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ACI 318-19

An ACI Standard

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

Commentary on
Building Code Requirements

for Structural Concrete
(ACI 318R-19)

Reporied by ACI Commitiee 318
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ACI Detailing Manual

Includes Downloadable 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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A comprehensive guide to assist < » ; ‘ o i s o e ¥

design professionals on the design and i - T e e e s
detailing of reinforced concrete buildings. :

Based on ACI 318-19

CRS| Concrete Reinforcing
Steel Institute
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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

t02014,and 1s chair of the ACI 318 Building Code Commuttee for
the 2014-2019 code cycle.

Seismic Design of Reinforced
Concrete Buildings

NIST GCR 16-917-40

Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers

SECOND EDITION

Jack P. Moehle
John D. Hooper

Mc
Graw
Hill

Education




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

Ylos )b I

(VIA) (o 0,5 el (s 35 055 gblo
https://maps.openquake.org/map/global-seismic-hazard-map



Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

T 4ol oyl

(ACSE-7,ACI-318) 155 o

+ )

|cJ~...‘;‘.$Q1

=8l e

B ol a8 >l soSas! 33T oty slise!

dayl (i Gl s (5 pdy SO s 4 by e Lles N-Te- Jsox

Srd S8 zobe
(o529) oL N (go2e) o5 ot £
F-Y -1 0 O-Y+-9 au Y-V -9 oo o I;_gl..&.vls
CY-Ye-1 an - F-v-1 00 shile e e
A=Y -8 o A=Y -9 as - FAPPE P YN 3 JE| P
-Y--9 oo > ooglli
156" 4ol oyl -
y STOM, I YoND 5,108, aol oy —1-)
R, R, oile b ala,
Systems Rd Ro R
Ductile coupled walls 4 1.7 6.8
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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 oz
3 LL
[]
- Span ¥4 ) Span _ {,
Depth h Depth h

=
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STy (51 o ) Lol

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 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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[2.10.1.1 Diaphragm Design I'orces

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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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 £
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Fig. 2.15: (a) Shear Studs, and (b) Application in Flat Slab
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With references to ASCE 7-16 and ACI 318-14

Dear Amir,

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

Assuming that the supported longitudinal bars are close enough together
(within 14 in or about 350 mm), yes, that detail would meet the requirements
of those provisions. The reasoning for these transverse reinforcement
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 example would have
alternating 90 degree ends as described in 18.6.4.3.

5 S sladrg) Djglome o ol (Jsbo slas S o]
FoV-P-YY ol Gillas o550 5aSS gl il gae (5 )L08
s &5 tas clogle,] 50 b 350 alols il
lp il e e YO« 51 o il i il oSS
970 Y=V -F-1) i bulgs sl oS gal> slo,gile]

L 20,5 5AST @ (55l waiun

Consecutive crossties engaging the same
longitudinal bars shall have their 90° hooks

on opposi

< 6 inches (150 mm) clear —

Place 90° hook shall be placed

N

ite sides.
s near slab at spandrel condition 6d;, > 3 inches (75 mm)
B— extension
Y
o\ o e /o B L
A
B N
/— A
6d,, extension
[ ] I' (J /—

Detail A Detail B

. { Maximum spacing between bars restrained by legs of hoops
or crossties shall be = 14 inches (360 mm).

Figure 5-14. Hoop reinforcement detail.
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Building Code Requirements for Cr

Is a factor that represents the least of the side cover, the
Struc:ﬂl;l :g!ni%z:? L%:is(gﬂ? qu:ui-legar) concrete cover to the bar or wire (in both cases measured

eSSV and R R to the center of the bar or wire), or one-half the center-to-

than 44} and without any confining reinforcement would have center spacing of the bars or wires
a (¢, + K,,)/d, value of 2.5

A, =3925 Y il ol 2l % g, B0 ,Shes 35 e alald
| Cover to rebar center =50+ 12 + 12.5 = 74.5 mm

b Sl plp oo 5l (o225 slad Shie 3550 B 55 e alold
800 mm S _300-745%2 _ o5 _ Min (745 22) = 37.75
®12@ 150 mm bar to bar = 2 s T 6= m( 2 2)_ o mm
_ 4027 x 6°)

.- - & _— .
h ' O sl Ker =—gox3 =~ 201mm
300 mm "'U.L..gso
P aal" ko tc_201+3775

d, 25
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o> alals
¥ / min h,/4, h,/4 \

il —h 5. < ) 6dy
1 s,
< <& As required for shear
hy i : 6d,\/
1>dMm I $3<< 6in (150 mm) 4/
°7 ) /6 | ts, As required for shear
18in (460 mm) ‘
Sp=4+ Lt
2 T, o5 n
T - (25 ]
Tension lap ¢ 3
splice restricted T _
to center half of : 241n (100 mm)

member length kSﬁ in (150 mm) /

Along I, transverse reinf.
spacing < s,, and quantity
3 satisfies requirements in
Table 12.2

Provide full height if

-f_ supporting discontinued

I ¥ stiff member

7 ts : :

{ ! Maximum cover =4in (100

mm) unless additional
transverse reinf. is provided
with cover<4in (100 mm)
ats<12in (300 mm)

¥\

» Longitudinal reinforcement

satisfies 0.01 <A, /A, < 0.06.

« Transverse reinforcement is

spirals, circular hoops, or
rectilinear hoops and crossties,
designed to resist shear as
required.

Rectilinear hoops and crossties
engage at least corner and
alternate longitudinal bars, with
no unsupported bar more than
6in (150 mm) clear from a
supported bar, and with spacing
h, of supported longitudinal bars
not exceeding 14 in (360 mm)
on center.

For columns with P, > 0.3A f;
or f7> 10,000 psi (70 MPa),
every longitudinal bar around
the perimeter shall be
supported by the corner of a
hoop or by a crosstie seismic
hook, in either case having

included angle not exceeding 135°,

with h, < 8 in (200 mm).
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(compression) €c

£c

Es<Ey (compression)‘ '

- e PP

€s < Ey (tension) o
s‘5‘°° & Balanced condition
3 @\0
(,0«\‘> s

» (,0(\
i \ et o P b
N o) e ) ’~03
i ‘ Py

€s > Ey (tension controls)

Load P

* Moment

G =% M Mb

(tension) €s
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P, =1.2P,+ P, + P = 2100 kN ,
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Ki=—=+06=0743 > K, = 1
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K, = 12 _ 1.2
"2 —2
A £ 5002 25 w
0.3( g ) < =103 —1)]——=0.01043
Ao 1 E, (500 — 80)32 300
0.09 Je _ 0.0075 . 0.0104
F,;
02K K = 0.0095
S ytAch J

Agy = 4 X1 x 52 = 314159 mm?*  0.748
sbh. = s(500 — 80) s
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18.8—Joints of special moment frames
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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.)
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Always advancing
o0 SP-17M(14)
300 mm
0.c. typ.
norizontal Section 18.10.6.2 requires a special boundary The intkraction diagram spreadsheet calcul ates the
element if the neutral axis depth calculated for the | neutral axis depth c, which is 1723 mm
factored axial force and factored moment is greater | The software that analyzes the structure presents the
than the valuein Eq. {18.10.6.2) deflection data for the structure. The value of o, from
Check if. the software iz 61 mm and does not include the C;
- @ factor of 5 for a special structural concrete wall from
ASCE 7-10.
4 b 5. _ (61 m))
~ 600(1.58,/h, ) YT (28,000 mm)

If =0, a special boundary element iz needed. &,/k, = 0.0109
Therefore, the value determined from Eq. (18.10.6.2)
is:

- 2300 mm
a 600{1.5=0.0109}

Because ¢ of 1723 mm ig greater than 8§66 mm,
Section 18.10.6.2 does require a boundary element.

= BoH mm

™—i#16 @

300 mm
o.c. vertical

28,000 mm
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ACl 18.10.6.3 o < 0.15f;
—(o 2 0.2f, ps 28
Special boundary . K _
iii element required Ties not required
1l T
f — Hi
L 1 Develop for fypast i o < 0.15f;
L St d bott i 2.8
l| | veendbete i e
s e i ) I 4
= o > 1 Ties per 18.10.6.5
1

o > 0.2f, Special boundary

Ties per 18.10.6.5 hy  element required,
£ . bz 16  See Notes.
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dy V., coupling beam

= &

(a) Coupled wall

\\

Mpe,cs l
Tpﬂ = var
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Deep 5

panel _“,l

(a) Wall demands

M=M1+ME+T[|

total

U ey
A (k) Ksematically’ Ty R F P FET LTI TTT ]
‘C correct

combinations = =
ks : z I\mﬁw\w % ne
oCoupling Ratio(CR) x 100 = —x 100

M total Exh
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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 if 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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Systems Rd Ro R )o) lobls Oy 4ol u.uT 5O WA 0u0 as )#Lw
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‘i‘ 49 Rd 6)-’“‘-‘-15*" o g
Ductile shear walls 3.5 1.6 5.6 (| s Ncodd )15_‘,.‘3) 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

DG (o0 pP CTTw oD

(sl o BB 7Y 2STas)

Full tension
bond length

— M N Coupling b 4> 0 )35\» s Harries, K. A. (2001) Oladss 5o

y Coupling
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4.5.4.4 — Bag kirisli (bosluklu) perdelerin tanimlanmasinda esas alian bag derecesi katsayisi
Q , Denk.(4.14)’te verilmustir.

A/ N
cNy _ eN;
iMDE\' J.Ml + ..‘.Wz + C .A:\"I vV

Q- (4.14)

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

Q> (4.15)

Q) | =

Denk.(4.15)’te tanimlanan kosulun saglanamamasi durumunda perde parcalarinin her biri
bosliksuz perde sayilir. Bu kosula ek olarak, perde parcalarinda asir1 eksenel kuvvetlerin
olusmasini 6nlemek bakimindan Q <2 /3 kosulunun da saglanmasina ¢alisilmalidir.
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Building Code Requirements for
Structural Concrete (ACI 318-19) 18.10.9 Ductile coupled walls

2oy S Wed oy g lg90 1)-V-T-4

Dgd Sule ) Wb Cwend ol lailes pd JSE dien B sl les 0 1-1)-Y-Ye-Q

g ol (9) B (A 0)lse slaran (slays 1lsl) 0-V-Y 4 -0 0 Lalgs b ien sla s jo Y=11-V-Y+-4
4 I
Jg..w i—n-'lL:r ”/h 2 MJ-‘IL'I Lq-J'Lw u_JLﬂ...T:-' [%LQJ )Jm -!‘Lbj...b )‘:‘ HJ‘
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(639 oY) 039 ‘Sb)‘%o
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ASCE 7 Section Structl.u:al_System Limitations Including Structural Height,
o hin (ft) Limits?
Selanit Force-Resisting Systam | * ore Detailing R Q | C o e
ASCE STANDARD B1SI1C g y Requjre;[nents Are 111} d SESI‘[[IC DESlgII Categﬂl"}*
ASCE/SEI 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 E?glﬂfsslarmnated timber shear 145 3 3 3 65 65 65 65 65
Associated Criteria for —
Buildings and Other Structures Cross laminated imber shear
walls with shear resistance 145 4 3 4 65 65 65 65 65
provided by high aspect ratio ’
panels only
B. BUILDING FRAME SYSTEMS
Renforced concrete ductile 143 6 2 sy, | g 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...
Renforced concrete ductile 142 7 216 3 WL WL WL WL WL
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
LW @ e minimum height of 60 feet as defined i ACI 318-19 Section 2.3 and complying with ACI 318-19 Section
18.10.9. (18 m)
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