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1 m2=10.7643 ft2

Clus 1 km2 = 0.3861 mi2
1L =0.2642 gal
o= 1 ml=1cm3
19=0.0353 oz
£z 1 kg = 2.2046 Ib
92 1 b = 0.4536 kg

e A>ly Jods iz
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

1 ft2 = 0.0929 m2
1 mi2 = 2.59 km2
1gal=4qt=3.7854 L
1ft3=7.481gal =28.32L
10z=28.3495¢g
11b =0.4536 kg

1 Ibf = 4.4482 N
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Concrete Frame Design Preferences for ACl 318-14

ftem Value
01 | Design Code ACI 318-14
02 |Mutti-Response Case Design Step-by-Step - All
03 | Number of Interaction Curves 24
Number of Interaction Points ‘ 1
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ETABS 2018 ETABS 9.7.4

Concrete Frame Design Preferences for ACI 318-14 < Concrete Frame Design Preferences
8 Design Code [ ACI 318-08/1BC 206

Rem Valve . Seismic Design Category D

» 01 | Design Code |ACI318-14 V} Number of Interaction Curves 24

02 | Muti-Response Case Design Stepby-Step - Al Number of Interaction Points n
Number of Interaction Curves Consider Minimum E ccentricity Yes

Number of Interaction Points Phi (Tension Controlled) 093
Consider Minimum Eccentricty? Phi (Compression Controlled Tied) 0.65
Design for B/C Capacty Ratio? Phi (Compression Controlled Spiral) 075

ETABS 2019 ETABS 2016

i H} Concrete Frame Design Preferences for ACl 318-14
E Concrete Frame Design Preferences for ACI 318-19
fkem Value
dom Velie a Design Code ACI 31814
01 |Design Coda ACI 31819 Muti-Response Case Design Stepby-Step - Al

02 |Muti-Response Case Design Stepby-Step - Al Number of Interaction Curves 2
03 | Number of Interaction Curves 24 Number of Interaction Points 1
Number of Interaction Points 1"
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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’

f . 4w This publication or any part thereof must not be reproduced in any form without the written permission 4

M.Alirezaei@iiees.ac.ir

20



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

R =il o po abaly i
1.5

E. = (3300,/f; + 6900) (%) (N, mm) < AY o e b
o e b
E. = wt50.14\/f! (kg,cm) E. = w}50.043,/f; (N,mm)
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E. = 15100/  (kg,cm) E. = 4700\/f] (N,mm)
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§ —Modulus of elasticity (92)
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E. = wk50.14\/f! (kg,cm)
kg
E. = 2400%5 x 0.14v/300 = 285105—
cm
Define menu > Material Properties
General Data B [ F
i e M e dlplol sl dlr el on oh
Drectional Symmetry Type Isovopic v OR pPgate U)g L JK'?
Material Display Color | Change. /
Material Notes Modfy/Show Notes. aterial Property Design Data

Material Name and Type
Material Name c30

Material Weight and Mass
@ Specfy Weight Densty O Speciy Mass Densty
Weight per Unit Volume 2400
Mass per Unt Volume 244731886 kgf-s¥md

Material Type
Grade

Design Properties for Concrete Materials
Specfied Concrete Compressive Strenth. fc
[ Lightweight Concrete
Shear Strength Reduction Factor

Mechanical Property Data
Modulus of Blasticty, E 285105

Poisson's Ratio, U [o2
Coefficient of Themal Expansion. A
Shear Moduus, G 11879375

o =)l o o

Design Property Data

[ Modsy/Show Material Property Design Data. O C)y,d,.: s y\/
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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 = ZX\/E (kg,cm) fr = 0.627»@ (N, mm)
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fr = 0.420./f, (N, mm)
ACI318-19:
8.3.1.1

For fy exceeding 550 MPa, the calculated deflection limits in 8.3.2 shall be satisfied assuming a
reduced modulus of rupture f, = 0.427»@
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For t —t, > oneyear » K = 1.17 —0.00456 <§>

sl (MM?) axbis mhs S 5 (MM?) axkis o> V 0T 5 &5
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D9h omts ) g Co(t) Gos5 o laie

(t —t)*°
CcchhKcaKcs

10 + (t —t()0®
4;:.3.3 ‘Ccu = 235 ;()9) [EPVWE 2 ).’) ) u.wt s()'g) > ).:) 6)'.3?)[.3 ULO) PRNG) L').«.:to as
g oS 25 Jslaz Sleslizul b 5 la el

CC (tl tO) =

&8l Jos b9, t, (days) H Kea Ken
gy g =1 day 240% N/A N/A
> 7 days > 40% 1.25(t,)0118  1.27 - 0.0067H
e g = 1 day 2 40% 1.13(t,) 0% 1.27 - 0.0067H

=7 days = 40% N/A y\/
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%4
For t —ty; <oneyear » K. = 1.14—0.00363 <§>

%4
For t —ty, > oneyear » K. = 1.10—-0.00268 <§>

A.:.af

h,=2V/S=2Ac/u=76 mm
fem,s = 45.2 MPa

w=207.92 kg/m3 w/c=0.46 alc=3.73
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t,=28 days
t.=8 days
y=2405 kg/m3
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For t —t, <oneyear - Ky = 1.23 —-0.006 <§> = 1.23 — 0.006(38)
= 1.002
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For H=75% K, =1.4—0.01H = 1.4 —0.01(75) = 0.65
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c
358 B
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m Uh 5 dmlone
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cmty

ol b=0.92 42=2.3 (8 )3 0dd (B ,2e Jgax Sl eslinwl b

; to 28
fe(t0) = femao 5 bt, o3 Toozxzs - Pl

Eemi, = (24051%)0.043V45.1 = 34058.8 MPa

(.59 Axiuo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission f

Email: M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

”é WebSite: www.M-Alirezaei.com

) Telegram: @AIirezaeiChannel

Coy = 2.35

K., = 1.27 — 0.0067(H) = 1.27 — 0.0067(75) = 0.768
K. = 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 —to)%®
C.(t,ty) =
C( 0) 10 — (t — t0)0'6
_ (35 — 28)0¢
10 — (35 — 28)06
1+C.(t) 1+4+0.37

tto) = = =402 x 106 MPa~!
/(& t) Eeme, 340588 4

CcchhKcaKcs

2.35x0.768 x 0.844 x 1.007 = 0.37

N AV

()V Axbo Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permission

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

s, Slasiv
:(Modulus of elasticity) el )l s o -\

adioe a2 8 ks 55 2108 kglem? Ll (03085 Gy ) (Jyors o Shoo s
20.2.2.2 Modulus of elasticity, Es, for nonprestressed bars and wires shall be permitted to
be taken as 2x |08 kg/cm?.

bl ol o 4 3¥9h (oo s cnl
E,  2x105 2 % 10°

40
Ec wl50.043f 240025 x 0.043\/f /f/

n=

(N, mm)
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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?

N ST FYSTIVISE S SRR G SPR IR W BCW-WORE CIC T FYS PRVISTR SV S

2l ‘A).;MQT 3 s3e 9 sgdue 0ol Olis # cwdle b las Ko ASTM )kl s

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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Type of standard Bar size
hook
YOU Y- 5,8l
90-degree hook YL YA S e
0O b YF 5 She
YO Ve o Sle
180-degree hook TEL YA s Lo
DO L YS o Shee

Minimum
inside bend
diameter

6d,

8d,

10d,

6d,

8d,

10d,

Table 25.3.1—Standard hook geometry for development of deformed bars in tension

Straight
8 Type of standard
extension[1]
e hook
exty CM.
Point at which
/ bar is developed
| dy 90-degree
bend
|
12d, .
| Diameter
| Loxt
|
! Lan
Point at which
/ bar is developed
| % ~
#0 L 4d, ;I s
y b Ot 180-degree
yoali Diameter bend

[11A standard hook for deformed bars in tension includes the specifc inside bend diameter and stralght exten5|on |
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Type of
standard Bar size
hook
5 yorkeo V£ ,laB o
90-degree hook 7S
proskio V& 5 iy
. Al
135-degree S ,.J R
hook
Feorkee 17 51 it
oudio V7, lnd
180-degree @ ,wS s
hook
eolln 17 5 2

Minimum
inside bend

diameter, cm.

4d,

6d,
4d,
6d,
4d,

6d,

Table 25.3.2—Minimum inside bend diameters and standard hook geometry for stirrups, ties, and hoops

Straight
rals Type of standard
extension[1]
hook
€. cm.
4 4 6dy ;) i dy 90-degree
et U oty o3
Diameter Loxt
12d,

4 4 6dy ;) i
Frorkea YO 51 a8

Diameter

d,

4y 4db )‘ i g 180-5:Iegree

. Di tes ben
M 5. j‘ )-AAS iameter 1‘/

£,

ext
[I]A standard hook for deformed bars in tenswn |ncludes the speufc |n5|de bend dlametW I? W
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25.5.2.2 If bars of different size are lap spliced in

k tension, { shall be the greater of £, of the larger
bar and £ of the smaller bar
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= 35.47 cm b ol 2l 5l 3590 dhoy Job 0l 2l
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. ;\\ y\/
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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?

Sb s 09 sdal s $oles Ugb 9 patns 083 rals o Jloel 4,06 ol ol
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YO oo dasie cwlie 7.5 cm oo

285 cm
Bl6mm@ 15cm ["31‘"‘5 S ) & iJ-a-:-Z:L» » ro;z,l_:j
25 e el e 8ol FY - las Ko
g a5 ks
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:
B

\ \‘V Axbo Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permlssmn

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

b sl ol 5 Ko 2,8 Jsb
0.075f, 0.075 x 4200

lye = ——2 dy = ——>" """ 16 =31.88cm
“CT N DT 1.0vZ50 A5 0 o sle Sl S s 4zl a5

lge = 0.0044f,d, = 0.0044 x 4200 X 1.6 = 29.57 cm
e 5 stestle Vo J3las laie 5l a5 634 31.88 €m il 5 She oS dsb ol e
b sl il gy 95 35790 Ush sl
Available length =55 -75—-1.6 —1.6 =44.3 cm > 31.88 cm O.K.
g 0303 515 el Slis e sl byl 55 s 3,05 3525 55 oW 4 65k ol b
s 5515 slas Slos alog

0.0073(4200)(1.6) = 49.06 cm ~ 50 cm > 30 cm OK.
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(X dy < 34mm = shall not be bundled in beams
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> 12 mm = Bundled bars in compression members

4
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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 Ll 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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Pn}llm.s)flg.aoﬁdmlé&|»
Ao oy i ol Jlas a8l Aeygig)sp.m,ﬂ las Kho o LAl ol ACI318-19 5.b
2ol Gl (0,58 550 ,hb 43 L s Ko ,hd «xawsle 2.5 lae
sl w5l s K o palls alols b)lgs 5,0 sla Olall 9 b Jhwdy o Ogin )3 Grimen

25.2.1 For parallel nonprestressed reinforcement in a horizontal layer, clear spacing shall
be at least the greatest of 2.5 cm,, dy, and (4/3)d,,,

25.2.3 For longitudinal reinforcement in columns, pedestals, struts, and boundary elements

in walls, clear spacing between bars shall be at least the greatest of 4.8 cm., 1.5d,, and
(4/3)d,g,

d,g, = nominal maximum size of coarse aggregate.
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oo 5l b s Kl .59 015 aalsl Slie 4 laygsle,T O 1 am b (Sl o0 Zhio 8 )5 3%
rel.xf)a 12d, LA L ol Jlas Job s [a)'E! o Joss sl K5 Olisg g a5 o 2hie
gac 33T lewl b g ool sEaS b guae slensl 1o aulo opl cule, 59 0oy anlsl (15,58, 5

s o5 slo b
7.7.3.3 Reinforcement shall extend beyond the point at which it is no longer required to

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

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

an embedment length beyond the point of inflection at least the greatest of d, 12d,, and
£/16.

_ ;\y/
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M—09Xpbd2fy<1—059p;y> el iy 40221 BB e 25
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33.95 = 29x — 1.5x?2 = 1.5x%2 — 29x = 33.95
:M)IJ 93 A= > aJsles U‘.‘.l d.> Lv

_294+/(29)2 — 4 x 1.5 X 33.95

RN =2 x=125m or x=18408m

ACI318 Ll

12d,=12 (2.2)=26.4 5 d=61.75 cm ,5 jgs Gec Olje 4 Jila> ol la,gle,T -
Dy se 45,5 Ja 5562 cm sad o3y dalsl 5 Khie Olsus ¢l pls 35940 05ls dalsl cm
bl e b g ol

Length of cutoff bars =2 (175 + 62) = 474 cm
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, 40+08+11=59cm
c=min{30-4x2-2x08-22 =3.03cm
= 3.03cm
3X2
. _40Atr_40><2(7T><0.82><0.25)_05
T sn T 20 X 4 -
c+ky o 3.0340.5
= =16<25 0k

d, 22
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b apy _[ 4200 10x10x10]
A YW (c + ktr) 3.5 x 1.0V250 16
= 104.36 cm
s5mge S e gb

Available development length = 474/2 = 237 cm > 104.36 cm.

031> dalsl oEasG Jols xewslo 10 Ol 4 sl cuie K las Ko po S Jolom ¥
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Define menu >Section Properties > Frame Sections

Longttudinal Bars
Clear Cover for Confinement Bars & lem B O gl cbio o a5
Number of Longtudinal Bars Along 3 Face
Number of Longtudinal Bars Along 2 Face 1 f
Longitudinal Bar Size and Area 25 vl ...ll491 | em?
Comer Bar Size and Area 25 vl .. ?m’

/’N-"‘W-’"\f

Design Type Rebar Material
O P-M2-M3 Design (Column) Longttudinal Bars Alll v
® M3 Design Only (Beam) Confinement Bars (Ties) All WV
Coverto Longitudinal Rebar Group Centroid Reinforcement Area Overwrites for Ductile Beams
Top Bars [6.25 !em Top Bars at I-End Euﬂ’ )-:-“. 2 \—b-:)-*-’“
Bottom Bars s em Top Bars at J-End o Jem
Bottom Bars at I-End 0 Jem?

Bottom Bars at J-End

=) _ o
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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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b Olus 3

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

A O Ll G970 9 (S 6’>|}.L: 03 R (saS Caaglie ACI3I18-19 Geb s
At

22.2.2.2 Tensile strength of concrete shall be neglected in flexural and axial strength
calculations.
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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: a=pBic
- S ossf
)
aI <¢m C
h d %70 I e
®e o o = LN IR ) T
- e S S

—>
22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutral axis, < 5

shall be measured perpendicular to the neutral axis. ISR L
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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.

Assign | Analyze Display Design Options _Tools Help

*.Joint ' RO -® -0 M

N Frame » ‘ #, Section Property..

By shen v | #  Property Modifiers...

W Link ' | Releases/partial Fity.

~X Tendon * [F endLength Offsets.. &
%3 Joint Loads » |Te Insetion Point...

[f Frame Loads »
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Model I: Rigid zone factor = 0, No panel zone (Jte
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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7.86
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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Cross-section (axil) Area [t ] Cross section (axia) Area |
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Moment of Inertia about 2 axis 07 ] Moment of Inertia about 2 axis [x ]
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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.
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Assign menu > Frame > Property Modifiers

Frame Assignment - Property Modifiers

Property/Stiffness Modifiers for Analysis

Cross-section (axial) Area 1

Shear Area in 2 direction 1

Shear Area in 3 direction 1

Torsional Constant 1

Moment of Inertia about 2 axis |1

Moment of Inertia about 3 axis o525

Mass 1

Weight 1 }
OK Close Apply I
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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 4
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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

requwed by 9.6.1.2 and the reinforcement ratio p shall not exceed 0. 025 f\}y\/
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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

/IJI s

(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 asa |
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:
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(a) Over a length equal to twice the beam depth measured from the face of the supporting column toward

(b) Over lengths equal to twice the beam depth on both sides of a section where flexural yielding is likely to occur >
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M.Alirezaei@iiees.ac.ir

117



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

Shls 1b gae LiiS Gsladsg) @ pglxe ,5 Jol Job slas Ko ol 5L 18595 4 a5 L5 5l slaciewd ,5 -

S (ol A Gl &5 Lies slas Ko 5,0 4 5 0 alols il 5 blgs dle 0,0 S
s (22, 4SS 4 55l sl slaygle,l slp bl el YO Sl i 2l

oS asl5 b o3 b b Ole o K g Job slas Ko pl 5 ghie adgS o @Bly Job > Ko e (il
i lgn 423 \FO olun b

b andls ond lee (Job 5Kk 5l szl 10 5l i ST alol 1l (sl Hlee 093 Job 3 Ko (o
e plol @i 8 5 5 1) Job 5 Ko a5 5 )lnslinl M L biise gblie 53 b SKs )lea (o
s e K5 Olgie 45 )l slas Ko dcgome 1 oslizwl (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.

T’\‘a Axbo Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permlssmn

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

< 15cm; | < 15ci

/H )

< 15cm; | < 15ci

;
bl jresle 10 1 i

T\"? Aio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

118



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

loy ) oMs shhls Ll 95 o a8 U Ko b 5 ,8e K sl 5,8 dabd 95 L Olgs oo ) a5 55 8,95 =¥

las She az)5 4 o3 aias S 18,95 G ol 08 b a8 g 5 8 YK 4 s 5 8o 9 sl

axiliz . 0gd 0315 HLE 5 Cows 93 50 Ol )3 K sy b X5,5 0 o L) Job 5 Kl G a8 Jlgie w59

e guac Caws S 0 s a8 b K 3l o Blads 6)10K 9 slas Kl by a5 b slas Kl
Sl s s cew O o Olg oo 1) w395 slas Khw a5 4+ e bl Hgmame 3yl 8

: |‘~6db
6d, = 7.5cm > ol an d,b\ o> 3l am b - -

< A\ 4

i db

—

18.6.4.3 Hoops in beams shall be permitted to be made up of two pieces of reinforcement: a stirrup having
seismic hooks at both ends and closed by a crosstie. Consecutive crossties engaging the same longitudinal bar shall
have their 90-degree hooks at opposite sides of the flexural member. If the longitudinal reinforcing bars secured

by the crossties are confined by a slab on only one side of the beam, the 90- degree hooks of the crosstles shall be
placed on that S|de y\/
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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. 72
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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 ;\}‘\y\/
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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 trlbutary 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. 5Agf \y\/
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Positive moment strength at face of joint is evaluated as follows:

a
M, (+ve) = (A (d - —)
n(+ve) = ( s.+ve)fy 2 ipols g s Jols 5l

4 x 1 X 252
Cp(+ve) = T,(+ve) = 0.85(30)(a)(450) = T(ALZO)
>a=71.8mm
1963(420) 71.8
M, (+ve) = T 537.5 — T =413.6 kN.m
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Negative moment strength at face of joint is evaluated as follows:

pals lag s Joles 5l
a w2 I P
Mn( ve) - (As,—ve)}y (d 2)

6 X X 252
C,(—ve) = T,(—ve) = 0.85(30)(a)(450) = T(ALZO)
=>a=107.8mm
:P.l)b U_ll).al.u

6 X T X 252

2= (420) 107.8
M, (—ve) = 105 537.5 — — = 598.2 kN.m

M, (—ve)

My, (+ve) > at face of joint.(0.K)

2
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C, =T, = 0.85(30)(a)(450) = 2 (420) ol g o Jolss
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n= 106 . > )= ? .m 7 .m
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40+ 10+ 125=625cm
¢ =min

~ b B = 62.5mm
450 2(40)2 2(10) =25 _ 460 cm)
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404, 40 X 2(m X 10% X 0.25)

= e 100 x 4 = 157 mm
c+ktr_62.5+15.7_3128>25 R c+ktr_25
d, 25 o ' d, =
0.9 1.3x1.0x1.0x1.0 0.9 x420
Iy = Yebetbsthy 090y [ X 25 = 900 mm
2 (cb + ktr) I 1.0(2.5) V30
> 300 mm B _
0.9
= [Pt OK) oo
}\.(Cb Z ktr‘) \/E
b
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450 — 2(40) — 2(10) — 25
5% 3 =542cm

404+ 10+ 125 =625cm
¢ =min =542mm
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ke = ~ 10 %4 =157cm
c+ktr_54.2+15.7_279>25 _ c+ktr_25
d, 25 " ' d, =
0.9 1.0x1.0x1.0x 1.0 0.9 x420
Iy = bebebsthy  09)y [ X 25 ~ 700 mm
2 (Cb + ktr) I 1.0(2.5) V30

> 300 mm B
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a
M, (—ve) = 1.2544(—ve)f, (d _ E)

6 X T X 252
= 0.85(30)(@)(450) = 1.25( ——,—— ) (420) = a =1347mm

My, (—ve) =
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d 5375
—=——=1344mm
Maximum hoop spacing < édb _ 3(25) — 150 mm taken as 125 mm
150 mm

Maximum spacing = d/2 = 537.5/2 = 268.75 mm, taken as 250 mm
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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 x 252

= 0.85(30)(a)(450) = 1.25( ——,——) (420) = a =898mm
2

1.25 (%) (420)

2
1.25 (%) (420)

537.5 — 47 7269kN
e T2 ) "
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<Mpr(—ve) + Mpr(+ve)) 7269 +507.7

= 132.7 kN

I, 9.3
Vomax = 132.7 + 213.9 = 346.6 kN

V=0 52,5 b il o gblia 53 (o0 s5ilasl (b wdl 5155 505 (0) 5 (Gl byl 95 o oS 53)lga o
g fl.'ge.ﬂ

w5l s bl 5o S Tam (o caoslin s (sols b St i bsd i bl 008 dslne iy (il
VIR 0.05Agf‘c 5lasl oo ally Ll Joli a8 Py Jlag po 5990 b (0

0.17+/30(450)(537.5)

V. =0.17\/f/bd = 1000 =225 kN
i, 346.6
Vs=Vn_Vc=$_VC=W_225_237kN
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pols gals Olgie a5 1+ 5 Shos Bl 93 Sl eslitul &5 4z g b

L _ Aofyd _ 2(785)(420)(5375)
s N s

Use two-legged 10 mm stirrups @ 12.5 cm.

= 237(1000) > s =149 mm

ol oo Sl zs &l s laegals
W+8l2 81 o
346.6 + 81.2 9.3 €
v, 291.4
Vo=V —Ve ==V =———225=163 kN
ols gals Olgie a1+ 5 Ko Bl 93 Sl eslitul & azgs b
_ Ayfyd 2(78 5)(420)(537.5)

s =

= 163(1000)

S

537.
= s=217mm < ——mm =268 mm
2 Use two-legged 10 mm stirrups @ 20 cm.

TO? Aio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

128



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

4.6t/m
Mpr(_ve)
M, (+ve)
r
132.7 kN l ] 2139 kN 2139 kN 132.7 kN
930 cm A
81.2 kN 346.6 kN
81.2 kN Oy ral,ﬂp

346.6 kN
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45x70 g | \ k——— 45x70
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Ogiw |70 cm| | p10@12.5 me@zo‘ 910@10 | ¢10@20 | ¢10@125 |70cm| Opiw
45x70 Secl Sec2 ! ! - 45x70
> > 45 cm
45 cm 45 cm
6¢p25 e o 2025 9
60 cm 60 cm
4925 L o 4925 .
Secl Sec2
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(Beams of intermediate moment frames) huwgis iz B slo o (Y-l
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0.25h
250 mm

b > max{

Sl Hain tedio 8-+ IS Goe b (lawgie es Sl ,3) 5 Ky Lo e Jilas (Jlie

_ max{O'ZS x 900 _ 250 mm

250 mm
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1
i (MFuMy) = gmax(,_; slesl 5o M) M-
nr
|/ / \.

SesTTTT H
= sa————

1

1

1

BRI
e |

41"

S
-

- ,
N .
1 Mnr—gMnr

nl = 3
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 provided at the face of either ]omt j\%

strength at any section along the length of the beam shall be less than one-ffth the maximum moment |
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n

ACI318-19: 18.4.2.3 ¢Vn shall be at least the lesser of (a) and (b):

(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 presc ribed by the 3 |
general bulldlng code 5\\ .
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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 j\}'\y\/
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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. B PN ; M
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Typical lap splice details of columns in
special moment frames

OiiS” sl abog Job
L, S ¥ JBI.X} éb.axl ‘;92 LSLQ),JLA)T Slows
Pmin = 0.01
Pmax = 0.06
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oslatul Olgsoo YA 3 o ,hs 5l i Tas 2 ¥ 390> £lisl sl C30 o sl ) Jga @lhe Jle Olgie 4

..5943
2 5leyl 5l B0 L5025 o Alll 35ke 53 L [ odye jsile,l 51k B0 L sC30 o Alll 3,50 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

Square column Rectangular column
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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
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(c) 45 cm.
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Example of transverse reinforcement in columns. ﬁM
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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
smallest Grade 550 longitudinal column bar, unless a

greater amount of transverse reinforcement is required by 4
18.7.4.4 or 18.7.6. j\
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Confinement requirements at column ends

Rectangular hoop reinforcement

fo o)
6d,
<
F, <420 Mpa {156m
F, = 520 Mpa >dp
15cm
2 L
G
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> 1.33 max(agg. size)

—

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

_ f\r/
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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. ;x 7
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Strong column-weak beam requirements
for special moment frames
My, My, My, My,

6
(Mnt + Mnb) 2 (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.

. j\,/
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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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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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c = 1000 = 266 kN
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60 cm
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Columns supporting discontinued stiff members

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

e dsb ol & accordance with 18.4.3.3 over the
ok 3,Shs 0,5 full height beneath the level at which
the discontinuity occurs if the
portion of factored axial compressive
_ force in these members related to
& o5 )5kl earthquake effects exceeds Agfc’/10.
osi lo A"l‘ sl g design forces have been magnifed
O g8 52 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.
Transverse  reinforcement  shall

extend above and below the colum
i acorBang e 7P M

@ ol

g 0305 dalsl Ogiw

< =>30cm

v V Axbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permission

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

buvgie s pda Ko b slaogiw 3 Gb 2
gh a3 5 55 1aS 5 () g () Jlake 93 6 5z sS 5l b OV, ghie (o unglin 0GR )3 -

9 Juol 0T b ,Blize awl K o iy 457 550

Jaie B a3y 5l ol Gy sl T o a5 3y Jolis Jlag po 1384 oS 5 Sl oael cassy G 3510 (0

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
P & N
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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 substltuted for-.\g\$ y\/
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ﬁINFORCﬂENT REINFORCEMENT

0.10 1.839E-04
0.10 1.839E-04

U

Flex. Details Shear Joint Shear B/C Details Envelope

Joint Shear Check/Design S
Joint Shear | Shear Shear Joint | Controllin
Ratio Vit V. Area Combo
kgf kgf mm?
Major(V y, 0.545 59740.3496 | 109564.8555 | 210000 Comb1 (
Minor(V u, 0.545 1277.682 87651.8844 | 210000 Comb1 J
%.
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no 1000

= 1319 kN

oty (axy Ol JS8) el C =T, ag s dols Sl
0.85(30)(a)(400) = 1319 (1000) = a = 129 mm
d =800 — 40 — 10 — 10 = 740 mm

@\ (10 X 7 x 202 x 0.25)(420) 129 B
Mn ZASfy (d—z) 105 740—7 x 10

=891 kN.m

M, 891
Vcollpc = Mn = Vcol = ? = T = 297 kN

V, =1319 — 297 = 1022 kN
b]- = min{b+h = min{40+60 =40cm

b+2 40+ 0 ) ny\/
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Design menu > Concrete Frame Design > Review/Revise Overwrites

| 44 Concrete Frame Design Overwrites for ACl 318-14
Item Description
Rem Value Unitless moment magt
for non-sway major-
01 |Cument Design Section Column moment. This item of
B G frame objects with col
02 |Framing Type Sway Special G sociions
03 |Live Load Reduction Factor Varies value means it is calcul
element for each lo;
04 | Unbraced Length Ratio (Major) 0833333 e
05 | Unbraced Length Ratio (Minor) 0.833333 is program determin
06 | Effective Length Factor (K Major) 1 For symmetrical se
= F 1 is bending about the
07 | Effective Length Factor (K Minor) ne Tac
~f - s o N 0 i
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Design menu > Concrete Frame Design > View/Revise Preferences

Phi (Tension Controlled)

Phi (Compression Controlled Tied)
Phi (Compression Controlled Spiral)

Phi (Shear and/or Torsion)
Phi (Shear Seismic)
Phi (Joint Shear)

Design menu > Concrete Frame Design > Display Design Info

&l y 2wl saalise 1, Joint Shear Capacity Ratios 438 )5 s Jl Gaaww S (>Lb g Judss |y o5l -F
Al Sl e Hlake ol bl Ogie 4

Display Concrete Frame Design RSults

(@ Design Output Joint Shear Capacity Ratios

O Design Input
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Display Concrete Frame Design Results
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Top 1: 3020 + 225 = 1924 mm? s

Top I: 3920 + 220 = 1570 mm?
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Define menu > Section Properties > Frame Sections

|44 Frame Section Property Reinforcement Data

AN

Design Type Rebar Material
O P-M2-M3 Design (Column) Longitudinal Bars Al v|| ...
(® M3 Design Only (Beam) Confinement Bars (Ties) All v

Coverto Longtudinal Rebar Group Centroid Reinforcement Area Overwrites for Ductile Beams

Top Bars E em Top Bars at End [1s2 Jmom

Bottom Bars [ em Top Bars at J-End 50 Jmm é
Bottom Bars at End [te3s o
Bottom Bars at J-End [11a3 mm?

Assign menu > Frame > Section s jl (398 (b9, 4 0dd (20 52> 5 polaisl g 55 ol bl b Jl>

g \?» £
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M. (+ve) = 1.25A4(+ve)f, (d — %)
4 X% 252
= 085(30) () (450) = 1.25(——,——)(420)

= a=89.8mm

1.25(4 x 1 X 252 x 0.25)(420) 89.8
M, (+ve) = 106 537.5 — - = 507.7 kN.m

M. (—ve) = 1.25A;(—ve)f, (d - %)

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

=>a=134.7mm
1.25(6 x m x 252 x 0.25)(420) 134.7
53 =7269kN.m

M, (—ve) = 106 7.5 — —
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726.9 + 507.7

= 268.4 kN

col =
252
T, =6 x 1.25 X nxjr-x420x103=1&%1kN

252
C, =T, =4x%x125Xx <7r X T) X 420 x 1073 = 1030.6 kN
Vi joint = T1 + C, — Voo = 1546.1 + 1030.6 — 268.4 = 2308.3 kN
A; = bjh, = 700 x 450 = 315000 mm?

J
4 1.2 x 1.0v/30(315000)
Vo = 12014, = i

@V, = 0.75 x 2070 = 1552 kN
535 i i Jlel Sz )3 Ogiw s gl 0o VSOV, aGT s &
1.2 X v/30(450 X heop)
1000

= 2070 kN

=2308.3 = hgy ~ 1000 mm

for V,, = oV,, = 0.75
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General J R
Total DOF per Node = 3 (or 2) R3 <j'bf1 d'bﬂ
Total Displacements per Node = 2 u2

Total Rotations per Node =1 (or 0)

> cY
c
=

Membranes are modeled for flat surfaces

Application rR3 <1

For Modeling surface elements carrying Node 1
in-plane loads

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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¢Shell L Membrane oLl € oslitul (5 » )l ildsa 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.

Spgas 1 0T 81 15 a8 Jae Shell &g a0 [ o Wb Lles ganie ¢l )8 -
g 0 0315 Aoy dgec (351 ax s s Jdos > )3 S (gl Membrane

. " " . > é - -
Table 4-3 Reinforced concrete effective stiffness values. » ),_o.: )).il.o.: )l rﬂ_.mb:u ;] ‘\.:.\49_: t,.b —
e Service-Level Linear Models MCEr-Level Nonlinear Models olaJl )| | o eSS oolax | )|9_.,‘) dxb0
Asial Flexural Shear odal Flexural Shear
E— m22 9 mil | u..:‘/.».c': (5’9 o.\; o5kl Shell
w " | 10EA 075Ek | 04EA; | 1.0EA 035El | 0264 ’
plane) G ety (0.1 M) o5 500 S, M2
Structural walls (out- - @ - o5 @ - . <
of-plane) ¥ o )IH) Ax0 p  dgeE M 6)'.\.:[.:[)
Basement walls B é
iy 10E:A 1064 | 04EA; | 10EA; 08EL | 02EA; YW FRINES
Basement walls (out- _ @ @ _
e cly - - .25Edl . .

ofplane) S55 S5 copo TBl dung Gb -
Coupling beams with Oﬂ?{ ]El o ﬂ?[ ]El
e rlor 1.0EA 04EA; | 1.0EA; 04EA Dgu “-ﬁ; PR 0.25 axiw C)L"
re?r?lonoemenl <035 <03EL
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9 03905 pla8l Assign menu > Shell > Stiffness Modifiers e Sl 9 )lgs Sl Sl s cnl ol
.L:g.l.o.: .))lg 0.25 )Jl)) |) d>4.0 P Dges S3,9>

Shell Assignment - Stiffness Modifiers
Sl ol Wl o (Srex S5
Property/Stiffness Modiffiers for Analysis
Mestemne {11 Dinctiog : - There is no recommendation about reducing
Memb: 22 Directi 0.35 or 0.
. x0d__ the GA,,,. You should, however, note that
Membrane f12 Direction 1 .
some of our users use modifiers for fl2 also,
Bending m11 Direction 0.25 . .
where they expect deterioration of shear
Bending m22 Direction |0.25 A L. . .
Y e = stlffgeﬁs and want to be realistic in their
Shear v13 Direction 1 mode Ing'
Shear v23 Direction 1 |
Mass 1
Weight L
(
0K Close Apply 8

W\/\w

\"V? d>awo This publlcatlon or any part thereof must not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

188



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

duﬁl.))_! PRI .LSg)GA )Lig J»i‘;; Gl.yo.) lea)l,_p PE) as )|9'.‘.'> le “—bJ 6Lmuu|
9 il Sl o Jy Bed s Jae ogiw Jie o6 Oll L ETABS
905,85 bl ) Lacl opl cul pls . ei (2Lb HB Ol S aile 4 Lo
o & Jleel 45 pladl Assign menu > Frame > Property Modifiers .

S (S 295 S

Frame Assignment - Property Modifiers Frame Assignment - Property Modifiers
Property/Stiffness Modifiers for Analysis Property/Stiffness Modifiers for Analysis
Cross-section (axial) Area [o7 ] Cross-section (axial) Area 035 |
Shear Area in 2 direction Fe ANNR Shear Area in 2 direction [1
Shear Area in 3 direction F Shear Area in 3 direction [

1
Torsional Constant 1 Torsional Constant [

Moment of Inertia about 2 axis [0z ] Moment of Inertia about 2 axis [03s ]
Moment of Inertia about 3 axis [o7 ] Moment of Inertia about 3 axis [0
1
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Display menu > Force/Stress Diagrams > Shell Stresses/Forces

gl o0 03l Gloles i cudle b s lid slaiis g cude cdle b LiliS sla s

O Case ® Combo O Mode

oo b S 5 |:> = |t <:| S 10l

Component Type

4.&]5;\ &5—‘ |:> Shed Sresses | Masimum <:| )ifl.)a Jlade

‘Component
Qsn O SMax O s13
oS 4.0J5,a |:> ®s2 O SMin O s
Osn2 O swM O SMaxv

Contour Appearance

Contour Option Display on Undeformed Shape  ~
[ Show Lines
[ Show Fil Transparency 00 v

[ Show Vakues o Jlage o M d)M BIREN
kg

Contour Values KQ @ f = 0.62AV30 = 3.4 MPa = 34— pr
Min/Max Range 0 | [34 /em? » CTT'L‘:. ’ 7

Contour Averaging at Nodes By Selected Groups:
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(Basic Types of Shear Walls) i, ,lsss sl calises slasan Ko
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| D Elements (Beam type)
Can be used in ID, 2D and 2D
2-3 Nodes. A, | etc.

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

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

i

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

A AN

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

"C-*,

¢
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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.

ol Moy = le ASCET7 s Jy siil (sl slal 770 Jass 4 536 litacoy o 6 oy a8 YA« + s
1wl UBCI7 3l 4 8 5 (5 mis 592> B YA« - Olo .l o2

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 system at all levels.
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F, = g E, = 0.333F,
AX T 35045 F T x
" (T)YiIAy

Ax = Z(xizlix + Yizliy)
(T)(6.75)(0.45)

= 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,
1z = (0.333 —0.00194) E, = 0.33F,

- (0.45)(10.55)2 4 (1.067)(4.45)2 + (0.45)(8.33)% +

(0.45)(1.67)% +

fY . dxio This publication or any part thereof must not be reproduced in any form without the written permission

(0.45)(6.67)?

2N

M.Alirezaei@iiees.ac.ir

215



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

el s (Siwgnls

23 3gen il 3 s 13 by hms dib by s b b s aib sbul caw glis)l s (Siwgnb sbul
abd (Al JSK5) 3905 5090 O 51l g cunl osds Gt (odital cpl Gl (B Slades > TA- - 5l
ol gyl o edital sl o LI cnl Jy 2,16 xe sl g OF 0ols aslsl pae 5 el Ky Jlgs
SN Spgar el ol sl iz olul Grall 4 bl Soge 5o (o JKE) 3,0 ol e 4 slades >

(o JS0) 29 plomil (Culsus b Jgb uals)

s (o)

\°\‘ \ dsbo Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permlssmn

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

2 lgs 039l

lag s JUsl g Llgs 05 Sl wlio 455 Ygora )l 039l Sl oslitul buwgin b obigs sbolersle sl
.J}J»k;o )L: P M [Evevy r.\.&l.: asls S99 d;l’ )',.3_.3 ‘LS‘;))'f LSLQ)I%.) ).3‘) PR} )fl |

lﬁ Ql S I

() (o)

\c\”\" Aio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

216



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

Sl 3l Oginn Sleml 95,5 Ogiw Ol G a5 ddnod L =

b, slayglel les b5 ol o LOL nl 3925 Jy s (s3Il Jlges slesl 93 15 Ogin o 5 50>
ol by Jees Sla)lgss s i b uized gdas Hlgas 5y dges

— —
I L |

Sa9i 2l 8 Ol o Jio b e o 35 sl (slo0sz LT -

\°\‘\" Axbo Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permlssmn

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

5 )lerd Cwlns | Jolus
.,\49.&: C».ll.!:) .,\{L\ ).:) (u) 9 (;.9.”) L;w)d».ﬁ 6&&439.\% L;‘o)'l.u: L;Lm)l,ga P \-Y-Y-Y.-4
(5gbegs Slgitun sodeo Y0+ J5105) 558 ,las] o doo 10+ 31 a8 1lo laes caolinus — il

S8 1ls (65,0 guas (5,0 (Mg on 4 S LI 4 FoV-Y -4 s silhe 65 il T s as les ) -0
.\.&L! ;(‘f'—f‘—v—r’—i A D 0 Uam )I.\.E.A )I

it e AT ol
J..v):f )|)§ 4.‘>93 )90 J.:L\ BV} U‘l‘ (u) 9 (;.9.”) st.J.Q 6&&439.\% L;‘b)'l.u: L;Lm)l,ga PRI V- \-Y-f-YY-9

1l )0 i (0,0 gbes 4S8 4 Y-V-FoYP-A 0 Glae 55 0 sl T s a5 sl )y -0

Dgd 4 S L s el V- Sl S

\c\”\c Aio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission f

M.Alirezaei@iiees.ac.ir

217



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

—— ookl oy

[- . min 15 cm
P &0 ol b
T e e o o o S e o o o o NN
b

h_w<2 OXb ‘Sll)_?l/d,..e.? (eil Aol> dican L5 &5 Gogo )
Iy hy, Sgb a8 5 el T il jlgs cwlius b

or >bz=—
c 3 16 \
I, 8 Recommends h,/b<10 within the intended hinge region
h
—=2
L, hy

or = b = max 16
€3 300 mm

by 8 — WJ‘E%M

YO dxiw Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

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

Wall buckling, 201 | Christchurch earthquake M

\c\"f' Aio Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permlssmn >

M.Alirezaei@iiees.ac.ir

218



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

Bl 9 156 slaygile,T sy

S CIE e Ol K cwl g sloleaasbe )3 005, ‘5Lap.2~...,w 5l calise sla s 5 by Jlees
| lw .dml(ﬂ)b IR @)93 P:lé,,saél ‘5LQ)9SLA)| EW-SE) lq,vl
| “1
K p, = ratio of area of distributed transverse
reinforcement to gross concrete area
perpendicular to that reinforcement

TN

p; = ratio of area of distributed longitudinal
reinforcement to gross concrete area
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" \_ Shear plane, A,
% = 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

o o L
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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|43 Wall Pier Design Overwrites for ACl 318-14 l‘
em Value é
01 | Design this Pier? Yes
02 |LL Reduction Factor 1
03 |Design is Seismic? Yes
04 | Pier Section Type Uniform Reinforcing
05 |End/Comer Bar Name 10
06 | Edge Bar Name 10
07 |Edge Bar Spacing 25
08 |Clear Cover 31
09 |Material C30
10 |Check/Design Reinforcing Design
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Boundary Element Check (ACI 21.9.6.2, 21.9.6.4) 3
Station ID Edge Governing P. M, Stress Comp | Stress Limit | C Depth |C Lim?
Location Length (cm) | Combo kgf kgf-m kgficm* kgflcm* cm cm:
Top-Left Leg 1 104.9 DWal3 | 437099.8218 | -34078.2433 134.35 81.18 1215 37(
Top-Right Leg 1 | Not Stressed DWal2 0 [ [ ) [ 0 )\
Bottom-Left Leg 1 Not Stressed DWwal1t 0 0 0 0 0 0 )

Botilom-R
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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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center-to-center.

c
reinforcement composing area A, , cm.

Iegs around the perimeter of the boundary eIement

e 5kl 5k 3580 ylade
0.3 <A—g ) fe
A /sb, for Acn fye
rectilinear O
hoop 0.09 f_c
fye
Ag 1!
p, for spiral 045 (A_ch_ 1>f_t
or circular O e 4
hoop 0.12 f_c

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

b, = cross-sectional dimension of member core measured to the outside edges of the transverse

s, = maximum center-to-center spacing of longitudinal bars supported by corners of crosstles :’\rlo)c:g

A =total cross-sectional area of

transverse reinforcement, including

crossties, within spacing s and
(a) perpendicular to dimension b, ,

cm?,

A, =gross area of concrete section,
(b)  em2

A =cross-sectional area of a

member measured to the outside
(©) edges of transverse reinforcement,

cm?
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Because the wall piers are associated with story levels, wall pier labels can repeat at different levels

PLIPI| P |PI| PI
P2 P3 P4
P2 P5 |[P5| PS5
PL{PI| Pl [PI| PI

P3 P4
P2
P5 |[P5| PS5
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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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Jules plasl Design menu > Shear Wall Design > View/Revise Spandrel Overwrites e 5l dia sla 5

e S Ol 1, Yes <> Design is Seismic? s, 58
3 | Design is Seismic? Yes

b [Length 1657 398 ol No > Consider Ve? as 5§
5 | Thick Left 2

6 | Depth Lekt 120

7 | Cover Bottom Left 12 {

8 | Cover Top Left 12

19 |Slab Wicth Left 0

0 |Slab Depth Left A 0

1 | Thick Right 2

2 | Depth Right 120

3 | Cover Bottom Right 12

4 | Cover Top Right 7 12

5 |Slab Width Right 0

6 | Slab Depth Right 0

7 |Materal €30

8 | Consider Vc? No
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Spandrel Flexural Design—Top Reinforcement

Station | Reinf Area Reinf Reinf Moment, M,
Location mm? Percentage |Combo kgf-m
Left 1448 0.48 DWal4 -54035.3028
Right 1397 0.47 DWal5 -53127.947
Spandrel Flexural Design—B Reinfor | Jod 55 b 9 YU (e 6[A)9;u)T
Station | Reinf Area Reinf Reinf Moment, M
Location mm? Percentage | Combo kgf-m

Left 1433 0.48

DWals 54450.805

Right 1402 0.47 DWalé

63330.371

Spandrel Shear Design

¢

ov. | ev. _
kot | kot | aad 55 (it il 9 5 cslo il ]
50401.8614 | 64047.30

Station | Awe | Apos v, oV.
; rCombo 5
Location |cm?*/cm |em?®/em ShearComb kgf kgf
Left 0.19 0.08 DWals B84047.300 |13845.4476
Right 019 0.0e DWalé 64261.3257 |13602.7008 | 50008 5250 | 84361 32571

Spandrel Shear Design—Diagonal Reinforcement

Station Ao Shear \' Vum L/H Seismic | Diag Reinf ) . . b T
Location | mm* |Combo kgf kgf Ratio | Design | Mandatory Loy 6)1’3 2P
Left 19800 DWal4 | 85771.0550 | 50086.79 1.380 Yes Yes
1.380 Yes Yes

irnhl ’Jsae Dwal3 | 85261 57‘85 50086.79
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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 cqumn 7
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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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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)gl,T 51 LL shall extend into the footing, mat, or pile cap a length equal
23 Wi lg]a>b b 3lkhe  to the development length, calculated for fy in tension, of the
b o3l 03g)ls Cond column or boundary element longitudinal reinforcement.
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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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e 5.3.5 If wind load W 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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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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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

(d) so, as calculated by:

350 — hy
S0 =100+ [ ——=%

3

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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