RENRITE [C & S REFEEDT ErHRZNR DT

Pa) N

EE A TIE, ACM 7 L — 2 THEIC X AAREFEEOMBEMR R A2 TS 720!

CEAEM?

Z, HiEEEE AW AL — TR

SR & HREEHIE 2 550 L, REEEDRERECCRERER T HE L7z, A —7IHRIC L > TR LR
InOIIRIREIL RO D Z LTk, THERMIRRTR ORISR ol L7z, T ORER, WINSEIORER O st
IREEL & REETOIIRIREEN IASHIE LT D Z EnhoTe. £, IHRIREEIC & 5 EHIRE) D DR A
HIRENEI ) D AREEEORREER 27 L 72 & 25, Kﬁ{f%@*ﬂ%’ﬂfiﬂﬁkﬂﬁf LT ZEBHALNEIRoT

F—0—F  REET, TR, R A —T MR,

1. [FCHIC

WA, RIEREY O MR Z FEHh T 5 72 DI R
BT X 2 JREh-CH BB ) 2> & SR oo - e o 3t
RIREN I L B TE f$p¥fﬂﬂ%5{£7ﬁ>f“<ﬂ%b\ﬁgﬂfu\
2 WAED D - RSE A O A IREN T R
10Hz OFFAIZH Y Y, ZDOMENRE wﬁkﬁeik
M 23wy, 3 B 23 4212 ACM 7 L— A T
i N X AR T 2 % L - KRS EEIcB 0D

TR AT CRERI IS X 2 IRED0 R IF sl 2 I 7E L

M= AR RO FRE 2 ~7-. ACM 7 L —A Tk
%, FHDO— AN RC EREY OMEMMITIEE L
TR L7 b DT, [RBRHEM B 2 B /A% & D ) 28
&Uﬂm\ﬁhmﬁ%%méﬁéﬁﬁlﬁf%é

D%, AEFEOMEMEH & L TS/ EER
<MM7v—xI£%%%LTw5

A CITEEREIC X 2EHIRSOBRICHE bz
WRENRIE ) b RIS O LIRS A L, S
MR ORI COIRIRI I O LA/ ~T=. Fiz,
FREENE TE S N b AEFEE O ERM
HAEFHE L, o & EEKIC L > TR
S HRIRENE A LR RET L2, X602, RIS X
% HIRIREH T OB FIRAED DR D 7= B B RE)
WD & ARG OB FFEZFEm L, MR iR AT
% TOREREDO T 2T

2. HIEHME

2.1 BEARR

BN FZER DR E > AT A Fig.l (3RS D
£ 2 IZFHIER(Photo. 1), EATIHZ2 EM B> T 5.
HIE X, £9°, Photo.2 (Z/R I ALIEHE(D v = A 418,
KINBS A L HRA% SSV-125, F RINFRT) : 490N, HEE)

1 B T EHMER BeeiEt s ¥ —
ek &

2 PBER T M EEMERE B AT AT HER
%

D, HARIRENEY, Mo

BeiPH 0.1~100Hz)IZ & » CHEA RIS 3~10Hz O
AA — T PR % 360 PRIEKET 5 & &b,
Photo.3 (2 -3 — RANLEEF (I Y b I 48,
V405-BR, HIEHFH : £30m/s?, IEEIEEIP - DC~
400HZ)\Z & - TIRENWNIE & 5idk 9 5. FLiRi & s
ERTELNTZEENLRO =AY P Lo k(s
R D AEFETOHRIEEEZ KD 5. i T

II OSCI llator Part Permanent Magnet Oscillator 1

SSV-125 1
1 1
1 1
1 1
I 1
\

ICP-Type Acceleration Detector Electric Power Amplifier
SA-122L(Oscillator Control System) SVA-ST-1K

————— e ————

-
// Control Analysis Part N

| [Hardware]

I Realtime Vibration Analysis Device :
| DSA-PHOTON II

|

N
| [Software]

1 Realtime Vibration Analysis Control System
DSA-RTPro

‘Wave Output Function

FFT Analysis Function

P Long Time Wave Recording System: DSA-LWR
Data Preview Editor System: DSA-ANY

,______—‘

/ Measurement Part

Y
Pre-Amplifier: PA-9102 | 11
(Acceleration/Displacement L
Changeover Switch) Iy

1
1
1

1
1
1
1
1 -~
1
1
1
i

4
Servo-Type Acceleration Iy -
Detector : V405-BR I\ Note-Type Computer /7
'

Photo.1 Measurement system



Il A & Bl FREG = TR

0.005

Photo.3 Sensor

0.004

s CH1| —— CH2

0.003
0.002
0.001
0
-0.001

Acceleration(g)

-0.002
ppallALLRARRAL

i RAARAAAAARLAARAI

vivy

-0.004

-0.005

0

1 2

3
Time(s)

4

5 6

Fig.2 Sweep vibration wave(g:gravitational acceleration)

+—CH1

—_— N W s

Displacement(pm)
VISR
[==Ne Nl =R=N-i-]

A
S

1.E-04
8.E-05
6.E-05

h
I
S
wn

2.E-05
0.E+00
-2.E-05

Acceleration(g)

b
=
S
W

-6.E-05
-8.E-05
-1.E-04

Time(s)

Fig.3 Damping free vibration wave

CH1

CH2

CH3

Time(s)

Fig.4 Microtremor wave

Ko 7o IARIREN B & [E A IRENV A & 3 D IERIR AR
Ko TAREFEEZED S, THEEICERERZ 2=
1B S TR B AL BE B HIRENRIE 2 & RIEEE D
WEERETMI 5. £72, WS ZHE L <E
DT D DARER S A R, EIRIEIC X 5 iRS)
THOLNTELO LTS, 7ok, EIEHICX DR
iy & F RN O W E (IHTAT & R NSk LT T o
7. Fig2, 3 BI O 4 ([ZHIRIREN S 2 PRI D BRIC
IMEFEFH TR O, HoaEH BiREEE S LU
W RERENI T O — il & T

2.2 XHREMEAESR

Alal, IREIEOxR & LI AREFRIZ ACM 7
L— A TYEIC X B it Aos 2 Sk U 7= 5o i Uk 2 o] 7
WO W ELE TESCTH D, ZHENE 50 F L 47 F
TH 5. Fig5 (2 W K, Fig.6 (2 T K EHliia a4
O X F L O RRE & IEEF O/ E 2Ry, W
ESClX ACM 7 L — 2 DAz, KT HEH), MitEEE,
T B TlZ ACM 7 L— 2R kiTH e, RiEkk 112
Ko THiBRZIT > TV A IREVHIE T W BTl 2011
10 HE 11 Az, TEETIX 1A & 12 ACHisa
% CH i L7=.

3. KEFEEOHIRREIZO ST

3.1 WEB

W KSCiX 2 BEO O E IR A2 3% & L, IE
FEFHEZ 1B & 2 BEICERIE LT, A A — 7RO
HHEFRSENEIE & S L 72 2%, iR R A T R
ST=DOTLLF TIXAA — 7 IMHRIC & 2 L IRIRE R
ROFHTHER DO BT . KEFEEO IR HIE A
A — 7R OB D vz iR & N 5 o Rl
WD HR DR TERD DD ARER D & 5
L.

_EU) 1
D=5 ) .
Z 2T HOBERE, FL (OZINEEFH O, F,
OTRIEHOB N L RO 77— = AT hLT
B 5. Fig.7 ITHIATH M OIEZEEEL, Fig.8 (2R
] OAREERI SR, Table 1 (AR EEBI S & 3R 6 7= LIRIE
A o~ HT T mOBEREE RS &, WTh
WH 1R E 2RO E— 7 BBHPRIZA S, EIEOE
WD H DD, CHI~CH3 OAsERE O R IE X
SETWBZ ERNbns. —J, BRI OER
BILCHI Tl 1R E2RDOE—I7 BT E VEHNT
W572%, CH2, CH3 Tl 2KkDE—7 BNAHBETH
%. Table | DIIRIEENEZ R 5 &, WI L biltEA
BRI Em < 2o TR Y, MTROZHEN 5 0
NZD.



No.47 2012CFEk244 - 3) IRENAE 1T & B ARG ET OME RN R O

4825 4825
A A
. \ 1 \
Usc\l\ator‘ Usc\l\ator‘
CHIA 4 CHZ A CHIA 4 CHZ A
1 1 1 1

T 3 T 3

5689

JLCHI . 2F 1 JLCHI 2F 1

5689

12805 i 12808

GERA

STl FoTTE
<3 g T ol o ] o]
1 s | 1 see |

: ‘L 4 Corner bracing ‘s l
‘ | L ¥4 y I
i T X ; New structural vall i
; — 11 j d e ) 0D . IF
(a) Before seismic retrofit (b) After seismic retrofit

Fig.5 Location of sensors (open triangle) and an oscillator (solid triangle) at W-house

0333

11620 0 11620
\
A\CH3 i CHI A A\CH3 i CHI A
15 (2F) T (2R
A Oscil lator % A Oscil lator
CHZA CHZA

10280 ; | 10280

H v g ! N i i ACH brace
W GLA \ LA

L Ly 1 | | L S

I\j‘ :H_# %
.

El
e

0598

Corner bracing

0239

e

%ﬁ = NSt ructured grid
1 1F

(a) Before seismic retrofit (b) After seismic retrofit

Fig.6 Location of sensors (open triangle) and an oscillator (solid triangle) at T-house



Wi A, &n Bl SRR S A
1.0E-01 == 1.0E-01 ==
——CH2 ——CH2
1.0E-02 1.0E-02 CH3
2 2
g g
T LOE-03 T 1.0E-03 =
&é é i —1 /’ “\
b7 ) A2 W2 Y N N P |
v LT I And
1.0B-04 1.0E-04 - s ,M
ol (S t
Y
1.0E-05 1.0E-05
1 10 1 10
Frequency(Hz) Frequency(Hz)
(a) Before seismic retrofit (a) Before seismic retrofit
1.0E-01 CHl 1.0E-01 =
——CH2 ——CH2
1.0E-02 CH3 1.0E-02
2 2
B B
B 1.0E-03 ‘€ 1.0E-03
3 3
(=9 [=9
175} w
1.0E-04 1.0E-04
1.0E-05 1.0E-05

Frequency(Hz)

(b) After seismic retrofit
Fig.7 Transfer function at W-house (Ridge direction)

Frequency(Hz)

10

(b) After seismic retrofit
Fig.8 Transfer function at W-house (Span direction)

Table 1 Resonance frequencies before/after seismic retrofit of W-house (unit: Hz)

Ridge direction Span direction
CH1 CH2 CH3 CH1 CH2 CH3
Before 422 422 422 5.16 5.16 5.16
After 4.69 4.69 4.69 5.94 5.94 5.78
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Table 2 Resonance frequencies before/after seismic retrofit of T-house (unit: Hz)

Ridge direction Span direction
CH1 CH2 CH3 CH1 CH2 CH3
Before 5.31 5.47 5.31 5.00 5.00 5.00
After 5.78 5.78 5.78 5.47 5.47 5.63
Table 3 Predominant frequencies before/after seismic retrofit of T-house (unit: Hz)
Ridge direction Span direction
2F/1F 2F/GL 2F/1F 2F/GL
Before 5.78 5.63 547 5.39
After 6.25 5.55 5.78 5.47
Table 4 Damping coefficients before/after seismic retrofit of W-house (unit: %)
Ridge direction Span direction
CHI CH2 CH3 CHI CH2 CH3
Before 3.3 3.4 4.8 4.9 3.6 2.2
After 3.1 3.4 4.9 35 5.2 4.1
Table 5 Damping coefficients before/after seismic retrofit of T-house (unit: %)
Ridge direction Span direction
CH1 CH2 CH3 CH1 CH2 CH3
Before 2.3 4.1 6.0 8.6 9.5 5.6
After 5.3 7.4 5.0 5.2 6.3 6.3
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EVALUATION OF SEISMIC PERFORMANCE EFFECT OF
RETROFITTED WOODEN HOUSE BY VIBRATION
MEASUREMENT

Hayato NISHIKAWA and Tomiya TAKATANI

ABSTRACT : In this paper, both the sweep vibration measurement using an oscillator-sensor system
and the microtremor observation were carried out in order to investigate the effect of seismic retrofit of
wooden house using ACM bracing method. Transfer function and damping coefticient of wooden house
were evaluated in the vibration measurements. Resonance frequencies before and after the seismic
retrofit of wooden house were compared in this paper. Consequently, it was found that the predominant
frequencies estimated from a transfer function of microtremor are almost the same as the resonance
frequencies of wooden house. It should be noted that damping coefficient obtained from damping free
vibration wave corresponds to a general value of wooden house.

Key Words : Wooden house, Seismic retrofit, Oscillator, Microtremor, Resonance frequency,
Damping coefficient



