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hBET VR E 2 RBEBRH Lichb3Tth s, SEIEVELMEYMIOBECIELY
LR D E LR EORE X AENC W RECHEOEN, BITZhbDEEFEL
DB OMEE DBEREANL LTSN E LTHELZED L, ERMBRTT - —HE
KT AM DT EEABEN RSO THDENE 5o Th, SEOEREEIC U THEE
FxCThl, ARMEEIT DY, KRN EHBNEEZDRICUBEEOHE LML, b
CRERCH I INIEUERK (SRYHEEFRE) e L, BBRHOBEET S,

L oH O® R
L1 =0 &EH
i) ERCORY K
K; = PJ¢ (1)
£ T P EBE L SRS, 5 XN E P Aok SUn A U B b
DHNER (21) Th 5,
i) S0 R (K)

_ 4EsIs/"? ( 2 )
T (14 0¥ (cothpt, + wcothpyt,)

Z & C EJ,=§] o iRt

m=(Edlda EI)*, 1t,=(E,d/4a, E)V*

E=fI# DY v 7R, E,=FREDOY v 7RE

A=§18%, ti=FME, L,=8DFRHEDITHLALEE, o=/,

O RITHEERER L VFEIREMURTH D, MRS GHEC IV RE Y E ]
LIERWER L D LAMTHL S, FTHEEH a ©oWTL, B TEZ bRLERE
BRB X o Tk,

a=p-d+71 (3)

K

TTC, AR, BRIVCTREERRC I »THLhLERT, #HZte—EDME
R,
L2 SHFBYEED

Py = P1yx3/4 (4)

Py = Ppax x3/4%1/2 (5)
TZTPuo=2hE&10mm COE—ADI ) ORE, Pmax=RKBIEMH KT )
CO@RBIVERIGTHRIEL~ = 7 A2 IhE, oMW D2 ERC

Lo TEDDAT, COMACIBMED S BPNIVHERATAZLE LTS, FHHRT
W, PR XM A AT DEREE LCUTRRTR 6) 2 v,
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Ply=K!xé (6)

CZTKIRRQQRI->TELBRBEHEC W RE, I3FSMPIETERTHIIVWEKEL
Lz h BT, i Citd =038 mm & LD,

2. RBAHE

2.1 & o]

AHRETIE, PRI FeY @5 A), AHc7smmBER7 7 v&#K P, 9mm
BERZ7 vAKR P2), =54 74E—F (PB), BIOKAF 2 v (CB) AW,
b N (Abies sachalinensis) \3ILYFERF A TR ERED 204 KEHEZFEA Lz, ¥
A=F g 7 AR - NZ3BEE, 75mm i 15mm £ES5 75 4, 9mm I3 1.5+2.25+
15+225+1.5 (mm) D5 75 1R TH 7. ThOLDOMHOME (), v v 7RE (E), &%
R (w), BIORE (r) OFBHEL -1 RT, vV 7HfEETXTHIFRR (PREPHE)
I kTR, AROBERERERTOT Y 7 FHICHRE L,

/
X1 AR oE@RMNE

Table 1. Basic properties of test materials

]

p=Ll)

ma’llt‘gfitl) (mtm) (t /cEmz) ( ;,: ) Tu Remarks
P1 79 | 1074 108 088 | Plywood (Lauan) (1.5+15+15+15+15)
P2 95 64.9% | 102 0.77 | Plywood (Lauan) (15+2.25+15+2.25+1.5)
PB 12.2 27.1 7.6 0.70 Particle board
CB 13.3 31.1 109 1.15 Cemented wood chip board
A 39.0 99.7 10.3 0.40 Todo-matsu

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

%=moisture content, r,=specific gravity.

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

BAEREFPEMEBS IO P Y EMALRRELERRL, E@KRAFEMBZ MM, b
F=o&hRitd LT, -1 Rt X 5 eARIZ Tle, AL TR IV LTI, BAZRRTT,
B 2 A% STOBEBLREL MM L IZIEFA—FPEICES & 5~ v = —TITHRAAR, A
BEWOBE, MEFE &ERROBHES A & 2T LTEARL T, SNRRTR & FAkkic CN 50,
SN40, HXO'N38 D 3@ FERA LI, ZhbOFTEOHERHEL R 2-FTERIT
BB, TOREENT, FIORE LAVThOSOBELIHBMTOME h ETKEI BT
5%, CThiRSESOETNRTREED VAL E TITBLRAARLDEDORIZHET S I\, B
WOEZXLEDIILTHSH, —HIIHABIZT T 5ton + 4 ¥ vEIMRRELY AWVWTT
WV, R hEO OHECIZIOT mm BE, Smm A e -7 DFCEAFL YA — DR,
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U l.—33—-.1 £—2 fFHHgTO~®
I ) Table 2. Dimensons of nails
D.G.
Nails 4 D L
(mm) | (mm) | (mm)
o] H
e t i
[ ' i CN 50 2.9 7.0 52.6
o : :
& ! i
— — ' o SN 40 33 105 39.2
T Hdo® . -
N 38 21 5.1 37.7
;? pe. [ f—— 90—
/ / .
2 _ i ) (unit:mm) d=diameter of nail shank.
B—1 —mENERRE D=diameter of nail head.
Fig. 1. Method of single shear test. L=length of nail.

FABT Y EOMECIZI0? mm BE, 30mm A b -0 YA X —URHER LK,
AR TEUTERT L5 28 ) O—EINHABRY T - 12
i) —AEyEEE A (Single shear test A)

—HE3IKTAE S.SA) BRVELFHELXZT I IRV AR LEVWRHERI®EIER
X THELARMC VREOEILARS DT - b DT, =V E02mm 75 02mm ¥
ECBVELWERZ LET oML, ChEchE20mm ¥ T 10 BRichic» TiT o1, 7t
FRBRAEEIEEAELEMSH, SoBHC O OWTEFRER2&TD, A5 2465TH5.

ii) —EYEE R B (Single shear test B)

—TEBIHTABR (SSB) IBECHEV-ATEHEREBRIELAEY ML 522X T
KA HRENED IS CEMTE20E2TARDIELEMNE LELER T, =)E05mm, 1.0
mm CZhZh 50, I0BO& 1 ELHEYMLC. RBRARIEOBE LR UL &5 244
TH5,

3. MRLEE

3.1 —ENEKERICHITZCDRE
3.1.1 —EMKER SS.A) OERBRER
—HEBIWIAR S.S.A) k BT A RACHRBEOWRELY B20WE—C h IR L, T
sbb, BYELETLEVWIHOEREE,»LORDOLh I D REEY Ko, =B 02mm C
DREDVELMEC L 5BEREEPOBOREC HEREEZ Ke & L, UTHEBE LT Kb b K
FTERE LI, THbbIhbORAC IV REOBFICHIBRVAE2ELLLDTH S,
BREACHRBIR O 2ERALTRDE, B2 5ME—T b MMM A 9Imm &
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p
(kq)
300
o
200
100
0 : !
1.0 15 20 (mm) &
BE—2 SR HRE (S.S.A) oRERE
Fig. 2. Method of determining of observed slip moduli (S.S.A)
£33 EWih KK (SSA
Table 3. Observed slip moduli (S.S.A)
Side Nail Kso Ky Ky Ko K Ksio | Koz | Ko | Kas | Kas | Ks2o
member (t/em) | (t/cm) | (t/cm) | (t/em)| (t/em)]| (t/cm)| (t/cm)]| (t/cm) | (t/em) ]| (t/cm) | (t/cm)
CN50| 6.67 5.68 417 3.05 2.98 2.94 2.70 2.71 2.58 247 248
7.14 6.48 6.25 4.31 3.57 347 3.21 2.94 2.43 240 2.38
P1 SN40| 6.25 5.56 412 3.13 2.78 2.63 2.43 2.28 2.25 211 2.01
5.88 5.35 291 2.32 2.08 1.99 1.74 1.61 1.66 1.52 1.53
N 38 347 2.84 1.84 151 1.21 1.17 1.08 1.03 0.98 0.89 0.92
2.19 2.63 212 1.72 1.34 1.14 1.03 0.99 0.94 0.89 0.83
CN50| 5.00 5.88 4.92 2.60 2.57 2.14 2.06 2.04 2.03 197 1.82
5.88 5.68 417 2.73 272 2.25 1.84 1.92 1.90 1.74 1.72
P2 SN40! 6.25 4,81 3.03 2.78 2.54 2.35 1.99 1.90 1.79 | 172 1.72
6.00 5.25 4.00 2.78 2.56 213 1.96 1.83 1.69 1.57 1.54
N 38 1.36 2.38 1.30 1.04 1.02 0.86 0.88 0.85 0.88 0.86 0.87
0.99 1.12 1.01 0.89 0.81 0.76 0.80 0.82 0.79 0.78 0.84
CN50 286 4.00 2.66 154 1.71 1.53 1.32 1.19 1.27 1.29 1.35
3.23 3.00 2.78 1.79 1.69 1.58 1.51 1.56 159 145 1.39
PB SN40| 233 3.08 1.96 1.82 1.67 1.62 1.62 1.51 147 143 1.32
3.24 3.75 2.38 1.93 2.05 1.71 1.69 1.58 1.49 142 1.36
N 38 1.08 145 1.30 0.94 0.77 0.73 0.71 0.63 0.65 0.60 0.66
0.88 1.74 1.28 0.96 0.88 0.85 0.77 0.73 0.71 0.71 0.72
CN50| 526 | 610 | 341 | 362 | 338 | 327 | 292 | 292 | 284 | 272 ;| 269
3.95 5.00 4.08 3.19 3.08 272 2.64 245 2.37 2.26 213
CB SN40( 2.33 417 3.60 278 2.61 2.54 246 2.39 244 2.35 2.33
5.36 6.25 2.78 3.05 2.58 2.37 2.31 217 2.18 213 2.06
N 38 2.20 1.98 1.67 1.34 1.16 1.02 0.95 0.94 0.92 0.95 0.95
1.20 1.71 148 1.10 1.04 0.94 0.86 0.80 0.86 0.82 0.83

These values were obtained from lateral load test (S.S.A).
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W, fERA LIS CNGO OBETHHH, FrhBvrofmctE-C, BIELHEY
Mz ik EOEFLEBRR LEVEHERTEEACH D L3T05, OBEMIMOTTD
BARIYTLES, BICIhLOEMLT h REOEL—E L ThaFi, ik, 2hto
K A8 — AR DWW TDETH D, ZOERCIDE, HALAMN, Fo@ELibT, -
DEVASADBEINT B T K BB LT < 2%, Kao i3580 IR 5P % s
Rish, HABREMAE—ELLTL 2EARZDORS, Tibb, CYE2mm ¥ TORIE
LEBRCRWT, shBEVA0WNcHl - THERO- D EHNEETHIOERbRS,
DECMMOBFCOWT K EREBTHE, A~T 4 7 FE - YOHBEIMOME & K
WEE R LT, R8I0 T, CN50, SN 40 & HX N 38 2ihis D {EMETH » 7=,

3.1.2 —mHMEER (SS.B) ORBRER

—HBIKIAER (S.SB) TR Y EOSmm B X 1.0mm THAFN5[E, 10 [E #HE
LEEEXMZ D THLH, ZOHBEOCHEBOMHI KX K-3OME—CH BT R LE
k5w, 1A B O DR LHEC X AEBFEE,LRDSicr ) ik Ka, 10 B B0 v iE
LHERIB D% Kao & LT, Thbb, COBEOC Y RBOREILEDOBES LR, B
DELOEEZEbLLTWS, ThbDO W REOEL 4R T, 2ORKC IS &, 05mm,
10mm K- EVAARLORAM, SToBBR IS, bEREOHE VK LI b hEK
BERE-EDELRHOEMKDSHEE LD, Tiobb, DEHEEORIELABC I >Th -
BRBEIEOENLIENEVIZETHB, T hBEOSmm TOCHERET HELOmm
TOCHHREDOZRLhOEZREK L THS EREDE S BTN TOHE, KEWEXRLT
WaH, ThidEo—mImRAR (S.S.A) CHR~IEREL TS,

P

(kq)

200 B °

100} *°

&
PB SN4O
0 1 1 1 L
0 05 1.0 1.5 20 (mm) &

B—3 Z=Wich R (5.8B) okEk
Fig. 3. Method of determining of observed slip moduli (S.S.B).
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Table 4. Observed slip moduli (S.S.B)
Side | ppip | Cyele| Ka | Ks Kss | Ku | Kss | Kss | Kov | Ko | Kso | Koo
material
(mm) | (t/cm) | (t/cm) | (t/cm) | (t/cm) | (t/cm) | (t/cm) | (t/em) | (t/cm) | (t/cm) | (t/cm)
P1 CNS50 0.5 2.38 3.06 347 3.80 3.89
1.0 2.50 2.78 2.92 3.03 3.17
0.5 3.03 3.68 3.91 4.29 4.69 4.69 5.00 5.00 5.00 5.00
1.0 211 2.36 2.56 2.68 2.78 2.78 2.84 2.94 3.03 2.87
SN40 0.5 2.40 2.97 3.24 3.33 3.23
1.0 210 2.31 2.35 2.45 2.51
0.5 2.74 2.92 3.45 3.61 3.37 3.64 3.79 3.99 4.10 3.99
1.0 2.11 2.35 2.34 2,53 2.56 2.62 2.67 2.74 2.81 2.61
N 28 0.5 2.38 2.08 2.17 222 2.19
1.0 1.14 1.24 1.30 1.38 1.35
0.5 125 142 144 1.56 1.63 1.79 1.74 1.85 1.83 1.79
1.0 0.84 0.93 0.95 0.99 1.03 1.03 1.06 1.06 112 1.11
P2 CN50 0.5 3.33 3.68 3.95 4.04 4.04
1.0 2.18 2.38 2.56 2.68 2.73
0.5 2.87 3.13 3.26 3.28 3.30 3.30 3.37 3.57 4,08 3.70
1.0 221 2.36 2.36 2.48 2.52 2.61 2.59 2.56 2.62 2.66
SN40 0.5 3.23 3.51 3.65 3.75 4.09
1.0 2.51 2.73 2.88 2.97 2.94
0.5 2.57 2.92 3.07 3.33 341 3.43 3.58 3.36 343 3.63
1.0 2.03 2.10 217 2.23 2.28 2.30 231 2.37 2.38 2.37
N 38 0.5 141 1.67 141 1.54 1.44
1.0 0.91 0.97 0.99 0.99 1.02
0.5 211 2.36 243 2.24 2.43 2.4 2.50 2.61 2.60 2.62
1.0 0.96 1.06 1.10 1.14 1.10 117 1.10 1.19 1.21 124
PB |CNS50 0.5 1.92 217 2.25 222 2.52
1.0 151 1.58 1.67 1.67 1.71
0.5 212 217 2.31 242 2.46 245 2.54 2.50 2.67 2.61
1.0 143 1.60 171 1.76 1.77 1.53 1.80 1.82 1.84 1.85
SN 40 0.5 2.24 X 2.92 3.00 2.88
1.0 1.68 1.92 1.97 2,14 1.92
0.5 149 1.99 1.92 213 217 2.22 2.27 2.32 2.30 2.35
1.0 117 1.40 1.46 151 1.64 1.58 1.64 1.67 1.67 1.66
N 38 0.5 1.12 1.14 1.19 1.16 1.25
1.0 0.81 0.85 0.88 0.93 0.96
0.5 1.09 1.06 1.10 1.17 1.17 1.21 1.19 1.25 1.35 1.32
1.0 0.75 0.78 0.82 0.78 0.82 0.85 0.88 0.89 0.89 0.92
CB |CN50 0.5 3.72 3.82 4,17 4,28 4.26
1.0 2.80 3.27 3.35 342 3.57
0.5 3.00 3.12 3.27 3.28 341 3.48 3.42 3.44 3.48 3.57
1.0 2.35 2.43 2.50 2.52 2.60 2.60 2.59 2.E2 2.64 2.59
SN40 0.5 348 3.82 3.92 3.99 417
1.0 2.67 2.90 2.97 2.97 3.04
0.5 3.02 3.25 3.26 341 345 3.54 3.61 3.64 3.57 3.77
1.0 2.35 248 2.52 2.59 2,55 2.65 2.61 2.59 2.56 2.62
N &8 0.5 1.24 1.26 1.26 1.28 1.26
1.0 0.86 0.87 0.83 0.80 0.82
0.5 1.16 1.20 1.21 1.23 1.50 1.25 1.27 1.20 1.30 1.24
1.0 0.87 0.90 0.86 0.85 0.87 0.85 0.87 0.86 0.86 0.85

These values were obtained from lateral load test (S.S.B).
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(tIKS) ° (S::Zg observed
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° [}
2 e e
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5 * CN50 theoretical
0 === SNALO in moduli
------- N 38
4 . . cB
-]
'Y o
3 . ° o o
o
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Fig. 4. Comparison of observed slip moduli (S.S.A)
with claculated one (Kj).
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3.1.3 B O &RE (KD

Bl LeEamr R @) 28 LGRS VR K 2Rk, £ofir Z-5—FLThHh
ftz, TORTE, B rhZhfitt, REDOY v 7 HRE, a, il Th Zh s, SR
DHEZBRTH D, e fBIXUTRTRID, FALALTOBRERALTHE L,

b HHEHILY KKK
Table 5. Calculated slip moduli (K%)

Side . E1 E2 ay ay K;
member Nail
(t/em?) (t/cm?) (cm) (cm) (t/cm)
CN 50 110.6 97.7 3.39 3.39 1.482
P1 SN 40 110.6 97.7 3.65 3.65 1.696
N 38 104.2 102.3 2.87 2.87 1.011
CN 50 70.6 977 3.39 3.39 1.266
P2 SN 40 70.6 97.7 3.65 3.65 1.450
N 38 59.2 102.3 2.87 2.87 0.811
CN 50 271 97.7 1.84 3.39 1.138
PB SN 40 271 97.7 2.04 3.65 1.280
N 38 271 102.3 1.36 2.87 0.827
CN 50 284 97.7 1.13 3.39 1470
CB S N 40 284 97.7 1.21 3.65 1.714
N 38 33.8 102.3 0.97 2.87 1.047
E,=Young’s modulus of side member.
E;=Young’s modulus of center member.
a;=effective foundation depth of side member.
az=effective foundation depth of center member.
a = 6.5d4+1.50 (P1,P2, A) 3.1)
a = 6.0d+0.10 (PB) (3.2)
a = 2.0d+0.55 (CB) (3.3)

ThoORBARY OEERBRI LB LR a B EHRTAEMAT, HAERERW), &
EEf(@stdbem THD, OIS UTEH ULHEL Y #HE (KD & —HIERE (5.S.A)
OB ORI b RB (Ko~Kao) & OBFEEDLLION, K-4(a)~K-4d) TH 5, =
hsoRGT, O CN50, @i SN 40, x i3 N 38 OEfli- h FEOTFHEYED L, Kikc
AT oA CN 50, — i glind SN 40, BRI N38 O BEC hREE TR FhEDLLTW
5, AL S5E, FHOKMELLEWCEBITELOD, ThEVSAMN2mm OF
TR hEV~ A 0lmE L RBE—EDELHD, ZOMEIFHEZ HFRROEEVL
DTHHILEEIZNLORIIRLTS, ¥, ChbDOERCHREROFHMELELT DG
BIER B LIcOR K6 THD, ZOENPLHELNR LI, Kohd Ko fHE T EHIHER
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®—6 EWoHHEE (SS.A) LHEC Y REE OHE

‘Table 6. Comparisons of observed slip moduli (S.S.A)
with calculated ones

Side Nail Ke | Ke2 | Ksa | Kss | Kss | Ko | Karz TKm Ksie | Ksis | Kiszo
member Ki | Kf | Kf | Kt | Ki | Kf | Kt | K} | Ki | K} K;

CN 50 4.659] 4.103] 3.516| 2.483| 2.210| 2.163| 1.994| 1.906| 1.690 1.643 1.640

P1 SN 40 3.576| 3.216| 2.073 1.607| 1.433| 1.362] 1.229| 1.147| 1.153| 1.070| 1.044

N 38 2.799| 2.705] 1.958 1.597| 1.261| 1.157| 1.044/ 0.999 0.950; 0.880, 0.865

CN 50 4.297| 4.566| 3.590| 2.105. 2.089| 1.734| 1.540| 1.564| 1.552 1.465| 1.398
P2 SN 40 4.224) 3.469| 2.424| 1.917| 1.759] 1.545f 1.362| 1.286| 1.200| 1.344| 1.124
N 38 1.449/ 2.158) 1.424] 1.190/ 1.128 0.999| 1.036/ 1.030, 1.030| 1.011| 1.054

CN 50 2.676| 3.076| 2.390| 1.463| 1.494| 1.366] 1.243| 1.208| 1.257| 1.204| 1.204
PB SN 40 2.176] 2.668) 1.695 1.465| 1.453) 1.301| 1.293| 1.207| 1.156| 1.113| 1.047
N 38 1.185 1.929; 1.560] 1.149f 0.998 0.955| 0.895 0.822| 0.822| 0.792| 0.834

CN 50 3.133| 3.776| 2.548| 2.316) 2.197| 2.037| 1.891| 1.827| 1.772| 1.694] 1.639
CB SN 40 2.243| 3.040 1.861' 1.701 1.514| 1.432| 1.391) 1.330{ 1.348/ 1.307| 1.281
N 38 1.624| 1.762| 1.504) 1.165) 1.051] 0.950, 0.864/ 0.831| 0.850; 0.845| 0.850

i DEEER BB S TWBH, ThEVSABRKEV K d b Keo R TRISIEE M E &
HEMEA—HK LT EARRDLI S, Ku/K: OFHEIZLIE Ligh, HAEOXLDOX
hB, EHE HEBEHNBVWEAHERLTIWAETE T L2h1lkhAd, oz &
kb, SEEAMLHEENCEL, TOREOECHN LIHEC VAREERBEIEL
—EHMRREYTV, THEBRRELTL 5L Bbh3EBebRD I RBEIIZIE—
HIoEAREo L WIZ LR, HERISZC Y RETHOWERYHLD L0 LBbR
b, APETE, ZHEN20mm OFERETCLIEIELARY Thkhr oD THBH,
TERTHIEVARENL, CHRBROREFRBEADLZ L, SROBRD 5 ARG
ThHHEELLD,
3.2 —mE¥EED

3.21 REESR

SEO—ENHABIC L > TBORCHE R IR X-TR L, P P, P, 8L
P it FhFhi b & 038 mm, 0.5 mm, 1.0 mm TOBIHT 7, Prex 2R EBR L&A
bha8EMIERbL, PAEITRIAA), 0) TROLhH2EHMFAAWHMNTHS,
B, hHOET4GORBREOTFHETHD, T, Po, Pa X thThitE- ) fREKk
6=038mm B X =05mm BT UL TEH LIETH S, Frh, EROZIEH I P, Psots Peos,
B X0 Prax CTHET B E, MBAICART =7 4 2448 = F, $IPICAHT N 38 2l X h K\
EE R LIS, HOoBATWThHOEULCELE Lo, Zh b OERBINE & R TR
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Table 7. Lateral loads

Side Nail P.so PsOl Psoz Pmax Psl Psz P,'o P§01 n
member (kg) | (ko) | (cg) | (kg) | (kg) | (kg) | (kg) | (kg)
CN50 86 o1 | 109 | 159 82 60 56 74
P1 SN 40 93 | 101 | 18 | 14 89 54 64 85
N 33 3t 34 41 64 30 24 38 51
CN 50 81 88 | 105 | 166 79 62 48 63
P2 SN 40 97 | 104 | 122 | 153 91 58 56 73
N 38 30 33 40 57 30 21 2 41
CN 50 68 75 89 | 136 67 51 43 57
PB SN 40 71 77 93 | 126 70 47 49 64
N 38 27 29 35 58 27 22 31 41 4
CN 50 86 93 | 114 | 167 86 63 56 74
CB SN 40 83 93 | 113 | 165 85 62 65 86
N 38 28 | ' a1 38 74 28 28 40 52

Po=load at slip 0.38mm, Pui=load at slip 0.5mm, Puz=load at slip 1.0mm, Pames=

maximum load, Pa=PueX oy, Pa=PmaxX w5, Ph=K;x038mm, Pin=Kix05mm, n=num-

ber of specimens.
SO HER B LTHS &, CN50, SN40 0B WThiSEORNEN D RE -
T3, bbb, HHTEHIOEBLITLRAE RN O L, SENISELCITHRAL
T STRIBD B DARIC X HEMHAE, it & Wb ORRE COREBTI S X OSIOBN I
EFrHBERIEL, ThelsTHERORMLTOMIEERE LDTOTIRREVHEED
hp, FRN3BOBEIRREIZEABRMBEEL o8, Zhix N38 0§84 CN50, SN40
LR DAZVDTC, STEOD VAR I AHERDE VoD THEH S, ZDX
HEEIOHETOD VAKX HMN~DOBBIERTERNIOTHELEBLLNRLH, 0
BOBRRIM R VEETHY, BEBTRBRICERSTLAT, ZolcBELILERlEY
EDLLERBDBIDLELZLND,

F-8 IS DR EROBREE Lich, Po/Po i R5E, WTFho#sdd CNS0 X
LUVSN40 #H A LIRABGAETIL, REMEBEWELZRLTWS, Tihbd, WRRTRLE
G ASER NEHEE LTD 6) R Pp=Kixd.s GHET 9 H=E *x038 mm) i3, 4FENT
L EMOMEH D Po X BB TR Lz 3B VEWY, EROFAEHEEYELE, &
DEFXFECALRAELVEE LD D, HHEGL L TORELRIBHHEHOEE 2D
LERE T, BEAROFEMIZHETH I, Z2lcHELTW5 O REFEHLT
LPEHES Lo b0t Bbhs,

PPy DELF#C0983 LIg W EHRBD +43% L EbDTNIWDT PoFEPa &
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Ta!)le 8. Relationships among the lateral loads

Side Nail Py Psor Py P2
member P Pin Py Pa
CN 50 1.536 1.230 0.948 0.756
P1 SN 40 1.453 1.188 0.957 0.607
N 38 0.816 0.667 0.978 0.800
CN 50 1.688 1.397 0.976 0.788
P2 SN 40 1.764 1.425 0.943 0.637
N 38 0.968 0.805 0.990 0.700
CN 50 1.581 1.316 0.988 0.761
PB SN 40 1.449 1.203 0.990 0.671
N 38 0.871 0.707 0.995 0.815
CN 50 1.536 1.257 0.993 0.733
CB SN 40 1.277 1.081 1.023 0.729
N 38 0.700 0.596 1.015 0.982
Av. 1.302 1.066 0.983 0.752
C. V. (%) 28.7 281 43 14.3

F9 WE— BB L BERN
Table 9. Coefficients for load-slip curves and lateral loads

Side . a b 4 Pl/ 44 4
Nail _ $0 ) £01 802 max
member [P=alno+l] (kg) (ke) (ke) (ke)
CN 50 21.81 110.80 90 96 11 161
P1 SN 40 21.93 11091 90 96 11 162
N 38 9.48 42.55 34 36 43 64
CN 50 23.36 109.26 88 94 109 161
P2 SN 40 22.14 116.60 96 102 117 168
N 38 10.27 40.92 31 34 41 65
CN 50 18.38 91.08 73 78 91 134
PB SN 40 20.26 89.72 70 76 90 137
N 38 9.18 36.91 28 31 37 58
CN 50 25.25 115.35 91 98 115 174
CB SN 40 25.99 113.39 87 94 111 171
N 38 1211 42.18 30 34 42 70
CNs0 & 224 107.1
Av. SN 40 ’ ’
N 38 10.26 40.6

a and b were coefficients for load-slip curve. P}, Py, Pits and Plax were obtained by substitut-
ing 6=0.38mm, 0.5mm, 1.0mm, and 10mm into [P=a In §+5], respectively. P=load, d=slip.
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THZLENTE, M TLFHEL3, EHRBT43% LRABREELRLTNEZE0D,
Po=Py &V H5BRIIETOITHARRE, Mt XOSIoBBCh»bb T, TOBDEEE
A0 AIHEBMOBERCE T, HBLICHEBTHALETITENTE LI,

3.2.2 —EMMIRETE—= 0l

AEO—HHERBROOEBONIEVE  LERE S ¥ VTN COME—LT b lisRicx L

P I
(kg) /,,.-"'"""T ’ .
e I S——
100~ g m S —
F et \ P<18.41n5+88.0
£
[/ P=22.41n6+107.1
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Fig. 5. Regression curve for load-slip curve.
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Table 10. Comparisons of lateral loads
Side Nail Pso Psor Pson Prax
member Py 301 302 Pax
CN 50 0.94 0.95 0.99 0.99
P1 SN 40 1.00 1.05 1.06 0.90
N 38 0.92 0.94 0.95 1.01
CN 50 0.93 0.93 0.97 1.04
P2 SN 40 1.01 1.02 1.04 0.94
N 38 0.98 0.98 0.98 0.88
CN 50 0.93 0.96 0.97 1.02
PB SN 40 1.01 1.01 1.04 0.93
N 38 0.92 0.94 0.95 1.00
CN 50 0.90 0.95 0.97 0.97
CB SN 40 0.96 1.00 1.02 0.96
N 38 0.95 0.92 0.91 1.05-
Av. 0.97
C.V. 4.34%

The values of Pso, Psoi, Psoz and Pmax were shown in Table 7, respectively.
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BNERERZFEALTC, WBEEOERHBRR [P=alnd+d] #kbdl, DR a b O
KIFT, ChHLDOFRBEETMBTELONICRAEGEOREY B L THR5 L, CN50 L
SN 40 OB, SEIDMHEDIZ 5 3T _TEE T3, Tibb, MHREAHE X b 245k
EVDTHBEN, THERIB LIcX 5 CEOBEDITLRARC X HHEBTHAH S, SHD CN5O,
SN 40 DH & OFHiE P=22.41n6+107.1 L HiRTOF il i P=1841nd +88.0 % K-5ic
IR LIcns, CORRROIS X5 CHBEACHIR Y OENRDONE, * LRI @XM
2 P1, EHETH SN40 OBADORAERFEL L TE D, NEHEK L -TEHELTES
ENRIRTWDB, FIREENT P, Py, Pie 137 Fh 6=0.38 mm, 0.5 mm, 1.0 mm
ZERRCARA VEH LB DB TH b, Phax (312 b B4 10 mm Ry 5 CREARE H 1w %
THEHEEL, 6=10mm 2RALTRDILMAIETH B, hbofE & EEOWKIHITH
% Py, Pst, Psp BED Prax FHEBELICON E-10TH B, ZORRCEOhDERD, BEAR
DOFHH 097 3 LOEBHREMN £434% LB WERRL, FERE SEBEATROME—T
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Summary

The slip modulus (K,) is the important parameter that dominate the mechanical behavior
of a nailed joint, and has been discussed by some researchers*® up to the present. However,
it may be said that the variance of this parameter depending on several factors (for example,
nail diameter, mechanical properties of specimen, loading procedure, and so on) has not been
investigated sufficiently.

In this paper, an experimental study was carried out on single shear specimens assembled
from solid wood and wood-based materials which were applied cyclic loadings in order to
verify the suitability of the theoretical analysis for describing the behavior of nailed joints.
Especially, the effect of cycles and slip levels at which the load was cycled on the slip modulus
was examined in detail.

For this experiment, Todo-matsu (Abies sachalinensis) dimension lumber and the following
wood-based materials were selected.

1) 7.5mm Lauan plywood (P1)
2) 9.0 mm Lauan plywood (P2)
3) particle board (PB)

4) cemented wood chip board (CB)

Basic properties of these materials are given in Table 1.

The experimental procedure and the results are summarized as follows:

Single shear tests were carried out using Todo-matsu solid wood as center member and
wood-based materials as side members, and test method was illustrated in Fig. 1. Three
kinds of nails (CN 50, SN 40, N 38) were hammer-driven until the tops of the nail heads were
flush with covering surface. Single shear tests conducted in this paper consisted of the
following two groups.

1) Group S.S.A: the load was cycled only once at ten slip levels (from approximately
0.2mm to 2.0 mm, 0.2 mm interval).

2) Group S.S5.B: the load was cycled 5 times for the half numbers of the specimen
and 10 times for the others at 0.5 mm slip level, and were cycled in the same way at 1.0 mm
level. A typical load-slip curve of group S.S.A was as shown in Fig. 2, and the slip moduli
{S.8. A — Ky~ Kyz9) were determined from the curve of each specimen. And for group S. S. B,
the slip moduli (S.S.B—K,~K,s) were determined in the same way from the result of
each specimen of this group. A typical load-slip curve of group S.S.B is shown in Fig. 3.

Theoretical slip moduli (Kf) were calculated by using eq. (2). In these calculations, the
effective foundation depth (a) was determined from eq. (3.1)~eq. (3.3). These values are
given in Table 5. The values of the observed slip moduli (S.S.A) are shown in Table 3,
and the relationships between these observed slip moduli (S.S. A) and theoretical slip moduli
(K3) are illustrated in Figs. 4(a)~(d). From these figures, it was found that the values of
observed slip moduli (S.S. A) had a tendency to be constant on the higher slip levels, and
these constant values showed relatively good agreement with theoretical values (KJ).

The values of observed slip moduli (S.S.B) are as shown in Table 4, and seemed to
be nearly constatnt by 5 and 10 times cyclic loadings.

The logarithmic curves developed in the previous paper® [P=alnd+5] showed good
fitting with load-slip curves obtained by single shear tests (S.S. A) and (S.S. B).



