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Lateral Resistance of Wood and Wood-based Sheet
’ Material Joints with Nails (3)

By

Hiroshi MaTsuo and Minoru SAwWADA
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Borwhsb0bBbhs, ¥, HEEELZZT5H P COHOEREH K LT, HHY
LAY LOBRELH BN, ThBBRVThIANEHFOSERER Y F -0 THY,
HBECARBEFER LA LIRS OSTEMIBET R, ChETOLIABEIR
Wis7ens, LicdioC, ABFJETE, MHIC & AR FEAS L B TR DIiE L— etk
TR, TOIWETS ﬁ@%&%%ﬁb%ﬁk X@eERLICERARPC I > THBETH L%
BIE Lk, BT, BEKERHEL RS OBRITET & EBOEN %8 % LBk
R LTHRE, i, BEWYY T}, EBOWME-ChHBIcN L, BEEXBREYECLT, X
BROERMBERERDEDOTH BN, AWETIE, COBOFBESCOWT, BBLRK
B EBLh A ERBRICESE, WE—C O REFHTsERRL KDL,

ARREEDDCDHE T, BEPS LW NEE2 ORISR EOREDH « CELHE
BERTOIRETH S, . '

L & X

1-1 FToBKRBAHHB SO RY
STEBATEVT, ThoRER, TELT, SIOME~DDIRARRE, ChERELT
RETHEBEOMTEN»BRAILDESE LIS, FHY 1, KHEHEE, A#dwir
DRAEFRCEZHMMER EOREKEL, £O—ENKMCET A2 EHBBLYER LT3, 20
REWLC LD, ‘(ﬂtiﬁ@ﬁﬁﬁﬂﬁiﬁﬂiﬁ‘ﬂ‘éo

EJ,%+K@;=0 (1)
ZZC, EL=§oMFRll, K=E-da,
E=tfov v 7R Y, d=§1%, a=HEEE e
B, =615 AOME, y=§D%hiRA . )
side member|
7 center member !
2T =B rwx, sommRY . 2Pk
sl ip= &ee;
B E 2T, ()RR, lr
);1 Nail e,
=g on(@A@+0B@) (2) Gl L |
vy = 55 on(wA@+5,BE) (3) vaviwi
T, n=fHboEgoBELME, .= !

Load
R P DOETDBEAH MR, Ei=fMOY v 7tk B—1 SEKERC LD OB MR

¥, E=hRMoY v 7H&E, a=fHOmH Fig. 1. Deflection curve of the nail
. : . P -
M, ay= I OEEEH, on= i computed from the beam:

on-elastic foundation theory.
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1

P=7i8E, n=f# DE &, A(x)=cosh pxcos px, B(x)= —2*(cosh px sin px+sinh px

cos ﬂx>a1, ay, by, b=BHEH,

FECHEREE) oW, BROHER LD EAFBOKEX Y B,

AE I, /“:i]

Ks = (1 +(UZ) (COth ity 4+ coth [lztz)

(4)

T eo=mim

1-2 SRS NN
AHETIE, UTO3SEORK L T, EMZAINWR 5 EH L,

P = K;x0.38 mm (5)
P§1:P31,0X3/4 (6)
P = Prpx X 3/8 ; (7)

2T, Pay=r0E&1Omm COE S, Punex=FERHH
1-3 —EHEGHE—c OO TR
R T - e~ HINARC L - THOhEME—- i LT, BHvmhz
TR, WAl ToMOBBAEFEMHY, ElhRHMict F~ Y MEER LicsrE
BEEOBE, DTORERBRURBIIL b0 EBbhb,

@ ME—CHERE, SBEOMBR [P=And+Bl it X - TRIFELTES,

® Puo.3s=3/4Ps.0 (8)

® Pu.ss=K;x0.38 mm (9)
coT,  Puow=ic b 038 mm <o ) |
Tisbb, [P=Alnd+Blic, 8, ORERALT, kD X5 hEBRRAEZRD,

P = K}(13.09 In 6+50.67) (10)

T P=3ukiit 1 (kg), o=H%T v E (mm), K= B vHEE (t/em=10%kg/
mm), (13.091nd+50.67) DO H {73 1072 mm .
iz, ZoORD, EHELZLHAORMY S 25 X5k, REXYKROBY DD,

P = K,(131n 6 4+50) ) (11)

2. HHMBELURBRIGE

2-1 HMEEBRPUH
AERTIE, PRHCKED 204 + N < 5 (Abies sachalinensis, Jt¥gE k¥t H
BHE, 5 A), AMCARTSmm EEERAS 7 v&IK &SP, Imm EEZERAS 7 V&
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B @B P2, <=7 27rK—F GEEPB), ~—F&—F @5 HB), KKrsv i G
BCB) #ERA LY, ZhLOMBOEBRME (FufE) ¥ ®-1lernd, vv 7Ry, X
THhREPHEHRRC X 5HMFRBIC X - TRDLD, AROBEIEMEEFO Y v 7 REC
BRELC, '

£-1 KFOKBHE

Table 1. Basic properties of test materials

Test ! E u Tu Remarks
materials (mm) (t/cm?) (%)
P1 7.9 92.6* 106 075 | plywood (Lauan) (15+1.5+15+15+15)
P2 9.4 78.6* 9.6 0.76 plywood (Lauan) (1.5+2.25+1.5+2.2541.5)
PB 12.2 24.3 84 0.69 particle board
HB 53 327 6.5 0.96 fiber board
CB 134 33.1 8.7 1.14 cemented wood tip board
A 38.0 110.7 94 0.40 Todo-matsu (Abies sachalinensis)

t=thickness of materials, E=Young’s modulus by bending test, #=moisture content,

ru=specific gravity.

* Each value was compression Young’s modulus calculated from bending Young’s
modulus.

22 R B FH &

2-2-1 —ESINELER

@ ERUTL, CN5BO, SNAO K IU'N3BD3FEOETLHHER L, —mITERABEL AL
Tte, BAELTEEIWL, SIETEABRTEBECKITLAL D, BAREM 22mm DT,
B 72 e bR T 2 B, CN50, SN40 04, STHEBO FEAA MM CEMT
BEZ TLASIRITLA T Ieh - 1oas, N384, SIEEMLEE, MHREERA—FHEHc
KBETITBRAK, ZhbERETOTER, -2 ®2 EESTO+E
Rohz@YThs, —HIMABRETKST, #H Table 2. Dimensions of nails

CARZER LIE, WMEHAEEROHBME H R il P 5 7
B d oA Tk, FLTHE-2TT X (mm) | (mm) | (mm)
5z, 5ton A A+ vELRKEREREE S FI\ TR E % M CN50 29 | 70 | 514

S N40 3.3 10.5 38.8
z 1z, HRMEAMOBERCOHEMN- LR G) 1T, + N38 o1 O

RETHOEMEYEHE 10 mm EE, 5Smm A b r - :

d=diameter of nail shank
—IDTCENEAL YA — S THE LR, ZOH D=diameter of nail head

L=1 i
B, BBHBE, AMICYbHEROBIREER ength of nail
Twb, Fh2ArIEORTTE, 102 mmEE, 30mmA e —Z2DF AL XL T
Y= R, XFETIE, ElchEELXES LD, H8chHES 1Imm & 2mm DS
TlET OB VELAHEYML, SOLCHENCIERIOmm CES ¥ TAR L,
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Fig. 2. Method of single shear test.

2-2-2 % X BEME

74 M AR BOWEBCAR, —ANHAREOBRFCEERBEL, HESOkg B& (Lh-
CHIACHELT Bhg %) CREBEELL, KXBLEHLTERREETR-%
(H-221), FHLEBRXERESIL, V¥ AEBETITERK X H%E, RADIOFLEX-
100GS T b, WO\, GEE100LV, FE%5mmA €10 BIEES L, X REHKe 7
ANV AEDOEEIIH60cm & Lic, STOBHERIET S\, AWELOEERENETHD
2, KBTI, ERG04Amm ORMERRERCHT LCRY, chiyEHs i,
DI LTEBORI# T 4 v AR FREREREACTEAL, SOEMBEYEENEL
7. RRRERE &HH, SOMEIC T 2T, 3304 TH 1

3 BRLER

-1 = b B ¥
A TiE, K-3fRLcok, 3SEOERMT W HREZHEE Lz, Tibb,
a) Ko: Xz EO0Imm ek 2HMELRAL/ESERALE LToOC HRE,
b) Ka: #xticbE 1mm Tof DR LFER X 5EKARCOL ) HRE,
¢) Ke: MR HE2mm TOR VB LWER XZ2ERFR TOL hHRE
M-3R LicE— b iz, @R -4 272 8—V, SISNODOBETH
D, CORIL, 1AL ICBELLELDOTHS, TOIXIHIRLTRDLALERLZ HHER
DEHEY E-3w—ERR LI, ¥k, ThbOERMC hFE K) LMERER»OBLH
LB W ER K) LRRETH D, ORXREFEALT, FECIEEEERLL, Thbd
D% F4erT, KiEHO IV, UToRBERAXEZHAVTCa iRk,
a=65d+150 (P1, P2, A) 12.1)
a =6.0d+010 (PB) (12.2)
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Fig. 3. Method of determining of observed slip modulus.
£33 W LRE
Table 3. Observed slip moduli
Side member Nail Ko Ka K
(t/cm) {t/cm) (t/cra)
CN 50 1.86 2.77 1.89
P1 SN 40 293 2.11 144
N 38 0.97 1.36 1.19
CN 50 1.28 1.53 1.28
P2 SN 40 2.11 1.85 1.46
N 38 1.04 1.18 1.11
CN 50 161 1.56 117
PB SN 40 1.61 1.66 1.24
N 38 110 114 0.90
CN 50 144 1.79 1.44
HB SN 40 161 193 1.56
N 38 1.51 1.60 1.27
CN 50 127 1,98 1.78
CB SN 40 1.29 1.86 1.70
N 38 0.99 1.53 1.44
These values were determined as shown in Fig. 3.
a = 3.5d4d+0.10 (HB) (12.3)
a = 2.0d+0.55 (CB) (12. 4)

A, HEEH () BIOHE )X, ThZhBEfRem ThHY, ThboRuy, BFHY
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£—4 FHHEHIZHRE K)
Table 4. Calculated slip moduli (Kj})

Side member Nail £ E * a2 K;
(t/cm?) {t/cm?) (cm) (cm) (t/cm)

CN 50 92.6 103.0 3.39 3.39 1.39

P1 SN 40 92.6 1158 3.65 3.65 1.65
N 38 92.6 1134 2.87 2.87 1.00

CN 50 78.6 : 103.0 3.39 3.39 1.36

P2 SN 40 78.6 115.8 3.65 3.65 1.62
N 38 78.6 1134 2.87 287 0.96

CN 50 243 103.0 1.84 . 3.39 1.10

PB SN 40 243 115.8 2.04 3.65 1.29
N 38 243 1134 1.36 2.87 0.81

CN 50 37.7 103.0 1.12 3.39 134

HB SN 40 37.7 115.8 1.26 3.65 1.53
N 38 37.7 1134 0.84 2.87 1.05

CN 50 33.1 103.0 113 3.39 1.60

CB SN 40 33.1 115.8 1.21 3.65 1.95
N 38 331 1134 0.97 2.87 1.08

Ei =Young’s modulus of side member, E;=Young’s modulus of center member, a;=effective
foundation depth of side member, a;=effective foundation depth of center member.

£S5 FERACHEBEHECREOLEK

Table 5. Comparisons of observed slip moduli with calculated ones

. . K,go Ksl K:Z
Side member | Nail K, X K
CN £0 1.34 2.00 1.36
P1 : SN 40 1.33 1.28 0.87
N 38 0.97 1.36 119
CN 50 0.94 1.13 0,94
P2 SN 40 1.30 1.14 0.91
N 38 1.09 1.23 1.15
CN 50 1.39 142 1.06
PB SN 40 1.24 1.29 0.96
N 38 1.35 141 : 1.10
CN 50 1.07 1.33 1.07
HB SN 40 1.05 1.26 1.01 ¥
N 38 144 1.52 1.21
CN 50 0.83 1.24 111
CB SN 40 0.67 0.96 0.87
N 38 0.92 142 1.33
Av. 1.13 1.33 1.08
C.V. 20.59 17.35 14.32
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KRWTUT e LBEEABA OB O CHEEHEERN TH D, T, DL WT, Eilli-

DERELE ST b FREUE e L e ad,
oD,

K30¢K§
KSZ$K§

P=0kg
i P=0kg

P=25kg
P=25kg
P=50kg

P=50kg

P=T5kg

P=75kg

P=100 kg

P=100 kg

P=125kg Po125 kg

P=150kg P=145kg

(a) Side member=P1, (b)
Nail=CN 50

Side member=P 1,
Nail =SN 40
B—4 sIMifEA 2T 25 ORI

Fig. 4.

CHICEBE, KO X BRIIIEHRIT D4 0 &

(13.1)
(13.2)

P=0kg

P=25kg

P=50 kg

P=75kyg

P=79 kg

(¢c) Side member=P1,

Nail =N 38

Deformation of the nail under lateral load.
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ChORERTHLONICERERLE BT 2HEALRL, COBOHEEACEVT, B

BULEE LIERTHID EBELTLI L2202 ah b ),
3-2 STOHAehi

-4 @A 7.5 mm #E A AR 5 LB 4 08T (CN50, SN 40, N 38) DE Ik
ZELLEREYTRT, thbil, $T1AROE, EWERDID BkgkEic, HRNTHIE )
10mm CETHETOEREELLLOTHD, EE-50b K-9FTiX, ThEhil
M 75mm EEHAKR PL), 9mmBEHSGK P2), ~5F4 727A4#—-F PB), ~— FH—
F (HB), &AM £+ v} (CB) %2 LI X\ 0§ CN50, SN 40, N 38 Dk s Lic
LDTH5, M) i3, HENEHEL L TOHOEHERY * 77 4 L 2 FAWCERL
el TH D, R-b) ik, MEKERLY @), OOREEA L TEHIhIBRELAMBTHS.
ks, TRODRDER a, by, a3, b, OfHIZ, XSKARTEDTHS, UT, BohiER
W TIRR%,

P1 P1
5 5

40 30 20 10 _ 30 20 10 ,

t T 1] L 5 5
Pe125kg P=125kg

s 5
P=150kg P=li5kg
CNSO | (mm) SN 40O |[(mm)

(a)-1, Observed deflection curve. Nail=CN 50 (a)-2, Observed deflection curve. Nail=SN 40

P1
P1
5 051 A
/A
30 20 10 ' 4
. h . 40 30 20 10
' 5 ' ' ) ) 4 5
P=75kg . L _.:__Sﬁ.‘?__///;f
/15| ST —— 105
] N 38
P=79%g N 38 |[(mm)| . (mm)
(a)-3, Observed deflection curve. Nail=N38 (b) Theoretical deflection curve.

S
B—5 MHicPLlafiLeBensom i
Fig. 5. Deflection curve of the nail (Side member=P 1)



204 W ERFRERABRTRRE H8B H28

P2 P2

30 20 10

. P=125kg
P=125kg

o136k P=128kg
9 CN50 |(mm) SN 40 | (mm)

(a)-1, Observed deflection curve. Nail=CN 50 (a)2, Observed deflection curve. Nail=SN 40

P2 &
P2
5} os} j,[
Y
- //,/
30 20 10 —~ 40 30 20 10 n
— . : M — v y :
SN4 T
P=75kg —————— T
45 CN 50 05
N 38
P=80kg N38 |(mm) {mm)
(a)-3, Observed deflection curve. Nail=N 38 (b) Theoretical deflection curve.

B—6 b P2 2R LcBE0FoREs MRk
Fig. 6. Deflection curve of the nail (Side member=P 2)

3-2-1 STORMIKH MR

1) PRHPTOEDOERES)

H-5 55 K-9 D &R, (a) Ric B\ TREKRETOEF ML, Hxz b & 0) 5 10mm
DBEDLDOTHY, WEPRIERWHIEZEL TS, XERTIE, 6=10mm k&3 5 LI
CHERMECE > LBAH S, 0=10mm TORROHERL, ZhHLORKKRLELDLY
EEAS, ST o=10mm OBE TORRHROFOEH ML RS L, HAFTOMEC &
D, B I EAAED bR B, Fiobb, CN50 LA & 0 R b i di 10~15 mm
BEADRARBET, ACfh@ns Lo eEHBL, Th VBWBITE, HEVEBL
Twigl, Thicst L, SN40 Gk, BERRETERAREETSL00, STWMEficon,
@rehithbABER RS bR, ¥ N3BOBEIL, WEOREHAEEREA TR,
MR TOEOBEWERH L, Bx0ERPES LT3 LBbhsd, HE, Hodhidsn
EH, WEVL, SFOMTRIE, BIOEHOTERALEI R ENFERBEREZHFE 2L TH
b, MMOBEDD Lo THHOLNRIIC, SIOTHLRAKRINEE, ENEH B CEEET
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PB PB

30

P=130kg

P=114kg

CN 50 (mm) SN 40 | (mm)

(a)-1, Observed deflection curve. Nail=CN 50 (a)-2, Observed deflection curve. Nail=SN 40

10} P8 A
/)
PB // i
5t 05 /
/4
;/
30 20 10 . 40 30 20 10 N
r . — T v A y v
Y 5 10
SN&o -~
5 CN S50 ~ 05
P=74kg . N 38
N38 | (mm) (mm)
(a)-3, Observed deflection curve. Nail=N 38 (b) Theoretical deflection curve.

B—7 MHcPBHHEALCHEOS OBAMME
Fig. 7. Deflection curve of the nail (Side member=PB)

5 X5 nBEWERT, FREOMITAML A S VWHERIE, FOBRREIEE TR, Hdo
HHRARNELL, STHERER L VW DLEBbhb, CNS0 DHFE, O T,
R FRADITHAKEI IR VEL, ZOLDITRMAYPIRERERLIEOTHS I,
Lichis T, ZOBEOEOEEWNRIL, RIERTELEATRL, ERPREMHELRBE LT
5LEZbRS, SN OBHE, STOMTFREREEHRE, ALAXEILIH T VR
Wicd, RRARFESREERHENL L REFOhDTHA S, N38DOBE, STOhiFRI%
ML HERTHERLNEL, 2Ok, THALESHN, CN50 LY bl hiRVDORS 21
5%, SIBEGOMTERLRELLbDEELDRD, BREICEL T RWHE LV~
Ty, SIDEHMRBROWT, BRBXIEALW SAFETSL00, ALAREIBHE
Thithotz, Thbb, FOBREOECOWTH, PFREFPOBERIVEBELTHAHBL,
IDBECEDTE, BEAEEHRLTCHEWET LD, EREOLEWRMIL, WMEVILHLER
FTrEeo2hT, BRIANEELhBF|EREBRELRDDOLIT,
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HB HB

(mm)l. {mm)

0 30 20 10

P=100kg P~

P=118kg

CN 50 | P=133kg <\ 40

(a)-1, Observed deflection curve. Nail=CN 50 (a}2, Observed deflection curve. Nail=SN 40

HB
HB |
5 05
mm3 20 10
— - — z
P=75kg
15
P=80kg
N 38
(a)-3, Observed deflection curve. Nail=N 38 (b) Theoretical deflection curve. ;

B—8 fbic HB % R L 2B & 0 S 0B A MK
Fig. 8. Deflection curve of the nail (Side: member =HB)

@) FHFTOE DR %D

0=10mm v <L TOMMHDOEOERL, MTEEbRVGCEMIAREEY, bAWEW,
BIVFRS OFEBLEHBCKINZINE X 5 THS. CN50, SN40 DFE 3, BfficER
W, N38oBEEE, LAMERRETAI (RS sz, ATRTIE, KEBEVEME & W
5 KB AR R R R LT BT, CN50 36 XONSN 40 o4, & LCEEE
WhiRE Lzt Bbhs, N3BOHAE, Mohc~, fiTRIE DS Wb flitdT
bAMERERLIZOTHA ), :@fﬁr’m;, itk h < SAE K (PB, CB) R L
BECHEETHD, L LEdb, Rblv-— FE— PR Lt 3w, CN5O,
SN401xd & X b, N3B TLEMANELENRBDOIS, LIl T, ZhboZi Xy,
STOMBLRAREIRLORHIER, SFOEHER I LKEFELYHOLELZTLI Lo,
2hmA Y, —F, MENBERHBHICE > T v <A TR, £ 0B84, BEFHEMicEE
ERERLTNB,
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CB CB

40 30 20 10 , 30

P=150kg P=100kg

P=z154kg

P=140kg

CN SO (mm) SN 40 (mm)

(a)-1, Observed deflection curve. Nail=CN 50 (a)-2, Observed deflection curve. Nail=SN 40

CB
CB
st
30
P=100kg
15
P=120kg . ‘
N 38 (mm) (mm)
(a)-3, Observed deflection curve. Nail=N 38 (b)  Theoretical deflection curve.

Bl—9 -{WHCBxER LSO OB
Fig. 9. Deflection curve of the nail (Side member=CB)

3-2-2 STOBRBEHHR

X (b) sl 5 sToBHIBEL I, TNTOHE, MELVLHR100kg & LTEHESZH
72D ThHD, Mby#ckT8BABOEAMR, FHRELEERYORKES>T0ERARER
YETS, 3T, ThooREYRBE, EofEEALLEBACS, BRAMLH 10mm BE
bt AA DRAA AT, SIDMTHMAS X5 CbAM L, Thi ) HLREVES Tk
BEAEEHRET, M PCREMAREERY R LTWEZ Ehbh b,

Zh o DR E BRI T (0=10 mm) TOERMFEEL LK L TADE, CNSO HEA L
BEDEHMBERNT, MECHHBEBRLENRDOND, ML E 10 mm 51
HETHMEL AT, HOSZER CERNLRHBEMER LY SRHELETTI0LH
BXh, TOBETE, SkbOAMEEkGE U TRL O SHEREREYEBEOHET
EBEcx L, BMiERATE R, BE, BAER, EREZRKECERSTWS, Ll
7ehis, CN50 Dis, FOMBHRCH ZBEOFLUMNEZDLh LD, EHELY AT
OERMBOFE L TR TS LD L UTHRKRE:, EBHELVALERNT, EEOEHMET
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R—6 SOERBEIMBRICET 5 HRH

Table 6. Coefficients of theoretical equations in nail deflection curves
Side member Nail a by as by
CN 50 —0.5482 3.0509 0.0220 —0.0118
P1 SN 40 —0.2280 2.7269 0.0048 —0.1740
N 38 —1.1796 3.1604 0.0483 —0.0509
CN 50 —0.8622 3.1213 0.0357 —0.0284
P2 SN 40 —0.5347 2.9103 0.0445 —0.2045
N 38 —1.3633 2.8511 0.0720 —0.1007
CN 50 —0.9086 2.8320 0.0710 —0.0806
PB SN 40 —0.5822 2.6891 —0.2244 —0.2094
N 38 —1.3426 2.3162 0.1089 —0.2374
CN 50 0.1081 24527 0.0086 —0.0003
HB SN 40 0.3544 2.0159 0.0259 —0.1052
N 38 —0.6106 3.2168 0.0200 —0.0110
CN 50 —15574 2.6457 0.0652 —0.0945
CB SN 40 —1.4377 2,9534 —0.3261 —0.0269
N 38 —1.3064 1.3809 0.0748 —0.2487

These values were coefficients of theoretical equations (2) and (3).

HTABERMBOEESHLYARDLBEETHHH, AHEOBE, HBHKEEEHON
TBREZh, BENEVSVTORKEETHRICERXTE b1, L, EeidfcX >
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Table 7. Lateral leads

Side b Nail Py 38 Py s Py Pyyo | Pmax %0 Py 2
member (kg) (kg) (kg) (kg) (kg (kg) (kg) (kg)
CN 50 71 80 101 119 144 53 76 54

P1 SN 40 85 95 112 126 140 63 84 53
N 38 37 44 57 71 84 38 43 32

CN 50 53 60 85 105 142 52 64 53

P2 SN 40 80 87 105 120 127 62 79 48
N 38 40 46 61 71 83 36 46 31

CN 50 58 66 84 100 125 42 63 47

PB SN 40 61 71 89 101 115 49 67 43
N 38 42 47 59 70 75 31 45 28

CN 50 55 63 80 98 117 51 61 44

HB SN 40 61 70 95 108 132 58 71 50
N 38 58 64 77 83 88 40 58 33

CN 50 48 56 83 111 152 61 62 57

CB SN 40 49 60 87 116 145 74 65 54
N 38 38 45 66 86 125 41 50 47

Pso.33=observed load at slip 0.38 mm, Psos5=observed load at slip 0.5 mm, Ps1i.0=observed
load at slip 1.0 mm, Ps2.0=observed load at slip 2.0 mm, Pmsx=observed maximum load,
Plo=K};x0.38 mm, Piy=Ps1.0X3/4, Pls=PuaxX3/8.

#z8 Bl AR OB
Table 8. Relationships among lateral loads

Side member Nail _Pross Pso,.'ss
i) A

CN 50 1.33 0.93

P1 SN 40 1.34 1.01
) N 38 0.97 0.86
CN 50 1.02 0.83

P2 SN 40 1.29 1.01
N 38 1.10 0.87

CN 50 1.38 0.92

PB SN 40 1.24 0.91
N 38 1.35 0.93

CN 50 1.07 0.96

HB SN 40 1.05 0.86
N 38 144 1.00

CN 50 0.79 0.80

CB SN 40 0.66 0.75
N 38 0.93 0.76

Av. 1.13 0.89

C.V. (%) 20.52 9.49
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Table 9. Calculated lateral loads

Side member Nail (’){38 Pfré.s P§f.0 P.éé‘o P/nﬁnx
(kg) (kg) (kg) kg) (kg)

CN 50 52 57 70 82 111

P1 SN 40 62 68 83 97 132
N 38 37 41 50 59 80

CN 50 51 56 68 80 . 108

P2 SN 40 61 66 81 96 129
N 38 36 39 48 57 77

CN 50 41 45 55 65 88

PB SN 40 48 53 65 76 103
N 38 30 33 41 48 65

CN 50 50 55 67 79 107

HB SN 40 57 63 77 90 122
N 38 39 43 53 62 84

CN 50 60 66 80 o7 128

CB SN 40 73 80 98 115 156
N 38 40 44 54 64 86

Pl a8, Plb.sy Pii.oo Piho and Pmax were calculated by substituting §=0.38, 0.5, 1.0, 2.0 and
10 into P=K{(136+50), respectively. P=calculated lateral load (kg), Ki=calculated slip
modulus (t/cm), =slip (mm).
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Table 10. Comparisons of observed lateral loads with calculated ones

: . Pso.38 Pso.5 Paro Pg0 Prax
Side member Nail Pl s P, Pito Pliax
CN 50 1.37 140 144 145 1.30
P1 SN 40 1.32 140 135 1.30 1.06
N 38 1.00 1.07 114 1.20 1.05
CN 50 1.04 1.07 1.25 1.31 1.18
P2 SN 40 - 131 1.32 1.30 1.25 0.98
N 38 111 1.05 1.27 1.25 1.08
CN 50 141 147 1,53 1.54 142
PB SN 40 1.27 1.34 1.37 1.33 1.12
N 38 140 142 1.44 146 1.15
CN 50 110 1.15 119 1.24 1.09
HB SN 40 1.07 1.11 1.23 1.20 1.08
N 38 1.49 149 145 1.34 1.05
CN 50 0.80 0.85 1.04 1.18 1.19
CB SN 40 0.67 0.75 0.89 1.01 0.93
N 38 0.95 1.02 1.22 1.34 145
Av. 1.15 1.19 1.27 1.29 1.14
C.V. (%) 20.72 19.30 13.27 10.05 12.96
g‘ 100
. o * [ [ ]
° o ° aee--
o ® ey
Q °o® * T \_
st P=134(13In 6+ 50)
50 g ot
4“6‘{
/’ . HB CN50|
Ilo
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Fig. 10. Observed load-slip curve and empirical equation.
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Summary

In the study of the nailed joints, it is important to know the behavior of the nail driven
into wood member under lateral load. However, only a few reseachers have investigated
the nail deformation, and these studies were limited on the nail driven into solid wood. In
this paper, an experimental study was carried out on single shear specimens assembled from
solid wood and wood-based materials in order to observe the nail deformation over its length
by using soft X-ray.
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For this experiment, Todo-matsu (Abies sachalinensis) dimension lumber and the following
materials were used.

1) 7.5mm Lauan plywood P1)
2) 9mm Lauan plywood (P2)
3) particle board (PB)
4) hard board (HB)
5) cemented wood chip board (CB)

Basic properties of these materials are given in Table 1.

Single shear specimens were assembled using Todo-matsu as center member and wood-
based materials as side member, and three kinds of nails were used in these assemblies. The
dimensions of the nails (CN 50, SN 40 and N 38) are given in Table 2. In single shear tests,
soft X-ray was used to observe nail deformation at some load levels as shown in Fig. 2.

The test results are summarised as follows:

1. Nail deflection curve

The behaviors of the nails under lateral loads seemed to be influenced by the stiffness
and the length of the nail. Such behaviors are shown in Figs. 5(a)-9(a). In these figures,
we could see that the slenderest nail N 38 used in this experiment was bent in the side member
except the case of hard board. While the other nails (CN 50 and SN 40) were hardly bent,
and these nails showed a rotating deformation in the side member. All nails were bent at
some point in the center member, and CN50 (the longest nail in this paper) showed no
deformation at deep part from the bending point.

2. Slip modulus

In this experiment, cycle load was applied once at 1.0 mm and 2.0 mm slip levels, respec-
tively, and three kinds of slip moduli were obtained as shown in Fig. 3. Ky was determined
from the straight line secant at 0.38 mm slip level, K, and K,» were obtained from the cycle
sections at 1.0 mm and 2.0 mm slip levels, respectively. These values are given in Table 3.
Theoretical slip moduli (Kj) calculated by eq. (4) are shown in Table 4. Observed slip moduli
(Ks, K and K,y) are compared with calculated ones (K}) in Table 5, and it could be said
that there was a relatively good agreement among these slip moduli.

3. An approximated estimation of load slip curve
To estimate a load-slip curve, a logarithmic expression [P=Aln 3 +B] was assumed. Using

the following relationships (8) and (9) (these trends had been found in previous data®*®), an
empirical expression (11) was obtained.

Py = 3/4Xx Py, (8)
Py = Kix0.38 mm (9)
P = Ki(13Iné+50) (11)

where ; Py s =lateral load at 0.38 mm slip,
P, = lateral load at 1.0 mm slip,
P =load (kg), 6 = slip(mm), K} = calculated slip modulus (t/cm)



304 AR FREBAERARSRE F£38E H2F

“This empirical equation was applied to the results of this single shear tests, and the
comparisons of the observed lateral loads with calculated ones are given in Table 10. As
shown in this table, the expression might be applicable to predict the load-slip curve.



