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EVALUATION METHOD OF CONTRIBUTION FACTOR OF STRUCTURAL COMPONENTS FOR SEISMIC 

CAPACTIY ASSUMING INVARIABLE INTER-STORY DRIFT BEFORE AND AFTER DAMAGED AND 
INVESTIGATION OF APPLICABILITY TO RC FRAMES WITH BEAM YIELDING MECHANISM 

Development of evaluation method of residual seismic capacity of damaged buildings for instant inspection after earthquakes Part 1 
 
 

 *  ** 
Kota MIURA and Masaki MAEDA 

 
Main purpose of this study is to investigate residual seismic capacity of damaged buildings. An evaluation method of residual seismic 

capacity (R) using contribution factors of structural components (Er) was proposed. Er is evaluated by assuming invariable inter-story 
drift distribution for a building even after damage to focus on the investigation of effect of location of components. Then, modeling 
methods of damaged buildings were discussed using SDOF models. Finally, it was shown that the proposed method can estimate R 
appropriately for buildings with uniform inter-story drift distribution but cannot for buildings with non-uniform distribution through 
dynamic analyses of prototype frames. 
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Seismic performance deterioration factor, Contribution factor of structural component 
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地震発生直後の即時判定を目的とした被災建物の耐震性能残存率評価法の開発　その 1

EVALUATION METHOD OF CONTRIBUTION FACTOR OF STRUCTURAL COMPONENTS FOR SEISMIC 
CAPACITY ASSUMING INVARIABLE INTER-STORY DRIFT BEFORE AND AFTER DAMAGED AND 

INVESTIGATION OF APPLICABILITY TO RC FRAMES WITH BEAM YIELDING MECHANISM
Development of evaluation method of residual seismic capacity of damaged buildings  

for instant inspection after earthquakes Part 1

三 浦 耕 太＊1，前 田 匡 樹＊2

Kota MIURA and Masaki MAEDA

＊ 1　�㈱大林組技術研究所 修士（工学）
＊ 2　�東北大学大学院工学研究科都市・建築学専攻 教授・博士（工学）

Obayashi Corporation Technical Research Institute, M.Eng.
Prof., Dept. of Architecture, Faculty of Eng., Tohoku University, Dr.Eng.

日本建築学会構造系論文集 第83巻 第747号，727-737， 2018年5月
J. Struct. Constr. Eng., AIJ, Vol. 83 No. 747, 727-737, May, 2018

DOI http://doi.org/10.3130/aijs.83.727
【カテゴリーⅠ】�

─ 727 ─



Er

Er

 
2

3 4
Er 5

Er 6
7

 
 

2.  

2.1   

Fig.1(a)
1)2)

9)10)

Fig.1(a)

 

2.2   

Fig.1
1 Sa Sd

Fig.2

Sa

Sd Fig.1(b)
Fig.1(a)

 

R

2.3 Fig.4

Fig.1 2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R

 
RC 1)2)

 
Table1

3)

Er (1)
R  

jrjER  (1) 
Table1

3)
=5

11)

cr  
2.3   

(1)

R Fig.4  

RC
Fig.3

Table1 Example of damage level - 
seismic performance deterioration 
factor ( ) relationship 
 

Mcr

Bending
moment

Ductility
factor

1 2 3 5

My
0

Damage
level

cr
Cracking

Ductility
factor( )

Damage
level

Seismic
performace

deterioration
factor ( )

cr 0 1
cr 1 0.95

1 2 0.75
2 3 0.5
3 5 0.2
5 0
cr Cracking

Fig.3 Example of ductility factor - 
 damage level relationship 

(a) Sa-Sd relationship 
(force - deformation) (b) Inter-story drift 

Fig.1 Example of seismic capacity deterioration in a damaged 
building 

Response displacement(Sd)

Damaged
building

New
building

Re
sp

on
se

 A
cc

. (
S a

)

Safety 
limit state

Deterioration of
seismic capacity

Inter-story drift 
at safety limit state

New building
Damaged building

1

2

3

4

Story Decrease of Sd

Damage level

Severe

Light

Fig.2 Example of damage level of a building 

─ 728 ─



S 12)

D (2)  

D1  (2) 
Er 4

Er

R
RC S

RC  
 
3. Er  

1)2) 3
Er

 
Fig.5

1

Pushover
Ai

1 Sa

Sd h
=1/50rad.

11) ’ Fig.6
Dr (3)  

'1Dr
 (3) 

(3) Dr Dr=0
Dr

1
Er (4) (4) j

j
 

rjrjrj DDE  (4) 
’ Sa

Sd h

Er

(1) R
2.2

Er R
(1)

Er

 
Ai

Pushover Er  

Er

10 Ai

Ai
 

(4) Er

Er

Pushover

Er

11) Er

Er

Er

 

 

Fig.6 Calculation method of seismic performance index ( , ’) 

Safety
limit state

Basic model

R
es

po
ns

e a
cc

. (
S a

)

S

S

Spectrum for safety limit ( S)

Demand Spectrum (S=1200gal Fh )
Response reduction ratio

Response displacement (Sd)

h101
5.1Fh

Demand Spectrum (S’)

Safety
limit state

R
es

po
ns

e a
cc

. (
S a

’)

S’
S’

Spectrum for safety limit ( ’S)

Response displacement (Sd’)

Partly pinned model

Fig.5 Basic model and partly pinned model  

Basic model

Pin

Partly pinned model
(Imaginary model)

Fig.4 Calculation method of residual seismic capacity (R) 
in this research 

Residual 
seismic 
capacity

Building data
Strength and 

placement of 
members  

Dynamic
analysis using 
1st floor sensor 
record as input

Pushover
analysis

Contribution 
factor of each 

component 
for seismic 

capacity of the 
building

(Er)

Calculation 
before 

earthquakes

Automatic calculation right after earthquakes

Seismic 
performance 
deterioration 
factor of each 
component ( )

jrjER

Max. ductility 
factor or 

cumulative plastic 
deformation

of each component

Shear force
Inter-story drift
Damping factor

─ 729 ─



4.

Er  

4.1  

Sa Sd h   
Fig.7

Pushover 3
Er

Pushover

Pushover
Dr

Pushover

Sa’ Sd’
h’ ’ Er

’ Pushover

Fig.7  
3 Sa’ Sd’ h’

Qi’ i’

h’ h’ hi’
Fig1 2

i’

i’

i’
Er R

i’
Fig.8

7

 
4.2  

 
(1) Sd’  

1 Sd’
mi Di’ (5)  

n

1i
ii

n

1i

2
iid 'Dm'Dm'S  

i

1k
ki ''D  

n i’ i  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mi

i’ i

Sd’
 

(2) Sa’  

Mu

Mu’
Mu Mup (7)

 

upuu MM'M  (7) 

r (8)  

uupuupu MM1MMMr  (8) 
Qi’

i
Qi’ Pushover i

Qi r
(9)  

ii Qr'Q  (9) 
Mud’ (6) Di’

mi (10)  
n

1i

2
ii

2n

1i
iiud 'Dm'Dm'M  

(9) 1 Q1’ Mud’

(11) Sa’  

'M'Q'S ud1a
 (11)

Fig.8 Concept in calculation of three indices ( Qi’, i’,h’) in the 
proposed simple method assuming invariable inter-story drift 

Shear force
( Qi’)

Consider
change of Qi’ 
by loss of
the component

Pinned 
component Consider

change of h’
by loss of
the component

Damping
factor(hi’)

Assume
invariance of i’

Inter-story 
drift ( i’)

Partly pinned
model (        )

Basic model
(        )

At safety 
limit state

(10) (5) 

(6) 

Fig.7 Calculation process of contribution factor (Er) in the existing 
detailed method and the proposed simple method assuming 
invariable inter-story drift in both models. 

Pin

Analysis
model

Basic model Q Safety limit

Calculation  repeated as many times as hinge numbers

Pushover analysis

Estimation of 
changing amount 

of Qi, i, h 
(Simple analysis)

Contribution 
factor of each 
component 

(Er)

Seismic 
performance 

index ( )

At safety limit
Shear force ( Qi)

Inter-story drift ( i)
Damping factor(h)

Partly pinned model

At safety limit
Response acc.(Sa)

Response disp.(Sd )
Damping factor(h )

At safety limit
Shear force ( Qi‘)

Inter-story drift ( i’)
Damping factor(h‘)

At safety limit
Response acc.(Sa‘)

Response disp.(Sd‘ )
Damping factor(h‘ )

Seismic 
performance index 

( ’)
Decrease 
ratio of 

(Dr)

Characteristics
of pinned 

component

Detailed 
method
Pushover 
analysis

─ 730 ─



(3) h’  
2) Pushover

hj Wj

(12) h

jjj W/Whh (12) 

0j hh  j 1

j0 1125.0h j>1 (13)

jjj M21W (14)
h0 Mj Pushover

j Pushover  

(1) i’

h'
(12) h

(15)  

pj

ppjj

WW
WhWh

'h  (15) 

hp Wp

Pushover
Mp p p (13)(14)  

r

(15)
h’

h’  
 
5. Er

 

5.1  

Er

Er

(1) R
(16) Rdyn  

12dyn AAR  (16) 
A1 1 1/50rad.

 
A2 2  

A1 A2

Rdyn

(1)
R Rdyn

Er  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2 R,Rdyn  

(1) Er

R  
Fig.9  

1)3 4 Er  
2)

 
3) 1) Table1 Fig.3
2)

 
4) Er (1)

R  
(2) Rdyn  

Fig.10  
1)

A1

 
2)  

B
 

3)Table1 Fig.3
 

4)3)

 
6  

5)  

Fig.10 Calculation process of residual seismic capacity (Rdyn) based 
on dynamic analysis (detailed method for accuracy verification) 

Damaged building

Rdyn Seismic capacity of
a new building (A1)

Seismic capacity of 
the building after the 

earthquake(A2)

4

3

2

1

…

…

…

…

4

3

2

1

…

…

…

…

Obtain input 
magnification 

(A2) making the 
building reach 

safety limit state

Input magnification of  the seismic 
wave making the new building 
reach safety limit state (at 1st input) 

Input magnification of  the seismic 
wave making the damaged building 
reach safety limit state (at 2nd input) 

Obtain input 
magnification 

(A1) making the 
building reach 

safety limit state

New building

Ductility 
factor ( )

Seismic 
performance 
deterioration 

factor ( )

Dynamic
analysis (B)

Dynamic 
analysis (A1)

New building

Dynamic 
analysis (A2)

(Energy absorption  capacity of 
each member is reduced to )

Fig.9 Calculation process of residual seismic capacity (R) based on 
contribution factor (Er) (for evaluation right after earthquakes) 

4

3

2

1

…

…

…

…

4

3

2

1

…

…

…

…

New building

Er4 …

…

…

…

Er3

Er2

Er1

Seismic performance 
deterioration factor 

( )

jrjER
Damaged 
building

Dynamic 
analysis (B)

Contribution 
factor of each 

component (Er)

Ductility 
factor ( )

─ 731 ─



A2  
6) A1 A2 (16)

Rdyn  
 

6.  

5.2
Er 5.2(1)(2)

R Rdyn

(1) Table1
3) (2)

3)  
6.1  

Table1 3)

Fig.11

Fig.12 3  
(a)  
(b)  
(c)

 
1

3 3)

3
1  

6.2 1  

(1)  

Fig.13  
1)Fig.12 1/50rad.

1

 
2)

Ad A  
3)

(17) Rdyn  

AAR ddyn
 (17) 

Ad  
A  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 1

(17) Rdyn

 
4)Rdyn

 
(2)  

a)  

Fig.14 3 5 7 10
RC 1

Fig.15 me 1
[=0.8 ] He [=0.8H] H m
[=3.5 ] [= /He]
Qu [=0.3 W 0.3 ] W

me

He

eH

me

Fig.14 Outline of 
SDOF model Fig.15 Backbone curve of SDOF model 

Load
Qu

Qc

0.001K

1/1500 1/150 1/50

Safety limit stateYielding

Drift
angle ( )

K

Crack
Disp. ( )

c y u

(Ultimate deformation
of members)

(c) Deterioration 
of damping 
performance 

(a) Deterioration of 
strength and stiffness 

(b) Deterioration of 
deformation capacity 

Fig.12 Evaluation methods for restoring force characteristics of 
members in damaged building models 

Mu

Mu

y’= y

New

Damaged

u'= u

E

Ultimate
deformation

Yielding
deformation

E

y’= y
Ultimate
deformation

Mu
NewDamaged

Yielding
deformation

uu'

EE

Damaged New
E

E
u'= u

- u'=- u

Fig.11 Concept of seismic performance deterioration factor ( ) 

Load

Deformation
Ultimate

0
Damage level

Residual
energy 

absorption
capacity (Pr)

Consumed energy (Pd)

rd

r

PP
P

Seismic performance 
deterioration factor

Fig.13 Process to decide the best method to reduce seismic 
performance of members in damaged building models 
based on dynamic analyses of SDOF models  

 Theoretical seismic capacity  ratio of  a damaged building to a new 
building  calculated by energy absorption capacity (Fig.12)

Rdyn: Actual seismic capacity      
ratio of the damaged
building to the new building Seismic capacity of the new building (A)

Seismic capacity of the damaged building(Ad)

Dynamic analysis (A) Dynamic analysis (Ad)

(Energy absorption capacity  is reduced 
to  in three kinds of method in Fig.12)

New building

Obtain input 
magnification (A) 

making the building 
reach safety limit state

Investigate correspondence and decide the best method to reduce 
seismic performance of members in damaged building models

Obtain input 
magnification (Ad) 

making the building 
reach safety limit state
Damaged building

─ 732 ─



Qc [=(1/3)Qu]
5%

b)  
Fig.12  

0.95 0.2 =0.95,0.9, 
0.85,0.8,0.75,0.7,0.6,0.5,0.4,0.3,0.2 11

Fig.12(c)

Wd

W h=Wd/W (18)  

1

11

d
h

40
3322

40
33

40
332

W
W

 

0.4
 

=0.4 Fig.15
=3 h

(19)  

d
h 32854.04

31427.02
W
W  (19) 

0 1
Fig.16 h 1 0.58

h 0.58
(c) =0.95

0.6  

c)  

2
 

(3)  

(17)
Rdyn Fig.17

 
(c) Rdyn

(a) (b)
Rdyn

3)
 

(b)

 
(a)

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)
Er

 
 
7. Er

 

7.1  

Fig.18 RC  
3 5 7 10 4  

Pushover
E B

T 3 4 3=12
Fig.19

Table2
Table3

Table2 E
0.06 B T

 
Pushover

Ai
 

Fig.17 Theoretical seismic performance deterioration ratio ( ) – 
actual seismic performance deterioration ratio (Rdyn) relationship 

Slip stiffness reduction factor ( ) 

E
ne

rg
y 

ab
so

rp
tio

n 
ca

pa
ci

ty
 

ra
ti

o(
h=

W
d/W

) 

  0.0   0.2   0.4   0.6   0.8   1.0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

h=0.58 

Fig.16 Slip stiffness reduction factor 
( ) – energy absorption capacity 
ratio ( h) relationship 

Theoretical seismic performance 
deterioration ratio ( ) 

A
ct

ua
l s

ei
sm

ic
 p

er
fo

rm
an

ce
 

de
te

ri
or

at
io

n 
ra

tio
 (R

dy
n)

 

(a) Deterioration of 
strength and stiffness 

  0.0  0.2  0.4  0.6  0.8  1.0  1.2
 0.0

 0.2

 0.4

 0.6

 0.8

 1.0

 1.2

Theoretical seismic performance 
deterioration ratio ( ) 

A
ct

ua
l s

ei
sm

ic
 p

er
fo

rm
an

ce
 

de
te

ri
or

at
io

n 
ra

tio
 (R

dy
n)

 

(c) Deterioration of 
damping performance 

Theoretical seismic performance 
deterioration ratio ( ) 

A
ct

ua
l s

ei
sm

ic
 p

er
fo

rm
an

ce
 

de
te

ri
or

at
io

n 
ra

tio
 (R

dy
n)

 

(b) Deterioration of 
deformation capacity 

  0.0  0.2  0.4  0.6  0.8  1.0  1.2
 0.0

 0.2

 0.4

 0.6

 0.8

 1.0

 1.2

  0.0  0.2  0.4  0.6  0.8  1.0  1.2
0.0

0.2

0.4

0.6

0.8

1.0

1.2

(18) 

Story E-model B-model T-model
3 0.05 0.17 0.16
5 0.05 0.25 0.17
7 0.04 0.34 0.29

10 0.06 0.37 0.26

Table2 Coefficient of variation of 
inter-story drift angle  

Fig.18 RC building model with 
beam yielding mechanism 

35
00

35
00

6000 6000

─ 733 ─



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13)

 
Fig.9 10 B

0.2 1.3
5%  

7.2  

Er

Fig.9 R
Fig.10 Rdyn

Fig.20 Rdyn<R

Fig.17
(1)

R>Rdyn Er

 
E

R
B T  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5-E 5-B 7-T Fig.9 10  
B Fig.21

Fig.10 A1 A2

Fig.22 5-E

Sd

Table3 Member list 

1 650×650 20-D22 600×600 16-D19 650×650 20-D25
2~3 600×600 20-D22 600×600 16-D19 600×600 20-D25

Beam 2~R 400×600 5-D19 400×650 5-D22 400×600 6-D25

1 700×700 20-D22 800×800 16-D25 650×650 28-D25
2~3 700×700 20-D22 750×750 16-D25 650×650 28-D25

4 650×650 20-D22 750×750 16-D25 650×650 24-D25
5 650×650 20-D22 700×700 20-D22 650×650 20-D22

2~3 600×750 6-D25 600×800 6-D25 600×750 7-D25
4 550×750 5-D25 600×800 6-D25 600×750 6-D25
5 500×650 5-D22 550×750 5-D25 450×650 6-D19
R 350×550 4-D19 450×650 4-D22 400×550 4-D19

1~3 750×750 20-D25 750×750 16-D25 800×800 24-D29
4 700×700 20-D25 750×750 16-D25 800×800 24-D25
5 700×700 20-D25 750×750 16-D25 700×700 24-D25
6 700×700 20-D25 700×700 16-D25 700×700 20-D25
7 600×600 20-D22 700×700 20-D22 550×550 16-D22

2~4 600×800 7+1-D25 700×850 7+1-D25 600×800 7+2-D25
5 600×800 7+1-D25 700×850 7+1-D25 600×750 7-D25
6 500×700 5-D25 650×750 6-D25 550×700 6-D25
7 500×700 6-D22 550×750 6-D22 550×650 6-D22
R 400×550 4-D19 450×600 5-D19 400×550 4-D19

1~3 850×850 28-D25 850×850 24-D25 900×900 28-D25
4 850×850 28-D25 850×850 24-D25 850×850 28-D25

5~7 800×800 28-D25 800×800 24-D25 800×800 28-D25
8 700×700 24-D25 800×800 24-D25 700×700 24-D25
9 700×700 24-D25 750×750 24-D25 600×600 24-D25

10 600×600 20-D25 750×750 24-D25 600×600 20-D25
2 770×900 8+4-D25 700×900 8+3-D25 700×900 8+4-D25
3 770×900 8+4-D25 700×900 8+4-D25 750×920 9+4-D25

4~5 770×900 8+4-D25 700×900 8+4-D25 700×900 8+4-D25
6 650×850 8+3-D25 650×850 8+2-D25 700×850 8+4-D25
7 650×850 8+1-D25 650×850 8+1-D25 650×850 8+2-D25
8 650×850 7+2-D25 650×850 8+1-D25 650×800 7+2-D25
9 600×800 6+1-D25 600×810 7-D25 600×750 7-D25

10 500×650 6-D25 500×750 5-D25 550×700 7-D22
R 410×550 5-D19 400×600 5-D19 500×600 5-D19

Beam

Column

10-E 10-B 10-T

Column

Beam

7-E 7-B 7-T

Column

Beam

Column

5-E 5-B 5-T

3-E 3-B 3-T

Size
(mm)

Main bar
(SD345)Member Floor Size

(mm)
Main bar
(SD345)

Size
(mm)

Main bar
(SD345)

Hoop(SD295):2-D10@100 for columns and beams in 3-5 story models 
2-D13@100 for columns and 2-D10@100 for beams in 7 story models 
4-D16@100 for columns and 2-D13@100 for beams in 10 story models 

Concrete:Fc21 in 3-7 story models and Fc27 in 10 story models. 

10 story 7 story 

5 story 3 story 

1

2

3

0 0.01 0.02

3-E
3-B
3-T

St
or

y

1

2

3

4

5

0 0.01 0.02

5-E
5-B
5-T

St
or

y

1
2
3
4
5
6
7
8
9

10

0 0.01 0.02

St
or

y

Inter-story drift angle (rad.)

10-E
10-B
10-T

Fig.19 Inter-story drift angel at safety limit state 
calculated by pushover analysis 

1

2

3

4

5

6

7

0 0.01 0.02

7-E
7-B
7-T

St
or

y

Inter-story drift angle (rad.)

Fig.20 Residual seismic capacity calculated by Er (R) – that 
by dynamic analysis (Rdyn) relationship 

R
es

id
ua

l s
ei

sm
ic

 c
ap

ac
it

y 
ca

lc
ul

at
ed

 b
y 

dy
na

m
ic

 
an

al
ys

is
 (R

dy
n)

 (%
)  

R
es

id
ua

l s
ei

sm
ic

 c
ap

ac
it

y 
ca

lc
ul

at
ed

 b
y 

dy
na

m
ic

 
an

al
ys

is
 (R

dy
n)

 (%
) 

 

R
es

id
ua

l s
ei

sm
ic

 c
ap

ac
it

y 
ca

lc
ul

at
ed

 b
y 

dy
na

m
ic

 
an

al
ys

is
 (R

dy
n)

 (%
)  

   0.   20.   40.   60.   80.  100.
   0.

  20.

  40.

  60.

  80.

100.

   0.   20.   40.   60.   80.  100.
   0.

 20.

 40.

 60.

 80.

100.

   0.   20.   40.   60.   80.  100.
   0.

 20.

 40.

 60.

 80.

100.
   0.   20.   40.   60.   80.  100.

   0.

 20.

 40.

 60.

 80.

100.
   0.   20.   40.   60.   80.  100

   0.

 20.

 40.

 60.

 80.

100.

   0.   20.   40.   60.   80.  100.
   0.

  20.

  40.

  60.

  80.

100.
E model 

Rdyn<R 
11% 

E model 

Rdyn<R 
7% 

B model B model 

5-E 
(input×0.5) 

5-B 
(input×0.8) 

Rdyn<R 
30% 

Rdyn<R 
9% 

T model T model 

7-T 
(input×0.6) Rdyn<R 

60% 
Rdyn<R 

13% 

Residual seismic capacity 
calculated by Er (R) (%) 

Residual seismic capacity 
calculated by Er (R) (%) 

(a)Proposed simple method assuming 
invariable inter-story drift 

(b)Existing detailed method 

3 story 
5 story 
7 story 
10story 

─ 734 ─



Sd

Er

Sd

5-B
Fig.21

Sd

Fig.22
Er

R
7-T

R
 

R
Fig.20

Er

B T
Er

Fig.23
Sd

Fig.22
R

 
RC

Er R

R
Er

Table2

0.06

 

R
 

 
 
 
 
 
 
 
 
 
 

Er Er R
 

 
 
8.  

(1)

Er

 
(2)
Pushover

Er

 
(3) RC  
 
  

(b) 5-B (input×0.8) (a) 5-E (input×0.5) (c) 7-T (input×0.6) 

(c) 7-T 
CE Exterior column base 
CI Interior column base 

(a) 5-E (b) 5-B 
Existing detailed method
Proposed simple method assuming invariable inter-story drift

GE Exterior beam end 
GI Interior beam end 

0

0.05

0.1

0.15

0.2

1F
 C

E
1F

 C
I

2F
 G

E
2F

 G
I

3F
 G

E
3F

 G
I

4F
 G

E
4F

 G
I

5F
 G

E
5F

 G
I

R
F 

G
E

R
F 

G
IC

on
tr

ib
ut

io
n 

fa
ct

or
 (E

r)

0

0.05

0.1

0.15

0.2

1F
 C

E
1F

 C
I

2F
 G

E
2F

 G
I

3F
 G

E
3F

 G
I

4F
 G

E
4F

 G
I

5F
 G

E
5F

 G
I

R
F 

G
E

R
F 

G
IC
on

tr
ib

ut
io

n 
fa

ct
or

 (E
r)

0

0.05

0.1

0.15

1F
 C

E
1F

 C
I

2F
 G

E
2F

 G
I

3F
 G

E
3F

 G
I

4F
 G

E
4F

 G
I

5F
 G

E
5F

 G
I

6F
 G

E
6F

 G
I

7F
 G

E
7F

 G
I

R
F 

G
E

R
F 

G
IC
on

tr
ib

ut
io

n 
fa

ct
or

 (E
r)

Fig.23 Contribution factor (Er) calculated by the existing detailed method and the proposed simple method assuming invariable inter-story drift 

1
2
3
4
5
6
7

0 0.01 0.02

y

Inter-story
drift angle(rad.)

(a) 5-E (input×0.5) (b) 5-B (input×0.8) (c) 7-T (input×0.6) 

1

2

3

4

5

0 0.01 0.02

St
or

y

Inter-story
drift angle(rad.)

New
Damaged

Fig.22 Inter-story drift angel at safety limit state of new and damaged 
building models calculated by dynamic analysis 

Sd(cm) 21.7 15.8 

1

2

3

4

5

0 0.01 0.02
Inter-story

drift angle(rad.)

Sd(cm) 23.6 16.5 Sd(cm) 23.1 23.6 
Fig.21 Damage level of building models 

─ 735 ─



Er

R
Rdyn

Rdyn

 
(4) Er

R

Er

 
(5)

 
 

 
1) Kota MIURA, Masaki MAEDA et al.: Application of Residual Seismic 

Capacity Evaluation to Multi-story RC Buildings Based on 
Contribution Factors in Structural Elements, Proceedings of Japan 
Concrete Institute, Vol.34, No.2, pp.847-852, 2012.7 (in Japanese) 

, : 
RC , 

Vol.34, No.2, pp.847-852, 2012.7 
2) Kota MIURA, Masaki MAEDA et al.: Evaluation Method of 

Contribution Factor of Structural Member for Seismic Capacity of 
Single-story RC frames Considering Strength and Energy Dissipation, 
Journal of Structural and Construction Engineering (Transactions of 
AIJ), Vol.77, No.678, pp.1283-1290, 2012.8 (in Japanese) 

, : RC 1
, , 

Vol.77, No.678, pp.1283-1290, 2012.8 
3) Japan Building Disaster Prevention Association: Standard for Post-

earthquake Damage Level Classification of Buildings, 2016.3 (in 
Japanese) 

: , 
2016.3 

4) Takumi ITO, Kenichi OHI and Zhenglin LI: A Sensitivity Analysis 
Related to Redundancy of Framed Structures Subjected to Vertical 
Loads, Journal of Structural and Construction Engineering 
(Transactions of AIJ), Vol.70, No.593, pp.145-151, 2005.7 (in Japanese) 

, , : 
, , Vol.70, No.593, pp.145-151, 

2005.7 
5) Takashi KATO, Shigeki SAKAI and Kenichi NAKANO: Structural 

Health Monitoring System to Support the Evaluation of Building 
Safety and Usability After an Earthquake, Summary of Technical 
Papers of Annual Meeting, Architectural Institute of Japan, 
Structures-II, pp.99-100, 2014.9 (in Japanese) 

, , : 
, 

, II, pp.99-100, 2014.9 
6) Tomoo SAITO and Michito SHIRAISHI: Monitoring and Prompt 

Condition Assessment of Superstructures (Part 2-3), Summary of 
Technical Papers of Annual Meeting, Architectural Institute of Japan, 
Structures-II, pp.77-80, 2013.8 (in Japanese) 

, : 
2 3 , , II, pp.77-

80, 2013.8 

7) Michito SHIRAISHI, Koichi SUGIMOTO et al.: Monitoring and Prompt 
Condition Assessment of Superstructures (Part 4-6), Summary of 
Technical Papers of Annual Meeting, Architectural Institute of Japan, 
Structures-II, pp.63-68, 2014.9 (in Japanese) 

, : 
4 6 , , II, 

pp.63-68, 2014.9 
8) Michito SHIRAISHI, Koichi SUGIMOTO et al.: Monitoring and Prompt 

Condition Assessment of Superstructures (Part 7-9), Summary of 
Technical Papers of Annual Meeting, Architectural Institute of Japan, 
Structures-II, pp.937-942, 2015.9 (in Japanese) 

, : 
7 9 , , II, 

pp.937-942, 2015.9 
9) Hisashi UMEMURA, Toshikatsu ICHINOSE et al.:Development of 

Hysteric Model for RC Member Considering Strength Deterioration, 
Proceedings of Japan Concrete Institute, Vol.24, No.2, pp.1147-1152, 
2002.7 (in Japanese) 

, : RC
, Vol.24, No.2, pp.1147-1152,2002.7 

10) Tomohisa MUKAI, Tadashi KAJIWARA and Setsurou Nomura.: An 
Experimental Study on Damage and Energy Dissipation Capacity of 
R/C Beam with Flexural Yielding under Earthquake, Journal of 
Structural and Construction Engineering (Transactions of AIJ), Vol.71, 
No.601, pp.129-136, 2006.3 (in Japanese) 

, ,  RC
, , 

Vol.71, No.601, pp.129-136, 2006.3 
11) Architectural Institute of Japan: Guidelines for Performance 

Evaluation of Earthquake Resistant Reinforced Concrete Buildings 
(Draft), 2004.7 (in Japanese) 

: 
, 2004.7 

12) Yoshitaka SUZUKI, Norihide KOSHIKA et al.: Study on Safety 
Assessment Methods for Super-high-rise Steel Buildings against Long-
period Earthquake Ground Motions (Part 22), Summary of Technical 
Papers of Annual Meeting, Architectural Institute of Japan, 
Structures-III, pp.1091-1092, 2013.8 (in Japanese) 

, : 
22 , , 

III, pp.1091-1092, 2013.8 
13) Information Center for Building Administration: Technological 

Standard Related to Structures of Buildings, 2015.6 (in Japanese) 
: 2015 , 

2015.6 
 
1 Er  

3)

Table1

9)10)

 
Fig.12

Er

3)
Fig.17

Rdyn

1
Fig.12

6   

 

─ 736 ─



EVALUATION METHOD OF CONTRIBUTION FACTOR OF STRUCTURAL COMPONENTS 
FOR SEISMIC CAPACTIY ASSUMING INVARIABLE INTER-STORY DRIFT 

BEFORE AND AFTER DAMAGED AND 
INVESTIGATION OF APPLICABILITY TO RC FRAMES WITH BEAM YIELDING MECHANISM 

Development of evaluation method of residual seismic capacity of damaged buildings  
for instant inspection after earthquakes Part 1 

 
Kota MIURA* and Masaki MAEDA** 

 
*Obayashi Corporation Technical Research Institute, M.Eng. 

**Prof., Dept. of Architecture, Faculty of Eng., Tohoku University, Dr.Eng. 

 
After an earthquake, it is important to know quantitative damage level of buildings to judge safety and make an 

efficient recovery plan. For that purpose, an evaluation method of residual seismic capacity for damaged RC buildings 
using performance deterioration factors of structural components ( ) and contribution factors of each component (Er) 
was proposed in our previous research. In this existing method,  is estimated on an observational survey and Er is 
calculated by repetitive pushover analyses. But it is difficult to evaluate Er for actual buildings because the 
computational load is so heavy. Furthermore, there was no investigation of accuracy of the method in the research. 
Therefore, in this paper, a new evaluation method of residual seismic capacity for buildings with beam yielding 
mechanism based on a simple Er calculation method was proposed and accuracy of the method was discussed by dynamic 
analysis. The basic idea of the proposed method is the following. 

At first, Er is calculated by simple analysis using characteristics of components in advance. Then, when an earthquake 
happens,  of each component is estimated by dynamic analysis using an observed wave as input. With these two factors, 
residual seismic capacity is calculated automatically right after an earthquake. The detailed calculation process of Er 
is explained after this paragraph with comparison to the process of the existing method. 

The existing Er calculation method is as follows. At first, pushover analysis is applied to a normal building model 
(basic model) and a seismic performance index ( ) is calculated based on the result. Next, another model in which one 
component is damaged (partly pinned model) is prepared and a seismic performance index ( ’) is calculated in the same 
way. Because of the damage, ’ is lower than  , and Er of the component is calculated based on the difference. In the Er 
calculation process of all components, as many pushover analyses as the number of components are needed, and so the 
computational load is so heavy. Therefore, a new method with a less computational load was proposed in this paper. In 
this method, change of seismic performance of partly pinned models from a basic model is estimated on characteristics 
of structural components by simple analysis which assumes that inter-story drift distribution of partly pinned models 
doesn’t change from that of the basic model. The assumption was applied because estimation of change of inter-story 
drift was so difficult and it wasn’t clear that the assumption had a great influence on the accuracy. 

To examine accuracy of the proposed method, dynamic analyses of frame models of new buildings and damaged 
buildings were performed. In advance of that, modeling methods of damaged buildings were discussed by SDOF models 
and it was shown that seismic performance deterioration of each structural component was simulated most 
appropriately when strength and stiffness were reduced based on damage level ( ). Next, residual seismic capacity 
estimated based on Er and actual capacity calculated by dynamic analysis were compared for RC beam yielding frame 
models which have differences in story numbers and inter-story drift distribution. As a result, it was shown that the 
proposed method can estimate residual seismic capacity appropriately for frames with uniform inter-story drift 
distribution but cannot for frames with non-uniform distribution because inter-story drift in the latter ones generally 
changes by damage. But, on additional investigation, it was also shown that the accuracy was improved if Er by the 
detailed existing method was used in place of that by the proposed method, and so applicability of the proposed method 
can be improved considering change of inter-story drift distribution in partly pinned models. 
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