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2.3—Terminology

moment frame—frame in which beams, slabs, columns,

Provided by |Hs"]ni )

and joints resist forces predominantly through flexure, shear,
and axial force; beams or slabs are predominantly horizontal
or nearly horizontal; columns are predominantly vertical or
nearly vertical.

moment frame, intermediate—cast-in-place beam-
column frame or two-way slab-column frame without beams
complying with 18 4.

moment frame, ordinary—cast-in-place or precast
concrete beam-column or slab-column frame complying
with 18.3.

moment frame, special—cast-in-place beam-column
frame complying with 18.2.3 through 18.2.8; and 18.6
through 18.8. A precast beam-column frame complying with
18.2.3 through 18.2.8 and 18.9.

net tensile strain—the tensile strain at nominal strength
exclusive of strains due to effective prestress, creep,
shrinkage, and temperature.

nodal zone—volume of concrete around a node that is
assumed to transfer strut-and-tie forces through the node.

node—point in a strut-and-tie model where the axes of the
struts, ties, and concentrated forces acting on the joint intersect.
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18.3—Ordinary moment frames
18.3.1 Scope

18.3.1.1 This section shall apply to ordinary moment
frames forming part of the seismic-force-resisting system.

18.3.2 Beams shall have at least two continuous bars at
both top and bottom faces. Continuous bottom bars shall
have area not less than one-fourth the maximum area of
bottom bars along the span. These bars shall be anchored to
develop f; in tension at the face of support.

18.3.3 Columns having unsupported length £, < 5¢; shall
have ¢ ¥, at least the lesser of (a) and (b):

(a) The shear associated with development of nominal
moment strengths of the column at each restrained end of
the unsupported length due to reverse curvature bending.
Column flexural strength shall be calculated for the
factored axial force, consistent with the direction of the
lateral forces considered. resulting in the highest flexural
strength.

(b) The maximum shear obtained from design load combi-
nations that include E, with Q,F substituted for E.

3

R18.3—Ordinary moment frames

This section applies only to ordinary moment frames
assigned to SDC B. The provisions for beam reinforcement
are intended to improve continuity in the framing members
and thereby improve lateral force resistance and structural
integrity: these provisions do not apply to slab-column
moment frames. The provisions for columns are intended to
provide additional capacity to resist shear for columns with
proportions that would otherwise make them more suscep-
tible to shear failure under earthquake loading.
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18.4.5 Two-way slabs without beams R18.4.5 Tiwwo-way slabs without beams—Section 18.4.5
applies to two-way slabs without beams, such as flat plates.

. is . . . .
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CODE COMMENTARY
18.4.5.1 Factored slab moment at the support including Using load combinations of Eq. (5.3.1e) and (5.3.1g) may
earthquake effects. E. shall be calculated for load combina- result in moments requiring top and bottom reinforcement at
tions given in Eq. (5.3.1e) and (5.3.1g). Reinforcement to the supports.
resist M. shall be placed within the column strip defined in The moment M, refers. for a given design load combi-
8.4.1.5. nation with E acting in one horizontal direction. to that
portion of the factored slab moment that is balanced by the
18.4.5.2 Reinforcement placed within the effective width supporting members at a joint. It is not necessarily equal to
given in 8.4.2.3.3 shall be designed to resist yM,,. Effec- the total design moment at the support for a load combination
tive slab width for exterior and corner connections shall not including earthquake effect. In accordance with 8.4.2.3.3.
extend beyond the column face a distance greater than ¢ only a fraction of the moment M, is assigned to the slab
measured perpendicular to the slab span. effective width. For edge and corner connections. flexural
reinforcement perpendicular to the edge is not considersd
18.4.5.3 At least one-half of the reinforcement in the fully effective unless it is placed within the effective slab
column strip at the support shall be placed within the effec- width (ACT 352.1R; Pan and Moehle 1989). Refer to Fig.
tive slab width given in §.4.2.3.3. R1845.1
Application of the provisions of 18.4.5 is illustrated in
18.4.5.4 At least one-fourth of the top reinforcement at the Fig. R18.4.5.2 and R18.4.5.3.

support in the column strip shall be continuous throughout
the span.

4
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18.4.5.5 Continuous bottom reinforcement in the column Slab, thickness = h
strip shall be at least one-third of the top reinforcement at the Edge \\ Gt /
support in the column strip. Y

: . . Yiel —
18.4.5.6 At least one-half of all bottom middle strip rein- ‘eld line

forcement and all bottom column strip reinforcement at T
midspan shall be continuous and shall develop f; at the face s
of support as defined in 8.10.3.2.1.

Effective
width

18.4.5.7 At discontinuous edges of the slab. all top and <45 degrees -

bottom reinforcement at the support shall be developed at
the face of support as defined in 8.10.3.2.1.

~a=—Direction of Moment =—

(a) Edge connection

LA Vs Edge
S — Slab, thickness = h
— o

€2 Column §

v Effective
< 45 degrees ——5\," 15h<e width
. i 4

’
- . =
Yield line — .7

Edge—\ ’j—/
)

~a=—Direction of Moment -

(b) Corner connection

Fig. R18.4.5.1—Effective width for reinforcement place-
ment in edge and corner connections.

5
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18.4.5.8 At the critical sections for columns defined in
22.6.4.1, two-way shear caused by factored gravity loads
shall not exceed 0.4¢V., where V. shall be calculated in
accordance with 22.6.5. This requirement need not be satis-
fied if the slab satisfies 18.14.5.

6
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~Column strip

All reinforcement
to resist M, to be
placed in column
strip (18.4.5.1)

Reinforcement to resist ;M. (18.4.5.2),
but not less than half of reinforcement in
column strip (18.4.5.3)

Note: Applies to both top and bottom reinforcement

Fig. R18.4.5.2—Location of reinforcement in slabs.

—— Not less than one-fourth
of top reinforcement at
support (18.4.5.4)
I

Ry 1

=

e

I
Not less than one-third of top
reinforcement at support |
Top and bottom B
reinforcement
to be developed

(18.4.5.6 and 18.4.5.7)
Column strip

Top and bottom
[ reinforcement
! // to be developed
|

\"Not less than half
bottom reinforcement at
mid-span (18.4.5.6)

Middle strip

Fig. R18.4.5.3—Arrangement of reinforcement in slabs.

R18.4.5.8 The requirements apply to two-way slabs
that are designated part of the seismic-force-resisting
system. Slab-column connections in laboratory tests (Pan
and Moehle 1989) exhibited reduced lateral displacement
ductility when the shear at the column connection exceeded
the recommended limit. Slab-column connections also must
satisfy shear and moment strength requirements of Chapter 8
under load combinations including earthquake effect.
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18.14.5 Slab-column connections

18.14.5.1 For slab-column connections of two-way slabs
without beams. slab shear reinforcement satisfying the
requirements of 8.7.6 or 8.7.7 shall be provided at any slab
critical section defined in 22.6.4.1 if A/f,, = 0.035 — (1/20)
(v,,g;"%). Required slab shear reinforcement shall provide v, >
3.5,/ f. at the slab critical section and shall extend at least four
times the slab thickness from the face of the support adjacent
to the slab critical section. The shear reinforcement require-
ments of this provision shall not apply if A/l < 0.005.

The value of (A,/l,) shall be taken as the greater of the
values of the adjacent stories above and below the slab-
column connection. v, shall be calculated in accordance
with 22.6.5. v, is the factored shear stress on the slab crit-
ical section for two-way action due to gravity loads without
moment transfer.

ojl )0 5000 5 o (g5l Joo (KsSx 5 L8, () 0

R18.14.5 Slab-column connections

R18.14.5.1 Provisions for shear reinforcement at slab-
column connections are intended to reduce the likelihood
of slab punching shear failure if the design story drift ratio
exceeds the value specified.

No calculation of induced moments is required. based on
research (Megally and Ghali 2002: Moehle 1996) that iden-
tifies the likelihood of punching shear failure considering the
story drift ratio and shear stress due to gravity loads without
moment about the slab critical section. Figure R18.14.5.1
illustrates the requirement. The requirement can be satisfied
by adding slab shear reinforcement. increasing slab thick-
ness. changing the design to reduce the design story drift
ratio. or a combination of these.

If column capitals, drop panels. shear caps. or other
changes in slab thickness are used. the requirements of
18.14.5 are evaluated at all potential critical sections. as
required by 22.6.5.1.

003
b
=
= |
x
B \ :
o 002
E Shear re_inforcem& Shear reinforcement
g nat required required
&
% 0.01
c
k=]
0
o

0.00 T 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 07
Vug [ #ve

Fig. R18.14.5. 1—Illustration of the criterion of 18.14.5.1.
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Table 12.2-1 (Continued)
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ASCE 7 Section

Structural System Limitations
Including Structural Height, h,
(ft) Limits®

Seismic Design Category

‘Where Detailing Response Deflection

Requirements Are Modification  Overstrength  Amplification

Seismic Force-Resisting System Specified Coefficient, R Faclor, :*  Factor, Cs* B c o E F
E. DUAL SYSTEMS WITH INTERMEDIATE 12251
25% OF PRESCRIBE! d l.\\Il(_‘-F]()l{([ S
1. Steel special concentrically braced frames” 14.1 6 s 5 NL NL 35 NP NP
— 2. Special reinforced concrete shear walls™™ 142 62 214 5 NL NL 160 100 100
3. Ordinary reinforced masonry shear walls 144 3 3 pi% NL 160 NP NP NP
4, Intermediate reinforced masonry shear walls 144 3 3 3 NL NL NP NP NP
5. Steel and concrete composite special concentrically 143 5% s 414 NL NL 160 100 NP
braced frames

6. Steel and concrete composite ordinary braced frames 143 3 s 3 NL NL NP NP NP
7. Steel and concrete composite ordinary shear walls 143 5 3 415 NL NL NP NP NP
8. Ordinary reinforced concrete shear walls' 142 5% 2a 415 NL NL NP NP NP

_;5“‘; )bu jSYLv}SDCD ‘_SLIM)'L» BL) L;jw d":'f )‘ﬁ)l{a\ja.h a}ijwuu ‘\JKJJV.L«.:M)'\ ealaul ‘w\f'apfw
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D. DUAL SYSTEMS WITH SPECIAL MOMENT 12.25.1
FRAMES CAPABLE OF RESISTING AT LEAST
25% OF PRESCRIBED SEISMIC FORCES
1. Steel eccentrically braced frames 14.1
2. Steel special concentrically braced frames 14.1
3. Special reinforced concrete shear walls® 14.2
4. Ordinary reinforced concrete shear walls' 14.2
5. Steel and concrete composite eccentrically braced frames 14.3
6. Steel and concrete composite special concentrically 14.3
braced frames
7. Steel and concrete composite plate shear walls 14.3
8. Steel and concrete composite special shear walls 14.3
9. Steel and concrete composite ordinary shear walls 14.3
10. Special reinforced masonry shear walls 144
11. Intermediate reinforced masonry shear walls 144
12. Steel buckling-restrained braced frames 14.1
13. Steel special plate shear walls 14.1

rilises 6&9&5[.« BL A.‘JJ) J.:)L‘a 6\.& r.:.....ru )| salin! e}’d K 6;_.'5 AJ}S d"L"" » S able ol

8 24 4 NL NL NL NL NL
7 24 5t NL NL NL NL NL
7 25 St NL NL NL NL NL
6 25 5 NL NL NP NP NP
8 25 4 NL NL NL NL NL
6 2, 5 NL NL NL NL NL
T 24 6 NL NL NL NL NL
7 24 6 NL NL NL NL NL
6 24 5 NL NL NP NP NP
52 3 5 NL NL NL NL NL
4 3 3l NL NL NP NP NP
8 2 5 NL NL NL NL NL
8 2 6Y2 NL NL NL NL NL

Continued
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Table R5.2.2—Correlation between seismic-related

terminology in model co

des

Code, standard, or resource
document and edition

Level of seismic risk or assigned
seismic performance or design
categories as defined in the Code

ACT 318-08, ACI 318-11, ACIT
318-14: IBC of 2000. 2003,

ACI 318-05 and previous
editions

2006, 2009, 2012; NFPA 5000 of |  SDCI! spe e SDC D,
2003, 2006, 2009, 2012; ASCE AB EF
7-98, 7-02, 7-05, 7-10; NEHRP

1997, 2000, 2003, 2009
Low Moderate/ High

seismic | intermediate | seismic

risk seismic risk. risk
BOCA National Building Code
1993, 1996, 1999; Standard
s . H &)
Building Code 1994, 1997, 1999; S:CB SPCC ]S)Pg
ASCE 7-93, 7-95; NEHRP 1991, . g
1994
Uniform Building Code 1991, Seismic Seismic ;Z::C
1994, 1997 Zone 0, 1 Zone 2 34

WSDC = seismic design category as defined in code, standard, or resource document
PISPC = seismic performance category as defined in code, standard, or resource

document.

TABLE 16-I
TABLE 16-K

1997 UNIFORM BUILDING CODE

TABLE 16-I—SEISMIC ZONE FACTOR Z

ZONE

1 2A 2B 3 4

Z

0.073 0.15 0.20 0.30 0.40

NOTE: The zone shall be determined from the seismic zone map in Figure 16-2.
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Table 11.6-1 Seismic Design Category Based on Short Period

Response Acceleration Parameter

Risk Category

Value of Sps lorll orlll v
Spe< 0.167 A A
0.167 < Sps < 0.33 B C
0.33 £ 8, < 0.50 C D
0.50 < Sps D D

ojl )0 5000 5 o (g5l Joo (KsSx 5 L8, () 0

‘jﬁjg‘:jj/j:"’_! ﬁ.ﬂﬂw&oﬁ- g'_JL;J'/UL(..’;Zd 4.4‘@; thj/aJW/JJASCEJACIJEJAJM&;/f_}wdi:u

JJYQ_;SCD D @ Léajl.« ‘;/j

525 L s db) ple Sl s b e e OB oS S e w0 5 ACT b o=l (R18.2—General) Y-\A isu s s
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(18.14). These provisions have been developed to provide
the structure with adequate deformation capacity for the
high demands expected for these seismic design categories.

The general building code may also permit the use of inter-
mediate moment frames as part of dual systems for some
buildings assigned to SDC D, E, or F. It is not the intent
of ACI Committee 318 to recommend the use of interme-
diate moment frames as part of moment-resisting frame or
dual systems in SDC D, E, or F. The general building code
may also permit substantiated alternative or nonprescriptive
designs or, with various supplementary provisions, the use
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doyl) Lo LI a sl b s sladls b Ll po (CHAPTER 8—TWO-WAY SLABS) ACH sl ol pxia b 5o
8.8—Nonprestressed two-way joOist ) (sdixiy &) @by glaar 5 b Ghixin b wo)D) L5 L ol s lodizinn
SUsS lapians 5 5,5 0 S5 Gl s sle Js s s (Waffle) il oo ACH sl 3 .Llbas &l (Systems

Lgd o plulid ol a0l g 4 (U-boot) & 4 5 5 (Cobiax)

ACI publishes codes, specifications, and reports for the cancrete user  This message is in response ta your technical question/inguiry
ACI is a non-profit arganization and as such, we cannot provide specific recommendations or code interpretation. Saying that, here are some comments

. Punching shear in two-way slabs — please check section 8 of the ACI-318, especially the commentary. It will provide the information you need and guide
you to other sections of the code that have specific shear requirements. You may also consider looking into “SP-17{14) The Reinforced Concrete Design
Handbook Volumes 1 & 2” for design examples (https://www.concrete.org/store/productdetail.aspx?Item|D=5P1714PACK)

. Waffle slabs are similar to two-way joist systems. Please check “ACI 314R-16, Guide to Simplified Design for Reinforced Concrete Buildings” for more
information (https://www.concrete.org/store/productdetail.aspx?|temlD=31416). Please note, that punching shear requirements for waffle slabs are
discussed in Section 9.6.2 (ACI 314-16), as follows: “In waffle-slab systems, calculations for punching shear are needed only in the critical zone within the
capital.”

. I'm not familiar with “U-boot and Cabiax slabs”. They appear to be some proprietary systems. ACI documents do not list or discuss proprietary systems.

Sincerely,
Technical Staff

*Please note that this is not an official ACI interprefation. The Institute shall not be liable for any loss or damage arising there from. Reference to this shall not be made in any coniract
documents.
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8.10.8 Factored shear in slab svstems with beams R8.10.8 Factored shear in slab systems with beams—The
tributary area for calculating shear on an interior beam is
8.10.8.1 Beams between supports shall resist the portion of shown shaded in Fig. 8.10.8.1. If the stiffness of the beam
shear in accordance with Table 8.10.8.1 caused by factored apnly/ly 1s less than 1.0, the shear on the beam may be
loads on tributary areas in accordance with Fig. 8.10.8.1. obtained by linear interpolation. In such cases, the beams
framing into the column will not account for all of the shear
Table 8.10.8.1—Portion of shear resisted by beam force applied to the column. The remaining shear force will
produce shear stresses in the slab around the column that
anlyly Distribution coefficient should be checked in the same manner as for flat slabs, as
0 0 required by 8.10.8.3. Sections 8.10.8.1 and 8.10.8.2 do not
=1.0 1.0 apply to the calculation of torsional moments on the beams.
Note: Linear interpolation shall be made between values shown. These moments should be based on the calculated flexural

moments acting on the sides of the beam.

—— —— —t—
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When slabs are supported on beams having a1 {,/€; = 1.0, the beams must be de-
signed for shear forces computed by assuming tributary areas bounded by 45° lines at the
corners of the panels and the centerlines of the panels, as is shown in Fig. 13-92. If the
beams have ayg€,/€, between 0 and 1.0, the shear forces computed from these tributary ar-
eas are multi[jliecl by ay €,/€,. In such a case, the remainder of the shear must be transmit-
ted to the column by shear in the slab. The ACI Code is silent on how this is to be done. The
most common interpretation involves using two-way shear in the slab between the beams
and one-way shear in the beams, as shown in Fig. 13-93. Frequently, problems are encoun-
tered when ag, £,/€, is less than 1.0, because the two-way shear perimeter is inadequate to
transfer the portion of the shear not transferred by the beams. Thus it is recommended to
select beam sizes such that ay, €,/€, exceeds 1.0 for a two-way slab.

Critical section for
two-way shear in slab

Critical section for
one-way shear in beams

Fig. 13-93
Shear perimeters in slabs
with beams.

Reinforced Concrete Mechanics and Design seventh Edition, James K. Wight F. E. Richart, Jr. Collegiate
Professor Department of Civil & Environmental Engineering University of Michigan
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(c) closed stirrups

Fig. R8.7.6(a)-(c)—Single- or multiple-leg stirrup-type slab

shear reinforcement.
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Fig.R8.7.6d—Arrangement of stirrup shear reinforcement,
interior columm.
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Fig. R8.7.6e—Arrangement of stirrup shear reinforcement,
edge column.
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FIGURE 10.1%2 Vanation of nommal shear stresses around critical section for (a) pure shear and (b) moment phis shear.
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CODE COMMENTARY
8.4.1.8 For monolithic or fully composite construction R8.4.1.8 For monolithic or fully composite construction,
supporting two-way slabs, a beam includes that portion of the beams include portions of the slab as flanges. Two exam-
slab, on each side of the beam extending a distance equal ples of the rule are provided in Fig. R8.4.1.8.

to the projection of the beam above or below the slab,
whichever is greater, but not greater than four times the slab

thickness.
h, < 4h;
hy b, +2h,<b,+8h
4o |
¥ ]
AR A
S N P hy
bw bw
Fig. R8.4.1.8—FExamples of the portion of slab to be included
with the beam under 8.4.1.8.
6.3.2 T-beam geometry R6.3.2 T-beam geometry
6.3.2.1 For nonprestressed T-beams supporting monolithic R6.3.2.1 In ACT 318-11, the width of the slab effective
or composite slabs, the effective flange width b shall include as a T-beam flange was limited to one-fourth the span. The
the beam web width b,, plus an effective overhanging flange Code now allows one-eighth of the span on each side of the
width in accordance with Table 6.3.2.1, where 7 is the slab beam web. This was done to simplify Table 6.3.2.1 and has
thickness and s, is the clear distance to the adjacent web. negligible impact on designs.

Table 6.3.2.1—Dimensional limits for effective
overhanging flange width for T-beams

Effective overhanging flange width, beyond face
Flange location of web
8h
Each side of Least of /2
web
£/8
6h
One side of web Least of: 5,42
£/12

15
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b, + s,/2 | [ bw+ 2 x sy/2 = total trans. span |
by=1{ by+6h i by={ b,+2(8h) i
by + (/12 | | b+ 2 (€2/8) i
| | : | | )
| | h | | | I
17 | —
W N ; i NN \ NN i Tk
| i
N | \\ i
by Spl? ‘ Swl2 | by, | Swl2 .
i 1 f |
Midspan Midspan
Transverse span Transverse span
£, = clear length of beam span (longitudinal span)
sy = clear transverse span between webs
Fig. 4-42

ACI Code definitions for effective width of compression flange, b,.
(eals )

Reinforced Concrete Mechanics and Design seventh Edition, James K. Wight F. E. Richart, Jr. Collegiate
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8.10.2.7 For a panel with beams between supports on all
sides, Eq. (8.10.2.7a) shall be satisfied for beams in the two
perpendicular directions.

R8.10.2.7 The elastic distribution of moments will deviate
significantly from those assumed in the direct design method
unless the requirements for stiffness are satisfied.

ol
02<—2 <50

(8.10.2.7a)
o,y
where aj and oy, are calculated by:
Lol
o, =—" 8.10.2.7b
T ( )

o315 13 aly OlS elal e Sl opl S8 gl dIs 5 8 s sl 3 S by 8w by e sl ISKs caalsl s
G B o gd G go Ll o dls Calss ol p YO L ol o5 IS Gas 38 b 55 JS Gl 3 a8 ol Ol LS cpl 5 lileds

Q):.wjjg—dbg.,._sjjLjojzw—j;)w)wblﬂw&ﬁajﬁwd\ﬂAﬂ Los sl asedd pmin SOl b 4 L0 s

R
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640 - Chapter 13 Two-Way Slabs: Behavior, Analysis, and Design

Beam-to-5lab Stiffness Ratio, ay

Slabs frequently are built with beams spanning from column to column around the perim-
eter of the building. These beams act to stiffen the edge of the slab and help to reduce the
deflections of the exterior panels of the slab. Very heavily loaded slabs and long-span waf-
fle slabs sometimes have beams joining all of the columns in the structure.

In the ACI Code, the effects of beam stiffness on deflections and the distribution of
moments are expressed as a function of ay, defined as the flexural stiffness, 4EI/¢, of the
beam divided by the flexural stiffness of a width of slab bounded laterally by the center-
lines of the adjacent panels on each side of the beam:

 SEalE
T 4E. ¢

oy

Because the lengths. £, of the beam and slab are equal. this quantity is simplified and
expressed in the code as

Eonly

(13-9)

“ and E, are the moduli of elasticity of the beam concrete and slab concrete,
respectively, and £, and 7, are the moments of inertia of the uncracked beams and slabs.
The sections considered in computing i, and [, are shown shaded in Fig. 13-16. The span
perpendicular to the direction being designed is €. In Fig. 13-16c, the panels adjacent to

f'_' I i3 I
i |

{a) Sactlon for lp—Edge beam

F/.r N
bk Sectlon for f— Edge beam,
fal2 fai2

(-
{ I A |
(€1 Section for iy—Interior beam

| J -
{ A Jl

Fig. 13-16 ] u

Beam and slab sections for
calculations of oy. id) Saction for fy—Intarior beam

2. Select the slab thickness and beam size. The slab thickness is chosen to
satisfy deflection requirements once the beam size is known. If oy €,/€, exceeds 1.0
for all beams, all the shear is transferred to the columns by the beams, making it un-
necessary (o check shear while selecting the slab thickness. If there were only edge
beams, the minimum slab thickness for deflection would be governed by Table 13-1 and
would be £,/33 = 8.18 in., based on €, = 22.5 ft. To select a thickness for a slab with
beams between interior columns, the thickness will be arbitrarily reduced by 15 percent
to account for the stiffening effect of the beams, giving a trial thickness of 7 in. Assume
a beam with an overall depth of about 2.5 times that of the slab to give a value of oy a
little greater than 1.0.

For the first trial, select a slab thickness of 7 in. and a beam 18 in. wide by 18 in.
deep. Check the thickness using Eqs. (13-10) and (13-11). The cross sections of the beams
are shown in Fig. 13-95. First compute ay as:

Eeply
E(‘S I.\

a = (13-9)
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9.2.4.1 In T-beam construction, flange and web concrete R9.2.4.1 For monolithic or fully composite construction,
shall be placed monolithically or made composite in accor- the beam includes a portion of the slab as flanges.
dance with 16.4.

9.2.4.2 Effective flange width shall be in accordance with
6.3.2.

9.2.4.3 For T-beam flanges where the primary flexural slab R9.2.4.3 Refer to R7.5.2.3.
reinforcement is parallel to the longitudinal axis of the beam,
reinforcement in the flange perpendicular to the longitudinal

5

axis of the beam shall be in accordance with 7.5.2.3

9.2.4.4 For torsional design according to 22.7, the over- R9.2.4.4 Two examples of the section to be considered in
hanging flange width used to calculate A, A,, and p, shall torsional design are provided in Fig. R9.2.4.4.
be in accordance with (a) and (b):
hy < 4k
(a) The overhanging flange width shall include that portion [ by _ b, +2h,Sb,+8h
of slab on each side of the beam extending a distance ‘—1 | | |
equal to the projection of the beam above or below the 7 A - 1
slab, whichever is greater. but not greater than four times S i
the slab thickness. A e . e
(b) The overhanging flanges shall be neglected in cases - | N ~ l
where the parameter A.,%/p., for solid sections or A./p,, I bw bw

for hollow sections calculated for a beam with flanges is
less than that calculated for the same beam ignoring the

Fig. R9.2.4.4—FExamples of the portion of slab to be included
flanges.

with the beam for torsional design

Juj&a&ﬂ.:é;)btm}ﬂélﬁ)b@,}ﬁ)b&)ﬁélﬁ&jbl}qlﬂu.,\;},\JAJ‘J‘)‘J_%LSJIK.?)S

24.3.4 If flanges of T-beams are in tension, part of the R24.3.4 In T-beams, distribution of the negative moment
bonded flexural tension reinforcement shall be distributed reinforcement for control of cracking should take into
over an effective flange width as defined in accordance with account two considerations: 1) wide spacing of the rein-

.3.2, but not wider than £,/10. If the effective flange width forcement across the full effective width of flange may
exceeds ¢,/10, additional bonded longitudinal reinforcement cause some wide cracks to form in the slab near the web;
shall be provided in the outer portions-of the flange. and 2) close spacing near the web leaves the outer regions of

:‘idzydliru‘: Jgj.ﬂ:ng permitted without license from IHS American Concrete Institute — COpyrlghl h\)‘ for Resale, 10/30/2014 11:51: 55 M§$n e

BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI 318-14) AND COMMENTARY (ACI 318R-14) 405

CODE COMMENTARY
the flange unprotected. The one-tenth limitation is to guard

against a spacing that is too wide, with some additional rein-
forcement required to protect the outer portions of the flange.

18
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In the negative-moment regions of T-beams, the flanges will be stressed in tension
and will crack as shown in Fig. 4-37a. To restrict the width of the cracks in the flanges, ACI
Code Section 24.3.4 requires that “part” of the flexural-tension reinforcement be distrib-
uted over a width equal to the smaller of the effective flange width and €,/10. The same
ACT section also requires that “some™ longitudinal reinforcement be provided in the outer
portions of the flange. The terms part and some are not defined. This can be accomplished
by placing roughly one-fourth to one-half the reinforcement in the overhanging portions of
the flange near the web and by placing the balance over the web of the beam. Shrinkage and
temperature reinforcement should be placed in the remaining portion of the flange (slab).

Fig. 5-28
Final beam section design at

face of column—Example 5-5.

Then using Eq. (5-16) to get a revised steel area, we have

M, - 2 in. 5
A4 = " _ 148'\. ft X l in./ft ‘ — 2.00in2
a 0.9 x 60 ksi(17.5 in. — 1.02in.)
of\d -3

As was done in Example 5-4 to be in compliance with ACI Code Section 24.3 4, select three
No. 7 bars for over the web of the section and select two No. 4 bars to be placed in the
flanges, one on each side of the web, as shown in the final section design given in Fig. 5-28.
The resulting steel area is

A, =3 x 0602+ 2 % 020in? = 2.20in.?

=25in.
21.7in._l ‘ =7 in. 17 =7in. ‘
F * * Iein.

o] | SMe.7bar || e am—
20 in.

18in. ‘

c:%'b‘r)‘y)jbj sz.)lﬁjg;ml ol 03l )‘j’g QL?- J}’-\J DL (M)J Q')cjﬁ G.J_‘ \/A Af)‘}})yl.d)] CJA G\)‘Y )‘v\jﬁ )l gYL} JL:A DL
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(b) Negative-moment region. ACI Code Section 24.3.4 says “part” of the
negative-moment steel shall be distributed over a width equal to the smaller of
the effective flange width (93 in.) and €,/10 = 324/10 = 32.4 in. At each of
the interior negative-moment regions, there are six top bars. Two of these will be
placed in the corners of the stirrups, as shown in Fig. 10-8b, two over the beam
web, and the other two in the slab. (Note that, for bars placed in the slab to be

(/10 = 32.4 in.
5in. | 5in.
Na. 7
1 No. 6 ‘l"
, b
N\ c; = 1.875in.
[ [} \ T

Fig. 10-8
Distribution of reinforcement. (b) Bar spacing at interior support.

completely effective, there should be reinforcement perpendicular to the beam in
the slab. In this case the slab reinforcement will serve this purpose.) The two bars
placed in the slab will be placed to give spacing, s. approaching the maximum
allowed. The maximum spacing allowed is

el dIs ge a5 oY byl ile 5 ol sl esls 13 0l s 55 (Aoss W) 55T £ Y SeboT e 5L Je s

ol Gluly e gl glesT B cal oY s s slassilel 0as Bl fpe S 4 Sl 0l ASU pizen ol ol

e ekl sbie ol gl s dls e b oyl 5 il sla, syl 51 018 e ldls G 4y s sd ey 1B Iy 5 s

Table 24.3.2—Maximum spacing of bonded
reinforcement in nonprestressed and Class C
prestressed one-way slabs and beams

Reinforcement
type Maximum spacing s
40,000
15{ : } 25¢,
Deformed bars or Lesser J:
wires of: 10,000
12{ = }
A
[E] 15{40’ OOOJ ~235¢,
Bonded 3 A,
Lesser
prestressed of:
reinforcement ) [ 2} 40,000
— {12 -
3 Af,.
Combined [E] 15 { 40 000} —2.5¢,
deformed bars or Lesser 6 A,
wires and bonded of
prestressed [ 5) 40,000
i — 112 .
reinforcement 6 A,

24.3.2.1 Stress f; in deformed reinforcement closest to the
tension face at service loads shall be calculated based on the
unfactored moment, or it shall be permitted to take f; as (2/3)f;.
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Then, use that value of @ in Eq. (5-16) to get an improved value for A;:
A = M, _ 220 % 10° N-mm
Y dh(d — a2) 0.9 X 420 N/mm? (435 mm — 49.1 mm)

= 1510 mm?

As before, we need to be aware that ACI Code Section 24.3.4 requires that some of the tension-
zone reinforcement for a flanged section be distributed into the flange. For this section, select
three No. 22 bars for over the web and place two No. 16 bars in the flanges, as shown in
Fig.5-29. These bars give a total tension steel area, A, = 3 X 387 + 2 X 199 = 1560 mm?.

3. Use of Table A-3M to select required A;. As was done in Example 5-3, we
can use Table A-3M to find the required area of tension reinforcement after the section
dimensions have been selected. Also, when using Table A-3M, we will know that the
selected reinforcement ratio exceeds the minimum ratio required by the ACI Code, and

= 65 mm
— 40 mm ‘ =250 mm ( =250 mm‘
R -
T [4 * 140 mm
T — T
s
No 16 bar No. 16 bar
T~ 3 No. 22 bars 500 mm

300 mm

ACl wb ol 4 4255 b shojlo sl S5, ety o5

s amio Sl 5l JFIs S, s o b closlu glaylgs fljb‘));u“ 53 ACH I Jead 53 ods Ol Ll 4 a5 L

CODE

Lpda § L 3 Olejen Sy

COMMENTARY
In-plane :
shear Qﬂf’;

~

In-plane
moment

Out-of-plane
Qut-of-plane moment

shear

Selfweight

|

Fig. R11.4.1.3—In-plane and out-of-plane forces.

11.4.1.4 Walls shall be designed for eccentric axial loads
and any lateral or other loads to which they are subjected.
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11.5.2 Axial load and in-plane or out-of-plane flexure R11.5.2 Axial load and in-plane or out-of-plane flexure

11.5.2.1 For bearing walls, P, and M, (in-plane or out-of-
plane) shall be calculated in accordance with 22.4. Alterna-

_ . . _ et . aci®
o Feprodiucion or networking permitied witho kcensa from HS American Concrete Institute — Co e mows 1 s st o o000 L acl
166 BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI 318-14) AND COMMENTARY (ACI 318R-14)
CODE COMMENTARY

tively, axial load and out-of-plane flexure shall be permitted
to be considered in accordance with 11.5.3.

11.5.2.2 For nonbearing walls, M, shall be calculated in R11.5.2.2 Nonbearing walls, by definition, are not subject
accordance with 22.3 to any significant axial force: therefore. flexural strength is
not a function of axial force

G s e S e s Sl Gl edd a LS Sl 5 I el JUSH i Sl 2ol gle S 5 S s el
Sl s o,La1 S ) 8 8 s 4 ACH sl o] 51 e A 3 s «(8.10—Direct design method) adls pizs 7 b
Sl S5 p3Y Ll sl b S Ls S cpl acelee gl 5 sl wlas 55 0Ll (g 1ISLL Sl Sl slakilas gl 2 s
“t Sl Ll 4 Sl (S B o S s ks M dalasel sl S s slad slaslgs sl ge 31 ok L3 &S

Dligabl Cgr SO 3 b 0,8 o s ol o lbos s 4 dls S JUS! e Sl gl S S el 5 el

8.10.4.2 In an end span, M, shall be distributed in accor- R8.10.4.2 The moment coefficients for an end span are
dance with Table 8.10.4.2. based on the equivalent column stiffness expressions from
Cortley et al. (1961), Jirsa et al. (1963), and Corley and Jirsa
Table 8.10.4.2—Distribution coefficients for end (1970). The coefficients for an unrestrained edge would be
spans used, for example, if the slab were simply supported on a
Slab without masonry or concrete wall. Those for a fully restrained edge
beams between would apply if the slab were constructed integrally with a
Slab with | interior supports concrete wall having a flexural stiffness so large compared
Exterior beams | Without | With | Exterior to that of the slab that little rotation occurs at the slab-to-wall
edge between all edge edge | edge fully o
: . connection.
unrestrained | supports beam beam | restrained . .
Tnterior For other than unrestrained or fully restrained edges,
negative 0.75 070 070 1 070 0.65 coefficients in the table were selected to be near the upper
Positive 0.63 0.57 0.52 0.50 0.35 bound of the range for positive moments and interior nega-
Exterior o 016 026 030 0.65 tive moments. As a result, exterior negative .llIOIIIEHtS
negative were usually closer to a lower bound. The exterior nega-

tive moment strength for most slab systems is governed
by minimum reinforcement to control cracking. The coef-
ficients in the table have been adjusted so that the absolute
sum of the positive and average moments equal M,,.

In the 1977 Code, distribution factors defined as a func-
tion of the stiffness ratio of the equivalent exterior support
were used for proportioning the total static moment M, in an
end span. This approach may be used in place of values in
this provision.
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8.10.7 Factored moments in columns and walls

8.10.7.1 Columns and walls built integrally with a slab
system shall resist moments caused by factored loads on the
slab system.

8.10.7.2 At an interior support, columns or walls above
and below the slab shall resist the factored moment calcu-
lated by Eq. (8.10.7.2) in direct proportion to their stiff-

R8.10.7 Factored moments in columns and walls—Design
and detailing of the reinforcement transferring the moment
from the slab to the edge column is critical to both the
performance and the safety of flat slabs or flat plates without
edge beams or cantilever slabs. It is important that complete
design details be shown in the construction documents, such
as concentration of reinforcement over the column by closer
spacing, or additional reinforcement.

R8.10.7.2 Equation (8.10.7.2) refers to two adjoining
spans, with one span longer than the other, and with full dead
load plus one-half live load applied on the longer span and

nesses unless a general analysis is made. only dead load applied on the shorter span.

Mc - 007[(un + 0-591_»4){-)2&!2 - QDH'flf({"n’)z] (8 10'72)

where gp,’, £2', and £, refer to the shorter span.

el s el el Ozl (Seismic Design of Reinforced Concrete Buildings, Jack Moehle) " " _us 51 5 oz

e 353 a8 s s Jls 31 Sl S 2ol S0 L Gl JIs JUal sl b (5l oS S 03 ST 35 e
Jlasl (Il ol s oS | cl (5 md Caanl 13 o3l (slacid s S 5 5 Oley o Il Ko so Vsane 45 ol old ST

.>J,:S/Ja)\f$ Jl;(JQflféLl; 5 Ses) amin s ki, 5 (8 sla)l Cov) amin C)l;'- (alj_?)l:&a))'l Sl sl o

10.10 Slab-Wall Connections
10.10.1 One-Way Slab-Wall Connections

The term “one-way slab-wall connection” refers to moment transfer between a slab and a wall
loaded out-of-plane. Common examples include a slab framing perpendicular to a flange of a wall or
a slab framing into a core wall. Although moment transfer capacity can be important in some cases,
usually the most important consideration 1s drift capacity of the connection while the slab supports
gravity loads acting out of the plane of the slab and diaphragm shears acting in the plane of the slab.

ASCM,JOJ.LJ\:SU ‘°}i.5 6@)‘}1))3 L.SJJ‘ QL«.HA.:..:G‘)(:.’ €J§l€.)L_:;4;J9};JAL§LQ&J JJ:‘SL.S‘J" cg_)kS)l 6&)%5)3 ca)y\a{

(ﬁJUZA)JJﬁwbmda.:ufJJU6))9:446@_5):.»Lo])MW)'C)B)kbéLAQLMU,B;JEJJJL.lil;uj.‘..]uil

Design for moment and axial force, shear, development, and detailing generally follows
procedures outlined in Section 13.8, with one exception. Instead of using the displacement-based
method, ACI 318 requirements for boundary elements are established using a stress-based method.
First, the seismic-force-resisting system 1s sized and analyzed to determine axial forces and moments
under critical load combinations. Using a gross-section model of the wall cross section, nominal
stress at wall edges 1s calculated from

0 =P A+ M, /S, +M,/S, (13.21)

uy
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1- InTable 6.6.3.1.1(a), where Code specifies 0.7 and 0.35Ig based on the cracking for walls, do these values
apply to both in-plane and out-of plane stiffness of the walls or only in-plane behavior and out of plan-
behavior shall follow the Slab/flat plate cracking?

2- Inthe same table, where Code specifies 0.35Ig for flat slabs and flat plate, does this value apply to in-
plane (diaphragm behavior) of the slab in case the diaphragm has to be modeled as semi rigid? Or the in-
plane behavior follows the walls behavior and can be modeled using 0.7/or 0.35 based on the in-plane

stresses?

Dear Mr. Jalalpour

ACI publishes codes, specifications, and reports for the concrete user. This message is in response to your technical question/inquiry.

1. The value for the moment of inertia to be used for elastic analysis at factored load levels of uncracked walls is 0.70(/y) and for cracked walls is 0.35(/) for
both in-plane and out-of-plane stiffnesses. Where “I," is the moment of inertia of the gross cross-section of the member.

2. The value for the moment of inertia to be used for elastic analysis of factored load levels of flat slabs and plates is 0.35(/;) regardless of modeled rigidity.
Note that in a connected concrete building designed with flat slabs acting also as a diaphragm that is part of the lateral force resisting system (LRFS), the flat
slab will generally deform greater than other LFRS frame members such as shear walls and columns under lateral loading events. To account for this relative
difference in stiffness with respect to other LRFS frame mebers, the flat slab or diaphragm member has a higher reduction in stiffness properties than
uncracked walls or columns.
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10.7—Examples

Shear Wall Example 1: Seismic Design Category B/wind—The reinforced conerete shear wall in this example 1s nonpre-
stressed. This shear wall is part of the lateral force-resisting-system (a shear wall is at each end of the structure) in the North-
South (N-S) direction of the hotel (Fig. E1.1). Material properties are selected based on the code limits and requirements of
Chapters 19 and 20 (ACI 318-14), engincering judgment, and locally available materials. The structure is analyzed for all
required load combinations by an elastic 3D finite element analysis software model that includes shear wall - frame interaction.
The resultant maximum factored moments and shears over the height of the wall are given for the load combination selected.
This example provides the shear wall design only at the base.

Given: Sg:\mgﬂca\
P, =1015 ki o
! sl B @ 8 @ 8.4
In-plane— _j—————-——— e T [F " TF———= :—-Ij.:-——--l === == #@
¥, = 235 kip ‘ e |
M, = 18.600 fi-kip -l Lo '
ut B @ it i ®
Out-of-plane—
V, =16 kip ) — Shearwall
M, = 60 ft-kip i 8 B B E
Material properties— :, Hro  F .
= 5000 psi o h
£,= 60,000 psi & &
|t - it

(12) @ 180 = 2160

0 4 81z 16
First Flsor Plan d

Graghic scale if)

Fig. E 1.1—Building floor plan, first floor.
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Shear Wall Example 2: Seismic Design Category D

The reinforced concrete shearwall in this example is nonprestressed. This shearwall is part of the lateral force-resisting-
system (a shearwall is at each end of the structure) in the North-South (N-S) direction of the hotel (Fig. E2.1). Material proper-
ties are selected based on the code limits and requirements of Chapters 19 and 20 (ACT 318-14), engineering judgment. and
locally available materials. The structure is analyzed for all required load combinations by and elastic 3D finite element analysis
software model that includes shearwall-frame interaction. The resultant maximum factored moments and shears over the height
of the wall are given for the load combination selected. This example provides the shearwall design and detailing at the base
of the wall.

Given: Symmarical
atout §
Forces and moments at the i'-0"® @ @ @ @ @ " @ @ i
wall base— T T — — - r 1 TH®
P,=1015 kip | e
24" x 24" wall around
/  column perimeter
In-plane— =8 = & i e & ki
¥, = 470 kip |
M, = 37,200 fi-kip |_— Shear wa |
2| = B - B . - & - ©
Material properties— 5l o 5| =
[ = 5000 psi H 8
£, = 60.000 psi gl f—- = 5 - g ®
| 1
Out-of-plane— i /
¥, =32 kip ? - = - - e £ i - ®
M, = 120 ft-kip '
m! Ty : 2
Lyg

(12) @ 184" = 260"

0 4 & 12 16

First Floor Plan

Graghic 18 1)

Fig. E2. 1—Building floor plan, first floor.
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10.10.2 Slab-Wall Coupling

Slab-wall coupling refers to shear and moment transfer between a slab and two walls. Although slab-
wall coupling can occur between slabs and flanged walls, this section focuses on coupling between
slabs and walls with a rectangular cross section. The interior wall framing lines in Figure 10.30a
depict a typical condition. The framing is characterized by rectangular wall and slab cross sections,
small corridor width relative to length of the wall, small corridor width relative to transverse bay
width, and large corridor width relative to wall thickness. Relevant studies are reported in Paulay
and Taylor (1981), Qadeer and Smith (1969), and Schwaighofer and Collins (1972).

g
g
g
g
g
)11/ ;

(a) Wall building (b) Distortion of coupling slab

FIGURE 10.30 Slab-wall coupling.

fj — |
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h P

(a) Effective width for stiffness (b) Effective width for reinforcement (c) Slab critical section

e s SAL oS

BUILDINGS, T. Paulay and M. J. N. Priestley AND MASONRY SEISMIC DESIGN OF REINFORCED CONCRETE
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Fig. 5.46 Coupling of walls solely by slabs.

422 STRUCTURAL WALLS

| Width _of opening between walls |
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Fig. 547 Concentrated reinforcement in slab coupling,
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Reinforced Concrete Mechanics and Design seventh Edition, James K. Wight F. E. Richart, Jr. Collegiate
Professor Department of Civil & Environmental Engineering University of Michigan
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Floor slabs may serve as soft coupling beams. Their stiffness can be based on a slab
with a width perpendicular to the wall equal to the wall thickness plus half of the width
of the opening, €, /2, between the walls, added on each side of the opening [18-11]. [18-12],
[18-13]. In tests of shear walls coupled by slabs, the specimens failed by punching-shear
failures in the slab around the ends of the walls. Under cyclic loads, the stiffness of slabs
serving as coupling beams decreased rapidly.
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R6.6.3.1.1 The values of I and 4 have been chosen from
the results of frame tests and analyses, and include an allow-
ance for the varability of the calculated deflections. The
moments of inertia are taken from MacGregor and Hage
(1977), which are multiplied by a stiffness reduction factor
&x=0.875 (refer to R6.6.4.5.2). For example, the moment of
inertia for columns is 0.875(0.801,) = 0.701,.

The moment of inertia of T-beams should be based on
the effective flange width defined in 6.3.2.1 or 6.3.2.2_ It is
generally sufficiently accurate to take I, of a T-beam as 21,
for the web, 2(b,,/*/12).

:4-Y s (The Reinforced Concrete Design Handbook) SP-17-14 ¢l
CHAPTER 3—STRUCTURAL ANALYSIS
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3.4—Computer programs

Buildings designed as moment-resisting frames can often
be effectively modeled as a series of parallel planar frames.
The complete structure is modeled using orthogonal sets
of crossing frames. Compatibility of vertical deflections
at crossing points is not required. The geometry of beams
can vary depending on the floor system. For slab-column
moment frames, if may be possible to model according to
the equivalent frame method in Section 8.11 mn ACI 318.
For beam-column moment frames, it is permitted to model
T-beams, with the limits on geometry given in Section 6.3.2
of ACT 318; however, it is often simpler to ignore the slab
and model the beams as rectangles. For beams in interme-
diate or special moment frames, the assumption of a rect-
angular section may not be conservative; refer to Sections
18.4.2.3,18.6.5.1,and 18.7.3.2 in ACI 318.

The stiffness of the beam-column joint is underestimated
if the beam spans are assumed to extend between column
cenferlines and the beam 1s modeled as prismatic along the
entirte span. Many computer programs thus allow for the
beam to be modeled as spanning between faces of columns.

e s R 1

ojl )0 5000 5 o (g5l Joo (KsSx 5 L8, () 0

of structural irregularities and torsional response can be

directly analyzed. Current computer software that provides

three-dimensional modeling often use finite element anal- (g

ysis with automatic meshing. These high-end programs are

capable of running a modal response spectrum analysis,
seismic response history procedures, and can perform a host
of other time-consuming mathematical tasks.

To reduce computation time, concrete floors are some-
times modeled as rigid diaphragms, reducing the number
of dynamic degrees of freedom to only three per floor (two
horizontal translations and one rotation about a vertical
axis). ASCE 7-10 allows for diaphragms to be modeled as
rigid if the following conditions are met:

(a) For seismic loading, no structural irregularities and the
span-to-depth ratios are 3 or less (Section 12.3.1.2 in
ASCE 7-10)

(b) For wind loading, the span-to-depth ratios are 2 or less
(Section 27.5.4 1n ASCE 7-10)

If a rigid diaphragm is assumed, the stresses in the
diaphragm are not calculated and need to be derived from the

o PRI A s
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18.7.3 Minimum flexural strength of columns

18.7.3 Mininmum flexural strength of columns
18.7.3.1 Columns shall satisfy 18.7.3.2 or 18.7.3.3.

18.7.3.2 The flexural strengths of the columns shall satisfy

IM, = (6/5)3 M, (18.7.3.2)

where

>M,, is sum of nominal flexural strengths of columns
framing into the joint, evaluated at the faces of the joint.
Column flexural strength shall be calculated for the factored
axial force, consistent with the direction of the lateral forces
considered, resulting in the lowest flexural strength.

> M, is sum of nominal flexural strengths of the beams
framing into the joint, evaluated at the faces of the joint.
In T-beam construction, where the slab is in tension under
moments at the face of the joint, slab remforcement within
an effective slab width defined in accordance with 6.3.2 shall
be assumed to contribute to M, if the slab reinforcement is
developed at the critical section for flexure.

Flexural strengths shall be summed such that the column
moments oppose the beam moments. Equation (18.7.3.2)
shall be satisfied for beam moments acting in both directions
in the vertical plane of the frame considered.
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https://t.me/joinchat/BFgosFM7HvDNnCKfhr55VIg

R18.7.3 Minimum flexural strength of columns—The
mtent of 18.7.3.2 1s to reduce the likelihood of yielding in
columns that are considered as part of the seismic-force-
resisting system. If columns are not stronger than beams
framing into a joint, there is increased likelihood of inelastic
action. In the worst case of weak columns, flexural yielding
can occur at both ends of all columns in a given story,
resulting in a column failure mechanism that can lead to
collapse.

In 18.7.3.2, the nominal strengths of the beams and
columns are calculated at the joint faces, and those strengths
are compared directly using Eq. (18.7.3.2). The 1995 and
earlier Codes required design strengths to be compared at
the center of the joint, which typically produced similar
results but with added calculation effort.

In determining the nominal moment strength of a beam
section in negative bending (top in tension), longitudinal
reinforcement contained within an effective flange width of
a top slab that acts monolithically with the beam increases
the beam strength. French and Moehle (1991), on beam-
column subassemblies under lateral loading, indicates that
using the effective flange widths defined in 6.3.2 gives
reasonable estimates of beam negative moment strengths of
interior connections at story displacements approaching 2
percent of story height. This effective width is conservative
where the slab terminates in a weak spandrel.
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In 18.7.3.2, the nominal strengths of the beams and
columns are calculated at the joint faces, and those strengths
are compared directly using Eq. (18.7.3.2). The 1995 and
earlier Codes required design strengths to be compared at
the center of the joint, which typically produced similar
results but with added calculation effort.

In determining the nominal moment strength of a beam
section in negative bending (top in tension), longitudinal
reinforcement contained within an effective flange width of
a top slab that acts monolithically with the beam increases
the beam strength. French and Moehle (1991), on beam-
column subassemblies under lateral loading, indicates that
using the effective flange widths defined in 6.3.2 gives d
reasonable estimates of beam negative moment strengths of
interior connections at story displacements approaching 2
percent of story height. This effective width is conservative
where the slab terminates in a weak spandrel.
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Seismic Design of Reinforced Concrete Buildings, Book by Jack Moehle L. _us
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(a) Elevation and loading (b) Top view (c) Strut and tie model

FIGURE 6.49 Actions on an isolated beam-slab-column connection under lateral loading. Test results for test specimen J1. (4fter
Kurose et al., 1988, courtesy of American Concrete Institute.)
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b, = width within 45° lines

from column corners
b.=b,+1/12
b.=1/4 g 6h, < ¢, + ¢, on each side of colomn
<b,,+8h, each side s
< b, + half clear
<b,, + half clear distance diMs:tance £ Fextwel be
to next web on each side 2=
t
N )
i be | [hs [— be— \45° 455" | ¢

, 7

|- b,, b,

(a) Section, interior span (b) Section, edge span (c) Plan, beam perpendicular to
edge w/o spandrel

FIGURE 12.36 Defmition of effective flange width. (a) ACI 318 effective flange width for interior beams with slab on both sides. ()
ACI 318 effective flange width for edge span beams with slab on one side. (¢) ACI 352 effective flange width for beams framing
perpendicular to a slab edge without spandrel. Where a substantial spandrel is present, the effective flange width of (a) or (b) can be
used.

.(ACl 352- BEAM-COLUMN CONNECTIONS IN MONOLITHIC CONCRETE STRUCTURES)

Cc' 1 ccl

cl : I
vci ' Vcl I
Ty>T Cra '_’¥\l
T~ 2 . —=Tp
3 \ v, |2
v bgl 1Vb| b2 bl
Cr2 T T C,
- ‘bl 7 b2 b2 bl
C' I Va Ic 1 Ve I
= - TcZ CcZ
{(a) Duc to gravity loads (b) Duc to latcral loads

Fig. 3.1—Joint forces at critical sections. T = tension force;

C = compression force; NV = shear force; subscript b for
beam; subscript ¢ for column,; and subscript s for slab.
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Vu=Tp+ T+ T+ Cyp— Vcell
where:
Tpy+ Ts1+ Ts2 =0 f)‘(Asl+ AS, s1+ As’ 2 )
Cp2=Tb2= Aszafy
(b) Type 2 connection

Fig. 4.6—Evaluation of horizontal joint shean:
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(a) Gravity loading (b) Lateral loading

FIGURE 12.21 Moment diagrams under (@) gravity loading and () lateral loading.
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Moments at a beam—column M, Me
joint—Example 19-2. (a) Frame swaying to right. (b) Frame swaying to left.
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Recommended Seismic Provisions: Design Examples FEMA P-1051/ July 2016

Figure 10-10 Layout for beam reinforcement
(10 ft=03048 m. 1.0in =254 mm)

Table 10-16 Design and Maximum Probable Flexural Strength For Beams in Frame 1

Location*
A A B C C' D

Item

Negative  Moment Demand

4 50. . . . b} y A 50/
Moment (inch-kips) 4,594 4,976 4,972 4,972 4,976 4,594

four #8 + four #8 + four#8 + four #8 +

Reinforcement four #8 onesT onetT onet onetT four #8
Design Strength 4 45 5.765 5.765 5.765 5.765 4875
(inch-kips) ’
Probable Strength 7045 7929 7020 7920 7920 7042
(inch-kips) ’ ' ’
Positive  Moment Demand PP - n o a g, - PR
Moment (inch-kips) 3.313 3,593 3.504 3.504 3,593 3,313
Reinforcement four #8 four #8 four #8 four #8 four #8 four #8
Design Strength 4948 4048 4048 4948 4948 4948
(inch-kips)
Probable Strength (/1 5841 6841 6841 6841 6841
(inch-kips)

*Moment demand is taken as the larger of the beam moments on each side of the column.
(1.0 in-kip = 0.113 kN-m)

As an example of computation of probable strength, consider the case of four #8 top bars plus the portion of
slab reinforcing within the effective beam flange width computed above, which is assumed to be 0.002(4
inches)(44-24)=0.16 square inches. (The slab reinforcing, which is not part of this example, is assumed to
be 0.002 for minimum steel.)

A;=4(0.79)+0.16 =332 in?

Width b for negative moment = 24 inches

d=129.5 inches

Depth of compression block, a = 4,(1.25/,)/0.85/.'b
a=3.32(1.25)60/[0.85(4)24] = 2.44 inches

M= 1.041.254)(d - a/2)

M, =1.0(3.32)1.25(60)(29.6 — 2.44/2) = 7,042 inch-kips
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An alternative practice, recommended here, is to size the beam for the design moment including
developed longitudinal reinforcement within both the web and the effective flange width. The slab
reinforcement may not be fully determined at the time the beams are designed, in which case the slab

reinforcement ratio can be estimated based on experience with similar buildings, and checked after
the design is completed.
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9.7.6.4 Lateral support of compression reinforcement R9.7.6.4 Lateral support of compression reinforcement
9.7.6.4.1 Transverse reinforcement shall be provided R9.7.6.4.1 Compression reinforcement in beams should
throughout the distance where longitudinal compression be enclosed by transverse reinforcement to prevent buckling.

reinforcement 1s required. Lateral support of longitudinal
compression reinforcement shall be provided by closed stir-
rups or hoops in accordance with 9.7.6.4.2 through 9.7.6.4.4.

9.7.6.4.2 Size of transverse reinforcement shall be at least
(a) or (b). Deformed wire or welded wire reinforcement of
equivalent area shall be permitted.

(a) No. 3 for longitudinal bars No. 10 and smaller
(b) No. 4 for longitudinal bars No. 11 and larger and for

longitudinal bundled bars

9.7.6.4.3 Spacing of transverse reinforcement shall not
exceed the least of (a) through (c)

(a) 164, of longitudinal reinforcement

by IHS

flatd ngp ithout fom b American Concrete Institute — Co

ersity of
Notfor Resale, 10302014 11:51:26 MOT -

148 BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI 318-14) AND COMMENTARY (ACI 318R-14)
CODE COMMENTARY

(b) 484, of transverse reinforcement

(c) Least dimension of beam

9.7.6.4.4 Longitudinal compression reinforcement shall
be arranged such that every corner and alternate compres-
sion bar shall be enclosed by the corner of the transverse
reinforcement with an included angle of not more than
135 degrees. and no bar shall be farther than 6 m. clear on
each side along the transverse reinforcement from such an
enclosed bar.
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18.6.1.2 Beams of special moment frames shall frame into

columns of special moment frames satisfying 18.7.

ojl )0 5000 5 o (g5l Joo (KsSx 5 L8, () 0

T T T T B R T I T T

magnitude of axial compressive force.

This Code is written with the assumption that special :

moment frames comprise horizontal beams and vertical
columns interconnected by beam-column joints. It is accept-
able for beams and columns to be inclined provided the
resulting system behaves as a frame—that is, lateral resis-
tance is provided primarily by moment transfer between
beams and columns rather than by strut or brace action. In
special moment frames, it is acceptable to design beams to
resist combined moment and axial force as occurs in beams
that act both as moment frame members and as chords or
collectors of a diaphragm. It is acceptable for beams of
special moment frames to cantilever beyond columns, but
such cantilevers are not part of the special moment frame
that forms part of the seismic-force-resisting system. It is
acceptable for beams of a special moment frame to connect
into a wall boundary if the boundary is reinforced as a
special moment frame column in accordance with 18.7.
A concrete braced frame, in which lateral resistance is
provided primarily by axial forces in beams and columns, is
not a recognized seismic-force-resisting system.

JﬁWbm’bﬁ;&iJB\J;—ASJ;;SL;«W}J‘)\ﬁ;j;.;BL;)M)J;L!,\J)'\6ﬂ§jlz¢€d>\}@-lfd>ﬁ6wlgb);d\

(V00 Led) spdosls 13 Lo les 5 it OB

portion (just over 15 percent) the total base shear for the 25 percent model, the intent of the dual system
requirements is judged to be satisfied. Tt should be noted that it is not the intent of the Standard to allow
dual systems of co-planar and integral moment frames and structural walls. It may be preferable to establish
a dual system layout that maintains a separation between the elements of the structural walls and moment
frames, but that was not practical for the structure of this particular design example.
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Frame

Wall

(a) Isolated frame and wall
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frame

Diaphragm
7 Wall

FFa

T FIFIFTa

> Fa
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{b) Frame and wall connected
by floor diaphragms

FIGURE 15.8 Diaphragms develop transfer forces by imposing displacement compatibility between different vertical elements of the

seismic-force-resisting system.

Fig. 18-6
Analytical model of a shear-
wall-frame building.
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The following are other significant aspects of the mathematical model that should be noted:

1.The structure is modeled with 12 levels above grade and one level below grade. The perimeter
basement walls are modeled as shear panels as are the main structural walls at the Berkeley building.
The walls are assumed to be fixed at their base, which is at the basement level.

2.All floor diaphragms are modeled as infinitely rigid in plane and infinitely flexible out-of-plane.
consistent with common practice for a regular-shaped concrete diaphragm (see Standard
Section 12.3.1.2).

<% 3 Beams and columns are represented by two-dimensional frame elements. The beams are modeled as
T-beams using the effective slab width per ACT 318 Section 6.3.2, as recommended by Moehle (2008).

4. The structural walls of the Berkeley building are modeled as a combination of boundary columns and
shear panels with composite stiftness.

5.Beam-column joints are modeled in accordance with Moehle (2008). which references the procedure
in ASCE 41. Both the beams and columns are modeled with end offsets based on the geometry. but the
beam offset 1s modeled as 0 percent rigid. while the column offset is modeled as 100 percent rigid. This
provides effective stiffness for beam-column joints consistent with the expected behavior of the joint:
strong column-weak beam condition. (While the recommendations in Moehle (2008) are intended for
special moment frames, the same joint rigidities are used for Honolulu for consistency.)

6.P-delta effects are neglected in the analysis for the purposes of this example since they are unlikely to
be significant for these buildings. This assumption is verified later in this example.

7. While the base of the model is located at the basement level. the seismic base for determination of
forces is assumed to be at the first floor. which is at the exterior grade.
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9.4.4 Factored torsion R9.4.4 Factored torsion
9.4.4.1 Unless determined by a more detailed analysis, it

shall be permitted to take the torsional loading from a slab as

uniformly distributed along the beam.

9.4.4.2 For beams built integrally with supports, T, at the
support shall be permitted to be calculated at the face of
support.

9.4.4.3 Sections between the face of support and a critical
section located 4 from the face of support for nonprestressed
beams or /1/2 from the face of support for prestressed beams

R9.4.4.3 Tt is not uncommon for a beam to frame into one
side of a girder near the support of the girder. In such a case,
a concenfrated shear and torque are applied to the girder.

shall be permitted to be designed for T, at that critical section
unless a concentrated torsional moment occurs within this
distance. In that case, the critical section shall be taken at the
face of the support.

9.4.4.4 It shall be permitted to reduce T, in accordance
with 22.7.3.
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Model 1 - fictitious noncomposite
(frames and shells are drawn at the elevation of
girder centroid sharing the same joints)

Model 2 - composite

(frames and shells drawn the elevation of girder
centroid sharing the same joints; shell joint offsest
are used to place the deck above the girder)

Model 3 - composite

(frames and shells are drawn at the elevations of
their respective centroids and connected using
body constraints; separate body constraint is used
for each pair of connected joints)

Model 4 - composite

(frames and shells are drawn the elevation of deck
centroid sharing the same joints; frame joint offsets
and top center insertion points are used to place
the deck above the girder)

Model 5 - noncomposite

(frames and shells are drawn at the elevations of
their respective centroids and connected using
equal constraint in Z direction; separate equal
constraint is used for each pair of connected joints)

Model 6 - noncomposite

(frames and shells are drawn at the elevations of
their respective centroids and connected using
links that are fixed in vertical direction and free for
all other degrees of freedom)

Model 7 - partially composite

(frames and shells are drawn at the elevations of
their respective centroids and connected using
links that are fixed in vertical direction, have
stiffness in girder longitudinal direction and are
free for all other directions)

Model 8 - composite

(frames and shells are drawn at the elevations of
their respective centroids and connected using
fixed links)
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Beam Designation Behavior Midspan Deflection Comments
[mm]
Theoretical Beam composite 3.2725 Theoretical deflection is based on the PLA3/48EI

formulation . Please note that SAP2000 calculations
produce slightly greater values because shear
deformation is considered in deflection.

Beam 1 nocomposite 7.1752 The deck-slab center line coincides with the section

(top beam) neutral axis. Therefore, the deck-slab contribution to
section flexural stiffness will be negligible. Further,
because there is no composite action, midspan
deflection should be close to that of a naked girder.

Beam 2 composite 3.2624 In this model, slab shell objects are drawn at the
girder center of gravity (COG), and then offset
vertically, above the girder, to model composite action.
The shells are offset such that the slab soffit is located
above the girder top flange.

Beam 3 composite 3.2624 In this model, the girder and the slab are drawn at
their respective center-lines. The corresponding girder
and slab joints are then connected through body
constraints.

Beam 4 composite 3.2624 In this model, composite action is modeled using
frame insertion points.

Beam 5 noncompostite = 7.1752 Equal constraints are used to model noncomposite
behavior.
Beam 6 noencomposite 7.1752 Links are used to model noncomposite behavior.
Beam 7 partially 3.5036 Links are used to model partially composite behavior.
composite
Beam 8 composite 3.2624 Links are used to model composite behavior.

(bottom beam)

(https://wiki.csiamerica.com/display/kb/Composite+behavior+FAQ#CompositebehaviorFAQ-
Whatcausesjumpsinthemomentdiagramofacompositeframe?)

Design forces

How are design forces obtained for a composite section modeled using frame and shell objects?

Extended question: | modeled a composite reinforced-concrete T-beam floor system using finite elements for the slab and frame objects for the girders. | found that member forces cannot
be directly read for the design process. How are member forces obtained for design?

Answer: Design of a T-beam floor system is dependent upon the forces within both the girder and the tributary slab width. Design forces are derived as a combination of those within the
frame and shell objects which compose the composite system.

Design forces in may be obtained using either of the following methods:

« Create a sequence of section cuts, as described on the Section cut FAQ page, to obtain design forces. Done manually, this process may require significant effort. A more practical
approach may be to automate the process using the Apg [o Of > (API). Please note that d ation should be refined as necessary to adequately define the
section cuts.

« Obtain design forces by replacing rectangular beams with T-Beam sections, then use property modifiers to modify adjacent shell objects such that they do not contribute the same
stiffness and weight as the T-beams (not applicable to SAFE program as weight of slab/T-beam flange overlap is not double counted in SAFE). Frame forces in the T-beams would
then directly correspond with composite-section design forces.
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12.12.5 Deformation Compatibility for Seismic Design Cat-
egories D through F. For structures assigned to Seismic Design
Category D, E. or F, every structural component not included in
the seismic force-resisting system in the direction under consid-
eration shall be designed to be adequate for the gravity load
effects and the seismic forces resulting from displacement due
to the design story drift (A) as determined in accordance with
Section 12.8.6 (see also Section 12.12.1).

EXCEPTION: Reinforced concrete frame members not
designed as part of the seismic force-resisting system shall
comply with Section 21.11 of ACI 318.

Where determining the moments and shears induced in com-
ponents that are not included in the seismic force-resisting
system in the direction under consideration, the stiffening effects
of adjoining rigid structural and nonstructural elements shall be
considered and a rational value of member and restraint stiffness
shall be used.

..mjfcjlg A3 o5l el et 8

C12.12.5 Deformation Compatibility for Seismic Design
|Categnries D through F. In regions of high seismicity, many
designers apply ductile detailing requirements to elements that
are intended to resist seismic forces but neglect such practices
for nonstructural components, or for structural components that
are designed to resist only gravity forces but must undergo the
same lateral deformations as the designated seismic force-
resisting system. Even where elements of the structure are not
intended to resist seismic forces and are not detailed for such
resistance, they can participate in the response and may suffer
severe damage as a result. This provision requires the designer
to provide a level of ductile detailing or proportioning to all
elements of the structure appropriate to the calculated deforma-
tion demands at the design story drift, A. This provision may be
accomplished by applying details in gravity members similar to
that used in members of the seismic force-resisting system or by
providing sufficient strength in those members, or by providing
sufficient stiffness in the overall structure to preclude ductility
demands in those members.

- i ladad el ale (LS L s oS WS suslie Northridge earthquake 1994 435 51 . i el (o s 0

Of much significance is the observation that six of the seven

partial collapses (in modern precast concrete parking structures)
seem to have been precipitated by damage to the gravity load
system. Possibly, the combination of large lateral deformation
and vertical load caused crushing in poorly confined columns
that were not detailed to be part of the lateral load resisting
system. Punching shear failures were observed in some struc-
tures at slab-to-column connections, such as at the Four Seasons
building in Sherman Oaks. The primary lateral load resisting
system was a perimeter ductile frame that performed quite well.
However, the interior slab-column system was incapable of
undergoing the same lateral deflections and experienced punch-
ing failures.

This section addresses such concerns. Rather than relying on
designers to assume appropriate levels of stiffness, this section
explicitly requires that the stiffening effects of adjoining rigid
structural and nonstructural elements be considered and that a
rational value of member and restraint stiffness be used for the
design of structural components that are not part of the seismic
force-resisting system.
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If 18.7.3.2 cannot be satlsﬁed at a joint, 18.7.3.3 requires
that any positive contribution of the column or columns
involved to the lateral strength and stiffness of the structure
1s to be 1gnored. Negative contributions of the column or
columns should not be ignored. For example, ignoring the
stiffness of the columns ought not to be used as a justifica-
tion for reducing the design base shear. If inclusion of those
columns in the analytical model of the building results in an
increase 1n torsional effects, the increase should be consid-
ered as required by the general building code. Furthermore,
the column must be provided with transverse reinforcement
to increase its resistance to shear and axial forces.
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The Chair of the ASCE 7 Seismic Subcommittee reviewed your questions and offers the following advice to address them. This information is not an
interpretation of ASCE 7

For Question 1, it is the intent that the drift provisions be evaluated using the stiffness only the seismic force-resisting system
S ———

For Question 2, most engineers use the drift associated with only the seismic force-resisting system to evaluate the deformation compatibility
provisions. A case could be made to include the non-participating element stifiness when evaluating this provision, but it's not generally done.

DISCLAIMER: Reliance on the contents of this communication is salely and completely at your own risk; therefore, we advise you to exercise a
reasonable degree of caution in your use of any information or advice contained herein. This information is provided for general informational
purposes only and is not intended in any fashion to be a substitute for professional consultation. Under no circumstances does ASCE, its affiliates,
officers, directors, employees, or volunteers warrant the completeness, accuracy, or relevancy of any information or advice provided herein, or its
usefulness for any particular purpose. ASCE, its affiliates, officers, directors, employees, and volunteers expressly disclaim any and all responsibility
for any liability, loss, or damage that you may cause or incur in reliance on any information or advice provided herein.

| hope this information addresses your questions
Sincerely,

Jonathan C. (Jon) Esslinger, PE., FASCE, CAE
Registered in NJ, OH, PA and VA
Director, Codes & Standards and Technical Advancement
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3.9 STRUCTURAL MODELING §12.7.3
Modeling requirements are as follows.

* Structures with horizontal irregularities of types la, 1b, 4, or 5 require 3-D modeling. The
example structure does not fall under this criterion; however, a 3-D ETABs model has been
used to accurately represent the ramp geometry and the resulting effects on wall and column
stiffness.

+ Structures with diaphragms that are not classified as rigid or flexible shall include
representation of the diaphragm’s stiffness characteristics. The diaphragms are defined as
ETAB:s shell elements, having in-plane and out-of-plane degrees of freedom.

* Properties of concrete elements shall be based on cracked sections; see ACI 318
Sections 6.6.3.1.1 and 6.6.3.1.2. It is permissible to approximate cracked section properties
through a reduction factor applied to the moment of inertia of each element as shown in ACI
318 Section 6.6.3.1.1. Modification factors are listed in Tables 6.6.3.1.1(a) and 6.6.3.1.1(b).

* For slab and wall elements, ETABs implements property modification factors applied to the
shell stiffnesses, denoted 11, f22, etc. (Guzman and Abell, 2012). Depending on the orientation
of the element, shell property modifiers act as multipliers on the quantities GA, EI, or EA.

Wall elements are typically oriented with the local-1 axis parallel to the orientation of the wall
in plan and the local-2 axis parallel to the global-Z (vertical) axis. Therefore, the f12 modifier
affects GA (the in-plane shear stiffness), and the f22 modifier affects E7 (the in-plane flexural
stiffness). The m12 modifier on the slab element stiffness affects out-of-plane (i.e., vertical)
flexural stiffness. Compression due to post-tensioning prevents cracking in the slab due to in-
plane flexure, so a reduction of in-plane stiffness is not warranted.

120 2015 IBC SEAOC Structural/Seismic Design Manual, Vi, 3
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23,8 eslenad Jls =1 b (sl s Wood—Armer method is; 5 b Jls e b ol i sy Ol 5l eslinal &y s0 5o
~dls >k @l s cnl 5l 55 SAFE 5 ETABS (sla il o5 (http://www-civ.eng.cam.ac.uk/cjb/papers/p33.pdf)
wh S s b ol s (Twisting Moments) Jis a=iw s (Sl la K 51 36 Sl B aeS e eslinal 4 ,bgs sl

X

(Twisting Moments in Two-Way Slabs, Design methods for torsion in slabs using finite element analysis)

(bar-ingegneria.forumfree.it/?act=Attach&type=post&id=586753414)

4.5  Slab Design

ETABS slab design procedure involves defining sets of strips in two mutually
perpendicular directions. The locations of the strips are usually governed by the
locations of the slab supports. The axial force, moments and shears for a partic-
ular strip are recovered from the analysis (on the basis of the Wood-Armer tech-
nique), and a flexural design is carried out based on the ultimate strength design
method

The slab design procedure involves the following steps:

® Design flexural reinforcement

Limits on Material Strength ~ 4-5

Sy 53 b ol SIS 1 b s s T 51 ol sl S0 0155 e dadls mb s (Sl Oles ! il e S 6l
ol o3l OLES (gla S Gl 5 gad dslis el ol o313 13 15 Olen =1 b oS 0 38 > b Ol pna S L s SIL (X

b b s 0l s Sl SISl 6 b Oley s eals Olis la ST L 5JUT olej s
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Fig. 3: Design strips for an irregular floor slab: (a) support Fig. 4: Element nodal forces from individual shell elements along
lines and design strips; and (b) design sections (indicated a design section can be transformed into equivalent total forces
by red and blue lines) for design strip along Column Row B acting on the design section (forces shown with single arrows,
(adapted from Reference g) moments shown with double arrows)

For bottom reinforcement, when either m__or m_ is
found to be negative, the negative moment is assigned a
value of zero and the other moment is modified as follows

Wood and Armer method
Wood and Armer® proposed one of the most popular
design methods that explicitly incorporate twisting

2

moments in slab design. This method was developed by m, =m, + My , with m,,= 0 (4a)
considering the normal moment yield criterion (Johansen’s m,

yield criterion)? aiming to prevent yielding in all directions. or

At any point in the slab, the moment normal to a direction, m =m £ |22 withm, =0 4h)
resulting due to design moments m,, m, and m_, must not .

exceed the ultimate normal resisting moment in that direction. where all plus signs apply only to bottom reinforcement.

The ultimate normal resisting moment is typically provided Similarly, for top reinforcement, when either m,, or m_ from
by ultimate resisting moments /m__and m, related to the Eq. (3a) or (3b) is found to be positive, the moment is assigned
reinforcement in the x- and y-directions. Design rules based a value of zero and the moment in the perpendicular direction
on the Wood and Armer method can be stated as follows? Is determined using Eq. (4a) or (4h), in which all minus
signs apply only to top reinforcement. For these cases,
m, =m.* |mxy (33') the factors \mry/myl or Im[y/m‘\ are always less than I,
producing smaller moments than given by Eq. (3a) or (3b).
m, =m,+ ‘mn_ (3b) The Wood and Armer approach is unconditionally
stable with respect to the torsion component. Several
where all plus signs apply only to bottom reinforcement, studies,® however, have indicated that this method may
and all minus signs apply only to top reinforcement (m__ and produce unconservative results for slabs with high
m, will be negative for tension in the top reinforcement). reinforcement ratios (approximately more than 0.75%) at

regions of significant twisting moments, especially near
restrained slab corners. Also, it is noted that this method
Goncrete international / JULY 2009 37 is not applicable to flat slabs with beams or drop panels.
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ACI 318-14 Concrete Strip Design

Geometric Properties

Combination = Overall Envelope

Strip Label = CSA3

Length =74 ft

Distance to Top Rebar Center = 1.125 in
Distance to Bot Rebar Center = 1.125 in

Material Properties

Concrete Comp. Strength = 4 kip/in2
Concrete Modulus = 3604 997 kip/in2
Longitudinal Rebar Yield = 60 kip/in2

241 241

Moment Diagram (kip-fij

=293 6
A ¥,
; >> .
0 . s X —_— / / 22 /_‘
N/ B/ 4
| i

146

Moment (-) -114.8594 (1] -279.8181 -264 3006 -6.8023 -258.3106 -279 3366 o =113.3333

Moment (+) 90.3908 1365403 163607 12,9525 791126 156777 26 8014 136 8635 57.7354
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10.4.4.2 Stiffness of Slab—Column Moment Frames

10.4.4.2.1 Linear Static and Dynamic Procedures Slabs shall
be modeled considering flexural, shear, and torsional (in the slab
adjacent to the column) stiffnesses. Columns shall be modeled
considering flexural, shear, and axial stiffnesses. Slab—column
connections shall be modeled as stiff or rigid components.
Although effective component stiffnesses shall be determined
according to the general principles of Section 10.3.1.2, adjust-
ments can be made based on experimental evidence.

C10.4.4.2.1 Linear Static and Dynamic Procedures

1. Effective beam width model: Allen and Darvall (1977)
provide tables of effective width coefficients for different
combinations of plate aspect ratios (/;/l;) and column
width-to-slab span ratios (¢,/l; or ¢;/l;). Research indicates
that the effective width of exterior bays should be less than
the effective width of interior bays because of the higher
flexibility of one-sided slab—column connections at the
frame end. Hwang and Moehle (2000) provide equations
for effective width that show the relationship between exte-
rior and interior bays is about 1/2.

Eq. (C10-3) can be used instead of tables from Allen and
Darvall (1977).

For interior bays: by = 2¢, +1,/3 (C10-3a)

For exterior bays: by = ¢, +1,/6 (C10-3b)

where b is the effective slab width.
To account for cracking from temperature, shrinkage, or
nonlinear response, slab stiffness determined using gross

ojl )0 5000 5 o (g5l Joo (KsSx 5 L8, () 0

section properties based on the above guidance should be
reduced by an effective stiffness factor B.. There is general
agreement that B.; = 1/3 is appropriate for nonprestressed
slabs (Vanderbilt and Corley 1983). Somewhat higher, yet
conservative, values can be obtained using Eq. (C10-4)
from Hwang and Moehle (2000):

e =4/l 21/3 (Cl10-4)

For prestressed posttensioned slabs, it is generally agreed
that higher values of By are appropriate (Ber = 1/2) because
of reduced cracking caused by prestressing (Kang and
Wallace 2005).

. Equivalent frame model: Column, slab—beam, and tor-

sional connection element properties for the equivalent
frame model are defined in Chapter 13 of ACI 318. To
account for cracking caused by temperature, shrinkage, or
nonlinear response, the stiffness of the torsional connection
element based on gross section properties defined in ACI
318 should be multiplied by a factor of 1/3.

(http://www.post-tensioning.org/Uploads/Conference/2008%20Convention/S2-2%20-

%20Seismic%20Design%20Recommendations%20-%20Thomas%20Kang.pdf)

(http://www.post-tensioning.org/Uploads/Conference/2009%20Convention/Mon210Kang.pdf)
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Lateral Analysis

s You may need to use different software
« Effective slab width method (ASCE 41, Chapter 6)

apl,
Dynamic tests (Kang and Wallace, 2005); o = 0.70, g = 2/3
= Interior bay (uni-axial shaking)

L)1
ASCE 41 (2007); o =[2C| +§1 1_ or Design aid tables (Allen & Darvall, 1977)
2

B =1/2 > Constant (vs. = 1/3 for RC)
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2009 PTI Technical Conference Lateral Analysis and Design of PT Slabk-Column Frames Themas Kang, Ph.D., P.E(CA)

Checking connection shear strength

» Direct shear and unbalanced moment transfer
> Direct shear transfer (V)

> Eccentric shear transfer (y, M, " unb)

£ £

i VM; unbC

u direct=7T—— u ecc—
bo d JC

o o probable M, ,,, = M,, | + M,, ¢
> The 3™ option is to maximize M,
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