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e 2>y o 2z
1 m=3.2808 ft = 1.0936 yd 1 m=3.2808 ft = 1.0936 yd
Jsb 1 .cm =0.3937 in. 1in.=2.54 cm
1in.=2.54 cm 1 mile = 0.869 nautical mile = 1.6093 km
ol 1 m2=10.7643 ft2 1ft2 =0.0929 m2
1 km2 =0.3861 mi2 1 mi2 = 2.59 km2
1L=0.2642 gal 1gal=4qt=3.7854 L
= 1ml=1cm3 1 t3=7.481 gal = 28.32 L
1g9=0.0353 oz 10z=28.3495¢g
s 1 kg = 2.2046 Ib 11b = 0.4536 kg
9 11b =0.4536 kg 1 1bf=4.4482 N

O axiw This publication or any part thereof must not be reproduced in any form without the written permission

"-’g’ WebSite: www.M-Alirezaei.com

2) Telegram: @AlirezaciChannel o S 56
L @@

Cp Saizs ©(2)

TSPl yllie bty g ylie Staize ©(3)
el g hini ol @(@)
Coa s Csppoe Csy Cipp s Sl @(§)
e @ (6)

cxcob ()

o}[_;Cj(oo/.b leo//.d Ll}p @O

9 Axbo Thls publlcatlon orany part thereof must not be reproduced in any furm W|thout the written permlssmn

Email: M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"j’ WebSite: www.M-Alirezaei.com .
() Telegram: @AlirezaeiChannel e Zoe My (B e

Olois Lo Lo it 10

“‘J'Fu““:'hswf-nb'-l...dfﬁ,jr)b

ACl 318-14 Building Code Requirements for

Structural Concrete and Commentary Su"’eﬂ 2 J’\‘ ,\/’

Y dxéwo Th|s publlcatlon or any part thereof must not be reproduced in any form WIt|'IOLI[ the wrltten perm|55|on

"@ WebSite: www.M-Alirezaei.com
k) Telegram: @AlirezaeiChannel
Subject 6

American Society of Civil Engineers,
Minimum Design Loads for Buildings and
Other Structures (ASCE7-10

Minimum Design Loads and
Associated Criteria for
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19.2.2 Modulus of elasticity

19.2.2.1 Modulus of elasticity, E_, for concrete shall be permitted to be calculated as (a) or

(b):
(a) For values of w_ between 1400 and 2500 kg/m3

E. =wl50.14\f] (kg,cm) E. = w}50.043\/f] (N, mm)
(b) For normalweight concrete

E. = 151004/ f, (kg,cm) E. =4700./f/ (N,mm)

Studies leading to the expression for modulus of elasticity of concrete are summarized in Pauw

(1960), where E_ is defned as the slope of the line drawn from a stress of zero to a compressive ;i
stress of 0.45fc’ N "\ s P
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Deformation of Hardened Concrete
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19.2.3 Modulus of rupture

19.2.3.1 Modulus of rupture, f, for concrete shall be calculated by:

fo=20/f) (kg,cm) fr=0.620/f (N, mm)
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20.2.2.2 Modulus of elasticity, Es, for nonprestressed bars and wires shall be permitted to
be taken as 2x 108 kg/em?2.
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135,55 o0 1,8 0olizwl 390 Hidus 5 5 Ko 95 ASTM 5 lsknl 55
Grade 40: fy : 40 ksi ~ 2800 kg/cm?
Grade 60: fy : 60 ksi ~ 4200 kg/cm?
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diameter of a #10 bar is 10x(1/8)=1.25 in.
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ASTM Standard Bar Sizes and Areas

Bar  Diameter (in) Diameter (cm) Area (in?) Area (cm?)

#3 0.375 0.95 0.11 0.71
#4 0.5 1.27 0.20 1.27
#5 0.625 1.59 0.31 1.98
#6 0.75 1.91 0.44 2.85
H#7 0.875 2.22 0.60 3.88
#8 | 2.54 0.79 5.06
#9 1.125 2.86 0.99 6.41
#10 .25 3.18 .23 791
#11 1.375 3.49 1.48 9.58
#14 1.75 445 2.40 15.51
#18 2.25 5.72 3.97 25.64
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Table 25.3.1—Standard hook geometry for development of deformed bars in tension

Type of standard . . M!nlmum Stra!ght Type of standard
Bar size inside bend extension[1]
hook q hook
diameter €. cm.
Point at which
Ol o)ﬂ:ﬁ 6db /bar is developed
dp 90-degree
bend
90-degree hook YY L YA o8k 8d, 12d,
éext
OO L YF o Sl 10d, L |
dh
YOL Y. oSl 6d,
$e L 4d, 5l e
180-degree hook =~ ¥ b YA s Sl 8d, = " ’ s 180-degres

00 b Y5 5 Shos 10d,

p
o e S
L

[I1A standard hook for deformed bars in tension includes the specifc inside bend diameter and straight extensig\n Ij?a\\
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Sl 0 Sho ST Sl 55 paitans Jsb 4 12dy Jilas 6lal 4 (Lig) az,5 4+ o5 -
iaskn YO 51 a8 g jtadis V8 51 iy ks 4y slas Sl

Sl 55 yioska 5+ 3l a5 &5 Jy piane Jsb 60, Jila> aslol 4 (KKiz) 42 1¥0 o5 -

3,80 ol

ST slesl ys jieden 5+ S S 45 Jy aiies Jsb 4dy, JSlao a8lol 4y 425 VA- o5 -
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Table 25.3.2—Minimum inside bend diameters and standard hook geometry for stirrups, ties, and hoops

Type of Minimum Straight
standard Bar size inside bend extension[ 1] Type of standard
. hook
hook diameter, cm. €. cm.
5 yorkea V7 ,l8 o 45 6dy 5l i db1 90-degree
S 4dy el N 5| 25 bend
90-degree hook -
Ze
O, X 6d, 12d, *
9 Soekes V7 518 4,
| 35r;jzgkree Y o it %56y | i i
yiosdio VO 5l oS
gl V7 | e 6d, ’
yosloo 1§ lad %-
180-degree T L I 4d, s -
hook oS £ 940y 5l i (1)) 180-degree

. R Diameter
Fowkeo £o 5l eS

[
ext|

Sk VP51 iy éd,
[1]A standard hook for deformed bars in tension includes the specifc inside bend diameter and stra;ght _extension

length 7
ength.y o
"4 g
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Gl 53 13 SKes (21,65 Jsb

25.4.1.3 Development lengths do not require a strength reduction factor ¢.

.)}a;u
25.4.1.4 The values of sqrt(fc') used to calculate development length shall not exceed 27 kg/cm?.
abuly Slosel sy laio b jiesssl Yol Jilas 50l Iy iS55 5,8he G ]S Job

bl 5
fy aBy
3.50 / (C + ktr)

dp >30cm
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C+ktr

Uum.),,wu;).h.)).)zsﬂ)w.\;b LA.L:J‘)L;J.‘»)}«AJLAM)LXM

404,

tr —

sn
A, = total cross-sectional area of all transverse reinforcement within spacing s that crosses the
potential plane of splitting through the reinforcement being developed, cm?.

)}o&)lwl).})f.l.)‘g{ﬂsWbbw;)lﬁwﬁ‘sh)yu)“'d{@C.b.wAtruT))Af
JN;&)J&WI@L&J@J'M"W.).J}J:Goﬁlwgla)l.eﬂdfdu)ﬂ»b)ﬁ.wf
g e L alos

).:I).: |) Ktr)LLaA ‘ul}bnw ‘J..«.«I;Lx assls )9.«” (5;.0).(‘— Q_SLQ)QB'LO)T‘\{@')}«o ).361?;.)[;» (5')-’

It shall be permitted to use K, = 0 as a design simplification even if transverse reinforcement is
present.
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(b) (a) Beam and loads; (b) bending moment diagram; (c) section A-A
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ld = fy ﬁy db > 30cm 2
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_ 40+0.8+1.0=58cm
c=min{30-4x2-2x0.8-2.0 =3.07cm
W) =3.07cm

Sgals Blw 95 ol
\
[ |
404, 40 X 2(7 x 0.82 X 0.25)

ki = . = 20 X 4 =0.5

3,8 slass s u,»b ol

Y‘Y Axiio Thls publlcatlon orany part thereof must not be reproduced in any form W|thout the written permission j

M.Alirezaei@iiees.ac.ir

16



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"-{V WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiChannel

c+ky 3.07405 L
L= = 1.785 S
d, 2

fy afy
Iy = x d
S EY Wi (%) ’
b

=68.03>30cm

4200 > 1.0 x 1.0 X 0.8
3.5 x 1.0V/250 1.785

35790 S)lee Jgb
Available development length =200 + 15-4 =211 cm > 68.03 cm O.K
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75+08=83cm
¢ =min

15 I =75cm
2 ofie 4,8 1 53 K =0 sl 00t oolitl Sels 052

C+k"=7'5+0=4.68>2.5 _ o
dp 1.6 dp
L = fy afy _ I 4200 o 1.0 x 1.0 X 0.8
3, 5x\/_ (C + ktr) 3.5 x 1.0v250 2.5
= 38.86 > 30 cm 139790 5, les Jgb
Available length = 285—_40 —7.5=115cm > 38.86 cm Ok
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=200mm | g 4,8 )5 m e stesile e S ol
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404+ 1.0+ 09=59cm

1.8

3x2

C=min<3()_4><2_2><1_0_

=3.03cm
=3.03cm

= 67.02

Iy = d
S FYoWra (C+ktr)

404, 40 x 2(m x 1.02 x 0.25)
tr = = = 0.785
sn 20 x 4
c+ k¢ _E’>.03+0.785_212<25
d, 1.8 TS '
fy afy 4200

= X
3.5 X 1.0v/250 2.12

1.3 X 1.0 x 0.8]
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Available development length at free end = 250 — 4 = 246 cm > 67.02 cm
s W 4 ($5L5 04 el O 09 Hles Ugb Jlaae ol L
(Ot B3 3 0k ol S lgo Job
Available development length at column side = 60 — 4 = 56 cm < 67.02 cm.
ol g J315 55 3 1kl O 4 5L 5 02 (el W V9 Soles Ugb Jlsia cpl ol
L (0.075 X fy X B XYy XKy xk2>db

N

<0.075 X 4200x1.0x0.8%x1.0x1.0
1.0 x V250

) 1.8 = 35.86 cm > 15 cm or 8d,,
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25.5.1.4 Reduction of development length in accordance with 25.4.10.1 is not permitted in calculating

lap splice lengths.
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25.52.2 If bars of different size are lap

spliced in tension, £ shall be the greater of
{4 of the larger bar and {, of the smaller bar
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754+ 0.8=83cm
c =min 25 =83cm

> = 125cm

L g 0 41.9)? )L.v 2 Ktr=0 ol 05 oalawl t5'59.0[? eres

c+ky 8340 18> 2.5 P

= = . . =4 = 2.
d, 16 d,

[ = fy afy d 4200 9 1.0 X 1.0 X 0.8

S Py Wy (C + ktr) 3.5 x 1.0v/300 2.5

=35.47 cm b sl ol 5l 3590 aloy dsb ol ol

Required splice length |, = 35.47x(1.3)= 46.1 | cm, taken as 50 cm.
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5.5.5.1 Compression lap splice length £, of No. | | or smaller deformed bars in compression shall be
calculated in accordance with (a) or (b):

(a) For f, < 4200 kg/cm? £, is the greater of 0.0073f,db and 30 cm.
(b) For f, > 4200 kg/cm?: £ is the greater of (0.013fy — 24)d, and 30 cm.
For fc' < 210 kg/cm?, the length of lap shall be increased by one-third.
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csz l.) C),Al? S Hgeo A L;.o).r_ )93L0)T Wy 4.1.4.09 4.a;>l.) 2 4.‘>ul.a.'> )Li...é cod lakad 09
9 dgad u).»a 0.83 PR ulw |) d,b ‘.)wul.x ausls 399 0.0015hs )l)u.wuék.bc
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(a) For tied columns, where ties throughout the lap splice length have an effective area not less than

0.0015hs in both directions, lap splice length shall be permitted to be multiplied by 0.83. Tie legs
perpendicular to dimension h shall be considered in calculating effective area.

(b) For spiral columns, where spirals throughout the lap splice length satisfy 25.7.3, lap splice length

shall be permitted to be multiplied by 0.75.
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sl iy 505 3 8 @S Usb sl iSas8 5 S alog b b 55 5 S Ls"ff

0. 075fy 0.075 x 4200
ldC db = X 1.8 =32.74 cm
M fe

1.0v300
b oo ) olade Sl eSS azdl as’
lgc = 0.0044f,dp = 0.0044 X 4200 X 1.8 = 33.26 cm
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Effective area of ties 2x(0.5) = 1.0 cm?
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] 0.075f, P 0.075 x 4200 « 1.6 = 31.88
dc = b= .0 = . cm
W 1.0v/250 5L 5 e 5l S s el o
lge = 0.0044f,d, = 0.0044 X 4200 X 1.6 = 29.57 cm
L) C,w;l ).:I).: & ) 297 9R d,b C,wul
Available length =55 -75—-1.6 —1.6 =44.3 cm > 31.88 cm O.K.
:)L&é 02 \$ L_;LQ.)/.(L:A A.Log
0.0073(4200)(1.6) = 49.06 cm ~ 50 cm > 30 cm OK.
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) g ciline slas Sl sl o 5 il gl s Jili> ACI318-14 b
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Minimum ratios of deformed shrinkage and temperature reinforcement area to gross concrete area

Reinforcement type fy, kg/cm? Minimum reinforcement ratio
Deformed bars <4200 0.002

Deformed bars or welded >4200 Greater (0.0018x4200)/f,
wire reinforcement of: 0.0014

gl st 45 €m L 5h 5l s ol sla,pile,T alols

24.4.3.3 The spacing of deformed shrinkage and temperature reinforcement shall not
exceed the lesser of 5h and I8 in.
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25.2.1 For parallel nonprestressed reinforcement in a horizontal layer, clear spacing shall
be at least the greatest of 2.5 cm,, dy, and (4/3)d,,.

25.2.3 For longitudinal reinforcement in columns, pedestals, struts, and boundary elements
in walls, clear spacing between bars shall be at least the greatest of 4.8 cm., 1.5d,, and

(4/3)d,g

da

o8 = nominal maximum size of coarse aggregate.
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L 25l slo b
7.7.3.3 Reinforcement shall extend beyond the point at which it is no longer required to

resist flexure for a distance at least the greater of d and 12d,, except at supports of simply-
supported spans and at free ends of cantilevers.
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9.7.3.8.1 At simple supports, at least one-third of the maximum positive moment
reinforcement shall extend along the beam bottom into the support at least 6 in.

9.7.3.8.2 At other supports, at least one-fourth of the maximum positive moment
reinforcement shall extend along the beam bottom into the support at least 6 in. and, if the
beam is part of the primary lateral-load-resisting system, shall be anchored to develop fy at
the face of the support 7
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9.7.3.8.4 At least one-third of the negative moment reinforcement at a support shall have

an embedment length beyond the point of inflection at least the greatest of d, 12d,, and
£/16.
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d=70-4-08-22-25/2=61.75cm

:[‘,..a)l.) B'B ék:bo (5')"
d=70-4-08-22/2=64.10cm

b el ol 4022 1 B-B shie ies bk
M, = 0.9 x pbd?f, (1 —0.59 ;—y> e © »
c
=09 x L3.2 x 30 X 64.1%2 x 4200( 1 — 0.59 x 152 4200 =33.95¢
T30 x 641 ' 7 X 30%x 641 250 ) o™
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33.95 = 20x — 1.5x2 = 1.5x% — 29x = 33.95 el
:P"”)b 95 ‘L?).J dJ.)Lbo U‘.‘.l J? L»

_29+./(29)2 — 4 x 1.5 x 33.95
B 2% 1.5

= x=125m or x=18408m

ACI318 =3

12d,=12 (2.2)=26.4 5 d=61.75 cm ,5 jigs Goc Olje & Jilas ol a,gle,T -
D sn 4,5 a5 55 62 cm oas 03ls dalsl 5 Khee Oljue ¢l ol .59 03l aslslcm

bl ol @b dsb onl 2l
Length of cutoff bars =2 (175 + 62) = 474 cm
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_ 404+08+1.1=59cm
c=min{30-4x2-2x08-22 =3.03cm
W) =3.03cm

. _40Atr_40><2(7rx0.82><0.25)_05
T sn 20 X 4 a
c+ky  3.03+0.5

d, 2.2

=16<25 Ok
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I apy |, _ 4200 10X 1.0x1.0] . _
S PY= Wy (C + ktr) 3.5 % 1.0V250 1.6 1
= 104.36 cm

9790 S)lee Jgb

Available development length = 474/2 = 237 cm > 104.36 cm.
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(strength design or limit-state design) sa> oYl (o9, b oles cwglie b9y 059 ol

sl 03 slone LS hgs lp Kl

The 1956 ACI code included ultimate strength design in the Appendix.
The 1963 ACI code awarded the two methods equal standing.

The 1971 ACI code became almost totally a strength code.
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b olus 3

2.2.2.1 Maximum strain at the extreme concrete compression fiber shall be assumed equal
to 0.003.

).L':.': O o Ll GIg>h 9 (s> L?I)b PERY) LS.LU..{ Caaglia ACI318-14 6&; w
At

22.2.2.2 Tensile strength of concrete shall be neglected in flexural and axial strength
calculations.
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22.2.24.1 Concrete stress of 0.85fc’ shall be assumed uniformly distributed over an
equivalent compression zone bounded by edges of the cross section and a line parallel to
the neutral axis located a distance a from the fiber of maximum compressive strain, as
calculated by: a=pBc

- - o8sf
)
a ¢ C
h d N N
& f f,
e o o : —> > ) T
<b—>
22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutrfl axis, ¢,
shall be measured perpendicular to the neutral axis. g P, \ i
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f;- < 280 sz - 1= 0.85
kg . kg 0.05(f; — 280)
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f¢ =560 ? - B, = 0.65
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(Compression) ,Lué s

(Bending) ies s

(Shear) i,

(Sliding shear (shear friction)) Kol (b,

(Punching shear) mb (3 »

(Torsion) s s
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M,
35d

A =

where

M, is the ultimate design moment (kg.m)
A, is the area of flexural reinforcement (cm?)

d is the effective depth of flexural reinforcement from the compression face (cm)
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Example
Given
Span=1Im

M, = 69000 kg.m

Required
Area of flexural reinforcement

Solution
Beam depth = 6x11 = 66 cm.
Depth, d = 66—6 = 60 cm.
M, 69000

A= =27 _ 398 em?
s 354 35x60 K &
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Vuvxdyxdx=vuhxdxxdy
> Vuv=vuh
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Shear-resisting forces along a diagonal crack: V. =V, + V, + V,+V,

Shear resistance of .o

VCZ ¢ QI ) a5’
uncracked portion of
concrete

o 3Ygd 53 00l sl (59 5 Egene Vv,

9 la als oss 8,0 )l b Go,m V,
S5 ok s on

e Y58 (2 Joe 5l Jeol> 59, Vg

d)u‘é ] OT 20 U= 6‘:‘)'.' C"'is)L’ ch

a,
Interlocﬁ force along

T 1 diagonal crack (vert.
| ) component =V, ) )
1 i :
1 | i
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s s AL FY - ST Dgels palus (i ACIZT8-14 5.k
R22.6.3.2 The upper limit of 4200 kg/cm? on the value of f,. used in design is intended to
controlcracking 0 e J\ P
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A = modifcation factor to reflect the reduced mechanical properties of lightweight
concrete relative to normalweight concrete of the same compressive strength.

19.2.4 Lightweight concrete

19.2.4.1 To account for the properties of lightweight concrete, a modifcation factor A is
used as a multiplier of sqrt(fc) in all applicable provisions of this Code.

Concrete Composition of aggregates A

) ) Fine: ASTM C330
All-lightweight Coarse: ASTM C330 0.75
Fine: Combination of ASTM
C330 and C33 0.75 to 0.85[1]
Coarse: ASTM C330
Fine: ASTM C33
Coarse: ASTM C330
Fine: ASTM C33
Coarse: Combination of ASTM 0.85to 1[2]
C330 and C33

Normalweight Fine: ASTM C33 1

Coarse: ASTM C33
S 4
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Lightweight, fne
blend
Sand-lightweight 0.85

Sand-lightweight,
coarse blend
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22.5.1.2 Cross-sectional dimensions shall be selected to satisfy Eq. (22.5.1.2)
V< (0% + 22Vfbud) - kg,em
Vo < (0% + 0.66JfIbyd) — N,mm
el =075 lsia g5 Luls, 53
JET 15 V. SO50V, 51 5

S ;l V, — oV, y
= = ( v (l) C) <€ oK1 ‘J“"’L’ 0'5¢Vc<vus¢vmax )ﬂ %
S Ofyed

oS
<

A salys el (Koo byl s il V>0V, ST

39‘“’@)&’“9)““’ Ql )| ‘Ml.go.h.:: 59.3)-*3 y
fytf specifed yigldﬂ;tr.engt_h of transverse reinforcement _—— \*Js\‘“
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9.6.3.1 A minimum area of shear reinforcement, Av,min, shall be provided in all regions
where Vu > 0.5¢Vc except for the cases in Table 9.6.3.1. For these cases, at least Av,min

shall be provided where Vu > @Vc.

Table 9.6.3.1—Cases where Av,min is not required if 0.5¢Vc < Vu < ¢@Vc

Beam type Conditions ] . P

Shallow depth h<10in. h s Gee S
h < greater of 2.5tf or 0.5bw

and :Ulﬁ.kl.wc Q.SLQ);J LSl)-?

Integral with slab
h<24in.
h <25cm

(IS T sl s sl

h < min{60 cm, max(2.5hs, 0.5b,,)}
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9.6.3.3 If shear reinforcement is required and torsional effects can be neglected according

to 9.5.4.1, Av,min shall be in accordance with Table 9.6.3.3.

Table 9.6.3.3—Required Av,min

Beam type A’ 5
MNonprestressed “'?5\."?",_:' {a) 0.2 14
and |1:u- e . . A j Av ) fC 35bW
With A, - Gntac ot , - —=max W - kg,cm
04y + Af) o ) S Iyt Tyt
ot | 0.062 | f!
I he b f Ay 062 [fc . 035D,

Prestressed with s - 2 max w - N, mm
A= 0AA L Lesser of: 50— (d) S fyt fyt
+44) -

Af |'.?

80,4 \ b, (e}
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ACI318-14: 22.9.4.2 If shear-friction reinforcement is perpendicular to the shear plane,
nominal shear strength across the assumed shear plane shall be calculated by:

Vn - l“lAvffy
where A is the area of reinforcement crossing the assumed shear plane to resist shear,
and [ is the coeffcient of friction in accordance with Table 22.9.4.2.

Table 22.9.4.2—Coefficients of friction

Coeffcient of

Contact surface condition .
friction p[1]

Concrete placed monolithically 1.4\ ()
Concrete placed against hardened concrete that is clean, free of laitance, and intentionally

y ; - 1.0A (b)
roughened to a full amplitude of approximately 1/4 in.
Concrete placed against hardened concrete that is clean, free of laitance, and not intentionally 0.6\ ©
roughened '
Concrete placed against as-rolled structural steel that is clean, free of paint,and with shear 0.7\ )

transferred across the contact surface by headed studs or by welded deformed bars or wires.

\..
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Vo = Apsfy(usina + cos a) S S sl ol s

w|&ﬂd}:&p9él§h@|@ﬁ)ﬂaﬁggljao~r)>6

22.9.4.3 If shear-friction reinforcement is inclined to the shear
plane and the shear force induces tension in the shear-

friction reinforcement, nominal shear strength across the K AESINGRN Rk

and shear plane
assumed shear plane shall be calculated by: Al shiar

- Tension in
reinforcement

Va=Af,(usina + cosa)

where a is the angle between shear-friction reinforcement
and assumed shear plane, and p is the coefficient of friction in
accordance with Table 22.9.4.2.

=~

Shear friction
reinforcement, A ¢
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ACI318-14: 22.9.4.4 The value of V, across the assumed shear plane shall not exceed the
limits in Table 22.9.4.4. Where concretes of different strengths are cast against each other,
the lesser value of fc' shall be used in Table 22.9.4.4

Table 22.9.4.4—Maximum Vn across the assumed shear plane

Condition Maximum V, (kg , cm)
Normal weight concrete placed monolithically 0.2fc’Ac (a)
or placed against hardened concrete Least of (a), (b), and
intentionally roughened to a full amplitude of (c) (34 + 0.08fc)Ac _|(b)
approximately 6 mm. 110Ac (c)
0.2fc'Ac (d)
Other cases Lesser of (d) and (e)
55Ac (e)

A_ = area of concrete section resisting shear transfer,

X
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22.6.4.2 For two-way members reinforced with headed

shear reinforcement or single- or multi-leg stirrups, a critical section with perimeter b,
located d/2 beyond the outermost peripheral line of shear reinforcement shall also be
considered. The shape of this critical section shall be a polygon selected to minimize b,

slaal Q|)|9A 4 LJ:LS.M;.A O ygua ts’l)"" CL.SA (-v_.b.w (slabs slajl g M LngQ,Lw ‘5|).3
Pebss 48,5 B )5 0
)yﬁww;)ka)JW9j)J)J9ﬁéo£.b‘upﬁw)Jl)J‘d )|_L5A

22.6.2.1 For calculation of v. and v, for two-way shear, d shall be the average of the
effective depths in the two orthogonal directions.
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0.53 (1 += xJE

vc=mm<0'27< )K 7
b,
L 1AM/ f

( 017( )x\/f

vc=mm<0'083< o )X 7

0.330/f,

\

(R Bl ph e Cad B %

- kg,cm

22.6.3.1 The value of sqrt(fc’) used to calculate v,
for two-way shear shall not exceed 27 kg/cm?.

- N, mm
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as =14 30 for edge columns,and L / / A s o
20 for corner columns. i i o (2R
E i / ,’/\ Effective load area
b /
i 7 /" ™ Actual load
22.6.5.3 The value of o, is 40 for interior i o % :a i ¥ 4
columns, 30 for edge columns, and 20 for ~ "~777TTTTTTTT ’ P=3,

corner columns.
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22.7.3.2 In a statically indeterminate structure where T, 2 ¢T_, and a reduction of T, can
occur due to redistribution of internal forces after torsional cracking, it shall be permitted
to reduce T, to @T., where the cracking torsion T.. is calculated in accordance with

22.7.5.
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Equilibrium torsion, the design torsional moment may not be reduced
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9.6.4.2 If torsional reinforcement is required, minimum transverse reinforcement (A, +
2A) /s shall be the greater of (a) and (b):
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9.6.4.3 If torsional reinforcement is required, minimum area of longitudinal reinforcement
Apmin shall be the lesser of (a) and (b):
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22.7.7.1 Cross-sectional dimensions shall be selected such that is satisfed:
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Confined concrete

‘ Spiral or circular tie

Unconfined concrete

| —— Confined concrete
| —— Rectangular hoop

—— Confining actions
at corners

(a) (b)

I—— Confined concrete

| —— Cross tie (typical)

| —— Rectangular hoops

. (0) . : .
Confinement of column concrete by transverse reinforcement: (a) confinement by spiral or circular]
hoops, (b) confinement by a rectangular hoop, and (c) confinement by hoops and cross ties
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Effectively
|_—— confined ——°
concrete

Cover

/—- concrete \
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Vertical
reinforcement

q (Radial forces)
Circular

tie 2T, = 2 f2 qrc sin¢ do
- T, =qr;

Column
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| — Confined | —— Confined

concrete concrete
L —— Unconfined |—— Unconfined
concrete

concrete

(a) (b)

90.)9%»)9& '5:‘).‘7- )|A&:ubu.>9.~ )WQ))B d.»::,f PRICC SR q. P.?LC)}AB )‘ oalaswl
ges 23zl Y (5 50505,) b 3blio 55 1F0 LM 31 iy

\f - d>aw This publication or any part thereof must not be reproduced in any form without the written permission ;

M.Alirezaei@iiees.ac.ir

70



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"j’ WebSite: www.M-Alirezaei.com

@{.’ Telegram: @AlirezaeiChannel

@ L] o)

ﬁﬂ

slsl g ax,0 Vo SBlas o
A pl P deb 4 e

Srasko VO Ly 5 Sho ﬂ\

) L))
ACI 318-14 \ 38l k5l 5 Job

25.3.5 Crossties shall be in accordance with (a) through (e):
(2) Crosstie shall be continuous between ends
(b) There shall be a seismic hook at one end

alternated end for end, unless crossties satisfy 18.6.4.3 or 25.7.1.6.1

TV R

Slo nls ail>
ACI 318-14

25.3.4 Seismic hooks used to anchor
stirrups, ties, hoops, and crossties shall
be in accordance with (a) and (b):

(@) Minimum bend of 90 degrees for
circular hoops and 135 degrees for all
other hoops

(b) Hook shall engage longitudinal
reinforcement and the extension shall

project into the interior of the stirrup
or hoop

(c) There shall be a standard hook at other end with minimum bend of 90 degrees
(d) Hooks shall engage peripheral longitudinal bars
(e) 90-degree hooks of two successive crossties engaging the same longitudinal bars shi)t;/

%
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90-degree
bend

Alternate hook position of
each successive crosstie

Longitudinal
reinforcement

135-degree
bend
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Ductility model. The ability of the structure to provide resistance in the
inelastic domain of response is termed “ductility.” A, is the limit to ductility
corresponding to a specifed limit of strength degradation.

Ductility may also be defned in terms of strain, curvature, rotation, or

deflection
.3{) e sad dl o] e
a s=d !
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Beam width

(b) Shear and torsional stirrups
(Av + AY)

Longitudinal torsional

Effective depth reinforcement (Ay)

(d)

Reinforcement ratio
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Force Force
A A
> /

Displacement

r

>

L
Displacement

Hysteresis loops. (a) Idealized elastoplastic loop. (b) Well-detailed beam plastic hinge loop.

hJ
V00 dxaw This publication or any part thereof must not be reproduced in any form without the written permission

".?7' WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

Example:
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“‘_7—\?_!\6 W« g2 )2 =
(b)
Typical crack patterns: a without steel fibers, b with steel fibers (Biolzi and Cattaneo 2017)
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Hysteretic  behavior and failure
mechanism corresponding to various
vf of steel fiber, a 0%, b, c 1%
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Hysteretic behavior and failure mechanism
corresponding to various vf of steel fiber, d, e
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(Shear wall design) i o, slgs =1,k
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p, = ratio of area of distributed transverse

\ reinfforcement to gross concrete area

/ perpendicular to that reinforcement

T

p; = ratio of area of distributed longitudinal

reinforcement to gross concrete area

perpendicular to that reinforcement

" \_ Shear plane, A,

= web thickness X length of wall
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Shear Wall Shear Wall or Frame ? Frame
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Case Studies: Shear Wall-Frame Interaction

m.m-.'- 3

Only Shear Wall
( Total 3 Cases )

For each 10, 20 and 30 story buildings

Total 3x3 =9 Cases

Only Frame Only Shear + Frame
( Total 3 Cases ) ( Total 3 Cases )
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Case 1: Shear Wall-Frame Interaction

10 Story Wall sme— A=26.73 cm

20,90y

Wall Thickness = 15 cm
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Case 2: Shear Wall-Frame Interaction

10 Story Frame s~— A=1597cm

Beam Section = 60 cm x 30 cm

a7 | _L > X_L Column Section = 50 cm x 50 cm
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Case 3: Shear Wall-Frame Interaction

10 Story Wall and Frame

| Wall Thickness = 15 cm
{ Beam Section = 60 cm x 30 cm

§ Column Section = 50 cm x 50 cm
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Case 4: Shear Wall-Frame Interaction

20 Story Wall

— A=158.18cm
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Case 5: Shear Wall-Frame Interaction

20 Story Frame cw— A=2735cm

MR By
(W
Uessict

L--- ‘:I}-r“""

Beam Section = 60 cm x 30 cm

Column Section =75 cm x 75 cm|
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Case 6: Shear Wall-Frame Interaction

20 Story Wall and Frame 27N A=12.66 cm

—

Wall Thickness = 20 cm
Beam Section = 60 cm x 30 cm

Column Section =75 cm x 75 cm|
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Case 7: Shear Wall-Frame Interaction

30 Story Wall

A =355.04 cm

Wall Thickness = 30 cm

& 183, 2>
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Case 8: Shear Wall-Frame Interaction

30 Story Frame I, - \:

A=40.79 cm
- o

=S

-

SS

2

Beam Section = 60 cm x 30 cm

Column Section =100 cm x 100
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Case 9: Shear Wall-Frame Interaction
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30 Story Wall and Frame
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Storey Deflection (10 Storey Building)
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Deformation (cm)
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@ f-rame+Wall
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Storey Deflection (20 Storey Building)
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Storey Deflection (30 Storey Building)
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(Shear Wall-Frame Interaction) ,lg;5 9 OB s (iS5l

A = Force / Stiffness = Stiffness = Force / D

For the cases considered here (30 story example):

Stiffness ¢, = 200 /40.79 =4.90 p Force=200

Deflection = 40.79
Stiffness yy,; = 200 / 355.04 = 0.56
Stiffness rrume +wan = 200/ 12.66 = 15.79

Stiffness f.,me TStiffness y,, = 4.90 + 0.56 =546

Stiffness ¢, TStiffnessy,, 7= Stiffness ¢1me +wai
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(Basic Types of Shear Walls) i ,s 5lgss sl 0 cilises slasan S
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I- Ordinary reinforced concrete structural walls: They are walls complying with the
requirements of Chapter | 1.

2- Special reinforced concrete structural walls: They are walls complying with the
requirements of 18.2.3 through 18.2.8 and 18.10.
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| D Elements (Beam type)
Can be used in ID, 2D and 2D
2-3 Nodes. A, | etc.

2 D Elements (Plate type)
Can be used in 2D and 3D Model
3-9 nodes. Thickness

3 D Elements (Brick type)
Can be used in 3D Model
6-20 Nodes.

Truss and Beam Elements (1D,2D,3D)

A ANAT

Plane Stress, Plane Strain, Axisymmetric, Plate and Shell Elements (2D,3D)

4%

Brlck Elements
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(Membrane Elements) a=iw 09,5 )3, b slesld! 5l Ol Hlgss diwgs sildsn sl 3%
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General

Total DOF per Node = 3 (or 2)
Total Displacements per Node = 2
Total Rotations per Node =1 (or 0)

Membranes are modeled for flat surfaces

Application

For Modeling surface elements carrying
in-plane loads

Building Specific Application

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc

> cY
c
=

o
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The Shell Element
General

Total DOF per Node = 6 (or 5)
Total Displacements per Node = 3
Total Rotations per Node = 3

Used for curved surfaces

Application

For Modeling surface elements carrying
general loads

Building Specific Application

May be used for modeling of general slabs systems.
But not used generally

5\.,7\
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General

Total DOF per Node =3

Total Displacements per Node = 1
Total Rotations per Node = 2
Plates are for flat surfaces

Application

For Modeling surface elements carrying
out of plane loads

Building Specific Plate
Application

For representing floor slabs for Vertical
Load Analysis

Model slabs
I
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b) Shear Deformation ¢) Bending Deformation

a) Axial Deformation
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Point Dbiect 4 Story Level STORYE
W v > Point Object 4 Story Level  STORYE
Trans 7.074977 0.000000 -1.38035%5 5 v z
Ratn 0.000000 0.004612 0.000000
Trans 5981515 0.000000 -1.160743
Fiotn 0.000000 0.003890 0.000000
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=
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0.2 x 32
ey My = lay = loy = Iy = ——5— = 045 m*
| e T L ol 22 Y Sgmme Jy ales g ol Olos Egazea
I - O G- A
o R S S I;, = 0.45(4) = 1.8 m*
& E i i F i=1
W—— —2 é —mm —é— w;m
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0.2 x 32 A
ICx = IDx = IEX = IFX = T = 04‘5m
4 e sl iy X oo Jo> W)lgss (sl Oles ggazme
I, = 0.45(4) = 1.8 m*
= b el iy Slatien £los 4 s 03l e 55 0 leatien
Y Lyy; 045%x2%x18+2 % 0.45 X 4.5
¥ =" llyyl = ™ —1125m
i=1%y :
_ Yr ILyx; 045x2x18
X = T = 13 =9Om
i=1"1ix .

X
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sl TYZ225F, ls0 ey w38 a5l 29,5 adanly 4 oad sbul Glomy )lade

T2=FX(005)(|8)=09FX Pl obas oS e I ahuwly 4 ouds sbul Lo Hlade

Total torsion,T; + T, = (2.25F, £ 0.9E,)
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, , , , 0.45FE,
Fax = Fpx = Fgx = Fpy ~ 18 0.25F;

(T, £ Tz)yiliy
Z(xizlix + yizliy)
Fax = Fgx = Fgx = Fux

(2.25F, + 0.9E,)(6.75)(0.45)

= 2(0.45)(6.75)% + 2(0.45)(6.75)2 + 2(0.45)(9)2 + 2(0.45)(9)2
= 0.0133(2.25F, + 0.9F,)

"o__
Fll =

=0.018F  B,A ys sl

= 0.04‘2Fx H 9 G )'9.3.) Ls|)" AN
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F @ CR
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0.2 x 32 4
IDx = T = 045 m
0.2 X 42 4
IEx = T =1.067m
Y2  Inex; 0+ 1.067(15)
l-2=1 Iy 0.45 + 1.067
e, =10.55—-75=3.05m
0.2 x 32
= 0.45 m*

by = loy =ley =5~

Y3 Lyy; 04+045x10+0.45x15
V=" = =833m
311y 3 % 0.45

e, =833—7.5=083m
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Fax = Fax £ Fpz

Fl = 045 F. = 0.333F,
AX T 3045 F T x
(T)YiIAy

F” —
TR (P i + yEy)
(T)(6.75)(0.45)

- (0.45)(10.55)2 + (1.067)(4.45)% + (0.45)(8.33)2? + (0.45)(1.67)2 + (0.45)(6.67)?
= 0.02426T

Maximum eccentricity= 0.83 + 0.05 (15) = 1.58 m

Minimum eccentricity= 0.83 - 0.05 (15) = 0.08 m
Fp min = 0.02426(0.08)F, = 0.00194F,
F4, = (0.333 —0.00194) E, = 0.33F,
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J 0. ZN MV, - tw/2) Is negative.
V. = min+ L, (0337»fc+ lh)
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p1 = 0.0025 4 0.5(2.5 — —)(pt —0.0025)
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11.6.2 If in-plane V, 2 0.5¢V,, (a) and (b) shall be satisfied: (a) p, shall be at least the greater
of the value calculated by Eq. (11.6.2) and 0.0025, but need not exceed p, in accordance

with Table 11.6.1.
py 2 0.0025 + 0.5(2.5 — h, /¢, )(p, — 0.0025) (11.6.2)
(b) p, shall be at least 0.0025
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. 3.66t
10.98t.m /4 6.78t
31.32t.m L 937t
59.43t.m /. 11.45¢
93.78t.mL 13.04t
1329tm/ | 14.17t
175.41t.m 14.86t
219.99t.m 15.16t @
265.47t.m — 15.16t @
s S oS98
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18 sl b (0
ol (o S9 p SSlam JuS
: 300
Vemax = 2.65/f7 hd = 2.65v300 X 20 X 0.8 X ——— = 220.32 ton

1000
Vimax = 0.75 X 220.32 = 165.24 ton > 15.16 ton 0k

300
V. = 0.53\/f;hd = 0.53 X 1.0 X V300 x 0.8 X

1000 44.06 ton
oV, = 0.75 X 44.06 = 33.045 ton
oV 33.045
> =T 5 = 16.523 ton
In zones 1 through 8, Vu <¢Vc /2 ~
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p=0.002 b ye yg5le)T Jolam

l

2 =60cm
S, =min{ =45cm

3h=60cm

45 cm

A, cm?
— =0.002h = 0.002 x 20 = 0.04 —
SZ cm

:)9.4:; oalatwl V- )93L0)T).émg.§ )|45L53')9.a0 )

2(0.785) cm?
5—2 = 0.04 P - 8, =39.25cm < Sy max

Use ¢10 mm bars @ 30cm
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P=0.0012 (oo e H5sla,T sl

l

2 =100cm
S1 =min 3 =45cm

3h=60cm

45 cm :.J,»i: salawl V- )95L¢)T ).O.w 93 )| as Ls'i),.«o PR
A 2(0.785)
5 = 0.0012h = 0.0012 x 20 = S S§1 =6542cm > S ax
1 1

Use ¢10 mm bars @ 30cm
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_ c ] B, c
me=olosasi(1+35) (1)

8970 S99 s Sl b (Y

c__ota Ay w=t
I, 2w+ 0858, A L, hf!
w5 A=17.28 cm? laie s G10@30cm o o8 sla,gsle,T sl
0.05 17.28 x 4200
B1 = 0.85 _W(BOO —280) =0.836 »w = 300 x 20 X 300 = (0.04032

B, _ PB,(1000)
L,hf! 300 x 20 x 300
c 0.04032 + 0.00055P, _ 0.04032 + 0.00055P,

a= = 0.00055P,

~ 2(0.04032) + 0.85(0.836) 0.79124
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2

0.9D+pQ;

Vertical load= 0.9(0.2)(3)(24)(2.5)=31.68 ton
¢ 0.04032 + 0.00055(31.68)

— = = 0.07234
Ly 0.79124 &

My = 130.55 . < 26547 tm .l 3L Jles sleml 55 63,0 Ol 40 el plis

M, = 265.47 —130.55t.m = 134.92t.m
.y _134.92(100000)
S,addltlonal T 0_9(4‘200)(266)

+ 2(0.785) = 14.99 cm?

g oo 03liwl 55,0 sla Ol ;> 816
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0.9D+pQ;

Vertical load= 0.9(0.2)(3)(21)(2.5)=27.72 ton
c _ 0.04032 4 0.00055(27.72) 06963
L, 0.79124 -

My = 12596 t.m < 219.99 t.m .l 5L Slos sleml 15 63,0 Ol 4 el plis

M{l =219.99 —12595t.m =94.03t.m
94.03(100000)

As,additional 3
0.9(4200)(266)

+ 2(0.785) = 10.92 cm?

g oo 03liwl 55,0 sla Ol ;> 8014
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0.9D+pQ;

Vertical load= 0.9(0.2)(3)(18)(2.5)=23.76 ton
c _ 0.04032 4+ 0.00055(23.76) 0665933
L, 0.79124 -

My = 121356m < 17541 6m .l 5 Slyes slenl 55 63,0 0l 4 ol ol

M{l =175.41—-121.35t.m =54.06t.m
54.06(100000)

As,additional 3
0.9(4200)(266)

+ 2(0.785) = 6.95 cm?

g oo 03liwl 55,0 sla Ol > 6014
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0.9D+pQ;
Vertical load= 0.9(0.2)(3)(15)(2.5)=19.8 ton
c  0.04032 +0.00055(19.8) 1152
L, 0.79124 o
M, =116.7t. m<1329t.m el 5L lgss sl 5 (65,0 Oldl 4 ol ol

M, =1329-1167t.m =162 t.m
16.2(100000)

As,additional = 09(4200)(266) + 2(0785) = 3.18 sz

g oo 03liwl 55,0 sla Ol > 6014
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0.9D+pQ;

Vertical load= 0.9(0.2)(3)(12)(2.5)=15.84 ton
¢ 0.04032 + 0.00055(15.84)

— = = 0.061431
Ly 0.79124

My =112.03t.m < 9378 M s 636 Jlows sl 5 55,0 Olodl 5 ol ke

ZOI E [ ] [} (] (] :>:p10.@30'6m (] [ ] >:p10'@3o.cm. [} [} (] j
| 300cm |
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g sgley ] o) (als 116 an b sl Gaals 1116 s Lulss b Olgiee ) (o5, 9

Ssb oglay] Jilas sl £>4200 kglem? o Ao s a8 9 V5 slas K sl
£.=0.002 s ,c ,5k,T Jilas 9 p;=0.0012

Ssb gile,] Jolas sl f,<4200 kg/em? a5 Al s a8 9 V8 slas K sl
p,.=0.0025 _s < ,,su)T Jsla> 5 0,=0.0015

pt 00025 Gm).C)yLO)

18.10.2.1 The distributed web reinforcement ratios, p; and p,, for structural walls shall be at

least 0.0025, except that if V, does not exceed 0.27A Axsqrt(fc’), p, and p, shall be
permltted to be reduced to the values in 11.6. g 7\ 7

)
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Reinforcement spacing each way in structural walls shall not exceed 45 cm. Reinforcement
contributing to V, shall be continuous and shall be distributed across the shear plane.

93 51 s 2l A /L22.0 s U 5 V> 0.53AMXSQRE(TC) 0 59505 45" (5 p9m0 1
B VOOV ) )|9.:..> tSK d,bg &La.'\')l w".?).':' ‘Lglwghw LQ,"T).J as” ..)}ai’ lei"w'),S’lA)T b)éw
18.10.2.2 At least two curtains of reinforcement shall be used in a wall if Vu >

0.53A_Axsqrt(fc’) or h,/t, = 2.0, in which h, and {, refer to height and length of entire
wall, respectively.

oo Sl slab Julos Sl ol o o slash oS 5 wll p (sl (o sl (b
3,8

18.10.3 Design forces—V,, shall be obtained from the lateral load analysis in accordance
with the factored load combinations.
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18.10.4.1 V,, of structural walls shall not exceed:
j— !
Vi = Ay (ack\/ fe + ptfy)

where the coeffcient o, is 0.8 for h,/t, < I.5, is 0.53 for h,/t, = 2.0, and varies linearly
between 0.8 and 0.53 for h, /4, between 1.5 and 2.0.

).:.DLBA le).: 'hW/Ew 2 2.0 le).: ac=0.53 U.:.a.‘gu).m 9 hW/EW -<— |.5 le).: ac=0.8 (_)T PR 4{
Sgian 3liiwl s ologys Sl pele

Sxsl a5 )13 P 2 dgec Slazal 95,5 (ol bylgs Ho 0l &9 (oo 6lm)9su)T 3%
18.10.4.3 Walls shall have distributed shear reinforcement in two orthogonal directions in

the plane of the wall. If h,/f, does not exceed 2.0, reinforcement ratio p, shall be at least
the reinforcement ratio p,.
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2.12A  xsqre(fc) 5l i als V, Hlaie sitea 156 &g a5 lges wlabid plas sl
Sl orzed sl ghite gb )3 culs Ll oa ghie mhie A, O )5 o5 550 4 5 L )5
Ol )5 &S 39 as S ks 5 2.65A  xsqre(fc’) 5 i LV, Llaie Lles F,Slé g

Ll e & ) guns rvjbw:u).aélau (“_J’*‘Acw
18.10.4.4 For all vertical wall segments sharing a common lateral force, V, shall not be

taken greater than 2.12A_xsqrt(fc’), where A, is the gross area of concrete bounded by

web thickness and length of section. For any one of the individual vertical wall segments, Vn
shall not be taken greater than 2.65A,xsqrt(fc), where A, is the area of concrete section

of the individual vertical wall segment considered.

A, = area of concrete section of an individual pier, horizontal wall segment, or coupling
beam resisting shear, cm?,

A, = gross area of concrete section bounded by web thickness and length of section in the
direction of shear force considered in the case of walls, and gross area of concrete section
in the case of diaphragms, not to exceed the thickness times the width of the dlaphragm,_,.

cm?. s’ 7\
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18.10.4.5 For horizontal wall segments and coupling beams, V, shall not be taken greater
than 2.65A , xsqrt(fc’), where A_, is the area of concrete section of a horizontal wall

segment or coupling beam.

)f.vl.u pt )yLo) o )l.)dbo M t5>|)b 4\1)9{ ).u L LS”' ya.c gi.: @39 .)}w 4.‘>9_v
wl,.‘a.cul ,_593|‘_;Lm)yb)|)i.bp39[‘,;l9 LSLQ),ALQ)

When designing a horizontal wall segment or coupling beam, p, refers to vertical
reinforcement and p, refers to horizontal reinforcement.
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18.10.5.1 Structural walls and portions of such walls subject to combined flexure and axial
loads shall be designed in accordance with 22.4.
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18.10.5.2 Unless a more detailed analysis is performed, effective flange widths of flanged

sections shall extend from the face of the web a distance equal to the lesser of one-half the
distance to an adjacent wall web and 25 percent of the total wall height.

0.25h,,
berr = ming Sy
2
cﬁ
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18.10.6.1 The need for special boundary elements at the edges of structural walls shall be

evaluated in accordance with 18.10.6.2 or 18.10.6.3. The requirements of 18.10.6.4 and
18.10.6.5 shall also be satisfied.
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600(1.56,/h,,)
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The multiplier of .5 on design displacement was added to Equation in the 2014 version of

this Code to produce detailing requirements more consistent with the building code

performance intent of a low probablllty of collapse in MaX|mum Con5|dered h uak
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18.10.6.2 Walls or wall piers with h,/t, = 2.0 that are effectively continuous from the base
of structure to top of wall and are designed to have a single critical section for flexure and
axial loads shall satisfy (a) and (b) or shall be designed by 18.10.6.3:

(a) Compression zones shall be reinforced with special boundary elements where

bw

c =
600(1.56,/h,,)

(b) Where special boundary elements are required by (a), the special boundary element
transverse reinforcement shall extend vertically above and below the critical section at least
the greater of {w and Mu/4Vu, except as permitted in 18.10.6.4(g).
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18.10.6.3 Structural walls not designed in accordance with 18.10.6.2 shall have special
boundary elements at boundaries and edges around openings of structural walls where the
maximum extreme fiber compressive stress, corresponding to load combinations including
earthquake effects E, exceeds 0.2fc’. The special boundary element shall be permitted to be

discontinued where the calculated compressive stress is less than 0.15fc’. Stresses shall be
calculated for the factored loads using a linearly elastic model and gross section properties.
For walls with flanges, an effective flange width as given in 18.10.5.2 shall be used.

o

Y¥ 0O dxaw This publication or any part thereof must not be reproduced in any form without the written permission

"3'3‘ WebSite: www.M-Alirezaei.com
|2

A | Telegram: @AlirezaeiChannel
\ 4 <>,

7
7

G0 Wl oo slaygile,T

1
'I
!
____
]
P N ™}
h “ I
i L
I lmax{ My
! 4V,
u
S m, !
b N _ 2 P
I ]W |
EURCIW i R I PR S JVRCIW | . c
. L \ - e c—0.11,
= 600(1.568,/h,) » : N Y

Y¥$ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

g5 el 5,4 0Ll

! i
S o] i r. A—-"'A‘

Email: M.Alirezaei@iiees.ac.ir

123



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"::? WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiCharInPu

—_ A 4

oo Ol o2 o slasgile)T o golwl s 5500 O]l

VRN s

h ] b e ol ol
ek s Olgiee
Ui o )5 a5 asks
0.15fc" 1 o sslis

Sge ghd 3ghi e i
“ m 48 a3l By (550 O
€ u W il O (F9 o0 0
s N~ v
| T | Fu My by
b w | —+—X _OZfC
. c Ay Iy 2
 —
\ L= c— 011
V : R Y

55 g

Y¥VY da=aw This publication or any part thereof must not be reproduced in any form without the written permission

"ﬁ WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiChannel

@2 193 850 Oledl Sl

g cwley LU L5 Sl s aals 95 Gilhe (65 0 Oldl 4 5l & yg0 o

2ok /2 9= 0.14, Jlaie 95 o i Olise 4 (b LB 055,95 5l 650 Oldl Jgb -
Al lses dob oa353l G Ol 4 Jlas sl 55,0 Ol o 0 Y

L_sz""‘ﬂl" So» ULoJl uo).c a.b:ul.g C/EW = 3/8 Oxed 9 03g) hw/EW 220 « SIPe D -y
Sgd bl jiesle ¥ Jblas

Tt A
T’\CA Axiio Thls publlcatlon orany part thereof must not be reproduced in any form W|thout the written permission

M.Alirezaei@iiees.ac.ir

124



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

":g’ WebSite: www.M-Alirezaei.com
) Telegram: @AllrezaelChannel

18.10.6.4 Where special boundary elements are required by 18.10.6.2 or 18.10.6.3, (a)
through (h) shall be satisfied:

() The boundary element shall extend horizontally from the extreme compression fiber a

distance at least the greater of c — 0.1{,, and ¢/2, where c is the largest neutral axis depth
calculated for the factored axial force and nominal moment strength consistent with 6,

(b) Width of the flexural compression zone, b, over the horizontal distance calculated by
18.10.6.4(a), including flange if present, shall be at least h /6.

(c) For walls or wall piers with h /£, = 2.0 that are effectively continuous from the base of
structure to top of wall, designed to have a single critical section for flexure and axial loads,
and with c/f,, = 3/8, width of the flexural compression zone b over the length calculated in
18.10.6.4(a) shall be greater than or equal to 30 cm.
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(e) The boundary element transverse reinforcement shall satisfy 18.7.5.2(a) through (e) and
18.7.5.3, except the value h, in 18.7.5.2 shall not exceed the lesser of 35 cm. and two-thirds
of the boundary element thickness, and the transverse reinforcement spacing limit of
18.7.5.3(a) shall be one-third of the least dimension of the boundary element.

(f) The amount of transverse reinforcement shall be in accordance with Table 18.10.6.4(f).
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member, center-to-center.

oy y5layl 555 0590 ylado A =total cross-sectional area of
transverse reinforcement,
Ag e including  crossties,  within
03(-<L-1 (a) : .
Ag/sb, for Acn fyt spacing s and perpendicular to
S| Cc . .
rectilinear e 5 dimension b, , cm
hoop 0.09 2% (b) Ag=gross area of concrete
vt section, cm?,
f! A =cross-sectional area of a
p, for spiral 045 H -1 Fre (©)  member measured to the
or circular Gt £ outside edges of transverse
hoop 0.12-% (d) reinforcement, cm?2.
yt

s = spacing of transverse reinforcement measured along the longitudinal axis of the structural

b. = cross-sectional dimension of member core measured to the outside edges of the
transverse reinforcement composing area A , cm.

s, = maximum center-to-center spacing of longitudinal bars supported by corners of crosstieg,
or hoop legs around the perimeter of the boundary element. N N J\
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g) Where the critical section occurs at the wall base,
the boundary element transverse reinforcement at
the wall base shall extend into the support at least
fd, in accordance with 18.10.2.3, of the largest
longitudinal reinforcement in the special boundary
element. Where the special boundary element
terminates on a footing, mat, or pile cap, special
boundary element transverse reinforcement shall
extend at least 30 cm. into the footing, mat, or pile
cap, unless a greater extension is required by
18.13.2.3.
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i> 30|cm
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(h) Horizontal reinforcement in the wall web shall extend to within 15 cm. of the end of
the wall. Reinforcement shall be anchored to develop fy within the confined core of the
boundary element using standard hooks or heads. Where the confined boundary element
has sufficient length to develop the horizontal web reinforcement, and Af /s of the
horizontal web reinforcement does not exceed Af /s of the boundary element
transverse reinforcement parallel to the horizontal web reinforcement, it shall be
permitted to terminate the horizontal web reinforcement without a standard hook or
head.
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Development of wall horizontal reinforcement in confined boundary element.
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P, P,(1000)
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¢ 0.04032+0.00055%, _ 0.04032 + 0.00055P,
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Vertical load= 1.2(0.2)(3)(24)(2.5)=43.92 ton
43.92 26547 300 kg kg

= + =9581 — > 0.2x 300 = 60—
f 20 x 300 — 20 x 3003 2 cm? cm?
_ 12
c 0.04032 + 0.00055(43.92) ~ 0.08004
w 0.79124 -

¢ = 0.08094 x 300 = 24.28 cm
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18.7—Columns of special moment frames
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18.6.2.1 Beams shall satisfy (a) through (c):
(a) Clear span {, shall be at least 4d
(b) Width bw shall be at least the lesser of 0.3h and 25 cm.

(c) Projection of the beam width beyond the width of the supporting column on each
side shall not exceed the lesser of ¢, and 0.75c,.
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18.6.3.1 Beams shall have at least two continuous bars at both top and bottom faces. At any

section, for top as well as for bottom reinforcement, the amount of reinforcement shall be
at least that required by 9.6.1.2 and the reinforcement ratio p shall not exceed 0.025.
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18.6.3.2 Positive moment strength at joint face shall be at least one-half the negative
moment strength provided at that face of the joint. Both the negative and the positive
moment strength at any section along member length shall be at least one-fourth the p
maximum moment strength provided at face of either joint. ., \KJN*

T‘VV Abo Th|5 publlcatlon or any part thereof must not be reproduced in any form W|thout the written permission

"ﬁ WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

plos )3 &5 el Slme il o b Jdes Job slas Ko ,5 g alog 5l salizwl Y
252 9le)] sl 0 i Juolgh Adl 59290 zu)9s b 8593 g5 5l b2 LgilesT Aoy g
Vg sige gl pilexr S lake 95 00 eSSl dn s KaS Sl by 058 s o

lagels alolb< —or 10 cm
—

18.6.3.3 Lap splices of deformed longitudinal reinforcement shall be permitted if hoop or
spiral reinforcement is provided over the lap length. Spacing of the transverse
reinforcement enclosing the lap-spliced bars shall not exceed the lesser of d/4 and 10 cm.
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Lap splices shall not be used in locations (a) through (c):
(2) Within the joints
(b) Within a distance of twice the beam depth from the face of the joint

(c) Within a distance of twice the beam depth from critical sections where flexural yielding is I|kely to

occur as a result of lateral displacements beyond the elastic range of bww\_/ J
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18.6.4.1 Hoops shall be provided in the following regions of a beam:

(a) Over a length equal to twice the beam depth measured from the face of the supporting column
toward midspan, at both ends of the beam

likely to occur as a result of lateral displacements beyond the elastic range of behawor
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18.6.4.2 Where hoops are required, primary longitudinal reinforcing bars closest to the tension and
compression faces shall have lateral support in accordance with 25.7.2.3 and 25.7.2.4. The spacing of

transversely supported flexural reinforcing bars shall not exceed 35 cm. Skin reinforcement reqwred

— - - - %

by 9.7.2.3 need not be laterally supported. . NW\ j\«g rsd
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18.6.4.3 Hoops in beams shall be permitted to be made up of two pieces of reinforcement: a stirrup
having seismic hooks at both ends and closed by a crosstie. Consecutive crossties engaging the same
longitudinal bar shall have their 90-degree hooks at opposite sides of the flexural member. If the
longitudinal reinforcing bars secured by the crossties are confined by a slab on only one side of the_.--
beam the 90 degree hooks of the crosstles shaII be placed on that SIEE’\"W%“ J’\‘% o i3
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18.6.4.4 The first hoop shall be located not more than 5 cm. from the face of a supporting column.

Spacing of the hoops shall not exceed the least of (a) through (c):
(a) d/4

(b) Six times the diameter of the smallest primary flexural reinforcing bars excluding longitudinal skin
reinforcement required by 9.7.2.3
(c) 15cm.
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18.6.4.5 Where hoops are required, they shall be designed to resist shear according to 18.6.5.
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18.6.4.6 Where hoops are not required, stirrups with seismic hooks at both ends shall be spaced at a

distance not more than d/2 throughout the length of the beam.
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18.6.4.7 In beams having factored axial compressive force exceeding Agf.'/10, hoops satisfying 18.7.5.2
through 18.7.5.4 shall be provided along lengths given in 18.6.4.1. Along the remaining length, hoops
satisfying 18.7.5.2 shall have spacing s not exceeding the lesser of six times the diameter of the
smallest longitudinal beam bars and |5 cm. Where concrete cover over transverse reinforcement
exceeds |10 cm., additional transverse reinforcement having cover not exceeding 10 cm. and spacing
not exceeding 30 cm shall be provided.

YAO dxaw This publication or any part thereof must not be reproduced in any form without the written permission

".‘g’ WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiChannel

3Ly s RMYSE L la s 0d Ghe

.))lg)‘.b.:)«o [v.:ls LgLQ)L) ksiﬁl.:.wl d.)l&: u.«s;)k_‘).)l).bl) Lm)» ).)V £5>|)b LS‘“’)" L59)~‘
Ql.i.‘gQb@wsh)ﬁwlw.)}jaw;)a)JMprékﬁAnglioua;&)id
Canglin Mpr duwloes 55 0Bl o yidn S5 )3 odd Sl (b (G9,0 4S dgb w)f)lm)i

18.6.5.1 Design forces—The design shear force Ve shall be calculated from consideration of the
forces on the portion of the beam between faces of the joints. It shall be assumed that moments of

opposite sign corresponding to probable flexural strength, M, act at the joint faces and that the

beam is loaded with the factored tributary gravity load along its span 7\ P
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18.6.5.2 Transverse reinforcement—Transverse reinforcement over the lengths identified in 18.6.4.1
shall be designed to resist shear assuming V. = 0 when both (a) and (b) occur:

(a) The earthquake-induced shear force calculated in accordance with 18.6.5.1 represents at least one-
half of the maximum required shear strength within those lengths.

(b) The factored axial compressive force P, including earthquake effects is less than 0.5A.f
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