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ACI| 318-19

An ACI Standard

Building Code Requirements
for Structural Concrete
(ACI 318-19)

Commentary on
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ACI| Detailing Manual

Includes Downleadable CAD Files
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Design Guide on the ACI 318
Building Code Requirements

for Structural Concrete
ACI| Reinforced Concrete Design Handbook

A Companion to ACI 318-19
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Jack Moehle

He has been a member of the ACI318 Building Code Committee
since 1989, chair of ACI 318H (Seismic Provisions) from 1995

102014, and 1s chair of the ACI 318 Building Code Committee for
the 2014-2019 code cycle.

Seismic Design of Reinforced
Concrete Buildings

NIST GCR 16-917-40

p NEHRP Seismic Design Technical Brief No. 1

Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers

SECOND EDITION

Jack P. Moehle
John D, Hooper
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Design Guide on the ACI 318 Building Code Requirements for Structural Concrete CRSI Concrete Reinforcing Steel Institute

» 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.

2 &
4 LI_
i
Span £, ) Span ¥,
= _ — —_
Depth h Depth h
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i{;-f-.'t:{::.f.-.3,.-;:7:.: El 12.3.1.2 Rigid Diaphragm Condition Diaphragms of concrete
P slabs or concrete-filled metal deck with span-to-depth ratios of 3
- A . 1L, ) or less in structures that do not have a Type 2, 3, 4, or 5
= 4 4 Horizontal Structural Irregularity are permitted to be idealized
i ‘ | as rigid.
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A.6.2 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 buildings
not meeting this requirement must be modeled as semi-rigid.
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12.10.1.1 Diaphragim Design Forces
Floor and roof diaphragms shall be designed 1o
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:
n
looiiS gon s asT,3Ls A-Y 3 F

ao-vy Im =W
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F Fos
3 T
D =
Building Diaphragm
design design
forces forces
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max

max

B

reduction associated with diaphragm cracking commonly is
approximated by applying a stiffness modifier to the diaphragm
in-plane gross-section stiffness properties. Stiflness modifiers
for reinforced concrete diaphragms commonly [all in the
range of 0.15 to 0.50 when analyzing the building for design-
level earthquake demands. See Nakaki (2000).
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| u reinforcement
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continuous -
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SHEAR FRICTION

From time to time, shear must be transferred across an interface between two members that
can slip relative to one another.
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cn_SI Concrote Reinfotamg Stoel [hetile I’fl)'éb"’(.;/o))', ‘bf’/}"é
' (shear friction reinforcement) cs 40 3 KL A

In this construction method, cold joints accur on the top - Wall reinforcement {'EHJ]

and bottom surfaces of the slab along the length of the wall,
and shear transfer reinforcemant must be datermmem at
the following locations Bl &

The shear transfer reinforce-
ment perpendicular to the face of the wall and perpendicular
to the bottorm surface of the slab must transfer the shear
torces along the length of the wall from the diaphragm to NS
the wall below. Similarly, the vertical reinforcerment in the
wall must transter 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. - \\_ Cold joint g

Along lengths ab and cd, continuous bottom . !
reinforcement in the diaphragm, if present, may suffice to resist | J l«/ I
the total shear forces v,f/.; and v.fl.4, respectively.
The tamperature and shrinkage reinforcemeant oriented In the east-west direction can be used as the shear transter
reinforeameant batween the diaphragm and the collactor beams along column lines 2 and 3.

/_,— Cald ]mnt
k. o Slab reinforcement
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V IIu:- In cases where the width of the collector 1s E{]LI?I to T 0o el o Lfas
uitotal) / W ||the width of the vertical element of the LFRS, V. 900 sl ejy) Bl
wlilowal) — 1 *‘-.L-:;"};'nf in this equation is equal the factored shear force in the
i wall, V. . Where the collector is wider than the width of
the vertical element, V. iseaualto V, + 1, + C | (shear friction reinforcement) cs g0 5, KLo A

Jack Moehle

For the detail shown in Figure 15.23, the entire collector force, amplified by overstrength factor Dowels QCQEd jnint
€Y. 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.

oY

iy e
+ v, tl,.. (Note that the terms C, and T, include the factor € but the termv, 1/, . does not

W,y o,y
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 % in (6 mm) as required by ACI 318, the friction coefficient is = 1.04.

reinforcement
Shear Transfer Reinforcement at Bottom Surface of Slab diEtﬁbUtEd

At the cold joint between the wall and the bottom surface bbf the slab, shearfriction requirements along the length of the verti- trﬂnﬁ‘-’EfSEiy into
cal element of the LFRS can be satisfied, in ganeral, using all the reinforcemeant that crosses perpendicular to this shear plane, the diaphragm

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

Figures 8.6 and 8.7) and the vertical reinforcement in the wall. Typically, & 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 reinforcarment 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
determined by Equation (8.9):

‘I-.l.lliul-nl.l 1} FII'

alclowel)! L

i&.13)

dldowel) =

i','}j |’._J:l @
cn_SI Concrate Ronfofemyg Stoel Ihetiule




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B o 3 ATy oDl 3157 0liils Hb sl

oS50 51 05 Lol

(shear friction reinforcement) cs 40 o,5Lo A

I:HSI Concrote Roindotomyg Stoel Institule

Wall reinforcement (tvp.)

| I

Shear Transfer Reinforcement at Top Surface of Slab

At the cold joint betwesn the wall and the top surfacs of the slab, shearfriction requirements along the lsngth of the wall must

be satisfied using the reinforcement that crosses this shear plane, which is the vertical reinforcement in the wall, A4,. Assuming . "
_ : : : _ . £ Cald joint
the factored shaar force in the wall above the slab is equal to V/ Equation {8.9) can be used lo determine the required

e ) n{above]
area of shearriction reinfarcement, Auf"
prr(uh:r\'e] / {Jw

Slab reinforcement

A .= 18.15) i
if !}‘f?ﬂ-f ﬁ ——

W ‘:::"
Where the tension forces in the vertical reinforcement of ihe wall are not neminal, the total area of reinforcemant crossing this —
|@int, As-{mmn' must be equal to the area of the reinforcement Auf determined by Equation (8.15) plus A, (see ACI 22.9.4.6).

V .

A('(m-lul] 2 it nhove) f’ i + :"1.( |:8.18h L }

ol “— Cold joint
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Table 8.2 Required Shear Transfer Reinforcement

Shear Transfer

Diaphragm and
Vertical Elements of
the LFRS

Diaphragm and Col-
lectar Elements

Location

Face of wall and
bottom surface of
slabl!!

Top surface of slab

Interface between
diaphragm and
collector

Type of shear transfer J
reinforcement

Distinct dowel bars

Reinforcement in slabl?

Wall vertical rein‘fnn::e-a
ment

Reinforcement in slab!

A

Method A

lllrulfr[rthll X !“Jr'
{idowad) =
Al il L.-D."-Lf].,
Ifll-u.:{l:rnl_ul‘,- f II"|L'
wiglnh) = f;'f‘ﬂ-fa
T |
Iul:ll.lm'rtrfrft::r + 4
Mutall = E}'J.In'-f;lr 4
Y /L

Adary 2
slzlnh) | _4—#}5"\]‘.&.
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/—@j /—(_1_ ) w1800 /o) Lolss

Slab reinforcement
= ry ’/’
(D—] /|

1k ,/
E—p / Relnforcemnent
= Y A
f Mark Equation No.
A ype Method | Method ®
A B 1[_ i - m
Chord 8.4 Stab reinforcement (typ.)
(3) 2 Shear 8.6 —y
—fL"“"‘---_G; o Face of
_ Shear transfer ° | wall B o k,b

A A _ hf_-l:'.w_tun : Bottom - B
L _1. 3 diaphragm and Srivfacm .

vertical elements
L of LFRS < | Top - _
surlface \\ 1h

Shear transfer between
Edr irdansig | = e ng

4
l dlaphragm and collectors ]

bl

5 Collector B.27 -

(
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MECHANICS AND DESIGN

| + 2. Select the slab thickness and beam size. The slab thickness is chosen to
?— satisfy deflection requirements once the beam size is known. If ay{,/{; exceeds 1.0
. for all beams, all the shear is transferred to the columns by the beams, making it un-
L e necessary to check shear while selecting the slab thickness. If there were only edge
y beams, the minimum slab thickness for deflection would be governed by Table 13-1 and

7 b, would be ¢,/33 = 8.18in., 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
I | a beam with an overall depth of about 2.5 times that of the slab to give a value of a; a

by, little greater than 1.0,
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i | T i " (Using the Same Concrete for Beams and Siabs)
i D__'_"“"_ﬁ ______ ﬂ' 1 Computing a, for Long (Horizontal) Span for Interior Beams
inx12in i i ) i E I, = gross moment of inertia of slab 20 it wide
—EI:::::::D::::E___ZI I - = (-:E) (12 in/M = 20in.) (7 In.)* = 6860 |n.”
* i | y ' i i 8 I, = gross [ of T-beam cross section shown in Figure 16.8
Al I A : I about centroidal axis = 18,060 in.*
- ::H::::::H:: Ei, _ {E)(18.060 in%)

iy = - = 153
";‘ju‘m——f\/‘J‘L‘J ' El,  (E){6860in*)
—— 42in.
I-.— q’| AL _ afl{?z/{?l =2.63X % - 315

7 J-_ s ASS

23,5 dlo Liwly 90 2 gl b oo oyl
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Figure 2: Short columns are stiffer and attract
larger forces during earthquakes — this must

be accounted for in design.
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1k + Shearbands - 1 o " A o ® -
0 l | | 1 1 | l l ] 0 | | | | ] | ] | |

0.0 0.1 0.2 0.3 0.4 0.5 06 0.7 08 09 1.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
Gravity shear ratio, Vg/b’,_,, Gravity shear ratio, 'v'gf Ve



Alireza Faroughi PP -y UV S 1
Assistant Professor of IAU. East Tehran Branch B o 3 ATy oDl 3157 0liils Hb sl

failure of diagonal
concrete strut

)’J)é’)’.’.‘:‘ _(M"—;[e"/"’) -h-sd},'f.o ‘5.;9 e JL, “ . ‘5[6?‘@.
(i Slgds) Fyiw= JIs (51 o)) Ll
—— (SYLT) (il y1 )b gk

Hon ahie | yadw 4l YL F-Yo-Y.-§
failure of compression area S UH ’ ‘J

at the column face a3,b 95 )%
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v, = factored shear stress at the slab critical section due to gravity loads without moment transfer where
the factored gravity shear force 1s determined using the load combinations that include F

\\
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failure of compression area
atthe column face

~_

BEoin Gu1 C 318 (' =(1.24+0.19)D + 0+ 0.5L = 1.39D + 0.5L (earthquake effects, @), are equal to zero because the two-way slab
CHSI Steel Institute and column are not part of the SFRS).

g, = (1.39 x110) + (0.5 x 40) = 173 Ib/ft?

d=80—-1.25 =6.75 in. /
b, = b, = 24.0+ 6.75 = 30.75 in. - 7”@
2 n ._{E
I
o0 = a0 =52
v =173x|[99.0 x M] _ 3075 } i 0
144
- _¥,.M/cCD
b =4 x30.75 = 123.0 in. V. oy =
J.

V. 74,033

1L

g o s _
“hd 123.0 % 6.75

9.2 psi
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Fig. 2.15: (a) Shear Studs, and (b) Application in Flat Slab
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Minimum
Strip | Location A at Without drop panels With drop panels
section
4 ta 0.304, . 0.304p 414 0.334, . . 0334, 414
N | | |
Top 0.204, “— Not | I‘CJ'.ZOE}T 0.20€n| | 0.204,
. | i less | 5 | [~
Remainder | | than | ‘ | Not less 1
Column S 5d— | S | than 5d
strip A 150 mm | | 150 mm Tt
-1 | | | iy
1 | | f ]
Bottom |  100% / | - Vo
® np At leasttwo | Splices shall be | ¥ Continuous
, bars or wires | permitted in thisregion | bars ,
‘ shall conform | I ‘
| to8.7.4.2 | |
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Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers Syspe V17V 0 hiles l“;,-Jl---u! p a5 gal> gla,el L“J I
This publication is available free of charge from: | D 4 o5 S5 LSJL.H [ ST
http://dx.doi.org/10.6028/NIST.GCR.16-917-40
AugustZOlG Consecutive crossties engaging the same
With references to ASCE 7-16 and ACI 318-14 oZRRIR T et s ok _
on opposite sides. Place 30° hook shall be placed
< Binches (150 mm) clear —; near slab at spandrel condition 64, > 3inches (75 mm)
B—, r extension
N ° Q \
"N s i

Dear Amir,

i

This message is in response to your technical question/inquiry.

/ Bd), extension

® 4§ o
Assuming that the supported longitudinal bars are close enough together Detail A Detail B
(within 14 in or about 350 mm), yes, that detail would meet the requirements N Maximum spacing between bars restrained by legs of hoops
of those provisions. The reasoning for these transverse reipforcement or crossties shall be = 14 inches (360 mm).

requirements is to hold as much of the section together as possible in the event
of a major earthquake. Note: | am also assuming that you would require that
both the vertical and horizontal cross-ties in your éxample would have
alternating 80 degree ends as described in 18.6.4.3.

Figure 5-14. Hoop reinforcement detail.
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Building Code Requirements for
Structural Concrete (ACI 318-19)
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Figure 9.11 Failure modes of walls under prevailing shear: (a) diagonal tension; (b) diagonal compression;
(c) sliding shear; (d) detail of sliding shear; (e) bending failure combined with sliding. (From
Salonikios, T. 2007. Analytical prediction of the inelastic response of R/C walls with low aspect
ratio. ASCE Journal of Structural Engineering, 133(6), 844—854. With permission of ASCE.)




Alireza Faroughi

Hﬁ)lfé Lo e
Assistant Professor of IAU. East Tehran Branch B ol yd 9o lg codlwl ol 31 o iG1s Hb Lol

(0329) i3 s ,I310 (51 0 ) Lolgd ]

(Sy glato 9 Scdly Jato Job) o9 (o slaylgr

2y les Hles -
— — (S 9 (g3 IS Y goxo
8510 cawlico
S g0 ‘)fg.o.ao -3 ngb’ -Y
3 —-—— E Sodewd Jol Wl
_ _J_____
Floor .
— . ! ritical section
d:;'m-:_kj- Cracks for flexure and [lll~~
closing - c:na:m}nmg axial force |1 gy Y
R R

Elevation




Alireza Faroughi 29 lo e
Assistant Professor of IAU. East Tehran Branch B o 3 ATy oDl 3157 0liils Hb sl

(0329) i3 s ,I310 (51 0 ) Lolgd ]

(olal Bl 5l 4lg5 (gudy undli) 0599 (o0 (sl ylgs0

i gl aS Y 5l mt coabis @y (B8l ol e by 18 ol
3 . wall e
Hgd oo (bl g3 2 bs (Sl b s e

wall—a vertical element designed to resist axial load.
lateral load, or both, with a horizontal length-to-thickness b < 0.33h »
ratio greater than 3. used to enclose or separate spaces.

section
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wall column
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The question is that according to section 18.10.4.4 in the picture below
in each story Vn shall not be taken greater than 0.66 (f'¢™0).5) Acv and
Sor any one of the individual vertical walls (Walll, Wall2 or Wall3), Vn
shall not be taken greater than 0.83 (f'¢™0.5) Acw, where Acv is the sum
of the gross web area for Walll, Wall2, and Wall3. Is that correct?

4
> Concrate Beam | Concrate BEsam
V
3
v, Wall 1 Wall 2 Wall 3
V
1
—_— = — —
P77777 77777 7777777777 77777777777

Best Regards,

Amir Ashtari,

Dear Amir,

Yes, that is the right interpretation of the code with the understanding

of the definitions of Acv and Acw provided in Section 2. It appears that
there is a load path such that the three walls shown will support lateral

load, thus your interpretation appears correct.

Sincerely,

Technical Staff’
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If the factored shear force at a given level in a structure 1s
resisted by several walls or several vertical wall segments of
a perforated wall. the average unit shear strength assumed for
the total available cross-sectional area 1s limited to 0.66 \/E
with the additional requirement that the unit shear strength
assigned to any single vertical wall segment does not exceed
0.83 Jf . The upper limit of strength to be assigned to any
one member 1s imposed to limit the degree of redistribution
of shear force.
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BS EN 1998-1:2004
EN 1998-1:2004 (E)

coupled wall

structural element composed of two or more single walls, connected in a regular pattern
by adequately ductile beams ("coupling beams™), able to reduce by at least 25% the sum
of the base bending moments of the individual walls 1t working separately

A23.3-14
Design of concrete structures Job o (LB o)l

Ductile coupled shear wall — a shear wall system that complies with Clauses 21.2 and 21.5 and has
ductile shear walls connected by ductile coupling beams where at least 66% of the base overturning
moment resisted by the wall system is carried by axial tension and compression forces resulting from
shear in the coupling beam(s). This seismic-force-resisting system qualifies for a force modification
factor, Ry, of 4.0 in accordance with the National Building Code of Canada.
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Ductile coupled walls 4 1.7 6.8 ] o 4O 44 w)..o Q.;“ (J.alf Ao Lgl.(a)‘j.‘a.o
Ductile partially coupled walls 35 1.7 5.95 3 N ¥ NI Q—.’.‘ 49 Rd Lg);A.JS.w o g
Ductile shear walls 3.5 1.6 5.6 (| s Ncodd )15_‘,9) oS g~"|%,.35 a> 0 6‘)-.’

Moderately ductile-fully coupled shear walls 25 14 3.5 S hm‘? (Y) ¥.0 wfo CJ"‘
Moderately ductile-partially coupled shear walls 2 14 2.8 . Lo . L ¢
Moderately ductile shear walls 2 1.4 2.8
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4.5.4.4 — Bag kirishi (bosluklu) perdelerin tamimlanmasinda esas alinan bag derecesi katsayisi
Q , Denk.(4.14) te verilmastir.

N, N,
B BNy (4.14)

4.5.4.5 — Bag kirisli (bosluklu) perde, Denk.(4.14)’te verilen bag derecesi katsayisi’nin
Denk.(4.15) te tamimlanan kosulu sagladig: tasiyici sistem eleman: olarak tanimlanar:

Q> (4.15)

| —

Denk.(4.15)’te tanimlanan kosulun saglanamamasi durumunda perde parcalarimin her bir
bosluksuz perde sayilir. Bu kosula ek olarak, perde parcalarinda asir1 eksenel kuvvetlerin
olugsmasini 6nlemek bakimimdan Q < 2 /3 kosulunun da saglanmasina ¢aligilmalidir.
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ASCE 7 Section Structl.u:al_System Limitations Including Structural Height,
o hin (ft) Limits?
sTANDA Seismic Force Resisting Systan | 1o Detailing | p Q | C o e
ASCE STANDARD elsmic E5¥ Requirements Are =&l a Sdsmic Design Category
Ascesse Specified B C D E F
7-22 A. BEARING WALL SYSTEMS ASCE7-16
Renforced te ductil
FLLIOTEEE LOMCIELE fuchie 142 5 3 % | 3 ML ML 160 160 il
coupled walls
Minimum Design Loads and ‘21;1555 laminated imber shear 145 3 3 3 65 65 a5 g5 65
Associated Criteria for —
Buildings and Other Structures Cross laminated tmber shear
walls with shear resistance 145 4 3 4 65 65 65 65 65
provided by high aspect ratio ’
panels only
B. BUILDIN G FRAME SYSTEMS
Renforced concrete ductile 142 6 2 5y, | s NL NL 160 160 100
coupled walls
Steel and concrete coupled 143 3 23 | 5% ML ML 160 160 100
composite plate shear walls
D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES...
Fenforced concrete ductile 143 7 74, 3 WL L HL HL HL
coupled walls
Steel and concrete coupled 143 2% 5% | WL ML NL ML ML
compnsite nlate shear wrall
REINFORCED CONCRETE DUCTILE COUPLED WALL: A seismic force-resisting system with a
AE @ i minimum height of 60 feet as defined in ACI 318-19 Section 2.3 and complying with ACI 318-19 Section
18.10.9. (18 m)
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