
10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

A
ria

s 
In

te
ns

ity
 L

on
gi

tu
di

na
l (

cm
/s

)
σ=0.44, 0.40, 0.32, 0.32

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

A
ria

s 
In

te
ns

ity
 L

on
gi

tu
di

na
l (

cm
/s

)
σ=0.44, 0.40, 0.32, 0.32

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
2

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Steel Stress               

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.13, 0.16, 0.17, 0.15

ρ
s
,ln=0.01

ρ
s
,ln=0.02

ρ
s
,ln=0.03

ρ
s
,ln=0.04



10
5

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.19, 0.17, 0.18, 0.13

ρ
s
,ln=0.01

ρ
s
,ln=0.02

ρ
s
,ln=0.03

ρ
s
,ln=0.04



10
3

Intensity Measure vs Damage Measure (Parameters)

Maximum Concrete Stress            

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.12, 0.12, 0.12, 0.11

ρ
s
,ln=0.01

ρ
s
,ln=0.02

ρ
s
,ln=0.03

ρ
s
,ln=0.04



10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Displacement Ductility Longitudinal

S
a 

T 1 L
uc

o 
Lo

ng
itu

di
na

l (
cm

/s
2 ) 

 
σ=0.30, 0.27, 0.33, 0.28

ρ
s
,ln=0.01

ρ
s
,ln=0.02

ρ
s
,ln=0.03

ρ
s
,ln=0.04



10
2

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Steel Stress               

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.16, 0.16, 0.19, 0.22

L/H=3.5
L/H=2.4
L/H=1.8
L/H=1.2



10
5

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.19, 0.17, 0.19, 0.17

L/H=3.5
L/H=2.4
L/H=1.8
L/H=1.2



10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

S
a 

T 1 L
uc

o 
Lo

ng
itu

di
na

l (
cm

/s
2 ) 

 
σ=0.32, 0.27, 0.27, 0.25

L/H=3.5
L/H=2.4
L/H=1.8
L/H=1.2



10
-1

10
0

10
1

10
2

Intensity Measure vs Damage Measure (Parameters)

Displacement Ductility Longitudinal

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.30, 0.28, 0.19, 0.21

L=720 
L=1080
L=1440
L=2160



10
4

10
5

10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.17, 0.13, 0.11, 0.14

L=720 
L=1080
L=1440
L=2160



10
-1

10
0

10
1

10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Curvature Ductility Longitudinal   

S
a 

T 1 L
uc

o 
Lo

ng
itu

di
na

l (
cm

/s
2 ) 

 
σ=0.40, 0.30, 0.25, 0.38

L=720 
L=1080
L=1440
L=2160



10
5

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.18, 0.17, 0.16, 0.19

ksoil=A
ksoil=B
ksoil=C
ksoil=D



10
2

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Steel Stress               

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.16, 0.17, 0.18, 0.19

f
y
=65

f
y
=75

f
y
=85

f
y
=95



10
0

10
3

Intensity Measure vs Damage Measure (Parameters)

Displacement Ductility Longitudinal

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.30, 0.30, 0.29, 0.29

f
y
=65

f
y
=75

f
y
=85

f
y
=95



10
1

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Concrete Stress            

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.13, 0.12, 0.12, 0.13

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



15 20 25 30 35 40 45 50 55

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

Residual Dependence (semilog scale)

Distance (km)                      

M
ax

im
um

 C
on

cr
et

e 
S

tr
es

s 
re

si
du

al
c (*E- 2)=0.19, 0.18, 0.15, 0.16

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



10
1

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Concrete Stress            

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.13, 0.12, 0.12, 0.13

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

Residual Dependence (semilog scale)

Magnitude                          

M
ax

im
um

 C
on

cr
et

e 
S

tr
es

s 
re

si
du

al
c (*E- 2)=-0.98, -2.87, 4.29, 3.57

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



20 30 40 50 60 70 80 90

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

Residual Dependence (semilog scale)

Duration (s)                       

M
ax

im
um

 C
on

cr
et

e 
S

tr
es

s 
re

si
du

al
c (*E- 2)=-0.07, -0.04, 0.07, -0.06

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



10
1

10
1

Bin dependence (LMSR -) (LMLR -.) (SMSR --) (SMLR..)

Maximum Concrete Stress            

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Displacement Ductility Longitudinal

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.29, 0.29, 0.33, 0.31

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



10
1

10
2

10
3

Bin dependence (LMSR -) (LMLR -.) (SMSR --) (SMLR..)

Maximum Concrete Stress            

A
ria

s 
In

te
ns

ity
 L

on
gi

tu
di

na
l (

cm
/s

)

f'
c
=3

f'
c
=5

f'
c
=6

f'
c
=8



10
1

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Steel Stress               

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.20, 0.16, 0.18, 0.18

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
5

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Transverse          

S
d 

T 1 T
ra

ns
ve

rs
e 

(c
m

) 
   

   
   

   
σ=0.24, 0.21, 0.31, 0.31

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
5

10
0

10
1

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
d 

T 1 L
on

gi
tu

di
na

l (
cm

) 
   

   
   

 
σ=0.21, 0.18, 0.15, 0.13

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Maximum Steel Stress               

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.20, 0.16, 0.18, 0.18

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Curvature Ductility Longitudinal   

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.67, 0.50, 0.44, 0.17

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
1

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Curvature Ductility Longitudinal   

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.67, 0.50, 0.44, 0.17

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.29, 0.15

Dc/Ds=0.75
Dc/Ds=1.3 



15 20 25 30 35 40 45 50 55

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

Residual Dependence (semilog scale)

Distance (km)                      

D
rif

t R
at

io
 L

on
gi

tu
di

na
l r

es
id

ua
l

c (*E- 2)=0.37, 0.37, 0.24, -0.10

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.40, 0.30, 0.24, 0.15

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

Residual Dependence (semilog scale)

Magnitude                          

D
rif

t R
at

io
 L

on
gi

tu
di

na
l r

es
id

ua
l

c (*E- 2)=-24.26, -6.30, 1.28, -6.85

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
2

10
3

Bin dependence (LMSR -) (LMLR -.) (SMSR --) (SMLR..)

Drift Ratio Longitudinal           

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Drift Ratio Longitudinal           

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.40, 0.30, 0.24, 0.15

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
5

10
1

10
2

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

P
G

V
 L

on
gi

tu
di

na
l (

cm
/s

) 
   

   
   

  
σ=0.20, 0.23, 0.28, 0.36

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
-1

10
0

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Displacement Ductility Longitudinal

A
ria

s 
In

te
ns

ity
 L

on
gi

tu
di

na
l (

cm
/s

)
σ=0.44, 0.40, 0.32, 0.32

Dc/Ds=0.67
Dc/Ds=0.75
Dc/Ds=1   
Dc/Ds=1.3 



10
5

10
2

10
3

Intensity Measure vs Damage Measure (Parameters)

Maximum Moment Longitudinal        

S
a 

T 1 L
on

gi
tu

di
na

l (
cm

/s
2 ) 

   
   

σ=0.17, 0.16, 0.20, 0.16, 0.14

weight=0.1 
weight=0.25
weight=0.5 
weight=0.75
weight=1.5 


