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Development of earthquake-proof reinforcement technique for wooden houses
with fiber material and metal connector (1)

Yasuo YANAGAWA and Tomoyuki HAYASH!*

mdnckéﬁw%&éhﬁﬂdiéafxbné\IM$®%ﬁmbﬁ<ﬁ%mmI&®MH%
HOEL., LR Eis oMol dweat HDEW) 2T r0a26F, RUYZLT7La—
w(mm)%ﬂ#bW%Lt&%mm77x+vﬁ(mw)%%ﬁb1%%¢%&%m%ﬁfm&to
FRPIZ. 2B Ry UBIEEAAD LR THERY Ly VST 81220, K
PO BEARR T Ty TILBFEMOL Vo iR PR CHEMIEE T2 LPTRTHD,
L2 @S AEZ MR TVwD 2 EW0h o7, HAHOTEREBROME, HD&YW EFRPL
MENCPR 5 2 Llc & ), HDEW%E 1T AE U2 3B Cld ik 1B & ORItk oo iy L 2s,
2R U 22 s i i o 1 L SER e S vz, E 742, FRPAIRICE Y wFhoffhcdits
TEMOENIEIA U, kA EIR O FE ISR O 7 ~24% Oz R Uiz, 3513, #ilmic kb
HDE&EM ORI L2 Z &6, FRPOJET L, MBS B U 2808 2B X OEEH
OB LS LR TH D T EARBEIN, - BANOFERRBRICB VT
HDE&W B & UFRPENZFRAEET 2 E % m«fkpé‘NW#ﬂW¢%JnimﬁﬁVibT
B ED20~30% OfiZ R L, HDEW EFRPE AR E 2o THIRWEZ AN L TV 5 I L AVRIE
3N,

In order to reinforce corner column of conventional Japanese wooden houses, which are
connected to high-strength shear wall, we investigated reinforcing technique of column-sill joint
using metal connector and fiber reinforced plastic (FRP) manufactured from poly vinyl alcohol
(PVA) fiber. FRP could be bondedon column-sill joint with separate type epoxy resin adhesive (;r
one-part type poly-urethane resin adhesive bysimple pressing method, such as pressing using wood
screws or clamps, and it provided durable bonding of wood-FRP. Results of tensile test of column-
sill joint showed that by combining FRP and metal connector properly, in the case of using one
metal connector, increase of maximum load and initial stiffness were observed, and in the case of
using two metal connectors, increase of initial stiffness was observed. Deflections between column
and sill decreased remarkably regardless of number of metal connector, and those were 7 ~24%
ofnon-reinforced specimens. In addition, as FRP reinforcement decreased carrying load at the metal
connector, it was suggested that FRP reinforcement was effective measures to protect pulling out
of column from sill or toenhance reliability of column-sill joint. We also investigated carrying loads
at both FRP and metal connectors under tensile loading, and the carrying load at FRP showed 20~
30% values those of total tension load regardless of tension load. This suggested that FRP and metal

connector were incorporated together and carried tension load.
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Table 1 Manufacturing conditions of specimens for
bonding durability test

AT ALY

o EP PU
Adhesive resin’
WA (g/ni)

400 500
Applying rate
SR O «
FRP-S1 |PVA-S1} FRP-S1

Reinforcement”
FER 78

§50, 100, CL| CL  |S50, 5100, CL

Pressing method®’
() ¥ D EP @ 2 WM oR & SRS A, PU - 1R
K)o Ly Rl Y FRP-SL: Tk ) PVARAE S —
N & L72FRPo PVA-S: Pk D PVARIHES — bo <
S50 1 A A IV 50mmE BT B A AT, S100 1 A4 L100mm
~o CL: 23 ¥ 7P
(Note)  : EP : 2 parts type epoxy resin adhesive. PU :
1 part type poly urethane resin adhesive. ” : FRP-SI :
PV A-fiber reinforced plastic. PVA-S1 : PV A-fiber sheet.

91 S50 : Pressed by wood screws with 50mm distance.

S100:100mm distance. CL:Pressed manually by clamps.
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Fig.2 Specimens for tensile test of FRP
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Fig.1 Specimens and test pieces for bonding durability test
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Table 2 Specimens for A test of column-sill joint

Bk Specimens A-HD A-l A2 A-3 A4 A5 A-6
5| & %44 Metal connector S-HD25 S-HD25
BL#*  Reinforcement material” - FRP1-S2
Es (DS Wik - HERG Y FHOMD
Bonding Pattern for reinforcement” Londitudinal Diagonal
s ALl B - 1 2 3 3 3 2
Volume of reinforcement
FlEHFEEWEEARNL ME () 12 12 16 12
Diameter of affix bolt for sill
e [ A P 4 W45 x 40 W4.5x40 50% 100 % 10mm W45 x40
Square-metal washer for (IRxE3xEX)
fixing bolt of sill £ PE 4z 1P 4 ik i i 4
(E) ¥ ¢ R D 100mmiEPV A#ie S — b IR L72FRP, ¥ @ 3% &,

Note  : 1ply FRP with 100mm width PVA fiber sheet. ” : Refer to Fig.3.
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Table 3 Results of bonding durabmty test
B

EP PU
Adhesive resin®
WA (g/m)

400 500
Applying rate
SR AL DRI

) . FRP1-S1 PVASS1, FRPIL-SI
Reinforcement
JERE )5 8
S50, S100, CL| CL {S50, S100, CL

Pressing method®

< HEEY (%)

Delamination ratio
AR CHEREY (%)
Max. delamination ratio
(GE) n=9% VU1 EBM, Y P,

Note : n=9. Y7 Refer to Table 1. ¥ Average values.

0 1 0 0 0 1 0
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Table 4 Results of tensile test of FRP

B Specimen FRP2-S1-1 FRP2-S1-2 FRP2-S2-1 FRP2-S2-2 FRP2-S2-3

i KA T kN
SRR () 3170 3381 4160 3714 3030
Max. load
B Paf'ﬁi P:}: \/IP
JHRIE - (MPa) 1173 1360 1356 1195 1243
Tensile strength
s

WiEor - (mm) 128 110 112 103 156
Elongation at rapture

l’;[—_?? ' "l'j: 9/
gt G0 43 37 37 34 52
Elongation ratio at rapture
T fir R of T BT FRP#: %R FRP## FRP 35 i T 5
Location of rapture® Loding point End of FRP End of FRP End of FRP Loding point

G¥) ¥ FRTOBERKIT R L7,

50

BIEBTH E Tensile load (kN)
BB E Tensile load (kN)

ZFfii Diformation (mm)

(2)BIRFTE —ZEHoH#E  Tensile load — diformation curve
*(Note) : — :FRP2-S1, ~-- :FRP2-S82,

X4 FRPEREFEOSIRHABROER Fig 4
MU TELEELOND,
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PR — LR R T o
FRP2-S2IZFRP2-SL & 0 # R EEA E W72, 435
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HWish o 720\ HEH LN = o B OGS N TFRPASHE
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FRP2-S2-10 A5 8 Tld d % b O OFRPD A D55 T

a) . . . .
(Note) ¥ : Failure of each specimen was tension rapture.
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Results for tensile test of FRP specimen
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REACOLEMETHY, UTOBMICL2b0 LN
No, $hbbh, WHRHHERLES W, PYABHES —
Few bUy s ABRE R E B> THEHT S, L
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= by 7 AR E ORI CHSEN AT B 720, b
R E < MY v s AR E SR L o THB L %
(b D728, FRPOGIRY ¥ 7 REH WA L.
EPEAETALOEHMINS,
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Table 5 Results of A test for column-sill joint  (Bi-linear model)
BRI Specimen” AHD Al A2 A3 A4 A5 A6
WAME (Pmax) Max. load (kN) 453 45.3 67 708 759 71.1 76.9
S KM T IREAT: — JERE SR M 22 0 (mm) 34.2 342 188 272 244 254 277
Column-foundation displacement at max. load
MefkZEf  Displacement at yield (mm) 83 83 47 58 6.5 64 10.3
MR (0.8Pmax) (mm) 349 349 405 287 244 254 282
Ultimate displacement (0.8Pmax)
AWM Initial stiffness (kN/mm) 29 290 811 653 569 537 39
W= Ductility factor 2.52 252 577 311 2.09 2.23 1.57
el PR30 Structural characteristic factor 050 050 031 044 056 053 068
SRR TERERE — 1 B (mm) 34.2 25.2 75 2.3 35 40 7.1
Column-sill displacement at max. load ¥
I EIEEE ~ H D 44 M2 (mm) - 52 57 8.8 6.1 9.6 -

Column-metal connector displacement at max. load

W SEATTHRI AT IR, A - AR

B IR R Lz

CEIEB, Y 2 BMEH O,

Note : Average displacement between column and foundation were used for bi-linear model. Y Refer to Table 3. :

Average value of two displacement meters.
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%6 H-TAEESHBHRBROBR (REBEMTTI)
Table 6 Results of B test for column-sill joint (Bi-linear model)
ERAY Specimens” B-HD B-1 B-2 B-3 B4
e RMHE (Pmax.) Max. load (kN) 1029 104.8 994 1095 117.0
R IRAE — J A Z2e . (mm) 250 226 19.1 24.5 25.3
Column-foundation displacement at max. load
FfRZ84r  Displacement at yield (mm) 6.5 5.6 7.1 64 38
RN (0.8Pmax) (mm) 29.3 234 25.2 279 253
Ultimate displacement (0.8Pmax)
WML Initial stiffness (kN/mm) 857 943 821 8.62 7.20
Ductility factor 273 2.3 222 247 1.81
SRS Structural characteristic factor 047 0.53 0.54 050 0.62
R TIGAT ~ L B (mm) 25.0 3.6 34 72 36
Column-sill displacement at max. load”
I KA LAY — Eyl P A (mm) 78 8.3 7.7 9.6 33
Column-metal connector displacement at max. loadc)

(1) #5258,

140
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< 100
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o 80
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@
& 60
i
w40
nn F
20 |7
0 1’ H 1 s
0 10 20 30 40 50

H-BEEM (mm)
Displacement between column and foundation
6 H-ITAEaNBHEBROBER
Fig. 6 Results for B test for column-sill joint
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R TR 7IRT,

FRPCHli L 72 3Rz w3 s AR O A-HD & b
EOEABREERL, TOMIZAS>A2>AHDTH -
oo RITIWRT EBH, ARBOFR L
BB S HEAT U 7o — 5, WM A-2>A6>

L2008 BEEEW TOFI, Note : Refer to Table 5. ¢

BRI Tt~ K A O %

W ERA-2 T I3 B

© Average value at two metal connectors.

AHDOMTH H, WP IZA2>AHD>AGTH D,
AGIEA-HD L DI WEIERER L2, ZOBMIE, A6
DR TR KW I & 7R L 72 B e s 5 A L. 584
G T B LB E, B sk & SR
SN D MRBRO MR IEL o7 BB TH b,
RERC B B A VT b b, A
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5 EA2>AG>AHDOMITH ., A2k D Bz
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LR, ZOBENAEITIEOEEDL L L AT
ZRFIRRN T2 b0 el & s,
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7R TEBY, BFIISHESRE T LKA
DN (DUF M afr s 4%) 2L Ty,
AHDIZA2B L UABL D IEH DV T i, INHO
G, DToMHBicLsbo il ahs, $4b
B, FIRMENNT 512 L7229 AHDTIZHDE Y
DA D MDD Y Ak, HDEW O Y fHiF K
FOFADD Y AHBHEST L. M 8ITRT & B0 R
CHDEW CREMIEET 5, T D7z, K& LB
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Table 7 Results of C test for column-sill joint (1) (Bi-linear model)

WBRIA”  Specimen” AHD A2 A6  BHD B1 B4
AEOBY ¥ TR (GPa) 8.3 8.0 84 8.0 8.1 8.2

Column'’s dynamic modulus of elasticity™

¥o®%E  Culumn's density” (g/cid) 043 042 040 043 041 0.39
B R HE (Pmax) Max. load (kN) 56.2 68.2 74.6 109.9 100.5 1231
AT IR AT — SRS B 22 B {(mm) 31.0 225 237 34.3 221 234
Column-foundation displacement at max. load

B2 Displacement at yield (mm) 88 6.4 132 9.8 55 83

#%R%e7 (0.8Pmax) (mm) 335 311 291 353 245 271
Ultimate displacement (0.8Pmax)

WIEYE  Initial stiffness (kN/mm) 331 6.52 397 6.53 941 6.92
MY Ductility factor 217 3.29 162 2.36 2.54 1.87
Wi #4234 Structural characteristic factor 0.56 043 0.70 0.54 049 0.60
R TEIREAT — A A (mm) | 310 20 6.5 34.3 36 81

Column-sill displacement at max. load®

TR TIEAL — T D £ 2 f (mm) 9.8 8.1 9.0 139 74 9.0

Column-metal connector displacement at max. load®

() P, EFE6 %2, n=3 B4DAn=2), (Note)

80

SIER B Tensile load (kN)

0 10 20 40 50
H-ERRE R (mm)

Displacement between column and foundation
H7 R-ETRESHCHROFER (1)
Fig. 7 Results for C test for column-sill joint (1)
() Note — A-HD, === : A6, n=3¢
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G OEIIAHD X Y /M S v, Y O 1 OFRPH
B 72BR. HDE&WIIZA-HD T O f KA T DL L o fif

" Anerage value. Others refer to Table 6. n=3 (Only B4 n=2) .
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%8 —HERYELSBERR TORTERRECSTSFRPOAERE
Table 8 Carryng load of FRPs at each loding cycle of one-direction cyclic tensile test

WEH A 7N 1EE 2HE 3HH 4EH 1iE 2FHE 3BH 4RH
Loading cycle 1st. Znd. 3rd. 4th. Ist. 2nd. 3rd. 4th.
WHERHEY  Specimen”

IR E (kN) 231 451 710 80.2 217 38.8 68.9 795
Tension load

HD4WEARAE (kND 169 370 535 59.0 16.3 300 506 -
Carrying load of metal connectors

FRP#: (kN) 6.2 3.2 175 21.2 54 88 183 120b)
Carrying load of FRPs

FRP# (%) 27 18 25 26 25 23 27 15.0b)
Rate of carrying load for FRP

ALY Specimen” B-4-1 § B4-2

Jlfm e (kN) 270 486 914 1205 418 65.1 1093 1297
Tension load

HDSW R (kN) 164 364 734 96.0 319 525 866 1003
Carrying load of metal connectors

FRPEAJEM (KN) 106 12.1 180 245 99 12.6 227 294
Carrying load of FRPs

FRP#A#E (%) 39 25 20 20 24 19 21 23
Rate of carrying load for FRP :

G ¥ 3% %W, Y IOFRPAOH (Note) ¥ : Refer to Table 3. ™ : Carrying load only of one FRP.

9 A2 HBRAOBHE
Fig. 8 Failure of A-2 specimen
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WIPE 2 7R Ly 228 R i R L U 7ze — 0,

8 A—HDHEREDIFIE FRP1-S2% & 2 Bl L72B-11EB-HD & © & i v e
Fig. 8 Failure of A-HD specimen PR L72b 00O, FRE, BAFELEN, BIUW

R AW F—EBHD L § b/hE oz T FRP
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B-512&t¢4a2y (HD&Y) BOZEM
Fig. 10 Results for C test for column-sill joint (2)
Displacement between column and metal connector
(.;i) Note —_— A-HD, A-6 n=3
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Fig. 11 Results for C test for column - sill joint (3)
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