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Concrete Frame Design Preferences for ACl 318-14

ftem Value
01 | Design Code ACI 31814
02 | Muti-Response Case Design Step-by-Step - Al
03 | Number of Interaction Curves 24
Number of Interaction Points p 1
Dt
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Concrete Frame Design Preferences for ACI 318-14 Concrete Frame Design Preferences
e Design Code [ ACI 318-08/1BC 24

ftem _ Vake Seismic Design Category D

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

02 | Mutti-Response Case Design Step-by-Step - Al Number of Interaction Points 1
Number of Interaction Curves Consider Minimum E ccentricity Yes

4 | Number of Interaction Points Phi (Tension Controlled) 03
Consider Minimum Eccentricty? Phi (Compression Controlled Tied) 0.65
06 |Design for B/C Capaciy Ratio? “Yes Phi [Compression Controlled Spiral) 0.75
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Load and Resistance Strength Design
Factor Design Method
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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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1.125D +1.5L+1.5(L or S or R)
2.D+12L+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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ACI318-19:

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

Maximum strain at the Maximum strain at the
extreme concrete=0.0035 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 = fBic
&, ~_o085f/

h
€ f f,
e o o s > > ) T
<b—>
22.2.2.4.2 Distance from the fiber of maximum compressive strain to the neutral axis, c,
_shall be measured perpendicular to the neutral axis. ISR L Q\; .

Y. 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

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

0 M i s SISy @3 O el

- ____scu __azﬁl_c_' a1¢c_f£ ____________ qy P—Q—) . .
’ @ ©
c { a; = 0.85 — 0.0015f,
h d /i I b = 0.65
° e “ s s s T

ol @

_____________________________

e @ o s - == )

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

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

0% $osmS Jgde ably suais

fr = 0.620/f) < A o Lo Bub
OR Ogwlys o pd Hlade s

0.2
9 =02 oelesl Shalizul b5 0.2 Jgane 2 sl 149 po5 Cmne 3:b

Y’Y b Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

Email: M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

R =il g absly i
1.5
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E. = wt50.14\/f! (kg,cm) E. = w}50.043,/f; (N,mm)
wasl 25 gy oS i s oSS VY S8 L Jyers o sl dlil) ol
E. = 15100/  (kg,cm) E. = 4700\/f] (N,mm)
40000
§ —Modulus of elasticity (92)
_;; 35000 ——Modulus of elasticity (99)
g 30000
_; 25000
§ 20000
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E. = wt50.14\/f! = 24005 x 0.14\/f/ = 285105

Material Property Data

kg
cm?

General Data
Material Name C30
Material Type Concrete v
Directional Symmetry Type Isotropic v
Material Display Color [ Change...
Material Notes Modiy/Show Notes

Material Weight and Mass

(@ Specify Weight Density O Specify Mass Density

Weight per Unit Volume 2500 kgf/m?
Mass per Unit Volume 254929048 kgfa¥m*

Mechanical Property Data

Modulus of Hasticity, E 285105 kgf/cm?
Pastons R, U
Coefficient of Themal Expansion, A 0.0000099 1c

Shear Modulus. G gf /cm?

ol Jie slial 0

Coloa (ol 40l (5 033

4

%
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E. = wt50.14\/f! (kg,cm)
k
E. = 24005 x 0.144/300 = 285105%

Define menu > Material Properties

caoglie b o0 sl dle Olgie 4

Material Weight and Mass Material Name and Type

@ Specfy Weight Densty O Speciy Mass Densty Material Name
Weight per Unit Volume [2400 kf/m? Material Type
Mass per Unt Volume 2473086 kgla¥m Grade

Mechanical Property Data Design Properties for Concrete Materials
Modukus of Basticty, E [28s105 Tkatem Specfied Concrete Compressive Strength. fc
Poisson's Ratio, U bz~ 7] [ Lightweight Concrete:
Coefficient of Themal Expansion, A Shear Strength Reduction Factor
Shear Moduus, G 11879375

0% = bs)l co o
Design Property Data
[ Modsy/Show Material Property Design Data.

Ok Oguly o

General Data L i
Material Name 0 ] |
Material Type Concrete v _
Drectonsl Symmety Type = v OR pegass 09 b S
Material Display Color - Change /
Material Notes Mody/Show Notes G aterial Property Design Data
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.b/.;uo )|).§ oslaiwl )90 )1.&4:) 2D J;L:A 92 ASTM .))l.).BL"M»' PE)
Grade 40: fy : 40 ksi ~ 2800 kg/cm?
Grade 60: fy : 60 ksi ~ 4200 kg/cm?

).L'f)).: Lshbojg).g)b;‘ Q;gbﬁ&o)t@l%;&;éuojgﬁ)bf‘ .)u.g_)f

Pl Ay s OF 5l dm sac 9 Sedun o3l Olis # codle b s Khe ASTM 1kl o
:dbol#@.wl@lwx)ﬂﬁ)bé
diameter of a #10 bar is 10x(1/8)=1.25 in.

-y j“x,f
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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 .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

PPN Vg

f \ dxbo Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

J WebSite: www.M-Alirezaei.com
\Q Telegram: @AllrezaelChannel

3,500 oS HlAie s
a5 5l dassia chume dul i 3 a3 Koo s3lS” J5laor ke 105 s AV ilug (iab

Siasdeo 0+ 039li sla 9 YO ladingy 9 Wlgys sy ¥ ladz 5 9 ladls sl FO bosis
..39.3

l'l9 |9.Q l.» U»LQJ' 2 as L);" (_SI)J Laaﬂ.o )9l{ J;I.).} )IJ:M ;[v.@.‘» Ca.‘>e.~o 14 U.L._a_|)._:.9 &.L: %

a5 ladls @l g jmedes Fr il slacl g ladsl Vgt a0 giw da s Gl s S
ol oo a8, b s sedes Yoo ul GiaS 9 VF s b slas Ko sl ) Wyl g

Email: M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

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

ol uled o o

P.Q,: [aFC_SV 44 U‘:“il)”

Y s 5 5 Lacl alos
8 28k ples Lot ol S s
- BA ks 4 slao S L wles jo o
oglee OA byl
Fexln 505 i sl
. 4 6o s 5 oo Sl S 10
).'I.QS 9 2l \¢& )Jaﬁ Sl
.. A8 5555 sleo Kl
Frosheo Y7 5 a5 s JIs
. TF s slos e % b oales 53 o
S 5 yardea S Lyl
Sgals ¢ Job sl gila ] Ao g a5 S o mdom
5 g 90 daceny da s bl slogyiv L B
o5 S slas! min 6.25 cm A
—>

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

Z

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

Define menu >Section Properties > Frame Sections

Tongtudinal Bars
Clear Cover for Confinement Bars ‘
Number of Longtudinal Bars Along 3 Face E
Number of Longtudinal Bars Along 2 Face 1]
Longitudinal Bar Size and Area 25 T 4.91 cm?
Comer Bar Size and Area 25 OV [es T em

Design Type Rebar Material
O P-M2:M3 Design. (Column) Longtudinal Bars an v
® M3 Design Only (Beam) Confinement Bars (Ties) Al v

Cover to Longitudinal Rebar Group Centroid Reinforcement Area Overwrites for Ductile Beams

Top Bars 6.25 cm Top Bars at I-End Dcﬂn’
Bottom Bars an Top Bars at J-End 0 cm?
N

Bottom Bars at J-End
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X1+ X, +Xx
22 T35 14 1.5 Mpa

3

Xmin = fc —4 MPa
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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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Frame Assignment - End Length Offsets

End Offset Along Length
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O Weight Based on Full Length
(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
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Frame Assignment - Property Modifiers
Property/Stffness Modfiers for Analysis
Cross-section (axial) Area [ ]
Shear Area in 2 drection 1]
Shear Area in 3 direction [ |
Torsional Constant [ ]
Moment of Inertia about 2 axs 07 ]
Moment of Inedtia about 3 axis 7]
Mass [t |
Weight L
oK Close Aoply

¢

Frame Assignment - Property %odmers i\

Propety/Stiffness Modfiers for Analysis
Cross-section (axial) Area 1

Shear Area in 2 direction

1
Shear Area in 3 drection [
Torsional Constant 1

[

Moment of Inertia about 2 axis

Moment of Inertia about 3 axis 0.35
Mass 1
Weight
oK Close é
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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 P
general bulldlng code 2 \f Q\\% oo P

VY axiwo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

Email: M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

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

ot e A Glol g
Lol slacl )0 o0 sl (=b 0-T-YT-1

20 Cwglin ol > Al J,as gl o Gies 9 Gogme S99 i o slasl )3 1-0-F-TY-4
:39.»:; 4.:3)?,1:;).»,:.«5

ol e o KU L lawa b s 69,0 9 ol leé slayb 51,5 guac 53 0ad sbnl (55 690 Egerme -l
Sedly sl Jase JK45 558 b cielan (hus bl b (sl @blas )5 9290

LQJ,J) Lf"'l', ‘59)*‘9[7_.[3 (5LQ)L)| ‘5...;[; LF‘LQ) 6[&) ).:l ).:) ULQ.JOLNL}.JDU)I o..\.al w)‘b‘sw,: ,59)0 -
.\9,...;)9.1::».« uLopL»‘-JAul))MWW))oMM)|JAA)J|)..5.>uLo.oL»4.o)J9A4J)J)65,ud£| ua)s

ol QLS 39 9 Y e 95 o Ly o o (b Gl g

i PPN g

\ \‘a 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

buvgio g pdy IS0 b laogiw 3 Gy F-F-0-Y--1 s b

5 3 58 5 () 9 (G ke 93 0,528 3l s @V, bt iy conglin g 43 \-F-F-0-Y -4
:.)9.:: 4.29;

GHL o3 S 5 5l b Ll po sogme L slamel ja ) s 93 i bl b ol zblis )3 39250
.ggfdwbol L)J:melw)ﬁdw,:“w&g,mulzbluw

Wil sl ssb e sl 4 T oo a8 Wiy Jols Jla o 138 a5 5l oael cws 4 i ST -0
Al oai 00350 QoXE lsae E.

\ \”9 Aio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

Email: M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

J WebSite: www.M-Alirezaei.com
\g' Telegram: @Allrezae|Channe|

Design | Uptions _Tools  Help }\
T  Steel Frame Design » I- [ [m 4y h Q*M
D Concrete Frame Design 4 “Eb V’:ew/Rev,i\seBreferen:es.,.
125
T  Composite Beam Design > [ View/Revise Overwrit
View/Revise Overwrites

m Composite Column Design »

L& Select Design Groups...
== Steel Joist Design L | =

L Select Design Combinations...

Overwrite Frame Design Procedure

[} start Design/Check ShiftF6

[E  shear Wall Design > |  interactive Design (@ Concrete Frame Design Preferences for ACI 318-14
, It

== Concrete Slab Design »

Q Display Design Info...

10} rs.

tem Value ~ !
01 |Design Code f % ACI 21314 -
02 | Muti-Response Case Design Step-by-Step - Al =
03 | Number of Iteraction Curves 2
04 | Number of Interaction Points 1
05 |Consider Minimum Eccenticty? Yes
06 | Design for B/C Eapanw Ratio? - Yes
07 | Seismic Design Category D
| 08 | Design System Omega0 N 3 -
09 | Design System Rho 1
10 | Design System Sds RE 05
11 |Consider ICC-ES ESR-2107 No
Phi (Tension Controled) |
LA™
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22 sleyl 5l a5 8,0 15025 o Al She B3k |58 ysiley] 5 5 8,0 L 5CB0 o Alll 3,5k 58k
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
30 141 353 131 329
32 151 376 140 351

Square column Rectangular column
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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):

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

° @ (b) Hook shall engage longitudinal
ACI 318-19 N b5 8 Job reinforcement and the extension shall

25.3.5 Crossties shall be in accordance with (a) through (e): cp):ogzcotpinto the interior of the stirrup

ﬁﬁ

(a) 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

alternated end for end, unless crossties satisfy 18.6.4.3 or 25.7.1.6.1 M‘)\/h

(e) 90-degree hooks of two successive crossties engaging the same longitudinal bars sh;ll\)t;a/
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5.3 x 1.0 x+/300(40)(60
= 1000 (40)( )=220.32t

oV, = 0.75(220.32) = 165.24 t > 103.214 ¢
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a
My, (+ve) = 1.25A;(+ve)f, (d — E)

= 0.85(300)(a)(45) = 1.25(19.63)(4200) d= 60— dugl 20 _ 537 o
=>a=898cm z
1.25(19.63)(4200)

105
My, (—ve) = 1.25A5(—ve)f, (d — %)
= 0.85(300)(a)(45) = 1.25(29.45)(4200)
=>a=1347cm
1.25(29.45)(4200) 13.47
105 (53.75 ) =72.69t.m

8.98
M, (+ve) = 53.75 — < |3 50.77 t.m

M, (—ve) =

N
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Vcol

72.69 + 50.77 <o
Veot = 16 = 2684t Cp> —>T,,
2.52 s
T; = 6 X 1.25 X nxT X 4200 x 107° = 154.61t . >
u,joint

2.52
C,=T, =4x%x125x <n X T> X 4200 X 1073 = 103.06 t

Vijoine = Ty + Co — Vo = 154.61 + 103.06 — 26.84 = 230.83 ¢
Aj = bjh, =70 x 45 = 3150 cm?

: : 4(1)v/300(3150)
W = (120 fCA-) L= @ fCA,-)k_g = oo = 21824t

oV, = 0.85x 21824 = 1855t ™
J);)M wdeoL'uP)bu’mAbwla o.)wuV>(])V 4&;' ,J..J.)‘b
4(1)V300(45 X hgop)

for Vu = ¢l, = 0.85 1000 = 230. 83 = hcol = BZ\gm.”‘
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W

(Shear wall design) s s » lgss =150

5|

I€

“1

T

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
perpendicular to that reinforcement

-

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

For each 10, 20 and 30 story buildings

w.ﬁﬁ@\i

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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10 Story Wall me— A=26.73 cm
- =

Wall Thickness = 15 cm

| 4 A P '-“' x

S e —
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10 Story Frame s~ A=1597cm
{ 1
~_7

-

Beam Section = 60 cm x 30 cm

X Column Section = 50 cm x 50 cm

- e N, f\i/
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: ! Case 3: Shear Wall-Frame Interaction
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10 Story Wall and Frame

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

Column Section = 50 cm x 50 cm)

seEm 5a
_ N4 W‘%‘f\

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

Z

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

Case 4: Shear Wall-Frame Interaction

20 Story Wall Z S— A=158.18¢cm

Wall Thickness = 20 cm

R SN
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Case 5: Shear Wall-Frame Interaction
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. w— A=2735cm

Beam Section = 60 cm x 30 cm
Column Section =75 cm x 75 cm|
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T N— A=12.66cm

20 Story Wall and Frame

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

Column Section =75 cm x 75 cm)|
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30 Story Wall

Case 7: Shear Wall-Frame Interaction

A=355.04 cm

Wall Thickness = 30 cm
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- - Case 8: Shear Wall-Frame Interaction
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30 Story Frame A=40.79 cm

Beam Section = 60 cm x 30 cm

Column Section =100 cm x 100 (
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Case 9: Shear Wall-Frame Interaction

30 Story Wall and Frame

L E]',&f!! L3
HEyE =
ey =
Sy 3
;%gf%}'éﬁ e
S, 3
» % i?!‘:é(
Ag =

—— A=20.87cm

Wall Thickness =
Beam Section =60 cm x 30 cm

Column Section =100 cm x 100 cnj

30cm
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Storey Deflection (10 Storey Building)

w
o

J/

\

N
o

Deformation (cm)
o

o

e \\all

e Frame

e Frame+Wall
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Storey Deflection (20 Storey Building)

180

160 /
140

o a
o N
o o

/ e==Frame

e===Frame+Wall

Deflection (cm)

o
o o

\

\
|

|

Storey

e mmn G PN, j\ ,\/
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Storey Deflection (30 Storey Building)

400

250 /
/ —Wall

200 e===Frame

/ e==Frame+Wall

150 /

100 /

50

Deflection (cm)

Storey
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(Shear Wall-Frame Interaction) ,lg;5 9 OB (s (iS5l

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

For the cases considered here (30 story example):

Stiffness e = 200/ 40.79 =490 .y Force=200

Deflection = 40.79
Stiffness \y,; = 200 / 355.04 = 0.56
Stiffness frume +war = 200/ 12.66 = 15.79

Stiffness f,, +Stiffness \,, = 4.90 + 0.56 = 5.46

Stiffness (e 1Stiffness y,; # Stiffness ¢ +wal

i PPN e
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(Basic Types of Shear Walls) i, )l sl 0 calises slasan Sy

DEL

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

M.Alirezaei@iiees.ac.ir

107



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

i
i
i
1l
O 1 [0
i PPN 7

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

"g WebSite: www.M-Alirezaei.com |
) Telegram: @AlirezaeiChannel o
JSb € o LU T ghio b (b5 )19 Jb Sige 2,0 & by o abilds s

ot e 44 Glal g

3545 o o 0l 251 b s e 055 C g LU T gl b sl b 5o FYV-T -4 sy 5
Jf &Lﬂ)' Y0 a0 9 )9[95A )]9._3.\ L)L'> G )|9._!J L)L‘> O ol Cans )' ,1»;.».:.» .).:Lu ;J}ﬁ:@ 03 )l{ a QLu.ulDe.a

RS TOR SN

it e AT ol

BLYPL) uL’> ).o)l [ (5).; o)'JJI rdla ).35,4 up).cT 9 U éb.a.a L\ L;Lm)lg.lb L?I)b ) fFo1-yY-f-vvy-9q Lo t“y.b
L AT S ogd a8 15 s 2 ool (00) 5 () olio 51 i 1ols 3gis 03, 1S &) Slolono 55 45 canms

3,5 o |y o Jlade Olgn 5 3> Julos

)l}.g‘.) k}f &L‘ﬁ)l lo)d 00 -

Y \ $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

108



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

”é WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

2 lgsd il e

Ogw K Spgo 4 i Jles gy ul )
Sgias (Sl GHldae Jolre

el cdo 4l S g a s 4 Hlges Jlas!

D9 (s

Sldie sl 50 xbhw kol 5l ole o

..),.o.i 0.5l

i PPN v

Y\ 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

| D Elements (Beam type)
Can be used in ID, 2D and 2D
2-3 Nodes. A, | etc.

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

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

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

&Z)DD

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

"C-*

¢
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Beam
Spandrel

Wall Column

Pier

Pier
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General

Total DOF per Node = 3 (or 2)

Total Displacements per Node = 2

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

Application

For Modeling surface elements carrying
in-plane loads

Building Specific Application

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc

> cY

Membrane
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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

Y Y Y dxbw Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

W AN

M.Alirezaei@iiees.ac.ir

111



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

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

Plate

Building Specific
Application

For representing floor slabs for Vertical

Load Analysis
Model slabs
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Assign  Analyze Display Design  Options  Help
|| 3d PR &R Cr | 4 B
E : AN N S A T
5 Wall/Slab/Deck Section..
b QOpening...
N Diaphragms...
" dﬁ Local Axes...
Shell Stiffness Modifiers...

T
-
-

-

neloads

Shell/Area Loads

“0 Group Names...

[0 Pier Label...

= Spandrel Label...

Copy Assigns =
ians ki

Clear Display of Assigns

Area Springs...

&% Additional Area Mass...

Area Object Mesh Options...

Auto Line Constraint,..
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Paint Object 4 Story Level  STORYE

" v = Print Object 4.
Trans 7.074977 0.000000 -1.380355 u
Rotn 0.000000 0.004612 0.000000

Trans 5.981515
Fotn 0.000000

T

Story Level  STORYE

i =
0.000000 -1.160743
0.003830 0.000000

I /{eucp.im»
3

& Do NOT Create Line Constraints

€ Create Line Constraints around |
) Walls and Ramp
FF

[V Apply to Full Structure (not just Selection)

| select Options
c

v Walls and Ramps
¥ Floors

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

oS ol G peled

YYA 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 119



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

2 WebsSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

02,5 bl 2 5500 Ol 31 03kizusl pg3)

.J)IJ 6)').0 ULZJ|4-’)L:J sJ.JJL: )|)§).| ).1) 4&')4{&)9@ 2 ‘Mth/EWZZ'OgLS;)}“a 0
w

c=
600(1.56,/hycs)
s Oy /hyes Jaie ol o o s,K 5 bl slp (5 6 Ges ot € OT )3 &5
g ab S L ,50.005 5 s

4 Jilas b o0 slyglesT g 550 Ol 4 5l 1398 akuly Gib &5 (g0 )3 prizen
g 0315 dalsl Sl abie Gl 9 Y ‘[":G slazel ;3 M4V, 5 4, Jlace 95 ¢ i Ol

i PPN v

T’\“{ Axbo Th|s publlcatlon or any part [herenfmust not be reproduced inany fnrm W|thout the written permission

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

ot e 49 Glol g

g 4 01 6L G ojle gosglls 515 059 D /L, 2 2.0 T o as bl e b algs ,5 Y-F-Y-v.-4
bulgo b adl oad plosl Goge LU 9 Ges o Gilou ghie K sl s (b T oo g axils anlsl azwgn
1658 cule, s ol (0) 9 (Al

156 [ s sl 0529 S5 Szl b b Ll )lad (ol bl 155 05 sadkl) &5 63)lge yo —ill
20y w
>
hoes — 600C
CMgLa.A ol).o.m LY} )]J..».:).».p SI9>R )L. (5')‘ FLgmtom| ‘5)1.»:3 )lS BP9 )l L?:""’ )9>R L;A.Lwlﬁ C rd,& L;A.kal) )

S
395 59kt 0.005 51 5205 Ml T s pgn Arlns By b (ol 01K ks b st ol (o

wcs

Sore Szl o3 on9 0,0 Sl il 5l osy 65 slizl 4 (L) sabls Gulul 4 63)lse 4o -0
rw’.l):u ahis omb g I, r,.?lé slasal Ho sl sl ol (FF-F-V-Y--9 ap)0 a5 G lge 3 > 4 b

h— Lv 9 03¢ b > 4\/Clw.x.£lg L u-!‘ » ogy.: .\.ul.g_ ul;IMu/4Vu 9 ’ZW Hlase 93 U‘i)'f))" ol 4 J§|.\>
wces

- S
01 s a8 sl Golo> —4

Tf’ Axiuo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

O . 1 4-l<ﬁ)(i>_L > 0.015 y
Ryes 100 50\ b J\b)  0.66\f A,

M.Alirezaei@iiees.ac.ir

120



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

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

ezl ably S
5,(ACI)=6,=C,5,/l (ASCE 7)

)I,.v) dg.b s |) JAM &Lm | ACI) l.) wl ).)I).: u LS’L’UL’ xS )ly.} le.a ul)gb )IJ.M

[ T

0.0031,, L, L

Climit = = =
Sy Sy Sy
2 (hw> 667 (hw> 0 (hw>

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
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18.10.6.2 Walls or wall piers with h,/t, = 2.0 that are effectively continuous from the base
of structure to top of wall and are designed to have a single critical section for flexure and
axial loads shall satisfy (a) and (b) or shall be designed by 18.10.6.3:

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

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 {w and Mu/4Vu, except as permitted in 18.10.6.4(g).
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18.10.6.3 Structural walls not designed in accordance with 18.10.6.2 shall have special

boundary elements at boundaries and edges around openings of structural walls where the

maximum extreme fiber compressive stress, corresponding to load combinations including

earthquake effects E, exceeds 0.2fc’. The special boundary element shall be permitted to be
r

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.

e PPN

discontinued where the calculated compressive stress is less than 0.15fc’. Stresses shall be
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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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5= Mo L 5590 e A, =total cross-sectional area of
transverse reinforcement,
Ag I including  crossties,  within
03(——-1 (a) . d dicular
A,/sb, for A o spacing s and perpendicular to
rectilinear Oty £ dimension b, cm
hoop 0.09 2% (b) Ag=gross area of concrete
Tyt section, cm?,
Ay 1. A =cross-sectional area of a
p, for spiral 045 A 1 Fre (©)  member measured to the
or circular Orrde £ outside edges of transverse
hoop 0.12 f—c (d) reinforcement, cm2.
yt

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

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

or hoop legs around the perimeter of the boundary element. .o~ s /™. . \ 5
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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
s2,s sl)slb,T 51 L shall extend into the footing, mat, or pile cap a length equal

23 Wi lg]a>b b 3lhe  to the development length, calculated for fy in tension, of the
g oslinl e3g)ls cennd column or boundary element longitudinal reinforcement. ;i
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ACI 318-19:

A=
15.2.7 A beam extension assumed to provide continuity through a beam-column joint in the direction of joint
shear considered shall satisfy (a) and (b):
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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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ilgl(fy,obs)i . X, V4
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i21(Fy.005:m)

i=1\Jy,obsm/; . . X
Fronsm =~ (3-22-9) } L
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