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ZTORBE PR Y ED X S CFHEMTRENMCOVTORRBYMREZE 5 HWTHREY
s ote, BRI, COBMOSBETERETS, i LTHEKERC LD, ToEkH
= D4R% (slip modulus) #FRWL 5 B2 E 5 MoV TOEBRHBRFCESLEV T3,
ZORE, FRLEARBEEEAROY v 7RE L IR L RO O h A STEEE R EREL L
T, ZOTHRERL, BECVE VA COBINR N SBT3 EFROMREL#D X
bDERY, AWRLRTRIChHi, B HELBYEE2 O RUBEOHEDT 41
HLEHBERTHRETH S,

¥, AP, BB, SAFEXHENFEMAEMYE BB X vEB LD
THbHo

L. 8 & R

ARFECHCEHERIZ, 2¥DEBhThHS,

1.1 STEEEHD2D499 (effective foundation depth, «)

WE, S XAHMED DALRER e L Thil,

o Pa (1)

¢=YETEA

el
e=%hALE (em); E=Ho v v 7FHH kg/cm?); o= hAKIET (kg/em?);
P=mmEN kg); A=MmEERE=?-d (cm?); d=§f% (cm); t=§OHEDOEMRZ (cm)
o @R, RED AL LS T (1951) STEAE] LCTITis » oMM RER COEARE
ThHY, B, toak HEMAMEEI LFATHAEY, Ric Kuenz2? 085151, B
wEit, THMMRE X ; effective foundation depth} ¢+ _X4LDTHB, T, TD
aflie oWy, FEES Kuenz § &3 8IBEEBRERTW50, FHLYY oG
HAONhB IO, RIS TERTHILNRERHCHLLTH Y, ARRCENTDH, &
BAEHEO a i FHT5 3w, ®RRXYAVWDLZ L,
a=B-d+71 (2)
TZT, B TR EhLThERNICED L RICEK
1.2 =9 HEE (Slip modulus; K,)
SIEMO—FERIHCIVTIL, B-1eRTeRy, SEREKEORL BATC Lo
T, XOMREM (CHE) 2ERFETHLNTELIDLITTD 5,
WE, ZHEOCHIER L L, MMM EY P cEbIE, KABKILT S,

P,
K= (3)

TR KRBT REEFINTHELDT, SI—ALhDETELIRS,
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g i Nait }
-— t, E,
F e,

€
t, E, —
F
—6—
(slip)

BE—1 WERERC I 5 0BHHR
Fig. 1. Deflection curve of the nail computed from the
beam-on-elastic foundation theory.

K, oBRRE, R0 EMLHE L 50, RO BARES, HFREM S e
AHOMBREC X - T, ERABEELZZERLT, RO IL5AUARNRDLIBY,

— 4E‘sl.ﬂ“:1i ( 4 )
(1+o?{(coth mt;+ o coth pt,)

K;

o EJ,={EHET D MTREIME ; 1m=(Ed/daEJ); py=(EydfdeyEJ ) Ey =l
DY v IRE; E=FEHOY v 7FE; a=AH0oEEEE; =N 0EEEH; d=
GBI L=fIME; =M DI LIAREL ; o=m/p,

1.3 SEiiFrRBmEAL"Y° (P

1) 7AYAFRD
P, = K-do - (5)
el 't d=4¢§J#% (inch); K=30Wt }1&¥ (lateral load coeflicient) CEE L E

XDEHE LTER
COHE ORI IHE L LT, ZoMExt &N, 0015inch 038 mm) Lirs & &
DHETEZLRBLDOTHY, EFRCIDLARVHBECG)REAV AT TH S,

DEEGESERE
BB T ST ORGHET < = o 7 2C Lhus
Pa=Piox > (6)
— Pax 3 x L
PsZ—Pmuxx4x2 (7)

I Puo=lmm QMY RAIGT 558 ) $I—KY D)5 Puax=RK3UH D

(NP
COMRRIBED S B EDIDEELZETK ST A,
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1.4 —EBHHE—C bR
FETRD O NI —H M M E—LT ) MR RIELORRACES ¥ T F b0 B
ﬁﬁ%b Lf\:‘l‘ k %k, &@%ﬁﬁ%*&fgﬁﬁ:o

o H B

P=Alni+B (8)
i) #& &

P = Pu[1-eo ] (9)
czie A B aRIVaRThZhERERTHS, fals P=SIMWE; d=H%cC
&

2. BEH&BLURBRA®

2.1 E¥EZORBRMNE
ABFRCHA LR, EH Chb) L @M s T bh, EHELTE, P Fev*
(REMTES A), MHELT, ~— FR—F (fl &% HB), KFtxv i (Ml ©LF
CB), ~—7 4 7A%—F (i, S PB), 75mmEEERAH (57 vER1LSmm %R
5754, wil, B2 P1), 9mm EHEHAK (5 7 vEK, %2 0K 226mm, ffiiX 1.5mm,
5754, i, i85 P2 05 BHEOKETHEHKTH B, ThHOFHHE @), v v 7RE
(E), PHEKE @) BIUCHRE () 2—ELT, R1FLl, k¥ v 7HRBuL, T
HMFRBTRD, EREEHO v v 7 REcBEE L,
2.2 sTEEERA®
STHERBIL, R20X5k, HEHETODIALE (@ OZEEHNTEL I K, &

|

£—-1 RBOoE#EHE
Table 1. Basic properties of test materials

Tes.t t E u Tu Remarks
materials | mm) | @emd) | (%)
HB 54 322 7.0 0.97 fiber board
CB 135 315 10.9 1.09 cemented wood chip board
PB 124 251 7.6 0.69 particle board
P1 7.9 112.9* 10.8 0.80 plywood (Lauan) (1.54+1.5+1.541.5+1.5)
P2 9.6 82.7* 10.2 0.75 plywood (Lauan) (1.5+2.25+1.5+2.254+1.5)
A 38 1185 12.9 0.40 Todo-matsu (Abies sachalinensis)

t=thickness of materials; E=Young’s modulus by bending test; #=moisture content;
ru=specific gravity.
* M.O.E in compression (calculated from M. O.E observed by bending tests)

*  Abies sachalinensis, It X MEM T HEBWKE
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Load
Specimen
d‘/2
Wood block ,
F—2 T ER 5% Bl—3 I JE G B
Fig. 2. Method of bearing test. Fig. 3. Bearing test.

d=nail diameter,

ECHYT 5 A% RO il 7 =y 7 TR ER N2, FOREBRR-B3CRTES
W CHbH, DHNALEISmm A Fr—27, 107%mm HED £ 4 7 4% — 2Tl Lichs, {f
AU, » Py M TR0 METH S 7o, 5ton 44 vEEHEEEREE (RELIETT
B) F oA H I OWTIE, 250 kg o€ v BURRIGRER B (R R G RTY) T
BB, Ioks, HHAERELTUL, 2,3, 4B8XU0mmo4@EHTHSL, F F=YyHABRET
88 x 86 x 36 (mm®) ~Ficfh LV, i KECFHE A OB A 513 90 x 90 x ¢ (mm?) & L1z
Py, ME AL, HERBRIZS VL TEERYELDBIABEEEZLREDT, 20X
S, AMA THBERA L S A&, BEE - CHEE Lic, MEFEE LTUL, D DiAZE,
0.2mm ¥ LV 04 mm [Z3E LicD b, SHIMERML F CAMERIT I, & Qicaliiig
WCWTIE, ZORROHBAES M L AW HP L2007 () BXOEE (L) o 2 f¥Eo @ ERR
2T o o, ERAELY, MR R XL OGIRIIC & 44k, At 1281k Ux4x8) THh 572,
2.3 —EHEmERG®

Erm B i L7kt & | UM B 6, S T—TRIHAR A AR L, K-4R$ Xk
512, + PRy (M), FEAREFRMZAME LT T, 5T Tie I
LTk, il abFFEEALSYFTH Lic, EHAENE, CN50, SN40, 38 XN 38 m 3 fE
LD, FMILR-2RABNRHERYTHS, FRBREEY, K-510mRd, B
W, T 5ton A v EEREECH D, s hE 0) ollEiE 10 mm, 5mm A
PR IDTCENEA TS - FLAAhEOIETR 102 mm, 30mm A b r— 2
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o
i
=
=
o
#
o
#
®
d
%

3%

&2 {HETONE

817
P Table 2. Dimensions of nails
a f—3s—
T Nail ‘ d | 78] L
D.G. (mm)  (mm) | (mm)
CN 50 ‘ 29 7.0 51.2
SN40 | 33 105 | 336
e [] ; N3 | 22 sl | 366
= 1 i ) |
| '
° d 1 d=diameter of nail shank
E i E D=diameter of nail head
¥ ' o4 L=length of nail
% ¥ [JLO% Lomoee 4
—_— "—
A D.G. }1790—|
12 Pl (unit.mm)

E—4 R
Fig. 4. Method of single shear test.

OEATAY—RMBLTS, FRAEERTIE,
FoOMEMIHhE, 05mm B LY 1l.0mm b& = A
T, TRER2EFTOMRE, AR DR LD,
R OB R 1 Poax (C3ET 2 ¥ TAMEBET 2,
HRAEL, M BREEES R O/, {#H i
4163, R8I TH T,

3. HRELEEZ
3.1 FTAEEH (o _ ; :
1) £ Er &5 R B—5 s se
HEES « conTid, U e A LT, Sl Fig. 5. Single shear test.

MhbROBENDBD, TOWRTBEHEI IR LIcEBITHD, EMaD 3fE, Tiobhb
Qg Xopy I L gy DERFIDEER —HE LT E-3 o, el OROMHIL, TT44E
DRBEOTEHETH D, ChTAhRDE, FAMELREYE LT, BESEDOHGHEIEDL
na,
oy > s = Qg (10)

ap & A I 2WTIE, TORPERELTLIHELATIRRL, FHERRAFLEAT, 8
FELooihhwbobBbhs, LhLagfio 2F b LTtafeh k&L, e oy
FhAabh, COMOMERBHEE LTUIEL TRV I 5 THD, LIRS TZ TR, ag
F ot oy RETHIEER E A5 ONE M TH S EFW Lz,
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(kg)

100

50——

0.6
e (mm)
H—6 EEEK (o) ORER
Fig. 6. Method of determining of the effective foundation depth (a).

#£3 SEHEEK (@) OEWE
Table 3. Observed effective foundation depth (a)

Test E a d (mm) ”
materials (t/em?) (cm) 2 3 4 5

oo 2.14 2.04 297 2.34 4

HB 32.2 oz 0.84 1.23 1.52 199 4

Aoy 1.02 1.39 2.18 2.44 4

a0 240 2.22 3.97 2.89 4

CB 315 age 0.89 1.02 1.38 1.36 4

ap4 0.88 1.12 1.36 145 4

@go 2.95 3.48 4.62 5.00 4

PB 25.1 a0 1.41 1.88 2.40 331 4

o4 1.46 2.05 2.54 3.48 4

oo 511 5.81 7.38 7.89 4

P1 () 112.9 o 273 343 3.87 468 4

oy 291 3.68 433 5.08 4

ag 4,04 4.69 5.30 6.35 4

P1 (L) 75.3 @gz 1.87 253 3.23 3.76 4

gy 2.07 2797 3.52 3.91 4

ag 4,08 6.71 753 7.96 4

P2 () 827 oz 248 3.26 3.66 448 4

@oq 2.73 3.36 3.87 464 4
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Test E a d (mm) n
materials (t/em?) (cm) 2 3 4 5

ago 3.96 5.23 5.88 6.86 A 4

P2 (1) 82.7 age 2.16 281 342 412 4

o4 2.43 2,95 3.57 4.37 4

ag 6.69 9.43 8.26 9.91 4

A 118.5 g2 2.76 3.25 3.87 448 4

o 275 3.37 3.83 4.86 4

ag=a at initial linear portion; ap=a at 0.2 mm e; ay=a at 0.4 mm e; 7=number of
specimens ; e=embedment of the nail shank into the member.

i) HEER « DHIRC I 5EH)

3D affith, SFIRAR I - TEDIIREHTHLE QARTEDLL, TOBADERTE
BEBICTRERRLELONK-ATHD, ARTOMEBRE r2H25 L, ap DFI 2, 3B
PONRDBIEFT, dp B LV ay 2OWTIE, 0.931~0.999 & XD TEL - THAH I EHN
bbb, £, LR apiOWT, BRIVTERERERLILbONE, Thb, ZhTh
&,

@® HB: d,=035d+0.10 (11.1)
® CB: ay = 0.20d+0.55 : (11. 2)
® PB: d,=0.60d+0.10 (11. 3)
@ P1()
P2 (h}: ap=065d+1.50 (11.4)
A
F4 HEEEH (@) L8 d) roBRER
Table 4. Regression equation between effective foundation
depth (a) and nail diameter (d)
a = Bd+7
Test oo Xz agy a2
specimens 8 7 r 8 7 7 B 7 r 8 7
HB 0.15 1.84 0.473 0.37 0.09 0.996 053 | —0.01 0.982 0.35 0.10
CB 0.32 1.74 0.529 0.18 0.54 0.931 0.19 0.54 0.997 0.20 0.55
PB 0.73 146 0.982 0.62 0.07 0.986 0.66 0.09 0.989 0.60 0.10
P1(h 1.04 2.83 0.968 0.63 1.48 0.994 0.72 1.49 0.999 0.65 1.50
P1 (L) 0.75 2.46 0.991 0.65 0.61 0.994 0.63 0.87 0.992 0.65 1.00
P2.(h 1.03 3.15 0.950 0.64 1.23 0.992 0.62 147 0.997 0.65 1.50
P2 (L) 0.94 2.21 0.993 0.65 0.86 0.999 0.64 1.08 0.997 0.65 1.00
A 0.85 5.60 0.765 0.58 157 0.998 0.63 147 0.993 0.65 1.50

r=correlation coefficient.
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G
&
2
-]
1
oLﬁzaz.s oL’F2345
d (mm) d (mm)
a) HB (1) ap=0.37d+0.09 (2) @ez=0.35d+0.10 b) CB (1) apy=0.18d+054 (2) Fp;=0.20d+0.55
t
)
3
[+
2

y
g4
7

o 73 1 s 5 |
d (mm) 2L,
T2 3 4 5
d (mm)

¢) PB (1) agz=062d+0.07 (2) @p=0.60d+0.10
d) P1 (o, Pz (e
(1) apz=0.63d+1.48 (0) (2) arpz=064 d+1.23 (@)
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t
A
4

3

3

2

4 5
d (mm)
. f) A
1 L“’ﬁ 2 3 4 5 (1) app=058d+157 (2) &yz=0.65d+1.50

d (mm)

e) P1(L)o, P2 (L)e
(1) ap2=0.65d+0.61 (O)
(3) @p2=0.65d+1.00

(2) @g2=0.65d+0.86 (@)

B—7 aidioBRER

Fig. 7. Regression line between « and d.

® PL(LYy
pa (L) dpy = 0.65 d+1.00 (11.5)

DEdic, SEHORPERRTERRATES, oz &y, R-70x563860TH3, LN
5T, ThETELRTEL SIAEERIISIREI—EOBFRE LY LT 5%,

FHRIRVTHHEBbh5,

iil) WEEH e & ap DL
FERAELURTOHEREER ap ¢ EFAHEER ap 2B LIOR XS THD, +0

KRB O BE T 25 X #0959, BEREK +£6.99% Lk, affvxBEHT5 X\ (11.1)
~AL5)XEFEHA LTI Loz bD & Bbhb, 0 & kb a0, HichE

WMLIh B Th 5,
3.2 —ENMICHEITEIChERE K)

) EBRER
CHEEOwER, RS8R LLEL > 2FDLBh L,
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Table 5. Comparison of caluculated effective foundation depth (@)
with observed values
¢ = [observed]/[calculated]
Test 2] d (mm)
specimens 8 7 2 3 4 5
HB 0.35 0.10 1.050 1.070 1.013 1.076
CB 0.20 0.55 0.937 0.887 1.022 0.877
PB 0.60 0.10 1.085 0.989 0.960 1.068
P1(h 0.65 1.50 0.975 0.994 0.944 0.985
P1 (1) 0.65 1.00 0.813 0.858 0.897 0.885
P2 () 0.65 1.50 0.886 0.945 0.893 0.943
P2 (1) 0.65 1.00 0.939 0.953 0.950 0.969
A 0.65 1.50 0.986 0.942 0.944 0.943
G. Av. 0.959
C. V. J +6.99%
~~ T. . « *
m . .
=
150
100——
o.

50

1.5

s (mm)

H—8 Sy REORER

Fig. 8. Method of determining of slip modulus.
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a) Kp: 7292 FACIBERWHFACHE0015inch (0.38 mm) w3 5H & & K
AR SERARE LCORNF 0= )M

b) Kewr: =bEO05mm ToEMNFTOZHRE

¢) Kig: —=9E10mm ToOANTO- »EHK 7

d) Ka: =0 05mm CoOMDE LHEC X5 EMRERTOTH- ) HEK

e) Kp: =hE1Omm TOEVELMERC X5ERRR COEHT b R

E5FTHiL, ThHDo K HRSI—~FLY»DbDThHD, 3T, TOEHBEEFEL
T, 6T, KBREAS L

Kn> K= K> Kn > K (12)

DIS5EloTwd, Tihibd, 038mm - YRATORNTOZ I FRE Ko &, =Y E 1lmm

86 RHCHHEE (K

Table 6. Observed slip modulus (Kj) (t/cm)
m:;gger Nail K Ksn Koz Ka K, n
CN50 157 1.29 0.75 248 1.83
HB SN 40 1.72 145 0.79 2.32 1.61
N 38 1.04 0.82 0.49 1.76 1.18
CN 50 1.81 1.54 0.87 2.96 2.09
CB SN 40 1.75 144 0.79 2.21 1.76
N 38 0.89 0.74 0.41 1.46 1.02
CN 50 1.76 143 0.81 2,18 1.60 4
PB SN 40 1.59 1.39 0.68 1.80 1.34
N 38 1.01 0.81 0.48 1.29 0.91 4
CN 50 1.88 1.59 0.96 3.17 2.38
P1 () SN 40 1.79 1.49 0.90 2.26 1.6
N 38 0.97 0.79 0.44 1.56 1.04
CN 50 192 1.55 0.88 2.57 2.08 4
P1 (1) SN 40 1.68 142 0.89 1.87 1.53
N 38 1.06 0.84 0.51 1.19 0.88 4
CN 50 1.57 1.37 0.78 211 1.65 4
P2 () SN 40 1.68 1.38 0.83 1.96 145
N 38 0.90 0.74 0.42 1.32 0.88 4
CN 50 1.85 f1.53 0.94 2.63 2.05
P2 (1) SN 40 1.68 {1.39 0.84 212 1.67
N 38 0.95 0.80 0.48 1.59 1.18

Each slip modulus was measured shown in Fig. 8.
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TORIVELWEC X ZERBRCOFHCIRE Ke E BRBEZELVEWD T LEHHH

Lz,

Lind, ZOZ &R, AME LTERLCREFFEMBRLEOERC I OTRITH L

HEUREG, BRREWUC Y RBATMOBEREY BT IR Lk, ThThbE

a) K,gz#K_go (12 1)
b) Kyp=0.8 Ky (12.2)
c) K:=05Ky (12.3)
DEICHEPERTEDL LS TH b,
F&—T EHH REHAEMOBEK
Table 7. Relationships among observed slip modului
. . KsOl Km KsZ
Side member Nail K Koo R
CN 50 0.82 0.48 1.17
HB SN 40 0.84 0.46 0.94
N 38 0.79 0.47 1.14
CN 50 0.85 0.48 1.15
CB SN 40 0.82 0.45 1.01
N 38 0.83 0.46 1.15
CN 50 0.81 0.46 0.91
PB SN 40 0.87 043 0.84
N 38 0.80 0.48 0.90
CN 50 0.85 0.51 1.27
P1 () SN 40 0.83 0.50 0.94
N 38 0.81 0.45 1.07
CN 50 0.81 0.46 1.08
P1(Ll) SN 40 0.84 0.53 091
N 38 0.79 0.48 0.83
CN 50 0.87 0.50 1.05
P2 ()) SN 40 0.82 0.49 0.86
N 38 0.82 0.47 0.98
CNi50 0.83 0.51 111
P2 (L) SN 40 0.83 0.50 0.99
N 38 0.84 0.51 1.24
Av. 0.83 0.48 1.03
C. V. (%) 268 523 12.7
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t 2.5
9
z
2.0 3 ®,—"° . o ——
m . og o L § . ° o
< s . g e o 8 . o 8
8 . * [ ] Y ° [ [+]
15— —° . —° - —
° o ® °
x
x % : % x
1.0 ¥ ; : x o -
x ¥ x X
x
0.5 ! L L I ] 1 ! 1 | [ ] 1
. o > e | —- —
HB CB PB Pl P1L P2/ P2L
B9 Koo f&
Fig. 9. Values of Kso.
O CN50, @ SN40, X N38
x—8 HEDYEHEE K)
Table 8. Calculated slip modulus (Kj})
Side Nail E, E, ai a K;
member (t/em?) (t/cm?) (cm) (cm) (t/cmm)
CN 50 32.2 119.5 112 3.39 1.436
HB SN 40 322 119.5 1.26 3.65 1.578
N 38 32.2 1195 0.87 2.93 1.049
CN50 315 1195 1.13 3.39 1.653
CB SN 40 315 1195 1.21 3.65 1.924
N 38 315 119.5 0.99 2.93 1.153
CN 50 25.1 1185 1.84 3.39 1.164
PB SN 40 25.1 1185 2.08 3.65 1.307
N 38 25.1 1185 142 2.93 0.881
CN 50 114.0 1145 3.39 3.39 1.593
P1 () SN 40 1140 1145 365 3.65 1.822
N 38 108.8 1145 2.93 2.93 1.134
CN 50 78.8 1145 2.89 3.39 1.435
P1 (L) SN 40 78.8 1145 3.15 3.65 1.625
N 38 74.5 1145 243 2.93 1.044
CN50 76.6 1175 3.39 3.39 1.404
P2 ()) SN 40 75.2 1175 3.65 365 1.59
N 38 76.6 1175 2.93 2.93 1.014
CN 50 76.2 1175 2.89 3.39 1511
P2 (1) SN 40 75.2 1175 3.15 3.65 1.716
N 38 76.2 1175 243 2.93 1.103

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.
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¥l Ko DB 2WTRRICRTEBYTH S,

i) FECHHEK

FECYRE K o, FIEOERAUR@ KX > TRDLhD, LOMEEY—
BLTERBRELDT, £, E, oy 3t & LToOREFEMHOY v /7 RECHEERKT
B, E apidrhiét (EH) ELTHWEL F=YDETHB, ez ZicBvic affil,
W ae % ML L2 e DERE B (L D~(L 5) ik Th Ehft B LS OBERA LTR
Db TH5B,

IC, OBV REELORHEEHE LLONE-ITHD, thThbE
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Table 9. Comparisons of observed slip modulus (K;) with
calculated one (K%)

Side Nail Ko Ko Koz Ka Ks2
member K K} K K} K}

CN 50 1.093 0.898 0.522 1.727 1.274
HB SN 40 1.090 0.919 0.501 1413 1.021
N 38 0.991 0.782 0.467 1.678 1.125
CN 50 1.095 0.932 0.526 1.791 1.264
CB SN 40 0.910 0.748 0.411 1.149 0.915
N 38 0.772 0.642 0.356 1.266 0.885
CN 50 1.512 1.229 0.696 1.873 1.375
PB SN 40 1.217 1.064 0.520 1.377 1.025
N 38 1.146 0.919 0.545 1.464 1.033
CN 50 1.180 0.998 0.603 1.990 1.494
P1 () SN 40 0.982 0.818 0.494 1.240 0.928
N 38 0.855 0.697 0.388 1.376 0.917

CN 50 1.338 1.080 0.613 1.791 1.449 .
P1l (1) SN 38 1.034 0.874 0.548 1.151 0.942
N 38 1.045 0.828 0.503 1.174 0.868
CN 50 1.118 0.976 0.556 1.503 1.175
P2 SN 40 1.137 0.865 0.520 1.228 0.909
N 38 0.888 0.730 0.414 1.302 0.868
CN 50 1.224 1.013 0.622 1.741 1.357
P2 (1) SN 40 0.979 0.810 0.490 1.235 0.973
N 38 0.861 0.725 0.435 1.442 1.070
Av. 1.070 0.883 0.512 1472 1.089
C.V. (%) 16.19 16.37 16.29 17.80 18.66
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Ko = 0.50 K, (13.3)
Ky =146K;, (13. 4)
Ky = 107K, (13.5)
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Table 10. Single shear test results (load) (kg)
. . Pso Psor Psoz
Side member Nail (Po.39) (Pos) (PLo) Prax
CN 50 59 64 76 129
HB SN 40 66 72 82 109
N 38 39 42 47 56
CN 50 70 76 89 140
CB SN 40 65 69 81 120
N 38 35 37 44 62
CN 50 67 73 81 140
PB SN 40 63 67 78 117
N 38 40 42 48 70
CN 50 73 80 98 161
P1 () SN 40 69 75 91 129
N 38 36 39 45 65
CN 50 74 79 94 171
P1 (L) SN 40 66 70 88 137
N33 41 44 52 68
CN 50 61 66 82 132
P2 () SN 40 64 69 82 114
N 38 34 37 46 61
CN 50 72 78 94 163
P2 (1) SN 40 65 70 86 126
N 38 36 39 49 72

Pso=1load at slip 0.38 mm; Psoi=load at slip 0.5 mm; Psez=load at slip 1.0 mm ;

Prmax=maximum load.

DAHA, TRTERC I S>TEDLZ EEFHRICTIE ZOHFRTLRVWOTH A, EH

Eb 5 b ABEOHZHEEIEE LWEBbh%,

iii) —HEHEME—T )l onT

KPR DONT,

BB @) BIT O REFHAL, LTOERER A, B, ki Va%

R, ThboE—HLTER-INLRT, ARCAbDhS LR, HPRBROBEIHLILK

CN50 &L SN D 7L -7 N3BD /A —Fenitbhbz & ThHB, Thbd,

a) CNB0 & SN40 i3\ Titk

P =1841nd488.0

b) N38k\ Tix

(14)
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Table 11. Load-slip curves

A B 50 a
Side member Nail
[P=A lné+ Bl [P= Py (1—e—3/3)a]

. CN 50 19.2 81.2 1.9 0.52
HB SN 40 17.8 82.1 0.8 0.55
N 38 9.3 472 0.6 0.56
CN 50 187 89.7 20 0.46
CB SN 40 15.8 814 20 0.42
N 38 7.8 434 16 0.42
CN 50 17.1 91.7 3.1 0.40
PB SN 40 146 78.3 1.8 0.43
N 38 8.4 196 15 041
CN 50 205 99.9 24 0.45
P1() SN 40 195 89.4 15 0.49
N 38 7.9 4538 15 0.41
CN50 21.0 100.0 3.1 0.44
P1 (1) SN 40 20.9 901 1.5 0.55
N 38 8.7 50.6 1.2 0.42
CN 50 175 816 2.1 0.48
P2 () SN 40 16.6 81.3 1.2 0.50
N 38 8.1 435 1.2 0.47
CN 50 19.8 99.4 3.0 043
P2 (1) SN 40 18.2 85.4 18 0.47
N 38 86 46.3 15 0.46

CN50 & SN 40 184 88.0
Av. 18 0.46

N 38 8.4 46.6
C.V. (%) CN50 & SN 40 105 8.6 285 106

B N 38 6.2 59 ' :

P=841nd+466 (15)

Ly, ERAMORERTRC IO LARDHIE, ILRZOEBHFREL 6~10%
BETAI7YFLHBONIWES5THB, Thicxl, REBMBROBE, BEoT5F
Hrb L RELT, £4L LT,

P = Paax [1 —e—%]'““ : (16)

DEXHEhb, LPLZOBEDEBRER GO ATV ERAE L, EHRETIBIZ chiko
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T, Fhi, OB, (15) CELINANRBER LR UKL DLEL b} Th b,
&C, (14) % X0 (15) Ik $6\~C, Hic i b 8 6=0.38 mm KT 5 % % 58 17 35 15 i )
LT, CN50 & SN40 s\ T,
"0 = 18.41n 0.38+88=70 (kg)
N 38 oHE4&IL
P} = 8.41n0.384+46.6=38 (kg)
LiBDT, hEEMD P, Pu, Pu, 36 XOFE(E Po=Kix3(0=038mm) /s ¥ OE%
F-12eFT, S, ChOUNHIHEMOBEREASE F130LK DV THS, Thb
B, Puy P, Pa B XOCPRIL, BEAEHELVLOLRTIV., ZARKL, Pediil,

#—12 —HEIIEED

Table 12. Laleral Loads (P;) in single shear (kg)
Side . Pso Péo P.% Psl Psz
member Nail ’ 3 3
(observed) | (Kixd) | (Alnd+B) ( pl.oxz) ( pmaxxg)
CN 50 59 55 70 57 48
HB SN 40 66 60 70 62 41
N 38 39 40 38 35 21
CN 50 70 63 70 67 53
CB SN 40 65 73 70 61 45
N 38 35 44 38 33 23
CN 50 67 44 70 61 53
PB SN 40 63 50 70 59 47
N 38 40 33 38 36 24
CN 50 73 61 70 74 60
P1(h SN 40 69 69 70 68 48
N 38 36 43 38 33 24
CN 50 74 54 70 71 64
P1 (1) SN 40 66 62 70 66 51
N 38 41 40 38 39 26
CN 50 61 53 70 62 50
P2 () SN 40 64 60 70 62 43
N 38 34 39 38 35 23
CN 50 72 57 70 71 61
P2 (1) SN 40 65 65 70 65 47
N 38 36 42 38 37 27

3 =038 mm; A=184 (CN50 and SN40); A=8.4 (N38); B=88 (CN50 and SN 40)
B=46.6 (N 38); Piro=load at §=1.00 mm.
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Table 13. Relations among the lateral Loads
Side . Py Py Pyo Py
member Nail T % Pqa Py
CN 50 1.073 0.843 1.035 0.842
HB SN 40 1.100 0.943 1.065 0.661
N 38 0.975 1.026 1.114 0.600
CN 50 1.111 1.000 1.045 0.791
CB SN 40 0.890 0.929 1.066 0.738
N 38 0.795 0.921 1.061 0.697
CN 50 1.523 0.957 1.098 0.869
PB SN-40 1.260 0.900 1.068 0.797
N 38 1.212 1.053 1111 0.667
CN-50 1.197 1.043 0.986 0.811
P11 () SN 40 1.000 0.986 1.015 0.706
N 38 0.837 0.947 1.091 0.727
CN 50 1.370 1.057 1.042 0.901
P1 (1) SN 40 1.065 0.943 1.000 0.773
N 38 1.025 1.079 1.051 0.667
CN 50 1.151 0.871 0.982 0.806
P2 () SN 40 1.067 0.914 1.032 0.694
N 38 0.872 0.895 0.971 0.657
CN 50 1.263 1.029 1.014 0.859
P2 (1) SN 40 1.000 0.929 1.000 0.723
N 38 0.857 0.947 0.973 0.730
Av. 1.078 0.962 1.039 0.748
C.V. (%) 17.1 6.8 43 10.8
22 1.5
&
-
i o o % o 4
10 o o e x *x °."——0.§__.6 - ]
[ 'Y *x o¢x . 3 F
8 °®x [ ] ° 8 ® x ]
o e,
05 L 1 | [ . L
— — i —
HB PB CB PiL P2/ P21
B—11 &) Pu/Pif @ & #
Fig. 11. a) Variance of Pyw/FP})

O CN50, ®SN40, X N38
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Summary

Jointing with nails has been commonly used as mechanical fastening in wooden structures
because of their some practical merits. Nailed joints stiffness might be evaluated by measuring
the slip modulus (K,) expressed by eq. (3). This slip modulus is determined experimentally
by applying load P; to single shear specimens and measuring the relative displacement & (slip).
It may be important to obtain this slip modulus theoretically. Assuming the nail driven into
the wood is a beam supported on an elastic foundation, the slip modulus can be calculated
by using approximated eq. (4). (see Fig. 1). For calculating this slip modulus (K;), the effective
foundation depth () is the important basic parameter. The objective of this study was to
evaluate this effective foundation depth of wood-based materials, and to investigate suitability
of this theoretical analysis for the nailed joints with wood-based materials and solid wood
under lateral load.

In this paper, bearing tests and single shear tests were carried out using Todo-matsu
(Abies sachalinensis) dimension lumber and the following wood-based materials.

1) hard borad (HB)
2) particle board (PB)
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3) cemented wood chip board (CB)
4) 7.5mm ply wood (P 1)
5) 9mm ply wood (P 2)

(/ and 1 mean that load directions are parallel and perpendicular to the face grain, respec-
tively.) Basic properties of the test materials are given in Table 1.
The experimental procedure and results are summarized as follows:

[l Bearing tests

Bearing tests were carried out to evaluate the effective foundation depth (a) of wood-
based materials and solid wood (Todo-matsu). In the bearing tests, four kinds of nail diameters
(2 mm, 3mm, 4mm, and 5mm,) were used. The experimental procedure of these tests are
shown in Figs. 2 and 3. Cycle load was applied twice at the 0.2 mm and 0.4mm of nail
shank embedment, respectively, and load-deformation curves for the foundation were obtained.
Three kinds of a (aw, @, and aw) were obtained from the load deformation curves; ay was
determined from the linear portion of the initial curve, ayw, and ay were determined from
the linear portion in the cyclic loading at 0.2 mm and 0.4 mm embedment, respectively. (see
Fig. 6). These averaged values of &« are given in Table 3. For each material and nail dia-
meter, oy and an showed almost the same value, but ayn was much larger than as and ay.
It was found that oy and an varied linealy with nail diameter, and the regression equations
were obtained by least-square method as shown in Table 4 and Fig. 7. The simplified ap-
proximations to the regression equations of ay are given by eq. (11.1)~eq. (11.5). There-
fore, if the nail diameter is given, the effective foundation depth may be calculated by using
eq. (11.1)~eq. (11.5).

[II] Single shear tests (Three member lateral load tests)

Single shear tests were carried out in order to obtain the slip modulus and to verify
the suitability of the theoretical analysis. In these tests, center member was Todo-matsu
dimemsion lumber and side members were HB, CB, PB, P1 (f, L) P2 (J, L). Three kinds
of nails (CN 50, SN 40, N 38) were used. Singel shear specimens were assembled and tested
as shown in Figs. 4 and 5. Cycle load was applied twice at the 0.5 mm and 1.0 mm slip, re-
spectively, and the slip moduli (Ks, Kso1, Ksoz, Ke1, and Kge) were obtained. (see Fig. 8). K,
K1 and K, were determined from the straight line secont at the 0.38 mm, 0.5 mm and
1.0 mm slip, Ky and K,» were determined from the cycle section at 0.5 mm and 1.0 mm slip,
respectively. The value of each slip modulus is given in Table 6. The relation among the
observed slip moduli was Ky > K= Ky > Kso1 > Koz for each side member and nail as shown
in Table 6. From the Table 7, it was found that there were comparatively constant relations
among Kg, K1, Kez and Ky, which are expressed by eq. (12.1)~eq. (12.3).

An logarithm expression (P=Alnd+B) was used to represent the experimental data as
shown in Fig. 14. The coefficients (A, B) of the expression are given in Table 11.

[III] Theoretical slip modulus (K;)

Theoretical slip modulus (K) was calculated by using eq. (4). In this calculation, each
effective foundation depth () was obtained from the regression equations. (eq. 11.1~eq. 11.5).
These values are given in Table 8, and observed slip moduli were compared with theoretical
slip moduli as shown in Table 9. It was found that there was a relatively good agreement
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among K, K;; and K.

Py (lateral load at joint slip 0.38 mm) is considered to be approximately proportional limit
load in U.S. A. (see Table 12). Table 13 shows that P, were comparatively equal to Py
which were determined by K, X8, (0¢=0.38 mm), therefore, it was possible to predict Py
by theoretical slip modulus, to a certain degree.

From these results, it appeared that the theoretical analysis based on the ‘beam-on-elastic
foundation theory’ could be applied to these kinds of nailed joints subjected to lateral loads.



