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Restoring Force Characteristics of Plywood-Sheathed Shear Wall
Considering Low Cycle Fatigue Characteristics of Fasteners
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Fig. 1.1 Changes in the supply of plywood materials in
Japan [Forestry Agency, 2020]
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Fig. 1.2 Fracture properties of plywood-timber joint
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Fig. 3.1 Specimens of constant-amplitude reversed
cyclic bending test for fasteners
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Fig. 3.4 Fracture behavior of constant-amplitude reversed
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Moment (Nm)

Moment (Nm)

Moment (Nm)

Fig.

Table 3.1 Characteristic results of the constant-

amplitude reversed cyclic bending test

-4

Deformation angle(deg.)

-4

Deformation angle(deg.)

-4

3.14 (c) Moment-deformation angle curve

Deformation angle(deg.)

(4. 5% 50m-30° )

Specimen M e Yp Ny 2E .y E cy-ave
(Nm) (deg.) (Nm) (Nm)
150 5.59 14.61 36.33 54.94 0.76
(0.05) (0.40) (5.84) (4.75) (0.07)
5.78 27.87 10.67 35.10 171
4.1x38 .5°
x3emmi - 25° | 005 (174 (506) (1201  (0.22)
300 5.70 42.78 2.50 14.55 291
(0.10) (113) (0.00) (0.22) (0.04)
150 6.68 11.84 60.25 73.38 0.71
(019)  (111)  (37.66) (23.15)  (0.19)
o 7.17 25.92 9.05 34.21 2.03
45<50mm) 225 (010) (080) (252  (630)  (0.12)
30° 7.23 41.38 2.20 15.24 3.56
(0.12) (0.98) (0.35) (2.56) (0.09)
15° 3.02 19.79 64.83 89.42 0.69
(0.06) (0.35)  (22.68) (30.82)  (0.02)
o 3.16 33.65 25.67 66.52 1.30
CNS0 225 (0.12) (0.16) (558)  (12.48)  (0.04)
30° 3.24 47.61 11.17 44.07 1.98
(0.06) (0.82) (1.26) (3.48) (0.07)
Note: Values in parenthesis were standard deviations
100 @ 45x50mm A 4.1 x38mm O CN50
[ —regression line ---regression line —— regression line
y = 36.07x037 y=50.00x03 y=103.62x048
R2=0.97 R2=0.95 R2=0.93
S
S
=10
N
£
1 11l L Lol L L Lo
1 10 2N, 100 1000

Fig. 3.15 Relationship between plastic deformation angle

35F LMD

and nurber of cycles to failure
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Fig. 4.1 Setup of single shear test of joint
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Fig. 4.2 State of specimen instal lation in the single
shear test of joint

150
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I TV

Fig. 4.3 Loading protocol in the single shear test of
joint
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4.3 FHEAE
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Displacement Dy o,
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Fig. 4.4 Elastoplastic model
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4.5X50mm OAI CEERATIL, I1SO & 1PER O 5 T3
NTOBABIBWIEIE SN, LEXY, —JFmhnh
BRI, BAEOMIFRRABIZE I3, #A RO
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DT 75%~100%DHEIE THAE RO ElE s
DfER L 72T,

Fracture of fastener (CN50)

TFastener bending yield (4.5 X 50mm)

Fig. 4.5 Fracture behavior in the single shear test of
joint
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Fig. 4.6 Ratio of failure in the single shear test of

joint
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Fig 4.7 Loaddisplacement curves in the single shear
test of joint (Mono. - CN50)
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Fig. 4.8 Load—displacement curves in the single shear
test of joint (Mono. - 4.1x38m)
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Fig. 4.9 Load—displacement curves in the single shear
test of joint (Mono. - 4.5x50mm)
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Fig. 4.10 Load-displacement curves in the single shear test of joint (IS0 — CN50)
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Fig. 4.11 Load—displacement curves in the single shear test of joint (IPER — CN50)
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Fig. 4.12 Load-displacement curves in the single shear test of joint (ISO - 4.1x38m)
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Fig. 4.14 Load-displacement curves in the single shear test of joint (ISO — 4.5 x50m)
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Fig. 4.15 Load-displacement curves in the single shear test of joint (1PER — 4.5 % 50mm)
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Table 4.1 Characteristic results of the single shear test of joint

Py D, P max D prmax Py D, K u 2E oy
(kN) (mm) (kN) (mm) (kN) (mm) (KN/mm) (KNmm)
Mono 0.69 0.42 1.37 9.49 124 26.87 1.26 27.21 32.87
“ | (017 (024)  (029)  (206)  (027)  (350)  (141)  (1537)  (6.43)
CN50 1S0 0.65 0.50 1.22 9.10 1.06 15.84 0.92 13.72 65.72
(013)  (014) (036  (317)  (028)  (344)  (056)  (458)  (26.99)
1PER 0.57 0.28 0.98 5.26 0.88 8.27 1.19 10.93 97.15
(015)  (005)  (021)  (0.68)  (020)  (L74)  (055)  (2.04)  (3321)
Mono 1.22 0.60 2.12 11.72 1.92 21.52 2.16 24.33 40.26
" (024 (014 (042) (398  (0.37)  (221)  (0.74)  (719)  (7.9)
1.03 0.45 1.73 6.80 154 8.67 2.28 13.81 58.44
4.1x38)
—emm1S0 1 007 (014)  (015) (195)  (011)  (185)  (074) (442  (982)
1PER 1.02 0.33 1.60 5.64 1.45 7.54 3.27 15.60 115.10
(011)  (011)  (007)  (L93)  (007)  (354)  (162)  (339)  (65.70)
Mono 1.18 0.99 2.30 15.28 2.01 22.50 1.38 14.77 44.02
" | 14 037 (033  (357)  (0.28) (3200  (059)  (481)  (1148)
4.5x50mm 1S0 1.22 0.43 2.09 6.60 1.85 8.83 2.87 15.60 62.07
: (009 (0200 (021)  (231)  (017)  (162) (123) (551)  (5.16)
1PER 0.98 0.21 154 412 1.42 5.17 4.84 17.90 85.04
(0.06)  (003)  (024) (075  (019)  (L15)  (150)  (5.31)  (26.21)
Note: Values in parenthesis were standard deviations
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Fig. 4.16 Comparison of characteristic values in the single shear test of joint
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Fig 5.2 State of specimen installation (shear wall test)

Table 5.1 Specimen series used in the shear wall test

Reversed cyclic loading test
Fastener Mono.
JIS 1SO 1PER
Nail CN50 1 - 2 1
Wood 4.1mmx38mm 1 3 3
screw 4.5mmx50mm 1 3 3

5.3 A%

HBRIEDATN ) - ZIPMEREIT, 3 B L R E A
PEET VS EEN BAMEE - Al #—, 20171
ZIA LEHIN L7z, ZIEMEREIC DUV TIE, BN A
AG-DICKFEHLE,

Alegx H
Atrue:(Abeam'Asill)' B (5'1)

ZIZTC, Adwe BEOKFEENM(mm),  Aan’ EOKFEEENL
(mm), Adar FBEOKFEER(mm), Adieg HEROSREZENL
(mm), H: i} 7 BE D & 2767.5mm) . B ifif 77 8E D i
(=1820mm)

Fio, HEERER D ER(5-2)IC K W R LT,
1

D=
J@u)

Z I, DeMEERHEREL g R

(5-2)

5.4 HABRERLEER
TR 2 Fig. 5312, AR DAEO A Stz

E5 % Fig 5.4~ T, Fg 54 OHEHOEI I &R
KT D, ENENOBEIEREN R O NI-EIE 2R L TN D,
I OEIETICNGOE] T, 146%, 4.1X38mmT, 11~
18%. 45X50mmT, 8~21% CHIERK—EDEIETHD
Nz, F£7=, Wi, tEOA TR LN, Ziut,
FEER, LBTNhEZT DR RRD kDS
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WiF0387%., /S F 7T 7 bH81%. 4.1X38mm TIE,
Sl & T 0356%, XTI T T b H34%, 4.5X50mmCTrE,
RUF T T U 6% T E KT IR b 2D o7, F
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3% .5z, CN5OET Ti, ISOIZE~, 1PERTIXZ <
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HEEAROBHN R LN 2EIGITES DX RE VIR E 2
277,

fr L & BN OBR % Fig. 5575 Fig. 51312, 58
ST T D BIG LN FEEAEZ Table 521073, =
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PR OSREZEAIAS KB LT LE -~ 72728, KBILIRTO3/L
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WHEME T2 H o7, BIRTR., B&KMm
PBroax ORI RIZ, — R & B IR L
INFTEkER & LT & 2 A, AR IR LN EROMEF
13— IR 0.83(% 76 LI DMIC H H K& 72
ZEIR BN 0Tz, BRI IR Demaxl X, CNBOET T
1%, ISOT—FF AN akER 0,603 L 10.614%, 1PERT
0.32%, 4.1X38mmTiE, JIST—IFMINATRERD0.95~
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Fig. 5.5 Load-true horizontal displacement curve in the
shear wall test (Mono.-CN50)
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Fig. 5.6 Load-true horizontal displacement curve in the Fig. 5.8 Load-true horizontal displacement curves in the
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Table 5.2 Characteristic results of the shear wall test

. P D P D P D K i D
Specimen y y max Pmax u u H
4 kN mm kN mm kN mm kN/mm - -
Mono. 1 10.65 9.01 19.93 108.62 18.45 187.27 118 11.99 0.21
1 11.05 8.50 20.23 65.02 18.16 109.22 1.30 7.82 0.26
CN50 1SO 2 10.97 9.21 20.69 65.83 18.38 116.02 119 7.52 0.27
mean 11.01 8.85 20.46 65.43 18.27 112.62 1.25 7.67 0.26
1PER 1 9.34 5.73 16.67 34.34 15.27 54.24 1.63 5.79 0.31
Mono. 1 14.95 9.88 25.89 89.61 23.24 132.14 151 8.60 0.25
1 14.61 10.61 24.29 85.32 22.19 137.29 1.38 8.53 0.25
2 13.67 9.48 22.15 47.54 19.56 123.04 1.44 9.07 0.24
JIS 3 15.81 8.72 25.69 80.61 24.06 124.20 181 9.36 0.24
mean 14.70 9.60 24.05 71.15 21.93 128.18 1.54 8.99 0.24
4.1x S.D. 1.07 0.95 1.78 20.59 2.26 7.91 0.23 0.42 0.01
38mm
1 15.65 10.36 27.47 79.18 24.45 89.69 151 5.54 0.31
2 12.70 8.43 22.00 50.28 20.04 108.91 151 8.18 0.26
1ISO 3 12.57 9.49 21.72 51.65 19.52 86.00 1.32 5.83 0.31
mean 13.64 9.43 23.73 60.37 21.34 94.87 1.45 6.52 0.29
S.D. 1.74 0.97 3.24 16.30 271 12.30 0.11 1.45 0.03
Mono. 1 16.13 13.45 29.55 99.44 26.75 135.89 1.20 6.09 0.30
1 15.73 8.61 26.20 48.14 23.87 4951 1.83 3.79 0.39
2 16.95 10.21 28.98 76.41 26.06 97.26 1.66 6.20 0.30
JIS 3 17.75 9.14 30.29 44.16 28.14 91.06 1.94 6.28 0.29
mean 16.81 9.32 28.49 56.24 26.02 79.28 181 5.42 0.33
4.5% S.D. 1.02 0.82 2.09 17.58 2.14 25.96 0.14 1.41 0.05
50mm
1 15.80 9.96 28.23 75.04 25.81 77.56 1.59 4.77 0.34
2 16.04 9.60 29.11 75.34 26.22 77.65 1.67 4.95 0.34
I1ISO 3 15.33 9.75 25.94 50.30 22.75 52.24 1.57 3.61 0.40
mean 15.72 9.77 27.76 66.90 24.93 69.15 1.61 4.44 0.36
S.D. 0.36 0.18 1.64 14.37 1.90 14.64 0.05 0.73 0.04
08 r
- . 550 £&H
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a 03 | R = 0.6542 PN = o .
' - AR IR UITEERICIW T, #8 B okl < A
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02 | . - LIDIEE ., D—HIANIN RBROFERIT L Tha<
° L]
o . R H T,
: L]
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Number of fracture fastener / Number of all joint

Fig. 5.14 Relationship of Cyc.Mono. ratio for ultimate
true horizontal displacement and number of fracture
fasteners—number of all joints ratio in the shear wall
test
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Fig. 6.1 Bending angle of fasteners in joint
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Fig. 6.2 Yield mode in proposed equation of
Kobayashi et al.
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Fig. 6.3 Estimation curve of load—displacement
relationship by proposed equation of Kobayashi et al.
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Table 6.1 Material properties for estimation curve of monotonic loading by proposed equation of
Kobayashi et al. (Joint of Chapter 4)

. d, d, Fq P1 P2 ts ki ks Fe1 Fe2 Fpull P head-ini P head
Specimen ) 3 3 3 3 ) )
mm mm  N/mm°  kg/m kg/m mm  N/mm° N/mm® N/mm® N/mm® N/mm kN kN
CN50 2.87 2.87 594 111.3  159.0 324 42.7 22.0 1.16 1.25
4.1x38mm 3.25 41 822 407.1  536.3 9 1045 1493 323 42.2 94.4 1.66 1.79
4.5x50 mm 3.52 45 825 100.0 1429 322 42.0 100.4 1.82 1.96

Table 6.2 Material properties for estimation curve of monotonic loading by proposed equation of Kobayashi et al.
(Shear wall of Chapter 5)

. d; d, Ft P1 P2 t, ky ks Fe1 Fe2 Fpull P head-ini P head
Specimen ) 3 3 2 3 5 )
mm mm  N/mm°  kg/m kg/m mm  N/mm° N/mm® N/mm® N/mm* N/mm kN kN
CN50 2.87 2.87 594 111.3 159.0 334 439 23.1 1.16 1.25
4.1 x 38 mm 3.25 41 822 4195 551.2 9 104.5 149.3 333 43.3 98.2 1.66 1.79
4.5 x50 mm 3.52 4.5 825 100.0 142.9 33.2 43.2 104.4 1.82 1.96
E, = 0.082(1 — 0.01d)p 6-15) BT, G156~ TR0 TRL,

2T, BHEEENmMmMI, dAEMmm), 0%
P (kg/m?)

Foun = 125p1:354066 616
T, R BrR X H720 05| &R EHIWN)
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Fig. 6.5 Load—displacement curve calculated by the method
proposed by Richard et al.
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Fig. 6.6 Moment—deformation angle curve of constant-
amplitude reversed cyclic bending test for fasteners
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Fig. 6.8 Conceptual diagram of Rain Flow Method
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WX VEEDNSRDT-H D TH S, estpllBNT, —F
NS TRRBROTTE — ATERR & T2 & Bt I
DFFEDIE TR, AR VVEMNBIEE > TWAEIIZH > 7,



BB RO A 7 V5 Rtk 2 B8 L o SRR I BE D& T 7Rtk 37

F72, CN50 D estp TlE, FAMIIAME L /NG & 72 -
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ZRLTEY ., BOOERIFRRIC L D E—ZTER,
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(BUIEA Eom, REE5& R B RON -8Rk %
AT | REOSRBMIHEE LR -ARERTH D,
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AREBRRER (REOFERY) CHEERE RO (3
—HAERLIEZ D, ME-EEERIE, kil
HETETCNDLEZLND, BIERRABES HOuN<
37, BIEHRITAR BN -HERA (41x38mm-1-PER)
T, FEREROGPHEER-RR LD HEIESROEIICSH
FRBRTER & HEERE RO L C ot L [
WHENEN AARES - AMBdlTE & —, 20171258 L,

277,

O %A Table 6512779, Table 65128 T,

RN DOAED FIZHEE DN 1A TWA0%E R L
7o AEIOHEEFIETIE, HEETBOMMER LU IR LIZ
L AMEER T2 THTDZ L2 BNE 5720, KRZEN
D& K] B DS EEE L 725, % ZC, #&RENL
DDA & HEEE O Hie % Fig. 61212, F KMt ) Roax®
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K ¥y, HEEMAS HBRED 044050 H0.7TTRE DRI
B, HEEDOFIMEFER L e o772, WIHIOEK &
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ZENL D, CNBOISO DestpZ R, HETMA FEERED
0.77ENH1L30EOMIZH Y | BTt E TE /LB %
535, CN5OISO DestplZdsv T, Fe KT I IR Domax
B L O ZNL DU IHEE A RO 2 2049054 X
V0655 L 700, RELS THEILHERE o7, Fio, ¥F
N DI ORI RE DIZ S\ Testm T, DPUTH L, estp
TIEDVER U, iU, BeRimILEOfm B T oofE
BWIZBW T, BASHHROHEER R FEERAER L 0 b/h&wn
ENOEBETIRT L WAt LB 2 b5, Alblestp
T, HRARTELED T 0 Al 2 20 40mmisE CHEE R
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Table 6.3 Parameters for monotonic loading

: Estimation |  Test K K K K P D D D
s 0 1 2 3 0 1 2 end
PECIEN | “method | method KN/mm | kN/mm | kN/mm | kN/mm kN mm mm mm

est-m | jointwall | 2.21 | 0.0640 |-0.0088|-0.0553| 0.859 | 7.48 26.8 479
CN50 joint 2.80 |0.0707 0 -0.0331| 0.749 | 4.44 7.95 40.0
est-
P wall 2.85 |0.0746 0 -0.0345| 0.767 | 4.53 8.02 40.0
est-m | jointwall | 5.69 |0.0824 |-0.0081| -0.106 | 1.42 7.98 17.0 358
4.1x38mm joint 4.02 | 0.120 0 -0.0670| 1.18 6.67 10.5 40.0
est-p
wall 396 | 0.121 0 -0.0670| 1.19 6.56 103 40.0
est-m | jointwall | 6.32 | 0.108 |0.0282 | -0.123 | 1.15 8.11 172 35.8
4.5x50mm joint 433 | 0.125 0 -0.0749| 1.35 6.74 10.7 40.0
est-p
wall 427 | 0.126 0 -0.0749| 1.36 6.63 106 40.0
Parameters: see Fig. 6.5
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Fig. 6.9 Modeling results of monotonic loading and load-
displacement curve of monotonic loading test

Table 6.4 Parameters for cyclic loading and reduction

coefficient
Specimen P, P, y Do Y C L (joint) | L (wall)
kN kN - mm - - mm mm
CN50 0.19 -0.19 0.2 129 |103.62| -0.48 | 128 12.7
4.1x38mm| 0.24 -0.25 0.5 249 | 50.00 | -0.39 | 15.0 14.8
45x50mm | 0.28 -0.3 0.5 261 | 36.07 | -0.37 | 157 155

Parameters: see Fig. 6.5, Fig. 6.7, Equation(6-2), Equation
(628) and Equation (6-30)
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Load (kN)

CN50-1SO 25
est-m 2

4.1% 38 mm-ISO 2.5
est-m

4.5%50 mm-1SO 25
est-m

-40 16 ) 40

-25 —
CN50-1PER 2T
est-m 15 |

4.1%38 mm-1PER 2T
est-m

4.5x 50 mm-1PER 2
est-m

CN50-1SO 25 71
est-p 24

-40 40
15 T
_2 4
25+
4.1x38 mm-1SO 25 1
est-p 2 +

4.5%50 mm-1ISO
est-p

-40 -30
CN50-1PER
est-m

4.1 38 mm-1PER 2T
est-m

4.5x50 mm-1PER 2
est-m

P A P A
-15 -10 10 15 -15 -10 10 15
« « Estimated result —Experiment result (one example)
—Experiment results (envelope curve-fastener fracture)
Experiment results (envelope curve-withdrawal failure)
; -2
Displacement (mm)

Fig. 6.10 Experimental and estimated load—displacement curves of reversed cyclic loading tests for joint
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Table 6.5 Experimental and estimated characteristic values of the single shear test of joint

Py D, P max D pmax Py D, K H
kN mm kN mm kN mm  kN/mm
exp 065 050 122 910 1.06 1584 138 13.72
‘| 0.07) (0.16) (0.20) (3.47) (0.15) (3.77) (0.35) (4.58)
ISO [estm| 080 082 120 748 114 lsff 098 1291
est-p| 068 053 1.06 445  0.98 18'313 1.28 1330
CNS0 ox 057 028 098 526 088 827 119 1093
P] (015) (005 (0.21) (0.68) (0.20) (L74) (0.55) (2.04)
1IPER|est-m| 073 065 115 6.02  1.08 ;Z 112 8.09
est-p| 0.67 051 1.04 444 094 LT g3 1078
D>1
ox 103 045 173 680 154 867 228 1381
. 0.07) (0.14) (0.15) (1.95) (0.11) (1.85) (0.74) (4.42)
ISO |est-m| 1.30 061 1.90 820 173 gizl 217  10.68
8.53
4.1x38 estp| 112 065 184 670 166 O 172 885
mm ox 102 033 160 564 145 754 327 1560
P (0.11) (0.11) (0.07) (1.93) (0.07) (3.54) (1.62) (3.39)
1PER |est-m| 1.16 041 173 435 162 g'i 284 10.96
est-p| 1.06 056 1.67 468 152 636 189 700
D<1
ox 122 043 209 660 185 883 287 1560
P 0.09) (0.20) (0.21) (2.31) (0.17) (1.62) (1.23) (5.51)
ISO |est-m| 1.12 049 183 857  1.60 3‘3‘1 231 13.03
45%50 estp| 124 064 201 679 185 ggi 1.94 954
mm ox 098 021 154 412 142 517 484 17.90
P| (006) (0.03) (0.24) (0.75) (0.19) (L15) (L50) (5.31)
1PER |est-m| 1.07 040 1.61 479 146 gﬁ 265 11.68
estp| 119 056 1.87 479 171 643 1 1w
D<1
Note: Values in parenthesis were standard deviations
. . 6.4 F&H
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Fig. 6.11 Comparison of experimental and estimated
ultimate displacement £ for joint(left: est-m right:
estp)
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Fig. 7.1 Analysis model of shear wall

o)
e

o

"%A —
B
3

5

&

Table 7.1 Parameters of hold—-down connection

Po Ko K,
kN kN/mm kN/mm
Hold-down connection 90 811 0

Parameters: see Fig.6.5 and Equation (6-17)
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L7polz, HEEME L FHREITVME S 725720
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CN5O-ISODFBRIKIZI1T HHIHENL DL, estmTiE, %
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Table 7.2 Experimental and estimated characteristic
values of the shear wall test

Py D, Prax | Demax| Pu D, K " D,
kN mm kN mm kN mm KN/mm
exp. | 11.01 | 8.85 | 20.46 | 65.43 | 18.27 |112.62| 1.25 | 7.67 | 0.26
ISO | est-m | 10.71 | 9.72 | 17.99 | 61.75 | 16.25 |112.65| 1.10 | 7.64 | 0.26
est-p | 9.61 | 7.80 | 15.10 | 35.36 | 14.07 | 70.80 | 1.23 | 6.20 | 0.30
e exp. | 9.34 | 573 | 16.67 | 34.34 | 15.27 | 54.24 | 1.63 | 579 | 031
1PER| est-m | 10.19 | 8.79 | 16.48 | 46.31 | 14.76 | 52.55 | 1.16 | 4.13 | 0.37
est-p | 9.44 | 758 | 14.49 | 34.46 | 13.34 | 49.72 | 1.24 | 464 | 035
exp. | 13.64 | 9.43 | 23.73 | 60.37 | 21.34 | 9487 | 1.45 | 6.52 | 0.29
ISO | est-m | 16.94 | 9.73 | 26.75 | 51.66 | 23.62 | 54.67 | 1.74 | 4.03 | 0.38
4.1x est-p | 14.93 | 10.11 | 26.32 | 51.81 | 22.60 | 54.53 | 1.48 | 3.57 | 0.40
rifn exp. | 1470 | 9.60 | 24.05 | 71.15 | 21.93 [128.18| 1.54 | 8.99 | 0.24
JIS | estm | 16.78 | 9.75 | 26.00 | 50.04 | 23.21 | 5283 | 1.72 | 3.92 | 0.38
est-p | 15.03 | 10.23 | 25,53 | 50.19 | 22.09 | 52.65 | 1.47 | 3.50 | 0.41
exp. | 1572 | 9.77 | 27.76 | 66.90 | 24.93 | 69.15 | 1.61 | 4.44 | 0.36
ISO | est-m | 15.11 | 9.26 | 25.61 | 52.62 | 21.64 | 57.39 | 1.63 | 4.33 | 0.36
4.5x est-p | 16.79 | 10.95 | 29.09 | 51.86 | 25.06 | 54.72 | 1.53 | 3.35 | 0.42
m5g1 exp. | 16.81 | 9.32 | 28.49 | 56.24 | 26.02 | 79.28 | 1.81 | 542 | 0.33
JIS | est-m | 14.92 | 9.26 | 24.84 | 50.34 | 21.31 | 57.58 | 1.61 | 4.35 | 0.36
est-p | 16.69 | 10.49 | 28.36 | 49.43 | 24.49 | 60.66 | 1.59 | 3.94 | 0.38

CN50-1SO 35 7

4.1 x 38 mm-1SO 35
est-m

4.5%50 mm-1SO 35
est-m

200 - z i 200

g -35
g CN50-1PER 35 T
est-m 30 +

4.1x38 mm-JIS
est-m

-200 -150  -100

4.5 x50 mm-JIS
est-m

Displacement (mm)

<« Estimated result Experiment result (one examle) —Experiment results (envelope curve)

Fig. 7.2 (a) Experimental and estimated load-true
horizontal displacement curves of reversed cyclic loading
tests for shear wal |
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Fig. 7.2 () Experimental and estimated load-true

horizontal displacement curves of reversed cyclic loading

tests for shear wall
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Fig. 7.3 Comparison of experimental and estimated
ultimate displacement 2 for shear wall
(left: est-m, right: estp)
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Fig. 7.4 Relationship of estimated-experiment ratio for
ultimate displacement and number of fracture fasteners—
number of all joints ratio (shear wall used wood screw)
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Fig. 7.5 Comparison of experimental and estimated maximum
load P for shear wall (left: est-m right: estp)
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FE8E AR IEEDREIRIA TN T7ER

8.1 XCHIC

AR IR 330 B . ARBIACEIN R A1 TV, HE
BT + ZTAERECIE IR RIE T B DWW
BINCHETT 52 L & L, 2. 5EEDOFIAKTEINI R
BROFER L IG5 2 & T, FIACEINT 1388k & ik
IR ORI A BT 5 2 L & Lz,

8.2 HERMAL K UHRAE

BRIROHESCRE L 5 BOLO LEREE Lz, #
BLOETHEIT 105mm X 105mm D A F8AF (% FE -
419kg/m3) &V 2, B121E 105mm X 180mm DA <>
SRS (L © 425kg/m3) % FAW Tz, A ISR A AR

(JASHHE2 M, JEX 9mm, R : 485kgm3) % V-,
FEEAEORIZIE 30mm X 105mm 0O A FRES OREE TR E
Uiz, MHAULZBEARIZ, 3 &S 5 ECHEALZbOL
[T, 41X38mm 31T 4.5X50mm DAL CDHZ{HH
L7z, FHABRROBREFIECONWT S, 5 EOHO L [Ffk
LT

IREIRIACERRRIT, FROACEI 3R E 2o B e —s —

LR DR L BAG DR A L T4 L OIERRCH D,

IR R OS2 Fig. 8.1 (TRT, RERIINT)
AR CIEEY E AT T WCE S X (R T
X 1 BOMmMIEEDT=D 1ER) « ZOBERET/UKT S
EI R Z LIl USBEE RO 5, HERZ
ZF RO 1VE AT A oiEE ARG DITRT,

mx + cx + kx = —mXx, (8-1)

ZIT, mEE, kEoSRHEWE, o kRS, & ESUmE
B, & EAGHEE, x ERENL, Xyt HE ONEE

IREHEINTRRERI BN THERE DD KX IR Th %
M BEDIE TS @ AT BT 0L TFD & 5 e (@ NZE
Hanas,

mx+ cx+ @ =— mkx, (8-2)

AeRBRT = OFEBN TR OMEEIZ Newmark 6725 [Newmark,
19592+ L7=, Newmark 815 TlLdh D t=ton DR,
FREE L BB IIMUE SN D,

Xns1 = Xo + Atiy + (5~ B) Aty + BAE Ry
. o1 (8-3)
Xn+1 = xn+17At(xn + xn+1)

I, BOMEE t= ton OIBEREER,  DITEDFHIEIZ L -
TRRDMETHY, U4, 16, U8 2@ AVLND,
B=14 TIRPHINNEREE, 416 TIIAIRILEETE, 418
CIIBLEMNRER S & ME T, AR ¢ & ¢+ ADNLHEE
D% & D A=1/4 % V=,

Y
o—
% Loading apparatus
: : [

— Measurement result Displacement

@ (Displacement, of next step

Load)
ol
| Controller

mX+CcX+Q =—m¥X,
] Motion equation \

Fig. 8.1 Qutline of pseudodynamic test



A B DIEY A 7 VIRTTRE & B8 U T SRR /I 8E D18 5 T Rt 45

i8-8 A EHE SR DOAS-2)(8-2) I ANT B & Rk
Fne1 2RO D ERADE OIS,

C(i’n + 1/2 txn) + Qn+1 + mx0n+1

Kobe NS i & fx KNGEREE 450gal (ZFE ML L= b D &, BCJ-
level2 DFH & LTz, ZH5DEE% Fig. 8218 XU Fig 83

WY, AEOMENT, #YIRUIZ K DO

Xn+1 =

2T Quat [ IRHDEDIZORIAT » T DQ,, 2

m+ 1/2 cAt

(8-4) % (JMA-Kobe NS) &

D
e . ) ( P1/
AGRER TR £ 0 13 DTk ZREGIAL, K | p
DAT T OHE, BERDTOE, HHLLA(ER P, =min{2, ,
BRIKIZ 2.5 = & Tl ICHRIREEDTLS, Sore
D

IREN IR 31 % 384t % Table 8.1 123,
TP S mi, 52D ISO T L B HHIAEIN T3 BR DA
FLHERE AT ) BATAEHER AW R Co (22 TIE02% 8.3 HEAERLER
AE) LEIINEE g ZRRLAMEE Lz (R8HBLUR EEIRE Fig 8412,
(86) ., WHARIWEL, 4.1X38mm TiE 1.614kN/mm & L, 7-El5% Fig. 851277,

45X50m T L664kN/mm & L7z, BEEEE &5 5 ORER
RIZBNTEH 2% EEHT, BRIV SRR, JMA

Table 8.1 Terms and conditions in the pseudodynamic test

AT 2728, BARMEESFRZE T, M0 IELEDODIRN

DR LD NG D (BCIlevel2)

R LTz, BB OfRNLERE % Table 82127797, 7k
BRI, FNFENOHBER T 1Foke L,

(85 m=

Pa
o (86

PRETNIRBIT AEED R b
Fig. 851%, iD=, 5D

RGO LTV, JMA Kobe % Tld, 4.1X38mm &
4.5X50mm D7 ORERIET, HBERLOLONK B

Specimen

Inertial mass (kg) Initial stiffness (kN/mm)

Damping constant (%)

500
~ 400

4.1x38mm
4.5x50mm

5461.53 1.614
5426.99 1.664

Table 8.2 Maximum acceleration

2

of seismic waves in the

pseudodynamic test

Maximu

m acceleration (gal)

Seismic wave "

JMA Kobe NS 3154

450

BCJ level2 344.3

355.7

10 20

time(s)

Fig. 8.2 JMA Kobe (NS) earthquake linearly
scaled to have a maximum acceleration of 450gal

10 20 30 40 50 60
time(s)
Fig. 8.3 BGJ level2 earthquake

70 80
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<, ENEN6BNBINT2%E 2oz, RIC, HEED Fig. 86 7> Fig. 89 | I — ELOK AN ORI LY
S, ENEN 31%B L N 24% 8 S -, BCI level2 RIS N o~ d, £72. Table 8.3 (2 NIGEZENL,
TR, 4.1X38mm & 4.5X50mm D5 ORERAT, SR EANIRFIRFZFS KL O RIS B NIRRT B %, Table
HAEOWMIR B ZREN, 63%FB LN B% Lo 84 | KT EEFS KON KNI BB L 2 7” g, ffEE— D
Too FREKSEIN JERBROEES RO R o - BIHE 1, ATZENL DBHRITLEANT 1 DORBRA TR —D 2T 7 %48

JIS DFAER T 41X 38mm & 45X50mm DZFNEN T, 8 HWLTEY., OISO, A JIS DA (B
~23%, 18~64%, ISO DB TITENENT, 17%~ B ERLTOND,

45%, 46%~T3% TH 57, BCIlevel2 DA JMA Kobe ##13. 4.1X38mm & 4.5X50mm O] 707k
ORRE, FHACTEI SR & e, % < B bz BRIRIZIN T, I R ELARE TR & SR RIE 2N A ST
EEZLND, SITVRNZ & A OEMRD O bIEED2N S

| State of the whole test

S S

Fracture of fastener (right)
Fastener bending yield (left)

Punching out
Fig. 8.4 Fracture behavior in the pseudodynamic test

100% 1 gm

==

80% iR

60% -

&/

N

40% 4 L

Ratio of failure

20% +

0% L=

4.1x38mm 4.5x50mm

| fracture of fasteners Bwithdraw @ punching out B cut off Hno damage

Fig. 8.5 Ratio of failure in static loading and pseudodynamic tests
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H. 45X50mm-JIS ® 1{&H & ISO @ 3{KH) Talf&fi
DHEBDFELL L CW AN ST, FTo. BIRELENT
DOREORFEMRED D, 4.1X38mm 3L UN4.5X
50mm CTENEI 18% B LN 17%E TR FL W2 &
Mo, TR E T~ &2 bND,

DONEL HOENIZZ LD, BRIZIIES -7 E %
bD,

BCJlevel2 % ClE, fird & BOKFEEMOBRE 25
&L EIINERBR CEIEDIE ) TR R (R bIEA B0
A% < A BNTFRBRIAT, 4.1X88mm SO @ 3 1k

4.1x38 mm 4.1x38 mm

JMA Kob o JMA Kob »
obe obe
30 30 20 g %38 mm
25 =150 | JMA Kobe
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s s 10 g o
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Fig. 8.6 Load-true horizontal displacement curve and displacement response
(JMA Kobe — 4.1 x38mm)
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Fig. 8.7 Load-true horizontal displacement curve and displacement response
(4.1x38m — BCJ level2)
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JMA Kobe JMA Kobe 30
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E
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Fig. 8.8 Load-true horizontal displacement curve and displacement response

(4.5x50m - JMA Kobe)
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4.5%50 mm 35 4.5%50 mm 35
BCJ level2 BCJ level2 30
200 4.5%x50 mm
T 150 | BCJ level2
E
g 100
= = £
£ Z g 50
3 gz 3 =" | 3 v ) Jl MM“ RA ﬂ MM
S -250-200=25 S 50 100 150 200 25¢ 3 -250-200-150-100 M 50 100 150 200 2503 "Hal W%Uwzovw Uz# WW 3sw ack \Jhs &
€ 50
—Exp. —Exp. E 100
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-35 -35
True horizontal displacement (mm) True horizontal displacement (mm)
Fig. 8.9 Load-true horizontal displacement curve and displacement response
(4.5x50m - BCJ level2)
Table 8.3 Maximum displacement response and load at maximum displacement response in the pseudodynamic test
. Maximum displacement Load at maximum
. time (s) .
Specimen response (mm) displacement response (kN)
+ - + - + -
JMA Kobe NS 7.26 4,78 50.40 -97.96 11.48 -26.00
4.1x38mm
BCJ level2 24.22 23.04 160.83 -168.12 3.71 -4.44
JMA Kobe NS 7.18 474 44,04 -70.48 17.70 -30.44
4.5x50mm
BCJ level2 44,76 36.08 197.29 -64.46 4.63 -6.33
Table 8.4 Maximum load and displacement at maximun load in the pseudodynamic test
. Maximum load (kN) D'lsplacement at
Specimen maximum load (mm)
+ - + -
JMA Kobe NS 15.41 -26.92 19.45 -97.37
4,1x38mm
BCJ level2 20.35 -19.46 51.25 -48.39
JMA Kobe NS 20.53 -32.48 20.82 -70.28
4.5x50mm
BCJ level2 26.99 -24.73 53.55 -29.46
84 FLD

« FRNMEREEASUT MR CakliR 2 5266 L7278, LHilnige
DI LD 72\ IMA Kobell Tii, AHEICE 572>
7273, BCJ level2 CIIMIEICE D RER L 7e o7,

« BCJ level2iZ Tld, 4.1X38mm3s L UM.5 X 50mmD i 7
DRI THA BOBMZHL B, F#IN RO
FER DB DR 7o it & AL LR & 7e o T,
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TR, B2 0 OB IR AL WRIE S, Bt
KTF95Z ERHLNI ST,

5 T T, AR IBEDFHIKEINIEERIZ 31T 50
NBREOFBZ G Uiz, —Hmacid, #aE0
BN DAV o 723, IEAM Y 3B U TRER Cliddes
Ao o, 2EEEO 5 bEEA RO LS
NEEEE, RUNERChH- THLZ0EITIETH &N
HOT, BEROWEMINEZ ALNHITE, KREZEN
DS ERBRI L RS K AR A o 72,

6 ETIX, 3 BOBABEOEYA 7 VEIHHEE VT
AT OMEZNERDOET W LEITV, BEEOIEA
H I URBRIZ I D N BROHEE 2T o7, #F

BIOWWHED A THEET 255813, SR ELFEOHEEIC
DR S 720N, BEATO— NS ERBRORE R & A E
DORTHEETIL, BlletafffET 5 Z LN FREL 7o T,

7 ETIE, 6 BEOETNEHANWT, HIREFREMITIC X
V) it IRE D faf BN BURAHEE LT, R, ST
T OB X 2 EOMOBEENERA L 5D B O
WZDWTIE, HEERER DT TEIEDMEL MR & 7o 7223,
BB BOREMIN A A L ORI TH D DI DN TR,
Bl {HEETE TV,

8 ETIL. MBEDBII AN R A Ef L, 5 %=
OFER L B LTz, #0358 Lod 7 (JMA Kobe
NS %) T, MEICED Z L13ed =728, #0iELD
ZUHER (BCJ level2 ) Tl #2822 < A
SIVEIZE 57=, BCJlevel2 I Tld. frE—Z50rEAfRDS.,
5 TEOFEARRY IR U T3S RomEin £ -7
FEFIERI U E R LT,

INDHORRFIZE - T, #HAHE, BAEHE LU EED
HO IR AL D IVERHEN B0 e 720 | ET-HEA
B OB Lo THEES LA SIFCBW T, AT L
NI I BED T B — ATEBROHEE DI FIRETH 5 Z L 3 5
MTpoTe, TOTELITEY ., Kox BAIBIE R Lz
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SUMMARY

Plywood-sheathed shear walls are widely used in timber
structures as resistance elements against horizontal loads such
as seismic and wind forces. When an in-plane shear force acts
on a plywood-sheathed shear wall, the nails/wood screw joints
between the plywood and post-and-beam resist the shear force,
thereby securing the load bearing capacity and toughness
required for the shear wall. However, the toughness cannot be
sufficiently secured in some cases, for example, positive and
negative cyclic loads such as the seismic force. In such a case,
cyclic bending deformation occurs in the fastener and fatigue
failure occurs because of low cycle fatigue. Because this
phenomenon causes vulnerability to the mechanical behavior
of the joints or the shear wall, the low cycle fatigue
characteristics of the fastener in the load-bearing performance
evaluation should be considered. Therefore, the objective of this
study were to evaluate the low cycle fatigue characteristics of
joints and the influence of loading protocol of joints and shear
walls, and estimation of load—deformation characteristics of
nailiwood screw joints of plywood-timber and plywood-
sheathed shear wall considering the low cycle fatigue
characteristics of fasteners.

In order to evaluate the low cycle fatigue characteristics of

the fasteners, constant-amplitude reversed cyclic bending tests
of fasteners were conducted. Nails (CN50 type) and wood
screws (dimensions= 4.1 X 38 and 4.5 x 50 mm) were used as
fasteners. Bending moments were applied at a constant
amplitude until fastener fracture. As a result, Manson-Coffin's
rule is applied because the plastic deformation angle and the
number of cycles to failure were proportional to the power of all
fasteners.
The single shearing tests of nail/wood screw joints was
conducted by different loading protocols, and the influence of
loading protocol on shearing force and displacement were
evaluated. Japanese cedar and softwood plywood were used as
the main and side members. Two loading protocols were used
for the reversed cyclic loading test, The first was determined
according to ISO16670, hereinafter referred to as “ISO.” The
second protocol involved gradually increasing the displacement
by 1% of the ultimate displacement during the monotonic
loading test, hereinafter referred to as “1PER.” No fracture of
fastener was observed in monotonic loading test, but 75% to

100% of fracture of fastener was observed in reversed cyclic
loading test. For both nails and screws, ultimate displacement
D, was maximum for the monotonic specimen and minimum
for the 1PER specimen. The results indicate that ductility was
reduced owing to fastener fracture under reversed cyclic load.

In the static shear wall test, the effect of loading protocols on
the load and deformation characteristic of the plywood-
sheathed shear wall was evaluated. Japanese Cedar was used
for shear wall test as columns, studs and sill materials. Douglas
Fir was used for shear wall as a beam material. Softwood
plywood was used as sheathing material for shear wall.
Plywood was sheathed on one side of the wall by fasteners with
the spacing of 150mm. Three loading protocols were used for
the static reversed cyclic loading test. The first was determined
according to JIS A1414. The second protocol was determined
according to ISO 21581. The third protocol involved gradually
increasing the displacement by 1 % of the ultimate
displacement during the monotonic loading test. No fracture of
fastener was observed in monotonic loading test, but fracture of
fastener was observed in reversed cyclic loading test. In
reversed cyclic loading test, the more the fasteners were
fractured, the more the ultimate displacement [, tended to
decrease compared to monotonic loading test.

The performance of the joints was estimated by modeling the
load—deformation characteristics of the joints and multiplying
the reduction coefficient considering the low cycle fatigue
characteristics. The results of the constant-amplitude cyclic
bending test of the fastener were used for the low cycle fatigue
characteristics of the fastener. The skeletal curve was
represented by two types, one based on the monotonic loading
test at the joint and one estimated from the physical property
values. The estimation of reversed cyclic loading test of joint
based on the result of monotonic loading test of joint could be
roughly estimated. In the estimation based on the physical
properties of the joint, it was not possible to estimate after the
maximum load in the skeleton curve, so it was not possible to
estimate well for those where the fracture of fastener estimated
after that. Where the fracture of fastener estimated before the
maximum load, it was possible to roughly estimate.

The performance of the shear wall was estimated by the finite
element analysis using this model. When the fracture
properties in the experiment such as punching out or pulling
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out were different from the fracture of the fastener, the
estimated toughness was sometimes lower than that of the
experimental results. The properties that often indicate the
breakage of the fastener could be roughly estimated.

To evaluate the influence of seismic waves on plywood-
sheathed shear walls, pseudo-dynamic test of shear wall was
conducted, and compared with the results of the static test.
Seismic waves with few cycles (JMA Kobe NS) did not failure,
but seismic waves with many cycles (BCJ level 2) observed

many fracture of fasteners. The load-displacement relationship

tended to resemble the result of frequent fractures of fastener
in the static force test.

These results clarified the mechanical properties of fasteners,
joints and shear walls on reversed cyclic loads. In addition, it
was clarified that the load-deformation relationship of joint and
shear wall can be estimated under the condition observed
fastener failure. As a result, it is expected that estimation
corresponding to various loading protocols can be expected, so
that it can be expected to design that is safe against seismic
force and has a high degree of freedom.



	02特別報告第15号目次(長瀬)
	03 特別報告(2段組原稿 長瀬).doc5

