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EARTHQUAKE-RESISTING CAPACITY EVALUATION OF EXISTING CONVENTIONAL
WOOD HOUSES BASED ON STATIC HORIZONTAL LOADING TESTS

By Satoshi Iwal, Hirvoyuki NAKAJIL, Yoshiyuki SUZUKI and Akio KITAHARA

Synopsis

This paper presents earthquake-resisting capacity and failure process of existing
conventional wood houses, based on the static horizontal loading tests. Four two-story
houses and one wood framework were tested. When the house was loaded in the longi-
tudinal direction, the maximum base shear against its own weight is between 0.43 and
0.54, which is larger than one needed from the regulated wall area index. From the
test results, the houses keep their load-bearing capacities while their story deformation
angle is between 1/60 rad and 1/20 rad (on the average about 1/30 rad). Natural fre-
quency of the houses is ranged 3.0-4.7 Hz in longitudinal direction and 2.4-4.0 Hz in
span direction. It is suggested that, in order to estimate the exact load-carrying capaci-
ties, the consideration should be required on the contribution of non-structural elements
to the wall area index.
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Table 1 Summary of tested structures

Name of house SI TU TA SU H
Tested date Jun. 20, 1995 Jun. 21,1995 | Oct. 2 & 13,1995 | Dec. 6 & 7, 1995| Oct. 6, 1995
Pl Sakyo-ku, Kyoto {Sakyo-ku, Kyoto| Yamashina-ku, Rokken-cho, Minami-ku,
ace L .
Kyoto Nishinomiya Kyoto
Construction year 1930's 1930's 1960's 1965 1995
Roofing Tile Tile Tile Tile Board
Conventional Conventional .| Conventional Conventional Conventional
Main frame 2 story 2 story 2 story 2 story 2 story with and
without braces | without braces with braces with braces without braces
Floor area(m?)
1st FL 70.28 94.57 148.77 96.96 12.96
2nd FL 40.61 52.86 43.51 32.83 12.96
Total 110.89 147.43 192.28 129.79 25.92
Story height™ (m)
h1 2.75 2.65 2.90 3.66 2.55
h2 2.25 2.30 1.35 2.24 2.43
Span*s (m) 4.75 5.84 10.64 5.83 3.60
One way loading, | One way loading, | One way loading, | One way loading, Reversed
Loading Longitudinal Longitudinal | Span direction | Longitudinal loading
direction direction direction -

* 1 and s indicate distance for measurement instruments (displacement-meters).
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{(a) First floor (b) Second floor

Fig. 1 Floor plans of House SI
(A circle mark indicates gravity center, and a square mark indicates rigidity center.)
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Fig. 2 Floor plans of House TU.
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Fig. 3 Floor plans of House TA.
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Fig. 4 Floor plans of House SU.
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Photo 1 Earthquake damaged House SU Photo 2 Deep cracks (more than 70cm
(Nishinomiya). in depth) through ground
under House SU.

Photo 4 Loading test view using truck
crane (House TU).

Photo 3 Earthquake damage to the
inner wall of House SU.
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Fig. 5 Floor plans and elevations of Frame TU.
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Photo 5 Reversed loading test using
two cranes (Frame H).

Photo 6 Free vibration test (Frame H).
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3.1 HE-ZFHBEFRLEEETTOES

EEERD—E% Table 2 I2RT ., KTEHEITERICL VESNLBYO 6 LOKFEMLL, BED
RBRZEN w B L R UNEFM 6 23koiz, WE P-BIHEN, . BB LUWEP-AUNELA 6, 0,
%% Figs. 1-11 [ORT. R UNERAR, FROCRT, PEEFHN D ICOES2mMELEE LTWA,
HEEMDEEN dos, dow 1T, BAWEEFT 3 ~4mm BE, EEISLFENTTHREZEL/GET 13nm

Table 2 Summary of test results

Name of house SI TU TA SU H
Natural frequency
(Hz)
Long. direction
before test 3.9 3.0 4.7 3.5 2.6
after test 3.1 - 5.2 3.3 2.2
Span direction
before test 2.4 2.4 4.0 2.8 2.8
after test 2.1 — 3.3 2.8 2.7
Natural freq. by
free vibration (Hz) 3.9 2.2 3.7 3.1 2.1
in loading direction
Predominant freq. of 11-12 11-12 2.5-3.0 5.5-6.0 10-15
surface soil (Hz)
Damping ratio (%) 5.4-6.0 5.9-8.5 4,6-6.2 7.5-8.0 3.0-6.5
Load at 1/120 rad
story de§o;m. angle | 5.6(2nd FL) | 4.9(IstFL) | 4.8(2nd F1.) | 6.5(2nd F1.)
tf
Maximum load Pz (tf) 8.12 10.72 10.58 14.18 1.73
Story deform.
angle at Ppaz (rad)
1st FL 0.025 0.046 0.016 0.019 0.089
2nd FL 0.061 0.034 0.050 0.032 0.074
Torsional deform. “
angle at Pmaz (rad)
1st F1. 0.0112 —0.0327 —0.0002 0.0099 0.0301
Znd FL. —0.0046 —0.0015 —0.0004 0.0012 0.0351
Typical failure Wall failure on|Wall failure on|Column failure Severely Brace failure
2nd Floor 2nd Floor on 2nd Floor |damaged during|on both 1st and
Hyogoken-nanbu 2nd floors
earthquake
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Fig. 7 Load-deformation curves of Fig. 8 Load-deformation curves of
House SI. House TU.

7

Photo 7 Tested House SI. Photo 8 Wall breakage (second floor in
the House SI).
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Fig. 9 Load-deformation curves of
House TA.

(b) Load-torsional angle

Fig. 10 Load-deformation curves of
House SU.

Photo 9 Wall deformation and crack Photo 10 Tested House TU.

(second floor in the House
SI).
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(a) Load-story displacement curve

(b) Load-torsional angle

Fig. 11 Load-deformation curves of s RO A BN S 2 & 1 B ORI 8 2 55 %
Frame H. FIOT 5 AH3EINUGD 72 (Photo 12) s & AUTHIHLO 212

b7, il & H O OB < 2 1), HEHISITRE )
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Photo 11 Deformed paper screen (first Photo 12 Veranda glass breakage (first
floor in the House TU), {loor in the House TU).
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Photo 13 Tested House TA. Photo 14 Pulling-out of column (second
floor in the House TA).
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DIRELDMATAE L - 20T, BRI LD 72 0WI R T Lz, TR TR OTRRZIAL 1 HC
2.8cm, 2MET3.7cmThH -7

(5) H#f

HBUZOWTIE, 2HB07 L— > % AW CTIERA#E LI X AT b 2 &5 CE 72, 1HE
& 2 @A U RS O% 2 BYECTH HDT, 18 E 2 ORI E it v, Hidize A Ll
FEREET, Mo AR B LT h, il O&REHEM IR E (2D, Fig. 11 (b) i2
SRENDLIICKE LR UNEREAE T, H e L & OBATANEHR, (E4 ZBIATHVTHR &)
BGHHL S NIz BV D W 3B ORI & (BB AT ESTE, JHNIINS Wz, HoTR
X BB\ VDB BIEIHIHEIEA S W20k & Ak SE s b, E TV, KT ik
DGOSR L7z 1.5t ($105) T 1 BEOMEH 2V AMERIE & D TAHIKRE BB L, Widwv ko
TSN % 2L LTz (Photo 15)s KV C 1.7t (#111) Tid 2 BEDIERiIF 2 AHA L
720 Z DIV ORI EA TR IZR 0. 15t KT L7ze 20k, Ki11.73¢f (#114) (ZFHEL
o FOWEOREZIEAE 1T 0.089 = 1/11 rad, 28 T0.074 = 1/14rad Th -7z, 1 BOMH L THD
BOEBIZ BV R 2 O Tl % S HCIEd T 28T LTl A%t (Photo 16), T
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Photo 16 Brace joint failed in tension
(Frame H).

Photo 15 Buckling of brace and breakage
of stud in compression (Frame

H).
LRSI NAIMICICT L, 20 R E L 720 S S0 % 30, #1150 (#119) Cit 1
DL AT L 72
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Fig. 12 Observed velocity from microtremor at House SI.
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Fig. 13 Fourier spectrum from microtremor observation.

STHUAHC X B H B OWRIE L NV OBV ISR SN A, STEL, TU BRIBEHE L TV A0 LWl
WEMTHY, T/, BEEHLBADDTRIL CHDH728 0.7-0.8 mkine.sec FEET, WH XT3,
TA BBiZ 0.3-0.35 mkine-sec, SU BBiZ 4.5 mkine-sec, H X 3.5 mkine.sec DIRMEL NV TH 72,

SI ERDEREREE OB % Fig. 12 12, SEBEMOBHRTEERATE % (TU BRIIBHESROA) OPNBITE
D7 =) TARZ bV Figs. 13 (a)~ (e) {T7R T HBRITHAT 2 HER CHEEAS 2 D8I v & SERE TR
B. TU BB HBRTIE, AUIIRENC L 2 DL BbNs -2 0 WICHbI TV 5, Bl EBROR &
#n 1 REAIRE) Y Table 2 (7R3, ERMERETNIC X DR ON-REXKBOERRIO 1 XEARENE
1, HHTHIRAT3.0Hz ~ 4.7 Hz, 5REIHIAIAT2.4 Hz ~ 4.0 Hz Cd o 72, HHATHMBASRM AR L 0 b BER
A%, 1REAREBICOEL CnAEZ LHTRHLNE,

TU B LA D 4 Bz oW T HERATR OB AD 1 RETFEESROER 2 R A L, WERITO 1K
EAES B U CSIETIZ 18 %, TABCIL17 %, SUKSTIEZ6 %, HHTIX 15 % OREFEOBET A
Rohs, BRSPS & CRBE L BN ARSI £ S I R EMEIINE 217 - 7288 1V Cig,
HATH MO 1 KEAHREIEIE 5.9 Hz 205 11.0 Hz LB VEAREIREHE L TV b, I SDROBEKH
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OEEEHE IR TH 528, SHEREIT o BY, FHFETAOEYORATAIO 1 K EARE R
3.0Hz 5 4.7Hz TH ), #I LY L VRCEAREIERE 25T b,

3.3 HaiEERR

HERBIOFH & 0 155 h A EA RS R R O NRFEERE Table 2 1077, EERE L D HIRIEOK
XVEBESERIC L 5 1 REE R, KATHREROREAT2.2Hz ~ 3.9 Hz, REIAHB OB E
A3.7Hz T, WTFNLERHMEERNICL 53 DEERTHARPETLTE Y, RUGEASFLA T
%o Fig. 14 1577 &9 iR, O BEEE 2 HVCESBYOREER L kO b L, SIEH5.4~6.0
%, TUBFA5.9~8.5%, TAKA4.6~6.2%, SUKAT7.5~8.0%, HHAT3.0~6.5% Tho7
ERTRPMETAZ & CHEEEE G AREEE RN UAT - - ERRENMIED» b — 737 — I L 2
5B OREESIE3.9 % 25 5.8 % Tho72'" KEBROFEEMOWIET, FN5HIHARB LR
PREV,

1.0

velocity(10crvs)

A L . L L s
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time({sec)

(a) House SI (west side of second floor)

3 35 4 45
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(b) House SI {east side of second floor)
Fig. 14 Observed velocity from free vibration test (House H).

3. 4 ¥IRARIEOFEE

SI Ki& SU Bz onT, EoFhEE>» > §BOEE Table 3 Comparison on initial stiffness
PEEL, FRICEONT 2 HHERDB&ERT 1T Name of Eigenvalue | Loading test
W, EERMEIRIE P B ERB ISR CR S LB 1K house :nalysiks kresulti
B2 ROBEHFREITLS 25 L9 ICKBOEN S I 91_5 6.21 gtg 7_29
ORI by, B ED 20 KFNIRBMERDERD O su 14241 [11.1] 4.4
8 5N 7R & & & C Table 3 I7RT, WATE (unit: tf/cm)

BT X D WRIEI, BRI AT om BAF O#EE TR
E-EHURO BRI Y LTRO7, BE SN TEOMYANE G ESE LN TB Y, BOMLIE
P BB & - CElCA B L Z A 6N,

HRHUED & IRE OB A R ICHIE L, BUNRIEL VS BEEL AL CORME O % B
LA BICH, BB - BRI A ERWICOWTIT) & & b1, BIEITER, Ehd 5V IMEEIC L B
FEIGERL FRELT, Ty ORI LLEND L, $7:, £ - THUDHE 5N DB L EE
A 6 85 SNBEMSHHE X ORI A SR BL AL, Thb R BB REYBERT Ao L bEE
TH kb, :
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3.5 BYEROHTEEAN— XS T—OFE

BYWIBOER v, 2HOER W, OEE I ORBESE) TREMNBERINCB T ARATH L B/
BV I DVWTRD L AT o700 2HOER w, 13, BARER, /NEH, 2 BRESS B L2 BB
FHESOBEEFMADDEL, 1BOER W 3, 2HBOBOTESG L, 2K TEBIVIMOEDL
ESDEREMAIDDE LIz, A ETHOWRIE LTk LS HORMERICER S TR OB
FE% Table 4 ITR L7z, IhHdsh, BITEBROBANE P YRWEE W

THRLAN-Z2 T 7Rt Table 4 D) 12k 572, T2, FEBROWE-THEMRE HBOEZEOT ClL
BTE5L910757:017, WMELBYEECTHLT EELBHEEATEAL/ZL D2 Fig. 15 TH
Bo N—2 T TR, IBAIAIERICEEC S SLERT0.43, TU BBT0.46, HRAI40 EICET SN2 SU KR
TO.54E, HATHIEIZEE Lod D, Wb HEMEVEEZRL TWwh, FHIZH~5 & TA Bi
0.26 &fEV, S, BREIAIANCEAT L7z &) TR 3 & & ERENNR L DY, BN LY 5

Table 4 Calculation of wall area index, base shear. and resisting load

Name of house SI TU TA SU
Effective wall
length 1. (m)
Long. direction
1st F1. 15.68(46.70)* | 12.62(29.59) 35.42(59.15) 22.72(47.46)
Znd FL 12.83(43.23) 8.33(22.98) 19.50(35.81) 10.16(24.00)
Span direction
1st F1. 11.87(22.88) 7.22(17.14) 37.12(57.07) 10.71(21.91)
2nd FL 5.70(16.58) 5.21(10.42) 5.92(12.29) 7.77(15.08)
Wall area index
/A (cm/m?)
Long. direction
1st FL 22.3(66.4) 13.4(31.3) 23.8(39.8) 23.4(49.0)
2nd FL 31.6(106.4) 15.8(43.5) 44.8(82.3) 31.0(77.5)
Span direction
1st FL 16.9(32.6) .6(18.1) 25.0(38.4) 11.0(22.6)
2nd FL 14.0(40.8) 9.9(19.7) 13.6(28.3) 23.7(45.9)
Estimated weight (tf)
1st FL 10.98 13.27 30.28 18.59
2nd Fl. ws 8.10 9.96 9.98 7.57
Total W 19.08 23.23 40.26 26.16
Base shear 0.43 0.46 0.26 0.54
coefficient Pmas/ W
Estimated load at
1/120 rad story
deform. angle (tf)
Long. direction
1st FL 2.04(6.07) 1.64(3.85) 4.60(7.69) 2.95(6.17)
2nd FL 1.67(5.62) 1.08(2.99) 2.54(4.65) 1.32(3.12)
Span direction
1st Fl. 1.54(2.97) 0.94(2.23) 4.82(7.42) 1.39(2.85)
Znd FL 0.74(2.16) 0.68(1.35) 0.77(1.60) 1.01(1.96)

* The former values are based on Building Law #46, and the latter values in () corres-
pond to more realized calculation method.
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Fig. 15 Base shear coefficient vs. story deformation angle.
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B2 1/120 rad OB OTWH O ARITR L2, 2 2 CEAEDORTE IEE I IIT 555 46 St
STEHLZOD, #&5D () NIELEROBE LEEERLHWTEONETH S,

EEBROME-ERBERICBNT, HEPZ2ROEMEES L, TRLT, Y 2HOBHERA .
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Fig. 16 Load-deformation angle curves.
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Fig. 17 Load-deformation relationships from

monolithic wall tests.'*
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