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Figure 24 Backbone Curve for Experimental Data

. A smooth “backbone” curve shall be drawn
through the intersection of the first cycle curve
for the (i)th deformation step with the second
cycle curve of the (i-1)th deformation step, for
all 7 steps, as indicated in Figure 2-4.

-------------------

t 4
Lnlou’l Displacement
Curve for Experil Data

1.2. A smooth “backbone” curve shall be drawn through
each point of peak displacement during the first cycle
of each increment of loading (or deformation), as indi-
cated in Fig. 7-5.

90,5 b 1, C0 oo 5800 5 50 Jloge Judow SS 4 lg5 oo LT-FA

2 Z Wi,

T .
3,=C,CCS, 2558 Coon—

T Z wi(sz_.'

www.civilB08.com: b l%/}‘w-w il

A A @udisn )é.:';)-T Dy
S0 9 s catanadl glaibojool



A+ A Susungo aisjgol (=25 DUl ——

FEMA440 Loy Gon ) s Cilpo )0 sl sbul ol puxs—#2

FEMA-440 Lsos FEMA-356 ;5 G (S0 i il pi 5Lof
Variation of mean C; computed for the
elastic perfectly plastic (EPP) model when

subjected to ground motions recorded on (C 1 L.'q.)“o.) M}SLO O&D m—ij‘ Cﬂ-:\-k“j_

site class C.

%O.EPP TWO BASIC SPECTRAL REGIONS

SITE CLASS C —HAR=80
(mean of 20 ground mations) R=60
AR=40

35

3.0 1 -A=30
25 —HR=20
—R=15

10 . =
R=15 .
05 :#
00 - E. — - -
00 05 1.0 15 20 25 3.0
. _PERID .
~r- "
® C, IS ON AVERAGE ® C, IS APPROXIMATELY CONSTANT
LARGER THAN ONE WITH CHANGES IN T
® C, INCREASES WITH ® C, DOES NOT GHANGE MUCH WITH
DECREASING T CHANGES IN R
® C; INCREASES WITH ® C,; IS ON AVERAGE APPROXIMATELY
INCREASING R EQUAL TO ONE

TWO BASIC SPECTRAL REGIONS

40
| SITE CLASS G —R=80
351 jimean of 20 greund mations) R=g0
A=40
a0 R=30
25 | —R=20
—HA=15

20 A
15

1.0 4

"
R {Is 25 R ‘I
05 | = 1 :_} ']"c <2 —3 {_‘|=1+M
| H a
0o 1 7 R.-1
00 05 10 15 20 25 3.0 02<T <l — C=l+—
A PERICD . :
~ ~~ T.>1 5 C=1
* C, IS ON AVERAGE * G IS APPROXIMATELY CONSTANT
LARGER THAN ONE WITH CHANGES IN T o3 £ wirs T-T)Jpiz
'} el ~
* C\INCREASESWITH  ® G, DOES NOT GHANGE MUGH WITH ,
DECREASING T CHANGES IN R [ vm i ! i 88
* CiINCREASESWITH  ® C, IS ON AVERAGE APPROXIMATELY 50
INCREASING R EGUAL TO ONE

N

A=A &lw )&.J])“T e
ek g s catina slasijpol

www.civilB08.com: yb

\YA¥ L &



A+ A Susungo aisjgol (=25 DUl ——

FEMA-440 lugi FEMA-356 ;0 Gus (S0 puudi <ol o 5ol
FEMAZ356 5 jluibow! gy C1 <o s 45 00,15 wlol -2

[ for 7, 2
Lo . ot =T {1.5 forT, <0.1s
Cl = l.0+7_ £ — 1 =
>
forT, <T. 1.0forT, =T,
C, SITE CLASS B Ts=04s C, SITE CLASS B T.=04s
4.0 40 s = U
——R=8.0 — R=80
351 R=6.0 35 R=6.0
3.0 1 R=4.0 sof; R=4.0
25 R=3.0 25 | | R=3.0
' ——R=20 1 —R=20
2.0 — R=15 2041 —FRe1s
1 1
154 1.5 1
' J:\q{fz.m.o
1.0 4 1.0 4 |C
1 1
I~R&15
03 | WITHOUT CAPPINGl 05 . WITH CAPPING
0.0 - : : : . 00 4H—1 :
0.0 0.5 1.0 1.5 20 25 3.0 00 105 10 18 op2? 25 3.0
PERIOD PERIOD

FEMA-440 Lssi FEMA-356 0 b ;Ko st ey k!

(C2) potussamw Cangliin g it pidlS il
SSD(outeycle) s)lis, Joo (Seolias (5 maly e 0a plondl (Salins (gla Julosi-
2wl SSD(NCYCLE) s 4 S YU (5 23y IS b (sl 10 2>

Mt | gy v b o5 Sl o e 4 (Seabins (5ol
il e SSD(incycle) g

el S5 55 s, 4 SSD(outeycle) 5 SSD(INCycle) g L3, Yyore
A8 e 315 03l gy s aglite (215, 4 alaS n aglia by gt hnlS
sloas o e3gaze (sl 3> & SSD(outcycle) slas,>  Fasals 5 asdls job a -
285 ced ASTaz alomlz il o (ol Susglie 5 oligS

FEMA-440 g FEMA-356 ,0 Gun (50 yuii ol i 5ol

(C2)pptosnan Cuoglilo g (L udlS )il
SSD(OULCYCIE) (s, Jow Seabiss (5ol e b plad ool (sl el
2ol SSD(incyele) pruew 4 coni YU (6 p 3 JS3 L slapiues 5 I

M Sl oy ey S pduiga b Seosi Sl 0 esan a Sl g bl
b e SSD(incycle) pommw

el 58003 8,5 ,8, 4 SSD(outeycle) 5 SSD(incycle) v L, Yoors
slas 5 ooguee (ol 2 A SSD(OUtC_VCle) glaz > Foals Jladls b o, -
23 5 soi ASTaz bl Al G b Sueslie 5 obsS

S,
i
v, /wo"

www.civil808.com: yb l@‘ wWar ,\ &

A A @udisn )é.:';)-T Dy
S0 9 s catanadl glaibojool

R=




A+ A sasango ajgol Jud=5 SUE-S
e s e s e s e
FEMA-440 Lwgi FEMA-356 ;5 bob 550 yusii ol i 5o}

(C2) piasnss Cenglitn g oizew yuals 31

a,=a, , ti(a,-a,,) SJTU"}’ RE r“-‘l“‘:" U (g8 s

wly i

S A s

¥ —— | Ea
v 1T ~ il
¥ 'y oK,
/| N©
0.8V, K
¥ L2
K, Q
Ar .‘.lu Displacement, A

Idealized force-deformation curve in ASCE-41

2]08 «S8,,206
“ 02 8., <06

K3 0je il A

Bl o oB L i 3535 pie g 0 4S dubles ¥l e A gl 4l N gl plej o ade S s S
32,8 ool 4l ¥ gl olej o YA- - 3k i AB Jadeplys VD

FEMA-440 bwgi FEMA-356 j0 Gus So i ol jud 25lo
(C2) piasssw Canglibn 9 i gudlS 51

bl oo Olga (o yulds (pl b as SYIguw
[P NPTt S SN N N 91%1 bl olyicse 1Y

e lojls slaglll o SSD(oufcye

le) (slodalgs 3| G

(/\.n_ars)q.))u...a.:’u LJ\—BGSL‘LG o )‘31))I"£) q.J‘_.SL._a
Eals Slym YU Jloms & olgi oo ilomle culd o3l 3 (5,138 L glaas > Jleel L LT-Y
Cogd oo Jiho 5 (Seeliys (5,lasbL cael aigS> SSD(Ingyele) ks, -v

xS 51 Jedos ol 50 g S9dn 9)ly 4z ol g Julos o (Sialins (g bl S1-F
ol oudy  Swolis (6 laLl o ojlu as oy o oles oo

Slej amsu b Ll o SSD(incycle) Facels o5,5 ly Lee lo,Sal,-0

2,5 Jlecl o} L..JJM

L Al on! Oled oo 43555 § o

P ST
Incremental Dynamic Analysis (IDA) Tz Caxdlg

P
e
/MW

www.civil808.com: yab l\\m‘ 20

A=A &.\An )&J}}“l e
WS Ak 9 ljhec catanal dusjgol



A+ A danango ool oJul23 SUEs —

i B g ) &gl
(Poy (rpodemm 9 (R 5530 s pue sguma lall (B )
Gl oLl s, Y

(UPg rposls) Seodly Jaie 59 -

S’Ca.w' odwe! C’ma
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* Cyclic model per Yassin (1994)
* Compression:
— Modified Kent-Park (Scott et al. 1982)
= Unconfined fibers:
il .
““Telp 0.008 i
— Confined fibers:
K, &y, £ per Saatcioglu and Razvi (1992)
* Tension:
- Elastic stiffness: £, = E, = 57000,/7; psi
— Strength per Wong and Vecchio (2006): f; = 4\/T; pst
~ Post-peak stiffness per Yassin (1994): E;; = 0.05E,
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Column loss on third story of a building during 1999 Izmit Earthquake, Turkey
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Engineering Failure Analysis 32 (2013) 382-401
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Engineering Failure Analysis
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Seismic shear-axial failure of reinforced concrete columns @Cmm
vs. system level structural collapse

Justin A. Murray, Mehrdad Sasani*

Deparrment of Civil and Envirenmental Engineering, Northeastern University, Boston, MA, United States
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Strongly coupled
perforated wall
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