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CHAPTER 2—NOTATION AND TERMINOLOGY
2.1—Scope

2.1.1 This chapter defines notation and termi-
nology used in this Code.

2.2—Notation

a = depth of equivalent rectangular stress
block, mm

a, = shear span, equal to distance from center
of concentrated load to either: (a) face of sup-
port for continuous or cantilevered members,
or (b) center of support for simply supported
members, mm

A, = area of an individual bar or wire, mm?
Abrg = net bearing area of the head of stud, an-
chor bolt, or headed deformed bar, mm?
A_ = area of concrete section resisting shear
transfer, mm?>

A, = greater gross cross-sectional area of the
slab-beam strips of the two orthogonal equiva-
lent frames intersecting at a column of a two-
way slab, mm?

A, = cross-sectional area of a member mea-
sured to the outside edges of transverse rein-
forcement, mm?

A, = area enclosed by outside perimeter of
concrete cross section, mm?

A = cross-sectional area at one end of a strut
in a strut-and- tie model, taken perpendicular to
the axis of the strut, mm?

A = area of that part of cross section between
the flexural tension face and centroid of gross
section, mm?

A, = gross area of concrete section bounded by
web thickness and length of section in the di-
rection of shear force considered in the case of
walls, and gross area of concrete section in the
case of diaphragms, not to exceed the thickness
times the width of the diaphragm, mm?

A = area of concrete section of an individu-
al pier, horizontal wall segment, or coupling
beam resisting shear, mm?

R2—NOTATION AND TERMINOLOGY

R2.2—Notation
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cementitious materials—materials that have
cementing value if used in concrete either by
themselves, such as portland cement, blended
hydraulic cements, and expansive cement; or
such materials in combination with fly ash,
other raw or calcined natural pozzolans, silica
fume, and slag cement.

collector—element that acts in axial tension
or compression to transmit forces between a
diaphragm and a vertical element of the later-
al-force-resisting system.

column—member, usually vertical or pre-
dominantly vertical, used primarily to support
axial compressive load, but that can also resist
moment, shear, or torsion. Columns used as
part of a lateral-force-resisting system resist
combined axial load, moment, and shear. See
also moment frame.

column capital—enlargement of the top of a
concrete column located directly below the slab
or drop panel that is cast monolithically with
the column.

compliance requirements—construction-re-
lated code requirements directed to the contrac-
tor to be incorporated into construction docu-
ments by the licensed design professional, as
applicable.

composite concrete flexural members—
concrete flexural members of precast or cast-
in-place concrete elements, constructed in
separate placements but connected so that all
elements respond to loads as a unit.
compression-controlled section—cross
section in which the net tensile strain in the
extreme tension reinforcement at nominal
strength is less than or equal to the compres-
sioncontrolled strain limit.
compression-controlled strain limit—net
tensile strain at balanced strain conditions.
concrete—mixture of portland cement or any
other cementitious material, fine aggregate,
coarse aggregate, and water, with or without
admixtures.

compliance requirements—Although pri-
marily directed to the contractor, the compli-
ance requirements are also commonly used by
others involved with the project.
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4.4.6.5 Structural members assumed not to be
part of the seismic-force-resisting system shall
be permitted, subject to the requirements of

4.4.6.5.1 and 4.4.6.5.2.

4.4.6.5.1 In structures assigned to Seismic De-
sign Category B, C, D, E, or F, the effects of
those structural members on the response of the
system shall be considered and accommodated
in the structural design.

4.4.6.5.2 In structures assigned to Seismic
Design Category B, C, D, E, or F, the conse-
quences of damage to those structural members
shall be considered.

4.4.6.5.3 In structures assigned to Seismic De-
sign Category D, E, or F, structural members
not considered part of the seismic-force-resist-
ing system shall meet the applicable require-
ments in Chapter 18.

4.4.6.6 Effects of nonstructural members shall
be accounted for as described in 18.2.2.1 and
consequences of damage to nonstructural mem-
bers shall be considered.

4.4.7 Diaphragms

4.4.7.1 Diaphragms, such as floor or roof slabs,
shall be designed to resist simultaneously both
out-of-plane gravity loads and in-plane lateral
forces in load combinations given in 4.3.

R4.4.6.5 In Seismic Design Categories D, E,
and F, structural members not considered part
of the seismic-force-resisting system are re-
quired to be designed to accommodate drifts
and forces that occur as the building responds
to an earthquake.

R4.4.6.6 Although the design of nonstructural
elements for earthquake effects is not included
in the scope of this Code, the potential negative
effects of nonstructural elements on the structural
behavior need to be considered in Seismic design
Categories B, C, D, E, and F. Interaction of non-
structural elements with the structural system—
for example, the short-column effect—had led
to failure of structural members and collapse of
some structures during earthquakes in the past.

R4.4.7 Diaphragms —Floor and roof slabs
play a dual role by simultaneously supporting
gravity loads and transmitting lateral forces in
their own plane as a diaphragm. General require-
ments for diaphragms are provided in Chapter
12, and roles of the diaphragm described in the
Commentary to that chapter. Additional require-
ments for design of diaphragms in structures as-
signed to Seismic Design Categories D, E, and
F are prescribed in Chapter 18.
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4.4.7.2 Diaphragms and their connections to
framing members shall be designed to trans-
fer forces between the diaphragm and framing
members.

4.4.7.3 Diaphragms and their connections shall
be designed to provide lateral support to verti-
cal, horizontal, and inclined elements.

4.4.7.4 Diaphragms shall be designed to resist
applicable lateral loads from soil and hydrostat-
ic pressure and other loads assigned to the dia-
phragm by structural analysis.

4.4.7.5 Collectors shall be provided where re-
quired to transmit forces between diaphragms
and vertical elements.

4.4.7.6 Diaphragms that are part of the seis-
mic-force-resisting system shall be designed
for the applied forces. In structures assigned
to Seismic Design Category D, E, and F, the
diaphragm design shall be in accordance with
Chapter 18.

4.5—Structural analysis

4.5.1 Analytical procedures shall satisfy com-
patibility of deformations and equilibrium of
forces.

4.5.2 The methods of analysis given in Chapter
6 shall be permitted.

R4.4.7.5 All structural systems must have
a complete load path in accordance with
4.44. The load path includes collectors
where required.

R4.5—Structural analysis

The role of analysis is to estimate the internal
forces and deformations of the structural system
and to establish compliance with the strength,
serviceability, and stability requirements of the
Code. The use of computers in structural engi-
neering has made it feasible to perform analysis
of complex structures. The Code requires that
the analytical procedure used meets the funda-
mental principles of equilibrium and compati-
bility of deformations, permitting a number of
analytical techniques, including the strut-and-
tie method required for discoutinuity regions,
as provided in Chapter 6.
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4.6—Strength

4.6.1 Design strength of a member and its
joints and connections, in terms of moment,
exial force, shear, torsion, and bearing, shall be
taken as the nominal strength Sn multiplied by
the applicable strength reduction factor ¢

4.6.2 Structures and structural members shall
have design strength at all sections, @S , greater
than or equal to the required strength U calcu-
lated for the factored loads and forces in such
combinations as required by this Code or the
general building code.

R4.6 —Strength
The basic requirement for strength design may
be expressed as follows.

design strength > required strength

¢S, = U

In the strength design procedure, the level of
safety is provided by a combination of factors
applied to the load and strength reduction
factors ¢ applied to the nominal strength.

The strength of a member or cross section,
calculated using standard assumptions and
strength equations, along with nominal values of
material strengths and dimensions, is referred to
as nominal strength and is generally designated
S, Design strength or usable strength of a mem-
ber or cross section is the nominal strength re-
duced by the applicable strength reduction factor
¢ . The purpose of the strength reduction factor is
to account for the probability of understrength
due to variations of in-place material strengths
and dimensions, the effect of simplifying as-
sumptions in the design equations, the degree of
ductility, potential failure mode of the member,
the required reliability, and significance of failure
and existence of alternative load paths for the
member in the structure.

This Code, or the general building code, pre-
scribes design load combinations, also known
as factored load combinations, which define
the way different types of loads are multiplied
(factored) by individual load factors and then
combined to obtain a factored load U. The in-
dividual load factors and additive combination
reflect the variability in magnitude of the indi-
vidual load effect, the probability of simultane-
ous occurrence of various load effects, and the
assumptions and approximations made in the
structural analysis when determining required
design strengths.
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7.3—Design limits
7.3.1 Minimum slab thickness

7.3.1.1 For solid nonprestressed slabs not sup-
porting or attached to partitions or other con-
struction likely to be damaged by large deflec-
tions, overall slab thickness h shall not be less
than the limits in Table 7.3.1.1, unless the cal-
culated deflection limits of 7.3.2 are satisfied.

Table 7.3.1.1—Minimum thickness of sol-
id nonprestressed one-way slabs

Suppor t condition Minimum h'"!
Simply supported 020
One end continuous 024
Both ends continuous 028
Cantilever /10

WExpression applicable for normalweight concrete and
fy =420 MPa. For other cases, minimum h shall be modified
in accordance with 7.3.1.1.1 through 7.3.1.1.3, as appropriate.

7.3.1.1.1 For f other than 420 MPa, the ex-
pressions in Table 7.3.1.1 shall be multiplied
by (0.4 + £/700).

7.3.1.1.2 For nonprestressed slabs made of
lightweight concrete having w_ in the range of
1440 to 1840 kg/m?, the expressions in Table
7.3.1.1 shall be multiplied by the greater of

(a) and (b):

(a) 1.65 — 0.0003w,
(b) 1.09

7.3.1.1.3 For nonprestressed slabs made of
lightweight and normalweigth concrete, shored
during construction, and where the lightweight
concrete is in compression, the modifier of
7.3.1.1.2 shall apply.

7.3.1.2 The thickness of a concrete floor finish
shall be permitted to be included in h if it is
placed monolithically with the floor slab or if
the floor finish is designed to be composite with
the floor slab in accordance with 16.4.

R7.3—Design limits

R7.3.1 Minimum slab thickness—The basis
for minimum thickness for one-way slabs is the
same as that for beams.

Refer to R9.3.1 for additional information.
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CHAPTER 8-TWO-WAY SLABS

CODE

YVo

COMMENTARY

(b) The drop panel shall extend in each direction
from the centerline of support a distance not less
than one-sixth the span length measured from
center-to-center of supports in that direction.

8.2.5 A shear cap, where used to increase the
critical section for shear at a slab-column joint,
shall project below the slab soffit and extend
horizontally from the face of the column a dis-
tance at least equal to the thickness of the pro-
jection below the slab soffit.

8.2.6 Materials

8.2.6.1 Design properties for concrete shall be
selected to be in accordance with Chapter 19.

8.2.6.2 Design properties for steel reinforce-
ment shall be selected to be in accordance with
Chapter 20.

8.2.6.3 Materials, design, and detailing re-
quirements for embedments in concrete shall
be in accordance with 20.7.

8.2.7 Connections to other members

8.2.7.1 Beam-column and slab-column joints
shall satisfy Chapter 15.

8.3—Design limits
8.3.1 Minimum slab thickness

For slabs with changes in thickness, it is neces-
sary to check the shear strength at several sec-

tions (Refer to 22.6.4.1(b)).

R8.2.7 Connections to other members—Safety
of a slab system requires consideration of the
transmission of load from the slab to the col-
umns by flexure, torsion, and shear.

R8.3—Design limits

R8.3.1 Minimum slab thickness—The mini-
mum slab thicknesses in 8.3.1.1 and 8.3.1.2 are
independent of loading and concrete modulus of
elasticity, both of which have significant effects
on deflections. These minimum thicknesses are
not applicable to slabs with unusually heavy su-
perimposed sustained loads or for concrete with
modulus of elasticity significantly lower than
that of ordinary normal-weight concrete. Deflec-
tions should be calculated for such situations.
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CHAPTER 8-TWO-WAY SLABS

YYo

CODE COMMENTARY
Compared 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 increased
limits for shear strength and spacing between
peripheral lines of headed shear stud reinforce-
ment. Typical arrangements of headed shear
stud reinforcement are shown in Fig. R8.7.7.
The critical section beyond the shear reinforce-
ment generally has a polygonal shape. Equa-
tions for calculating shear stresses on such sec-
tions are given in ACI 421.1R.
s T T T AN
// - \]\\\ Outermost N I/
y A peripheral
// ,/ §\ N line of studs :________\\
/// ,/ [ - ?| \\ \\\ N \\/—dIZ
d2 | (o Me=omomolll < d/2
— T | \
A i ’ fj: (fyf:/)z I |<2d I l A (typ-)—‘ i s N\
! I I |ttyp) | | * Soo Outermost
* : rlru—u—n—b l aoon c|)| | Mperipheral
S e __ ! 4 | line of studs
. j / s - :
. \ d/2 7 Ze Mo melf]
\\ N 7/ ’
N _ v Shear
N — s critical
A, = cross-sectional sections

area of studs on a
peripheral line

Interior column

A, = cross-sectional
area of studs on any
peripheral line

base rail
HEEAN N

Rl Aoy

Section A-A

Studs with

Shear
critical
sections

Edge column

Slab

edges —k
|

Blr-a [o M oMol : f
I |
|<2d ‘ |
= a2 CLY
(typ.) 1 (ciiomome) ol,'
—0 ____0Q_) i
Shear t /il //
critical <P 92 0 4
sections l e
- ’ Outermost
NE ___ 2/ peripheral
-L line of studs
] d/2
Corner column

Fig. R8.7.7—Typical arrangements of headed shear stud reinforcement and critical sections.
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CHAPTER 9-BEAMS

CODE

Yva

COMMENTARY

9.2.4.4 For torsional design according to 22.7,
the overhanging flange width used to calculate
A, A, and p_ shall be in accordance with (a)

cp?

and (b):

(a) The overhanging flange width shall include
that portion of slab on each side of the beam
extending a distance equal to the projection of
the beam above or below the slab, whichever
is greater, but not greater than four times the
slab thickness.

(b) The overhanging flanges shall be neglected
in cases where the parameter Acpz/pCp for solid
sections or Agz/pCp for hollow sections calculat-
ed for a beam with flanges is less than that cal-
culated for the same beam ignoring the flanges.

9.3—Design limits
9.3.1 Minimum beam depth

9.3.1.1 For nonprestressed beams not support-
ing or attached to partitions or other construc-
tion likely to be damaged by large deflections,
overall beam depth h shall satisfy the limits in
Table 9.3.1.1, unless the calculated deflection
limits of 9.3.2 are satisfied.

Table 9.3.1.1—Minimum depth of nonpre-
stressed beams

Support condition Minimum h'"!
Simply supported 16
One end continuous /18.5
Both ends continuous 021
Cantilever 8

WExpressions applicable for normalweight concrete and
Grade 420 reinforcement. For other cases, minimum h shall
be modified in accordance with 9.3.1.1.1 through 9.3.1.1.3
as appropriate.

9.3.1.1.1 For f other than 420 MPa, the ex-
pressions in Table 9.3.1.1 shall be multiplied
by (0.4 + £/700).

R9.2.4.4 Two examples of the section to be
considered in torsional design are provided in

Fig. R9.2.4.4.

h,<4h,
b,+2h,<b_ +8h
hr w b =1 w 1
4
1 2> = ||
T T ]
h, o,
b b,

Fig. R9.2.4.4—Examples of the portion of slab to be
included with the beam for torsional design.

R9.3—Design limits
R9.3.1 Minimum beam depth

R9.3.1.1 For application of this provision to
composite concrete beams, refer to R9.3.2.2.

R9.3.1.1.1 The modification for f, is approx-
imate, but should provide conservative results
for typical reinforcement ratios and for values
of f between 280 and 550 MPa.
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CHAPTER 10-COLUMNS

CODE

\ta¥

COMMENTARY

10.7.4 Offset bent longitudinal reinforcement

10.7.4.1 The slope of the inclined portion of an
offset bent longitudinal bar relative to the lon-
gitudinal axis of the column shall not exceed 1
in 6. Portions of bar above and below an offset
shall be parallel to axis of column.

10.7.4.2 If the column face is offset 75 mm
or more, longitudinal bars shall not be offset
bent and separate dowels, lap spliced with the
longitudinal bars adjacent to the offset column
faces, shall be provided.

10.7.5 Splices of longitudinal reinforcement

10.7.5.1 General

10.7.5.1.1 Lap splices, mechanical splices,
butt-welded splices, and end-bearing splices
shall be permitted.

10.7.5.1.2 Splices shall satisfy requirements
for all factored load combinations.

10.7.5.1.3 Splices of deformed reinforcement
shall be in accordance with 25.5 and shall sat-
isfy the requirements of 10.7.5.2 for lap splic-
es or 10.7.5.3 for end-bearing splices.

R10.7.5 Splices of longitudinal reinforcement

R10.7.5.1 General

R10.7.5.1.2 Frequently, the basic gravity load
combination will govern the design of the col-
umn itself, but a load combination including
wind or earthquake effects may induce greater
tension in some column bars. Each bar splice
should be designed for the maximum calculated
bar tensile force.

R10.7.5.1.3 For the purpose of calculating {,
for tension lap splices in columns with offset
bars, Fig. R10.7.5.1.3 illustrates the clear
spacing to be used.
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CHAPTER 12-DIAPHRAGMS

CODE

I

COMMENTARY

12.4.2.3 Any set of reasonable and consistent
assumptions for diaphragm stiffness shall be
permitted.

R12.4.2.3 For low-aspect-ratio diaphragms that
are entirely cast-in-place or comprise a cast-
in-place topping slab on precast elements, the
diaphragm is often modeled as a rigid element
supported by flexible vertical elements. How-
ever, effects of diaphragm flexibility should be
considered where such effects will materially
affect calculated design actions. Such effects
should be considered for diaphragms that use
precast elements, with or without a cast-in-
place topping. Where large transfer forces oc-
cur, as outlined in R12.2.1(b), more realistic
design forces can be obtained by modeling di-
aphragm in-plane stiffness. Diaphragms with
long spans, large cutout areas, or other irregu-
larities may develop in-plane deformations that
should be considered in design (refer to Fig.

R12.4.2.3a).

For a diaphragm considered rigid in its own
plane, and for semi-rigid diaphragms, the di-
aphragm internal force distribution can be
obtained by modeling it as a horizontal rigid
beam supported on springs representing lateral
stiffnesses of the vertical elements (refer to Fig.
R12.4.2.3b). Effects of in-plane eccentricity
between applied forces and vertical element re-
sistances, resulting in overall building torsion,
should be included in the analysis. Elements of
the lateral-force-resisting system aligned in the
orthogonal direction can participate in resisting
diaphragm plan rotation (Moehle et al. 2010).

Lateral force

Lateral-force-
resisting wall
at each end

Bt

Fig. R12.4.2.3a—Example of diaphragm that might
not be considered rigid in its plane.
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CHAPTER 14-PLAIN CONCRETE

CODE

DAY

COMMENTARY

14.3—Design limits
14.3.1 Bearing walls

14.3.1.1 Minimum bearing wall thickness shall
be in accordance with Table 14.3.1.1.

Table 14.3.1.1—Minimum thickness of
bearing walls

Wall type Minimum thickness
140 mm
Greater 1/24 the lesser of
General
of: unsupported length and
unsupported height
Exterior base- 190 mm
ment

Foundation 190 mm

14.3.2 Footings
14.3.2.1 Footing thickness shall be at least 200 mm.

14.3.2.2 Base area of footing shall be deter-
mined from unfactored forces and moments
transmitted by footing to soil and permissible
soil pressure selected through principles of soil
mechanics.

14.3.3 Pedestals

14.3.3.1 Ratio of unsupported height to aver-
age least lateral dimension shall not exceed 3.

R14.3—Design limits

R14.3.1 Bearing walls—Plain concrete walls
are commonly used for basement wall construc-
tion for residential and light commercial build-
ings in low or non-seismic areas. Although the
Code imposes no absolute maximum height
limitation on the use of plain concrete walls,
experience with use of plain concrete in rela-
tively minor structures should not be extrapo-
lated to using plain concrete walls in multistory
construction and other major structures where
differential settlement, wind, earthquake, or
other unforeseen loading conditions require the
walls to possess some ductility and ability to
maintain integrity when cracked. For such con-
ditions, ACI Committee 318 strongly encour-
ages the use of walls designed in accordance
with Chapter 11.

R14.3.2 Footings

R14.3.2.1 Thickness of plain concrete footings
of usual proportions will typically be controlled
by flexural strength (extreme fiber stress in ten-

sion not greater than ¢0.42) fc, ) rather than
shear strength (refer to R14.5.5.1). For foot-

ings cast against soil, overall thickness h used
for strength computations is specified in

14.5.1.7.

R14.3.3 Pedestals

R14.3.3.1 The height-thickness limitation for
plain concrete pedestals does not apply for por-
tions of pedestals embedded in soil capable of
providing lateral restraint.
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CHAPTER 16-CONNETIONS ...

CODE

£10

COMMENTARY

16.2.4.2 Where precast members form floor or
roof diaphragms, the connections between the
diaphragm and those members being laterally
supported by the diaphragm shall have a nom-
inal tensile strength of not less than 4.4 kN
per linear m.

16.2.4.3 Vertical integrity ties shall be provided
at horizontal joints between all vertical precast
structural members, except cladding, and shall
satisfy (a) or (b):

(a) Connections between precast columns shall
have vertical integrity ties, with a nominal ten-
sile strength of at least 1.4Ag, in N, where A_is
the gross area of the column. For columns with
a larger cross section than required by consider-
ation of loading, a reduced effective area based
on the cross section required shall be permitted.
The reduced effective area shall be at least one-
half the gross area of the column.

(b) Connections between precast wall pan-
els shall have at least two vertical integri-
ty ties, with a nominal tensile strength of at
least 44 KN per tie.

16.2.5 Integrity tie reququirements for precast
concrete bearing wall structures three stories or
more in height

R16.2.4.2 The connection between the dia-
phragm and the member laterally supported by
the diaphragm may be direct or indirect. For ex-
ample, a column may be connected directly to
the diaphragm, or it may be connected to a span-
drel beam, which is connected to the diaphragm.

R16.2.4.3 Base connections and connections at
horizontal joints in precast columns and wall
panels, including shear walls, are designed to
transfer all design forces and moments.

The minimum integrity tie requirements of
this provision are not additive to these design
requirements. Common practice is to place
the wall integrity ties symmetrically about
the vertical centerline of the wall panel and
within the outer quarters of the panel width,
wherever possible.

R16.2.5 Integrity tie requirements for precast
concrete bearing wall structures three stories or
more in height—Section 16.2.4 gives require-
ments for integrity ties that apply to all precast
concrete structures. The specific requirement
in this section apply only to precast concrete
bearing wall structures with three or more sto-
ries, often called large panel structures. If the
requirements of this section conflict with the re-
quirements of 16.2.4, the requirements in this
section control.
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CHAPTER 17-ANCHORING TO CONRETE

CODE

COMMENTARY

17.4.2.3 Where anchors are located less than
1.5h ; from three or more edges, the value of
h  used for the calculation of A in accordance
with 17.4.2.1, as well as for the equations in
17.4.2.1 through 17.4.2.5, shall be the larger
of (¢
spacing between anchors within the group.

Y1.5 and ¢/3, where s is the maximum

a,max

R17.4.2.3 For anchors located less than 1.5h
from three or more edges, the tensile breakout
strength calculated by the CCD Method (refer
to R17.3.2), which is the basis for the equa-
tions in 17.4.2.1 through 17.4.2.5, gives
overly ordinary definitions of (ch/ A,) do not
correctly reflect the edge effects. This problem
is corrected by limiting the value of h . used in
the equations in 17.4.2.1 through 17.4.2.5 to
(€ /1.5, Where (c ) is the largest of the
influencing edge distances that are less than
or equal to the actual 1.5h . In no case should
(C, ) /1.5 be taken less than one-third of the
maximum spacing between anchors within the
group prevents the use of a calulated strength
based on individual breakout prisms for a group
anchor configuration. This aqqroach is illustrat-
ed in Fig. R17.4.2.3. In this example, the pro-
posed limit on the the value of hef to be used
in the computations where h = (c V1.5, re-
sults in h .= h’, .= 100 mm. For this example,
this would be the proper value to be used for
h  in computing the resistance even if the actual
embedment depth is larger.

The requirement of 17.4.2.3 may be visualized
by moving the actual concrete breakout surface,
which originates at the actual h , toward the
surface of the concrete parallel to the applied
tension load. The value of h  used in equations
in 17.4.2.1 through 17.4.2.5 is determined when
either: (a) the outer boundaries of the failure
surface first intersect a free edge; or (b) the in-
tersection of the breakout surface between an-
chors within the group first intersects the surface
of the concrete. For the example shown in Fig.
R17.4.2.3, Point A defines the intersection of the
assumed failure surface for limiting h . with the
concrete surface.
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CHAPTER 18-EARTHQUAKE-RESISTANT ...

g

COMMENTARY

18.10.8 Wall piers

18.10.8.1 Wall piers shall satisfy the special
moment frame requirements for columns of
18.7.4, 18.7.5, and 18.7.6, with joint faces
taken as the top and bottom of the clear height
of the wall pier. Alternatively, wall piers with
(£ /b,) > 2.5 shall satisfy (a) through (f):

(a) Design shear force shall be calculated in ac-
cordance with 18.7.6.1 with joint faces taken
as the top and bottom of the clear height of the
wall pier. If the general building code includes
provisions to account for overstrength of the
seismic-force-resisting system, the design shear
force need not exceed Q times the factored
shear calculated by analysis of the structure for
earthquake load effects.

(b) V, and distributed shear reinforcement shall
satisfy 18.10.4.

(c) Transverse reinforcement shall be hoops
except it shall be permitted to use single-leg
horizontal reinforcement parallel to £ where
only one curtain of distributed shear reinforce-
ment is provided. Single-leg horizontal rein-
forcement shall have 180-degree bends at each
end that engage wall pier boundary longitudinal
reinforcement.

(d) Vertical spacing of transverse reinforcement
shall not exceed 150 mm

(e) Transverse reinforcement shall extend at
least 300 mm above and below the clear height
of the wall pier:

(f) Special boundary elements shall be provid-
ed if required by 18.10.6.3.

R18.10.8 Wall piers—Door and window place-
ments in structural walls sometimes lead to nar-
row vertical wall segments that are considered
to be wall piers. The dimensions defining wall
piers are given in Chapter 2. Shear failures of
wall piers have been observed in previous earth-
quakes. The intent of this section is to provide
sufficient shear strength to wall piers such that
inelastic response, if it occurs, will be primarily
in flexure. The provisions apply to wall piers
designated as part of the seismic-force-re-
sisting system. Provisions for wall piers not
designated as part of the seismic-force-re-
sisting system are given in 18.14. The effect
of all vertical wall segments on the response
of the structural system, whether designated
as part of the seismic-force-resisting system
or not, should be considered as required by
18.2.2. Wall piers having (€ /b ) <2.5 behave
essentially as columns. Provision 18.10.8.1
requires that such members satisfy reinforce-
ment and shear strength requirements of 18.7.4
through 18.7.6. Alternative provisions are pro-
vided for wall piers having (¢ /b ) > 2.5.

The design shear force determined according to
18.7.6.1 may be unrealistically large in some
cases. As an alternative, 18.10.8.1(a) permits
the design shear force to be determined using
factored load combinations in which the earth-
quake effect has been amplified to account for
system overstrength. Documents such as the
NEHRP provisions (FEMA P749), ASCE/
SEI 7, and the 2012 IBC represent the ampli-
fied earthquake effect using the factor €.
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18.12.5 Cast-in-place noncomposite topping
slab diaphragms

18.12.5.1 A cast-in-place noncomposite top-
ping on a precast floor or roof shall be permitted
as a structural diaphragm, provided the cast-in-
place topping slab acting alone is designed and
detailed to resist the design earthquake forces.

18.12.6 Minimum thickness of diaphragms

18.12.6.1 Concrete slabs and composite top-
ping slabs serving as diaphragms used to trans-
mit earthquake forces shall be at least 50 mm
thick. Topping slabs placed over precast floor
or roof elements, acting as diaphragms and not
relying on composite action with the precast el-
ements to resist the design earthquake forces,
shall be at least 65 mm thick.

18.12.7 Reinforcement

18.12.7.1 The minimum reinforcement ratio for
diaphragms shall be in conformance with 24.4.
Except for post-tensioned slabs, reinforcement
spacing each way in floor or roof systems shall
not exceed 450 mm. Where welded wire rein-
forcement is used as the distributed reinforce-
ment to resist shear in topping slabs placed over
precast floor and roof elements, the wires par-
allel to the joints between the precast elements
shall be spaced not less than 250 mm on cen-
ter. Reinforcement provided for shear strength
shall be continuous and shall be distributed uni-
formly across the shear plane.

18.12.5 Cast-in-place noncomposite topping
slab diaphragms

R18.12.5.1 Composite action between the top-
ping slab and the precast floor elements is not
required, provided that the topping slab is de-
signed to resist the design earthquake forces.

18.12.6 Minimum thickness of diaphragms

R18.12.6.1 The minimum thickness of con-
crete diaphragms reflects current practice in
joist and waffle systems and composite topping
slabs on precast floor and roof systems. Thick-
er slabs are required if the topping slab is not
designed to act compositely with the precast
system to resist the design earthquake forces.

R18.12.7 Reinforcement

R18.12.7.1 Minimum reinforcement ratios for
diaphragms correspond to the required amount
of temperature and shrinkage reinforcement
(refer to 24.4). The maximum spacing for re-
inforcement is intended to control the width of
inclined cracks. Minimum average prestress
requirements (refer to 24.4.4.1) are consid-
ered to be adequate to limit the crack widths
in post-tensioned floor systems; therefore, the
maximum spacing requirements do not apply
to these systems.
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