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(a) Crack pattern and forces in plastic hinge region (b) Displacement over length of plastic region

Figure C7.10 — Elongation In reversing plastic region
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Avallable Methods for Estimating Seismic Design Shear of RC Column, V,
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Design Verification Using Nonlinear Response History Analysis

6- St. Shear Demand of the E-Defense 2019 test on a 10-st. building
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1- V, According to ACI 318-19
18.7.6.1 Design forces R18.7.6.1 Design forces

18.7.6.1.1 The design shear force \, shall be calculated R18.7.6.1.1 The procedures of 18.6.5.1 also apply to
from considering the maximum forces that can be columns. Above the ground floor, the moment at a joint

generated at the faces of the joints at each end of the May be limited by the flexural strength of the beams
column. These joint forces shall be calculated using the framing into the joint. Where beams frame into opposite

maximum probable flexural strengths, M, at each end sides of a joint, the combined strength Is the sum of the

of the column associated with the range of factored axial Negative moment strength of the beam on one side of the
forces, P,, acting on the column. The column shears joint and the positive moment strength of the beam on the

need not exceed those calculated from joint strengths Other side of the joint. Moment strengths are to be
based on M, of the beams framing into the joint. In no determined using a strength reduction factor of 1.0 and

case shall \V/, be less than the factored shear calculated by reinforcement with an effective yield stress equal to at least
analysis of the structure. 1.251,. Distribution of the combined moment strength of the

beams to the columns above and below the joint should be
based on analysis.

VDesign = Max (Vcode’ min (VACI 318(A) ’VACI 318(B) ))




1- V, According to ACI 318-19

Al o po oy e ) S (aals (9,50 g o Vg SMRF laggin ol (b oyl o ACT318-19 L 5k
B oS o ol Lo 050 by Cenglie Ly caalol o il (Joleo (Slind Julow b ks  Salive Jukows) ASCE 7 olul s o
dolors 05 LSas Wlgs oo (gt 5 JLail 05 1 50) gt Ll g9 40 a5 slasg s 2l ulaly gotw (21l (L5 59,3
ooyl (2255 )5 05 oo dmmline (i Skl 5o 5o o (Mpr,c) Joize (ched Cwglie (038 5 lolpy Jlail 08 slagyd 008
dsle (gl (g jo SGidly ade 9,553)) (os) (nl Dedon rasd gt )0 o 3o (55970 5 oL b Bl (ot sias
Jolie JSis 0,509, 098 o0 (AL 5o 9 5 s meds s Ouge 4y ACT 318-19 0 SMRF slaysin slos ) oy
A8l g, cnl510,lw o2l dazrgi a5 WS o g o> ) pose Heile,l polas cslo ) b sl Sl oy o Sl

395 Joizee i Cuoglie Sl 4 ol 9 Vb oS jo Jlail gla s a5 ol Sloj 005 Bl (b o il &5 e Gy

—— — M
Column Hinging Beam Hinging s* Mprp)

65 amanci ACI318-19 (> ol L

Column Moments | I_. | Column Moments P )iJ J_Sbg- 2259 Syg0 O
g 5 2Vt o 90 mbe bays Jeione

TT oot o & |y Jlasl o5 il

5,108 o

slope=shear

slope=shear




1- V, According to ACI 318-19

: LQQ}""" )Q M)I.s L,I*OLQ-‘O Ju.i.w.: OJS.‘@) I.a M)Iu.u 0)49 L;uu.o?' (SLQL_JIS LQLQQ}““ )O L;‘>I).Ia U")" MI?LQ

IR

V. /_\) M pr top Column Moments ‘ ’
A : / Cel u5 o - QL""I Q9= U'*"L’ b YL’ )° QI‘°)"°‘Q’ )9'I¢ = Mpr,c a5 P U"I
: clalisde LB ok a5 baygiw a5 Sloj logase 5,5 a5 4,5 abiblos oolall 3gd
I
( I I_I VO PR V- JOU R BN
" slope=shear
I
I
| /
A £ M pr,bottom + M pr,top
Ve \/Mpr,bottom :Ve — €
I" 1

Axial force — Bending moment interaction diagram calculated for ¢=1.0 and yield stress>1.251,

Olfse Bogws 0 Joizme (oles Coaglis

Axilal Force

—— M, = maximum value Ay o & sla,b Sy sl eolasl LT,

of moment over the

range of axial loads =

Bending Moment 2,5 aralxa o3l cnl 511, My lada

Range of M

pr,col



1- V, According to ACI 318-19

: L{b).u O M}Lﬁ J.@Lo.c J.«SMJ 3)1-3,9) L: M)Tu.u o).:g MLSLQLJLQ LSLQQ}M» O LS’JJJ@ w).: ML?:.A

/\Mcol,j,top — !
YE. < : >M+b"ht 39> foime e Cuwglio SSlas 4 yghw A ool ke o b 0gd 0 2,8 0,50, (o
pr.b,jleft { T|= -7 pr.b, j,rig
| = . . - .
) | esly K polis ¢ aiie 0,5 SO lp plplo (b o Sl Jolae LSCi) wilovow,
I |95}
: T;) o;).éu.ul.:ayb LSLQUW Ja.wg.) O uA})X.JJJQLM wb900ywb}uw
. @)
| > - = . _ . .o 1 .
n ) =
! 3 o . = . v . . v v & . . . .
| - slope=shear ™) Slp 0gbse )08 Bl -J Ol e mew s Jeime Gl S ggeme 5l o5l
I = . — . .
: b 9 b o &S plepgie o &5 S wsdioe 28 S 5 Syl cpl i
2 I o .. s
M o b1 Ieft< B _':_ B >Mp+>r,b,j—1,right iz dayd S B SR o5 Joiioms (s S5 (S TR B UL CIESTO T
i A . . & M . . & .. .
S Mco| it bottom — ML’LS'O Bl ;,JL> LS‘)" yl.a u‘; u‘g.»..c A 9 O LS)‘AS.ALa BZ u.‘l? U"‘ ‘39‘“%5‘ )Ja.: 0)9.0 ug.auud
— +
M ... =" B . M pr,b, j,left +M pr.,b,jright Z M pr,b, |
/l\* col. J.top I\/Icol,j,bottom — I\/Icol,j,top - 2 — 9
M;r,b,j,left < B _i_'_ > I\/Ig)rr,b,j,right
I
- +
M _ M M | M b izttt T M o b i rignt B Z M i bia
» X\ col.],bottom col,i-L,top — "V'col, j-1,bottom — -
A | 2 2
I
I
I
: :Ve _ I\/Icol,j,bottom;_ I\/Icol,j—l,top _ Z M pr,b, j ;_fZ M pr,b,j-1
V4 ;
n | n n
I
| I\/Icol,j,bottom T I\/Icol,j—l,top Z M pr,b, j + Z M pr,b, -1
| :>Ve = =
v | ( (
~—"M N 4 N
PN col,j—1top =~
_ | N
M pr,b,j—l,left< — —|—— >M pr,b, j—1,right j V : 2V
|
h e(B2) e(BY)

col, j—1,bottom ~



2- V, According to NIST GCR 16-917-40 (Beam Hinging)
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2- V, According to NIST GCR 16-917-40 (Beam Hinging)
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3- V, According to NZS 3101-06

10.4.7 Transverse reinforcement in columns
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EFFECT OF BEAM AXIAL DEFORMARION ON COLUMN SHEAR IN
REINFORCED CONCRETE FRAMES
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0- St. Shear Demand of the E-Defense 2019 test on a 10-st. building

ACI 318-19 approach
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NIST (2016) and NZS 3101-06 approaches
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NIST (2016) and NZS 3101-06 approaches
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NIST (2016) and NZS 3101-06 approaches
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NIST (2016) and NZS 3101-06 approaches

slegw sl NZS 3101 &y 5L M or,NZS
Jolaslo 5l ey ol 1.3Q, sV @) M M 1.35
_ VNZSTE _q 3 25VINZS _ 4 g ) U _13__PNS g3 _14
NIST (2016) &, ;LS €, nistVe €, NisT pr,NIST M pr,NIST 1.25
M

u

5 (Js) s 1o 1,5 235150) sl s (b Job obosl Lo 4y NZS 3101-06 5,55, 4o Jgl adebs (sboysins VU Gidt 5 pules
Lglé aS A.SL;Q 0‘9.4: NZS 3101-06 Q)‘J..’Lu.u‘ c(w‘ 4.9‘)[5 alsol>s g[l.o.a?‘ 9) Con] )Lu S 990 Laua.».w CY) Q‘)Lo 6&% )_,_,_,_, ‘ o)

Al dalss 5 et 2Vl Gige ) peled Lo Sl Jsl i Jsb ool g 00 grmlaisd 4 S8 sl ail slaygi

—

0 e
30
Unal et al. (2023) :n::lz:s; 10 Sealns Wads o o ) soliul s ol
»
25 A l -
- o temavakere 1 (ACT 318-25) ACIH 318 s lastnl 51 Sl aseus
—e—— N/S5 3101
£ 20 A - . w W e & .. -
S LAdS cupo Hlade g a8 S Ll o ol
%ﬂ ol 5 Jgl wladb glp 0gh o slpis 1.4 Swloo
10 sloin 115 &5 aladlxs Jg j5aS lade o5
; ; I (oL

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Story Shear, V, (kN)



6- St. Shear Demand of the E-Defense 2019 test on a 10-st. building

NIST (2016) and NZS 3101-06 approaches

NZS 3101-06

Unal et al. (2023)

Jolaale slaygiw &y LS

% 2y,

T J.olf 'o).a..:l.io L NZS 3101-06 u.ul.u.a\).g Jg‘ M Lgl.c'ng.L» g )’L.’

+M

pr,c,bottom pr,c,top

Ve =1.15 . f,, =1.35f,

.
.

0355 L Unal et al. (2023) _ululy 431 5 Jgl aid sloygw ooy LS

.
.

Dl oo Cawd 4 g g (ygiw (S

V,. =115QV, , f,=125f

S dwle S (208 p 3l | dile Ly (208 05l

L i 50 JolS o 5550 b NZS 3101-06 _pulol s linhs sl slorygios s 5L

Ve,c :1'3QVVE , fye 2135 fy

7

Wl o Caws 4

Jol5 056080 L Unal et al. (2023) oluly clid sl slagiw oy 5L

V,.=14Q\V, , f,=1251




0- St. Shear Demand of the E-Defense 2019 test on a 10-st. building
Visnjic, Panagiotou, Moehle (2017)
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Evaluation of fallure mode of columns according to ASCE 41-23
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Evaluation of failure mode of columns according to ASCE 41-23
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Risk Assessment of Reinforced Concrete Moment Frames

Development of Collapse Indicators for Risk
Assessment of Older-Type Reinforced
Concrete Buildings (2015)
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Risk Assessment of Reinforced Concrete Moment Frames
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Proposed modifications for estimation of design forces in RC column
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Performance-Based Seismic Design & Seismic Evaluation and Retrofit of Existing Buildings
E-Defense 10-Story Tests Implications for US Practice

* 2014 4-Story RC-PT * 2015 and 2019 10-Story Tests
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Proposed modifications for estimation of design forces in RC column

P erformance-Based Seismic Design

Seismic Evaluation and Retrofit of Existing Buildings

Instructor:

Javad Ghodrati Yengejeh

Performance-Based Seismic Design (PBSD) of buildings has rapidly become a widely used
alternative to the prescriptive requirements of building code requirements for seismic design.
Various guidelines and standards have been developed to codify and document the
implementation of PBSD, including “*Seismic Evaluation and Retrofit of Existing Buildings™
(ASCE 41-17), the Tall Buildings Initiative’s Guidelines for Performance-Based Seismic Design
of Tall Buildings (TBI Guidelines), and the Los Angeles Tall Buildings Structural Design
Council’s An Altemative Procedure for Seismic Analysis and Design of Tall Buildings Located in
the Los Angeles Region (LATBSDC Procedure). This handout provides a detailed companison

among cach document’s implementation of PBSD for reinforced concrete buildings.

Javad Ghodrati Yengejeh

1/24/2023
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