Height above Footing (mm)

Height above Footing (mm)

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200
100

Normalized Strain
0 1 2 3 4 5 6 7

S12 SO T T T T T T T
B S<—>»N —x— 0.6%
B S12 —— 0.9%

S11 S11 —— 2.0%
I —a— 3.0%
B S10

0

S10 = —a— 4.0%
- 0

S5 —o—— 6.0%
i sS4

S4 S3
| s3 &

B Footing

S2

S1

-0 0 01 02 03 04 05 06 07 08 09 1 11 12
Strain (%)
(@) Push Direction

Normalized Strain

0 1 2 3 4 5 6 7
812 e T T T T T T
B S'e—»N —x— 0.6%
B S12 —— 0.9%
S11 s11 —v 2.0%
—a— 3.0%
B S10
10 —a— 4.0%
55 S5 —o— 6.0%
L S4
| s3 2
$2 Footing
S1

-0 0 01 02 03 04 05 06 07 08 09 1 11 12
Strain (%)
(b) Pull Direction

Rl 3.42 :#%8 SP2 4% & # R w RIS ¥ 1 B

123



Normalized Strain Normalized Strain

01 23 456 7 8 0 1 2
T
200 200
Z g
= 100 = 100
b} b
o o
L 0 £ o
S S
3 -100 S -100
(&) (&)
< <
-200 -200
| | | | | |
0 02 04 06 08 1 1.2 0 0.2 0.4
Strain (%) Strain (%)
(a) Strain Gauge S1 (b) Strain Gauge S2
Normalized Strain Normalized Strain
0 1 2 0 1 2
T T
200 + 200
Z z
< 100 - < 100
3 8
£ o 8 %o
S S
S 100 - S ‘100
k] O
< <
-200 - -200
| | L
0 0.2 0.4 0 0.2 0.4
Strain (%) Strain (%)
(c) Strain Gauge S3 (d) Strain Gauge S5
Normalized Strain Normalized Strain
-1 0 1 1 0 1
200 | 200 -
g g
< 100 + <~ 100 r
D D
2 o
L 0 L 0
S S
S 100 ¢ S 100 +
(&] (@]
< <
-200 |- -200 -
L L L | | | | | | |
-0.15 -0.1 -0.05 0 0.05 0.1 0.5 -0.15 -0.1 -0.05 0 0.05 0.1 0.5
Strain (%) Strain (%)
(e) Strain Gauge S10 (f) Strain Gauge S12

Bl 3.43 %8 SP2 4k ¢ A Rk F L Rl 4 FPFF

124



Height above Footing (mm)

Height above Footing (mm)

1000
900
800
700
600
500
400
300
200
100

1000
900
800
700
600
500
400
300
200
100

Normalized Strain

0 1 2 3 4 5 6 7
C8 T T T T T T T
| S<+—»N e 0.6%
i —— 0.9%
i C7 v 2.0%
—a—— 3.0%
c6 —a— 4.0%
e ——e— 6.0%
| C4
| c3
B Footing
C2
C\:l ‘ 3 | | | | | | | | | | |
-01 0 01 02 03 04 05 06 07 08 09 1 11 12
Strain (%)
(@) Push Direction
Normalized Strain
0 1 2 3 4 5 6 7
C8 T T T T T T T T
B S'e— N —x— 0.6%
i cs] —— 0.9%
Cc7 c7, —— 2.0%
I —e—— 3.0%
i C6
C6 1 e 4.0%
[ s cs) e 6.0%
i ca
C4 CB*
3 czj
- Cl -
c2 Footing
c\:l | | | | | | | | | | | |
-01 0 01 02 03 04 05 06 07 08 09 1 11 1.2

Strain (%)
(b) Pull Direction

Bl 344 30 SP2 4§ & R » HRTHA %1 W

125



-100

Actuator Force (KN)
o

-200

-100

Actuator Force (kN)
o

-200

-100

Actuator Force (kN)
o

-200

Normalized Strain
0 1L 2 3 4 5 6 7

0 02 04 06 08 1 12
Strain (%)
(a) Strain Gauge C1-1

Normalized Strain
0 1 2

0 0.2 0.4
Strain (%)
(c) Strain Gauge C3-1

Normalized Strain

-0.1 0 0.1 0.2

Strain (%)
(e) Strain Gauge C6-1

Normalized Strain

0 1 2
T T
200 -
g
= 100 -
b
=
L 0
S
3 -100 |
(&)
<
-200
L L
0 0.2 0.4
Strain (%)
(b) Strain Gauge C2-1
Normalized Strain
0 1 2
T T
200
Z
<= 100 r
D
o
% N
S
S 00 -
(&)
<
-200 -
| |
0 0.2 0.4
Strain (%)
(d) Strain Gauge C5-1
Normalized Strain
0
200
Z
= 100 r
(b
=
L 0
S
S -100 -
(&S]
<
-200
L
-0.1 0 0.1 0.2

126

Strain (%)
(F) Strain Gauge C7-1

1 3.45 248 SP2 4% ¥ & R BB & Bl% 4 Pk



400

300

200

100

Height above Footing (mm)

0

200

100

-100

Actuator Force (KN)
o

-200

200

100

-100

Actuator Force (kN)
o

-200

500 -

Normalized Strain

-1 0 1 2 3 4

S9 Push Direction
—x%x—— 0.6%
B ——+—— 0.9%
v 2.0%
- —8— 3.0%
S8 s 4.0%
- —e— 6.0%
S7
S6
-0.2 0 02 04 06
Strain (%)
(a) Strain Profiles (Push)
Normalized Strain
0 1 2
0 0.2 0.4
Strain (%)
(c) Strain Gauge S6
Normalized Strain
0 1 2
0 0.2 04
Strain (%)
(e) Strain Gauge S8

Bl 3.46 A% SP2 4k ¢ @

Normalized Strain
-1 0 1 2 3 4

g 500 Fgg Pull Direction
—= —x—— 0.6%
CE» 400 - — 4+ 0.9%
© —v—— 2.0%
$ 300 - —5— 3.0%
o S8 ——a—— 4.0%
9 200 - ——o— 6.0%
3 S7
S 100 -
f S6
O L L L L
-0.2 0 02 04 06
Strain (%)
(b) Strain Profiles (Pull)
Normalized Strain
0 1 2
T T
200 -
Z
= 100 -
@
o
& .o
S
S 000 -
(&)
<
-200 -
| |
0 0.2 0.4
Strain (%)
(d) Strain Gauge S7
Normalized Strain
0 1 2
T T
200 -
g
= 100 r
(b}
=
L 0
S
S 100 -
(&)
<
200 -
| |
0 0.2 0.4
Strain (%)
(f) Strain Gauge S9
P17 &% B

127



Height above Footing (mm)

Height above Footing (mm)

Normalized Strain

2 1 0 1 2 3 4 5

1000 C8 T T S T N T T \0
900 | SN e 0-60/0
800 | cs —— 0.9%

C7 c7, . 2.0%
700 e 30%
600 | . CG: A%
500 | o cs| e B.0%
400 | c4)

C4 c3
300 | g o
200 | Footing

Cc2
100 | ,

C1 X

O | | | | | | | | | | | |

-04 -03 -02 -01 0 01 02 03 04 05 06 07 08 09
Strain (%)
(@) Push Direction

Normalized Strain

-2 -1 0 1 2 3 4 5
1000 ‘ ‘ ‘ ‘ ‘
—— 0.9%
800 1 C7 —v— 2.0%
700 —a— 3.0%
600 o
s 4.02/0
500 | cs ——<—— 6.0%
400 | ca
300 | c3
200 + Footing
C2
100
C1 p 4
O | | | | | | | | | | | |

-04 -03 -02 -0 0 01 02 03 04 05 06 07 08 09
Strain (%)
(b) Pull Direction

B 347 :#H SP2 4k ¥ & RlGs B¥EHE AL F

128



Actuator Force (kN) Actuator Force (KN)

Actuator Force (KN)

200

100

-100

-200

200

100

-100

-200

200

100

-100

-200

Normalized Strain
-1 0 1

02 01 0 01 02
Strain (%)
(a) Strain Gauge C1-2

Normalized Strain
-1 0 1

02 01 0 01 02
Strain (%)
(c) Strain Gauge C3-2

Normalized Strain
-1 0 1

02 01 0 01 02
Strain (%)
(e) Strain Gauge C6-2

-100

Actuator Force (kN)
o

-200

200

100

-100

Actuator Force (KN)
o

-200

-100

Actuator Force (KN)
o

-200

Normalized Strain

02 01 0 01 02
Strain (%)
(b) Strain Gauge C2-2

Normalized Strain
-1 0 1

02 01 0 01 02
Strain (%)
(d) Strain Gauge C5-2

Normalized Strain
-1 0 1

02 01 0 01 02
Strain (%)
(f) Strain Gauge C7-2

B 3.48 #48 SP2 4% ¢ = Rl4iw ¥y 4 LM

129



| PetFe + AR

F
=
T
T
Pyt Fs + AFs
Ml G
I B Segent 1 \
=
&1 \ Al W&l
i C,
(@ * - & B KN
| PetFs + O 3 PatFs + AR
g M| _C
/
’
Segment 2 : Jﬁqﬁ
\\ ALZ ALZ &2
'
\\\ C2
T
Pyt Fs + AFs
Ml G
ALl W&%l
C

~

»

(b) % - &

I

W 349 @1 inffA 4707

130



120
100

Ao (MM)
538

120 T T T T T
—8—— Experiment
100 — & - Analysis
—
& 80
E 60}
4 40 ¢
20 m
O 1 1 1
0 50 100 150
Aexp (mm)

Drift (%)
0123 456

T T T T T T
—H&— Experiment
— & — Analysis

AA— A A A —A

A/A

0 50 100
Aexp (mm)
(a) 2, Component

150

120

Drift (%)

012 3 456

— 8 E)'<peri'men't

— & — Analysis
V4

0 50 100
A gxp (MM)
(b) 2pq Component

150

120
100

[o20e )
o O

Ap, (MmM)
S
o

Drift (%)
0123456

T T T T T
—H&— Experiment
— & — Analysis

MH—F_él

0 50 100 150
Aexp (mm)
(c) &App Component

Bl 3.50 A% SP1 &5 &2 » 473 enip] 24 £ 4 474

Drift (%)
01 23 456

(a) &g Component

Drift (%)
01 2 3 456
120 T T T T T T
— 3 Experiment
’_\100 = & — Analysis, /
£ .80
»E: 60 1
<]l 40 F
20
0 |
0 50 100
Aexp (mm)

(b) ~Apg Component

150

Drift (%)
01 2 3 456
120 T T T T T T
—H&— Experiment
AlOO — & — Analysis
E 80 r
Eel
< 40 +
20 r a— P
O oy & 1
0 50 100 150
A gxp (MM)

(c) 2pp Component

B 3.51 #H8 SP2 &5 &2 &~ 4T HR cnip] 24 £ 4 47 1

131




A
Force

[
>

y Displacement

(a) Stiffness Degrading Model

A
Force

Fy

\ 4 »

Displacement

(b) Bilinear Elastoplastic Model

Force 4
]
Fy e — Kp/lKe | ary
—
/Ke |

\ 4 »

A ] »
y Displacement

(c) Flag Shaped Model

132



Lateral Force (MN)

B 4.1 2L de 4 A 45

Kpspo=3-1kN/mm

= = — I

K

p,sp1= 2-2 KN/mm

Specimen 1
— — —Specimen 2

0 100

2000 300 400 500 600 700 800
Lateral Displacement (mm)

4.2 308 it £ e b

133



Acceleration (g) Acceleration (9) Acceleration (g) Acceleration () Acceleration (g)

Acceleration (g)

o
3

o
o

S
w

(@)

Time (sec)
Northridge: Castaic Old Ridge

20 30 40
Time (sec)
(b) Landers: Joshua Tree

10 20 30
Time (sec)
(c) LomaiPrieta: Saratoga

10 20 30
Time (sec)

(d) Loma Prieta : Anderson Dam

10 20 30
Time (sec)
(e) Loma Prieta: Santa Cruz

B 43 =

10 20 30
Time (sec)
() Sanfernando: Lake Huges

KRR - I

134



Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g)

Scaled Acceleration (g)

30 F
00 nnAnnn{'AvalhnanAAhﬂ AAAMAM I\M [\ /N P A
. wy'y VVV'I \IVU UN“'V VVWV\’\/ V \4 A\ A4
-3.0 I !
0 10 20 30
_ Time (sec) .
() Northridge: Castaic Old Ridge
30 F

-30 C | | |
0 10 20 30 40
Time (sec)
(b) Landers: Joshua Tree
30 F

Time<{(sec)
(c)/Loma Prieta: Saratoga

Time (sec)
(d) Loma Prieta : Anderson Dam

w
o

o
o

g
o

0 10 20 30
Time (sec)
(e) Loma Prieta: Santa Cruz

w
o

o
o

g
o

Time (sec)
(f) Sanfernando: Lake Huges

Bl 44 = o b R (T=2554))

135



Spectral Acceleration (Q)

Spectral Displacement (cm)

i ATC 32 Soil Type C
12.0 M = 7.25+0.25, PGA = 0.7g
10.0 — — — Mean of 6 Scaled Records

8.0

6.0

4.0

2.0

0.0

0 0.5 1 1.5 2 2.5 3
Period (sec)
(a) Elastic Acceleration Response Spectra
140 -

ATC 32 Sail Type.C
M = 7.25+0125, PGA = 0.7g

— — — Mean of 6 Scaled'Records

120

100
80
60
40

20

0 0.5 1 15 2 2.5 3
Period (sec)

(b) Elastic Displacement Response Spectra

Bl 45 = e fe R4 RFFEEF BFH (T=255%))

136



Dcutility
6 -4 2 0 2 4 6

8 —
—~ 6 — /
> L
S 47
% 2
e
o O
LL
= 20
g4~
- 6 -/ [ — Specimen 1
8 - - — — Specimen 2
| | | | | |
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(@) Northridge: Castaic Old Ridge
Ductility
6 -4 2 0 2 4 6
g I T T T T T T
~~ 6 - "/
pd
S 47
o 2 r
2
o 0
L
T 27
[<5]
g
-6 |- — Speeimen;1
8 = — — Specimen.2
| | | | | |
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(c) Loma Prieta: Saratoga
Ductility
6 -4 2 0 2 4 6
g I T T T T T T
= /
S 47 -
@ 2F
2
c 0
L
B 20
-6 |- / —— Specimen 1
-8 - ‘ ‘ — —‘Spec‘imen‘z

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(e) Loma Prieta: Santa Cruz

Lateral Force (MN) Lateral Force (MN)

Lateral Force (MN)

o N A OO 0

Ductility

6 -4 -2 0 2 4 6
T T T T T T
B [
= ! —— Specimen 1
= — — Specimen 2

| | | | | |

-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(b) Landers: Joshua Tree

Ductility

6 4 -2 0 2 4 6
C 7 T T T T T

— 1
- ) / / -
i - |
B I — Specimen 1
B - — — Specimen 2
1 1 1 1 1 1

-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(d) Loma Prieta: Anderson Dam

Ductility
6 4 -2 0 2 4 6
T T T T T T
B — Specimen 1
L — — Specimen 2
| | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(f) Sanfernando: Lake Hughes

@B 4.6 3¢ 4 éﬁiﬁaﬁ;%ﬁﬁ%ﬁsmﬁgﬁgsm A2 MM R(T=255%))

137



Dcutility
6 -4 2 0 2 4 6

Lateral Force (MN)
o oo A N O N MM O ©

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(a) Northridge: Castaic Old Ridge

Ductility
6 -4 2 0 2 4 6
l

Lateral Force (MN)
o oo A N O N M O

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(c) Loma Prieta: Saratoga

Ductility
6 -4 -2 0 2 4 6

Lateral Force (MN)
o OO A N O N b O

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(e) Loma Prieta: Santa Cruz

Lateral Force (MN) Lateral Force (MN)

Lateral Force (MN)

Ductility
6 -4 2 0 2 4 6
g [ T T T T T
6 L
4 +
o L
0
-2 -
4 -
-6 +
-8 W ‘ | | | |
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(b) Landers: Joshua Tree
Ductility
6 -4 2 0 2 4 6
g [ | T T T T T
6 ]
4 r |
2 - Gl /
L //// ///y;l !
Y il // //’////
4k v
0.
=8 b | | | ‘ ‘
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(d) Loma Prieta: Anderson Dam
Ductility
6 4 2 0 2 4 6
g [ T T T T T
6 -
4 L
o L
0
2+
4
-6
-8 | | | | ‘ ‘

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(f) Sanfernando: Lake Hughes

Bl A7 & 53R AR R 4 S HAp S £ =8 M R(T=2557))

138



Lateral Force (MN)
o &d AN o v RO ©

Lateral Force (MN)

Lateral Force (MN)

Dcutility
6 -4 2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(@) Northridge: Castaic Old Ridge
Ductility
6 -4 2 0 2 4 6
8 T T
6
4
2
0
-2
-4
-6
-8 I 1
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(c) Loma Prieta: Saratoga
Ductility
6 -4 2 0 2 4 6
g I T T T T T T
6 - /
4 /’ {
2+ K
l ///
0
i
2r i
4t /|
6 - Il
8 L1 | | | | |

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(e) Loma Prieta: Santa Cruz

Lateral Force (MN)

Lateral Force (MN)
o & AN O N A~ O ©

Lateral Force (MN)
© & AN O N AMNO ®

-750 -500 -250 O

Ductility
6 -4 -2 0 2 4 6

250 500 750
Lateral Displacement (mm)

(b) Landers: Joshua Tree

Ductility
6 4 -2 0 2 4 6
L r’/ / //
L /// i
L //J/ [ l// |
] ;j/ !
l
- ripl

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(d) Loma Prieta: Anderson Dam

Ductility
6 4 2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(f) Sanfernando: Lake Hughes

B 4.8 4 g R BB FHAF S £ =B M (T=2551))

139



Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)

Displacement (mm)

800
400

-400
-800

800
400

-400

-800 -

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

Flag-Shaped Model (Specimen 1)
/\ — Flag-Shaped Model (Specimen 2)

/\mn&ﬁ\ﬁ\/f\ A AOAZ=CS AN A ASNINRS

——— — — Bilinear Elastoplastic Model
| — — — Stiffngss Degrading Model

A ,.
MVK/ AV AASAANERAA A RB A Adg

10 20 30 40
Time (sec)

(a) Northridge: Castaic Old Ridge

Flag-Shaped Model (Specimen 1)
Flag Shaped Model (Specimen 2)

\\/ /7 - — Bilinear Elastoplastic Model
| | — — — Stiffness Degrading Model
10 20 30 40 50

Time (sec)
(b) Landers: Joshua Tree

Flag-Shaped Model (Specimen 1)
‘A —— Flag-Shaped Model (Specimen 2)
A\

\J | W wa&@&f SR A e

——— — — Bilinear Elastoplastic Model
| — — — Stiffness Degrading Model

10 20 30 40
Time_.(sec)
(c) lLoma Prueta: Saratoga

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

A /Y\a/j\\ M\ /\/ﬁ\ A RIS AN AT

vV vV WW\V/\\(/

——— — — Bilinear Elastoplastic Model
— — — Stiffness Degrading Model

10 20 30
Time (sec)
(d) Loma Prieta: Anderson Dam

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

——— — — Bilinear Elastoplastic Model
— — — Stiffness Degrading Model

10 20 30
Time (sec)
(e) Loma Prieta: Santa Cruz

Vf{\/\ o AR AP S S A = = Ao = =
AV WA RS

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

i e 2 =

——— — — Bilinear Elastoplastic Model
| — — T Stiffness Degrading Model

10 20 30
Time (sec)
() Sanfernando: Lake Huges

Bl 49 = #FErEF B(T=255%))

140



Aimong
D 0O ™~ ©O I <~ M N 1 O

T T
aQ 58
c o T <
L O _ MWJ
mml% ST
.I.Ie D
S 8o S €L
2 890> &5
LAZ o
o=
[%2] ..
333 g
© 6T o o5
S=CE29 £5
(S 7 p
TR g g
s 300 S S
S © VO o0
 c O g
nwmo £
) = .. @
2 RES |58
— — —
L ironm 58
W E [ mw
o <
a<

Loma Prieta:
Saratoga

Landers:
Joshua Tree

Northridge:
Castaic Old
Ridge

! ! ! ! ! ! ! !

o O O O O O o o o
o O O O O O O o

o N~ © IO - O N

(ww) Juawade|dsiq [elare] WNWIXeA

(a) Maximum Lateral Displacsment

Sanfernando:
Lake Hughes

Loma Prieta:

Anderson Dam Santa Cruz

o

B Flag Shaped Model (Specimen 2)

M Flag-Shaped Model (Specimen 1)
B Stiffness Degrading Model

7 Bilinear Elastoplastic Model

Saratoga

n
e
| &
o O

Joshua Tree

Northridge:
Castaic Old
Ridge

25.0

! ! !
Q Q Q ) )
o Ko} o Lo o
N — —

(w-NIN) ABiau3 onaus1sAH

(b) Maximum Hystereric Energy

2.55 %))

A (T

s
Ab ';E:

#R

>

B 410 & =~ §

141



Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g) Scaled Acceleration (g)

Scaled Acceleration (g)

30 F
0.0 P AVI‘\UANA“ VALAA Ao APAA
-3.0 I !
0 10 20 30
_ Time (sec) .
() Northridge: Castaic Old Ridge
30 F
0.0 Mo L..'ANLVA.“LWAMAVWAWVAANVA NOVSP VDT S AA.NWW.AWI'\ AP o
-30 C | | |
0 10 20 30 40
Time (sec)
(b) Landers: Joshua Tree
30 F

'3.0 C | |

0 10 20 30

Time{(sec)
(c) Loma Prieta: Saratoga

30 |
0.0
-30 ¢ | |

0 10 20 30

Time (sec)
(d) Loma Prieta : Anderson Dam

'3.0 C | |
0 10 20 30
Time (sec)
(e) Loma Prieta: Santa Cruz
'3.0 C | |
0 10 20 30

Time (sec)
(f) Sanfernando: Lake Huges

Bl 411 = mB R Bhed REME (T=104))

142



Spectral Acceleration (Q)

Spectral Displacement (cm)

9.0

8.0
70 — — — Mean of 6 Scaled Records

ATC 32 Soil Type C
M = 7.25+0.25, PGA = 0.7g

6.0
5.0
4.0
3.0
2.0 p
1.0 -

00 1 1 1
0 0.5 1 15 2 2.5 3
Period (sec)

(a) Elastic Acceleration Response Spectra

90
80 L ATC 32 Sail-Type C

0 0.5 1 1.5 2 2.5 3
Period (sec)

(b) Elastic Displacement Response Spectra

B 412 = e fEH Bicd BEPFEES ¥ (T=104)

143



Lateral Force (MN)

Lateral Force (MN)

Lateral Force (MN)

B 4.13 ¢ 4 %ﬁiﬁa#ﬁ;ﬁgﬁgsmﬁgﬁgsm 4 &

Dcutility

6 -4 -2 0 2 4 6

g [ T T T T T T
6 T
4 + —
2 [
0
2+
-4 + ]
-6 // —— Specimen 1
8 — — Specimen 2
- | | | | | |

-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(@) Northridge: Castaic Old Ridge

Ductility
6 4 -2 0 2 4 6
g ' T T T T T
6 [
I
4 -
2 [
0
2+
4 - —
-6 |- — Specimen;1
8 - — — Specimen-2
| | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(c) Loma Prieta: Saratoga

Ductility
6 4 -2 0 2 4 6

8 C T T T T T T
6 [

4 [

2 [

0
2+
A Il
-6 - L —— Specimen 1
8 — — Specimen 2
- | | | | | |

-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(e) Loma Prieta: Santa Cruz

144

Lateral Force (MN)

Lateral Force (MN)

Lateral Force (MN)

o N A OO 0

Ductility
6 4 -2 0 2 4 6
T \ \ \ \ \
i /

F / ——— Specimen 1
N - — — Specimen 2
| | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(b) Landers: Joshua Tree

Ductility

6 4 -2 0 2 4 6
T T T T T T
i I
= N0 Specimen 1
L - — — Specimen 2

| | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(d) Loma Prieta: Anderson Dam

Ductility

6 4 -2 0 2 4 6
T T T T T T
| - //
L J
- — Specimen 1
| — — Specimen 2

| | | | | |

-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(f) Sanfernando: Lake Hughes

= H M AR(T=104)

E



Lateral Force (MN)

Lateral Force (MN)

Lateral Force (MN)

Deutility
6 -4 -2 0 2 4 6

g [ T T T T T
6 +

4 +

2 r 7/

0 v /

2 F // /

4 b /

-6 r |

-8 L | | | | |

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(a) Northridge: Castaic Old Ridge

Ductility
6 -4 -2 0 2 4 6
g [ T T T T T
6 -
T /
L /A
2 ///// ///1/
0 a1 A&
2L /// /
4 b
6 | I
-8 Il | | | | |

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(c) Loma Prieta: Saratoga

Ductility

6 -4 2 0 2 4 6
g T —
6,
4l
2,
0
-2+
4 F
-6 +
-8 = | | | | |

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(e) Loma Prieta: Santa Cruz

Lateral Force (MN)

Lateral Force (MN)

Lateral Force (MN)

Ductility

g [ T T T T
6 L
4 L
2 [
0
-2+
/s
6 F
-8 | | | |
-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(b) Landers: Joshua Tree
Ductility
6 -4 2 0 2 4 6
8 T T T T T T
6 I
/
4 - 4 / //
2 - ! |
Y, 3 (4
7
v . /Y
06+
-8 Il | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(d) Loma Prieta: Anderson Dam

Ductility
6 -4 2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(f) Sanfernando: Lake Hughes

B 4.14 4% 55 R 5 24 ﬁ;ﬁgﬁ? 7 4 %Fii)}ﬁﬁj’* FR(T=10%))

145



Lateral Force (MN)
o &d AN o v RO ©

Lateral Force (MN)

Lateral Force (MN)

Dcutility
6 -4 2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)
(@) Northridge: Castaic Old Ridge

Ductility

6 -4 -2 0 2 4 6

g ' T T T T T
61 1
4 - ///
2 - //////
0 1l
Pl il
_4— /;/
6L Iy

'87\ I I I I I

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(c) Loma Prieta: Saratoga

Ductility
6 4 -2 0 2 4 6
8 C T T T T T T
6 L
l
4ar d
2 Iy!
0 U
2 F 1§/
4
_6 -
-8 L1 | | | | |
-750 -500 -250 0 250 500 750

Lateral Displacement (mm)
(e) Loma Prieta: Santa Cruz

Lateral Force (MN)
o & AN O N A~ O ©

Lateral Force (MN)

1
(o]

Lateral Force (MN)
© & AN O N AMNO ®

-750 -500 -250 O

o b~ OO

| 1
B N

1
[oc)

Ductility
6 -4 -2 0 2 4 6

250 500 750
Lateral Displacement (mm)

(b) Landers: Joshua Tree

Ductility
6 -4 -2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(d) Loma Prieta: Anderson Dam

Ductility
6 4 2 0 2 4 6

-750 -500 -250 0 250 500 750
Lateral Displacement (mm)

(f) Sanfernando: Lake Hughes

W] 4.15 4 F 2582 MR8 AT 4 & A BT =104))

146



Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm) Displacement (mm)

Displacement (mm)

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

800
400

-400
-800

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

——— — — Bilinear Elastoplastic Model

| | — — — Stiffness Degrading Model

10 20 30 40
~ Time (sec) .
() Northridge: Castaic Old Ridge

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

AP AI\AANM/\AAAAAA\M\/\/]\AAA/\N/A A AR

PPNV WA G S VA VA A AN
——— — — Bilinear Elastoplastic Model
| | — — — Stiffness Dggrading Model
10 20 30 40 50
Time (sec)

(b) Landers: Joshua Tree

Flag-Shaped Model (Specimen 1)

Flag-Shaped Model (Specimen 2)
A AL A An -
——— — — Bilinear Elastoplastic Model
| | — — — Stiffngss Degrading Model
10 20 30 40
Time.(sec)

(c)l.oma Prueta: Saratoga

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

n,f‘\(d'-.s.aﬂ . f\k mﬂfmmﬁhf =

NN

——— — - Bilinear Elastoplastic Model
) — — 1 Stiffness Degrading Model

10 20 30
Time (sec)
(d) Loma Prieta: Anderson Dam

Flag-Shaped Model (Specimen 1)
Flag-Shaped Model (Specimen 2)

SR AR AvA-Ea &

——— — — Bilinear Elastoplastic Model
| — — 1 Stiffness Degrading Model

10 20 30
Time (sec)
(e) Loma Prieta: Santa Cruz

Flag-Shaped Model (Specimen 2)
£\ /\\ P oA, Ao PPN = =
NN NS L ~

Flag-Shaped Model (Specimen 1)

——— — - Bilinear Elastoplastic Model
— — 71— Stiffness Degrading Model

10 20 30
Time (sec)
() Sanfernando: Lake Huges

Bl 416 =8 FFF E(T=104%))

147



Maximum Lateral Displacement (mm)
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