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* When subjected to lateral seismic forces (ASCE/SEI 12.3.1.2):
(a) Span-to depth ratio< 3 and
(b) Structure has none of the horizontal irregularities in ASCE/SEI Table 12.3-1

When determining the span-to-depth ratio, the span is equal to the distance between lines of lateral resistance (such
as walls and frames) in the direction of analysis (see Figure 9.7). The overall depth of the diaphragm in the direction
of analysis is used to determine the span-to-depth ratio.

Pl -PZ
} i
C
Span  #4 ) Span £,
= Depth ~ h Depth
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ASCE/SEI 12.3.1.2 Rigid Diaphragm Condition Diaphragms of concrete

T slabs or concrete-filled metal deck with span-to-depth ratios of 3

ko Ya | or less in structures that do not have a Type 2, 3, 4, or 3

Y ALV 40 4 Horizontal Structural Irregularity are permitted to be idealized
i | as rieud.
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A6.2 Building Code Requirements PEER/ATC

Prior to 2005, building codes did not regulate the choice between diaphragm
modeling assumptions. Beginning with ASCE/SEI 7-05 (ASCE, 2006), use
of a rigid diaphragm assumption for concrete diaphragms required that no
horizontal irregularities be present m the building. Diaphragms in buildmngs
not meeting this requirement must be modeled as semi-rigid.
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12.10.1.1 Daphragm Design Forces

Floor and roof diaphragms shall be designed to
resist design seismic forces from the structural
analysis. but shall not be less than that determined in
accordance with Eq. 12.10-1 as follows:

i
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reduction associated with diaphragm cracking commonly is
approximated by applying a stiflness modifier to the diaphragm

in-plane gross-section stiffness properties. Stiffness modifiers

for reinforced concrete diaphragms commonly [all in the
Vv range of 0.15 to 0.50 when analyzing the building for design-
v, level earthquake demands. Sce Nakaki (2000).
v * Slabs (out-of-plane): [ = [1.2.5."5r >
M - Slabs (in-plane}: 7 = 0.351,
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Wall reinforcement (typ.)

In this construction method, cold joints occur on the top
and bottom surfaces of the slab along the length of the wall,
and shear transfer reint ust be determined at
the following locations

The shear transfer reinforce- Cold jul.nl
ment perpendicular to the face of the wall and perpendicular
to the bottorn surface of the slab must transfer the shear
forces along the length of the wall from the digphragm 1o
the wall below. Similarly, the vertical reinforcement in the

%— Slab reinforcement
wall must transfer the shear force in the wall above through
the top surface of the slab to the wall below. Shear transfer

L/ —
reintorcement must also be provided along the length of the

collectors. | \_ Cold joint °
Vi=Ayfin @

Along lengths ab and cd, continuous bottom
reinforcement in the diaphragm, if present, may suffice to resist
the total shear forces vt and v.tl.. respectively.

The temperature and shrinkage reinforcement orianted in the east-west diraction can be used as the shear transfer
reinforeameant between the diaphragm and the collegtor beams along column lines 2 and 3.
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'IEI,." ¥ F In cases where the width of the collector 1s EEIL.I?| to T 600 el o:d Lvfas
uitutal) / W |ithe width of the vertical element of the LFRS, V. pIlto slej) Blse
slelowel} — 1 -L{'l'-?}\f in this eguation is equal the factored shear force in the
' | wall, V . Where the collector is wider than the width of
the vertical elernent, V, isequalte V + T, + C | (Shear friction reinforcement) cs 50 o, KLeo *

Jack Moehle

For the detail shown in Figure 15.23, the entire collector force, amplified by overstrength factor Dowels _\ °Culd juini _\

€, plus any diaphragm shear along the length of the wall, must be transferred to the wall through
shear-friction across the cold joint. For the example of Figure 15.22, the total force is €, 0 + 7, s |
+ v, tly,.. (Note that the terms C,, .. and 7, . include the factor Q but the termv,tl,, does not b \ - "’ _ I \
include factor £,) Dowels crossing the cold joint can provide the required shear-friction ‘ |
reinforcement. If the interface is clean and free of laitance, and is intentionally roughened to an \;
amplitude of 4 in (6 mm) as required by ACI 318, the friction coefficient is u= 1.04. Collector
reinforcement

Shear Transfer Reinforcement at Bottom Surface of Slab distributed

At the cold joint between the wall and the bottom surfacs bof the slab, shearfriction requirements along the length of the verti- TFEHE\-’EFSEW intﬂ

cal elernent of the LFRS can be satisfied, in general, using all the reinforcement that crosses perpendicular to this shear plane, the diaphragm

which in the case of Construction Method A, consists of dowel bars (either spliced to the reinforcement in the slab or not; see

Figures 8.6 and 8.7) and the vertical reinforcernent in the wall. Typically, a wall that is part of the LFRS is subjected to axial forces
in combination with flexure, which must be resisted by the vertical reinforcement in the wall. These vertical bars must also resist
shear farces from lateral load effects, so the tension forces in these bars are usually not nominal. As such, vertical wall reinforce-
ment Is usually not used as shearfriction reinforoement at this location. Structural wall _\.\

Where distinct dowel bars like those illustrated in Figure B.6 are provided, the required arez of dowel reinforcement, A
determined by Equation (8.9):

1-;”1.”."“ / E||'

sfddowel ) IS

i8.13)

aldowaly =

i f . /1/
BBSI Conicrote Reinfofomg Steel [netitsle
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(shear friction reinforcement) cs g0 0 ,KLeo  *

Shear Transfer Reinforcement at Top Surface of Slab

At the cold joint between the wall and the top surface of the slab, shearfriction requirements along the length of the wall must
be satisfied using the reinforcement that crosses this shear plane, which is the vertical reinforeement In the wall, A{,. Agsuming

the factored shear force in the wall above the slab is aqual to |
area of shearfriction reinforcement; Auf"

A4.> b:r[uhmc] "j {‘Jm
2 e,

i
il nbve

T Equation (8.9 can be used to determine the required

Vu(above): sl Jsl o 4 Cales ;9 5 sl Jlos 4 sl 4 Y Jleas 1 Sezse (55 S350 8.15)

Where the tension forces in the vertical reinforcement of the wall are not nominal, the total area of reinforcement crossing this

J-Di”t' Ar'(mral

Kf [nlwva) / t i)

o TSt be equal to the area of the reinforcement Auf determined by Equation (8.15) plus A, (see AC| 22.9.4.8),

Af’l[lul,u_l] =

+ A
(IJ,!J. j;‘i { /

(8.16)

Wall reinforcement (typ.)

Slab reinforcement

Vv

R22.9.4.6 Tension across the shear plane may be causad
by restraint of deformatons due to temperature change.
creep, and shnnkage

Where moment acts on a shear plane, the flexural compres-
sion and tension foress are i equlibrum and do not change
the resultant compression 4,.f; actne across the shear plane
or the shear-fncthon resistance. It 15 therefore not necessary to
provide additional remforcement 1o resist the Hexural tension
stresses, unless the required flexural tension reinforcement
exceads the aimournit of shear-transfer remforcement provaded
in the fesural tension zone (Mattock =t al 1973),
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Shear Transfer

Diaphragm and
Vertical Elements of
the LFRS

Diaphragm and Col-
lectar Elements

Location

Face of wall and
bottom surface of
slabll

Top surface of slab

Interface between
diaphragm and
collector

Table 8.2 Required Shear Transfer Reinforcement

Type of shear transfer
reinforcement

Distinct dowel bars

Reinforcement in slabi?

Wall vertical reinfﬂrt:e-al
ment

Reinforcement in slab®!

A

Ttutnl] =

Method A

Method B

r Fuirnruu I/ ["“I
“yidownl) = EGILLIII';I
/ ~ I;u':!l.'ml.]] J‘f Ilt4||
“w(slnky) e :
paf,
i e ) "‘r J||- + .=‘1..
ot
A > Yol L
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Slab reinforcement
s / ;
L_‘?ﬂ_.‘"—-—-._ - | A
/
s—Hb / Relnforcement
= Y A
f Mard Equation No.
| Type Method | Method
A B
1 Chord 8.4 Shab reinforcement (yp)
(3) Shear a.6 —
e i S
- e - _ ) 1= B.12 8.18
Shear transfer wall
A A _ bf" twieen Bottom
L A 3 diaphragm and | B.14 =
| vertical elements
L of LFRS . | Ton — _
surface \
4 Shear transfer between .19
diaphragm and collectors
5 Collector B.27 AV \ el B
owel bar
(40—
Method A

(
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== ™| REINFORCED
| "l CONCRETE

MECHANICS AND DESIGN

| ! 2. Select the slab thickness and beam size. The slab thickness is chosen to
é_ satisfy deflection requirements once the beam size is known. If ap{,/{; exceeds 1.0
) for all beams, all the shear is transferred to the columns by the beams, making it un-
.7 hy necessary to check shear while selecting the slab thickness. If there were only edge

7 beams, the minimum slab thickness for deflection would be governed by Table 13-1 and
. hy would be {,/33 = 8.18 in., based on ¢, = 22.5 ft. To select a thickness for a slab with
y beams between interior columns, the thickness will be arbitrarily reduced by 15 percent
L to account for the stiffening effect of the beams, giving a trial thickness of 7 in. Assume
. b ! a beam with an overall depth of about 2.5 times that of the slab to give a value of ay a

W little greater than 1.0,
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e [ I
T_D“—'—‘“'*‘*F——————DP—:L (Using the Same Concrete for Beams and Slabs)
Computing «, for Long (Horizontal) Span for Interior Beams

[2in.% 126n. A | 77T ;

|
|
| all columns | 1
|
I
I

I, = gross moment of inertia of slab 20 ft wide

= ( :—2) (12 in./it x 20 in.) (7 in.)® = 6860 In.*

l, = gross | of T-beam cross section shown in Figure 16.8
about centroidal axis = 18.060 in.*
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7.2.2 Slab .S'Ff]_'ﬁlﬁi‘.; reduction—

the given loading condition. When the analysis is used to
determine design drifts or moment magnifications caused
by wind or earthquake-induced forces, lower-bound slab
stiffnesses should be assumed. When the analysis is used to
study interactions of slabs with other framing elements, such
as structural walls, it is appropriate to consider a range of

Figure 11-8 An explicitly modeled floor diaphragm with elastic shell and slab stiffnesses so that the relative importance of slabs on
beamyslemenisiiensh bay i divided info 2 shell elemenis those interactions can be assessed. For nonprestressed slabs,

e Modeling of Diaphragms: Roof and floor diaphragms are explicitly it is normally appropriate to reduce slab bending stiffness
modeled using elastic shell elements. The effective stiffness values of to between one-half and one-fourth of uncracked stiffness

the shell elements are determined in accordance with ASCE 41-13 Table values based on gross section properties or based on limits
10-5. In accordance with ASCE 41-13 § 10.4.4.2, the effective flexural prescribed in ACI 318-14, Section 6.6.3.1.1. For prestressed

stiffness of the slab used in the model is 1/3E./,. Although the overall
procedure is NSP, the analytical structural model is a combination of
linear and nonlinear materials and elements. Thus, to account for the

cracked property and other n(?ulmn‘ear response 'Di the linear dla‘phragm u‘)." 9 < 2 550 J Y- =S LS‘)'.’ A.al.’ Ao )3.'4 QO
model, a reduced moment of inertia of 1/3E,/, is used. The axial .
Lgl.‘a.c‘ ‘5>|J.b 6‘).3 9 -.YO) u*’l-’ Q> )" PDGHG

Beff=4cl/zl 2 1/3 (CIO—B) .03.0.3 ua)ﬁ .0 by +YO O Lb)‘%d doole Lg‘ o)‘Lw
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