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He has been a member of the ACI318 Building Code Conmuttee
since 1989, chair of ACT 318H (Scismic Provisions) rom 1995
to 2014, and 1s chair of the ACL 318 Bulding Code Commuttee lor
the 20142019 code cyele.

Seismic Design of Reinforced
Concrete Buildings
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Seismic Design of Reinforced
Concrete Special Moment Frames

A Guide for Practicing Engineers

SECOND EDITION
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i3 Ductile coupled walls 4 1.7 6.8
—;'! Ductile partially coupled walls 3.5 1.7 5.95
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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 1s used to determine the span-to-depth ratio.

5 01
1
~ Span _ ¥ Span £,
= Depth  h Depth  h

|
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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
Hornzontal 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
maodeling assumptions. Beginning with ASCE/SEI 7-05 (ASCE, 2006), use
of a rigid diaphragm assumption [or concrete diaphragms required that no
horizontal irregularities be present in the building. Diaphragms in buildings
not meeting this requirement must be modeled as semi-nigid




Alireza Faroughi

Aszistant Professor of 1AU. East Tehran Branch

L} .“j‘,...:.* = ‘_J.:.ILIV 4 JL:‘.:JI )r).l L‘T“"J" __,lf,‘-.',‘-"‘ = u'u-lf ala="s J.IE '...J‘"“)jl s;...f.l..l u,_.J.a r;:_"?‘l')jl._l‘..* ..L._,El )' salar |
5 e Y olab o DL oy i Ll oo S lay SalS i cnl Cls aed 4 51800 0F

ol =? o8l e S jo

Crvertmbeeg Moo g

Pextinem regctionn on

Malnbachmyy 02 ———— =
Resction at ground T —. ~ Tower wals T,
Moor diaphragm " . X
Shaar diagram

Foundatics
F
‘ rﬁO F—O @ -’. \
E
" =
ad a Y L] o
Loy r;j n'l khan i
T o i - . F § B - s E:
1’.5_'1- Nat Tocci, PE. and .H.-.-'.-'.-'_ va Levi : m—amw Rty Rpeceg S '
= b v AN
s (5"
[ B 1] §

=gl e s

JERER0H PN ST PR IR LS K PR

.Backstay effect
L.J""BSJ" k.-?:"d.?

Extcrier tower
wal
— ]
re— i
m——
Faa— {
— ;_
- L
-
-
—
Lid B
o |
| Caullever's
oo " ack-pm
g - |
z
» » 2
ML= 0
3 L= Px100=xx10
- L ==10P
3 .
Fa's



Alireza Faroughi

7Y B N
Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

Ty (gl o) Llps
o
M plp 3 pslae b3 lislar ) silo 2 eadobul vl slag o o8 ol 28wy Soap b A8 et 051800
Fr N A Mﬁ' & o ] .A.J £ § 1 'Ib- Iu.uﬂ * "t * 1, L;.i v I Eb-—
PEERIATC 39 ST WS g srSpen wad s3> o JR)ols e s p] bled e JEe Ll
- 5 =

S8R 3 o0 e 3bo glpligas  Lamalie jo oo agdi e 20 3,50y ot 55 Jalita o 4 g

b danlio 30 o51,8b0 29 0 0,8
G Cans g3 )5 soVgD gadipe (ol palie g o0 lagll oM 3 R sleetl Al giludie il pgls e o slaglall
e slanfals oly Jalaie jeb bl pacllasl ol o glej et o315 aab wall e 53V sadm 5y iy sl cde Suly o sl ) o 1 50
&) gy g oV clead e g gokw sladilas 051800 cladilas i ) b slaylpdle g g0 e e o e sl g il SlRg
g e gl ol e (i EIF 3 NaSee 435 e LSp &l o g glad glojl o=t slauidas] ol Gl gl L)
ol elaliila i ols wlagae 2ol sopledl o il (glag 335 g0 eoliciuel Ualazs o P 4 e PR g 02 5 0
amie b | s Sl b slojle il alogs g 8y sl il gle plall s a5 2l 0 M
soliiuel (ST o) 00 g D35 0 2239

> R T
gl e
N e e e
Sezgn.plades g F pole) (Jsl) g fRa . Cual ool otileiS Sgua
@lojlo bl clajliblay pam o Slakie g olulicwlis gl otas o1 3
0o Jae palis il gom an gl e dulae o540 pllas
3,3+ backstay JUT ) laaf136s
oyt gl salinl




Alireza Faroughi e=dalals s
Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

5Tyl ol ) Llgd

FI3 FI3 F/3 Fi4 Fi4 F/4 F/4

FT CT
"‘H| I RRR

RIGID FLEXIBLE

Center Wall Shear = F/3

(T S A 29 595

Center Wall Shear = F/2

Oy Sl & 23§93



Alireza Faroughi e=dalals s
Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

5Tyl ol ) Llgd
55 1 1 AL o i I

Vhee o hitiut :QT dowloms 0920 g Candio b i
(F i g) S e T T e b o o518k S Db gy o
F;ﬂﬁ Lol sa eals L_-;JLQ-I a.:s)."_.uf J“"L-"

Ll Sl
Shall a0 (La)lee (= p slals

..._‘ _____ _,.—'%-..________.% _ _,_Q_a- «5‘-&-1‘53' _‘5:;1_-_,.)_”[_‘, £L£1

g ; , alaie) il oul Jolee 8 ailen g5

(S 00 Joe 55 ol 35 Rl

- -r-""ﬁ““'
S IS s Sl H'/‘L/ é e A sl oS ASCE7

A | (ot sla )5 ~l8)
1

WSk wlas AL wlas

AL
Aosd Ao 43 o S & azad b la oSl 80 o ikl sl (V-A-Y) o 3o iﬂiaph <05 ¢ C-W.L-D -bril
story Story

WD gad ot ot oy hodond (o
W51 IS8 s S = Qg oo OB S = Dy



Alireza Faroughi

Aszistant Professor of 1AU. East Tehran Branch

A3y 2y 8 ksl o1 b acliswT
T*". ﬂjhi'u

(F ot 9)

F oo

Ll Sl

e=dalals s

JERER0H PN ST PR IR LS K PR

w5180 o) o j ) bailaas

199 wblgS (ADiaph) 51,305 jus bl Condo o> ol ) (e JAI B po dlb IS0 pis 3 51

W

UVUVUVUUUUUUUUUJUUYU

e A¢ | - =
-.."u‘_‘l' “““““ &E ————— #‘.f..—
T i ¥

* o awl " H |

E-'-------A-f""ll LS-—J ettt f - T-hnFEI i ,—i‘ o r&-—s J.Li =W
adaia e b |

Y ! o & | HH.LT r"‘_‘-! -....«.gfp L
s L.}"""‘J ) 5 MG ﬁjileLﬁ bp’ :_i:.i.a ‘__""I'.LQ-J A

o e Jye G
Sl Sl Liw



Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

S

JERER0H PN ST PR IR LS K PR

o ivoilland b oo 3,50es i1 £,6 daodiiSanr oz 5l ol odind oSt sl g ofL,ibs >l F-Y-F-1F-4 51,80 =l 64,0

Lol (55552

12.10.1.1 Diaphragin 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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. A,r refers to the distributed wvertical reinforcement in the
(a) Collector and shear- (b) Collector tension and  wall web: in a wall with boundary elements. 4, can be

friction reinforcement GOHTPFESSF'GH forces conservatively calculated as if the distributed wvertical web
reinforcement contmues unmiermupied mio the boundary
clements.
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Fig. 2.15: (a) Shear Studs, and (b) Application in Flat Slab
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Assuming that the supported longitudinal bars are close encugh 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, Nole: | 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.

m—‘mzﬂlﬁ Coneacutve crosstiss angaging the sams
With references to ASCE 7-16 and ACI 318-14 langiudinal bars shall hava their 80° hooks
an opposde sides. Plaes 80° hook shall be placed
< B inches (150 mm) clear —  p— near slab af spendrel condition Bel: > 1 inchas {75 mm)
B~ axtension
: L i -
A A -
—= hY B N
Dear Amir, e A
Thi is | ¢ technical tion/inaul Bl axtanigion
S message Is In response [0 your nicai questicn/inguiry. s
Detall A Detell B

Meximum sgpacing between bars restrained by lege of hoops
or crassties shall be = 14 inches (360 mm)

Figure 5-14. Hoop reinfarcement detail
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Building Code Requirements for 2

is a factor that represents the least of the side cover, the
Stl'l,lthDl.rl E?Jniiggcﬂte\:i(‘ﬂfl 31121 :legm) concrete cover to the bar or wire (in both cases measured

TR and iR Cea g T 1e to the cente_r of the bar or W|re): or one-half the center-to-
than 4d, and without any confining reinforcement would have center spacing of the bars or wires
a (¢, + K,)/d, value of 2.5

A, = 3025 'I' e sl 5% 23, b 0 B 55 10 alsls

Cover to rebar center =504+ 124+ 125 = 745 mm

il ol s o2l 225 clas Sl (50 b S e alsls
300 -745x 2 _ 755
600 mm ®1Z2@ 150 mm Shar to bar = 5 =755 = ¢ = Min (?4.5,7) = 37.75 mm
LG Ta ¢ =4D(2nx52j=zmmm
r—t S r = T150x 3 :
300 mm - 50
Foogles kee +€ 20143775

= 2.3

d, 25
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) -, / 2:;.” it By \ - Longitudinal reinforcement (039 839.=0) 2 = L‘jh_j’:lﬂjl Y-Y-#-Y.-4
L ES A} satisfies 0.01 < A, /A, < 0.06.
- - [ As required for shear « Transverse reinforcement is o 2] gl o2 S -l
. spirals, circular hoops, or . e
; r - 15 glael 4y Jlail 4,5 S5 glols alade ol b J55 Lbcs alida g2 3a8 40
*;:: 1 i 6d, L rectilinear hoops and crossties, 3 508 s s O~ JoF
L4 ] 554 6in (150 mm) 4 designed to resist shear as 5 LSar Erth eV e s e Sas af abolie b
R i,f6 1 tg As required for shear required. Ry s Yyl gl 9 el
18in (460 -L 1 i
{460 mm) + 14— h + Rectilinear hoops and crossties 10 13| o hen T~
i - 5,= 4+ ( = ") in engage at least corner and (10 Jsh=)
i 5y 3 h alternate longitudinal bars, with Y--Y1-0 4y allae sl Jlmw gabi 3 oy o050 Slaypile)] Jdad Y-Y-Y-5-v.-y
¥ [wﬂ_( 60 - ’)mm] no unsupported bar more than - v s . G . -
Tension lap i 3 6 in (150 mm) clear from a il () B () olia 5l 5y il Sus Syl (o008 slmo Shes (g0 ji galold il
splice restricted T, >4 in (100 mm) supported bar, and with spacing
to center half of =, h, of supported longitudinal bars 1 plade 582 oF Al pjlpe S -l
member length <6 in (150 mm) J not exceeding 14 in (360 mm)
Al L SaTisve e Teirt on center. JELRe TV ool Coaglia by (slas Sl (sl (oo 3,80 Jlad 0 5 Sa s ol 00 -0
3 :
spacing < s,, and quantity » For columns wm_‘ Py > 03A,f AT+ pold Ceaglio b gloa Bl (gl ol 0,8l (0 38 o8 e ) 2l g 5S0sS
] satisfies requirements in or f; > 10,000 psi (70 MPa), £
Table 12.2 every longitudinal bar around Jualy
the perimeter shall be
sl 2 8. 5l 5 - - ) o
Provide full height if supported by the corner of a ulpbidle o ea VB: 3505 0l Sp -apdien dple gy sdlaly 45 Sp Jlale g
*1;— supporting discontinued hoop or by a crosstie seismic Sl 20,8 i 13 e lew V00 P 0T & o 55k
i + stiff member hook, in either case having
& % &
t included angle not exceeding 135°, — 350-hy s
i 51 Maximum cover =4in (100 with h, <8 In (200 mm). Ay =100+ ( 3 ) (=Ye-4)
i | mm) unless additional _ )
1 ) transverse reinf. is provided ‘ hix= xi Z,_sx..ig.nb.!.,_q _,gJLn_ﬂ )S_,.n a _,S__pn alols
with cover < 4in (100 mm)
atsS12n Goomm) loa! adaie Jolas jye 53 g o8 Cuwalie SKils Ly, 0.3f'cAg o>
i — 4 I o e el

L Y
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(compressian) Ec

A
£c
Es < Ey i_mmpmssmn]‘ '
Es < Ey (tension) Es =& l -
p a0® & Balanced condition
s A
a (_of“f_ \5‘&
- . o
o d
- oo (et° P b
i\ 51
e ﬁ,_{d'« —_— O 3
Pb ‘. d‘.‘l Ec P '
e
Es > Ey (tension controls)
- > Moment
G o~ M Mb
+

(tension)
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(a) P, < 0.3A,f7 and f < 10,000 psi (70 MPa) (b) P, 2 0.3A,f" or f, > 10,000 psi (70 MPa)
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0 s plae sl 33 51 3 P = 500 kN 5 Pyiye = 400KN 3 Pgoaq = T000KN 55 gomn 51 31 Cooss o518 0 0 S, (Ui
Aolel 455 @10 1l 65 b8 a3l 0 A = 129025 = 5890mm? b slay 45, T Ak 0 S00mm > 500mm

f! = 25MPa, F,=400MPa, F, =300MPa
(659 (8N JRS) dled detous 2w 4t 55 1) &S Joolsb

P, =12P, + P, + P = 2100 kN ,
0.34,f! = 1875 kN }P u > 0.34yf
gl g 5 42 8 (85 OO b5 il yle 450 b stas Bs S G325 S
. 50 ;
I i
T e 3 500 — 80 — 20 — 25
2 2 h, = = = 125 mm < (200 mm) OK.
) Gy )
D — =120 mm
L 4
i 6d, = 150mm v S, =125 mm
I ! 350 — 125
| g Sn=100+( 3 )=175mm—15n=150mmj
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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
SP-17M(14) _
Section 18.10.6.2 requires a special boundary The intleractian diagram spreadsheet calcul ates the
element if the neutral axis depth calculated for the | neutral axis depth ¢, which is 1723 mm
factored axial force and factored moment is greater | The software that analyzes the structure presents the
g than the value in Eq. (18.10.6.2) deflection data for the structure. The value of &, from
=1 Check if. the software is 61 mm and does not include the C';
& -'{@ factor of 5 for a special structural concrete wall from
ASCE 7-10.
1.6 ¢ 6l 5:
O— 5 % 8, /h, = (61 mmj){ J_
600(1.58, /h, ) (28.000 mm})
If s0, a special boundary element iz needed. o,/h, =0.0109
Therefore, the value determined from Eq. (18.10.6.2)
is:
8 '
c2 2l = 866 mm
600(1.5% 0.0109)
Because ¢ of 1723 mm is greater than 866 mm,
Section 18.10.6.2 does require a boundary element.




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol

(ej3) int s)I502 512 ) Blsd ot

(o329 ©IT) o9 (S slo)lgd

(= e bl ) o 650 slas! 4 aiesls =Y
ay ally sl osliil sl ag lys e w05y S5 Sl (2 b sl V-F-Y-Te-4
Saei solitul an cpl Jalgs 5l F-F-Y-Y.-4
syl eI 5 St cod Jlpe i g)La3 U G pe0 9 oR L8 A5 a5 go)lse o

Lol ol igd gty o329 (50 Sl bl 5ty 020 51yl 51 ol oo 0

iy F,S'Ule;:- ol 50 o 6 lid AT aF olgeo glas ] olusal o galads 1 oles e |,
aia Slasein (bl g lees ghaiie o A5 (o @iy 28 L R 6 L8 05 el
2y alys ol 2 Ju sise o sl T g U gl b slofous 1o -3p3se doslone JS

Sgds blod Y-Y-V-Y.-4

[i225 g jlass e wd NS Jlae UBCYZ wiils J_I' JpevaL) .z-_,__: SO0 0

b - -
/ T . J [ 4 jui
f . = - - I, F- P
ks JAims dbads oy WO Cate £ e J..; --,u Loy P | o Y OLLLDS
-

) i R e N
e [ A o S = . - ' A

LS o Jp2iS PUSO.4P, i EUROCODE wobi 3T 5 , PUS0.35P i




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol
(ej3) int s)I502 512 ) Blsd ot

(619 OIST) 1059 v sl2jlas0

(b 25 Sl bl 2 gl D) o 6 0 slasl s viejls =)

_ Fid
Special boundary L i i s
h element transverse S E
" reinforcement ¢ v PO
larger of { i or o=0.15fc <::V
M, 4V, S gl e asSS
bys sla)l 4 sl
1 ! l s 31320 (g Y

> - T |
A M, cidsS ke — Bl b poaled 2




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

(85 8,05 8kl glas ) 025 (55 0 slasl =

P = sl (sie sae Jib s,gile,l s

Nod oo b O-FY-Yr 0y allasls 5,00 ¢
28 DB o Ligne alie 2s clegile)])
iLghLOSAgfc: a2 e 55, L ol

Ju 55

)..... ...ln'"". H-—-'-'I-bj:'

(aeldl ;) (0329 S)re *ﬁ*}—f

S

JERER0H PN ST PR IR LS K PR

(ey23) (op so)lor0 512 )) Blsd ot

T)_[a -Y (2134_5 OLSS) L R L_gf.hﬂg._!.b

Cannnd (55 o5 j90 &1 4

| ™
o <0.15¢; (¥)
ps 2811,
L PR %
o <0.15f; }' |
PO _“f 3, (Y)
3,
! : 9
i | Lo
maxzuﬁfﬂ] or 6= 0.15fc| ()
W%

2 £y for 1.25¢, —~ |

-:'h)l-} alols = A.J L LSJJ"’ f-j.?' =

N i lly o 4 G55 5 i

h
s glaie S 5 W}Z{}Mm



Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol

\ . (oj13) (it 58 l320 510 j ) Blpsd o]
| dbsg el

P . ;‘ i“‘. -t: Lo
A+ “/"f”‘-jl‘:l"f

Jiiwe ©)5a) lgigis ol cawl 3V LT Bl 395 (gleiil 93 )5 peiw glall Ghls (b)) Hlgad a55)90)3 (1Y) Jlgw
(CCQeIP.AFAIe) Jlgw 45) Tiigis (21 )b

o 42)Ss YolS )lgad b g 4idS Lgmane Hlgad jl (A ylgad dziuo (59)d 3ySlac )5 (b (51B)l92d (550 (SWigiu aly
02l ylg2d amiio (glinl) )5 aljlj (logyu (Sh1> (Slo)l asS)S aad 1 .)S Y )5 i (lgigiu 1) LT g5 (a5 9 bl
ol @5V ylgad amio 2> (gliwl) )5 aj)j (sog,n (SIS (o)L wasS)i Cuad (5 359 2lhb Jaiue ©)guar 2l Lpigiuw
i b puldi jome J9= «(5pe (Wi (piha> (siduo 2ol s 2lhb aSi)ge)d il (] )3 Mgl (;2hhb Lgigiw
Oldjo cule) 4 ol Al 43,5 Jas )5 (o.¥0 Wis) jlgud dxiuo p dgac (iduw 2ol Cupd Ll |y jlgsd diuo i dgac
455)940) (Sl A (585 )lgad azxbuo ) dgac (sliml) 3 (gl 65)) )b e (§pdy JSb balgid b k5 (g (5)135)95L0)]
i (5)135)53le)] Olbie Cunl @V Al 03h johia oY L ply deigiu ikad (it Vol Lujps wlie HgTie Luys

33)5 Caile) )lgas amio y1 dgac (gliml) )3 (gl 65y )b @i (5239 JSib lgd b pubis




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol
(ej3) int s)I502 512 ) Blsd ot
/ (S0 oledl adaie Jobo) 039 (6500 glael ol -Y (o523 Ol) o9 (S sla)lg20

F-F-Y-Y+—Q | ;

c ! 7 ;1 I L :
3 ; 5€ = 0.1L, juis g0 5 ey b ol glalold b a8l @jg0 4 il (55,0 =2 — il

n.u...;l..'h.....l.}_,s 1_4...11.'1‘.!5 C,'lbn_ﬂ"ll:f'uﬁ""

ot e
Special boundary '
element transverse
reinforcement

lPW - -
larger of or o = 0.151c
M, /4V,

g "
— .

v Lo Yo
t_rh-..-:-: ) s .\. _" Mu
;> @pecial hﬂundarv-\" Lo

elements

required when: — :-_4#' c-0.14,
. [+ = larger of
: i 1 c> b c/2
IC.HJE:K = 11‘.”4.3} | EDU[]- 5'5,_,;”7 :l ) I
s, I ! W i

Neutral Axis




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol

(ej3) int s)I502 512 ) Blsd ot

(&0 olell adafe 2 02) 0309 (5500 glae! >l b -Y (o529 L) 02y (i slaylg20

F-F-Y-Y+-9
(il Jgbo )0 b ez {:-‘L Syl gal o0 -

% 2%y
/ Sy
b } 1e sk sgmdg

ot e
Special boundary '
element transverse
reinforcement

rw % el b
larger of or o = 0.151c

M, /aV,
16
} ’I.J..I:_'.-L'a o
:; d.i-..‘ljj.nd 3= =2 _ ~ 1 1
bl'ﬂﬂcm daby-ddly _ i Sl _ A (M,
4550 fSpecial boundary N £,

elements

L s o031 Jsbo = hy,

required when: — :-_4#' c-0.14,
s : m——] f
s b e o 4l Jeso i £, > larger o -
\ oo 35le (g Lid / \_  600(1.58,/h,) / '

N Neutral Axis




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

PR P SR e, I Y I [ KR P L
(e 319) (it (51231500 5] o)) Larlaid ]

(L‘;J)'a L.JL*” c.]a.ﬁ.a ,_,,-‘-r"_f$) Qjﬂj h';))" ,_gL.a.GI h5:-.»-1)Ja =1 (o eys <SS) ¢ 2y t..?“'*" Lﬂb)la.a..‘:
Lol b slees bl jo e Sl loe an. ﬁ-—*ﬂﬁl-h-—-"b&-a.‘n_vb.:b Jasgmo jlade 5l sl ¢ Al ,i2e € Job ,0 b S

J.._L_..rl.J Y —-y-¥-Y- cl o l._h_r_J_l_'l .:._Usl.c L.JL J—_‘}""L J_C- t_ ‘}.JJJ _'ul_I b { g ‘_'H_,.;.|_,—'-__;'-.-'; ,__f"."_—.' ‘_‘,_F_.,_.'-__‘: _;:"'-._i.'- |__ .\__l - -:-__‘ I_

by 2l D U gas jlass glgit 5o 093 0alizl D (gl 559 nSiles S5 51tk cads 528l B 4 € ST

Al ey Cdses

T
I
|
|
|
l
|
|
I
1

| , | e

|, _bixLitbyx L,
ﬁ‘:- - Lj_ ‘|‘L2

Bl




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ey23) (op so)lor0 512 )) Blsd ot

Aot e W Lo

4

o J sl (22 05 ,5ke,]) oy (550 Slaael (o>l -F (o33 OIS0) 029 (S (sloslguo
A e Sl g (0329) oL sy JSb b glojluw sl ylasd 35 6500 l52! F-V-Ye-q
sl (slagile)] alols 0R9) oL spd S5O b slojlw slaylgs 5o 5550 slp! F-V-Te-

: h, /16
T-._I-".‘.Il J] e Ondand __;L{.-*'-‘ b:_;,{ u/
sles i 55 lagh slads | 12 in where ¢/¢,, =2 3/8

Feils V10 alsls L \ b = / \
LS bl s alle o ] P o Least dimension of boundary element/3 (b or (be)

VI
(23 Soley 2ol

| s < 4 6 X smallest longitudinal bar diameter

So \
; - ,fl‘q'_ x\
'4'fﬂ-fa0='q'1\ 3 }_ﬁm[SOmmJ

be

20 gles] Jolsh alie

: :l-‘-‘ h;-_u_--lp - 2b!3 a}-lﬁ LgL&JB._j
A W) 4w &
(L g 03 b, (b : )J’f“ 25 5k plate o
: EEEFTREY ; clvc2 yt
2 pi om—
. e {]D@sb —
e “Tn

14in (350 mm)
» [




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

(5350 237 3 b5 sogile] s3g0s salold T-To-A Jyax

|
el jailey| goges gdlold

e

poadinad dor Cunglio
s 3330 (oo 38 (5l y0ile s ket 5o y97la)]

s

18+ 3 6 jlais i i SayS

(V] e Ls

Ly jlie 58,5 b plp el o

M,
ahads uly g Wi 0 "/‘W{; 3
[v] G| Jsbisa fY-

Yoo 38dp Ui 5 Says
P st

Lli b o

35ty Jada 5SS
7 e 10

Jda 5 S0 b oply slasl o

M
omtk 3 WL 0 u/q.vu s Ly
[¥] 20 alaie JELLLL BT

36y Joia 5 2sS
FRTS

blii b 3

e giad  uol gl o iSnyS b dp V]

oyl ] it sle Gl y e e penid i 0 T 0 4 il akae e ahade (Y]

3)la 3429 uljlo

S

JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

6350 37 30 255 s)ygile)l W38 alold

)
1

K PULE

9952 5% §) o plell SS90 M Ldgiw IS
(EETRE T W) W PG CIEE SR | AR V) F) P30




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

Ve gieplll gyl F-F-V-Y.-]
5 (OY-F-Y-Y o 0y gillae glaloli o 3l ol (sesgaoms 3 Jlgo  Job glajaila ] -7
LBt Sy b5 T 508 S0 (gahsT Jald Sl ol 4SS il (e aladie uly 5 YU
whee Toe 5l wls Koo gl oose slayeiley] o8 galols asal Lzl ga g3 glojy)

.."3.‘:.-‘_‘_,.1'1.:.""'1" Y-F-Y) qnd@&LEnJ.ﬁqL&ﬂ#ﬂaaﬁ:uﬁ

hexa 3500 9 JaSa gla Sl ol Jsb stas S
e —s—v—s—1
o ;M .
b| b, élr / o /g., ol
oo, o/ o/ o ' v
s 2b oSl
‘pe ol A

bsle Sl g az 0 170 M6 gl Les gl Sl b Jaims 5.5 g0~ &
ol (w8) (b las ;Slos 0ulS jpaams a2 30 1TD N6

S

JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(o9 ©lST) io g oo slaylguo
» Feb sleygle)] Ga by alol o5 wislh glae® 4wl Lo sleygile)] cli> —g
g2 9 Sroalee V0= Mo g3 (a8 jl an oilor ol8 455 (lyho a5 05550 232 Jmoma Sl
[i‘—? S sl o pFes ) 2 &;JﬂJ i ol oSS Sl 2hy (g i Cualus pya
Sl st 59 5l 358 S0 Gl 0 g 955 om0 S 255 L 5 ot

cshen V00 e 58 (p inSrgS 1l jalne 2590 90 ity Jabo g oo S (S50 02

Al YipS (S0 252 Cualis pgw g0 b g e

. S 5 Flogean Job
Jose sla (Al _ |
Vol 15550 7\ {151____|u Ay X S s ol b slas Sl

T T f(‘/ 5
NE T

: S
Slas Sl J N

“* A
;'_b"!' ur“'

Bl
ol sl

t,<2b

£ho

ML sls Ilxi g as 0 1T UM L Jefa sla Al b sulillins pa sl o8 500 —0
ol o8 slas 8l a0l Y jgams a0 \TH



Alireza Faroughi e ' B3 D°- SO
Azsistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(Giye olell guds go) te g (s sloslg20

g o yiasiilis T8 Aol 1i5Ta> 5 (oo ys Ky S50 1 5550 lell (w308) a8, Shan ) 55 50 cslall gl f 53 -)

Wigds sl 30590 1y (GBris bl slsd ol (W36) o 5183 5 Shoo ales ) (655 olall gLl 0 -

il anbls gl d OME Ll 5o 2 o b le Sl plad ) (65 0 bl gl - =

el piaaiilio Yo jlas ol 50 8 yiewiibo 10 ) (6550 oledl jo 858 slo)eile,l alold yisTos - F

ol 32 (258 Wl ¥ ST ) (G550 52 50 pF 590 Gl Jsb -0




Alireza Faroughi =l ls s

Azsistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(e33) oo (sl8)lar0 o] Bolad pt]
ek s eile,l il olFAST F-V-1Y-4

] Sl (6,8 (500 Suaglie il (510 Jee -.SL")}“".J 4 45,6 lse o 1-F-YV-1Y-A

Jl.:l..l e | Ji;,,‘r:‘-:*:" 10.0111# lé!l:\.i.a \_}S P Y Jdeo 33 ‘-il j.l A_ﬂ J’,L:l J,EL..-J I'Js- ‘:Jb.i.-n e!::l.ul 9
S ket ngj-l" s yle)] n sy o0 de 3!

Lo Y—F-Y)-4

adS el 1y oy dal o8 RKasG ol Ll baled g sad  LSCar Jusl elas Kle atiy elaadls 3l oyl X -Y-#-Y1-4

..L.‘..'_-L‘l J,:L.L_.nl s ﬁ..‘uu.n __:,1 S ._HL._‘-‘ La_':;..i' }Sl).a d )S}.q al.olé —

g Bkt

el o e Jlad VP -

A

2 0 S el il YA -

e day 0 oS

:l.-'m:.h_: H _E..‘-LE.-: _HL"-' J.":L.:l_:- ‘-'-:.L‘ s )L=3 Y-Y-7-YV\-4

{.'I} cj.'a .__5‘);.,.& ;_,.L‘C“'” A TJ;.L:;' D.‘Bm Jlli._.ln I‘_JILZ"- ,.f.""L‘:'J )LE"':'

= %TT#E‘Q#;;‘Q@)&MH-}H—Jﬂ




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

Bars not to exceed 150 mm clear
spacing without suppont ——

I'\ ® @ L L

— Single tie to Bar exceoding
enclose all bars 150 mm clear
spacing

Grmsliewﬂ___‘ supported by
crosslie———~
€

o

® ® ® \ J _I'y

Sel of overlapping closed 1ies[[|
tor enclose all barsﬁ_\\
i

F-’-\-

ﬁ Crosstie \ | !JJ

e

S

JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(3255 L1, 25 a8 s lebircs lgs P-¥—F-V1A

oS agly b o laegf b hes 0 S Djpe (Jobo (las Kles plo g glals 4y o odly Jelbo 0 e 2 -l

Wy e 450 VO solma b

Wbl A oo Jm oo o Rhe 3 Shagdee 18 3 ey of3T akdld 0ild e g g0 ol 0 Rhe —

— Bars not to exceed
= . = 150 mim clear spacing
without support
L L L] =
3
== - —May be greater than
i 150 mm no intermediate
- g tie required

T\Angle at supports not to exceed 135-degree

Overlapping
135-degree
standard

— Single e to
" enclose all bars

_—Bar exceeding
150 mim clear

spacing supported
by closed ue




Alireza Faroughi =l ls s

Azsistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot
As

Auar
;",_ Asw (24 Ssh ' e '
E::il — Ties not b g <0151

required — < 28
| P B fod e 7

Ties per 1 ih .
o < 0.15f,
18.1?.6.5@ i o> 28
Joa= jlalels | i i i £y

YY1 i 1
Special ti 85

boundary

/ element —

=2 300 mm —*

/ sl asl Jlad Less ol 06 cle s Sl
)
Ay 0.014,

[TTTCTTTTT

. = ‘ _r____'_

www _hoseinzadeh.net




Alireza Faroughi
Aszistant Professor of 1AU. East Tehran Branch

J % i

S

B ol g Sty ot o151 SBLASs Sl ke
(e 319) (it (51231500 5] o)) Larlaid ]

((‘ b)) ohy 50 Sl o poye eils)] ‘:*BLA
: (P>0.3Ag.FC) o5y ez OB 15 ot

syl plad lee 4 5L 0 o5 (5500 pledl jo =)
losds e Jsb slagile)l alols Ko ool Jobo
P o 3ed i 50 52 e YIF L YOomm
aled YL byl glo)l e 0 ohy Sl et

Kigd jlee gl oy ) DL b Job slagils)]

oy Siye Olell o oy 22 5l )] alate =l -V
Loohs O 30 (22 sile,] alade mlau alis oo

\ = P<0.3Ag.Fc .L:.lla




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

e, oile ] sad ol Jlaas] sl gla B xs Jl sl 1,3 a8 Jea Jl slolaa o 2 ot o— f & 5 T
s sl '—g..i' ' I-.J (e - B oy B AR 1"?'."' ) i -.':'l"?h'?':... J '-g_...?'ﬂ If- 4 = “'}Jj ‘-—JIS-"} .Q)_,-s léujla"’:’
Plee lade oo upmaS b plp Jib o sk slaysils)l lp[ttn slo alogf il ool s ls 592g  Jobo ! 1
A3l g o 55 9 Ao e 5 505 5 3 e Yl g5 Py i gl g e (129) (5550 SlBel (2l)b -0
/_.z— Longitudinal bar f — T'_ Y_ Y +_q

| - at boundary region

Floor slab -\

— i —— - ————— e —— i
r a |
N ~ | A [h c
Critical section for \ = min. < X %]
flexure and axial loads —. | ] 6m 5
@ me — = mlane
\\ : Critical section %_ - =S —
o -- ke [
=4 Fd =
I : |




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(o525 ©IG) o g (o sloylg2o

o3k ywls 51 g 009 -?f 2 2.0 coslayl 0 a5 glaal e b blgs &-F-Y-Y.-1
oyou aklie SO La‘_-;i ;o a5 iload b (glaiss 4y g ijlo aaldl Jge jobo 4 Hlead YL E

B (cdalad glpl 90 o Job sla jsils,] 15 Wb il 39290 (597t 5oL 5 as (gl

Wigd Cule, byl 10 () B (W) Laslyd g 004 lge0

{5-0)5 9 0'1511&' I.J9L a Jlﬂ‘:"" tﬁ"&:"! » e led‘:?b e L;‘BJ" ;51-“’)}"1@}1 ‘Jsl-l-‘:"‘ S D -—UUI
(f'c=25,fy=400, => 0.0064) ) O-SUJE o
timiyd VST omSlipialtins Lan <:\ AAGEEIE 0 s b ln

s YU o :—;' by Ly J8lao so5hail & sl () oy olasl 1 5l 090 Jsbo (sl gl —oo

U

bl azils aelsl jlgs Jhow aladie b

g adad aladie Sy o () Wy 50 5L 9594 o5l 78% 3 j i Wl —op




Alireza Faroughi e ' B3 D°- SO
Azsistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(:a}g_g ) L) o g L_&'*'"‘ L_J;L’-bjiﬁ..'ﬁ

£'w B £
-

W ] i | |
41&15&'.., |_10.15£W‘ _“I.Ums.f..,,I | N 0.15wa | |

0.158 T 0152, +T"-Jn 15¢ IS
M I

{ ]

{ |

( W [‘ ‘| '_0.15@ _0_155'“,




Alireza Faroughi e=dalals s
Assistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(e 319) (it (51231500 5] o)) Larlaid ]

Very Small Openings Medium Openings (0529 WIST) 10 30g S (5loylgs0
may not alter wall may convert shear s Lo oy
BFt::eha‘se'i-:::r wall to Pier and ("1"35 )yl 3-*’;1-1 sk ylges =F
Spandrel System

e gy wile Sladsd S
a8 ael g ol Al HLBT sus
oo ol plaw l3l o8l 5l 5g
oS il ol ol axils> a5 aao
PRI

—p
Spandrel

Wall

Pier Pier




Alireza Faroughi =l ls s

Assistant Professor of IAU. East Tehran Branch g o o Sty St S0 5T LGNS Lol

(ej3) int s)I502 512 ) Blsd ot
(334_5 oal5) :r:uj.‘rj u’_».u L.;Lb;lg.._{a
(Szs8 gl 933D 515 935k (slalgs —F
3 il Bl g I35 jgil,] B-Y-1Y-4
b b eile)] 98 Jilis F-1Y-8 oy 5l 0,00 slayele,] Jila> o edle 1-H-Y-1V-9

\F )]nﬁb)’ila;la_ﬁ § s 80 40 H.TLJT 0yl :al.:tsln_ﬂy_a P UT J.:Ln.aub_‘,.-.utsly \F

g ooty oo slagdisl Skl 1o b gz 99 0 j5ila)] 0hn S L sl lsad 55 e Lo

23 38ha palud (3T (ganagi sl ks Bygile)] o g sl aliie o3l L slagtih L

g g 03l glaadys

WV

DN

‘\“ |

s &
-5 o
e L - - 4 X A Y

A

AT e A




Alireza Faroughi e ' B3 D°- SO
Azsistant Professor of IAU. East Tehran Branch JERER0H PN ST PR IR LS K PR

(ej3) int s)I502 512 ) Blsd ot

(:a}.;j ) L) :e}.‘ﬁj t_g.-.u L.;Ubjlf;.._r‘-.'h
(Szs5 slo o3l o all gl jle -7

ACI] 18.10.6.3 o < 0.15f¢
—(o 2 0.2f, 0< 28
Special boundary % _
| element required Ties not required

N Develop for £, past o< g 185ﬁ:

top and bottom o> :

y
Ties per 18.10.6.5

———

o > 0.2f. Special boundary

ies per 18.10.6.5 hy  element required,
4 B e 16  See Notes.
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Oy V, coupling beam
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(a) Coupled wall (b) Target yield mechanism ut, u‘ " d Via,cs pr1.Cs u‘ pr2,Cs
Mu].CS 1 T MULCS Mprl .r.'Sl T MprE,ES
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(Degree of coupling (DOC)) (aLisS) o oi3L sla,lgs -F
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(a) Wall demands

M=M1+M2+Td

totdl

J’”z (b) Kinematically T, (FTTTT{TIT] P T T LT
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4 * correct
combinations = =
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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 1n 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 it working separately

A23.3-14
Design of concrete structures Job sian i sla s,

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 el X2 )3 FF Lo o cpl (oS e glijleso

Ductile partially coupled walls 3.5 1.7 5.95 g (YO) F s ! jo Ri (i8S oy

' ; I| I .5 - q. 5 Ly = ] .F'l i

Ductile shear walls 3 1.6 6 (Lot S Glasd) oS Silig a> 0 (6l

Moderately ductile-fully conpled shear walls 2.5 1.4 35 g M1,=a'";' (Y) v.0 w)_q -.;:-.‘.l

Moderately ductile-partially conpled shear walls 2 1.4 2.8 L e semmes o 20 ] gy

) : . 1 o e P D8 g 2 )2 d«:-:-J.\‘-hlL-SJ
Moderately ductile shear walls 2 1.4 28 RS S A
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ity Coupling N a0 SSlas 35 Harries, KA (2001) Sligos o
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- 4.5.4.4 — Bag kirish (bosluklu) perdelerin tanmmmlanmasinda esas alan bag derecesi katsayisi
Q). Denk.(4.14)’te vertlmastir.
: 2N xr > N
= V. W (4.14)

4.5.4.5 — Bag kirisli (bosluklu) perde, Denk.(4.14)’te verilen bag derecesi katsayisi nin
Denk.(4.15) te tammlanan kosulu sagladigi tasiyic sistem eleman: olarak tanimlanur:

|
Q> (4.15)
3
Denk.(4.15)’te tamimlanan kosulun saglanamamasi durumunda perde parcalarmin her bin
bosliksuz perde sayilir. Bu kosula ek olarak, perde pargalarinda asir1 eksenel kuvvetlerin
olusmasini 6nlemek bakimindan € <2 /3 kosulunun da saglanmasina calisilmalidir.
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Building Code Requirements for
Structural Concrete (ACI 318-19) 18.10.9 Ductile coupled walls
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ASCE 7 Section f:(?tﬁﬂifg‘m Limitations Including Structural Height,
Where Detailing
Seismic Force Resisting 8 ystem Requirements Are E £ Ca Seismic Design Category
Specified B I | D E F
A. BEARING WALL SYSTEMS ASCE7-16
Ranforced ductil
L s LS Bt 142 g ||z |22 |8 |m NL 160 160 100
coupled walls P
Minimum Design Loads and er;f:lmmed timher shear 145 3 3 3 65 €5 65 65 65
Associated Criteria for : - -
Buildings and Other Structures Cisad]amisictss b yndahage
walls wath shear resistance 145 p 3 4 65 45 65 §s 45
provided by high aspect ratio -
panels only
B. BUILDING FRAME SYSTEMS
Rinbirced conmais gy 1.2 6 8 2% | 3 NL NL 160 160 100
coupled walls
Steel and concrete coupled 143 3 2¥e | 4% ML ML 160 160 1]
composte plate shear walls
D. DUAL SYSTEMS WITH SPECIAL MOMENT FRAMES...
Reinforced concrete duchle 147 7 2 214 P ML HL HL NL HL
coupled walls
Steel and concrete coupled 143 3 2y 5% | HL ML ML NL ML
L coogmnaie nlate shear wralls
REINFORCED CONCRETE DUCTILE COUPLED WALL: A seismic force-resisting svstem with a
minimum height of 60 [get 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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