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Design Guide on the ACI 318
Building Code Requirements
for Structural Concrete

CRSI

A comprehensive guide to assist
design professionals on the design and
detailing of reinforced concrete buildings.

Based on ACI 318-19

Concrets Reinforcing
Steel Institute
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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.
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12.3.1.2 Rigid Diaphragm Condition Diaphragms of concrete
slabs or concrete-filled metal deck with span-to-depth ratios of 3
or less in structures that do not have a Type 2, 3, 4, or 5
Horizontal Structural Irregularity are permitted to be idealized
as rgid.
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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 Diaphragm 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:
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max

reduction associated with diaphragm cracking commonly is
approximated by applying a stiffness modifier to the diaphragm
in-plane gross-section stiffness properties. Stiffness modifiers
for reinforced concrete diaphragms commonly fall in the
range of 0.15 to 0.50 when analyzing the building for design-

level earthquake demands. See Nakaki (2000).

e  Slabs (out-of-plane): I = 0.25] : >
e Slabs lin-plane): [ = D‘.'jf}fq

cn5| Concrete Reinforcing Steel Institute




Alireza Faroughi Y - V- SN 1
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

W80 sl o)) Llas

bl go 13 0lge Jold o51,8L0 uimo LSLT (6l 3=

(p51,800 dig) Jlo @
Ly 3l oo La s o] s 0gds big oo 030,50 185 (sl Jooui (sl Bites o st S 20gs (lapinns o )15
e g Sules Jie So3 slipl 4 ool> pglie S8 i S 1 sjle 13 0l sl ) (clag s i slaiaile 5 Slas
Ailes Jos plesly gla 25u plo gy ado )8 ga ke g o

re b b Ve b Ade b L (hde Geb B wlohe (S0 e (SR gy Mg ST Ak b L e

2g i g 0,SUec — (Chord) ad ;.5 @
Ly il o 9,0 Jlas! bl o 651,300 amin 3 2ed codil el Gan b b s ol is 5 e
el sad oaly lad ) IS jo alydy e o Ladl pl o Slee




Alireza Faroughi =98 Lo, e
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

oS30 51 05 Ll

Pl 5 510 s ad o gl

e -
SR Sy , ,

7 ad dsb yo (5597

).:b.: ys‘ S| (:)y " .

S wyzge AS v
e ool JIE Jsb S JI> 4

e amile LB

CopS H9R)  Og>ge
I (Caglie adlal

o 05 i 0.27C

g el 0% g M J
D-Y-A-Y--9)




Alireza Faroughi Y - V- SN 1
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

W80 sl o)) Llas
3 b wigd e a0 Fa s 5l 8L 2aS e gl &5 SLlG slesnias Jlasl g b gile )] ¥-Y-0-1F-9

ahia ;5 g 051800 axin o a5 Sl (5130 Gee b plp It lade el anas 451,800 u..:..Ja..JJI% PR

5l el ise o byaile)] ol o3 S oy o ailas Job ;0 051300 Gec azilis 5d o (g pSo il Hlai 5,50

ol . g ] i e b S ‘
sl e ol I3 i odgizms o Jg aid T 13 1l 500 alade O jglons jo a5 (51300

Lateral load

__HHHHHIHHHHH‘/_\

hoja h,/4 'ﬁL = e

Vertical element h1
m [ Jis &

Diaphragm : : '
boundary: =p===-==== .

v
N

L [runt

Reinforcement can be Reinforcement
developed outside shaded for span /4 placed
zones. Other reinforcement  within depth hy/4.

required for force transfer
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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 reinforcement must be determined at
the following locations

The shear transfer reinforce-
ment perpendicular to the face of the wall and perpendicular
to the bottom surface of the slab must transter the shear

/— Cold joint °
Slab reinforcement

forces along the length of the wall from the diaphragm to MR
the wall below. Similarly, the vertical reinforcement in the {:ﬁ-
wall must transfer the shear force in the wall above through —

the top surface of the slab to the wall below. Shear transfer
reinforcement must also be provided along the length of the
collectors.

Vi=Agfn @

Along lengths ab and cd, continuous bottom
reinforcement in the diaphragm, if present, may suffice to resist 1 A'V’ I
the total shear forces v,t/.; and v, /.4, respectively.
The temperature and shrinkage reinforcement oriented in the east-west direction can be used as the shear transfer
reinforcerment between the diaphragm and the collector beams along column lines 2 and 3.
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V ,:'; / In cases where the width of the collector is equal to ,of/).‘?bd /o )J Lo
u(total) / “w |the width of the vertical element of the LFRS, V.. S it
sidowel) — 1,_]:‘?5}‘);‘ in this equation is equal the factored shear force in the
) wall, V” . Where the collector is wider than the width of
the vertical element, V, . isequalto 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 _\ °C(}Id jDiI‘It _\
]

Q. 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 C,, ... T T}, s

+ v, tlp,.. (Note that the terms C, ... and T, include the factor C}; but the termv,tl, . does not < \

include factor €,.) Dowels crossing the cold joint can provide the required shear-friction

reinforcement. If the interface i1s clean and free of laitance, and is intentionally roughened to an \;

amplitude of % 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 surface bof the slab, shearfriction requirements along the length of the verti- TFEHEUEFSEW Into
cal element 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 reinforcement 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 forces 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 reinforcement at this location. Structural wall _\
Where distinct dowel bars like those illustrated in Figure 8.6 are provided, the required area of dowel reinforcement, A»-[:Eowul}' 15
determined by Equation (8.9):
¥ /€
w(total) !
sldowel ) 2 (8.13)

opf,
GHSI Concrete Reinforcing Steel Institute /l/
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(shear friction reinforcement) cs 40 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 reinforcement in the wall, AE. Assuming

the factored shear force in the wall above the slab is equal to Vr[
area of shearfriction reinforcement, A-uf:

- VTI(}‘[]JD\-‘I—}] /'gm

A2
TS oul,

ulabove)'

Equation (8.9) can be used to determine the required

VUu(above): wl Jsl o 4 Cales ;0 5 sl Jlos 4 b a YL Jlees 10 Sezse (55 S5, (8.15)

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

joint, A&'(tot-al)‘

Kﬂ.(}].h{]w}] / ¢ w

must be equal to the area of the reinforcement A_UJ, determined by Equation (8.15) plus Af {see ACl 22.9.4.8):

4

+A{~ /

(total) = ﬂjf-}f
W

(8.16)

Vv

R22.9.4.6 Tension across the shear plane may be caused
by restraint of deformations due to temperature change.
creep, and shninkage.

Where moment acts on a shear plane, the flexural compres-
sion and tension forces are m equilibrrum and do not change
the resultant compression A,¢f; acting across the shear plane
or the shear-friction resistance. It 1s therefore not necessary to
provide additional reinforcement to resist the Hexural tension
stresses, unless the required flexural tension reinforcement
exceeds the amount of shear-transfer reinforcement provided
in the flexural tension zone (Mattock etal 1975).

Bl LS g S e Joo A amie p S 26
P Eedd g odg S0 S b Jolad o LS (g9 g et
by S oo Joe g amio 200 245 4 f, )l sy
palt @ 55l plaly anS e oloul WSiSlack 5 Cuaglis
M S Glaas o gl (Sl glajgile)] (S
L S g 3L 900 sl gl o8 (T R o e
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Wall reinforcement (typ.)

/— Cold joint 0

Slab reinforcement
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Table 8.2 Required Shear Transfer Reinforcement
Shear Transfer Location Type l?f Sheanranstor
reinforcement
Vo ey f £
Distinct dowel bars e s A
Face of wall and d}ﬁfy
bottom surface of
Diaphragm and slapl!) °| v /e
i i , (2) ultotal) e
Vertical Elements of Reinforcement in slab s(alab) = :
the LFRS o,
I I ‘w V e J’r F t
Top satfasat sidh Wall vertical reinforce AF'[iuLal'l > m,rui:ulj )/ w 4,
ment diene gﬁ“-ﬁ; '
. Interface between vV /L
Diaglhengrn. anxt Lol diaphragm and Reinforcement in slab'?) Ay = — f
lector Elements s : 1.4¢Af‘!
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7—S|ab reinforcement

I
~D\X

5—Pp | / Reinforcement
f Mark Equation No.
A Type Method | Method ®
A B
1 Chord a.4 g/— Slab reinforcement (typ.)
2 Shear 8.6 —
@HH"““‘? ~ a | Faceof 8.12 8.18 .$
] N Shear transfer wall ’ ' ! . —
A A between
Bottom
L A 3 diaphragm and b curface B.14 —
— vertical elements
of LFRS | Top _
‘ “ | surface 8.16 \ @
4 Shear transfer between 8.19
l diaphragm and collectors ' F F‘
5 Collector 8.27 ﬁ"y \_
Dowel bar
@O—
- )
Method A
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| " CONCRETE

MECHANICS AND DESIGN

LY
‘E‘
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%2

E;;

®
|r vhi 4

[

| ! 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
, 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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all columms
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(Using the Same Concrete for Beams and Slabs)
Computing a, for Long (Horizontal) Span for Interior Beams

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

- (:—2) (12 in./ft 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.*

El, (E)(18.060in.%)

= =263
El,  (E)(6860 in*)

l'l1 -

20
=Z2.00X — = 2.
af1€2/€1 2 63 24 2 2
: ’00: .
éb.u) 30 5L a8 Cwl Lo cpan ol 00,5 awle Luly 90 2 gl Wb co o opl
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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
Paan el feach bay biivdes: vl dlements, 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 nc?nlim:ear response .Df the linear dia‘phragm & )_,1 9 < oy o J ,_._.5“ ; LS‘ Y l.’ Ao B 3.'4 QO
model, a reduced moment of inertia of 1/3E,/, is used. The axial .
Lgl.‘a.c‘ ‘5>|J.b 6‘)-.’ 9 -.YO) u*’l-’ Q> )" PDGHG

Beff=4cl/ll 2 1/3 (C10—3) 09.04 ua)ﬂ *& l.: *Y& U"" Lb)‘j.nb Juul.a Lg‘ o)l.w
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