seismic 
risk of ACI 318, it will be possible to eliminate unnecessary 
amendments to ACI 318 requirements.

More logical organization

In ACI 318-05, design and detailing requirements for struc-
tures assigned to SDC A and B were located in chapters 1 
through 18. Additional detailing requirements for structures 
assigned to SDC C were given in sections 21.12 and 21.13, 
and those for structures assigned to SDCs D, E, and F were 
given in sections 21.2.2 through 21.2.8 and 21.3 through 
21.10. This was obviously not the most logical arrangement.

In ACI 318-08, seismic detailing requirements have been or-
ganized in the order of ascending SDCs. Chapter 21 starts with 
two new provisions for SDC B structures and the provisions for 
SDC C structures (commonly referred to as intermediate detail-
ing) follow. Appearing last in chapter 21 are the provisions for 
SDC D, E, and F structures (commonly referred to as special 
detailing). Table 1 shows the section number changes that have 
resulted in chapter 21 from ACI 318-05 to 318-08.

Deliberate use of special

A primary use of the term special in chapter 21 is to define 
structural systems in which the proportions and details make 
them suitable as primary lateral-force-resisting systems of 
structures assigned to high SDCs. However, the term special 
was also used throughout chapter 21 for other purposes, some-
times leading to confusion in code usage. Any unnecessary or 
confusing use of the term special has now been removed from 
all of chapter 21, as well as from a few locations in chapter 1 
that refer to seismic design requirements.

Retention of the term special transverse reinforcement, which 
refers to the confinement reinforcement within the region of 

ACI 318-08 will be the reference document for 
concrete design and construction in the 2009 edi-
tion of the International Building Code (IBC),3 
which will continue to reference ASCE 7-05.4

All section and chapter numbers used in this paper 
refer to those of ACI 318-08 unless otherwise noted.

Overall changes to  
chapter 21: “Earthquake-
Resistant Structures”

A number of overall changes have been made to 
chapter 21.

Title

The title of the chapter has changed from “Special 
Provisions for Seismic Design” to “Earthquake-
Resistant Structures.”

Notation

In previous editions of ACI 318, the format was to 
have all definitions in chapter 2, with the excep-
tion of chapter 21, which in ACI 318-05 contained 
definitions. Having definitions in two places is 
undesirable because there can be problems in 
updating the definitions consistently. Alternatively, 
having definitions in chapter 21 but not chapter 2 
can create difficulties locating definitions. Thus, all 
definitions have been transferred from chapter 21 
to chapter 2. In addition to the transfer, a few of the 
definitions have been modified.

Detailing requirements  
by seismic design category

ACI Committee 318 originally developed seismic 
design provisions for regions of high seismic risk. 
The design provisions were placed in appendix A 
in earlier versions of ACI 318 and subsequently 
in chapter 21. Provisions for regions of moderate 
seismic risk were added later.

It has always been understood among the users of 
ACI 318 that the body of the document, excluding 
chapter 21, provides design and detailing require-
ments for regions of low seismic risk. As long as 
the model building codes divided the United States 
into Seismic Zones 0 through 4, and seismic detail-
ing requirements were triggered by seismic zones, 
it was relatively easy for the practicing engineer 
to correlate the regions of low, moderate, and high 
seismic risk of ACI 318 with the Seismic Zones 0 
through 4 of the model codes. 
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specifically prohibits such use in members resisting 
earthquake-induced forces in structures assigned to 
SDC D, E, or F. This was largely a result of some 
misgiving that high-strength spiral reinforcement 
might be less ductile than conventional mild rein-
forcement and that spiral failure has been observed 
in earthquakes.

There are fairly convincing arguments, however, 
against such specific prohibition. Spiral failure, 
primarily observed in bridge columns, has invariably 
been the result of insufficient spiral reinforcement. 
Also, prestressing steel, which is primarily the high-
strength steel available on the U.S. market, is at least 
as ductile as welded-wire reinforcement, which is 
allowed to be used as transverse reinforcement.

Under 2006 IBC section 1908.1.5, the applicability 
of the ACI 318-05 restriction “The value of f

yt
 for 

transverse reinforcement including spiral reinforce-
ment shall not exceed 60,000 psi” is narrowed by 
the clause “for computing shear strength” in front 
of the requirement.

Two of the functions of transverse reinforcement in 
a reinforcement concrete member are to confine the 
concrete and to act as shear reinforcement. There 
has been enough testing of columns6–8 with high-
strength confinement reinforcement ( f

yt
 ranging 

up to 120 ksi [830 MPa] and beyond) to show that 

potential plastic hinging at the ends of special-moment-frame 
columns, was considered. However, following an ACI 318 
ballot, this was dropped from further consideration.

Specific changes to chapter 21

More-specific changes to chapter 21 are large in number.

Removal of commentary sentence

When the committee was removing the word special, it was 
noted that the 2003 National Earthquake Hazards Reduction 
Program (NEHRP) provisions5 and ASCE 7-054 now include 
intermediate precast concrete walls. So the no-longer-relevant 
commentary sentence, “Although new provisions are provided 
in 21.13 for design of intermediate precast structural walls, gen-
eral building codes that address seismic performance or design 
categories do not include intermediate structural walls,” was 
struck from ACI 318-08 commentary section R21.1.1 (previ-
ously ACI 318-05 commentary section R21.2.1).

High-strength transverse  
reinforcement 

Section 21.2.5 of ACI 318-05 introduced a sentence that 
limits the yield strength of transverse reinforcement, includ-
ing spirals, to 60,000 psi (42 MPa). The added sentence was 
part of a change that modified ACI 318-02 sections 9.4 and 
10.9.3 to allow the use of spiral reinforcement with specified 
yield strength up to 100 ksi (690 MPa). The added sentence 

Table 1. ACI 318-05 and the corresponding ACI 318-08 chapter 21 section numbers

ACI 318-08 section numbers ACI 318-05 section numbers

All definitions have moved to chapter 2 21.1 Definitions

21.1 General Requirements 21.2 Same title

21.2 Ordinary Moment Frames Not included

21.3 Intermediate Moment Frames 21.12 Requirements for Intermediate Moment Frames

21.4 Intermediate Precast Structural Walls 21.13 Same title

21.5 Flexural Members of Special Moment Frames 21.3 Same title

21.6 �Special Moment-Frame Members Subjected to Bending and  
Axial Load

21.4 Same title

21.7 Joints of Special Moment Frames 21.5 Same title

21.8 Special Moment Frames Constructed Using Precast Concrete 21.6 Same title

21.9 Special Structural Walls and Coupling Beams 21.7 Special Reinforced Concrete Structural Walls and Coupling Beams

21.10 Special Structural Walls Constructed Using Precast Concrete 21.8 Same title

21.11 Structural Diaphragms and Trusses 21.9 Same title

21.12 Foundations 21.10 Same title

21.13 �Members Not Designated as Part of the Seismic-Force-Resisting 
System

21.11 �Members Not Designed as Part of the Lateral-Force-Resisting 
System



“In structures assigned to SDC B, flexural member of or-•	
dinary moment frames forming part of the seismic force-
resisting system shall have at least two main flexural 
reinforcing bars continuously top and bottom throughout 
the beams through or developed within exterior columns 
or boundary elements.”

“In structures assigned to SDC B, columns of ordinary •	
moment frames having a clear height-to-maximum-plan-
dimension ratio of five or less shall be designed for shear 
in accordance with ACI 318-05 section 21.12.3 (ACI 
318-08 section 21.3.3).”

Intermediate moment frames

There are important changes in section 21.3, “Intermediate 
Moment Frames.” Intermediate moment frames include beam-
column as well as slab-column moment frames. When the re-
quirements for intermediate moment frames were introduced 
in ACI 318-83, shear design requirements for beam-column 
and slab-column frames were grouped (section 21.12.3 of ACI 
318-05). However, it was never intended that nominal shear 
stresses due to shear and moment transfer in two-way slab-
column frames be treated the same as beam shear in beam-
column frames or one-way shear in two-way slabs, though the 
provisions appear to indicate such. The provisions of former 
section 21.12.3 constrained slab-column designs in a way that 
was not intended and that was not supported by observations 
in laboratory tests.

Analyses of laboratory tests14 indicate that the ductility or in-
elastic deformability of slab-column framing is better judged on 
the basis of the level of gravity shear stress and the presence of 
slab shear reinforcement. This has been recognized for gravity 
framing of buildings assigned to high SDCs (section 21.13.6) 
and slab-column intermediate frames (section 21.3.6.8).

The purpose of a significant change to section 21.3.6.8 was 
to clarify that the nominal shear stresses due to shear and 
moment transfer in two-way slabs do not need to satisfy 
the requirements of section 21.3.3, but instead only need to 
satisfy the requirements of section 21.3.6.8. In addition, sec-
tion 21.3.6.8 was modified to make it more consistent with 
current understanding of the relationship between earthquake 
demands and strengths, as reflected in section 21.13.6. ACI 
318-05 permitted the value of eccentric shear stress to reach 
v

n 
for design load combinations including E, as long as the 

contribution of E does not exceed 0.5v
n
. Considering that E 

was the linear earthquake action divided by a force-reduction 
factor R, ACI 318-05 was believed to permit unsafe levels of 
nominal shear stresses.

A modification has eliminated this provision in ACI 318-08 and 
has replaced it with a more rational one. Specifically, in section 
21.3.6.8 (formerly section 21.12.6.8), the second sentence has 
been changed from “It shall be permitted to waive this require-
ment if the contribution of the earthquake-induced factored 

there is no detriment to such use. The 2006 IBC, 
therefore, uses the ACI 318-05 upper limit on the 
yield strength of transverse reinforcement solely to 
limit the width of possible shear cracks to accept-
able levels. This does not preclude the use of high-
strength transverse reinforcement for confining the 
core of a concrete member.

During discussion of this item within ACI 318 
Subcommittee H, Budek9 introduced research 
results that showed equivalent shear and confine-
ment performance of 18-in.-diameter columns with 
transverse reinforcement having roughly 200 ksi 
(1380 MPa) yield strength.

Section 21.1.5.4 of ACI 318-08 now states, “The 
value of f

yt
 used to compute the amount of confine-

ment reinforcement shall not exceed 100,000 psi.”

Section 21.5.5.5 of ACI 318-08 now states, “The 
value of f

y
 or f

yt
 used in design of shear reinforce-

ment shall conform to 11.4.2.”

Section 11.4.2 reads, “The values of f
y
 and f

yt
 used 

in design of shear reinforcement shall not exceed 
60,000 psi, except the value shall not exceed 80,000 
psi for welded deformed wire reinforcement.”

Thus, unlike the 2006 IBC, ACI 318-08 imposes 
an upper limit of 100 ksi (690 MPa) on the yield 
strength of high-strength confinement reinforce-
ment in members resisting earthquake-induced forc-
es in structures assigned to SDC D, E, or F. Also, 
ACI 318-08 requires such transverse reinforcement 
to conform to ASTM A1035.10 Section 3.5.3.1 
requires deformed reinforcing bars to conform to 
ASTM A61511 (carbon steel), ASTM A70612 (low-
alloy steel), and ASTM A95513 (stainless steel).

Ordinary moment frames

Section 21.2, for the first time, contains specific 
detailing requirements for ordinary moment frames 
in buildings assigned to SDC B.

Both SDC A and SDC B fall under the old desig-
nation of low seismic risk. Structures assigned to 
SDC A are required to satisfy chapters 1 through 
18 and chapter 22 of ACI 318. Frames in buildings 
assigned to SDC A are required in both the 2003 
NEHRP provisions5 and ASCE 7-054 to satisfy ad-
ditional requirements. The additional requirements 
of ASCE 7-05 are: 

S5PCI Journal | Specia l  Supplement
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two-way shear stress transferred by eccentricity of shear in ac-
cordance with 11.12.6.1 and 11.12.6.2 at the point of maximum 
stress does not exceed one-half of the stress v

n 
permitted by 

11.12.6.2” to “It shall be permitted to waive this requirement if 
the slab design satisfies requirements of 21.13.6.”

Columns supporting discontinued  
shear walls

Discontinuous shear walls and other stiff members can impose 
large axial forces on supporting columns during earthquakes. 
Section 21.4.4.5 of ACI 318-05 already contained transverse 
reinforcement requirements for such columns in order to 
improve column toughness under anticipated demands. The 
requirements are triggered when “the factored axial compres-
sive force in these members, related to earthquake effect, 
exceeds Ag fc

' /10.” The same requirements continue in sec-
tion 21.6.4.6 of ACI 318-08. However, the trigger has been 
adjusted by adding the following sentence: “Where design 
forces have been magnified to account for the overstrength of 
the vertical elements of the seismic-force-resisting system, the 
limit of A

g fc
' /10 shall be changed to A

g fc
' /4.”

While section 21.6.4.6 applies to columns of special moment 
frames, ACI 318-08 has added corresponding requirements 
for columns of intermediate moment frames. Section 21.3.5.6 
requires the following:

Columns supporting reactions from discontinuous stiff 
members, such as walls, shall be provided with transverse 
reinforcement at the spacing, s

0
, as defined in 21.3.5.2 over 

the full height beneath the level at which the discontinuity 
occurs if the portion of factored axial compressive force in 
these members related to earthquake effects exceeds A

g fc
'

/10. Where design forces have been magnified to account 
for the overstrength of the vertical elements of the seismic-
force-resisting system, the limit A

g fc
' /10 shall be increased 

to A
g fc

' /4. This transverse reinforcement shall extend 
above and below the columns as required in 21.6.4.6(b).

It should be noted that the confinement that section 21.3.5.6 
requires is considerably less than that required by section 
21.6.4.6. Also, the 2006 IBC section 1908.1.12 modifies ACI 
318-05 section 21.12.5 to introduce a provision similar to that 
of ACI 318-08 section 21.3.5.6.

Beams and joints  
of special moment frames

Changes have been made to sections 21.5, “Flexural Members 
of Special Moment Frames,” and 21.7, “Joints of Special Mo-
ment Frames,” to clarify maximum beam width, joint confine-
ment requirements, and design rules for joints having beam 
stubs extending a short distance past the joint.

Recent research15 has shown that the effective beam width is 
more closely related to the depth of the column than it is to 

the depth of the beam. A recommendation based on 
the column widths and beam widths tested to date 
has been adopted.

Research16 has also indicated that extensions of 
beams (beam stubs) that project a short distance past 
the joint can also be considered as confining members 
to joints if they extend at least one effective depth 
beyond the joint face and meet the dimensional and 
reinforcment requirements for full flexural members. 
A change has been made to recognize this effect.

Section 21.5.1.4 now reads, “Width of member, b
w
, 

shall not exceed width of supporting member, c
2
, 

plus a distance on each side of supporting member 
equal to the smaller of (a) and (b):

(a) width of supporting member, c
2
, and

(b) 0.75 times the overall dimension of sup-
porting member, c

1
.”

It used to read, “plus distances on each side of sup-
porting member not exceeding three fourths of the 
depth of flexural member.”

Sections 21.7.3.1, 21.7.3.2, and 21.7.3.3 on trans-
verse reinforcement within beam-column joints 
of special moment frames have been rewritten for 
added clarity. Section 21.7.3.3, in particular, repre-
sents a major improvement.

It used to read, “Transverse reinforcement as required 
by 21.4.4 [now 21.6.4] shall be provided through the 
joint to provide confinement for longitudinal beam 
reinforcement outside the column core if such confine-
ment is not provided by a beam framing into the joint.”

It now reads, “Longitudinal beam reinforcement out-
side the column core shall be confined by transverse 
reinforcement passing through the column that satis-
fies spacing requirements of 21.5.3.2, and require-
ments of 21.5.3.3 and 21.5.3.6, if such confinement 
is not provided by a beam framing into the joint.”

An example of transverse reinforcement through 
the column provided to confine the beam reinforce-
ment passing outside the column core is now shown 
in Fig. R21.5.1. This figure is a welcome addition 
(Fig. 1).

Finally, the following text has been added to sec-
tion 21.7.4.1: “Extensions of beams at least one 
overall beam thickness h beyond the joint face are 
permitted to be considered as confining mem-
bers. Extensions of beams shall satisfy 21.5.1.3, 
21.5.2.1, 21.5.3.2, 21.5.3.3, and 21.5.3.6.”
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of forces to collector elements and to the vertical 
elements of the lateral-force-resisting system.

21.11.3.2—Elements of a structural diaphragm 
system that are subjected primarily to axial 
forces and used to transfer diaphragm shear 
or flexural forces around openings or other 
discontinuities, shall comply with the require-
ments for collectors in 21.11.7.5 and 21.11.7.6.

Any reference to continuous load path has been 
eliminated from section 21.11.4, “Cast-in-Place 
Composite-Topping Slab Diaphragm,” because the 
topic is now covered in section 21.11.3.

Section 21.11.7.2 has been changed for clarity to 
“Bonded tendons used as reinforcement to resist col-
lector forces or diaphragm shear or flexural tension.”

Section 21.11.7.3 now reads, “All reinforcement 
used to resist collector forces, diaphragm shear, or 
flexural tension.”

References to structural truss elements, struts, ties, 
and diaphragm chords have been eliminated from 
section 21.11.7.5.

The former sections 21.9.8.1 and 21.9.8.2 have 
now been replaced by section 21.11.8, “Flexural 
Strength,” which reads, “Diaphragms and por-
tions of diaphragms shall be designed for flexure 
in accordance with 10.2 and 10.3 except that the 
nonlinear distribution of strain requirements of 
10.2.2 for deep beams need not apply. The effects 
of openings shall be considered.”

This is an important change because flexure is no 
longer supposed to be resisted by the boundary ele-
ment reinforcement only, as was implied by earlier 
editions of ACI 318.

A new commentary section R21.10.3 has also been added.

Structural diaphragms and trusses

Terminology and design requirements for diaphragms and 
trusses have been updated through changes in sections 
21.1, “Definitions,” and 21.11, “Structural Diaphragms and 
Trusses.” ACI 318-05 sections 21.9.2 and 21.9.3, as written, 
implied that a complete transfer of forces was required only 
for composite-topping slab diaphragms, not for noncomposite 
diaphragms. A new section, 21.11.3, has been added to clarify 
that this is required for all diaphragms. Structural trusses are 
separated from diaphragms because requirements differ and 
separating them clarifies the requirements.

In sections 21.1, in the definition of boundary elements, any 
reference to diaphragms has been eliminated. Boundary ele-
ments are now for structural walls only.

The definition of collector element has been revised to “Ele-
ment that acts in axial tension or compression to transmit 
seismic forces within a structural diaphragm or between a 
structural diaphragm and a vertical element of the lateral-
force-resisting system.”

The definition of structural diaphragm has been revised to 
clarify that it transmits forces to “the vertical elements of the 
lateral-force-resisting system,” rather than to “lateral-force-
resisting members.”

The definitions of strut and tie elements have been deleted. 
Section 21.11.2, “Design Forces,” which is new in ACI 318-08, 
reads, “The earthquake design forces for structural diaphragms 
shall be obtained from the legally adopted general building 
code using the applicable provisions and load combinations.”

New section 21.11.3, “Seismic Load Path,” reads:

21.11.3.1—All diaphragms and their connections shall be 
proportioned and detailed to provide for a complete transfer 

Table 4. Coupling beam detailing requirements of ACI 318-05

ACI 318-05 section

21.7.7.1 21.7.7.2 21.7.7.3

Conditions (ln /h) > 4, no limit on Vu (ln /h) < 4, no limit on Vu (ln /h) < 2 and Vu > 4
 

fc
' Acw

Conventional reinforcement per 
ACI 318-05 section 21.3

Required Not mentioned Not permitted

Diagonal reinforcement per  
ACI 318-05 section 21.7.7.4

Not permitted Permitted Required

Note: Acw = area of concrete section of an individual pier, horizontal wall segment, or coupling beam resisting shear;  fc
'  = design compressive 

strength of concrete; h = overall thickness or height of member; ln = length of clear span measured face to face of supports; Vn = nominal shear 
strength; Vu = factored shear force at section.
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The new section 21.11.11, “Structural Trusses,” 
now reads:

21.11.11.1—Structural truss elements with 
compressive stresses exceeding 0.2 fc

'  at any 
section shall have transverse reinforcement, 
as given in 21.6.4.2 through 21.6.4.4 and 
21.6.4.7, over the length of the element.

21.11.11.2—All continuous reinforcement in 
structural truss elements shall be developed or 
spliced for f

y
 in tension.

A valuable new commentary section in R21.11.2 
was added. There are other significant additions 
to and deletions from the commentary on section 
21.11. Notable among these are the additions to 
section R21.11.8.

Diaphragm shear strength

Studies of precast concrete parking structures fol-
lowing the 1994 Northridge earthquake27 indicated 
that composite topping slab diaphragms depend on 
shear friction to transmit inertial forces to the verti-
cal elements of the lateral-force-resisting system. 
The results of this research were used to develop 
ACI 318-05 Eq. (21-11) and are summarized in 
ACI 318-05 commentary section R21.9.7. How-
ever, ACI 318-05 Eq. (21-11) referred to distrib-
uted transverse reinforcement within the diaphragm 
(for consistency with ACI 318-05 Eq. [21-10]) 
rather than to distributed longitudinal reinforce-
ment. When the provisions in ACI 318-05 section 
21.9.7.2 were originally developed, it was assumed 
that the sentence “The required web reinforcement 
should be distributed uniformly in both directions” 
was sufficient to ensure that the same amount of re-
inforcement was used in both the longitudinal and 
the transverse directions. There were subsequent 
indications that clarification was needed.

ACI 318-05 section 21.9.7.3 (now 21.11.9.3) has 
been revised to directly refer to shear friction 
reinforcement. Both boundary and distributed 
reinforcement in the topping slab are assumed to 
contribute to the shear strength of the topping slab 
diaphragm, but connectors between the precast 
concrete elements are not included at this time.

Section 21.11.9.1 (formerly 21.9.7.1) has added 
the following text below Eq. (21-10): “For cast-
in-place topping slab diaphragms on precast floor 
or roof members, A

cv 
shall be computed using the 

thickness of topping slab only for noncomposite 
topping slab diaphragms and the combined thick-
ness of cast-in-place and precast elements for 

composite topping slab diaphragms. For composite topping 
slab diaphragms, the value of fc

'  used to determine V
n 
shall not 

exceed the smaller of fc
'  for the precast members and fc

'  for 
the topping slab.” 

Sections 21.11.9.3 and 21.11.9.4 now read:

21.11.9.3—Above joints between precast elements in 
noncomposite and composite cast-in-place topping slab 
diaphragms, V

n 
shall not exceed

V
n 
= A

vf  
f
y 
μ

where A
vf 

is total area of shear friction reinforcement 
within topping slab, including both distributed and 
boundary reinforcement, that is oriented perpendicular to 
joints in the precast system and coefficient of friction, μ, 
is 1.0λ where λ is given in 11.6.4.3. At least one-half of 
A

vf 
shall be uniformly distributed along the length of the 

potential shear plane. Area of distributed reinforcement in 
topping slab shall satisfy 7.12.2.1 in each direction.

21.11.9.4—Above joints between precast elements in non-
composite and composite cast-in-place topping slab dia-
phragms, V

n 
shall not exceed the limits in 11.6.5 where A

c 

is computed using the thickness of the topping slab only.

Commentary section R21.9.7 has been modified to explain the 
changes.

Gravity columns

An error has been corrected in section 21.13, “Members Not 
Designated as Part of the Seismic-Force-Resisting System.” 
Consider the case of a gravity column where the effects of de-
sign displacements are not explicitly checked and the member 
has axial load exceeding A

g
fc

' /10. According to ACI 318-05 
section 21.11.3.3, the member need not satisfy ACI 318-05 
section 21.4.3.2 and, therefore, the column lap splice might 
be located at the base of the column. However, if the effects 
of the design displacements were checked, then according to 
ACI 318-05 section 21.11.2.2, the member had to satisfy ACI 
318-05 section 21.4.3.2 and the location of the column splice 
had to be within the center of the column length.

In other words, if a gravity column might yield under the 
design displacements, the designer could splice the longitudi-
nal reinforcement at any location, but if the column was not 
expected to yield, the splice had to be located near midheight. 
This did not make sense.

This flaw traced back to ACI 318-95. Before the 1995 edi-
tion, lap-splice locations were not prescribed for members 
that were not proportioned to resist forces induced by earth-
quake motions. The flaw has been corrected in ACI 318-08. 
ACI 318-05 section 21.11.2.2 used to require members with 
factored gravity axial forces exceeding A

g
fc

' /10 to satisfy sec-
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tions 21.4.3, 21.4.4.1(c), 21.4.4.3 and 21.4.5. ACI 318-08 sec-
tion 21.13.3.2 now requires such columns to satisfy sections 
21.6.3.1, 21.6.4.2, and 21.6.5. ACI 318-05 section 21.11.3.3 
required members with factored gravity axial forces exceed-
ing A

g
fc

' /10 to satisfy sections 21.4.3.1, 21.4.4, 21.4.5, and 
21.5.2.1. ACI 318-08 section 21.13.4.3 now requires such col-
umns to satisfy sections 21.6.3, 21.6.4, 21.6.5, and 21.7.3.1.

Conclusion

Changes to chapter 21 of ACI 318-08 have been summarized 
and discussed in this part of the current series of papers on 
significant changes from ACI 318-05 to ACI 318-08. It is 
clear that the changes to chapter 21 are significant in number 
and quite substantive in nature. The changes include a com-
plete reorganization of the chapter and a change in its title.
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Notation

A
c
	 = area of concrete section resisting shear transfer

A
cv

	 = �gross area of concrete section bounded by web thick-
ness and length of section in the direction of shear 
force considered

A
cw

	 = �area of concrete section of an individual pier, horizon-
tal wall segment, or coupling beam resisting shear

A
g
	 = gross area of concrete section

A
sh	

= �total cross-sectional area of transverse reinforcement 
(including crossties) within spacing s and perpendicu-
lar to dimension b

c

A
vf	

= area of shear-friction reinforcement

b
c
	 = �cross-sectional dimension of member core measured 

to the outside edges of the transverse reinforcement 
composing area A

sh

b
w
	 = web width or diameter of circular section

c
1
	 = �dimension of rectangular or equivalent rectangular 

column, capital, or bracket measured in the direction of 
the span for which moments are being determined

c
2
	 = �dimension of rectangular or equivalent rectangular 

column, capital, or bracket measured in the direction 
perpendicular to c

1

d
1
	 = �minimum dimension of confined section containing 

diagonal reinforcement

d
b	

= diameter of diagonal reinforcing bars

E	 = �load effects of earthquake or related internal moments 
and forces

f
y
	 = �specified yield strength of nonprestressed 

reinforcement

f
yt
	 = �specified yield strength of the transverse reinforcement

fc
' 	 = specified compressive strength of concrete

h	 = overall thickness or height of member
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l
n
	 = �length of clear span measured face-to-face of supports

l
o
	 = �length, measured from joint face along axis of struc-

tural member, over which special transverse reinforce-
ment must be provided

P
u	

= factored axial compressive force at section

R	 = response modification factor

s
o
	 = �center-to-center spacing of transverse reinforcement 

within the length l
o

v
n
	 = nominal shear stress

V
n
	 = nominal shear strength

V
u
	 = factored shear force at section

λ	 = �modification factor reflecting the reduced mechanical 
properties of lightweight concrete

µ	 = coefficient of friction

	 = strength-reduction factor
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Synopsis

Significant changes were made since the American 
Concrete Institute (ACI) Committee 318 published 
the 2005 Building Code Requirements for Struc-
tural Concrete (ACI 318-05) and Commentary 
(ACI 318R-05). Some of the changes in the upcom-
ing 2008 edition are summarized here. In addition 
to changes affecting conventionally reinforced 
concrete, provisions affecting precast/prestressed 

concrete, including post-tensioned concrete, are 
enumerated. Only changes to chapter 21 of ACI 
318-08 are discussed in this article.
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