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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
P 1 m2=10.7643 ft2 1 ft2 = 0.0929 m2
1 km2 = 0.3861 mi2 1 mi2 = 2.59 km2
1L=0.2642 gal 1gal=4qt=3.7854 L
o= 1ml=1cm3 1 ft3 = 7.481 gal = 28.32 L
19=0.0353 oz 10z =28.3495g
Pz 1 kg = 2.2046 Ib 11b = 0.4536 kg
92 11b =0.4536 kg 1 1bf = 4.4482 N
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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/m?

E. = wt50.14\/f! (kg,cm) E. = wt50.043\/f, (N,mm)
(b) For normalweight concrete
E. = 15100+/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 stress of 0.45fc’
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E. = w}b0.14\/f! (kg,cm) E. =w}50.043\/f/ (N,mm)
E. = 15100y f/ (kg,cm) E. =4700f, (N,mm)
__ 40000
§ —Modulus of elasticity (92)
E 32000 Modulus of elasticity (99)
(T? 30000
G
3525000
3
= 20000
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fc' (MPa)
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E. = 2400%5 x 0.14/300 = 285105 g
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19.2.3 Modulus of rupture

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

fr =20 (kg,cm) fr = 0.620/f] (N, mm)
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fr = 0.420./f, (N, mm)
ACI318-19:

83.1.1

For fy exceeding 550 MPa, the calculated deflection limits in 8.3.2 shall be satisfied assuming a
reduced modulus of rupture f, = 0.42\/f.
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For t —t, <oneyear » K = 1.23—0.006 (E)

4
For t —t, > oneyear » K = 1.17 —0.00456 <§>

sl (MM?) d2bid mhs S 5 (MM?) a2bs e Vool s o
k. [ 14-001H for 40% <H <80%
sh = 13.0 —0.03H for 81% < H < 100%
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<SS g9 a=4 b=0.85 a=1 b=0.95
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(t —t)*°
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CC (tl tO) =

&3l Jos b3, t, (days) H K.q K.n
Cogh,y oy =1 day 2 40% N/A N/A
> 7 days > 40% 1.25(t,)0118  1.27 - 0.0067H
BETRENY = 1 day 240% 1.13(t,) 0% 1.27 - 0.0067H

> 7 days > 40% N/A \//
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For t —ty; <oneyear » K. = 1.14—0.00363 <§>

%4
For t —ty; > oneyear - K., = 1.10—-0.00268 <§>
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h,=2V/S=2Ac/u=76 mm
fem,g = 45.2 MPa

w=207.92 kg/m3 w/c=0.46 alc=3.73
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t=35 days
t,=28 days
t.=8 days
v=2405 kg/m3
(S 2 ) poldsl Sluslxe
esn(t,tc) = /ﬁKssKsh‘gshu sEeneE

= X -6
Eshu = 780 X 10 ol F235 5 )5 00 3,00 Joa 5l eslizal b

Vv
For t —t, <oneyear —» Ky = 1.23 —0.006 <§> = 1.23 — 0.006(38)

= 1.002
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For H=75% K =14—-0.01H =1.4-0.01(75) = 0.65

t—t
en(t,te) = fT_Ct)KssKshgshu
C
gSh(tl tc) = m(lOOZ)(O65)(78O X 10_6)
mm
=2213x1076—
e 18 55 Al
1+ C.(t)
(e tg) = =
cmty

.l b=0.92 52=2.3 (8 3 0ad (B ,2e Jgax il eslinwl b

o _y4s 28 = 45.1
a+bt,  23+092x28

fe (to) = fcng

Ecme, = (2405%°)0.043V45.1 = 34058.8 MPa

%\ 4xawo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

C., = 2.35
K., = 1.27 — 0.0067(H) = 1.27 — 0.0067(75) = 0.768
K,q = 1.25(t,) %118= 1.25(28) 0118= 0.844

%4
For t —t, <oneyear - K, = 1.14—0.00363 <§>

= 1.14 — 0.00363(38) = 1.007

£ t.)06

Ce(t,to) = 10(_ (t E)to)o.e»
(35 — 28)06

~ 10— (35 — 28)06

1+C(t) 14037

Eeme, 340588
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20.2.2.2 Modulus of elasticity, Es, for nonprestressed bars and wires shall be permitted to
be taken as 2x10¢ kg/cm?.

bl o 4 339 e sl
Es 2x10° 2% 105 408
Ec wk50.043\/f] 235015 x 0.043\/f/ f!

(N, mm)
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Jo).;fu» )|)§ oalazwl 3,90 M 2 .)/.(Lyo ASTM .))l.kSLL»l PR

Grade 40: fy : 40 ksi ~ 2800 kg/cm?
Grade 60: fy : 60 ksi ~ 4200 kg/cm?
Grade 80: fy : 80 ksi ~ 5600 kg/cm?
Grade 100: fy : 100 ksi ~ 7030 kg/cm?

B SR FYSTIUSTS RERCI PR IR F- SRS CIL ST FYS TVISTS SENVIK S

2l ‘A).,P,:MJ:SQTJ e dae 9 sgdue o3l Ol # cwde b las Ko ASTM 5)lslinl o
:JL&»Q@;@.MI@IW).;;)Q:A)LB

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 (in2) 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 .91 0.44 2.85
#7 0.875 2.22 0.60 3.88
#8 I 2.54 0.79 5.06
#9 1.125 2.86 0.99 6.41
#10 1.25 3.18 1.23 791
#11 1.375 3.49 1.48 9.58
#14 1.75 4.45 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

Minimum Straight
Type ORet=Rggrd Bar size inside bend extension[1] Type of standard
hook o hook
diameter €. cm.
YO Ve o, KLae 6d,
90-degree hook YELYA S Sl 8d, 12d,
00 b ¥F 5 Sl 10d,
YO Y. oSk 6d,
#o L 4d, 5 e
180-degree hook ~ YF L YA s Ske 8d, PRI

00 b Y5 5 Shes 10d,

[I11A standard hook for deformed bars in tension includes the specifc inside bend diameter and straight extension lengg.
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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 t;fos:zndard
hook diameter, cm. €., cm.
5 Farkes VP SBS 4d « 5 6d, 5 ey
: b Zonlon YO 5 2
90-degree hook e Forleo YO 5l ;2eS
yorkea V751 i 6d, 12d,
9 yorkee V7 jlad o
! Ssr;:ziree 7S 4 % 5 6dy 31 i
saslis VO 5l jaS
Froske V85l ity 6d, ’
9 yordee V7 jlad o
ISOr::Ziree il e % 5 4dy 5l ey
Tdllnroll G
Fockea V85l i 6d, ’ /

[I1A standard hook for deformed bars in tension includes the specifc inside bend diameter and straight extegw‘ Ienrh.W
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(a) Beam and loads; (b) bending moment diagram; (c) section A-A
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25.5.2.2 If bars of different size are lap spliced in

b tension, {, shall be the greater of £, of the larger
bar and £ of the smaller bar
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754+ 0.8=83cm
c =min 25 =83cm
> = 12.5cm

g 0 4.2.9)? S s Ktr=0 NIV WA V300 S PN S PES

c+ky 8340 518> 25 c+ kyp g
dp 1.6 dp
fy afy J I 4200 1.0 X 1.0 x 0.8]
X = X
3.50/f, (%ktr) * 3.5 x 1.0v300 2.5
b

= 35.47 cm bl ol LS 5590 alog gb ol pl

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/em?: £ 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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(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. W
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0.0073(4200)(1.6)= 49.06 cm ~ 50 cm > 30 cm O.K
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loge =—F—="dp =
MW 1.0V300

lac = 0.0044f,d, = 0.0044 x 4200 x 1.8 = 33.26 cm

X 1.8 =32.74 cm
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Effective area of ties 2x(0.5) = 1.0 cm?

0.0015xhxs = 0.0015x (40) x(25) = 1.5 cm2 > 1.0 cm?
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b sl ol 5 Ko 2,8 Jsb
0.075f, d 0.075 x 4200 % 1.6 = 31.88
dc = F7— Qp = —7/——F— .0 = " cm
Y 1.0v/250 3L i o lace 51 S s andl o
lge = 0.0044f,d;, = 0.0044 X 4200 X 1.6 = 29.57 cm
l.: C,wul ).:I).: < PR .)9?9.;0 d,b Qw'
Available length =55 -75—-1.6 —1.6 =44.3 cm > 31.88 cm O.K.
olad 518 slas Kl aloy

0.0073(4200)(1.6) = 49.06 cm ~ 50 cm > 30 cm OK.
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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

e i 45 em L 5h 1 b ool slagile,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, -
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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.
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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

:P.g')lb B'B cbju (5')"
d=70-4-08-22/2=64.10cm
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33.95 = 20x — 1.5x2 = 1.5x% — 29x = 33.95 et
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29 +./(29)2 — 4 x 1.5 x 33.95
X =

RN =2 x=125m or x=1808m

ACI318 Ll

12d,=12 (2.2)=26.4 5 d=61.75 cm ,5 590 Gec Olje 4 Jila> ol la,gle,T -
Dy se 45,5 a5 5562 cm oo o3y dalsl 5 Khie Olsun ¢l ol 35940 05ls dalsl cm
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Length of cutoff bars =2 (175 + 62) = 474 cm
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40+08+11=59cm
c =min

_ _ _ =3.03cm
30—m4x2—-2%x08—-2.2 — 303 cm)

3X2
404, 40 x 2(m % 0.8% X 0.25)
~Tsn 20 x 4 -
c+k, 3.03+0.5
d, 22
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Available development length = 474/2 = 237 cm > 104.36 cm.
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20.5.1.3.5 For bundled bars, specified concrete cover shall be at least the smaller of (a) and (b):
(a) The equivalent diameter of the bundle

(b) 50 mm and for concrete cast against and permanently in contact with ground, the specified cover
shall be 75 mm.
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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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Load and Resistance Strength Design
Factor Design Method
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o 0.9 0.8 0.75

L/D 0o 1 2 3 0 1 2 3 0 1 2 3
Factorof 4 33 4156 163 167 150 1.75 1.83 1.88 1.60 1.87 1.96 2.00
safety
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calculations.
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2.2.2.1 Maximum strain at the extreme concrete compression fiber shall be assumed equal
A o Lol G970 9 (S L$’>|).L: 03 R (S Caoglie ACI3I18-19 Geb s

22.2.2.2 Tensile strength of concrete shall be neglected in flexural and axial strength

g0
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e & o —

doles ) lid b )o Woles Jubtne K Sojguar o 0> GRS @9 ACI318-19 5b =
.)9‘11(50 4.19; )b.‘ PR 6)[.4&9 )L; P09 )' a u|).:A Q GCLﬁ)l PR 085fc’
22.2.2.4.1 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

a=fic

shall be measured perpendicular to the neutral axis.

«—— >
22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutral axis, c,
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kg kg 0.05(f, — 280)
280 —= < f —Z = 0.85 —
o <kfc < 560 2 - p1 = 0.85 0
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FEMA 451: Members were modeled using centerline dimensions without rigid end offsets. This
allows, in an approximate but reasonably accurate manner, deformations to occur in the beam-
column joint region.

CSI Help: Concrete frames should never use a fully rigid zone. A value of 0.5 is recommended for
concrete frames, where 50% of the actual offset is considered rigid.
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Model I: Rigid zone factor = 0, No panel zone

Maximum deflection: Ax = 3.05 cm
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Model 2: Rigid zone factor = 1.0, No panel zone

Maximum deflection: Ax = 2.52 cm
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Model 3: Rigid zone factor = 0, Panel zone from column

Maximum deflection: Ax = 3.31 cm
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Model 4: Rigid zone factor 1.0, Panel zone from column

Maximum deflection: Ax = 2.83 cm
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Rigid zone factor 1.0, Panel zone from column Rigid zone factor 0.5, No panel zone
Maximum deflection: Ax = 2.83 cm Maximum deflection: Ax = 2.77 cm
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NZS 3101: Part 1:2006

9.3.1.3 Effective moment of inertia in T-beams and L-beams

In calculating the effective moment of inertia of cracked sections, the effective width of the
overhanging parts of flanged members shall be one-half of that given by either 9.3.1.2(a) or (b).

9.3.1.2 Effective width resisting compression of T-beams and L-beams

In T and L beam construction where the slab and web are built integrally, or where they are
effectively bonded together, the outstanding portion of slab acting as part of a flange on one or on
both sides of a web may be assumed to act with the web in resisting flexural forces.

The maximum width of flange to one side of a beam that is effective in resisting flexural forces shall
be equal to the smaller of:

(a) One-eighth of the span of the beam;

(b) Eight times the minimum thickness of the slab within the effective flange;
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ACI318-19:

24.2.3.6 For continuous one-way slabs and beams, |, shall be permitted to be taken as the average of
values obtained from Table 24.2.3.5 for the critical positive and negative moment sections.

Y - 0 d>aw This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazxssinnW

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

_ lepos +leneg _ 2 (035) + (0.35)
e 2 >

= 0.525

i ----------- ' NW

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

Email: M.Alirezaei@iiees.ac.ir 103



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Assign menu > Frame > Property Modifiers
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R6.6.3.1.3 Analysis of buildings with two-way slab systems without beams requires that the model
represents the transfer of lateral loads between vertical members. The model should result in
prediction of stiffness in substantial agreement with results of comprehensive tests and analysis.

Several acceptable models have been proposed to accomplish this objective (Vanderbilt and Corley
1983; Hwang and Moehle 2000; Dovich and Wight 2005).

ACI 421.3R-15: When the analysis is used to determine design drifts or moment magnifications
caused by wind or earthquake-induced forces, lower-bound slab stiffnesses should be assumed. When
the analysis is used to study interactions of slabs with other framing elements, such as structural walls,
it is appropriate to consider a range of slab stiffnesses so that the relative importance of slabs on
those interactions can be assessed. For nonprestressed slabs, it is normally appropriate to reduce slab
bending stiffness to between one-half and one-fourth of uncracked stiffness values based on gross
section properties or based on limits prescribed in ACI 318-14, Section 6.6.3.1.1
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22.2.2.4.1 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:

22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutral axis, c,
shall be measured perpendicular to the neutral axis.
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X9 4 S

NZS 3101: Part 1:2006

9.3.1.3 Effective moment of inertia in T-beams and L-beams

In calculating the effective moment of inertia of cracked sections, the effective width of the
overhanging parts of flanged members shall be one-half of that given by either 9.3.1.2(a) or (b).

9.3.1.2 Effective width resisting compression of T-beams and L-beams

In T and L beam construction where the slab and web are built integrally, or where they are
effectively bonded together, the outstanding portion of slab acting as part of a flange on one or on
both sides of a web may be assumed to act with the web in resisting flexural forces.

The maximum width of flange to one side of a beam that is effective in resisting flexural forces shall
be equal to the smaller of:

(a) One-eighth of the span of the beam;

(b) Eight times the minimum thickness of the slab within the effectivtiimgw
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ACI318-19:

24.2.3.6 For continuous one-way slabs and beams, |, shall be permitted to be taken as the average of
values obtained from Table 24.2.3.5 for the critical positive and negative moment sections.
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M,
As =354

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=11m

M, = 69000 kg.m

Required

Area of flexural reinforcement
Solution

Beam depth = 6xI 1 = 66 cm.

Depth, d = 66—-6 = 60 cm.
e M, _ 69000
57 35d  35x%60
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Shear-resisting forces along a diagonal crack: V. =V, + V,, + V4 +V,

V., Shear resistance of 0l ) 4S5
uncracked portion of
concrete
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Interlocg force along
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R22.6.3.2 The upper limit of 4200 kg/cm? on the value of f,. used in design is intended to
control cracking. NW
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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
Fine: ASTM C33

Normalweigh 1
ormalweight Coarse: ASTM C33

NN
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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 cm
Vo < (0% + 0.66Jflbyd) - N,mm
el $=0.75 ,laie 393 Luly, 5o
ST 3l V,SO.50V. 51 %

oS
<

)]
=~ A

V, — oV, T
v _ (Vi — V) < o&T asl 0.5¢V <V SOV, ., ST
Ofyed

“ |

A dalys pdel (Sisnd bl pi a2l V>0V, ST

g i o o lasl ssd iy
f.. = specifed yield strength of transverse reinforcement W
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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 Pl o ;l
h < greater of 2.5tf or 0.5bw
Integral with slab and :Glg.b.luﬁ (_;l.m,.; ,~5|).3
h<24in.
h<25cm

h < min{60 cm, max(2.5hf, O-Sbw)}
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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

!
Ay 0.2 fe b 35bw

— = max - kg,cm
S Iyt N’ fye 9

0.062 [f!
A e 0.35b
— > max by, , * |- N, mmn
S fyt fyt
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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 < I'J'Avffy

where A is the area of reinforcement crossing the assumed shear plane to resist shear,
and p is the coeffcient of friction in accordance with Table 22.9.4.2.

Table 22.9.4.2—Coefficients of friction

Coeffcient of
friction p[1]

Contact surface condition

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

. A y 1.0A (b)
roughened to a full amplitude of approximately /4 in.
Concrete placed against hardened concrete that is clean, free of laitance, and not intentionally 0.6A ©
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.

[1TA = 1.0 for normalweight concrete; A = 0.75 for all lightweight concrete
Y'fY axio This publication or any part thereof must not be reproduced in any form without the written permission
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Vo = Aysfy(usina + cos a) S S sl ol s
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22.9.4.3 If shear-friction reinforcement is inclined to the shear
plane and the shear force induces tension in the shear-

s . . Assumed crack
friction reinforcement, nominal shear strength across the andk Bhaar plane
assumed shear plane shall be calculated by:

- Tension in
reinforcement
Y

Shear friction
reinforcement, A ¢

Applied shear
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.

V, by Eq. (17.8.4.3)
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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
ntentionally 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,
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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,

slad Shlge 4 Jibiue @ pga Gl ghie xhw (slabs sla)b 9 b slogw ¢l »
Pebsn 45 B s oyt
Dgdb e a5 a5 cgx 93 50 g Ges hwgie ol d laie

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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V. = min | 0.27 (2 n asd> W - kg,cm
bo
L 1AM S,

( 2
0.17 <1 +E>x £

a.d - - N, mm
)

2

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

V. = min-

b

0.330/f
e,A)A’MJJLu)Jr:)fMYV Sl ks 398 dalg, yo o esliiwl (0 duasuine cuaglin )3

0.083 <2 +
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40 for interior columns,

as; =< 30 for edge columns, and
20  for corner columns.

22.6.5.3 The value of o is 40 for interior
columns, 30 for edge columns, and 20 for
corner columns.
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Critical sections for two-way shear in slab
with shear reinforcement at corner
column.
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R24.2.3.5 The effective moment of inertia approximation, developed by Bischoff (2005), has been
shown to result in calculated deflections that have sufficient accuracy for a wide range of
reinforcement ratios (Bischoff and Scanlon 2007).
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sl sla)l 5l sl s s (A

wi# (6 + 6) x 6000*
A= ——= =20 S 53 yunS 0355 9 0 L cos
"7 BE[ 824493 x 3.92 X 107 ¢ B 0208 05 5 03,0 )y o
wl* (64 0.2%6) X 6000 A
AN=—= =12 > 03 58 005) 1Y+ 90> Lo
1= 8EI ~ 8 x 24493 x 3.92 x 10° mm g 72
o Pol _ 13000 x6000°
2T 3E1 T 3% 24493 x3.92x 100 T s Ss e Jeelee b cos
= B8 3 gy = 17000X3000° o ch00 — 3000) = 4
3= 6EI Y = X 24493 x 3.92 x 10° = amm

o5 ale 4 Jlel o) b cos

The total immediate deflection = A;= A + Ay + A3=20+ 9.7 + 4 = 33.7 mm

L 6000

%=%=16mm<33.7mm Not OK

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

Email: M.Alirezaei@iiees.ac.ir 200



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

sl £ 14 e JLSy 0oy sl ks S sty pus pmas (4

, A 981
P = bd ~ 300 x 560
hoa s

= 0.0058

= 1.08

T 1+50p" 1+450x0.0058
Total immediate deflection As due to sustained load = 12 + 9.7 + 0.2 X 4 = 22.5mm
Additional long—time deflection = 1.08 x 22.5 = 24.3 mm

L 6000

Total long—time deflection = 33.7 + 24.3 = 58 mm > 220 = 240

= 25mm No Ok
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2000 x 100 x 50 + 900 x 350 x 550

kd = 2000 x 100 + 900 x 350 N® mm
2000 X 1003 , 2563 6443
ly = =5+ (2000 x 100 x (356 — 50)2) + 350 x +350 x
2000mm

=52 x 1019 mm*

100 mm
el

1000 mm
| 644 mm | _356jm
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E, = w}50.043,/f] = 235015 x 0.043V25 = 24493 MPa
fr = 0.620/f, = 0.62 x 1.0 x V25 = 3.1 MPa

S o0 0 b Sa0s5 S 5 8T g Sise sl Oles laia sl ghie o sl

I, (DL+LL) I, (DL+0.2LL) M, (kN.m) vy, (mm) I, (mm%  kd (mm) s

2.07x10"0 2.45x10"0 216 664 2x101"° 170 Sk
1.64x101° 4.75x101° 392 356 1.4x101° 290 Aol 45
1.82x101° 3.48x1010 392 356 1.67x101° 330 Bosass

Average I, = 0.51,, + 0.25(,; + Ipy) = 0.5 x (2.07 x 101°) + 0.25(1.64
x 1010 + 1.82 x 1010) = 1.9 x 100 mm*
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T @lp |, 5w sals o o Assign menu > Frame > Property Modifiers ...
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Define menu > Load Combinations s ;I I, s J,u8 b cwlioe J& )0 8 5
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A i= (Ap + A1)
Aesst= (Ap +024,) (Arocar= (A1) + 1 (Besass,) = 38p + 144y,
A=2.0
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User Specified Rebar (Slab Rebar Objects) x5, (A

Edit menu > Add/Edit Slab Rebar > e ;5 oslazul
Add Slab Rebar
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Quick Rebar Specification 9, (¥

s 5 e 3 1) 0dd b yma lake el (redly 4zl 2uiS gileT 5l o e 3 Ghss al 3
Minimum Reinforcing Ratio Used for Cracking Analysis s, (f
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fr = 0.620/f, (N, mm) =75MF  (psi)
SAFE:  f,=033M/f, (N,mm) =aJr (psi)

00+ 5l i LsileyT s 25 45 (63)l0 53 ACIBIB-19 (uizmed 9 pts Coomme V-1=5-1 -0 oy b i
J,.Ja w)f)la..)a ).1) D)y Mdj.\ﬁ L?:‘““ll’)? o d9i>x0 Ml:u 6',1 ] del{L{a

fr= 0.427»\/E (N,mm) = SK\/E (psi)

Run menu > Cracking Analysis Options
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0.882 v fc hd + Equation shall not apply if
0 2N, ) MV, - 1,/2) is negative.

V, = min L, (o33x 7 Ca

0.160/f, + T hd
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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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: 300
Vymax = 2.65y/f/ hd = 2.65v/300 x 20 x 0.8 X 500 = 22032 ton

Vimax = 0.75 X 220.32 = 165.24 ton > 15.16 ton Ok

300
V. = 0.53Ay/f/hd = 0.53 X 1.0 X V300 X 0.8 X —— = 44.06 ton

1000

V. = 0.75 x 44.06 = 33.045 ton

@V, 33.045
2 2

In zones 1 through 8, Vu < @Vc/?2 NW
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p=0.002 b ye ,g5le)T Jilam

l

Y =60cm
S, = min 5 =45cm

3h=60cm

45 cm

A, cm?
— = 0.002h = 0.002 X 20 = 0.04 —
S, cm

2394 05wl V- )93LA)T S 95 51 &S g0
2(0.785) cm?
T = 0.04 m - SZ =39.25cm < SZ,max

Use ¢10 mm bars @ 30cm NW
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2 =100cm
S = min 3 =45cm

3h =60cm

45 cm :.\9.4.:) o.)lfﬁwl \ . )93[.;0)_" ).mw 9.) )' 45 (5.3)9.‘0 ).)
A 2(0.785)
5 = 0.0012h = 0.0012 x 20 = % S§1 =6542cm > S§1 pax
1 1

Use ¢$10 mm bars @ 30cm
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L, 20+0858, T I hf CT RS
> A=17.28 cm? lsie iiea 010@30cm o NE slaygle,T sl
0.05 17.28 x 4200
p1 =0.85— 7(300 —280) =0.836 »w = 300 X 20 X 300 = 0.04032

_ B, P,1000)
~1,hf) 300 x 20 x 300
c 0.04032 + 0.00055P, 0.04032 + 0.00055P,

I, 2(0.04032) + 0.85(0.836) _ 0.79124
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0.9D+pQ;

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

m = 079124 = 0.072346

M), = 265.47 — 130.55t.m = 134.92t.m
P _ 134.92(100000)
s,additional — 0.9(4200)(266)

+ 2(0.785) = 14.99 cm?
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0.9D+pQ;

Vertical load= 0.9(0.2)(3)(21)(2.5)=27.72 ton
¢ _ 0.04032 + 0.00055(27.72)

L= ECET) = 0.069685

M, = 12596 t.m < 219.99 t.m a5l sleil 53 65,0 Ol & el ol

M), = 219.99 — 125.95t.m = 94.03 t.m
P _94.03(100000)
s,additional — 0.9(4200)(266)

+ 2(0.785) = 10.92 cm?
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0.9D+pQ;

Vertical load= 0.9(0.2)(3)(18)(2.5)=23.76 ton
¢ _ 0.04032 + 0.00055(23.76)

m = 079124 = 0.066933

M), =175.41 —121.35t.m = 54.06 t.m
P _54.06(100000)
s,additional — 0.9(4200)(266)

+ 2(0.785) = 6.95 cm?
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:Pi)l.)
0.9D+pQ;
Vertical load= 0.9(0.2)(3)(15)(2.5)=19.8 ton
c 0.04032 4+ 0.00055(19.8) — 0.064182
L, 0.79124 -
M), =1329 - 116.7t.m =16.2t.m
16.2(100000)

Ag qaditional = 0.9(4200)(266) + 2(0.785) = 3.18 cm?
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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) 0.0
L, 0.79124 -

My =112.03t.m < 9378 tM s 53 Jlyrs kel 5 55,0 Ol 4 ol ol

L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] /
2{ L [ ] [ ] [ ] [ ] :> ?10.@30.Cm [ ] (] >:p10.€1)3o.cm. (] (] [ ] j
\ 300cm \
[ |

f$Y axio This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 231



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

f$Y axawo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssinnW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

2333 Juad

o Sl PP

f$¥ axao This publication or any part thereof must not be reproduced in any form without;;iIZn\p:;ssi0nW

Email: M.Alirezaei@iiees.ac.ir 232



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

f 50 axawo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

(Torsion) Gz -V

9 sl 55 o sl oKon B 9 Glas  o9de dapl Ks b i sl Jsl e o

13903 6&{@09;9))_5 |) LQ,JT U|9';QSA sMQ}U’&&L&CI L?l)b)'b
O

(Equilibrium torsion) (Jsles iz (all
aib LS
(Compatibility torsion) (s jlues iz (o
i Sl 8

R Sl S

f$$ axao This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssi0nW

Email: M.Alirezaei@iiees.ac.ir 233



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

PP

ol i ol 5 4 010 Lt JpuS 5

f$Y axawo This publication or any part thereof must not be reproduced in any form without;;i[zmazxssinnW

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

b

3 JguS 5 45 000 i JguS 5

f$A axao This publication or any part thereof must not be reproduced in any form without;;iIZn\p:;ssi0nW

Email: M.Alirezaei@iiees.ac.ir

234



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

0B IKo 0l 0

f$4 axawo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

ghis > s b S5 caled 0o g b8 (ST LS sbml e Glam Ol 8L o0 0 G
Ll oul ol salys &) phows 35 5 (o Gl ghie colis” PAE S pgo )3 gl o0
ol ST0 8 Ol diglioo JoKis 42,0 FO ayols b Glmivo &5 ol slais pulsl 2 Olgiee
thﬂ;?f))e 32 59)) SIS 0929 Sl (Ko 4z FO gl b g S5 K gl b il
asly Olea b ol @hd (55, I 5 cnl 39,00 o> 0 ausly b (oYL azg 69, I 5 (nl 5 0ad sl
29 59, S 5 plnlw b 39, 0 Ui 4 2L azg 59 I 5 S Cille cex 00 s
gah AunS o v ghie 9 0ad hate pa 0 5w ehie p)lex

iz Y5 5l S5 b S Sl 6 xS sl sl

D0 9 Lo 9 Gk Bl 55 59 oo 05l

Bl 5ol (b s Jy iols sl ea b

S5 by b S Copar g 0ads

Ty Sy

fY - axio This publication or any part thereof must not be reproduced in any for thout the written permission

Email: M.Alirezaei@iiees.ac.ir 235



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

bz Ol AU (G S

e )b 4 Ol @)gs 9 atils jho lade o uls 3 0 53 G Sl (56 (o6 s bl a5
LLuulbﬁlJLW)JMwM&é)’lwwluba)’m%

r Tr_ Tr
Tmax = T_ %

Tmax T

fY\ axiwo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

35 e o 45" 13 sl ol pad (52t Kin b oy s b slebitn g5 abibe )3
Sml o g3 Jebiias ghita 5 3)ly (Gl K pdun (S olrs oo)ly sl S
S e 09 phie 4858 5o b G5 ol & Goshy b Sl heme (53, GRS 9 Soge RS
4.?965(53)9.@)3.QMZ|3J.A|9:'>|))|M@M.h:mo?9%@))9w|,é‘oﬁ|xw
o Sopar gl gy do wle o Sl Gl lie il y 85 Az 9 X ghie ,iSgsS

:C,wul

éhfw ..)LU' L) A.Iawlg ;,q’)..a(l dbl) L)‘.‘.l 09 as”
T O )ygas 9(},=0208 )Jl).\ X/)’=|0 (5|).’ 9 Sl

M/ Gl axzy 9b0 Ole o) Al by (oo 8
y 1

1.8y
T 3+ T

= \L\Lw

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

Email: M.Alirezaei@iiees.ac.ir 236



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

(Sl ablie

: 3 i 1 3gin 4,8 5 55 pmiie IS soby ahin ol i
o )J5W|)9Mtbﬁaﬁlsuolab%9tawlsuobawéhaﬁ
09>9 59 oJ.;.;f).ﬂ L5L°9)-:-3 Joles b).,.i; &L‘.ﬂ LSI)-.’ Sg o> dx d5b
.MLéghuAAibﬁoJQ|Jquléqw|j|d9C‘ba

dx
Z)
z, e /%/
7 b t
d " A
tC ‘\7777/7

LN

\Q

FYY axio This publication or any part thereof must not be reproduced in any form wnhout the written permission

WebSite: www.M-Alirezaei.com

Telegram: @AlirezaeiChannel

le)a) O g FC9Fb UT)dele Fb=Fc LS.”)L”CA"
F = Tp. tb dx
% F = T, t..dx
\’?b.MCgbdhm)QéhiAw&ab%)S@tcgtboT)bdf
Tp-tp.dx = 1. t.. dx
4 Tb'tb=TC'tC
Ol i o Sl ghaie S bl 45 55 ins el

q =1t = constant . il ) Sogear G
¢ -a%t b

—_—

d Fy
t,
T T A
: ’V\AW
fY¥ axio This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

237



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

it 5 oS 5 3 e s 3 S e 5 T sl a4 ek )l (Ko olall 51 s
ol & 34 2algs Ttds=qds Ll Oll cpl b 69,0 AL Tl Ol cpl (59, sais”
S ool T 1 ghio 3550 b 0Ll b Ole alol 1w 31 ghito Ll Ols (595 9

b sl il 00 sl 0Ll ol o1 onglin b 45 SrsS Hlomer sy

dT =qds Xr
%ﬁwds =atds )3 5 0 5l odd ) elad bohs o sguame 5550 axilin
/’_"\\\ ol sl dAg ol ol )6 Ole b ds (o ,e 39250
<’ v rds ol
| N4 dA, = N =
\ il> SHUlaz 2hie mhi JS 9, 6 8 J1SII L

TijgrdsijgZ.dAo

= ZqAO = ZtTAO

T
T = -
240t W
fYO axiwo This publication or any part thereof must not be reproduced in any form without the written permission

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

oz sle b bl s ACT ols 3

Sgadan LB D0 0 kS Cwglie -

D)l R (o Canglin (65l Glome -

A g omt @ldd slys g Siblae Jg ghie lis Gelul, Gl Sl (A6 Gl Y
Dl g0 a8 S 5 55 L)l O 05,95 S5 Sl a9 8 JBgs 9 e ahiie 9o

98 A il Ol S el gh0s 485 B o Gl 9 Ob 1 stes S o (8,0 -F
.b,.d:(s,oéo? P.Ql.ggo_).i: dlen G0 LQ)’SLA)'

ol )'3) ) @l).b 2 G.ul.wl A.b.‘l)
Ty, = ¢Ty

iz gl Joli oo § g phite cdorg el b b T ola o solis T oF 5o o8

fY$ axio This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 238



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ez 4 bgs e Sluwloxe

T :r,.:)bJ,éo.uTng
O« =T7T=
1 24,t
CL:.E.A)UUL:AU.:JW)WCESACL;A»Aog’CMW%)JO)I&MG&otQT)de
T<€<—

[ A

fYY axiwo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazassionW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

wos (Jog b ng) oo ghis by o S5 S5 g5 5l Jb 6 ACI3I8 asbppn]
Ll A0=2Acp/3 ).vl).: CL.EA LSLQO)',.&.) )L'S UL:A PERPYW-LV e WY 9 t=3ACp/4PCp ).,|).:
bios Py 9 G ghite e b 500w om sgame coluw Ay bl ol 5o i e

T
:M)ljfzmibgb).)){.)w u.);.))lgl)c;u»‘@bckfuuh_mb}u{)suagﬁ
T T X pep
oL=T= — =
285t 2Aq Ay 4,

3 4pcp

Caglie 4 ) b ol (25 (15 &5 asoe g By sham S sF S5 AT g 02
(SMM»S.":' C«wpl.an)l):.oféﬂmwuelxa:fé)uﬁ— suu.S'"“' 6)92093)@)&23‘01.3(&“‘5“&
abyly 55 6N b agbe Blad (KEEM ) TO6Y L il g axils o3 ipme 5
H I..) |
T x A? 22 2>

1.06\/f! = # > T, =1.06\f —2

Acp Pep

fYA dxio This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 239



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

oMl o b B SITY sgas b 0.25T  Uoles homn Ghamm 9 Ghr S5 0
cos Glubwe o KU &5 Gogo o & dasw o3l ACI3I8 cys et 4 2w

9as b Dy ghie )3 Gl 11 olgny sl xS 0.250T 51 (M) oy b slast
il 25 Spgea ghie Yo 51055 I By gl sl byd nl e

AZ
T, < $0.270/f! =2
Pcp

fY4 axiwo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

Siga sk & dIs S| b e dase K5 1 s Jb i JIs o s ablis o ok o

o 9 Gl 5)lge Gulul 9,00 LG Py 8 Ag Ay dsale )5 5 a8 (o oo 5 Jb Olgae &
:in':@ )L_.'.'.‘>|

@S e Joo s Jb Olgie & Lige soku a5 Oy 4 cas WJIs Sl 03309 Lo e (il
Jb SV ol 51 Ol 035 O3 £5,1 5 Ul caalieds s Slaz 1o 53 51 55sS (505101
EYWICEIK SN R ﬁ(C,wI):f))'.gAf[leY)A)

AZ A% _
i 5l 28 Il L5 Ko Jog eblas LSuﬁ 9 ny ablis 6|ﬁ£ e ST (o
Jb Olgie 45 Sge sshy a5 dls 5les) 09,m 2, 51l b 09 L5 Olea sy 0 Al

Db B Do s Jos s

fA- dxio This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 240



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ACI318-19

9.2.4.4 For torsional design according to 22.7, the overhanging flange width used to calculate

A Ay and p, shall be in accordance with (a) and (b):

(a) The overhanging flange width shall include that portion of slab on each side of the beam

extending a distance equal to the projection of the beam above or below the slab,
whichever is greater, but not greater than four times the slab thickness.

(b) The overhanging flanges shall be neglected in cases where the parameter AcpzlpcP for
solid sections or A 2/pCP for hollow sections calculated for a beam with flanges is less than
that calculated for the same beam ignoring the flanges.

by + 2hy < by, + 8h¢

hy < 4k

hy
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9.4.4.3 Sections between the face of support and a critical section located d from the face of support
for nonprestressed beams or h/2 from the face of support for prestressed beams shall be permitted to
be designed for Tu at that critical section unless a concentrated torsional moment occurs within this
distance. In that case, the critical section shall be taken at the face of the support.
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ACI318-19:

9.7.5.1 If torsional reinforcement is required, longitudinal torsional reinforcement shall be distributed
around the perimeter of closed stirrups that satisfy 25.7.1.6 or hoops with a spacing not greater than

30 cm. The longitudinal reinforcement shall be inside the stirrup or hoop, and at least one longitudinal
bar or tendon shall be placed in each corner.
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ACI318-19:

25.7.1.6 Stirrups used for torsion or integrity
reinforcement shall be closed stirrups perpendicular

to the axis of the member. W VRV CO TS

25.7.1.6.1 Stirrups used for torsion or integrity [

reinforcement shall be permitted to be made up of

two pieces of reinforcement: a single U-stirrup \

anchored according to 25.7.1.6(a) closed by a crosstie s O i A

where the 90-degree hook of the crosstie shall be

restrained against spalling by a flange or slab or similar
member.
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9.7.6.3.4 For hollow sections, the distance from the centerline of the transverse torsional reinforcement to the
inside face of the wall of the hollow section shall be at least 0.5A,/p.
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9.7.6.3.3 Spacing of transverse torsional reinforcement shall not exceed the lesser of p,/8 and 30 cm.

//»? 2%0r30cm
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9.75.1 If torsional reinforcement is
b A, (top) required, longitudinal torsional
sI(toP reinforcement shall be distributed around

the perimeter of closed stirrups that satisfy
> 30 cm 25.7.1.6 or hoops with a spacing not greater

than 30 cm. The longitudinal reinforcement

~¥__ A, (middle) shall be inside the stirrup or hoop, and at

h least one longitudinal bar or tendon shall be
= 30cm placed in each corner.

9.7.5.2 Longitudinal torsional reinforcement
shall have a diameter at least 0.042 times
the transverse reinforcement spacing but
not less than 10 mm.
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9.7.5.3 Longitudinal torsional reinforcement shall extend for a distance of at least (b, + d)
beyond the point required by analysis.

9.7.5.4 Longitudinal torsional reinforcement shall be developed at the face of the support at
both ends of the beam.
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9.6.4.3 If torsional reinforcement is required, minimum area of longitudinal reinforcement A . shall
be the lesser of (a) and (b):

133{f{ A <At> fyt

a) Aimin = , 5 Pn 3
1.33/f!Acp (1.75bw> fyt

b) A min = - -

) L min fy fyt Pn fy
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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):

b
Q) (Ay + 24 min/s < 0.2/ f) =

fyt
by

b) (A, + 24) min/s < 3.5
fyt

R9.6.4.2 The differences in the definitions of A, and A, should be noted: A, is the area of two legs of a
closed stirrup, whereas A_ is the area of only one leg of a closed stirrup. If a stirrup group has more
than two legs, only the legs adjacent to the sides of the beam are considered, as discussed in R9.5.4.3.
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22.7.3.2 In a statically indeterminate structure where Tu2 @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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A, =bh (ACI 2.2, R22.7.5)
Ay = (b~ 2¢)(h — 20) (ACI 2.2, R22.7, Fig R22.7.6.1.1)
A,=085A (ACI22.7.6.1.1, Fig R22.7.6.1.1)
Pep = 2b + 2h (ACI 2.2, R22.7.5)
Ph = 2(b = 2c) + 2(h - 2¢) (ACI 22.7.6.1.1, Fig R22.7.6.1.1)
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A, = byh + (b= b,)hy (ACI 2.2, R22.7.5)
A, = (b, — 2¢)(h — 2¢) (ACI 2.2, R22.7, Fig R22.7.6.1.1)
A,=085A,, (ACI 22.7.6.1.1, Fig R22.7.6.1.1)
Pe, = 2b; + 2h (ACI 2.2, R22.7.5)
Py = 2(h — 2¢) + 2(b,, — 2¢) (ACI 2.2, R22.7.5)
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S5 3> umm 9 Ty (Threshold torsion limit) bl s> (i awlxe sl p
139 o0 0ol o5 kulg, 51 T, (Cracking torsion limits) 5,5

AZ
Ten = 02704/ 1, <p—Cp> kg.cm
cp
AZ
T = M S, <ﬁ> kg.cm
Pcp
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ACI 318-19

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

(2) 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

ACI 318-19

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

(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 shall be
alternated end for end, unless crossties satisfy 18.6.4.3 or 25.7.1.6.1
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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 specified limit
of strength degradation.

Ductility may also be defined in terms of strain, curvature, rotation, or deflection
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Displacement

Hysteresis loops. (a) Idealized elastoplastic loop. (b) Well-detailed beam plastic hinge loop.
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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 maximum moment strength provided at face of either joint.
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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):

(a) 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 likely to occur as a
result of lateral displacements beyond the elastic range of behavior
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18.6.4.1 Hoops shall be provided in the following regions of a beam:

() 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

(b) Over lengths equal to twice the beam depth on both sides of a section where flexural yielding is likely to occur
as a result of lateral displacements beyond the elastic range of behavior. W
O0YF axawo This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 277



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel
Shls Jb gae LiiS sladsg) @ pglxe ,5 Jol Job slas Ko ol 5L 8595 4 a5 5 5l slaciewd ,5 -Y
(Al 6..:[:- Gmlft\.:ﬁ shls a5 (s> LsLﬁ))ﬂ.:A ;)A 4 ;}A alols Lansl 2 .La.:|9.¢7 CyUaA ey nkf«tﬁ
s (50,6 S 4 5l salz slaygila,T sl bl srasile YO 5 Gl s

oS a5 b o3 b b Ole o K g Job slas Ko pl 5 ghie adgS o @Bly Job > Ko e (Ll
3 lge 423 \FO gl b

sl axils 0l Jsb 5 8Khe 51 sasslo 10 51 Qi ol3T alols 13l ole Hles 09 Job 5,5k (0
g plosl 8 50 53 1) Job 5 Sleo a8 3105kl S b it 2blio )3 oS5 e (0

s e K5 Olgie 45 )l slas Ko dcgome 1 osliznl (o

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 required by 9.7.2.3 need not be laterally

supported.
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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 crossties shall be
placed on that side. W
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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) 15 cm.
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18.6.4.5 Where hoops are required, they shall be designed to resist shear according to 18.6.5. q
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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 A, f./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 least of 150 mm, 6d, of the smallest Grade 420 enclosed longitudinal beam bar,
and 5d, of the smallest Grade 550 enclosed longitudinal beam bar. Where concrete cover over transverse
reinforcement exceeds 100 mm, additional transverse reinforcement having cover not exceeding 100 mm and

spacing not exceeding 300 mm shall be provided W
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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.
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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:

(2) 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 0.5Af".
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Positive moment strength at face of joint is evaluated as follows:

:r,.l)lé Lﬁp)iu dJL’J )I

4 x 1 x 252

Cp(+ve) = T, (+ve) = 0.85(30)(a)(450) = T(ALZO)

71.8
537.5 - - )= 413.6 kN.m
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C,(—ve) = T,(—ve) = 0.85(30)(a)(450) =

2
6 X n4>< 25 (420)

M, (—ve) = 105 (537
M —

M, (+ve) > w

Negative moment strength at face of joint is evaluated as follows:

:rv..':‘)l.) Lﬁj,:.: LJ.)L(:' )I

6 X m X 252

1 (420)

:p-l)b U_ll).al.u

107.8
5 —— )= 598.2 kN.m

at face of joint.(0.K)
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404,, 40 x 2(m x 102 x 0.25)

ke = N 10 x4 =157cm
c+ktr_54.2+15.7_279>25 - c+ktr_25
d, 25 B ' d, =
0.9 1.0x1.0x1.0x1.0 0.9 x420
Iy = bebetbsy 09y dp [ X 25 ~ 700 mm
2 (Cb + ktr) I 1.0(2.5) V30

> 300 mm B
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d 5375
—=——=1344mm
Maximum hoop spacing < édb _ 3(25) — 150 mm taken as 125 mm
150 mm

U‘l')"L"’ g s s dr2 5l LQ.»T ol (s 5L 0329 6)].\? Q9Al> 4 sl o L;?l’.a E)
Maximum spacing = d/2 = 537.5/2 = 268.75 mm, taken as 250 mm
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Aww)f)h)JMpréhQAnguﬁwﬂbflf&waw&wxymwwk
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kN
wy = 1.2(30) +0.5(20) = 46—

l. 46(9.3
W’écz (2 )=213.9kN

My, (+ve) = 1.25A,(+ve)f, (d - %)
4 X T X 252
= 0.85(30)(a)(450) = 1.25 <T> (420) = a=89.8mm

2
1.25 (%) (420)

M. (—ve) = 1.25A5(—ve)f, (d — %)

6 X T X 252
= 085(30) (@ (450) = 1.25 (=) (420) = a = 1347 mm
2
1.25 (%) (420)

134.7
My, (—ve) = 106 537.5 —— =

726.9 kN.m
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My, (—ve) + My, (+ve) 7269 +507.7
I B 9.3
Vomax = 132.7 + 213.9 = 346.6 kN

= 132.7 kN

V=0 52,8 b il o Gblia 13 o0 sgilasl (b wdl 51550 505 () 5 (Gl by 95 o o8 5o)lga o
g fl.'ge.ﬂ

5l o 3blie 55 oo oy canglin Couss splane b i (b i wlenl s 005 Aumalone Lty (il
3L 8 0.05AF 51 sl o al3)3 3l Jolis 45 Pyl e b (o

0.17+/30(450)(537.5)

V. =0.17/f/bd = 1000 = 225 kN
i, 346.6
I/S=I/TL_I/C=;_I/C=W_225 = 237 kN
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pols gals Olgie a1+ 5 s Bl 93 Sl eslitul &5 4z g b
_ Apfyd  2(78.5)(420)(537.5)

S
Use two-legged 10 mm stirrups @ 12.5 cm.

Vs

= 237(1000) > s = 149 mm

oo oo Sl b &l s el
V, +81.2 _ 8.1

0L Sy Z2914kN
3466 +812 93

v, 291.4
V=Vy—Ve ="V, = - —225=163 kN
¢ . ool Ol Olyie 1+ 5,Kha Bl 55 5l oslisal & 4255 |
Apf,d  2(78.5)(420)(537.5
V= vfyd _ 2(78.5)(420)( ) _ 163(1000)

S

37.
= s=217mm < ——mm =268 mm
2 Use two-legged 10 mm stirrups @ 20 cm.
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4.6t/m
Mpr(_ve)
M, (+ve)
Y
132.7 kN l ] 2139 kN 2139 kN 132.7 kN
930 cm A
81.2 kN 346.6 kN
81.2 kN oo [nl,ﬂp
346.6 kN
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Secl Sec2
O gas > - O gas
120cm | 117 cm 120 cm
45x70 g | ‘ k——— 45x70
60 cm
Ogiw 70 cm| i 910@12.5 | ¢il0@20; ¢10@10 |  10@20 | ¢lo@125 |70cm| Ogiw
45x70 Secl ™ iSec2 ! ! - 45x70
> "G 45 cm
45cm 45cm
6¢p25 e e 2025 3
60 cm 60 cm
4925 o 4925 o o
- - A/W
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(Beams of intermediate moment frames) huwgis s B Glo i (Y-l
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h
0.25h 0.25 X 900 = 225 mm
> = =
b= max{250 A max{ 250 mm 250 mm
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18.4.2.2 The positive moment strength at the face of the joint shall be at least one-third the negative
moment strength provided at that face of the joint. Neither the negative nor the positive moment
strength at any section along the length of the beam shall be less than one-ffth the maximum moment
strength provided at the face of either joint.
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ETABS Help

For Intermediate Moment Frames (i.e., seismic design), the beam design would satisfy the
following conditions:

At any support of the beam, the beam positive moment capacity would not be less than /3
of the beam negative moment capacity at that end (ACI 18.4.2.2).

Neither the negative moment capacity nor the positive moment capacity at any of the
sections within the beam would be less than /5 of the maximum of positive or negative
moment capacities of any of the beam end (support) stations (ACI 18.4.2.2).
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d =400—-40—-10—-10 = 340 mm

(bawgin B (sl )

d_340_85
1= 3 " mm
<4 8dp, =8x%20=160mm Jsb sl o zs

24d), = 24 x 10 = 240 mm 595 o5l b
300 mm
= s <85mm
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P
—
I I ln I I Mnl + Mnr Wuln
I 1 Ve = — t 2
ACI318-19: 18.4.2.3 ¢Vn shall be at least the lesser of (a) and (b): n

(a) The sum of the shear associated with development of nominal moment strengths of the beam at each restrained end of the
clear span due to reverse curvature bending and the shear calculated for factored gravity loads

(b) The maximum shear obtained from design load combinations that include E, with E taken as twice that prescribed by the
general building code
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For Special and Intermediate Moment frames (ductile frames), the shear design of the beams is also

based on the maximum probable moment strengths and the nominal moment strengths of the

members, respectively, in addition to the factored design (ACI 18.6.5.1, Fig R18.6.5, 18.4.2.3, Fig.
R18.4.2). Effects of axial forces on the beam shear design are neglected.

In that case, ¢ is taken as 1.0 as before, but a is taken as 1.0 rather than 1.25 (ACI 2.2, 18.4.2.3a,
R18.4.2, Fig 18.4.2).
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(Beams of ordinary moment frames) (Jsozs (ginos B sl s (Y-l
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18.3.2 Beams shall have at least two continuous bars at both top and bottom faces. Continuous
bottom bars shall have area not less than one-fourth the maximum area of bottom bars along the
span. These bars shall be anchored to develop fy in tension at the face of support.
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18.7.4.1 Area of longitudinal reinforcement, A, shall be at least 0.01 A, and shall not exceed 0.06A,.
18.7.4.2 In columns with circular hoops, there shall be at least six longitudinal bars.

18.7.4.3 Mechanical splices shall conform to 18.2.7 and welded splices shall conform to 18.2.8. Lap
splices shall be permitted only within the center half of the member length, shall be designed as tension

lap splices, and shall be enclosed within transverse reinforcement in accordance with 18.7.5.2 and
18.7.5.3. NW
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Typical lap splice details of columns in
special moment frames

OS5l abog Job
L, S ¥ JEI.X} éb:u ‘;92 LSLQ),JLA)T Slows
Pmin = 0.01
Pmax = 0.06
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o255 sla)l 5l 8 Byo L5025 o Alll 3,5ke 53 L [o5e silel 5l i B0 LsC30 o Alll 3,5ke 5,5 L
d,| Ld(cm) min Lu (cm) Ld (cm) min Lu (cm)
8 30 76 28 70
10 38 95 35 88
12[ 46 114 42 105
14| 53 133 49 123
16] 61 152 56 140
18] 69 171 63 158
20 94 235 88 219
22| 104 259 96 241
25 118 294 110 274
28] 132 329 123 307
300 141 353 131 329
32 151 376 140 351
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18.7.5.1 Transverse reinforcement required in 18.7.5.2 through 18.7.5.4 shall be provided over a length fo from each
joint face and on both sides of any section where flexural yielding is likely to occur as a result of lateral
displacements beyond the elastic range of behavior. Length {o shall be at least the greatest of (a) through (c):

(a) The depth of the column at the joint face or at the section where flexural yielding is likely to occur
(b) One-sixth of the clear span of the column
(c) 45 cm.
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h, = maximum centeflto-center spacing of longitudinal bars laterally supported by
corners of crossties or hoop legs around the perimeter of the column, mm. )_;_(,?; CL‘ f)LQF? S5 (Ll
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18.7.5.2 Transverse reinforcement shall be in accordance with (a) through (f):

(a) Transverse reinforcement shall comprise either single or overlapping spirals, circular hoops, or
rectilinear hoops with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops shall be permitted, subject to the limitation of
25.7.2.2. Consecutive crossties shall be alternated end for end along the longitudinal reinforcement and
around the perimeter of the cross section.

(d) Where rectilinear hoops or crossties are used, they shall provide lateral support to longitudinal
reinforcement in accordance with 25.7.2.2 and 25.7.2.3.

(e) Reinforcement shall be arranged such that the spacing h, of longitudinal bars laterally supported by
the corner of a crosstie or hoop leg shall not exceed 35 cm. around the perimeter of the column. (f)
Where Pu > 0.3Agfc’ or fc' > 70 MPa in columns with rectilinear hoops, every longitudinal bar or bundle
of bars around the perimeter of the column core shall have lateral

support provided by the corner of a hoop or by a seismic hook, and the value of h, shall not exceed 20
cm. Pu shall be the largest value in compression consistent with factored load combinations including E.
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18.7.5.5 Beyond the length {o given in 18.7.5.1, the column
shall contain spiral reinforcement satisfying 25.7.3 or hoop
and crosstie reinforcement satisfying 25.7.2 and 25.7.4 with
spacing s not exceeding the least of 150 mm, 6db of the
smallest Grade 420 longitudinal column bar, and 5db of the

?0
smallest Grade 550 longitudinal column bar, unless a
greater amount of transverse reinforcement is required by
18.7.4.4 or 18.7.6. NW
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Confinement requirements at column ends

Rectangular hoop reinforcement

' o)
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F, <420 Mpa {156m
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% =520 Mpa
15cm e 0y
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Confinement requirements at column ends

Spiral hoop reinforcement

<75cm
>25cm
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18.7.5.6 Columns supporting reactions from discontinued stiff members, such as walls, shall satisfy
(a) and (b):

(2) Transverse reinforcement required by 18.7.5.2 through 18.7.5.4 shall be provided over the full
height at all levels beneath the discontinuity if the factored axial compressive force in these
columns, related to earthquake effect, exceeds Agfc'/10. Where design forces have been magnifed
to account for the overstrength of the vertical elements of the seismic-force-resisting system, the
limit of Agfc'/10 shall be increased to Agfc'/4.

(b) Transverse reinforcement shall extend into the discontinued member at least {d of the largest
longitudinal column bar, where {d is in accordance with 18.8.5. Where the lower end of the
column terminates on a wall, the required transverse reinforcement shall extend into the wall at
least {d of the largest longitudinal column bar at the point of termination. Where the column
terminates on a footing or mat, the required transverse reinforcement shall extend at least 30 cm.

into the footing or mat

$\Y axawo This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazassionW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

Loy shes Canglin Jolas
iles g3l L5 Sl b o

> My 2 (2) > My

sl 35 dlonn Uil s 55 6 sl Il ol 5 WU 5 a0gie unglin (sla K gyame T Mg 0T 5 o
a5 5,90 (Bl AL cuz 5 (o LU Sl IIELL bulh o s sle bl bogie polie sla S
Conw 93 3 a5 polie sla K £ gomme Y Mpp oot Jgh dwle 2230wy |y la K lade o 568

23,8 3 5 sla K callses b Ogiw (SLQ){ZJ(:Q.’? WBgd adnl) o .l Jlasl

18.7.3.2 The flexural strengths of the columns shall satisfy
ZMnc 2 (6/5)2Mnb
Where, 3 M, is sum of nominal flexural strengths of columns framing into the joint, evaluated at the faces of the

joint. Column flexural strength shall be calculated for the factored axial force, consistent with the direction of the
lateral forces considered, resulting in the lowest flexural strength. YM,, is sum of nominal flexural strengths of the

beams framing into the joint, evaluated at the faces of the joint. W
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Strong column-weak beam requirements
for special moment frames
My, My, My, My,

6
(Mnt + Mnb) = (g) (Mnl + Mnr)

N N Mt

18.7.3.3 If 18.7.3.2 is not satisfied at a joint, the lateral strength and stiffness of the columns framing into that joint
shall be ignored when calculating strength and stiffness of the structure. These columns shall conform to 18.14.
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4(m x 25%)
Cn(+ve) = T,(+ve) = 0.85(30)(a)(450) = 7(420) = a=718mm
4(m x 252 x 0.25)(420) 71.8
M, (+ve) = 5375 ———]=4135kN.m
106 2
a
My(—ve) = (As,—ve)fy <d - E)
6(m X 25%)
Cn(—ve) = T,(—ve) = 0.85(30)(a)(450) = 7(420) = a=107.8mm
6(m X 252 x 0.25)(420) 107.8
M, (—ve) = 106 537.5 — — = 598.2 kN.m
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Required splice length Isp=1.3(1061)=1380 mm , taken as 1400 mm.
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0.3A,f =0.3(450)(700)(30)/1000=2835 kN < 3300 kN
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Ag, = 0.3 - = 496 mm?

sh ((370)(620) 420 mm

0.09(100)(620)(30)
sha! = 220 =398 mm?
3300000

Agnyr = 0.2(1.0)(1.25) (100)(620) = 530

420(370)(620)
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shi’ = Y = 238 mm?
3330000

Agpyr = 0.2(1.0)(1.25) (100)(370) = 317

420(370)(620)
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a) The depth of the member at the joint face = 70 cm

b) 1/6 of the clear span of the member= 400/6 = 66.67 cm
c) 45 cm.
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e
! W
$Y + d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 315



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

d=700—40—12 — 12.5 = 635.5 mm
_ 0.17+/30(450)(635.5)

= 500 = 266 kN
v, 308.65
Vo=V = == e = S = 266 = 145 kN
Afod A, V. 145(1000
v, = oly A _ J _145A000) oy

s s f,d _ 420(6355)

(Av) _035(50) _ 05~ 0558 ok
. 420
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(Columns of intermediate moment frames) buwgis s OB Glaggiw (Y-
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d

if s < 1.1\/Ebwd = maxsy = min{ 2
60 cm

d

if Vo > 1.1\/Ebwd = maxsy, = miny 4
30 cm
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Columns supporting discontinued stiff members

0 lged 18.4.3.6 Columns supporting
reactions from discontinuous stiff

members, such as walls, shall be

provided with transverse

reinforcement at the spacing so in

__u;)l«» dsb ol & accordance with 18.4.3.3 over the

ok 3,Shs o5 full height beneath the level at which

395 asls aalsl Oyt the discontinuity occurs if the

portion of factored axial compressive

_ force in these members related to

4 5 M5kl earthquake effects exceeds Agfc’10.

ost o A"l‘ sl g design forces have been magnifed
O 5 0 to account for the overstrength of

the vertical elements of the seismic-
force-resisting system, the limit of

- > 30 em Agfc'/10 shall be increased to Agfc'/4.

) B Transverse  reinforcement  shall

extend above and below the colum
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18.4.3.1 @Vn shall be at least the lesser of (a) and (b):

(a) The shear associated with development of nominal moment strengths of the column at each restrained end of
the unsupported length due to reverse curvature bending. Column flexural strength shall be calculated for the
factored axial force, consistent with the direction of the lateral forces considered, resulting in the highest flexural

strength

(b) The maximum shear obtained from factored load combinations that include E, with Q_E substituted for E
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(Columns of ordinary moment frames) (Jsots inos b slaggiw (Y-
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18.3.3 Columns having unsupported length fu < 5c| shall have @Vn at least the lesser of (a) and (b):

(a) The shear associated with development of nominal moment strengths of the column at each restrained end of the
unsupported length due to reverse curvature bending. Column flexural strength shall be calculated for the factored
axial force, consistent with the direction of the lateral forces considered, resulting in the highest flexural strength.

(b) The maximum shear obtained from design load combinations that include E, with Q_E substituted foE.
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70 cm

Beam 45x60

60 cm N\ 4925 \_2925
\_4¢925 Beam 45x60 3¢10
L

<p12@10‘\\ 70cm | o
;' 1) [ 9

g [ 45 cm
<+ 3 4
SeclT TSecl 3¢pl12e \l/ e e o

10925 Secl
Beam 45x60 Beam 45x60
N\ 4925 2925
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20d,=20(2.5)=50 cm <70 cm Ok
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sl oy anglio
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M. (+ve) = 1.25A4(+ve)f, (d — %)

4 X T x 252
= 0.85(30)(a) (450) = 1.25(————)(420)

= a=89.8mm

1.25(4 x 1 X 252 x 0.25)(420) 89.8
M, (+ve) = 537.5 ——— ] =507.7kN.m
106 2
M. (—ve) = 1.25A;(—ve)f, (d - %)

6 X T X 252
= 0.85(30)(a)(45) = 1.25(——, ) (420)

=>a=134.7mm

1.25(6 X T X 252 x 0.25)(420) 134.7
o6 537.5— —— ) = 726.9 kN.m

2
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726.9 + 507.7
Veor = T = 268.4 kN

252
T1=6x125x<nxjr>x420x103=]5461kN

252
C, =T, =4x%125Xx <n X T) X 420 x 1073 = 1030.6 kN
Vi joint = T1 + C, — Voo = 1546.1 + 1030.6 — 268.4 = 2308.3 kN
Aj = bjh, = 700 X 450 = 315000 mm?
1.2 x 1.0¢/30(315000)

V, = 1.20/f/A; = 35 = 2070 kN

@V, = 0.75 x 2070 = 1552 kN

538 jrin i Jheel Sz )3 Ogiw s gl 0o VSOV, aGT s &

1.2 X v/30(450 X hgop)
1000
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il Gl epd e 49 Glol g

B

Ly <2 <~ o T
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100 cm
30cm g2
Ry, 80 cm
h 30cm Ogiuw
0329 Ugiw g
L, < 2.5b,, L, > 3b,
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Ak 0ad d9ame Hlgys slaad g Ll L leﬁ Slagisl 4 aS Hlgss 5l ied ((wall segment) s)lgss sazks

&5 5,lps sasbs (wall segment, horizontal) sl (s)ls-s sashs
/L Al 0ad sgame A G g g5k S b gl 9 4 @B g o

/\;',{3 [,3\5 Gdzkd

/\ S PWE

25 & 5,lgs (sasks (wall segment, vertical) @6 Solgms sanks
Hlgrs 3l oo dgammae Al G g 95k KLy gl 90 4 (Bl g
3l sl 09,8 ol 45 Ol j,2) b
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ol élb)Lu )|9_£.5 &_: r;:a): )‘Hb

L oS dgb slazel 5o (051,865 b lgss sad 5l iewd (boundary element) al =52 55,0 252 w550 olall
Pebish gl (988 5 Job slasgile)]

3L G i IS8 4 by e bulgs b lges (structural wall, special) (o5:9) s s p 3o JSo sl slg—s
Yoo et e

Sl Ko 4 by o bulgs b ylges «(structural wall, ordinary) ( Jgoss) oS S dSs Gl Jlys
AY-1 Juad Gillae o8

oors )lgd 0329 slg2d
R= R=
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D9
Dual System R=7.5
Building Frame System R=6
g Bearing Wall System R=5
—>
—>

r Dual System

|

Bearing wall systems
Building frame syste
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General R R
Total DOF per Node = 3 (or 2) R3 <l e
Total Displacements per Node = 2 u2

Total Rotations per Node = 1 (or 0)

> cY
c
=

Membranes are modeled for flat surfaces

Application rR3 <3

For Modeling surface elements carrying Node 1 >
in-plane loads U1 u1
Building Specific Application Membrane

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc
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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
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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
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SShell L Membrane oLl € oslizul (5 Jlges iladae sl Ol plas”

Walls are generally not designed for out-of-plane bending to avoid excessive longitudinal
reinforcement. In this case, use a small modifier say 0.1 for mI 1, m22 and m12 so numerical
instabilities could be avoided. However, use mll, m22, ml2 = 0.70 (or 0.35) when
considering the out-of-plane bending in wall.

) g I) QT ;' |ﬂ) A8 Jae Shell Sgo L |) ()T J'.’.l’ )|9‘13 (5 Horiinn k5|)-.‘ ﬁ)L{ -
g 0 0315 Ao p dgec (351 ax s s Jdos > )3 S (gl Membrane

. " ;. . > é - -
Table 4-3 Reinforced concrete effective stiffness values. » ),_o.: )).il.o.: )' mﬁlﬁ}u )fl 4.:.\49_: t,.b -
e Service-Level Linear Models MCEr-Level Nonlinear Models olJl )| | o eSS oolax | )|9_:) dxb.0
Axial Flexural Shear Axial Flexural Shear
E— m22 9 mll u..:‘/.».c': 6’9 o.\; o5kl Shell
Dol MERns | sinsng 075Ek | 04EA; | 1.0EA 035Ekl | 0264 ’
plane) G ety (0.1 M) o5 200 S, M2
Structural walls (out- ze @ = - QQSEQ e . R
of-plane) )l}_:) Ad>x0 P dges W 6)'.\4.3[)
Basement walls - é
{in-plane) 1.0E:Aq 1.0Exly 04EA; | 1.0EA 0.8Eck 0.2E:A; Dl (S8 51;
Basement walls (out- _ @ _ @ _
P clg T - clg . A . A -
of-plane} L;J)P J).: [y TBI Ao gi O‘J: -
Coup\im_; beams with on?{’ ]E[ g m{{ ]E[ y (9 0 ‘ i ]
e rlor 1.0EA; B | 04EA; | 1.0E4 h)= | 04EA Sed a8 Lk s 0.25 axiw C)L"
iagonal :
reinforcement <035 <03E,
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9 03905 pla3l Assign menu > Shell > Stiffness Modifiers s Sl 9 )lgs Sl S s onl ol
.Lgl.o.: .))lg 0.25 ).:l).: |) d>4.0 P Dges Sd,9>

Sgd ol Wl o (S9-S5

There is no recommendation about reducing
the GA,,.,- You should, however, note that
some of our users use modifiers for fl2 also,
where they expect deterioration of shear

stiffness and want to be realistic in their
modeling.
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Display menu > Force/Stress Diagrams > Shell Stresses/Forces
gl o0 0303 Hioles i cede b g lid slaiis g cude cdle b LiliS sla s
i s s T T S e
ey e e

u‘»ﬁ“ﬂw|:>

o Hlaie KT CES S PR VIS RV
k
\Q \Q £, = 0.620/30 = 3.4 MPa ~ 34—~
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Beam
Spandrel
Wall Column
Pier Pier
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I D Elements (Beam type)
Can be used in ID, 2D and 2D
2-3 Nodes. A, | etc.

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

2 D Elements (Plate type)
Can be used in 2D and 3D Model Q ﬁ D D

3-9 nodes. Thickness

Plane Stress, Plane Strain, Axisymmetric, Plate and Shell Elements (2D,3D)
3 D Elements (Brick type)
Can be used in 3D Model

6-20 Nodes. ’ ‘!A + W
Brick Elements W
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09,5 ,k, L L (Membrane Elements) axiw 03,3
3905 o3kl (Shell Element) axiv 09,0 9
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Edit menu > Edit Shells > Divide Shells
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ACI318-19:

R18.6: It is acceptable for beams of a special moment frame to connect into a wall boundary if the
boundary is reinforced as a special moment frame column in accordance with 18.7.
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12.2.5.1 Dual System. For a dual system, the moment frames shall be capable of resisting at
least 25% of the design seismic forces. The total seismic force resistance is to be provided
by the combination of the moment frames and the shear walls or braced frames in
proportion to their rigidities.
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1629.6.5 Dual system. A structural system with the following features:
I. An essentially complete space frame that provides support for gravity loads.

2. Resistance to lateral load is provided by shear walls or braced frames and moment-
resisting frames (SMRF, IMRF, MMRWF or steel OMRF). The moment-resisting frames
shall be designed to independently resist at least 25 percent of the design base shear.

3. The two systems shall be designed to resist the total design base shear in proportion to

their relative rigidities considering the interaction of the dual %
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2 L.x; 0+1.067(15
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¥2 Iy 0.45 + 1.067
e, =10.55—-75=3.05m
Ly =15, =1 —0'2X32—045 4
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S _ i1 iyYi _ —833m
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F, = &5 E, = 0.333F,
AX T 35045 F T %
A (T)YiIAy

N Z(xizlix + Yizliy)
(T)(6.75)(0.45)

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

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

Minimum eccentricity= 0.83 - 0.05 (15) = 0.08 m
Fpmin = 0.02426(0.08)F, = 0.00194F,
F4, = (0.333 — 0.00194) F, = 0.33F,
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p, = ratio of area of distributed transverse
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TN

p; = ratio of area of distributed longitudinal
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% = web thickness X length of wall
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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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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 probability of collapse
in Maximum Considered Earthquake level shaking.
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18.10.6.2 Walls or wall piers with h,/f, = 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

Ly

co R Y
600(1.55,/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 fw 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.
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Where flanges are highly stressed in compression, the web-to-flange interface is likely to be

highly stressed and may sustain local crushing failure unless special boundary element
reinforcement extends into the web.
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h, = maximum center-to-center spacing of longitudinal bars laterally supported by corners of crossties

or hoop legs around the perimeter of the column, cm.
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A =total cross-sectional area of

e 5kl 5k 9590 slade . . .
transverse reinforcement, including
A £ crossties, within spacing s and
c
0.3 <—g— 1)— (a) perpendicular to dimension b ,
A /sb, for Acn fye cm2.
rectilinear e
hoo < f! A, =gross area of concrete section,
A =cross-sectional area of a
_ 0.45 A_g_ 1 f_c' ©) member measured to the outside
p, for spiral T \Ade fye edges of transverse reinforcement,
or circular ] , cm?.
hoop o.12f—c (d)
fye

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

center-to-center.

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 crossties or hoo
legs around the perimeter of the boundary element. W
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Because the wall piers are associated with story levels, wall pier labels can repeat at different levels
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PIf{PI| Pl |PI| PI
P2 P3 P4
P2 P5 | Ps| P5
PL|PI| Pl |PI| PI

P3 P4
P2
P5 |Ps| P5

Wall pier design is performed at the top and bottom of each pier. Thus, for wall pier P2 at the Roof
level, design is performed at the top and bottom of the door opening. No design is performed near

the midheight of the door opening because the design is done at the top and bottom of the wall pier,
not the top and bottom of each area object that makes up the wall pier.
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sls il 116 35y bulgd gab Olsine |y b e 5 Job sgile,T st slsio cllo ol 5o 1iLs

S1imax =45 cm 59 05lizwl V+ g5le,T Law 93 5l 45T 59w o
2(0.785)

A
2l = 0.0025h = 0.0025 X 20 = ——2 5§ =31.4cm < S;max
S1 S '

Use ¢10 mm bars @ 30cm
ot slaygle,T b b J s
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Vi B 15.16 — 2021%
o 075 _coerton
Vn =Aw (ack\/ﬁ + ptfy)

g o0 oolatl (_sb’ L_s‘.l":39)'> 5l owle

Ly _ 24 8> 2.0 0.53
_ = = . —4 = V.
h, 3 %

, 30(0.53v300 + 0.0025 x 4200)
Vamax = Acv (acx\/z + ptfy) = 20X 1000

118.08 ton > 20.21 ton Ok
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B, M, 1, K
A, 1, 2
M, =olosaf, (1+-22)(1-5
u=—¢@|Y. sfy w Asfy L,
c w+a Asfy P,
_—_ w = a =
I, 2w+ 0858, L hf! L hf!

:M)la ;.)9.;:: oLl PSG .);(l.yo u|9,..c L¥) ¢|0@30Cm )l a5 SIPo )d
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17.28 x 4200

0.05
B1 =085 —— (300 — 280) = 0.836 — w = 55— —— - = 0.04032
B, _ P,(1000)

~ 1, hf’ 300 x 20 x 300
¢ 0.04032+0.00055P,  0.04032 + 0.00055P,

l, 2(0.04032) + 0.85(0.836) 0.79124

= 0.00055P,

a
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Jlsss 039 Bl b b 5 5leys bawgs 0sds Jass o5 slayl 5 b Cb o b 1Sy dib (sl %

:Pi)l.)
|.2D+L+pQ;
Vertical load= 1.2(0.2)(3)(24)(2.5)=43.92 ton
4392 N 265.47 y 300 o) kg O . 300 = kg
_20x300—20><3003 2 777 cm? ' T em?

12
c 0.04032 4+ 0.00055(43.92) — 0.08094
l, 0.79124 N

¢ = 0.08094 x 300 = 24.28 cm

b /2 5e = 0.1, Jlaie 53 oo iin Oles 40 (Gl LB 05595 5l 6500 Ol Jgb
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M, = 144.54t.m < 265.47 t.m
M), = 265.47 — 144.54 t.m = 120.93 t.m
il 5 g LOW G a5 blol slaygle,] remle YO Jsb 40 5,0 0l @l

120.93(100000) ,
As,additional = 09(4200)(261) + 4(0785) =154 cm

g o0 03wl (55,0 sla Ol ,> 8016 I
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395 515 Slyss Cunliud poms 53 5 sl VO ok 93 58 3l sl hy lass
h, = min <35€m,§ X 20) =13.33cm
g i p) polie 5l ks ) e ol s o ,e sla,gile,T Aol
oo Olll any 28 o S -0
b 2 8o b8 2 Kz sS pl e G Y

35—-13.33 ) adal) g 00 dwle Sy Hlage -
T =17.22cm > 15cm

W PCINES W I j|;4§¢m'_2§6L_JWQJ9AZ.Bl2JM3LM\())’|)Li..:.3.)..3l.¢jso)|).5.o

6(1.6) =9.6 cm

So =15cm W
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1wl 650 Oldl i Jsb sl
b.,=20-2(4)=12 cm

ol 650 Olall olisS s sl
b,=35- (4)=31 cm

0.3 4g 1 fe b= 03 (222011390 12— 113 em?
~\a o e T 7\ 12x31 7)) 4200 Coem

A, = max ch
" 009fc’ b —009300><5><12—039 2
4 fyts ¢ =0.09555 =039cm
Sgiin o3kl 1O@5em Glo 95 5l
35cm ‘ 8916 35cm ‘
(] L] [J ] [J ] [J ] L] [ [J ] [ [J (] ] /
2{ t [} : (] [ ] :>:p10.@30.cm (] [} >:p10.@3(icm. (] . (] ﬂ
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Jlsss 09 Blod b b g sleys dawgs 0 Joos o5 sla)l 5l 5 0, b sgs aid (sl %

:Pi)l.)
|.2D+L+pQ;
Vertical load= 1.2(0.2)(3)(21)(2.5)=38.43 ton
3843 N 219.99 y 300 e kg O . 300 = kg
_20x300—20><3003 2 77T em? ' T em?

12
0.04032 4 0.00055(38.43)
= =0.0771
L, 0.79124

¢ =0.0771 x 300 = 23.13 cm

c

b /2 5e = 0.1, Jlaie 53 oo iin Oles 40 (Gl LB 05595 5l 6500 Ol Jgb
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M, =1383t.m<219.99t.m
M), = 219.99 — 138.3t.m = 81.69t.m
il 5 g LOW G a5 blol slaygle,] remle YO Jsb 40 5,0 0l @l

81.69(100000) ,
Asaditionat = 532300y z61) + 4(0.785) = 11.42 cm

g o0 03wl 55,0 sla Ol > 8014 I
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T =17.22cm > 15cm
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1wl 650 Oldl i Jsb sl
b.,=20-2(4)=12 cm

ol 650 Olall olisS s sl
b,=35- (4)=31 cm

0.3 4g 1 fe b= 03 (222011390 12— 113 em?
~\a o e T 7\ 12x31 7)) 4200 Coem

A, = max ch
" 009fc’ b —009300><5><12—039 2
4 fyts ¢ =0.09555 =039cm
Sgiin o3kl 1O@5em Glo 95 5l
35cm ‘ 814 35cm ‘
(] L] [J ] [J ] [J ] L] [ [J ] [ [J (] ] /
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(Foundations) ,s0),) piwaw Ogawlaigh b bulgd

Sl IS5 L slaosle Ho alzl; 31 s ead sbul lag o b oS 3l Golas! glassslli 4 Gisy ol bulgs -
Al Jatie ge) 9 03k polie s o b T b g a8 oo 1) b L g bawgie

5 Glaesglls o U513 5o Bl S e Jeos | ssd sl slag s &5 Slajles 5 boste Jsb slagile,T -

b 2> il i 4 T St Juad 5o ailyn & K9l Lles S 4 baed s b g 6l (Slg

61&)93[.&)T 6Le,b| s)].).})lj L;)LQ,G ‘b)Liu O pgeo D (olo s @I)b b)gJL:a 4.3)])).:? dLaSl L;‘/p a5’ @Lﬁu}lw PR
Connd S5355 )3 Vgiw 5 0 Bl g, 4z, 4 p_&lgdhg)lé by b Gies Joos sl p 0ad anxs Job
il esgllls Sl

18.13.1.1 This section shall apply to foundations resisting earthquake-induced forces or transferring earthquake
induced forces between structure and ground in structures assigned to SDC D, E, or F

18.13.2.2 Columns designed assuming fixed-end conditions at the foundation shall comply with 18.13.2.1 and, if
hooks are required, longitudinal reinforcement resisting flexure shall have 90-degree hooks near the bottom of the
foundation with the free end of the bars oriented toward the center of the column.
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v %

Ogalaigh

R18.13.2.2 Tests (Nilsson and Losberg 1976) have demonstrated that flexural members terminating in a
footing, slab, or beam (a T-joint) should have their hooks turned inward toward the axis of the member
for the joint to be able to resist the flexure in the member forming the stem of the T.
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L L. Structural System
Seismic Force-Resisting R Q c Limitations (SDC)
System 9 <

B C D E |F

Intermediate reinforced concrete

5|3 4.5 NL NL NP NP Np
moment frames

TABLE 11.6-1 Seismic Design Category Based on Short- TABLE 11.6-2 Seismic Design Category Based on 1-s

Period Response Acceleration Parameter Period Response Acceleration Parameter
Risk Category Risk Category
Value of Spq lorll IV Value of S lorll Y,
orlll d orlll

Sps < 0.167 A A S, <0.067 A A
0.167 < Sy < 0.33 B C  0.067<S,<0.133 B €
0.33 < Sps < 0.50 C D 0.133 = Sp1<0.20 C D
0.50 < Spg D D 0.20<S, D D
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18.14.2.1 Members not designated as part of the seismic force-resisting system shall be evaluated for gravity load

combinations of 5.3 including the effect of vertical ground motion acting simultaneously with the design
displacement §,.

AYO axiwn This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

SOk el bl & 0K S s 1 ey K8 s ead el olis g ojle (ke
Frore G ph S b LS ogie 9059 Gl dKh b Gies DB aws alas 95 il
JUisl sl 9 ot o3lial 0329 (6 i b eos b6 51 sle slaly b ablas (ol sl o
o) 4 o35 db S bug ) (B syl &5 Jsere 6 n S0 b slaogie Sl B sla)l
wogiw slul 9 A=1.07 cm s il> 0lKe ,uis 9 oL s ddhie (5 5u50),) a8 oo Jite
7.5 o by b i aibign 20 365 il agin pals gyl g reuslo ¥o s ¥

D9b 028 SR YO -l b o sl (el o

" " " Gyore (ghas OB 0329 (sines OB As
[ ] [
[ [ [

AY$ axiw This publication or any part thereof must not be reproduced in any form without;;iIZn\p:;ssi0nW

Email: M.Alirezaei@iiees.ac.ir 438



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

gl 1o sl el 5 g e du ol Jgede (S9,0 <3S s g e slaogie
A= C,A,= 5.5 x 1.07 = 5.88 cm
dgber ad S k5 5 15,8 g0 4 Ogte Sl 93 bl Jla enl o

bh3 300 x 3003
I, = 0.7Ig =0.7 X E = 0.7 X T =472.5 x 10 cm*
6E1, 6 X 25000 X 472.5 x 10° P
Meor = =5 By = Tec0? X 58.8 = 312 x 10° kN.m

i3 b K ool sl b Jpars Slogie cal @l 5 oo

AYY axiwn This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

O 9 Caanad Juad

N 90 S0 (b S g

lP

ow).u"

AYA axiwn This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 439



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

AYQ axiwn This publication or any part thereof must not be reproduced in any form withoutﬁzi[zmazmssianW

WebSite: www.M-Alirezaei.com
Te|egram: @AlirezaeiChannel

P9 9 Canmnny Juad

2§ PP JUPPOTIOL Wi S T ]

AA+ axiw This publication or any part thereof must not be reproduced in any form without;;ith\p:;ssionW

Email: M.Alirezaei@iiees.ac.ir 440



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

PRI L;’b LSLQ)93LA)T 6‘/,.) J)I.)ul.lml LSLQ;))G C,\Ju )99 (\—Y\—% LJBJ?) Y\ axbo S -
RS

C,u.ul Caw yd I2db¢\§o.)~.w o_§|34db Q))Q' P}l{),JLA)Tp,})".\.bd,b

AA\ axiwn This publication or any part thereof must not be reproduced in any form without;;i[zmazxssinnW

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

I s s G P oo Jeols ool a8 an opl slesl ,o 9l oo oals Y=YV -4
255 kol PPe oo 4 b oile opl g as 3 ks s 1.7

The product Y, need not exceed |.7.

lptstS]-j 1l)t><1,l)eS1.7

QT){)')'UOQML»Y" Jilas a5 sl slas Ko (sl 9 ol 5 Ko curbgn o o Py

bls 3929 505 (VA0 dxio) AY il g [ e )3 o A ol Jsleo
AAY axin This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 441



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

13 gud C)Lo' LU 1) Spgo L V-T-F-11-9 a5

Lb cute s slas Ko s (JSKCo s o cibe bls o 9 0ol slaclass 5
oW Jolee Jolas Solso Lo U os)lsliwl Y6 4 s sea Sl e cuie i
s (0) b (D) )lg0 aal @0 55l 9 o35 3 )lasleul

1.3My,

) ga>xh obéd_r{? 6)LJ»$ d_o.’.”u«_(clawiao.’)QSlA)T L;l.q;;l )fl ld S( Vi +la) (all
W AT

IR

P - 4 M.
0dis pgama oS 4SS (5 lid Jodll (Ko b sies Heleyl slenl ST < (V—:-l'la) (o

IR WARSTEV-L I s g lis ol oe b 6&&),3[.4)T slesl )fl ld = (%-Fla) (u}t:auw).)b X
sk

T\AW
AAY axiwn This publication or any part thereof must not be reproduced in any form without the written permission

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

onSe b s gl T el a8 > )5 bas 1.3y
g oo dlesl 25 00l Hguaxe LSS (s s Joal 1%
u

L3Mu /Y|

|2
)

. A

max lg ‘
) 1
12d 1
ool oA s 1y ST (o = maX{ A I A
( V”7 1 M I
/ &l o e
lg My /Wy i BL;A._.SJ Jsls Hgila,T
_ . My
a y5ila)] Capacity slope (v_u) >Demand slope I,
I——SASSSEEEEES S M
ly < (—")
. . . u
o J Jﬁ.::}:.:.ﬁ (PR ahe alai
s I —— M, e it 50 ()
max Iy

S i giomie Cibae abi 452 gk, T 6l Iy 310> (0 W

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

Email: M.Alirezaei@iiees.ac.ir 442



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

13 gus C)Lo! 2L 5 Sogo 4 F-Y-4-Y -4 S

S5V B YYIYoSY 8 lads by gl e slasile,T Sl Ak el 38 3gll

wl:uo —uas )I b.),JLw A.J )' LQ,)‘ ‘\.AJ ‘\Lalﬂ 4{ o).:g 6|b)l~u 6Lﬁ)|9_:.) ‘\.«.J SI)D-I l) Lﬁu’,uw PR
D v
),..: oalawl o:,JLw Ls’l999 M)’) ).)f' Y-y

S5 oA B YYT-5oY e slans Lulgs e e slasgile,T 31l vl 368 0glla
.)9»: o lazwl b.),JLw Ls,ls,s Caound 2 f-r-v

sl gae o s 4 (pl 2929 pac andl ogl adlol By aals 5 L 4 b u)» el
18.13.24 Columns or boundary elements of special
structural walls that have an edge within one-half the footing
depth from an edge of the footing shall have transverse
reinforcement in accordance with 18.7.5.2 through 18.7.5.4
provided below the top of the footing. This reinforcement
2,2 sla)gb,T 51 LL o shall extend into the footing, mat, or pile cap a length equal
23 Wi lg]a>b b 3k to the development length, calculated for fy in tension, of the
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ACI 318-19:
f) Transverse reinforcement shall be arranged such that the spacing hx between laterally supported

longitudinal bars around the perimeter of the boundary element shall not exceed the lesser of 350
mm and two-thirds of the boundary element thickness.
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5.3.5 If wind load WV is provided at service-level loads, 1.6W shall be used in place of
1.0W in Eq. (5.3.1d) and (5.3.1f), and 0.8WV shall be used in place of 0.5W in Eq. (5.3.1¢).
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ACI318-19 20

18.7.4.4 Mechanical splices shall conform to 18.2.7 and welded splices shall conform to 18.2.8. Lap
splices shall be permitted only within the center half of the member length, shall be designed as

tension lap splices, and shall be enclosed within transverse reinforcement in accordance with
18.7.5.2 and 18.7.5.3.

18.7.5.2 Transverse reinforcement shall be in accordance with (a) through (f):

(a) Transverse reinforcement shall comprise either single or overlapping spirals, circular hoops, or single or overlapping rectilinear
hoops with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops shall be permitted, subject to the limitation of 25.7.2.2. Consecutive
crossties shall be alternated end for end along the longitudinal reinforcement and around the perimeter of the cross section.

(d) Where rectilinear hoops or crossties are used, they shall provide lateral support to longitudinal reinforcement in accordance
with 25.7.2.2 and 25.7.2.3.

(e) Reinforcement shall be arranged such that the spacing hx of longitudinal bars laterally supported by the corner of a crosstie or
hoop leg shall not exceed 350 mm around the perimeter of the column.

(f) Where Pu > 0.3Ag fc' or fc' > 70 MPa in columns with rectilinear hoops, every longitudinal bar or bundle of bars around the
perimeter of the column core shall have lateral support provided by the corner of a hoop or by a seismic hook, and the value of
hx shall not exceed 200 mm. Pu shall be the largest value in compression consistent with factored load combinations including E.
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(d) so, as calculated by:

18.7.5.3 Spacing of transverse reinforcement shall not exceed the least of (a) through (d):
(a) One-fourth of the minimum column dimension

(b) For Grade 420, 6db of the smallest longitudinal bar

(c) For Grade 550, 5db of the smallest longitudinal bar

350 — hy
o =100 + :

The value of so from Eq. (18.7.5.3) shall not exceed 150 mm and need not be taken less than 100 mm.
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