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" Indian Hills Building, USA
¥ Panarma Building, USA

" Fernando Earthquake

¢ Northridge earthquake
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Story Beams-b x h (o" (%) _of %) Columns-b x h (p )
1 40x45 (0.98-0.78) 50x50 (1.21)
2 40x35 (0.98-0.84) 50x50 (1)
3 40x35 (1.04-0.52) 50x50 (1.1)
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Story Beams-b x h (0" (%) _of %) Columns-b x h (p (%))
1 45x50 (0.93-0.77) 55x55 (2.01)
2 45x50 (1.12-0.77) 55x55 (1.34)
3 40x45 (1.18-0.79) 50x50 (1.28)
4 40x45 (0.79-0..47) 50x50 (1.28)
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Story Beams-b x h (0" (%) _of %) Columns-b x h (p (%)
1 45x55 (1.18-0.92) 60x60 (3)
2 45x55 (1.35-1.18) 60x60 (3)
3 45x55 (1.18-1.01) 60x60 (2.09)
4 45x55 (1.02-0.84) 60x60 (2.09)
5 45x55 (0.73-0.56) 60x60 (1.34)
6 45x55 (0.73-0.56) 60x60 (1.34)
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Story Beams-b x h (0" (%) _ 08 %) Columns-b x h (p %)
1 55x60 (0.87-0.75) 70x70 (2.17)
2 55x60 (1.13-0.97) 70x70 (1.24)
3 55x60 (1.13-1) 65x65 (1.14)
4 55x55 (1.24-0.82) 60x60 (1.34)
5 50x55 (1.07-0.96) 60x60 (1.34)
6 50x55 (0.96-0.66) 55x55 (1.6)
7 45x50 (0.75-0.35) 55x55 (1.06)
8 45x45 (0.84-0.56) 50x50 (1.28)
9 40x45 (0.5-0.5) 45x45 (1.5)
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Story  Beams-b x h (0" %) _ 0P (%) Ci-b x h (p %) Co-b x h (p %) wall-L x t (p (%)
1 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 535x30 (0.4)
2 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 530x20 (1.2)
3 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 530x20 (1.2)
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Story Beams-b x h (o (%) _ o %) Ci-b x h (p %) C-b x h (p %) wall-L x t (p ()
1 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 545x30 (0.97)
2 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 545x30 (0.53)
3 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 530x20 (1.2)
4 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 530x20 (1.2)
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Story Beams-b x h (o" (%) _oF (%) Ci-bx h (p ) Cx-b x h (p %) wall-L x t (p ()
1 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 600x50 (0.72)
2 3030 (0.98-0.67) 30x30 (1) 40%40 (1) 600x40 (0.75)
3 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 600x40 (0.75)
4 3030 (0.98-0.67) 30x30 (1) 40%40 (1) 550x40 (1.07)
5 30x30 (0.98-0.67) 30x30 (1) 40x40 (1) 550%40 (1.07)
6 3030 (0.98-0.67) 30x30 (1) 40%40 (1) 55035 (1.14)
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Story  Beams-b x h (o' (%) _p® (%) Ci-b x h (p %) Co-b x h (p %) wall-L x t (p (%)
1 30x30 (0.98-0.67) 40x40 (3) 40x40 (3) 610x55 (1.55)
2 30x30 (0.98-0.67) 40x40 (3) 40x40 (3) 610x55 (1.55)
3 30x30 (0.98-0.67) 40x40 (1.13) 40x40 (1.13) 610x55 (0.99)
4 30x30 (0.98-0.67) 40x40 (1.13) 40x40 (1.13) 610x55 (0.99)
5 30x30 (0.98-0.67) 35x35 (1.1) 35x35 (1.1) 550x35 (0.85)
6 30x30 (0.98-0.67) 35x35 (1.1) 35x35 (1.1) 550x35 (0.85)
7 30x30 (0.98-0.67) 30x30 (1.5) 30x30 (1.5) 535x20 (0.71)
8 30x30 (0.98-0.67) 30x30 (1.5) 30x30 (1.5) 535x20 (0.71)
9 30x30 (0.98-0.67) 30x30 (1.5) 30x30 (1.5) 535x20 (0.71)

4.’).‘) 6&0)95) gLﬁL’J..S‘—f‘—\”

D oo oolaiwl wal gladl iy lgie 4 Al YYVO ciaS b go,90 b olaal il sl b cpl jo

Sl 05 se oolitul o3le MCE olis gewly cabs 5l has o ol jo obealily ol sl Ysons
Yo slode ool yloj 0dgamme a5 (5,5b) o5l wols loj 5l cume Job jo ol sleo,eS ) IS oyl
4GS ol o digd oo DIl g ond ulie (Wgd onss ojle e ST osle gls Gloj i
S ol sl 08 eolaiwl gy ol 5l el sed calize (sbdoslu sl goiie gl slagylo yiiils o
SLd ania S8l (90,5 hbe b egian sloo,sS ) wdgi IS cnl o ol 01y S92 ol g0
zb sl 5l S L %T b ol b a5 (5)5b 4 (598 Jlas slad ;) las )55, rw

23,555 ool 3l lasgeme QLll 4 i 4 ()5 iz plol all ails gl MCE o lasbes] oL



SIS 1 oy ¥ b il 5055, cim A bl 4y e Calis o 5 oo 43,5 aloil ayad sloals

(Lo YEVO S5l (50,90) ol 0030 )5 vt joe Jlo B+ o

—— ely-park-z.dat — ety-park-y.dat — ely-parkz-x.dat —— ely-park2-y dat — ely-park3-x.dat —— ely-parka-y.dat — kobe-x.dat
kobs-y dat —— loma-oc dat — loma-yy.dat ot -oc dat —— nortt-yy dat —— o2z dat —— nort2-yy dat
—— palos-verdes!-xx.det —— palos-verdest-yy.dal —— palos-verdes2-xcdat —— palos-verdes2-yy.dst —— Mean Spectrum
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Details of Los Angeles Ground Motions Having a
Probability of Exceedence of 290 in 50 Years

?AC Record Earthquake|Distance|| Scale || Wumber|| DT ||[Duration PGA
Name Magnitude (lam) Factor||of Points||(sec) (sec) |[(cm/sec?)
LAa21 1995 Kobe 6.9 3.4 1.15 3000 0.02 59 98 1258.00
LA2Z 1995 Kobe 6.9 3.4 1.15 3000 0.02 5998 202.75
LA23 1989 Loma Prieta 7 3.5 0.82 2500 0.01 24.99 409.95
LAZ4 1989 Loma Prieta 7 3.5 0.82 2500 0.01 24 99 463.76
LA2S 1994 Northridge 6.7 7.5 1.29 2990 ||0.005| 14.945 851.52
LA2S 1994 MNorthridge 6.7 7.5 1.29 2990 0005 14.945 92529
LA2T 1994 Northridge 6.7 6.4 1.61 3000 0.02 5998 208.70
LAZE 1994 Northridge 6.7 6.4 1.61 3000 0.02 5998 1304.10
LA31 || Elysian Parle (simulated) 71 17.5 143 3000 001 2999 127120
LAS32 || Elvsian Park (simulated) 71 17.5 1.43 3000 0.01 29.99 1163.50
LAS33 || Elvsian Parle (simulated) 7.1 10.7 0.97 3000 0.01 2999 T6T7.26
LAS4 || Elyvsian Park (simulated) 71 107 0.97 3000 0.01 29.99 667.59
LASS || Elysian Park (simulated) 71 112 1.1 3000 0.01 29.99 973.16
LA36 || Elvsian Parle (simulated) 7.1 11.2 1.1 3000 0.01 2999 107930
LA3T |[Palos WVerdes (simulated) 71 1.5 0.9 3000 0.02 59.98 597.84
LASE ||Palos Verdes (simulated) 7.1 1.5 oo 3000 0.02 5098 761.31
LA39||Palos Verdes (sitmulated) 71 1.5 088 3000 002 59 98 490.58
LA40||Palos WVerdes (simulated) 71 1.5 0.88 3000 0.02 59.98 51328
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Table 6-18 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-
R/C Shear Walls and Associated Components Controlled by Flexure
Acceptable Plastic Hinge
Rotation®*2* (radians)
Performance Level
Plastic Hinge | Residual Component Type
Rotation Strength ] . S
(radians) Ratio Primary Secondary
Conditions a b c 10 LS Ccp LS Ccp
i. Shear walls and wall segments
(4,-4)f P 4 Confined
tA.f tdA Boundary'
<0.1 <34 Yes 0.015 | 0.020 0.75 0.005 0.010 | 0.015 | 0.015 | 0.020
=0.1 =6 Yes 0.010 | 0.015 0.40 0.004 0.008 | 0.010 | 0.010 | 0.015
=0.25 =34 Yes 0.009 | 0.012 0.60 0.003 0.006 | 0.009 | 0.009 [ 0.012
=0.25 26 Yes 0.005 | 0.010 0.30 0.0015 | 0.003 | 0.005 | 0.005 | 0.010
<0.1 <34 No 0.008 | 0.015 0.60 0.002 0.004 | 0.008 | 0.008 | 0.015
=0.1 =6 No 0.006 | 0.010 0.30 0.002 0.004 | 0.006 | 0.006 | 0.010
=0.25 =34 No 0.003 | 0.005 0.25 0.001 0.002 | 0.003 | 0.003 [ 0.005
=0.25 26 No 0.002 | 0.004 0.20 0.001 0.001 | 0.002 | 0.002 [ 0.004
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Table 6-8 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-

Reinforced Concrete Columns

Maodeling Parameters’ Acceptance Criteria™*
Plastic Rotations Angle, radians
Residual Performance Level
Plastic Rotations Strength Component Type
Angle, radians Ratio Primary Secondary
Conditions a | ® ¢ 10 s | cp s | cp
Condition i. '
P pmh
Al b s
=101 = 0006 0035 0040 0.2 0.005 0.026 0.035 0045 0060
z0.6 = 0006 0010 0.010 0.0 0.3 0.8 .09 .09 0,010
=0.1 = (L.(2 0.027 0.034 0.2 0.005 0.020 0.027 0.027 0,034
z20.6 = (.02 0.005 0.005 00 0.002 0.003 (XS (XS 0,005
Condition ji. '
2 A ’
i pm— | ¥ __
A Bos | wafr
=0.1 2 (.06 =3 0.032 0060 02 0.005 0024 0.032 045 0060
=0.1 RN =i 0.025 .06D 0.2 0.005 0019 0.025 .45 0060
2.6 RN =3 0010 0010 0.2 0.003 0008 0. (09 0. (09 0,010
2 0.6 2 (.06 26 0003 0003 02 0.003 0006 0,007 0,007 0008
=0.1 = 0.0005 =3 0.012 0.012 0.0 0.005 0.00% 0.010 0.010 0012
=0.1 = 00005 =i 0006 0,006 0.0 0,004 0.005 0.5 0.5 000
2.6 = 0.0005 <3 0004 0.004 0.0 0.002 0.003 003 003 0004
206 = 0.0005 =i 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Condition iii. '
2 A
P p= e
A b s
=10.1 2 (LG 0.0 .060 0.0 0.0 0.0 0.0 L45 0060
z0.6 E IR 0.0 0008 0.0 0.0 0.0 0.0 0.007 OL00E
=.1 = 0.0005 0.0 0.006 0.0 0.0 0.0 0.0 0.5 0004
2.6 = 00005 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Condition iv. Columns controlled by Inadeguate development or splicing along the clear height!
y 2 A
F p= v
Al b s
=0.1 2 (.06 0.0 0060 0.4 0.0 0.0 0.0 045 0060
2 0.6 R 0.0 0008 04 0.0 0.0 0.0 0.0:07 0008
=0.1 = 00005 0.0 00046 02 0.0 0.0 0.0 .05 00046
206 < 00005 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Refer to Section 6.4.2.2.2 for defimition of conditions i, ii, and iii. Columns will be considered io be controlled by inadequate development ar

splices when the calculated sicel stress at the splice exooeds the steel stress specified by Equation 6=2. Where mone than one of the conditions i, i,
idi, and iv ocours fora given component, wse the mmimum appropriate numencal valee from the table.

Where > (L.744",, the plastic rofation angles shall be Bken as zero for all performance levels unless columns kave ransverse reinforcenment

comsistng of boops with 135 degree hooks spaced a1 < of3 and the strength provided by the hoops (1) is at least three-fourths of the design

shear. Asxial load, P, shall be based on the maximam expected axial loads due 1 gravity and earthquake bosds

Linear interpolation between values listed m the table shall be permitted.

Primary and secondary compomnent demands shall be withn secandary component acceptance criters where the full backbaone curve is explicithy

mindcled including strength degradation and residual strength in accordance with Section 3.4.3.1

AA
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Table 6-7 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-
Reinforced Concrete Beams
Modeling Parameters’ Acceptance Criteria™*
Plastic Rotations Angle, radians
Performance Level
Residual Component Type
Plastic Rotations | Strength
Angle, radians Ratio Primary Secondary
Conditions a b c 10 LS CP LS Ccp
i. Beams controlled by flexure'
p—F Trans. 4

Prat Reinf.” bd.[f"

=0.0 C =3 0.025 0.05 0.2 0.010 0.02 0.025 0.02 0.05

=0.0 C =6 0.02 0.04 0.2 0.005 0.01 0.02 0.02 0.04

=035 C <3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03

=03 C =6 0.015 0.02 0.2 0.005 0.005 0.015 0.015 0.02

0.0 NC <3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03

=0.0 NC =6 0.01 0.015 0.2 0.0015 0.005 0.01 0.01 0.015

=05 NC <3 0.01 0.015 0.2 0.005 0.01 0.01 0.01 0.015

=0.5 NC =6 0.005 0.01 0.2 0.0015 0.005 0.005 0.005 0.01
ii. Beams controlled by shear"
Stirrup spacing <d /2 0.0030 0.02 0.2 0.0015 | 0.0020 | 0.0030 0.01 0.02
Stirrup spacing > d /2 0.0030 0.01 0.2 0.0015 | 0.0020 | 0.0030 | 0.005 0.01
iii. Beams controlled by inadequate development or splicing along the span’
Stirrup spacing < d /2 0.0030 0.02 0.0 0.0015 | 0.0020 | 0.0030 0.01 0.02
Stirrup spacing > d /2 0.0030 0.01 0.0 0.0015 | 0.0020 | 0.0030 | 0.005 0.01
iv. Beams controlled by inadequate embedment into beam-column joint'

‘ 0.015 ‘ 0.03 ‘ 0.2 0.01 ‘ 0.01 0.015 ‘ 0.02 ‘ 0.03

1. Where more than one of the conditions i, ii, iii, and iv occurs for a given component, use the minimum appropriate numerical value from the table.

2. "C"and "NC" are abbreviations for conforming and nonconforming transverse reinforcement. A component is conforming if, within the flexural plastic
hinge region, hoops are spaced at < &/3, and if, for components of moderate and high ductility demand, the strength provided by the hoops (V)) is at
least three-fourths of the design shear. Otherwise, the component is considered nonconforming.

3. Linear interpolation between values listed in the table shall be permitted.

4. Primary and secondary component demands shall be within secondary component acceptance criteria where the full backbone curve is explicitly
modeled including strength degradation and residual strength in accordance with Section 3.4.3.2.
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The number of Cp columns in each story
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The number of Cp beams in each story
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Table 6-8 Wodeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures-
Reinforced Concrete Colummns
Modeling Parameters’ Acceptance Criteria™*
Plastic Rotations Angle. radians
; Performance Level
Residual
Plastic Rotations | Strength Component Type
Angle, radians Ratio Primary Secondary
Conditions a | ® c 10 Ls | crp Ls | cp
Condition i. '
b A
L. p=— f
AL b=
= 0.1 = (006 0.035 0060 0.2 (005 0.026 0.03% (045 0.0
2 06 = 000G 0.010 0.010 0.0 {03 0.00% 0.009 L0 0010
= 0.1 = 0.002 0.027 0.034 0.2 (005 0.020 0.0X7 L7 0,034
2 06 = 0.002 0.0WK5 0.00% 0.0 {02 0.003 0.004 (004 0.0Wk5
Condition ii. '
Pt e i e
A, b s b_.n':l-l.l‘,
=01 = 0.006 =3 [[IE] 0.060 02 0.00% 24 0.032 L045 0.0l
=01 = 0.006 zh ik 0.060 02 0.00% 00e 0.025 L045 0.0l
206 = 0.006 =3 0010 0.010 02 (L0003 0008 0.009 L 0010
206 = 0.006 zh LR 0.00% 02 (L003 0.0 0.007 o0? 0.
=01 < (LS =3 o2 0.012 0.0 0.00% LR 0.010 0 0012
=101 £ (LOD0S zh [LEL 0.006 0. 0004 (LO0S 0.005 0L00s 0Kk
206 < (LS =3 L 0.004 0.0 .00 [IXLIE] 0.003 LIXIIE] 000
2 L6 < (LOD0S 26 0.0 0.0 0.0k 0.0 0. 0.0 0.0 0.0
Condition iii. '
2 A
L. o=
AT, b s
=01 = 0.006 0.0 0.060 0.0 0.0 0. 0.0 045 0060
2 b = (006 0.0 0.00% 0.0 00 0. 0.0 o7 0.
=01 < (LS 0.0 0.006 0.0 00 0.0 0.0 [LIL] 0Kk
2 (L6 £ (LODDS 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
Condition iv. Columns controlled by inadeguate development or splicing along the clear hi.‘ij:hll
2 A
L. o=
A b=
=01 = 0.006 0.0 0.060 0.4 0.0 0. 0.0 045 0060
2 06 = 0.006 0.0 0.00% 0.4 00 0 0.0 (L7 0.
=01 < (LS 0.0 0.006 02 00 0.0 0.0 [LIL] 0Kk
2 06 < (LS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Befer in Section .42 2.2 for definition of conditions i, i, and 6. Calumns will be considered w be controlled by inadegaate developmens or
splices. when the caloulated steel siress & the splice exceeds the sieel siress specified by Equation 6-2. Where more tham one of the conditions 4, ii,
i, amd v Decurs fior & given component, use the minimum sppropriste semerical vabse from the tehle.
2. Where P> 07447, the plastic rotmion angles shall be taken as zero for all performance levels unless columns have transverse reinforcement
oonsisting of hoops with 135 degree hooks spaced at € o3 and the sivesggh provided by the boogs | F,) is ot least tree- fomrds of the design
shear. Axial load, P, shall be based on the maximum expected axial loads doe 1o gravity and carthquake loads
3. Linear imerpolaticn between walues listed im the wble shall be pamitied.
Primary mnd secondary compesent demands shall be within secondary component accepaance criteria where the fiall backbome oerve is explicitly
modeled including gih degradation and residual stresggh in sccordance wish Section 5.4.5.2.
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Table 4-1. Nonlinear Modeling Parameters and Acceptance Criteria for
Reinforced Concrete Beams (Replacement for Table 6-7 in ASCE 41)

Modeling Parameters’ Acceptance Criteria™”
Plastic Rotations Angle, radians
Residual Component Type
Plastic Rotations | Strength
Angle, radians Ratio Primary Secondary
Conditions a | b c
i. Beams controlled by flexure’
- Trans. v
H Reinf* bd ,l! "
=00 C =3 0.063 0.10 0.2 0.063 010
=00 C z6 0.05 0.08 0.2 0.05 0.08
=05 C =3 0.05 0.06 0.2 0.05 006
=05 C =6 0038 0.04 0.2 0.038 004
=00 NC =3 0.05 0.06 0.z 0.05 0.06
=00 NC =6 0.025 0.03 0.2 0.025 0.03
=035 NC =3 0.025 0.03 0.2 0.025 0.03
=05 MNC =6 0.013 0.02 0.2 0.013 002

AlS sanlin b s ol b e Gl slosle piis e o YU ol L 5l eslatll b

YyYe



olgsudon 9 (5 y5 dzs

Yo

(oD



oleguion 9 pfamas -V

S yoS dmis —\-Y

10 dalys )] Gaiow 50 o 4l Lolio (p e Ceomd (0l 5

o,z bl el £ g F Y glaosle o ey Sgo sl Glojle piwaws Gloj ) o Slec @

el s ey Jolre slaojlus 5l gy cilie 4 gladds s il 38 Cond 5 Sl Jeolas

2 e g0 Comdy SIS lp oo Jlere (B g0 ln il G (Sl RS Cos @
Glaids o ol 3,8 s Jlae (5 s (o les s Glojle slapiias SBs8 wlal
s o] s b lgys Baee Sl ol jo Jg 095 0 0030

s S 2S5 9 Al Sl e e (S Jlms Sundy J5S Gl @
| a\.a.,._L: g2 40 L“’)‘ﬁ:’ﬁ

"o J5S e 03 L8, by gladl e (Sl 8 e (ol s G Glapiaen o @
o 0 P-A G ael 0g3g a5l 5 0isS oo Jee (695 St slo,i8 asle b lgss cpl oo 05
S o0 655 sl slosle Slaptunn (ol sl

-0 B 0l og>g ysiw o P-A I b e slils slojle sl o a4 axgi L @
Jolee jlade e bojlo cnl sl slaiels o (8l 20,5 S Sl 52,958 9> e ca
03 )Lu.‘>‘ oy ¥ ).3‘).3 )‘d&c LJ"‘ 6‘5«4~o~.’> ulS LQLQW 3o ».S.wl.s G.mo} g_:l.@ 6L°f°"'“"’"""' o) Qi
A o ae ¥V Jobe Jlade cpl s jles b g o Jg (ASCE41-06 o lusbnl 5.bo) ol

y¥1



g @hls Glojle i 0 QB lp il o Ll 55 Cad (B559,8 9> jlade S
mded (oiilr 5,8 S Bl 5l (a0 90 e Jolae) 358 18,5 S5 0 wo 0 Bl (5
At (e 3 Sdes SIS (LB s Sl Slojle slapins s

ol sleggs ol com sl s b glojle g SBg8 ik o il 5 5 sl
g YL olad o jles clo i > 5l il 3,5 Jlade ol cwl SBsd Slab o slojlu piw
ailise o9z 4 ol Sk ol (13,2 5

Jade )] osgaze ;5 jles gl i pex Jyame (B Clib o s Gl 5>
ojbw el,l )3 (6 iy sordpalud slajlgs slasi axje ol Fiml Slib jo bejlps Seadl
o 23> ol b cwlite g oo s ez oS loKe s (ol Jlode el arils
5l o0 9925 4 Gl o (ol 25 S 0k Hlde YL Slids (o eus Jitie

Gl S oo B s (eend @B B S Cod s Jate GAp Jlns 4 &S alays
| S it )I..s.‘é_o 61)103 03,5 ‘_J.Q.c oS g0 A ‘S,YL, olab 49 uli.c).u.u )b.'é.n

Syt & WIS e e By lajled 4 ond Jate by lyie & Jabe ju 50 sloy Sl ool

LS SeS sy lees il o OB sl ) o Sles

YV



ST ol gl Slggbios Y-V

s a4 Jate slays o agl g adsl ipd Gla)lae 8y90 0 Jlow 5 alRasle;] Slalllas -
g

Slacl o a5 ooy ;0 gl g adgl b pd lajlas 9,90 50 (Jdod 5 alBaslej] Sladlae ¥
A oy lens sl slojl sbypinn S0

s Job Joo (Jitne lo o b g (o0 Jlees Lo Glojle laptucs 59, syl Slallas Y
(Oleizlu ol cyz 90) Cyz ;2 0 bajlgs olaws g (Db o

Sl (3l Jelos slosliinl b 28y Jlens o 9 b sloojlo (5559, (el (g -F

Sfles dgne ) (s p sbles SE g i il sleosle loj ) o Sles gadllas 5 gy -0

YYA



& o

1.T.Paulay, M.J.N.priestley.,1992, Seismic Design of Reinforced Concrete and Masonary Buildings. San
Diego, USA : John Wiley & Sons, INC. 0-471-54915-0.

2.K.Pilakoutas, A.Elnashai, 1995,Cyclic behavior of reinforced concrete cantilever walls, part I:
experimental. 3,: ACI Structural Journal, 1995, Vols. 92 (271-281).

3.1. Ghorbanirenani, R. Tremblay, P. Léger, M. Leclerc., 2012, Shake Table Testing of Slender RC Shear
Walls Subjected to Eastern North America Seismic Ground Motions. 12, s.l. : ASCE Journal of Structural
Engineering, 2012, Vols. 138 (1515-1529). 0733-9445.

4.Y. Zhang, Z. Wang, 2000, Seismic behavior of reinforced concrete shear walls subjected to high axial. Y.
5, s.I. : ACI Structural Journal, Vols. 97 (739-750).

5. D. Palermo, F.J. Vecchio., 2002, Behavior of three-dimensional reinforced concrete shear walls. 1, s.l. :
ACI Structural Journal, Vols. 99 (81-89).

6. M. Panagiotou, J. Restrepo, J. Conte., 2011,Shake-Table Test of a Full-Scale 7-Story Building Slice.
Phase I: Rectangular. 6, s.l. : ASCE Journal of Structural Engineering, Vols. 137 (691-704). 0733-9445.

7. . Lefas, loannis D., Kotsovos, Michael D. and and Ambraseys, Nicholos N., 1990, Behaviour of
Reinforced Concrete Structural Walls: Strength, Deformation Charectristics, and Failure Mechanism1,
s.l. : ACI Structural Journal, Vols. 87 (23-31).

8. Tremblay, R, Leger, P. and Tu, J., 2001, Inelastic Seismic Response of Concrete Shear Walls
Considering P-delta effects. 4, s.l. : Can.).Civ.Eng, Vols. 28 (640-655).

9. Panneton, M., Leger, P., and Tremblay, R., 2006, Inelastic analysis of a reinforced concrete shear wall
building according to national building code of Canada 2005. 7, s.l. : Can.).Civ.Eng, Vols. 33 (854-871).

10. T.N. Salonikios, A.J. Kappos, I.A. Tegos, G.G. Penelis., 1999, Cyclic load behavior of low-slenderness
reinforced concrete walls: Design basis. 4, s.l. : ACI Structural Journal, Vols. 96 (649-660).

11. F. Cheng, G. Mertz, M. Sheu, J. Ger., 1993, Computed versus Observed Inelastic Seismic Low-Rise RC
Shear Walls. 11, s.l. : ASCE Journal of Structural Engineering, Vols. 119 (3255-3275). 0733-9445.

12. Salonikios, T., 2007, Analytical Prediction of the Inelastic Response of RC Walls with Low Aspect. 6,
s.l. : ASCE Journal of Structural Engineering, Vols. 133 (844-854). 0733-9445.

13. loannis D. Lefas, Michael D. Kotsovos., 1990, Strength and deformation characteristics of reinforced
concrete walls under load. 6, s.l. : ACI Structural Journal, Vols. 87 (716-726).

yvY4



14. K. Orakcal, J.W. Wallace., 2006, Flexural modeling of reinforced concrete walls - Experimental
verification. 2, s.l. : ACI Structural Journal, Vols. 103 (196-206).

16. F. Naeim, S.E., H. Bhatia, P.E., Roy M. Lobo, P.E., 2000, Performance Based Seismic Engineering.
[book auth.] Farzad Naeim. The Seismic Design Handbook. Los Angeles, California : Springer,

Siglas b ol (TP 4 i) 99390 (slo Glaislo (of 05, (gilags Jorllygiws JTA) (Jgl Gl g 0uddS i Lol 0g,5,l8 \Y

A5 51 sy sl el g sl (29l (B jgel 183 (S8 o4l

18. Agency, Federal Emergency Management, 2013, Prestandard and Commentary for the Seismic
Rehabilitation of Buildings (FEMA 356). s.l. : CreateSpace Independent Publishing Platform, April 3. 978-
1484027554,

19.C. Sittipunt, S.L. Wood, P. Lukkunaprasit, P. Pattararattanakul., 2001, Cyclic behavior of reinforced
concrete structural walls with diagonal web reinforcement. 4, s.l. : ACI Structural Journal, Vols. 98 (554-
562).

20. Siao, Wen Bin., 1994, Shear strength of short reinforced concrete walls, corbels, and deep beams. 2,
s.l. : ACI Structural Journal, Vols. 91 (123-132).

21. M. Fintel, P.E., 1995, Performance of Buildings with Shear Walls in Earthquakes of the Last Thirty
Years. s.l. : PCl Journal, May-June 5, Vols. pp. 62-78.

22. C.MARTIN DUKE, JOUN F.MEEMAN., 1971, Preliminary Engineering Finding from Los Angeles
Earthquake of February 9, 1971. s.l. : Earthquake Research Engineerin Institute.

23. A Blakeborough, P A Merriman, M S Williams., 1994, THE NORTHRIDGE, CALIFORNIA EARTHQUAKE
1994. London : Earthquake Engineering Field Investigation Team.

24. D. Vamvatsikos, C.Allin Cornell, 2002, Incremental Dynamic Analysis.. CA : Earthquake Enging Struct.
Dyn, Vols. -. 94305-4020.

25.Shome N, Cornell CA, 2000, Structural seismic demand analysis: Consideration of Collapse. s.l. :
Proceeding of the 8th ASCE Speciality Conference on Probabilistics Mechanics and Structural Reliability.

26. Seismosoft Team., 2013, SeismoStruct User Manual (For version 6.5). Pavia (PV). Italy : Seismosoft
Ltd.

27. Mander J.B., Priestley M.J.N., Park R, 1988, Theoretical stress-strain model for confined concrete. 8,
s.l. : Journal of Structural Engineering, Vols. 114 (1804-1826).

28. Menegotto M., Pinto P.E., 1973, Method of analysis for cyclically loaded R.C. plane frames including
changes in geometry and non-elastic behaviour of elements under combined normal force and bending.
Zurich, Switzerland : Symposium on the Resistance and Ultimate Deformability of Structures Acted on by

kX



Well Defined Repeated Loads, International Association for Bridge and Structural Engineering, Vols. 15-
22.

29. Paolo Martinelli, and Filip C. Filippou., 2009, Simulation of the shaking table test of a seven-story
shear wall building. 587-607, s.. : EARTHQUAKE ENGINEERING AND STRUCTURAL DYNAMICS, Vol. 38.

30. Carvalho E.C., Coelho E., Campos-Costa A., 1999, Preparation of the Full Scale Tests on Reinforced
Concrete Frames. Characteristics of the Test Specimens, Materials and Testing Conditions. s.l. : ICONS
Report.

31. Engineers, American Society of Civil., 2007, Seismic Rehabilitation of Existing Buildings: Seismic
Rehabilitation of Existing Buildings (ASCE41-06 Standard). s.l. : Amer Society of Civil Engineers, April 30.
978-0784408841.

32. Panyakapo, Phaiboon., 2012, Seismic Displacement Demands of Reinforced Concrete. LISBO : World
Conference on Earthquake Engineering.

33. Y.Fahjan, B.Doran, B.Akbas, J.Kubin., 2012, PUSHOVER ANALYSIS FOR PERFORMANCE BASED-
SEISMIC DESIGN OF RC FRAMES WITH SHEAR WALLS . LIBOA: World Conference on Earthquake
Engineering.

34. B. Budiono, A.A.Suselo., 2012, The Degree of Accuracy Between Modal Pushover Analysis (MPA)
Using CQC and SRSS Combination In Comparison to Non Linear Response Time History (NLTHA) For 3D RC
Structures. Lisbon : World Conference on Earthquake Engineering.

35. A.Q. Bhatti, H.Varum., 2012, Application of Performance Based Nonlinear. Lisbon: World
Conference on Earthquake Engineering.

36. Toshikazu Kabeyasawa, H. Fukuyama, D. Xuan &Toshimi Kabeyasawa, H. Katsumata & K.
Sugimoto., 2012, Static Cyclic Loading Test on Moment Resisting Frame with Slab Simulating Seismic
Performance of High-Rise Reinforced Concrete Buildings. Lisbon: World Conference on Earthquake
Engineering.

37. Department of Defense, 2013, Design of Buildings to Resist Progressive Collapse . s.l. : BiblioGov,
February 12. 978-1288757022.

38. Javeed A. Munshi and Satyendra K. Ghosh, 1997, Analyses of seismic performance a code designed
reinforced concrete building. PlI-S0141-02961(97) 00055-2.

39. Han-Seon Lee, Sung-Woo Woo, 2002, Seismic performance of a 3-story RC frame in a low-seismicity
region. Engineering Structures 24 719-734.

40. Valles. RE, Reinhorn. AM, Kunnath. SK, Li. C, Madan. A, 1996, IDARC2D version 4.0: a program for
the inelastic damage analysis of buildings. Technical report NCEER-96-0010, State University of New
York, Buffalo.



41. Li. J.H, Su. R.K.L, Chandler. A.M, 2003, Assessment of low-rise building with transfer beam under
seismic forces. Engineering Structures, 25, 1537-1549.

42. Li. J.H, Su. R.K.L, Chandler. A.M, 2003, Assessment of low-rise building with transfer beam under
seismic forces. Engineering Structures, 25, 1537-1549.

43. kim.T, Foutch.D.A, 2007, Application of FEMA methodology to RC shear wall buildings governed by
flexur. Engineering Structures, 29, 2314-2522.

43. Sadjadi.R, Kianousha.M.R, Taleb.S, 2007, Seismic performance of reinforced concrete moment
resisting frames. Engineering Structures, 29, 2365-2380.

44. Erdurana.E, Yakut.A, 2007, Component damage functions for reinforced concrete frame structures.
Engineering Structures ,29, 2242-2253.

45. Mehannya.S.S.F, El Howary.H.A, 2010, Assessment of RC moment frame buildings in moderate
seismic zones:Evaluation of Egyptian seismic code implications and system configuration effects.
Engineering Structures ,32,2394_2406.

46. Ghosh.S, Datta.D , Katakdhond.A.A, 2011, Estimation of the Park-Ang damage index for planar
multi-storey frames using equivalent single-degree systems. Engineering Structures ,33, 2509—2524.

Yey



Abstract

The observed response of medium rise buildings during sever earthquakes
worldwide has indicated that RC buildings with shear walls behave considerably
better than other buildings. The conviction that shear walls are inherently brittle
still prevails amongst engineers, and therefore, they usually prefer to choose
moment resisting RC frames without shear walls. In this study, a number of RC
frames, with and without shear walls are designed in accordance with the seismic
codes, and are then subjected to an assemble of severe earthquakes. The results of
timehistory nonlinear analyses of these models are then used to investigate the
effect of the presence of shear walls within the framework of performance based
design. It is concluded that in general the presence of shear walls results in a
significant decrease in the seismic deformation demand. This includes the plastic
rotations in RC columns and beams as well as the interstory drifts. Consequently, it
Is concluded that the presence of shear walls generally increases the safety of mid-
rise RC frames within the assessment framework of performance based design
codes such as ASCE41-06.

Key words: RC shear walls, Performance Base Design, Plastic rotation, RC frames, ASCE 41-06
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