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STIFFNESS IDENTIFICATION OF BUILDING WITH UNKNOWN VIBRATION SOURCE  
USING BENDING-SHEAR MODEL AND ARX MODEL 

 
 

* ** *** 
Minami SHIRONO, Kohei FUJITA and Izuru TAKEWAKI  

 

A new stiffness identification method for a building structure is proposed in the case where the building includes an unknown vibration source.  The stiffnesses 

above the vibration source are determined by the theory for the base input and those below the vibration source are obtained by the theory for the top forced 

input.  The ratios between shear stiffnesses of lower consecutive stories can be obtained from the floor acceleration data and the ratios of the story rotational 

stiffness to the shear stiffness (SR stiffness ratio).  The shear stiffness coefficients and the SR stiffness ratios can be obtained finally to satisfy the compatibility 

of lower natural frequencies.  The validity of the proposed method is examined through numerical simulation and actual recorded data. 
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ARX  

 

 

2011

1 11)

 
12

14)

15) Udwadia 16)

 

  
17) ARX

18) ARX

0
19)

 

20)

SR
21) SR

22)

23)

*  :  Graduate Student, Dept. of Architecture and Archi. Eng., Kyoto Univ. 

**  Assistant Prof., Dept. of Architecture and Archi. Eng., Kyoto Univ., Dr. Eng. 

***  Prof., Dept. of Architecture and Archi. Eng., Kyoto Univ., Dr. Eng. 

曲げせん断型モデルと ARX モデルを用いた 
強制加振による建物のシステム同定

STIFFNESS IDENTIFICATION OF BUILDING WITH UNKNOWN VIBRATION SOURCE  
USING BENDING-SHEAR MODEL AND ARX MODEL

城野 みなみ＊，藤 田 皓 平＊＊，竹 脇   出＊＊＊

Minami SHIRONO, Kohei FUJITA and Izuru TAKEWAKI

  ＊  京都大学工学研究科建築学専攻 大学院生
（現 : ㈱住友ゴム工業）

 ＊＊  京都大学工学研究科建築学専攻 助教・博士（工学）
＊＊＊  京都大学工学研究科建築学専攻 教授・工博

Grad. Stud., Dept. of Architecture and Arch. Eng., Kyoto Univ.

Assist. Prof., Dept. of Architecture and Arch. Eng., Kyoto Univ., Dr. Eng.
Prof., Dept. of Architecture and Arch. Eng., Kyoto Univ., Dr. Eng.

日本建築学会構造系論文集 第80巻 第716号，1559-1567， 2015年10月
J. Struct. Constr. Eng., AIJ, Vol. 80 No. 716, 1559-1567, Oct., 2015

DOI http://doi.org/10.3130/aijs.80.1559
【カテゴリーⅠ】�

─ 1559 ─



 2 

24)

  

(a)

SN (b)
25)

26)

 

25) 26)

26)

 

 

26) 2

 j jm jk
15)

 

 
0

lim Rej jk f  (1) 

jf  

 
2

1

1 1

j
ii

j
j

m
f

G
 (2) 

jG 1j jU U

( )jU  

2

0

 

 10
lim Re ( )j j jg k k  (3) 

( )jg 2

 
 

 1

1

( ) ( )
( )

( ) ( )
j j

j
j j

U U
g

U U
 (4) 

 
(1), (3)

1 pk

pk 1
(1)

1 (1)ˆ ˆ
pk

3   

 

20) j jm jI jH

1

jb
j ii

H H 4(a) N

SR

jR sjk bjk jF

bjk    

 
1

b
1

1

0
1 b

lim Re

N
j b b

j i i jN
i jii j

j N b bj
i i mi mj

j N
m mii j

H
R m H H

m
k

m H HH
F

km

 (5) 

0

ARX

 
 

 

  

( )ju t
jk

( )z t

( )ju t

( )nf t

Nu

1u
1m

Nk

nm

1k

nk

Nm

f t

1j

j

k
k

{ }jk
0

1 1, ,j j jU U U

jk1,j jU U
0

2

(1)

nu
(1)

(1)

pk pk
0

 3 

jf Appendix 1  
 

 
25) 4(b) N N

f t

s s 1 s/j j jr k k jg SR jR

 

 
1

11 0

s 1 1 11 1 11
1 11 0

j i jj t
i j i k k iii k k i t

j j j jj i jj t
i j i k k iii k k i

A H H A R R
r R H H

A H H A R R
 (6) 

 
0

1

lim Reti
i i i i

A
R H H g

0
1

i
i

 (7) 

Nt
j ii j

H H (14) b
jH

j  

N

N 0  

 

1

1 0

10 0
1

lim lim

i NN t
i k k ii k k i

N N t
i i ii

H A R R
U

R H H
 (8) 

(6) (7) 1 SR

2.1

1
SR 2 3

SR
2   

 (2) (2) (2) (3) (3) (3)J  (9) 

( )j SR jR j
( )j

j

j

( )jg

0

( )jg  

 

  

3.1

3.2

 

5 N n

f t 6(a)

0 0 0u  

 1j j j  (10) 

 1j j j j j jv u u s H  (11) 

js j  

6(b)

 

 

s s

s s s 1 1 s 1 1

2 2 s 2 2 s 2 2 s3 3 s3 3

1 1 s1 1 s1 1 s 2 2 s 2 2

0

0

0

N N N N N N

n n n n n n n n n n

m u c s k s

m u c s k s c s k s f

m u c s k s c s k s

m u c s k s c s k s

N N N N Ns su c s k sN N N NN Ns su c s k su c s k s

s s s 1 1 s 1n s s s 1 1 s 1s s 1 1 s 1u c s k c s ks s ssn s s ss s 1 1 s 11 s 11 1 s1 1 s 11 s 11 1 s 11 1 s 11 s 11 1 su c s k s c s k s1 1 111 1 11 11 1 1

2 s 2 2 s 2 2 s3 3 s3 3 02 s 2 2 s 2 2 s3 3 s32 s 2 3k k 3u c s k s c s k sc s k s c s2 2 2 2 2 3 3 32 2 3

1 s1 1 s1 1 s 2 2 s 2 21 s1 1 s1 1 s 2 2 s 2 2u c s k s c s k sc s k s c s1 s1 1 s1 1 s 2 2 s 21 s1 1 s1 1 s 2 2 s 22 2

 (12) 

  

s s b b

s s b b b 1 1 b 1 1

2 2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b3 3

1 1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 2 2

0

0

0

0

N N N N N N N N N N N

n n n n n n n n n n n n n n n

I H c s k s c k

I H c s k s c k c k

I H c s k s c k c k

I H c s k s c k c k

0N N N N N N N N N Ns s b bs bHN N N N N N N N NN N N N N N N N Ns s b bs bH kN NN s s b bs bs b NbNbH c s k s c kH c s k s cH c s k s cb bbN NN b bbbN N Nsssssskssss k s

1 0n n s s b b bs b bH s s b b bbn n s s b b bs b bbH cs s b b bs b bbH k k kH k k 1 1 b 11 b1 1 b1 1 b 11 b 11 1 b1 1 b 11 b1 b 11 1 b1 1 b1 1b 1H c s k s c k c kH c s k s c k cH c s k s c k cb b b 1 1 bs b b b 1 1b b 1b 1 1 b 11 1 b1ssssssssssks k ss

2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b3 3 0H2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b32 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b32 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 32 s 2 2 s 2 2 b 2 2 b 2 2 b2 2 s 2 2 s 2 2 b 2 2 b 2 2 bH k k kH k k 3b3H c s k s c k c kH c s k s c kH c s k s c k2 2 2 2 2 2 b 2 2 b 2 2 b3 32 s 2 2 s 2 2 b 2 2 b 2 2 b2 2 s 2 2 s 2 2 b 2 2 b 2 2 b2 s 2 2 s 2 2 b 2 2 b 2 2 b2 s 2 22 s 2 22 s 2 22 s 2 22 s 2ks k s2 2 22 s 2

1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 2 2 0H1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 21 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 21 1 s1 1 s1 1 b1 1 b1 1 b 2 2s1 1 s1 1 b1 1 b1 1 b1 1 s1 1 s1 1 b1 1 b1 1 bH k k kH k k 2b 2H c s k s c k c kH k s c kH k s c k1 1 1 1 1 1 b1 1 b1 1 b 2 21 s1 1 s1 1 b1 1 b1 1 b1 1 s1 1 s1 1 b1 1 b1 1 b1 1 1 1 1 b1 1 b1 1 b1 s1 11 s1 11 s1 11 s1 11 s1ks k sk s1 1 11 s1

 (13) 

 
  

(12), (13) f(t)

2.3

(8) N

n  
 

 

1

1
1 0

10 0

1
1

lim lim

i nn
m
i k k i

i k k i
n n

m
i i i

i

H A R R
U

R H H
 (14) 

 

 
 

s1k
b1k

1H
1 1,m I

2u

1u
s 2k

sNk

b 2k

bNk

,N Nm I

2 2,m I

2H

NH
Nu

gu

2u

1u

Nu
N

2

1

f t

 
b1k

1H
1 1,m I

sNk
bNk

,N Nm I
NH

Nu

snknH

bnk

,n nm I

s1k

f t

1u

nu

N

n

1

s 1nk
1nH b 1nk

1 1,n nm I
1nu

1n

s 1 1 s 1 1j j j jc s k sj j1 111 111 11 s 11 s1 s1 s 11 s 11 s

b 1 1 b 1 1j j j jc kb 1b 1b 111111 b 111 b 111

j jm u ju
j jI j

jH

f
j

b

j jH
jv

js

j

1j j j

s sj j j jc s k ssj jj js b bj j j jc k j jb jbkbb

─ 1560 ─ ─ 1561 ─



 2 

24)

  

(a)

SN (b)
25)

26)

 

25) 26)

26)

 

 

26) 2

 j jm jk
15)

 

 
0

lim Rej jk f  (1) 

jf  

 
2

1

1 1

j
ii

j
j

m
f

G
 (2) 

jG 1j jU U

( )jU  

2

0

 

 10
lim Re ( )j j jg k k  (3) 

( )jg 2

 
 

 1

1

( ) ( )
( )

( ) ( )
j j

j
j j

U U
g

U U
 (4) 

 
(1), (3)

1 pk

pk 1
(1)

1 (1)ˆ ˆ
pk

3   

 

20) j jm jI jH

1

jb
j ii

H H 4(a) N

SR

jR sjk bjk jF

bjk    

 
1

b
1

1

0
1 b

lim Re

N
j b b

j i i jN
i jii j

j N b bj
i i mi mj

j N
m mii j

H
R m H H

m
k

m H HH
F

km

 (5) 

0

ARX

 
 

 

  

( )ju t
jk

( )z t

( )ju t

( )nf t

Nu

1u
1m

Nk

nm

1k

nk

Nm

f t

1j

j

k
k

{ }jk
0

1 1, ,j j jU U U

jk1,j jU U
0

2

(1)

nu
(1)

(1)

pk pk
0

 3 

jf Appendix 1  
 

 
25) 4(b) N N

f t

s s 1 s/j j jr k k jg SR jR

 

 
1

11 0

s 1 1 11 1 11
1 11 0

j i jj t
i j i k k iii k k i t

j j j jj i jj t
i j i k k iii k k i

A H H A R R
r R H H

A H H A R R
 (6) 

 
0

1

lim Reti
i i i i

A
R H H g

0
1

i
i

 (7) 

Nt
j ii j

H H (14) b
jH

j  

N

N 0  

 

1

1 0

10 0
1

lim lim

i NN t
i k k ii k k i

N N t
i i ii

H A R R
U

R H H
 (8) 

(6) (7) 1 SR

2.1

1
SR 2 3

SR
2   

 (2) (2) (2) (3) (3) (3)J  (9) 

( )j SR jR j
( )j

j

j

( )jg

0

( )jg  

 

  

3.1

3.2

 

5 N n

f t 6(a)

0 0 0u  

 1j j j  (10) 

 1j j j j j jv u u s H  (11) 

js j  

6(b)

 

 

s s

s s s 1 1 s 1 1

2 2 s 2 2 s 2 2 s3 3 s3 3

1 1 s1 1 s1 1 s 2 2 s 2 2

0

0

0

N N N N N N

n n n n n n n n n n

m u c s k s

m u c s k s c s k s f

m u c s k s c s k s

m u c s k s c s k s

N N N N Ns su c s k sN N N NN Ns su c s k su c s k s

s s s 1 1 s 1n s s s 1 1 s 1s s 1 1 s 1u c s k c s ks s ssn s s ss s 1 1 s 11 s 11 1 s1 1 s 11 s 11 1 s 11 1 s 11 s 11 1 su c s k s c s k s1 1 111 1 11 11 1 1

2 s 2 2 s 2 2 s3 3 s3 3 02 s 2 2 s 2 2 s3 3 s32 s 2 3k k 3u c s k s c s k sc s k s c s2 2 2 2 2 3 3 32 2 3

1 s1 1 s1 1 s 2 2 s 2 21 s1 1 s1 1 s 2 2 s 2 2u c s k s c s k sc s k s c s1 s1 1 s1 1 s 2 2 s 21 s1 1 s1 1 s 2 2 s 22 2

 (12) 

  

s s b b

s s b b b 1 1 b 1 1

2 2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b3 3

1 1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 2 2

0

0

0

0

N N N N N N N N N N N

n n n n n n n n n n n n n n n

I H c s k s c k

I H c s k s c k c k

I H c s k s c k c k

I H c s k s c k c k

0N N N N N N N N N Ns s b bs bHN N N N N N N N NN N N N N N N N Ns s b bs bH kN NN s s b bs bs b NbNbH c s k s c kH c s k s cH c s k s cb bbN NN b bbbN N Nsssssskssss k s

1 0n n s s b b bs b bH s s b b bbn n s s b b bs b bbH cs s b b bs b bbH k k kH k k 1 1 b 11 b1 1 b1 1 b 11 b 11 1 b1 1 b 11 b1 b 11 1 b1 1 b1 1b 1H c s k s c k c kH c s k s c k cH c s k s c k cb b b 1 1 bs b b b 1 1b b 1b 1 1 b 11 1 b1ssssssssssks k ss

2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b3 3 0H2 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b32 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 3 b32 2 s 2 2 s 2 2 b 2 2 b 2 2 b3 32 s 2 2 s 2 2 b 2 2 b 2 2 b2 2 s 2 2 s 2 2 b 2 2 b 2 2 bH k k kH k k 3b3H c s k s c k c kH c s k s c kH c s k s c k2 2 2 2 2 2 b 2 2 b 2 2 b3 32 s 2 2 s 2 2 b 2 2 b 2 2 b2 2 s 2 2 s 2 2 b 2 2 b 2 2 b2 s 2 2 s 2 2 b 2 2 b 2 2 b2 s 2 22 s 2 22 s 2 22 s 2 22 s 2ks k s2 2 22 s 2

1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 2 2 0H1 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 21 1 s1 1 s1 1 b1 1 b1 1 b 2 2 b 21 1 s1 1 s1 1 b1 1 b1 1 b 2 2s1 1 s1 1 b1 1 b1 1 b1 1 s1 1 s1 1 b1 1 b1 1 bH k k kH k k 2b 2H c s k s c k c kH k s c kH k s c k1 1 1 1 1 1 b1 1 b1 1 b 2 21 s1 1 s1 1 b1 1 b1 1 b1 1 s1 1 s1 1 b1 1 b1 1 b1 1 1 1 1 b1 1 b1 1 b1 s1 11 s1 11 s1 11 s1 11 s1ks k sk s1 1 11 s1

 (13) 

 
  

(12), (13) f(t)

2.3

(8) N

n  
 

 

1

1
1 0

10 0

1
1

lim lim

i nn
m
i k k i

i k k i
n n

m
i i i

i

H A R R
U

R H H
 (14) 

 

 
 

s1k
b1k

1H
1 1,m I

2u

1u
s 2k

sNk

b 2k

bNk

,N Nm I

2 2,m I

2H

NH
Nu

gu

2u

1u

Nu
N

2

1

f t

 
b1k

1H
1 1,m I

sNk
bNk

,N Nm I
NH

Nu

snknH

bnk

,n nm I

s1k

f t

1u

nu

N

n

1

s 1nk
1nH b 1nk

1 1,n nm I
1nu

1n

s 1 1 s 1 1j j j jc s k sj j1 111 111 11 s 11 s1 s1 s 11 s 11 s

b 1 1 b 1 1j j j jc kb 1b 1b 111111 b 111 b 111

j jm u ju
j jI j

jH

f
j

b

j jH
jv

js

j

1j j j

s sj j j jc s k ssj jj js b bj j j jc k j jb jbkbb

─ 1560 ─ ─ 1561 ─



 4 

m
jH 1

nm
j ii j

H H  

  

2.1

5

nu n 7

2.2

2.3

 

(12), (13)

 

 
 

1

j
j n ii n , 1j j j j ju u s H  (15a,b) 

j 8

j

 

 s s
N

j j j j i ii j
c s k s m uN

j j j i is i j
s k s m uN
j j j ij j jsk sk sj jj  (16) 

 b b
N N N

j j j j i i k i ii j k i i j
c k m u H IN N N

i ij jb ij jb IN
ikk j jbkk j jb kkkkkiiiii HNN Hkm uii k ii

N
iiiiii

N HNu Hii  (17) 

n (17)

20)

 

 

1
2

1 1

1s s b b

1
1

1
i i

N
ii jn

j
j j j j

N N
j k lk i l kj

N
i nj j i iii j

m
H

U U U U

m HH
k c k cm

 (18) 

jF

(2)

jf

jF  
1

2
1 1

1 1

1
1

N
ii jn

j j j j
j j j j

m
F H G f

U U U U
 (19) 

1

1

1 n
j j

j j

G H
U U

 (20) 

jF

jf (19)  

 j j jf G f  (21) 

(19) jF

 

 
1s s b b

1
i i

N N
j k lk i l kj

j N
i nj j i iii j

m HH
F

k c k cm
 (22) 

2.2

jF

jF

 

 

1

b
1

1

0
1 b

( )

( )
lim Re

N
j s s

j i i jN
i jii j

j N s sj
i i mj i m

j N
m mii j

H
R m H H

m
k

m H HH
F

km

 (23) 

s
jH 1

js
j ii n

H H  

 

  

SR

n 0 (14)
 

(23)

jF (20)
 

 

1 1

0 0

1 1

0 0

lim Re lim Re

Re lim lim

j j j

j j

F G f

G f
 (24) 

jG

(20) Vj  
1 0

0 0
1 0

lim
lim lim 1 1

lim
nn

j j j
j j j

G H H
U U V

 (25) 

3.2 n 0

(14) (25)  

 
1

11 11 0 0

0
1 01

lim
lim 1

lim

i nn m
i k k ii k k i

j j n m
ji i ii

H A R R V
G H

VR H H
 (26) 

(4) gj
 

1
111 1 0

0
11 01

1lim 1
lim

i nn m
ji k k ii k k i

j j n m
i ii i ii

H A R R
G H

gR H H
 (27) 

jF

SR b s{ / }j j jR k kR

1

9

10 2.3

 

NH
sNk

bNk

,N Nm I
Nu

1nH

1nu

n

s 1nk
b 1nk

1 1,n nm I
1n

N

nu
s sj j j jc s k ssj jj js

b bj j j jc k
c

j jbb jbkbb

N Nm uNu

N NI N
N

i
i j

H

j jm u ju

j jI jjH I

 5 

1

ks1 SR R 1 3
( )i

( )i 1

s1k SR R 2

 

 (1) (1) (1) (2) (2) (2) (3) (3) (3)J  (28) 

 

5 3 1
0.5[s] 2[kN] 11

f t 12 Newmark-β

ju t

jm 60[ton] jI

1.125×106[kg m2] jH 4[m]

1 1 0.1×5[ ] = 0.5[s]

s jk SR (jR  b s/ )j jk k

3000 b jk 1

2

2
j

s jc , b jc

ARX

1 h(1) 2[%]

  

3.3

 

    

 

j s ik  
[ 108N/m] 

b ik  
[ 1011Nm/rad] 

SR iR  
[(Nm/rad)/(N/m)] 

5 0.47 1.42 3000 
4 0.85 2.56 3000 
3 1.14 3.41 3000 
2 1.33 3.98 3000 
1 1.42 4.26 3000  

 [Hz] 
1 1.96 
2 4.87 
3 7.73 
4 10.57 
5 13.40  

-3

0

3

0 2 4 6 8 10 80 100 120
time[s]

f [
kN

]

2u2u

5u5u

3u3u

1u1u

4u4u

f t

gugu

-0.04
-0.02

0
0.02
0.04

0 20 40 60 80 100120
time[s]

u g
[m
/s

2 ]

10-2
10-1
100
101

0 10 20 30 40 50
frequency[Hz]

g
[m

/s
2 ]

(a)

(b)

 

f t

b1k1H
1 1,m I

s Nk
b Nk

,N Nm I
NH

Nu

s nknH

b nk

,n nm I

s1k

1u

nu

N

1

s 1nk
1nH

b 1nk

1 1,n nm I1nu

1n

0
1,j jU U

bj jk R

s 1

s

j
j

j

k
R

k1 1, ,j j jU U U
0

s

b

{ }

{ }
j

j

k

k

SR

2 SR

n

(1) (2) (3), ,

(6) (23)

SR
1

jR
s1k SR

s1,jR k

start

end

jRs1,jR k

jg

2

(14)
0

lim n

jR

s 1 sj jk k b jk

((28) )J

jU jU

ARX

1, 2, , 1j N
ARX

jf

1j j jG U U 1j jU Ujj

─ 1562 ─ ─ 1563 ─



 4 

m
jH 1

nm
j ii j

H H  

  

2.1

5

nu n 7

2.2

2.3

 

(12), (13)

 

 
 

1

j
j n ii n , 1j j j j ju u s H  (15a,b) 

j 8

j

 

 s s
N

j j j j i ii j
c s k s m uN

j j j i is i j
s k s m uN
j j j ij j jsk sk sj jj  (16) 

 b b
N N N

j j j j i i k i ii j k i i j
c k m u H IN N N

i ij jb ij jb IN
ikk j jbkk j jb kkkkkiiiii HNN Hkm uii k ii

N
iiiiii

N HNu Hii  (17) 

n (17)

20)

 

 

1
2

1 1

1s s b b

1
1

1
i i

N
ii jn

j
j j j j

N N
j k lk i l kj

N
i nj j i iii j

m
H

U U U U

m HH
k c k cm

 (18) 

jF

(2)

jf

jF  
1

2
1 1

1 1

1
1

N
ii jn

j j j j
j j j j

m
F H G f

U U U U
 (19) 

1

1

1 n
j j

j j

G H
U U

 (20) 

jF

jf (19)  

 j j jf G f  (21) 

(19) jF

 

 
1s s b b

1
i i

N N
j k lk i l kj

j N
i nj j i iii j

m HH
F

k c k cm
 (22) 

2.2

jF

jF

 

 

1

b
1

1

0
1 b

( )

( )
lim Re

N
j s s

j i i jN
i jii j

j N s sj
i i mj i m

j N
m mii j

H
R m H H

m
k

m H HH
F

km

 (23) 

s
jH 1

js
j ii n

H H  

 

  

SR

n 0 (14)
 

(23)

jF (20)
 

 

1 1

0 0

1 1

0 0

lim Re lim Re

Re lim lim

j j j

j j

F G f

G f
 (24) 

jG

(20) Vj  
1 0

0 0
1 0

lim
lim lim 1 1

lim
nn

j j j
j j j

G H H
U U V

 (25) 

3.2 n 0

(14) (25)  

 
1

11 11 0 0

0
1 01

lim
lim 1

lim

i nn m
i k k ii k k i

j j n m
ji i ii

H A R R V
G H

VR H H
 (26) 

(4) gj
 

1
111 1 0

0
11 01

1lim 1
lim

i nn m
ji k k ii k k i

j j n m
i ii i ii

H A R R
G H

gR H H
 (27) 

jF

SR b s{ / }j j jR k kR

1

9

10 2.3

 

NH
sNk

bNk

,N Nm I
Nu

1nH

1nu

n

s 1nk
b 1nk

1 1,n nm I
1n

N

nu
s sj j j jc s k ssj jj js

b bj j j jc k
c

j jbb jbkbb

N Nm uNu

N NI N
N

i
i j

H

j jm u ju

j jI jjH I

 5 

1

ks1 SR R 1 3
( )i

( )i 1

s1k SR R 2

 

 (1) (1) (1) (2) (2) (2) (3) (3) (3)J  (28) 

 

5 3 1
0.5[s] 2[kN] 11

f t 12 Newmark-β

ju t

jm 60[ton] jI

1.125×106[kg m2] jH 4[m]

1 1 0.1×5[ ] = 0.5[s]

s jk SR (jR  b s/ )j jk k

3000 b jk 1

2

2
j

s jc , b jc

ARX

1 h(1) 2[%]

  

3.3

 

    

 

j s ik  
[ 108N/m] 

b ik  
[ 1011Nm/rad] 

SR iR  
[(Nm/rad)/(N/m)] 

5 0.47 1.42 3000 
4 0.85 2.56 3000 
3 1.14 3.41 3000 
2 1.33 3.98 3000 
1 1.42 4.26 3000  

 [Hz] 
1 1.96 
2 4.87 
3 7.73 
4 10.57 
5 13.40  

-3

0

3

0 2 4 6 8 10 80 100 120
time[s]

f [
kN

]

2u2u

5u5u

3u3u

1u1u

4u4u

f t

gugu

-0.04
-0.02

0
0.02
0.04

0 20 40 60 80 100120
time[s]

u g
[m
/s

2 ]

10-2
10-1
100
101

0 10 20 30 40 50
frequency[Hz]

g
[m

/s
2 ]

(a)

(b)

 

f t

b1k1H
1 1,m I

s Nk
b Nk

,N Nm I
NH

Nu

s nknH

b nk

,n nm I

s1k

1u

nu

N

1

s 1nk
1nH

b 1nk

1 1,n nm I1nu

1n

0
1,j jU U

bj jk R

s 1

s

j
j

j

k
R

k1 1, ,j j jU U U
0

s

b

{ }

{ }
j

j

k

k

SR

2 SR

n

(1) (2) (3), ,

(6) (23)

SR
1

jR
s1k SR

s1,jR k

start

end

jRs1,jR k

jg

2

(14)
0

lim n

jR

s 1 sj jk k b jk

((28) )J

jU jU

ARX

1, 2, , 1j N
ARX

jf

1j j jG U U 1j jU Ujj

─ 1562 ─ ─ 1563 ─



 6 

 5 5
1/6

RMS
RMS S/N

3%  

jg jG

14 jg

2.5[Hz] jg , jG

ARX 20, 60
ARX 0.2%
 

3

0

( J 0.0079%, 
J 0.45%)  

25

 
 

  

15 5

1

5F

1 2.42[Hz] 2 7.46[Hz] 3 12.10[Hz]

 

jg jG 16

jg 0

14 0

SN

SN (110-330 

[s]) 2-8[Hz]

jg 0 jG ARX

50 17

 

      

  

[N/m] 

 

[Nm/rad] 

 

[N/m] 

 

[Nm/rad]  
 

[Hz] 
 

[Hz] 

5 0.49×108 
(2.85%) 

1.36×1011 
(-4.10%) 

0.50×108 
(4.56%) 

1.49×1011 
(4.54%) 1 1.96 

(-0.00%) 
1.96 

(-0.00%) 

4 0.86×108 
(1.21%) 

2.47×1011 
(-3.45%) 

0.81×108 
(-4.78%) 

2.49×1011 
(-2.92%) 2 4.87 

(0.01%) 
4.87 

(0.00%) 

3 1.16×108 
(1.70%) 

3.33×1011 
(-2.45%) 

1.14×108 
(-0.15%) 

3.67×1011 
(7.69%) 3 7.73 

(-0.00%) 
7.69 

(-0.45%) 

2 1.30×108 
(-1.96%) 

3.90×1011 
(-1.87%) 

1.47×108 
(10.77%) 

5.00×1011 
(24.63%) 4 10.58 

(0.08%) 
10.48 

(-0.89%) 

1 1.37×108 
(-3.79%) 

4.88×1011 
(14.4%) 

1.31×108 
(-8.10%) 

4.59×1011 
(7.63%) 5 13.34 

(-0.42%) 
13.70 

(2.20%) 
 

4 4 3G U U4 3U U441 2 1 1g U U UU

0

1

2

3

0.1 1 10

R
e[
G

4]

frequency[Hz]

without noise

ARX
0

1

2

3

0.1 1 10

R
e[
g 1
]

frequency[Hz]

without noise

ARX

with noise
with filter

ARXARX

  

 

 

  
 

 
 

24)  
 

 
1  2.42 (0.00)  2.40 (-0.83)  2.42 ( 0.00) 
2  7.46 (0.00)  7.46 ( 0.05)  7.19 (-3.56) 
3 12.10 (0.00) 12.11 ( 0.05) 11.98 (-1.01) 
4 16.00 (15.59) 16.34 (18.06) 15.72 (13.61) 

3.27m

3.33m

3.33m

3.33m

3.43m
Base

2F

3F

4F

5F

RF

3.75m

7.5m

7.5m

s3k
b3k

s 2k
b 2k

s1k
b1k

s5k
b5k

s 4k
b 4k

5F

-2
0
2
4

0.01 0.1 1 10

R
e[
g 1
]

frequency[Hz]
-2
0
2
4

0.01 0.1 1 10

R
e[
G

5]

frequency[Hz]
5 5RF FG U U

ncy[Hz]
F51 3 2 2F F Fg U U U

y[ ]

FU

ARX

ARX

[ 107N/m] [ 1010Nm/rad] [ 107N/m]

0 10 20
1

2

3

4

5

0 1 2 3 4 0 4 8 12

 7 

24)

4

4 1.5

5F 5F

 

22) 17

4

 
 

 

1 3

SR

 

3

2 3

 

GA
28-30)

2

ARX

 
 

 

No.24246095, 

No.15H04079
 
Appendix 1 ARX 17) 

ω→0
ARX

17)

 
k y u w ARX

27)  
 1 11 1

a bn a n by k a y k a y k n b u k b u k n w k
a bn a n ba b1a y k n b u k b u k n w k1 n b1 b1 b u k nb u k n1 b11  (A1) 

aj,bj na,nb
q G  

 B AG q q q  (A2) 

  
 1 2

1 2A 1 a

a

n
nq a q a q a q a

a

n
na qn  (A3) 

 1 2
1 2B b

b

n
nq b q b q b q b

b

n
nb q
bn  (A4) 

 
Z ω T0

 
 0i Tq e  (A5) 

(A3) q G(q) ω
 

 

 
0 0 0

0 0 0

i 2i i
1 2

i 2i i
1 21

T T n T
n

T T n T
n

b e b e b e
G

a e a e a e

ii
nb en

i

ii
na e

i  (A6) 

a bn n n n ARX  
θ φ(k)

  
 1 2 1 2a b

T

n na a a b b bθ
T

b b b
a bn n1 2a 1 2 n1 2a b b b1 21 n1 2  (A7) 

 1 2 1 2
T

a bk y k y k y k n u k u k u k nφ
T

k k k k1 21a by a by k n u k u k u k n1 21a 1 21 u k1 211  (A8) 
 

1k k
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STIFFNESS IDENTIFICATION OF BUILDING WITH UNKNOWN VIBRATION SOURCE USING 
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As an important engineering technique for the structural safety assessment or detection of structural damages, various system identification (SI) 

methodologies for civil structures have been studied so far.  The physical parameter SI is aimed at identifying the physical parameters of a model, 

e.g. shear stiffnesses and damping coefficients in a shear building model.  Since the influence of bending deformation included in the interstory drift 

at the upper story of a high-rise building can’t be neglected, it is difficult to identify the shear stiffness of the model by applying several proposed SI 

methods for the shear model. In such case, SI techniques using a bending-shear model can be one of the promising solutions.  However, past 

researches were focused on the cases under earthquakes ground motions, micro tremors or an unknown vibration source at the top.    

In this paper, a new stiffness SI method for a building structure is proposed using a bending-shear model in the case where the building includes 

an unknown vibration source in the middle story.  It is shown that the stiffnesses above the vibration source are determined by the sophisticated 

theory based on SI method of a bending-shear model for the base input, and those below the vibration source are obtained by the theory for the top 

forced input.  From a theoretical point of view, it should be noted that, since the rotational input exists in the bending-shear model, the SI method, 

which can take into account both horizontal and rotational inputs simultaneously, has to be developed.  However, the measurement of the floor 

rotational angle is difficult in reality.  Therefore, a sophisticated SI algorithm without the measurement of the floor rotational angle is desired in the 

SI theory above the vibration source.  It has been made clear that the identification function for the base input with a rotational input can be expressed 

without the rotational angle of the base by taking into account the limit at zero frequency of the inter-story drift ratio of the consecutive stories. 

The ratios between shear stiffnesses of consecutive stories can be obtained from the floor acceleration data and the ratios of the story rotational 

stiffness to the shear stiffness (SR stiffness ratio).  For identification of shear and bending stiffnesses at all the stories, an arbitrary shear stiffness 

coefficient (e.g. first story) and the SR stiffness ratios need to be determined.  These parameters are determined by satisfying the compatibility of 

lower natural frequencies (e.g. first, second and third) between the identified bending-shear model and the actual building structure (micro tremor).  

An optimization approach using the Sequential Quadratic Programming method is applied to solve this problem. 

The validity of the proposed SI method is examined through numerical simulation and actual recorded data obtained by a forced vibration test.  It 

has been made clear that, (i) while shear stiffnesses can be determined in a stable and accurate manner, rotational stiffnesses exhibit a rather unstable 

characteristic, (ii) a few lower natural frequencies of an actual rather slender building can be identified by a bending-shear model better than a shear 

model. 
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As an important engineering technique for the structural safety assessment or detection of structural damages, various system identification (SI) 

methodologies for civil structures have been studied so far.  The physical parameter SI is aimed at identifying the physical parameters of a model, 

e.g. shear stiffnesses and damping coefficients in a shear building model.  Since the influence of bending deformation included in the interstory drift 

at the upper story of a high-rise building can’t be neglected, it is difficult to identify the shear stiffness of the model by applying several proposed SI 

methods for the shear model. In such case, SI techniques using a bending-shear model can be one of the promising solutions.  However, past 

researches were focused on the cases under earthquakes ground motions, micro tremors or an unknown vibration source at the top.    

In this paper, a new stiffness SI method for a building structure is proposed using a bending-shear model in the case where the building includes 

an unknown vibration source in the middle story.  It is shown that the stiffnesses above the vibration source are determined by the sophisticated 

theory based on SI method of a bending-shear model for the base input, and those below the vibration source are obtained by the theory for the top 

forced input.  From a theoretical point of view, it should be noted that, since the rotational input exists in the bending-shear model, the SI method, 

which can take into account both horizontal and rotational inputs simultaneously, has to be developed.  However, the measurement of the floor 

rotational angle is difficult in reality.  Therefore, a sophisticated SI algorithm without the measurement of the floor rotational angle is desired in the 

SI theory above the vibration source.  It has been made clear that the identification function for the base input with a rotational input can be expressed 

without the rotational angle of the base by taking into account the limit at zero frequency of the inter-story drift ratio of the consecutive stories. 

The ratios between shear stiffnesses of consecutive stories can be obtained from the floor acceleration data and the ratios of the story rotational 

stiffness to the shear stiffness (SR stiffness ratio).  For identification of shear and bending stiffnesses at all the stories, an arbitrary shear stiffness 

coefficient (e.g. first story) and the SR stiffness ratios need to be determined.  These parameters are determined by satisfying the compatibility of 

lower natural frequencies (e.g. first, second and third) between the identified bending-shear model and the actual building structure (micro tremor).  

An optimization approach using the Sequential Quadratic Programming method is applied to solve this problem. 

The validity of the proposed SI method is examined through numerical simulation and actual recorded data obtained by a forced vibration test.  It 

has been made clear that, (i) while shear stiffnesses can be determined in a stable and accurate manner, rotational stiffnesses exhibit a rather unstable 

characteristic, (ii) a few lower natural frequencies of an actual rather slender building can be identified by a bending-shear model better than a shear 

model. 
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