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ltem Value
01 | Design Code ACI 318-14
02 | Mutti-Response Case Design Step-by-Step - All
03 | Number of Interaction Curves 24
4 | Number of Interaction Points 1
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Concrete Frame Design Preferences for ACI 318-14 < Concrete Frame Design Preferences E)
( Design Code [NACI 318-08/1BC 2
| tem Seismic Design Category D [§
» 01 |Design Code Number of Interaction Curves 24 <
02 | Muti-Response Case Design Nurnber of Interaction Points 1 &
| Number of Interaction Curves Consider Minimum E ccentricit Yes 2
Number of Interaction Points Phi (Tension Controlled) 03 3
| Consider Minimum Eccentricty? Phi (Compression Controlled Tied) 0.65 £
| Design for B/C Capacy Ratio? T Yes Phi (Compression Conlrolled Spiral 075 3
[Seamic Design | \ P el Tantnl e a0 [

ETABS 2019 ETABS 2016

B 4y Concrete Frame Design Preferences for ACl 318-14
E Concrete Frame Design Preferences for ACI 318-19
tem o Value

| kom | aeVeie a Design Code ACI 31814
01 | Design Code ACI 31819 Muti-Response Case Desi Stepby-Step - Al
02 |Mutti-Response Case Design Step-by-Step - All T
03 | Number of Interaction Curves 24

Number of Interaction Points
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Load and Resistance
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4.6.1 Design strength of a member and its joints and connections, in terms of moment,

shear, torsional, axial, and bearing strength, shall be taken as the nominal strength S,
multiplied by the applicable strength reduction factor ¢.

4.6.2 Structures and structural members shall have design strength at all sections, ¢S,
greater than or equal to the required strength U calculated for the factored loads and
forces in such combinations as required by this Code or the general building code.
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4.1.2D +1.0(1.6W) + L+ 0.5(L_or S or R)
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1.1.25D +1.5L+1.5(L, or SorR)
2.D+1.2L+1.2(L, orSorR)+1.2(W or 0.7E)
3.0.85D + 1.2(W or 0.7F)
4.1.25D +1.5L+1.5(L, or S or R) + 1.5(H or 0.84F)
5.0.85D + 1.5(H or 0.84F)
6.D+1.2L+1.2(L, or S)+T
7.1.25D +1.5T
8.D+1.2L+1.2(L orSorR)+1.2((W+1.67F,) or 0.7E)
9.0.85D +1.2((W+1.67F ) or 0.7E)
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ASCE7-16:

The load factor on L in combinations 3 and 4 is permitted to equal 0.5 for all occupancies
in which Lo in Chapter 4, Table 4.3-1, is less than or equal to 100 psf (4.78 kN/sq m), with
the exception of garages or areas occupied as places of public assembly.
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22.2.2.1 Maximum strain at the extreme concrete compression fiber shall be assumed
equal to 0.003.

Maximum strain at the
extreme concrete=0.0035
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Maximum strain at the
extreme concrete=0.003
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22.2.24.1 Concrete stress of 0.85fc’ shall be assumed uniformly distributed over an
equivalent compression zone bounded by edges of the cross section and a line parallel to
the neutral axis located a distance a from the fiber of maximum compressive strain, as
calculated by: a= ﬂlc

SCU

h
€ fs fs
e o o : — — - T
: A
>

22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutral axis, c, 5

shall be measured perpendicular to the neutral axis. .« o oY, j\\ Sid
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g ——Modulus of elasticity (92)
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2 25000
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‘) 9 o= Sl g
E. = w}°0.043\/f; (N,mm)

E. = 2350%5 x 0.043V30 = 26830.6 MPa
Define menu > Material Properties

144 Material Property Data
General Data
Material Name c30
Material Type Fori v
5 T ; 31 Material Propeghf Design Data
Directional Symmetry Type sotropic v
wioiomnc [ owne.
Material Notes Modfy/Smw Notes. =
0o b J&
Material Weight and Mass Q‘u Cat )5 k; Concrete, Isotropic
@ Specfy Weight Denstty Mass Densty
Weight per Unit Volume ]k o Design Properties for Concrete Materials
Mass per Unt Volume 254929 ) Specified Concrete Compressive Strength, fc MPa
[ Lightweight Concrete:
Mechanical Property Data »
Shear Strength Reduction Factor . b . . Lo
Modulus of Blasticty, E 26830.6 O R an9
Poisson's Ratio, U 02
Coefficient of Thermal Expansion, A 0.0000099' |
Shear Modulus, G 11179.42 MPa® u—f—l:,u"ﬂ (S ]
Design Property Data
Modfy/Show Material Property Design Data...
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JJ).;@ )I):9 oslazwl d)9R ).L:.\.:J ).1) .))il.:.n 5ASTM .))l).')l.i'm' 0

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?

S5 Sese,m ,3 5 15 9 39 s eolitwl i K5 slaoje o Fe S

2l ‘A).;MQT 3 s3e 9 sgdue 0ol plis # 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 .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 [.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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Define menu >Section Properties > Frame Sections

Longttudinal Bars
Clear Cover for Confinement Bars
Number of Longitudinal Bars Along 3-dir Face
Number of Longitudinal Bars Along 2-dir Face
Longitudinal Bar Size and Area
Comer Bar Size and Area

25 v

25 ™

(O P-M2-M3 Design (Column)
(® M3 Design Only (Beam)

Coverto Longitudinal Rebar Group Centroid

Design Type Rebar Material

Longitudinal Bars Alll Ve
Confinement Bars (Ties) All v

Reinforcement Area Overwrites for Ductile Beams

Top Bars 6.25 |em

Bottom Bars 6.25 |em

Tobmaigd [ e
Top Bars at J-End 0 cm?
Bottom Bars at -End 0 T em

Bottom Bars at J-End
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(2) The equivalent diameter of the bundle

20.5.1.3.5 For bundled bars, specified concrete cover shall be at least the smaller of (a) and (b):

(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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X,

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. | frame assignment - £nd Length Offsets

Assign | Analyze Display

Design  Options _Tools _Help

.

Joint

'R @@ (11 m s T

1

o 4ol 035 Bl 09 Osw 9 5 09

g dwlnn J5 Jsb bl (oless!

End Offset Along Length

N\ Frame » | £, section Propery.. ® Mc)manchmlgomewv«y
By shen » | #, Property Modifiers...
(O Define Lengths
X Link " | Releases/partial Fity.
-
A+ Tendon " [F EndLength Offsets... [
193 Joint Loads » | Ts Insertion Point..
[fq Frame Loads , L YA
; Rgd-zone factor
Jsb olely olesl Clo 4l 03,5 bl 09 6 0)9
, . Frame Self Weight Option
Sgdas dwlxe J5 b ulul s Ogiw )9 9 G ® Auto

O Weight Based on Full Length
(O Weight Based on Clear Length
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Frame Assignment - End Length Offsets

End Offset Along Length
@® Automatic from &md/vxy
O Define Lengths

Rigid-zone factor 0.5

Frame Sef Weight Option
@® Ao
O Weight Based on Full Length

\—L—/ O Weight Based on Clear Length
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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

it el S 55

s e V4 Glal g

~8 gz pull s 0l Ll i b 5 oyl 0lae Jalds baie oo )2\ -F-0-5-8 3 ub
Spgo YD ..J)jT Cawd A 6)2.&:5.) LSLQKJ_:‘L?S )l |) LQ,:T L)l’_b as OT ).<A e.u,,i, 4.5.»:[241 \.‘J—Y—f’—i l{ aJl-Y-¢
b ol B slaie 3905 puns (14Bg0) i 2 b 1) Lajlses 5 la0gin (g sl Olow (oodls (ol slasl 5929
0ABL o nl Oles abbge b oS 5 Olea yo dab J5 G p s 4o aib S o el o s
b ghie GABL (ool Olon ply 99 b 9 13550 s Jb Jigs 2, 035 sshin b JSo T sla s
2358 0 sebie Ols

ged dpwle iles 0 Hgbaie

\ V¥ 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

67



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

sy 5l ]y Sl Sl > Ll lona ehaio grbans 5 (oo ol Olow ill-Y=5- g

. byt (5l pdadt . Nede
sy Jb gt gl pdaile g S M:;fhu ches sl Gloo ol bl g gae
O7|g Loy g
00,450 S )
07|g D)9 O B Lh)]%')
byh 1.0Ag 0.35|g 03,9 S 5
0.35l4 o 5
025|g B sl g cou e ls

syl gloo polie guas
Jrijres | Slos
0.875I A M, P 0.35I 12,1320 g Lo, gius
9 st T it g )
(0.8 +25 Ag) (1 Ph 0.5 P0> I
0.51 LBy 0.25I 535 sla s da s
g (0.10 + 25p) (1.2 -0.2 7) I 9 6 sla i P

R I ———— . — . R - “‘;‘I/ g
\ V0 d>aw This publication or any part thereof must not be reproduced in any form without the written permission

ot e A Glol g

sokin 9 dnwlxe Caslin g2 4y 03,95 S5 lacl Lbory 9 s B Lb ol Jdos o F-A-VY- L Glb
ol 3 gd dulxs Sda 5 BT 9 pies 9 Gosme GlUKE ok 4 dse b b S5 S5 5l a8

ghie bws Bwe gl /Y90 /Y0 Dolee cs 5 A ) laogie 9 o, Ghes (e 0l )l.Q/of_sth.)lé )3 -
.J}o}),.h.@lﬁjlb)),ﬁu‘ J).?

ges yekiie gl 03550

&;T.’xw).;b.v'/v Q)}«D@',ﬁ)),‘/‘”ﬁ J..L.:;Lgoé)p J;d{é)yo))l)dﬁpgé).ﬁ)é h)lﬁaww

a3 ssbin S abie has

R, i\\s
\V'§ axiw This publication or any part thereof must not be reproduced in any form without the written permission -

Email: M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ol 00 0515 0.7 5 0. 35

L52.‘>) l.Qb)'Lw fLo.; 2 Lmu,:wu 9 LQ)»S j))P J)S w)ao )'.&5.0 P,.Q,: oo 49 L);"’l)-” PE)
4) ML;‘“)’)|P'>6|)|'>6(5’LQF’|

Email:

Property/Stfiness Modfiers for Analysis

Cross-section (axial) Area [ ]
Shear Area in 2 drection [
Shear Area in 3 direction 1

Torsional Constant 1 ]
Moment of Inertia about 2 axis 07 ]
Moment of Inedtia about 3 axis 7]
Mass [t ]
Weight 1 |

oK Close Aoply

Frame Assignment - Property Modifiers i Frame Assignment - Propery Modifers i\

Property/Stéfness Modfiers for Analysis
Cross-section (axial) Area 1
Shear Area in 2 direction [
Shear Area in 3 direction [
Torsional Constant b
Moment of Inertia about 2 axs o

Moment of Inertia about 3 axis 0.35
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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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sad,b S sladls g la,s 5o P-Y-Y-14-9 00 b 5l eolail T ke 5l ‘WL asls
by )3 gae Hige Slagw ,ul Oles HI30)9 buwgsie Hluge bl Jies (aw il Oles Aiwgn

33,8 0 s (Y-14-9) bl sloslatal L g 1y o |y LaolSa s 55 50 9 dgy, aslas
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
Shear Area in 2 direction

1
]
Shear Area in 3 direction 1
Torsional Constant 1

]

Moment of Inertia about 2 axis

Moment of Inertia about 3 axis \C 525
Mass 1

Weight 1

OK Close Apply
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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

section properties or based on limits prescribed in ACI 318-14, Section 6.6.3.1.1

o
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bending stiffness to between one-half and one-fourth of uncracked stiffness values based on gross
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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 prescribed by the
general building code ; Bw S .
) TN .i)\.\_& y’\\: e
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[EQ Display Design Info... 01 |Design Code N ACI 318-14 :
L i io| 5, 02 | Muti-Response Case Design Step-by-Step - Al e
03 | Number of Interaction Curves 24
04 | Number of Interaction Points n
05 | Consider Minimum Eccentricity? Yes
06 | Design for B/C Capacity Ratio? Yes
07 | Seismic Design Category D
08 | Design System Omegal 3 -
09 |Design System Rho 1
10 | Design System Sds 05
11 | Consider ICC-ES ESR-2107 No
12 |Phi (Tension Cortrolled) [ 09
Phi (Compression Controlled Tied
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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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ACI 318-19

25.3.4 Seismic hooks used to anchor

stirrups, ties, hoops, and crossties shall
be in accordance with (a) and (b):

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

%jﬁ (b) Hook shall engage longitudinal
ACI 318-19 s, 8la b s $ Job reinforcement and the extension shall
25.3.5 Crossties shall be in accordance with (a) through (e): project into the interior of the stirrup

or hoop
(2) Crosstie shall be continuous between ends
(b) There shall be a seismic hook at one end

f.y=ﬁ

(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 shaII be
alternated end for end, unless crossties satisfy 18.6.4.3 or 25.7.1.6.1 N\)\g/}\ S
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0.10 1.839E-04
0.10 1.839E-04

Flex. Detals | | Shear || Joint Shear | | B/CDetais

Joint Shear Check/Design S
Joint Shear Shear Shear Joint Controllin
Ratio Vara V. Area Combo
kgf kgf mm:
Major(V 0545 | 597403496 | 109564 8555 | 210000 | Comb1
Minor(V o 0.545 1277682 | 876518844 | 210000 | Combi }
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Design menu > Concrete Frame Design > Review/Revise Overwrites

141 Concrete Frame Design Overwrites for ACI 318-14
ftem Description
kem Value Unitless moment magn
for non-sway major-
01 |Cument Design Section Column moment. This item of
Sway Specia frame objects with col
02 |Framing Type Sway Special i sectione
03 | Live Load Reduction Factor Varies value means it is calcul
element for each loa
04 | Unbraced Length Ratio (Major) 0.833333 st i eaaiting
05 | Unbraced Length Ratio (Minor) 0.833333 is program determin
06 | Effective Length Factor (K Major) 1 For symmetrical se:
07 | Effective Length Factor (K Minor) 1 LT
unsymmetrical se:
N

Design menu > Concrete Frame Design > View/Revise Preferences

11 | Phi (Tension Controlled) 09
Phi (Compression Controlled Tied)
Phi (Compression Controlled Spiral)
Phi (Shear and/or Torsion)

Phi (Shear Seismic)
Phi (Joint Shear)

|, Joint Shear Capacity Ratios 435 ,15 juws 3l Guaw S (>b o Judos | ojle -F
Aol Sl aeS Hlade cul U la Oaiw aea sl anles ssalice

Design menu > Concrete Frame Design Ba;DjS@J&){rD&&i@ﬁ\%ﬂk

(@ Design Output Joint Shear Capacity Ratios
O Design Input
0K Close Apply
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Define menu > Section Properties > Frame Sections

1
|44 Frame Section Property Reinforcement Data 3
Design Type Rebar Material
O P-M2-M3 Design (Column) Longttudinal Bars Alll M |ses
(® M3 Design Only (Beam) Confinement Bars (Ties) All v|[...
Coverto Longttudinal Rebar Group Centroid Reinforcement Area Overwrites for Ductile Beams
Top Bars E  em Top Bars at -End [1524 | mm?
Bottom Bars 6 Jem Top Bars at J-End 1570 mm?
Bottom Bars at End [1433 | mm2
Bottom Bars at J-End [11a3 mm?
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sh1 ((37)(62) 4200 am
0.09(10)(37)(300) ,
Ay = 2200 = 2.38cm
337000

Agnyr = 0.2(1.0)(1.25) (10)(37) = 3.24 cm?

4200(37)(62)
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a
M, (+ve) = 1.25A;(+ve)f, (d — E)

= 0.85(300)(a)(45) = 1.25(19.63)(4200) d=60—4—1-2>_5375m
=a=898cm 2
1.25(19.63)(4200) 8.98
My, (+ve) = 105 53.75 — — = 50.77t.m
a
M, (—ve) = 1.25A5(—ve)f, (d — E)

= 0.85(300)(a)(45) = 1.25(29.45)(4200)
=>a=1347cm
1.25(29.45)(4200) (53 7

10°

13.47
My, (—ve) = 5— — = 72.69t.m
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72.69 + 50.77 < Vel
Vo = e — 2684t > —>7
2.52 .
T, = 6 X 1.25 X (n x T) X 4200 X 1073 = 154.61¢ '
2'52 Vu,joint
C,=T, =4x 125X <7r X T) x 4200 x 1073 = 103.06 ¢

Vijoint = T + Ca = Veor = 154.61 + 103.06 — 26.84 = 230.83 ¢
Aj = bjh, = 70 x 45 = 3150 cm?
: ( 4(1)v/300(3150)
= (120 fCAj)MPa = (4. fCA,-)C,% = oo
@V, = 0.85 X 218.24 = 1855 ¢ )
258 b b dlesl gz 53 gt dxy el 02l V2OV, aST s 4

4(1)v/300(45 X h
for V, = ¢V, = 0.85 & ( o) _ 30,83 heot = 87 cr B
o . "‘)‘»‘.;1:‘-

= 21824t
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Shell Assignment - Stiffness Modifiers

Property/Stiffness Modffiers for Analysis
Membrane f11 Direction [ |

Membrane f22 Direction [1

Membrane 12 Direction L ]
Bending m11 Direction |0.35 (\
Bending m22 Direction 0.35

Bending m12 Direction
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Scaling
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ear wall design) s o 0 ,lgss =1k

“1

[

p, = ratio of area of distributed transverse
reinforcement to gross concrete area
perpendicular to that reinforcement

2

p; = ratio of area of distributed longitudinal
reinforcement to gross concrete area
perpendicular to that reinforcement

-

Shear plane, A.,
= web thickness X length of wall
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General

Total DOF per Node = 3 (or 2)
Total Displacements per Node = 2

Total Rotations per Node = 1 (or 0)
Membranes are modeled for flat surfaces

Application

For Modeling surface elements carrying
in-plane loads

Building Specific Application 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
Application

For representing floor slabs for Vertical
Load Analysis

Model slabs

Plate
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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 |, m22 and m|2 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.

6)LMJ.\A Membrane O ]) QT )fl lj.:) xS LJJ.A She" O g0 LS |) OT .\._:_LJ )I,._:_.) Ls.\.l.u:.\ﬁ lej.l ).:)K -

g 031> Amio p dgae G35 Az s Jdss o s S

Table 4-3 Reinforced concrete effective stiffness values. . - é -
)J.\}o.n.\)g.o.cﬂp.:&bsu;lkz.wykybf
(‘ Service-Level Linear Models MCERr-Level Nonlinear Models uLo.” )| > I - . *,i. oolax ‘ )‘9—13 .
Axial Flexural Shear Axial Flexural Shear

m22 9 mll g,\.!|).o l519 o:; sslazwl Shell

Structural walls' (in-

1.0E:Ay 0.75Ecly 0.4EcAg 1.0EA; 0.35Ecly 0.2E:A;
plane) 516 0.1 Y
L (0.1 Yo e S 1, ml2
Structural walls (out- - _ _ _ 4 F‘”& : ( ) r’{ > J
of-plane) s daxmio 0 dgec N 6olubl
Basement walls N Z
{in-piane) 1.0E:A; 1.0Edlg 04EA; | 1.0EA; 0.8Ely 0.2EA g (5)-:59-1-"

Basement walls (out- _ - Y =
of-plane) JQ)? J); > TBI Aoyl C"J’ -

Coupling beams with [g ] [ I ]
0.07| — |E.]. 0.07| — |E, a5 s & .. . g .
ganvenuunalor 1.0EA; n)e 0.4EA 1.0EA B 0.4EA; ..)}w 4..9; )lm ).J 0.25 A0 )I C)l’ y
iagonal 7
reinforcement <0.3E, <03E, y ) 7

. N, /’\
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9 03905 pla3l Assign menu > Shell > Stiffness Modifiers s Sl 9 Jlgs Sl S s enl uls
.Lgl.o.: .))lg 0.25 ).:l).: |) d>4.0 P dgec Sd,9>

Shell Assignment - Stiffness Modifiers
Sgdoals Ll o Srex S5
Property/Stiffness Modffiers for Analysis
Meatrans 11 Diecton : There is no recommendation about reducing
Membr 22 Directi 0.350r 0
. R the GA,,,. You should, however, note that
Membrane f12 Direction 1 .
some of our users use modifiers for fl2 also,
where they expect deterioration of shear
stiffness and want to be realistic in their
modeling.
p

Bending m11 Direction 0.25

Bending m12 Direction
Shear v13 Direction

[
U
Bending m22 Direction |0:25 -
25
Mass |

1
Shear v23 Direction 1
1
1

Weight

OK Close Apply

= M&g/‘w,y»\" 7
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o o Jleel & plasl Assign menu > Frame > Property Modifiers s jl

:J.:JSL;.))? J)S

Frame Assignment - Property Modifiers

Property/Stiffness Modifiers for Analysis
Cross-section (axial) Area
Shear Area in 2 direction
Shear Area in 3 direction

Torsional Constant

Moment of Inertia about 2 axis

Moment of inertia about 3 axis

Mass

Frame Assignment - Property Modifiers
Property/Stiffness Modifiers for Analysis
Cross-section (axial) Area 0.35 |
Shear Area in 2 direction ] N
Shear Area in 3 direction 1N ]
Torsional Constant [ ]
Moment of Inertia about 2 axis [o3s ]
Moment of Inertia about 3 axis [E

¢MA)L)0LM|£;JLA)9Mr>|Jf4J|))|y_)“;J)P J)S u..:‘).ao
sgh dlel FIT & 55,95 S 5 oo 1L dinss sla,s sl

Dgdh (s i 5 Luals s 9 O

) "}\'F,-, j»\“ y
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Shear Wall Shear Wall or Frame ? Frame
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Shear Wall Behavior Frame Behavior

Wy 4
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Case Studies: Shear Wall-Frame Interaction

For each 10, 20 and 30 story buildings

Only Shear Wall Only Frame Only Shear + Frame
( Total 3 Cases ) ( Total 3 Cases ) ( Total 3 Cases )

Total 3x3 =9 Cases
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Case 1: Shear Wall-Frame Interaction

10 Story Wall pme— A=26.73 cm

g

Wall Thickness = 15 cm

Y¥ 94 da=aw This publication or any part thereof must not be reproduced in any form without the written permission

Case 2: Shear Wall-Frame Interaction

10 Story Frame ,~«— A=1597cm
| 1
~I_7/
#.«-—.
T e | p‘f'
“'m] s J
|

A

“’ :l’ :". 7
oo be _J[

Beam Section = 60 cm x 30 cm

X Column Section = 50 cm x 50 cm

1 1
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Case 3: Shear Wall-Frame Interaction

10 Story Wall and Frame

. N

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

Column Section = 50 cm x 50 cm|

- G ,.5.,2;“_ ; ;}j\M
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Case 4: Shear Wall-Frame Interaction

20 Story Wall

. Se— A=158.18¢cm

Wall Thickness = 20 cm

Email: M.Alirezaei@iiees.ac.ir
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Case 5: Shear Wall-Frame Interaction

o — A=2735cm

20 Story Frame
W3 T

Beam Section = 60 cm x 30 cm
Column Section =75 cm x 75 cm|

e PN

written permission

YOY dxiaw This publication or any part thereof must not be reproduced in any form without the

Case 6: Shear Wall-Frame Interaction

"*r—— A=12.66 cm

20 Story Wall and Frame

Wall Thickness = 20 cm

IC
J
] " Beam Section = 60 cm x 30 cm
=” Column Section =75 cm x 75 cm|

— —
|

BRI - sE CC
t the written permission
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Case 7: Shear Wall-Frame Interaction

30 Story Wall

A=355.04 cm

Wall Thickness = 30 cm

<SITSIINRs. 180 I 5

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

Case 8: Shear Wall-Frame Interaction

i

5 “‘k 2

30 Story Frame

A=40.79 cm

Beam Section =60 cm x 30 cm

Column Section =100 cm x 100

o
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Case 9: Shear Wall-Frame Interaction

i v
e

A

foe:

30 Story Wall and Frame _ A =20.87 cm

1T

Wall Thickness = 30 cm

Beam Section = 60 cm x 30 cm

Column Section =100 cm x 100 cn

Storey Deflection (10 Storey Building)

/ —\Vall
_—

Deformation (cm)

e Frame
// @ Frame+Wall
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Storey Deflection (20 Storey Building)

-
-4
o

-
(=2}
o

=
S
o

-
N
o

=
o
o

/ e==Frame
/ e==Frame+Wall

-4
o

Deflection (cm)

(=2}
o

\

\
|

k

Storey
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Storey Deflection (30 Storey Building)

400

w
@
S
»

@
(=3
o

N
(2]
o

/ a=—Wall
e===Frame
/ @===Frame+Wall

n
(=3
o

Deflection (cm)

-
(2]
o

=
(=
o

\

K

0 5 10 15 20 25 30 35

Storey

- - - - - I - I — \‘\‘J i\\"a‘
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(Shear Wall-Frame Interaction) ,lg;5 9 OB (s (iS5l

A = Force / Stiffness == Stiffness = Force / D

For the cases considered here (30 story example):

Stiffness pome = 200/ 40.79 =490  —p Force=200

Deflection = 40.79
Stiffness , = 200 / 355.04 = 0.56
Stiffness fume + wan = 200 / 12.66 = 15.79

Stiffness p,, TStiffness y,, = 4.90 + 0.56 =5.46

Stiffness f,,o TStiffnessy,, # Stiffness ¢« + wal
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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.

ASCE7 ,5 Js sl sls sla,l 7Y Joos 4 500 Mooy o Ol ool as YA- - o
sl UBCI7 5l ass 5 0 (5 2im 390> b YA+ 0lo sl 0ais Ol litwan &)le

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
thelr relative rlgldltles con5|der|ng the interaction of the dual system at all Ie&lsj\ Ny
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|@OTables
#-[JModel
= [JAnalysis
| #-[JOptions
+-[_JResponse Spectrum Functions
| #1-{ ] Time History Functions
[ JLoad Cases
#)-[]Load Combinations
[JResutts
#1 ] Displacements
#- ] Reactions
#-]Modal Resutts

[JStructure Resuts
[ Story Forces <:|
[ Story Stfness

[ Trbutary Area and LLRF
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#[_]Frame Resuits
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Story Load Location P VX w TS
Case/Combo kgf kgf kgf
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| D Elements (Beam type)
Can be used in ID, 2D and 2D

e

Truss and Beam Elements (1D,2D,3D)
2 D Elements (Plate type)
Can be used in 2D and 3D Model Q A D @

3-9 nodes. Thickness

2-3 Nodes. A, | etc.

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. '

Brick Elements
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Spandrel
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b) Shear Deformation
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c) Bending Deformation 7
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laint/Paint

Shell/Area Loads

Assign  Apalyze  Display Design  Options  Help

-

|@17ﬁ|3-d PR r o | 2 &

. Opening...

Diaphragms...
b phragi

@ Local Axes...
b

“0 Group Names...

b | llte s [ A oL =

Shr:ti;'Area @ Wall/Slab/Deck Section...

Shell Stiffness Modifiers...

Llear Display of Assigns

00 Pier Label...

=

Copy Assigns
Paste Assigns

= Spandrel Label...

?? Area Springs...

¥ as .
& Additional Area Mass...

Area Object Mesh Options...

Auto Line Constraint...

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

38854

Paint Object 4
b e

Story Level STORYE

Trans 7.074977 0.000000 -1.380355
FRotn 0.000000 0.004612 0.000000

z

»>{ne Constraint Options.

I /4& Options -
~

@ DoNOT Create Line Constraints
| Create Line Constraints around

|
[l

[V Apply to Full Structure (not just Selection)
|

Pairt Object 4

b
Trans 5.981515
Fotn 0.000000

Story Level  STORYE

i =
0.000000 -1.160743
0.003830 0.000000
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i Auto Line Constraint Options

| select Options
C DoNOT Create Line Constiaints

v Walls and Ramps
¥ Floors

[V Apply to Full Structure (not just Selection)

G
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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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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

Lw

c =
600(1.56,/h,,)

(b) Where special boundary elements are required by (a), the special boundary element
transverse reinforcement shall extend vertically above and below the critical section at least
the greater of 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.

z \\'-\ /O»\\m ‘.\"’.."“'
LY Ly

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

152

Email: M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

e e 49 Glol g

SIY=F-V-Y. -4 0 byl s 5l eslawl gl 4 Olgsoe 059 o, sly—=! =lb sl Y-F-Y-Y.-4

s o3litwl 3 ol bulgs

A.J)J) ).;l JAL;: ;)l.\.a.g‘).b LSLQ)Lf '_,«;)7 ﬂ‘Qﬁ)l%JéLﬁA‘S)ud )L; k)‘l)j)") )J&é)kd&d‘\fdj)'}x )
a8 lges gl slasal )5 ek 5l 0lgsn ) ol ol B9 (i Gl 0529 S50 sli2l b sl iy 0.2
9 3> ghie ,s L b mie 02,8 b o ol i o8 abd sl xS 0.15fc” ol ) on olad i
A blps Gelul 5 db e 2,0 LT 9 U ahie b slaslgs 5o 59 dslos J5 ghis Slasin ol 5
g Bl YoYoy-v. -4

| 2.

—_ Y

o0 0l o0 sla,giley |

TN

G )

Lo ol ol
Sk s ol
Uiis O )5 a5 asks

0.15f¢" 51 oz s lisd
905 gl 3gdo0 oS
Kom,
v \__~2 v

f IW !
et

; i c—0.1[,

! \, max ¢/2

R, i\\s
Y. & dsaw This publication or any part thereof must not be reproduced in any form without the written permission

A

g golwl 2 55, Ol

A8 sl 5l By 55 e Olall

P, M, I
L x> o0.2f
I, = 2

g

Email: M.Alirezaei@iiees.ac.ir

153



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

TS omet 1y 0329 6500 Olall g, plaS” ool

Jga> LB (p9> (90) Ui 5 (sl Ga9)) LS Lss 99 s pelel 059 650 Ol s
Jol ooy ol ool )l de29 Sl ghie G gl Lo a5 esle lajlgs ¢l Ky ol
Oen LQ)I}Q (oLoS LSI)-E (L R9.) £9 U9y Sl eslawl Aq)fl D9l 0 Anogs (Uiu)f U99.)

)9‘:)(5'0 4.:.;093 « &%b LS')L’ as dlﬁ)lx) L‘:’ 9 [v.L:.uoL) 9 0 LSLQ)I}.’.A 09 (;9 ol

g o0 Anogd i ,S gy sl ool Sgdsh Awogl LS by ooLb..:‘,.;I\

N, 4 ‘\\ e

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

sb dulons 53 590 dmslons (5500 Ol Ush i S slans el r w398 Olisl Yes 51

LIS bl b 4y 39d0n Asmlne 65,0 0Ll sh (i sliee Glul,y 358 sl No 31
0.2f & g aSeo pel ) 55 0 Ol a4 55 39 j2in 0.15F 51 jaas bss™ 50

41 Wall Pier Design Overwrites for ACI 318-14 ?
ftem Value .
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)

Station ID Edge Governing P. M, Stress Comp | Stress Limit | C Depth |C Li
Location Length (cm) | Combo kgf kgf-m kgficm* kgflcm* cm

35| |
AZA L~/

Top-Left Leg 1 104.9 DWal2 | 437009.8218 |-34078.2433 134.35 61.18 1215 37{
Top-Right Leg 1 | Not Stressed DWal3 0 [ [ [ [ ) )\
! 4 1 ! ! ! -

Bottom-Left | Leg1 | NotStressed | DWall 0 0 0 0 0 o

Botilom-Right | Leg 1 |Not Calculated DWal1

440349.8216 |187938,6042 2088.08 €118 1224

q
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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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A, =total cross-sectional area of
transverse reinforcement,
including  crossties,  within
spacing s and perpendicular to
dimension b, cm2.

A =gross area of concrete
section, cm?2.

A =cross-sectional area of a
member measured to the
outside edges of transverse
reinforcement, cm?,

s = spacing of transverse reinforcement measured along the longitudinal axis of the structural
member, center-to-center.

= 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 crosstle y
or hoop legs around the perimeter of the boundary element. . s s ™ | S
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Because the wall piers
different levels

are associated with story levels, wall pier labels can repeat at

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

P2
- P5 | P5| P5
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PLIPI| PIL |PL| PI
P2 P3 P4
P2 P5 P5| P5
PL{PI| Pl [PI| PI

P3 P4
P2
P5 [P5| Ps

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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dules plasl Spandrel Overwrites

- Deg::s;w?; Y;s ol |, Yes «Jl> Design is Seismic? s 55

|4 |Length 166.7 J.A.Af

5 | Thick Left 25 -

° Z:mhm 2 { 29 ol No > Consider Vel s 58
ver Bottom Left 12

8 | Cover Top Left 12

9 | Slab Width Left

0 |Slab Depth Left

1 | Thick Right bL]

2 | Depth Right 120

3 |Cover Bottom Right 12

4 |Cover Top Right 12

5 | Slab Width Right 0

6 |Slab Depth Right 0

7 | Material c30

8 |Consider Vc? No
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et 0 (59) S ) b (2lb Sl o

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 | ot 5 b 9 Vb e LSL“)};L“)T
Station | Reinf Area Reinf Reinf Moment, M
Location mm? Percentage | Combo kgf-m
Left 1433 0.48 DWals 54450.005
Right 1402 0.47 DWal4 63330.371

Spandrel Shear Design f

Station A e Ao

et \L V. oV, V.
ShearCombo
Location |cm?*/cm |em?®/em kgf kgf kgf kgf . .o e £z 0T
_ : | Kot 5 (b (B 9 (v-'b slaygls,l

Left 0.19 0.08 DWals 64047.300 |13845.4476 |50401.86814 | 64047.30¢
Right 0.19 0.0 DWwalg 64261.3257 |13602.7008 | 50808 5250 | 84361 32571

Spandrel Shear Design—Diagonal Reinforcement

Station Ao Shear \' Vum L/H Seismic | Diag Reinf . . > . -l-
Location | mm? |Combo kgf kgf Ratio | Design | Mandatory Hed 5 Ls)l” )9-’["")
Left 19800 DWal4 | 85771.0550 | 50086.79 1.38¢9 Yes Yes

\'qjtm/b‘mae DWal3 | 65201.6788 | 50086.79 1.38¢ Yes Yes
s R M
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18.13.24 Columns or boundary elements
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
5l,T 51 b shall extend into the footing, mat, or pile cap a length equal
4oL L plhe to the development length, calculated for fy in tension, of the

b:,]l..ia Counsd

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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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. (5.3.1c).
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ACI318-19 o

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.

Y'VV Axio Thls publlcatlon or any part thereofmust not be reproduced in any form without the written permission ]

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+ (——5—

The value of so from Eq. (18.7.5.3) shall not exceed |50 mm and need not be taken less than 100 mm.
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