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&£, FHY 2’MFiof METeBRk bR L Ricd 2z L X % @, T, 193D
Kuenz®? @ L 5RAEOEITIL, ToFBHCEVWTHRREBTNELIOND D, B
T, REYDD IFEHER»S, Wikinson?? 13 Kuenzt Bigh b, ThEZhEEH O3k
WEE BT A ERILROBRER TR olcz itk b, X2 COMBEEREY OMRETH
z, HHBREORBLAVTIOhD X 5Ckot, ¥, ThERMK, ZOKMEEL,
b %, effective foundation depth, a B 5\ 3, elastic bearing constant, & 7z & D # B
BHEYHWCHESR Wb ER T,

ZOZDODOSTHECEE, k=Ela t5BHREETLHIOTHEHD, ZhIETDEIALL
DR RHERME L L TOEERNHERIIIh TR, (E=H0OY v 75

Thbb, FEHIZ, afid’, REOBELHECERT, BIE—EEXELLLRATED,
¥/, WILKINSON {3, A ZBEHOLELOBERBERTESZTWALTET, wIThid,
ERASIRICIIEKE LW D EEX TV 5,

AT, ChOSEEER, a 8IWALHTHELVWEMEZBLLEFENE
Lichd, BT, SFEMONMKRCET2ERM LD CERIIRF TR -7,

FOFBE, ThbEEETEN, AMO Y v 7 REEs X OER MR & O i\ IR
ETHIERER LI, ¥, SIREY v I/ RBOBEEE LTEL b2 HEER b OTFH
HERERD, ThIETHEH O VREK (lip modulus) 3 X O HIFT 7 BYWTRY 7 ¥ fifi v %)
LEDRBREOESMY LOTHROWT IR T ML T,

7ok, ABELTRICY D, BERFRFBREZN AN TEEZOHE F LI
KihRKOMEB HEBL, IR LU TECHELRT S, i, KRR, HM53, 544K
YHEARFEREEFHE (—BB) T X DKRELALIDTHS,

1. BAHER
1.1 = boE# (slip modulus), K,
STEM OB, STEIOM FADD D RAKRLETHEOMITERLLRDLR S,
B, AMPrTRAEhEayBEK EORLRETHZ LT X D ETEM OBMEHES
i L, Tiebb, ZoiEd\v, 0 hRALER, TOREANCKAL, 22, Hov v
FRECREEATEE L TR EEZ TV 5,
V=g (1)
iR, y=»hRAARE (cm); P=EEN kg); E=v v 7{RE (kg/cm?)
A=$TE X DM OZEER (cm?); a=EEMREH (cm)
Lo T, 2O a3$IHERXZF L Z0EHHM RCHEETHLOTH Y, Kuenz®
12, Th# leffective foundation depth (FEIHMERE X)) LA TS, Ehic, FEHEIL



SIEM OBKHAE (F4A-IRHE) 689

BxOSHEERBE T TCaffizxRD, FAPAMOBECHEC ILTREEEYED L
LT, asldem k57270,
XC, MpriThbRERcErBEK LR E BTk ARI TS

d'y

EL-T%

+hy =0 (2)
zZig,
EL=§To IRtk (kgem?); k=E-dja=RKHH kg/em?;
y=» D ALE (cm); x=EJHJT R O HEERE
WE, p=EAEL) & R\ TRFE

y = a; cosh px cos pxr+ % (cosh px sin px+sinh px cos px)
. d,
+¢ sinh px sin g+ - (cosh px sin px —sinh px cos px)

T, a, by, aBIUdiiE, SIOMKEHLEAERE COEREFCIVEE LR
FTERTH S,

L EoRBER,S, REZSESO-VEE K OEUREFE L, Thbb, K-1
CRTIONHMBRBIUCHEDOR LS 2HEEE Licidd\, SIOWERINEEHIHD, mh>2
FIO w22 e 5BEOEEEH T,
’ AE T4

K, = (1+w? {coth mt, +w coth p,t,) (4)
TTW, o=mlty

b, BE, FHEO2HEBEEDIS L, m=H=p; 0=1Lt->T
K, = E,JJy# tanh pt (5)

e85, k=Ela % H\TEbRIL,

|

F€_1 g E[ jr&
rL 1
Eyt. |—™F

T T

M1 MhrekT28I0BFEA LD ()

Fig. 1. Theoretical deflection of a nail in wood and slip (es).
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) SIOEMADITRAZEEZ (&) HELS TRWEDVOEREMRE LT,
K, = 2.253 25 4175 (6)
Z ik, A=1/1+coth pty); d=§18% (cm); E,=2100(t/cm?
i) & RNFEFRKRE TSI,
K, = 11266 K5 d'" (7)
PDEDERNLHONRIL I, THRBK L, ZOHEBOERYHEREEEALN
HPHEER, a¥lihTBLTWbHZ Liibhb,

L2 SHNaNEkwh, P

SIEM OB EBHORKME LT, FREOHE—TIEREZ L 2T LEBMLRTWEDY
11),12) ,13)0

Lchi-T, HAIREESE LTOMAYBET S LHVEETH Y, FEMWNOFMEC
EMPHTACOhTCH3FEYERATIZ L TER,

22C, FHERLOFELLRBOEAEURY ¥AVWTARBZ L E L, Zhik, £
HEQMEDBEAERAE CORKEERNIVRRAMOEMBECELIL EEHAMICLEDD
DT, Thilde, hrihBLEAOFHME s 2 LIXBTFORIWX 5 TH S,

WE, F ¥MOEMBEE & THhE,

Ps=-g%¢anh#hﬁl (8)
TTTC, =225 L7k X 5 A REERIHEY TOBEMMESSEY &5 T,
P, = 2.253.k;%%.dL 5. F, (9)
Ibi, Fo=goE L LTELLRENEDT
P, = 2253+, E- kg0 4175 (10)
2. STEHEHRR
21 £ B A &

2.1L1 BEE: FRALEESL =vV~Y, FFxY, IXFSBIVEravAD4E
THholehl, =V=v e PV, ZORRTOMEBENRDONLh 52D TH—D 7
=T L LTMYE Tz, a8, TOERMERR-1CRLLLBITHS, AECADI
X5, TORBEIRPRETES LS5 LBbLREM, v v I/ REOSEH, 63.7~200.6
(tfem?) &KL, ThEFEGBHchbzAMERREBDIS, ABTHELT =V <Y 8L
R F=Y T, 28 THE60cm, 3 X+ 5, 25x50x90 (cm) BXUEF» H -3, 25x%
6.0%60(cm) ZFEH & LTED, WTFhd, 2-2v50cm OPFREPHERC L b v v 7HH(E)
%, ¥, ASTM BcH#E U T (25%x25x10 cm) EMREE (F) ¥ RD1,
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g1 SEERREOLENE

Table 1. Basic properties of bearing test specimens

Test a u ru E ge Common name
speimens (mm) () (t/em?) (kg/cm?) (botanical name)

P1* 3.5 9.3 0.46 67.3 410 Yezo-matsu (Picea jezoensis)

P2 5.8 89 0.42 79.6 424 Todo-matsu (Abies

P3 2.9 9.2 0.43 99.4 508 sachalinensis)

P4 1.2 9.2 0.45 1141 523 Yezo-matsu (Picea jezoensis)

P5 14 94 0.46 120.1 542 »

Av. 30 9.2 0.44 97.9 481 ”

Q1 1.0 8.4 0.59 63.7 426 Mizu-nara

Q2 1.1 7.9 0.62 100.1 507 (Quercus crispula)

Q3 1.3 7.8 0.69 130.2 647 »

Q4 1.5 76 0.70 146.2 667 »

05 16 78 0.77 184.6 838 »

Av. 1.3 79 0.67 125.0 617 ”

B1 41 78 0.59 138.5 691 Dake-kamba

B2 2.2 71 0.71 152.0 774 (Betula ermanii)

B3 1.9 71 0.69 177.8 803

B4 1.3 7.3 0.77 200.6 910

Av. 24 73 0.69 167.2 795

a=width of annual rings; #=moisture content; r4=specific gravity; E=Young’s modulus;
gc=compressive strength.
* compression wood.

2.1.2 STEEHBRER: %0 aEERRY T,
B0 DASZBOZENET BT TiRind, RRCHR
BREHFORABLMEMBCEERD &5 RARD -7
FHRAEAERTIE, B20 X 5 BB ERFERH L, 20 p
HEOREIL, 7)) X VEIRBRTOHMEKRD h ALEOHE lﬁ
HREEAROLDTH B, ek, BDIRALBEOMERC {
i, SmmAtter—7, 0 mmHFREEOL A TAF - To—
I,

2.1.3 EBEHEBRAER: EERABER?S, £X10cm SPECIMEN|
DEERBHEH R, LOKOEY <L b+ v ¥ —off LI L
1o RBGEEL, I X750% 414, B34 TFo24RH
P S TDOTEH AT TH S, BERROMET, #R
REOKNEL, HEHEO 4558 (1 Xr5023%8 | |
K) LU, —BEAREEAGED b B D, B—2 mERAREE

. Fig. 2. Wood-bearing test
BEEMESRMEX, >¥028EHEE L, apparatus.
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(i) Okg—fR7TE, Pnke
(i) % DRAKRER (emm) 3, 0.25mm, 0.5 mm, 0.75mm, lmm D & = AT, B,
AMEThZR2ETORVE LD, ILRAREHRIT CRRHE (P RESL

D,
EOER) EAL, &ME, SRR IUMESEC O 24T 28IE LT, FHARKD

5ton BEJ)A A ¥ RS KB HREBERETY) AV, HEARZITRTI0kg L LT

Zhh

ok, FHERLLT, 3,4 5X05mm D 3EE (M2 0EER & HOFLhEED

»hALBERHE LI,
22 BREER
2.2.1 HE—-H0AHtE: BANLHE—D DARHEY K-3 FiRT 2,
LWL LK, BEfes 0lmm T EF THMERRIB LR B, L#BH i

CBITLCHREECES, &b, B0ELAFEYNLED, BEACETORMLEBR

ETETHLRIRVERBELREDORS,
COEROEZIL, BIVEBELOEMVSARAEL EBEONT, RRBPER LT T,

0.5mm ETOBEM VA TIE, REAEERBDLRILH - T,
600
P4 N
d=3mm I ) :
400 : : E
p H :
(kg) : : s
200 : H H
0 - - .
0 0.4 0.6 0.8 1.0
e (mm)
{3 EEME—EHR

Fig. 3. Bearing load-deformation curve.
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UTF, MHERR»LHBLRAHEERY, a, ke %1, 0.25mm BV TOR
Dﬁbﬁik’-léﬁﬁﬁﬁ‘%*bfi% O%, a, kOl & 1/7‘\:0
(“3 kO): ﬁﬁi’i“ LTCI 5 VC’

222 TEHEEH

FHIZ a=ldcm OE@EY, F7i-
WILKINSON {3, %,=887G 7t ARBRAX 52T, TOREG L OLHABERERBEL T3,

£—2 SIHEEH (o) OWEM
Table 2. Observed effective foundation depth (@)
Specimen a {cm) @ (cm)
No. d=3mm 4 mm 5mm 3mm 4 mm 5 mm
P1 75 6.1 85 2.8 2.7 3.5
P2 58 78 6.8 2.6 34 37
P3 9.9 10.0 88 3.0 3.8 3.8
P4 6.8 10.2 7.6 24 4.2 46
P5 8.6 106 10.2 3.2 3.8 41
Av. 7.7 8.9 84 28 3.6 39
Q1 42 40 41 17 24 29
Q2 55 71 49 23 32 37
Q3 6.1 55 5.7 2.7 35 39
Q4 6.6 6.7 6.5 28 35 4.0
Q5 6.9 6.6 56 2.8 36 40
Av. 59 6.0 54 25 3.2 3.7
B1 45 6.1 6.1 2.7 34 3.6
B2 5.1 55 5.0 29 33 35
B3 55 6.1 5.6 2.6 34 35
B4 6.1 6.5 5.3 3.0 34 35
Av, 53 6.1 5.5 28 34 35

ap=observed value from initial linear portion; a;=observed value from cyclic loading test;

d=nail diameter.

®-3 H1E (@) LEBEEER (o, k) & OBIR

Table 3. Relationships between nail-diameter (d) and a or %
d [e2) a1 koo ko 0B
(mm) {cm) (cm) (t/cmg) (t}/ cms) (kg/cm?)
2 6.0 22 16.6 45.6 310
3 8.0 29 12,5 36.5 358
4 72 35 143 28.6 312
5 11.2 39 100 25.1 320
6 12.7 45 8.1 219 337
7 133 49 7.1 20.2 308
8 15.7 6.0 6.5 16.6 297
9 20.0 6.7 5.2 149 314
10 18.2 6.3 5.6 15.8 306

ocp=bearing strength; d=nail diameter.

E=99t/cm?; species: Todo-matsu (Abies sachalinensis)
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T, FRBRTELhIHEREBRF LTARS,

(i) afEnZEs: FHEEY E-2RLEY, CheRsE, FHOERMRLE 4cem X
DI YD E VT EDbnd, Tihbb, 4T, 4~1lem O H, & T 1.7~46cm
LiroTnd, #0k, TEHERE LUL, SIRCIHFERBVIOSRAZI LI,

F T, BDTEELLTRADOFECIHHORBR T OBFREYEDHDIZ kL,

FWEREHE b K= v 204 ¢, HE 040, EHEARKR 14, v v 7 FHH 99 t/em® DR —
KB VAL EEREY E3RT, Chidvy 7l L ONEr L 2 EBAER T
BE&EELTHE - DTHD, FOHROEHEIL, 2mm~10mm DI DTH - fehd, a &
TR (d) LOBFIEL, ThDTREFRERBRCHSLZLBALNER T, OB LHET
X, FOELLVL025mm DI OTECEVEBER L, Shy 4R,

I {
i o —-— Ffirst )
. cycle
20
15
a -
(c m)
r=0.7483
° $22.63
10
5 -
Qy =114+ 5.67d
r=0.980
_./ s%0.323
1 ’ 1 1 1 } 1
0 0.2 0.4 0.6 0.8 1.0

d (cm)
B4 BEEK (@ L% @) LoBK

Fig. 4. Relations between effective foundation depth (a)
and nail diameter (d)
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D EOERHEEC LD, ZhET, IR - THEEH « 3EB Lis &35 B@EYY
BHOLIPCRITHDHZ EBHALK,

(i) kEOES: FEM/ERET—HELTRACTT., 20oEdb\, EEEIEVEBbh
HBOELFERC LS by itoWT, FOY v /7R EEOBFREEE 7 L - 7l Lb XD

R4 STHESHK (k) OWEME
Table 4. Observed elastic bearing constant (k)
Specimen koo (t/cm?) ko (t/cm?)
No. d=3 mm 4mm 5mm 3mm 4mm 5mm
P1 9 11 8 24 25 19
P2 14 10 12 30 23 22
P3 10 10 11 34 26 26
P4 17 11 15 47 27 25
P5 15 12 13 41 34 32
Av. 13 11 12 35 27 25
Q1 15 16 / 15 37 26 22
Q2 18 14 20 4 31 27
Q3 22 24 23 48 37 34
Q4 22 22 22 53 41 36
Q5 27 28 33 65 52 46
Av. 21 21 23 49 37 33
B1 34 23 23 51 41 39
B2 30 28 31 53 46 43
B3 32 29 32 69 53 50
B4 33 31 38 68 58 57
Av, 32 28 31 60 50 47
kw=E/ay; ky=E/ay; d=nail diameter.
##5 kh-ERGRX
Table 5. Regression equation between %y and E
Test d koo =BoE+ 4o kor =P E+2
group (mm) Bo o Rz B i R2
3 0.129 14 0.552 0.248 8.9 0.849
P 4 0.021 91 0.402 0.139 134 0.628
5 0.079 4.0 0.559 0.179 72 0.850
3 0.094 9.1 0.936 0.227 21.0 0.947
Q 4 0.109 70 0.780 0.214 10.7 0.960
5 0.131 6.3 0.888 0.190 10.0 0.957
3 0.004 31.6 0 0.324 59 0.797
B 4 0.119 78 0.760 0.280 2.8 0.886
5 0.206 -35 0.675 0.283 0 0.978

d=nail diameter; R2=correlation coefficients; P=(P1~P5); Q=(Q1~Q5); B=(B1~B4)
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NRE-5@)~(c) TH%, ¥2T, ZOFEHOBBEREZRATEL, LOERALE S LD,

ko = BoE+ 2
ky = [E+ 4

(11.1)
(11.2)

FOEBIESCRTERDT, &K, kn & E LOMCIIE\VHBEIZHER LT,
e, RO b Fe Y ASHECORBRE B onTh Ll k L8R4 LOBFY

g, -6 emRTXoBRERDZEIELM LT,

(i) ko BT A FRROBEY: Ll LOERHEBLID, —BIC b i v 7 RE (E)

EEIR () LOBKE LTRAEFE LI,

v E
07 qd 4+
T
i o —-— first
. cycle
40
30
k \* . 8%.0
T * Kor 5.67d+1.14
(tiemd) \
b L
20—\ -
° °
o\ \
. ‘[’ \\o l : 3
\~ ° 99.0
I G AT
o e
° L 8\3 °
= (] ;\
° [
0 0.2 ' 0.4 0.6 0.8 1.0
d (ecm)

F—6 WEEEH (k) &&E (@) L oRF
Fig. 6. Relations between elastic bearing constant (%)
and nail diameter (d).

(12.1)
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E

kn = adtr (12.2)

EXK, SIEBHER LT F=YyHo&EREL AT % LEETT,
E

kb = Trgdi161 (13.1)
.
kn = 5eTd+ii4 (13.2)

z e, k(tfemd); d(cm); E(t/fem?)

ZDOW)XE /I LLTRULEONRE-TCH 5,

E
_.—Cycle k.l'm
5 . £
40 \ — - —first ke gaeTer -
30 \\ _q\
’ \ &
[ ] - . .
. <&
(ticm®) \ s |\‘
\\ _ RN
O\ N e
\ AR \ \0? \‘\
\\| \‘é\. I 1
| U \’? \\
Ny e : ] |
J 2 *I;},\\I\_s,% S~
RN BN S SURENY e 1
N . A
\\ ] E\Oo - \\\| ~ - |
\\*65'\\|\\\\\\1\‘~\::‘-
- B
l Tee-- I
0 0.2 0.4 0.6 0.8 1.0
d (¢ m)

B—7 EEER (k) ¥ 7R3 (E) L& (@) 0BK

Fig. 7. Relations among elastic baring constant (%), Young’s
modulus (E) and nail diameter (d).
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6 MOWHRESICI-TLEDLRLEEEEE (k)

Table 6. Elastic bearing constants (%) obtained by the
other researchers

Test species E a koexp kocal kgexp R
R _0exDp_ emarks

(commerlcal name) (t/cmz) (cm) (t/cm3) (t/cm3) k0ca1

White pine 119.0 312 38.1 39.1 0.974 WILKINSON®) (1971)

Southern pine 1105 2.90 381 336 | 1134 | 9=287~566mm

Douglas fir 1471 3.19 46.1 49.1 0.939

Hinoki 91.6 13.02 7.04 3.69 1.908 HARADAD (1951)

. d=5~23 mm
Sugi 90.7 13.17 6.89 3.56 1.935
Matsu 120.3 15.24 7.89 6.20 1.273
ihi YOSHIKI & TAKEHANA
Beihi 109.0 5.29 20.6 103 2.000 |iy (1957) d=2.5~10 mm

kocar=calculated value by equation (12); d=nail diameter ; E=Young’s modulus.

2C, W)ALEBLNE RO EMEE, FEY, WIiLkINsoN, I XUFH W & 0% #l
B&% £-61kRT, WILKINSON DR DT & 1L, - —EEIM R TO - b AL v~ 0.015 inch
(# 0.38 mm) TORIVELHBC I AEMRRCHELTELhIELOTHEMBE LT by TH
%, Lo, BEOEVCI»IHLT, I BARACIBHEBEL-KLTWBZ LI bh
b, BH, EBOOWEA WL, BVEBEBLHEFRC ISR VLDTHEMD, ko TOMLEBE /n
505, ZOEHVE, WThIERMMEIFHEEO 2HETWELE-Tw3d, ZOREIDWT
WHLATRRVD, RBOHER a BEORTBEOERLENBEZ LR B, MmN,

. —EMERR
3.1 X B A/ %

311 HHE: SE3= V<Y TR THEEL 2048 13K THS, H-TREROE
BHEE LD, ML —HENRREE YR LN, EREMBEROLD, FREEND
2~4 et 36 th L ote, BEROY v 7REIE, A2V 50cm OpREFHER R TRDI
B, 4thORBREBETHER LCERCOWTR 2 A THEL, $OFEY & -1

ZOEBL, B ERMBERRCERBETEEL TR L ~1ed, Thiy v 7fK
THhAHE, 744~1331tjem? L 7x 5T\ 3,

3.2 HRBRAEDHEN: RBEOCIHEDL HB3@KRTLEB Y TH B, SIIAH2 AT
OTBITHTit4F L L, E3F5ROMBRERON B0 ORI LD TITRAKE, o
BV, REEHHRABCRIATOWHRERESI W, WIFhoffodb vl shTuwi
Ve EEENE, CN50, CN65, CN75 5 LUSCNWO D AETH Y, chbosIEHes 94k
DRBERIER LT,

3.1.3 COROMEER: ABREO—EINC XIZHMHBC Y BOWEE L R-8b) i3
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£—T SE—-EINAREOEBHE (= <)
Table 7. Basic properties of single shear specimes jointed
with nails (Yezo-matsu)

Test plank a u w E Number of
0. (mm) (%) (t/cmz) test specimens
1* 30 12.3 0.51 744 2
2% 31 103 0.49 79.5 2
3 15 113 0.40 88.8 2
4 25 11.0 0.51 99.4 2
5 26 11.0 0.42 101.0 4
6 14 112 0.48 103.0 4
7 14 11.1 0.42 1032 2
8 1.0 110 0.46 106.6 3
9 1.3 96 0.42 111.8 2
10 14 114 0.50 1144 3
11 1.1 108 0.47 119.7 4

12 15 107 0.48 132.1 4
13 1.2 105 045 133.1 2
Av. 18 10.9 0.46 105.2 (36)

a=average width of annual rings; «=moisture content; ru=specific gravity at test;
E=Young’s modulus.
* compression wood.

A

s |1

f ot |3 weoo
K] ut H

14 loxi |% oo
(. -3,— W -
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a) specimen b) test apparatus
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Fig. 8. Method of single shear test for a nailed joint.
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Fig. 9. Load-slip curve for a nailed joint in single shear.
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B, AWK T, TORFEXEBCPTD, &b, BB LHEEGE TOERBCOWTEE
Lic,

3.2.2 - 0&¥ (slip modulus), K;: 05mm B VA TORIELFMER X LEK
WA SBOhCERRT DERE Keexp) & @) TG RTELORSBERAURNLOFEL

#—8 CN50%RCLEHEMOHELTY RE & EMWiz» R
Table 8. Calculated and observed slip moduli of single shear

specimens jointed with nail CN 50 CN 50 (d=2.8 mm)

specimen E koy K; ca1 : K oxp 1 K exp

No. (tfem?) (t/em?) (t/cm) (t/cm) Kion

1 744 27.3 1.278 1.308 1.023

3 88.8 32.6 1.480 1.341 0.906

5 101.0 37.0 1.643 1.286 0.783

6 103.0 378 1.669 1.727 1.035

7 103.2 378 1.673 1.409 0.842

8 106.6 39.1 1.716 1.539 0.897

10 114.4 419 1.818 1.614 0.888

11 119.7 439 1.887 1.670 0.885

12 132.1 484 2.044 1.709 0.836

Av. 0.899
C.V. (%) 9.2

E=Young’s modulus; Kj;exp=observed slip modulus; Kjeca1=calculated slip moduls (by
equation 4); ky =calculated bearing constant (by equation 13.2).

F9 CNBEZRVILEEMNOHET A EERTY RE
Table 9. Calculated and observed slip moduli of single shear

specimens jointed with nail CN 65 CN 65 (d=3.3 mm)

Specimen 1 E ’ Zor ' Ksemt |  Ksexp I K oxp
No. (t/em?) (t/cm?) (t/em) (t/cm) K cal

1 74.4 24.7 1.793 2.068 1.153

3 88.3 295 2.049 1.688 0.824

5 101.0 335 2,254 1.974 0876

6 103.0 342 2,289 2,293 1.045

7 103.2 343 2.294 1.718 0.749

9 1118 37.1 2.433 2.258 0.928

10 114.4 38.0 2477 2.179 0.880

11 1197 39.8 2.565 2.225 0.867

12 1321 439 2.761 2523 0.914
Av. 0.915

C.V. (%) 131

K ea1=1.1266 £§75d1-%5,
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Table 10. Calculated and observed slip moduli of single shear

specimens jointed with nail CN 75 CN75 (d=3.7mm)

Specimen E k01 Ks cal Ks exp Kx exp

No. (t/cm?) (t/emd) (t/cm) (t/em) Kon

2 79.5 246 2,184 2934 1.343

4 994 30.7 2.579 3.142 1.218

5 101.0 31.2 2611 2.236 0.856

6 103.0 31.8 2.648 3.102 1171

8 106.6 329 2717 2.986 1.099

9 111.8 34.5 2815 3.534 1.265

11 119.7 370 2.967 3.263 1.100

12 132.1 40.8 3.192 3.009 0.943

13 133.1 41.1 3.210 3.366 1.049

Av. 1.115
C.V. (%) 13.7

K ca1=1.1266 £§;7d1-75.

F—11 CNWO ZHCLHENOFEZ ) REEEW Y KK
Table 11. Calculated and observed slip moduli of single shear

specimens jointed with nail CN 90 CN 90 (d=4.1 mm)
Specimen E ko1 K cat K exp K exp
No. {t/em? (t/cm3) (fem) (t/cm) K el
2 79.5 229 2.478 4,023 1.623
4 99.4 28.7 2,935 3.282 1.118
5 101.0 29.2 2.973 2.892 0.973
6 103.0 29.7 3.011 3410 1.133
8 106.6 30.8 3.094 3.235 1.046
10 1144 33.0 3.259 3.338 1.024
11 119.7 34.5 3.369 3.562 1.057
12 132.1 38.1 3.629 3.541 0.976
13 133.1 384 3.651 3.792 1.039
Av. 1.110
C.V. (%) 18.0
G. Av. 1.010
C. V. (%) 17.2

K ¢a1=1.126 £9;75d1-75,
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EEVRHG TP -TeDTART, BXGRNELX(T)XNTHELL,
ChBDERYAHB L, CN50 L CN65 DEH T, M, ERMEIFEEYH
10% 2 ETHb by, Kxtic, CN75 & CN 90 Tit# 10% Ll - Tvb, LIciis T, £4°4]
F—12 CNO5SO % V-2 gr&E M O E 35 X O FERIBINT R 1

Table 12. Calculated and observed lateral loads of single shear
specimens jointed with nail CN 50

Specimen| Pscat | Psicall Ps | Poss| P P | Pn| P Ps Pyss | Psieal | Pseal
No. | tke) | ke) | (ke) | (ke) | (ke) | (ke) | (ke) | Poowt | Pn | Pm | Pn | Pm
1* | 24 | 36) | @9) | 51) | 66) | (71) | (74) | (2.042) | (0.662) | (0.689) | (0.486) | (0.324)

3 27 43 24 39 51 58 60 0.889 0.400 0.650 0.717 0.450

5 30 49 25 36 53 63 68 0.833 0.368 0.529 0.721 0.441

6 30 50 26 46 63 71 78 0.867 0.333 0.590 0.641 0.385

7

8

30 50 24 39 54 64 64 0.800 | 0375 | 0.609 | 0.781 | 0.469

31 52 40 50 65 73 80 1.290 | 0500 | 0.625 | 0.650 | 0.388

10 33 56 23 40 64 78 80 0.697 | 0.288 | 0500 | 0700 | 0413
11 34 58 35 49 66 76 84 1.029 | 0417 | 0583 | 0.690 | 0.405
12 36 64 30 45 65 75 84 0.833 | 0357 | 0536 | 0.762 | 0.429
Av. 31 53 28 43 60 70 75 0905 | 0380 | 0578 | 0.708 | 0.423

C.V.(%)] 90| 122| 21.7 | 121 | 105 | 103 | 125 20.0 16.5 9.0 6.9 71

Ps 001=0.003 EX2.253 k0 5.d1-75; F, (compressive strength)=0.003 E (for Yezo-matsu and
Todo-matsu); Ps1ca1=0.003 EX16d!8; Ps;=lateral load obtained from load-slip curve
(method shown in Fig. 9); Po.as=lateral load at slip 0.38 mm (0.015 inch); P;=lateral load
at slip 1.0 mm; Py=lateral load at slip 2.0 mm; Pn=maximum lateral load.

* compression wood.

F£—13 CN65 %AV EEMOFTE S I OERFHEE
Table 13. Calculated and observed lateral loads of single shear
specimens jointed with nail CN 65

Specimen| Pscal | Pstest] Ps | Poss | Py P, | Pn P Ps Pyss | Psical | Pseal
No. | (k) | (ke) | (ke) | (kg) | (kg) | (kg) | (kg) | Prest | Pm Pn | Pm P
1 32 49 45 65 95 109 124 1.406 0.363 0.524 0.395 0.258
3 37 58 40 53 78 93 104 1.081 0.385 0.510 0.558 0.356
5 41 66 45 60 85 103 116 1.098 0.388 0.517 0.569 0.353
6 41 67 50 73 100 120 160 1.220 0.313 0.456 0419 0.256
7 41 67 50 58 83 100 114 1.220 0.439 0.509 0.588 0.360
9 44 73 56 73 98 114 150 1.273 0.373 0.487 0.487 0.293
10 45 75 55 638 93 110 122 1.222 0.451 0.557 0.615 0.369
11 46 78 52 75 100 109 160 1.130 0.325 0.469 0.488 0.288
12 50 86 53 78 110 126 164 1.060 0.323 0.476 0.524 0.305
Av. 42 69 50 67 94 109 135 1.190 0.373 0.501 0.516 0.315

C.V.(%)| 125 | 159 | 106 | 128 | 107 92| 173 9.3 13.2 6.3 14.6 14.2
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Table 14. Calculated and observed lateral loads of single shear
specimens jointed with nail CN 75

Specimen| Pscat | Ps1call Ps | Poss | P P, | Py Py P Poss | Poical | Psea
No. | tke) | (ke) | (k@) | (ke) | (ke) | (k) | (ke) | Pocsr | Pn | Pn | Pn | P

2 42 64 80 103 | 135 158 180 1.905 0.444 0.572 0.356 0.233

4 50 80 70 103 138 155 172 1.400 0.407 0.599 0.465 0.291

5 51 81 48 73 108 116 146 0.941 0.329 0.500 0.555 0.349

6 51 83 73 103 140 160 196 1.431 0.372 0.526 0.423 0.260

8 53 86 30 79 120 145 190 0.566 0.158 0.416 0.453 0.279

9 55 90 58 98 130 148 186 1.055 0.312 0.527 0.484 0.296

11 58 96 80 105 140 165 200 1.379 0.400 0.525 | 0.480 0.290

12 62 106 73 98 133 153 196 1.177 0.372 0.500 0.541 0.316

13 62 107 85 110 145 . 165 196 1.371 0.434 0.561 | 0.546 0.316
Av. b4 88 66 97 132 152 185 1.247 0.359 0.525 0.478 0.292

C.V.(%)| 118 | 154 | 269 | 129 8.7 9.9 9.2 30.0 24.3 10.0 135 115

F—15 CN9O % H\7gIEM OFHE & L OV BB BT 7
Table 15. Calculated and observed lateral loads of single shear
specimens jointed with nail CN 90

Specimen| Pscal | Psicall Ps | Poss | Py P, P P P Posg | Psteal | Pseal
Noo | ke) | (ke) | (kg) | (k) | (k) | (ke) | (k) | Peest | P | Pn | Pn | P

2 52 77 93 125 165 185 226 1.788 0412 0.553 0.341 0.230

4 61 96 100 115 150 165 | 210 1.639 0.476 0.548 0.457 0.290

5 62 97 73 100 135 153 176 1.177 0.415 0.568 0.551 0.352

6 63 99 93 115 153 175 | 258 1476 0.360 0.446 0.384 0.244

8 64 103 100 115 150 168 218 1.563 0.459 0.528 0.472 0.294

10 68 110 90 105 143 160 198 1.324 0.455 0.530 0.556 0.343

11 70 115 100 123 168 188 300 1.429 0.333 0.410 0.383 0.233

12 76 127 70 120 160 180 | 276 0.921 0.254 0.435 0.460 0.275

13 76 128 43 105 160 185 260 0.566 0.165 0.404 0.492 0.292

Av. 66 106 85 114 154 173 | 236 1.320 0.370 0.491 0.455 0.284

C.V. (%) 116 | 163 | 227 7.6 7.6 71| 17.0 28.9 28.2 135 164 15.5

G. Av. 1.173 0.378 0.527 0.533 0.326

C. V. (%) 27.1 23.6 124 21.8 20.0




706 THERFEZBHBRARRE HITE 35

3.2.3 WHHFAEEHWNA, POV SIIALYOHEMNLEBEML VL TOEH
MNE—ELTE12 05 F-15FE LK,
(i) EFREURC X BEER, Psea
RARBLCR IR T HELSEREDOS LT, QOREHVBZ ENTES,
Py oot = 2.253 k05 dB. o E (10)
FEROIID L, =V =Y HEANTWEDT, &=0003091 CHE LI,
(i) AEEBETRLED OBEEEM S, Paen
KR LD VT, 2mm B VASATOMMEE P, L RAHE Pr(ARETE,
W 10mm B VSATORE P LRELTWS,) D2 LT/ bhvE BH, FER
IBEDIKRAEAVS,
Py e = 1.6d"8.F, (14)

ZORD F REMBETH BN, 10)REOMIGEERL T, F.=0003E%H\CHE
THTEELL,

(iii) E@wH, P,

ZORDEHR, BO9CRLizL5ic, 0.5 mm B L <A TOEELHEC L 2BE B
TOAREAVCCIREAI VERYOE, ThyWE—COHBERbAHE LTRE L,

WHETH L, IO ROHEMADCHIETHHDTH b,

(iv) 729 2K ORBG S, Poss

CTHIER LV~ 0015 inch (# 0.38 mm) CoOM NEME—i= b RN SRD, Thuidi

LULBIRA & RCw B b Th 5,
v) ZoftoRHmH

D Eofl, ZEv~<11mm B L0 2mm COLAM DY FhFh, P, P& LR, B
KW F) P oW, ME—L VB COMELRE LTE LD THS,

ST, WEBIRBOHRC IL, EOHOED L, P>s Pu kitsT0B0T,
KUMNELTE, 05Puk b bicind, ¥h, MABCRINTWBREHER 1,
Paca R B E, £D Pu k5T, CN50 T2 FEHMHT70%, CN65 T 52%, CN75 T
#48%, CN90 TH# 46% R L, EM~DITRABZEIRARES TH S CN50 LIk, WTh
LRUMIEDHENRNERTHB LI THD, FOBKRTIE, ZORFFEM HOFME:
1, RRBRESERS D EBbhs, ¥R, 720 A HROERM S, Pos THBH, &
hd, Pnie® LT, CN5058%, CN65T, 50%, CN75T53%, CN90 T49% o it &K
Zdb, BEAL Paou &L AELFEMEEL XTIV,

AR THCIEREER S OFHEM S Prew DWW, Pn & DOWEYZSB L, CN50
T42%, CN65T32%, CN75T29%, CN9 T28% #RL, M hEWFEMETHS
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Ebhs, ThiX, SIEMOBERECORERNVPERABECE LL ETH-T, BRY
CEHOIrCHARERNEEZELLNBIEA VAL ET 2 X5, ¥, ZOZ &3, $ESED
REMLOAIRE" B2 bbTHL, BE, BEO 0% ¥Bx 52 L L bBALTLS,

ok, B9 RLFRIC LB, Pirihbtl, fictAEoE T, CNSO T
38%, CN60T37%, CN75T36%, CNY T37% L, ok X bF, 13IF37%
BELRAITNRSL Z LRRIERRECLONRD B,

LZAT, KM TOHEM Psear £ THICRE 5 FERMH P BT 5%5 &, CN50 T
BEARDOFMR10% 3 EEL T W5, CN65 TR, 20%, CN75C25%, CN90 T
30% LRFBERATMNOFNRRL HERBEBRD, DT &3, FFTEOHRC O >R TE
SEECORKAEG DR TR ALRETEREENRE LTEAD TRV & ORM%
Bred, Thbb, STAGOENEGLEYEDTCECHMTBRHNEET S L0 LB bR
5, ek, TITHEALLSOLERBLTASLE, PonicitT 50K T, Poux 2R dEE
BIRZELTWS X I BbhsM (B T05271124%), Thico<dDix, AROFGER
TTH 12 (0326£20%), LichisT, EREHLLAT, 2D X 5HEIL > 50 Tixiw
reBbhs,

Po.3s% Ps1 ea150.5Pn, (15)
b, 2E¥OBEREEETHII,
Py ca1=0.6Py1 001 =0.3P,, (16)
Ehe L T BT AR, P FRLI» EThIANKRTHETCES Lk,
P, = 0.011265 E- ky*5.d"™ arn)

oL, ZoORIL, =V =y ERELTHEHERM T, F.=00030 E OB BILOL D
EL, 0, $lov v 7 FHE, E=2100t/cm® L ZT XV EEFRE LTS, & zid,
E=100 t/cm® D#fiz, CN 75 &1 % A\ TelIE e 8T8 &4 (B RB L 2) T, AR
b, Py=84kg LHEEBIhBbITTH %S,

4. ZXRBCXITEREMNEHER

ORI, BEEM VAL TOHEMFBT HE0EREHY, R XKBHCIIE

ERE L THEYTRY, TOMIFEOFHNY ETHDOIDTH S,
41 £ B B &

4.1.1 BE: coRBBELERNL V=Y KB 2044 Th D, FOEBRME OV
T, FTESTHEER kn 28D T HE RO R LICEBYTHA, F Fev & LTEHY
HERMEZE TS0 LBbh3, (P Y v 77RE, 1044 t/cm?),

4.1.2 HRE: ZoXbVvo—mEERREOCKH RE XU e own i, K-8k
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Table 16. Basic properties and bearing constants of

Soft-X-ray test planks species: Todo-matsu
Plan a u E ko1 (t/cm?)
Ty
o. (tam) %) (tjemn | CNS0 | CN65 | CN75 | CN%
Al 2.7 10.8 0.43 98.5 36.1 32.7 304 284
A2 3.1 9.9 0.41 100.7 36.9 334 31.1 29.1
A3 2.1 11.3 0.43 107.5 394 35.7 33.2 31.0
A4 3.3 114 043 108.2 39.7 35.9 334 31.2
A5 2.6 10.9 0.40 103.5 379 344 320 29.9
A6 2.7 10.2 041 108.2 39.7 35.9 334 31.2
Av. 2.8 10.8 0.42 104.4 38.3 347 322 30.1

a=average width of annual rings; #=moisture content; ry=specific gravity; E=Young’s

modulus ; kg = Wli—llf ; d=nail diameter.

% U7eat, BB O® T X A P

7 4 VAR DO B, HHIE

HE D% EH LE L LTk L J

MR LicEDAR R - T W5, 1

BALKSNE, = hi<eRR, film pin
e

CN 50, CN 65, CN 75 5 X (X CN 90 L

]
DABTH B, ThbOSERK, y}fg” -
—EUHE G=38mm) DLDE  paiy x'f'Clg
2k, REBERABRECTFIh T
BHEEMHIE (2645 d=$18) & (DG
Lich D& 2HDE5 16 5% ML ///

Tt (®-10),

413 COROMESR: &
RHOEMIC 107 mm B RHE, B10 #X @ik 5 STERRBAS
SmmA e —-7DFLEALY - Fig. 10. Test method of nail deflection with
ERAFTRISE L2hs, = Db\, soft Xeray.
HLBREMBHOMALIEBCE TR TnD, Fie, FRM & fMcKEREYEE LCH
ST XHEEENS LHE LI,

4.4.1 NTEEROMEE: FTH7 + v 22 BB/ Ah, RABAOBAET, FiED
WE VAL TRBRELELELXBYEH L, TORHEMER, 100kVp, 5mmA C 15 #fH,
XBERE7 4 V2 LOEBIIN60cm & LAY, 20X LTBLRLERLET, i
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B Llcst L bRt L OB RE LML LT, MERBEME (ry v AT BEEED
X b, 107 mm OFRPEE THE L.

4.1.5 HEOMAS: MER, 05mm s hEM VA T2EE DR LAKBERE E
EH LR, XBEEHEPROELFER, FMLVv~AT, 02~05mm, 2mm, 5mnm,
10mm B XORRFEYRE L LTEDI,

42 R ELER

4.2.1 MiERD: KXBRABRGOENIIN M N —BELTR-ITRR L, RESR,
CN50 & CN65 1o\ Tit, FOC hE 10mm CETAEIRBEAM ALY, FhUBKE
NEALTI0mm iz Y BAELELESERRALbh., 2O &ix, fIHE @) ¥ Ph3nioR,
EHADITRARER &) OFRR XDV EHER IO RZT LIRS,

#F17 BXBRRBEORWEETS (~ F~ )

Table 17. Observed lateral lods of Soft-X-ray test specimens
(Todo-matsu)

. Specimen| Plank # P38 P P, Py Py,
Nail No No
: . (cm) (kg) (kg) (kg) (kg) (ke)
1 A3 3.8 43 58 65 (38) 74
2 Ad 38 35 55 63 (45) 68
CN 50
3 A2 1.7 50 78 95 (99) 104
4 A2 1.7 45 70 85 (94) 96
1 Ad 38 60 93 108 (121) 122
2 A3 38 45 83 100 (120) 122
CN 65
3 Al 20 65 93 108 (134) 134
4 Al 20 68 100 115 (138) 141
1 A4 3.8 68 118 140 168
2 A3 3.8 55 105 128 146
CN 175
3 Al 2.3 78 118 138 173
4 Al 23 70 110 133 168
1 A3 38 70 115 145 176
2 A6 38 108 153 175 193
CN 90
3 A5 2.5 45 93 128 196
4 A5 25 63 105 135 188

Pjy=lateral load at slip 10 mm.

XC, &L LCORRI Y P & LT, CN50 & CN65 i3 Pn%, %7, CN75 &
CN 90 T oWTid, ABERBEC I D Py &, ThioRT3ERmELR» D OME 7,
Pioor, BHERCID Paca BXOT7 2V P HF R IBIWE T, Poss EDERBE,
F-BrRTEBYERD, Thbb, 2350 FIXKEVE, FHHECART, P i, H
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Table 18. Comparisons of colculated lateral loads with observed

maximum lateral loads (Soft-X-ray specimens)
Nail Sp(Ie\?‘i)men E ko Pical | Psiea1 P}, %& Ps}l)lcal %
) (t/cm?) | (t/em?) | (kg) (kg) (kg) m m m
1 107.5 394 31 52 74 0.419 0.703 0.581
2 108.2 39.7 31 53 68 0.456 0.779 0.515
CN &0 3 100.7 36.9 30 49 104 0.288 0.471 0.481
4 100.7 36.9 30 49 96 0.312 0.510 0.469
1 108.2 35.9 43 71 122 0.352 0.582 0.492
2 107.5 35.7 43 70 122 0.352 0.574 0.369
CN65 3 98.5 32.7 40 64 134 0.299 0.478 0.485
4 98.5 32.7 40 64 141 0.284 0.454 0.482
1 108.2 33.4 53 87 168 0.315 0.518 0.405
2 107.5 33.2 53 86 146 0.363 0.589 0.377
CN7S 3 98.5 30.4 50 79 173 0.289 0.457 0.451
4 98.5 30.4 50 79 168 0.298 0.470 0.417
1 107.5 31.0 65 104 176 0.369 0.591 0.398
2 108.2 31.2 65 104 193 0.337 0.539 0.560
CN 90 3 103.5 29.9 63 100 196 0.321 0.510 0.230
4 103.5 29.9 63 100 188 0.335 0.532 0.335
Av. 0.337 0.547 0.440
C. V. (%) 14.3 16.4 20.0

E=Young’s modulus; ky=E/(5.67d+1.14); P;ca1=0.00676 E%£;¢-25.d1.75; Py ¢q1=0.0048 Ed1.8

Pj=maximum lateral load or lateral load at slip 10 mm.

34%, Paca Tix, 55%, Pos TIZ44% Lisote, Lo T, EHEKM L LT, P=
05Pn B BEL2FiBTHE, Paea XU Posi, WTFhd, GISEUAELTRELELS
CBbhs, ¥, ZOEB WL, BRAEMRC LS Preald, Paea DFI60% Li5 5T 5,

4.2.2 HPTOTOER

(i) —EMHE B8mm) DiEH\: HEHEOHA LB HOEHMRR L # X ik b
B LI 0% K-11 1R,

CNG50§]: EMAOITRAEEINHIZmm & ELDTRNC DD T, STDOEMIMIT
TO#RERARROAT, BEE»LH 10mm T EDf M S CRMATRER VRS2 E
LTWwWabZ &dibhs,

CN65ET: EM~DITRAEIH 25 mm DiEhb Ve nn, R-11G)1AShb X i,
SIDEMRHAL CORBRRFEAVBELACBDLRD, E, ZOEdWd, BEEE,ILH
10mm A » 7efIM B TEODbAMIE - T\ B Z L hbhb,
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CN7547: ZOEDVOEHADITAEIIIN B mm T, TE L= Litd, ZOHE
FHTIL, FOEBE IVCEGEB CORGHENBELRT IO LRADLIDL, L1d, £O
BEAEPDOHEMTAHI0Omm FEA 72 A TEHDOLAMMARE - T b,

CN904T: FEH~ADITARIHS0Omm L5 TH Y, MO OEWHE#L, 12IFCNTS
DB\ FEETH B, ‘

(i) REMME 6d) Db\, ZOEDDOEOHFTOERY N-12KR LI,

CN50 7: MIMES 17 mm, EMA~OITARE S 3B3mm OIXH\TH 525, STOEBMAE
DEER, *OEMOMED VAR L THRER TS E Edbnb, LkRoT, 0
BT, HORYRIHIEERLLLEVWIDEBbh5,

CN6547: MHE20mm &5 EH\TH5HH, CN50 & ARSI DD DAKRK X
B0y TOEDOEEEHRTLIIDOERbAS, ’

CN758: fUME 23 mm, EH~OITREIE, FTOW23fELIRoTwB, L,
ZOEDIL, FMFOEOERL, TORERERLIRTS EAbN, STOREMOMED HA
Z X BWRHES, ZoFTETOFAGOMTFAEMCE L THESCEA LTWH XS T
»%5,

CN90 §7: M#E 25 mm, £,=252¢ ThHbH, TOREKRTIE, RIREORECESTH T
BEDEBEEMLEL I STWED, H-12[v] cABh5 X5, SIOMTRERRZ VDI,
BE, EHOME~DD VRALZEED, 3LAEHRIRL, PREMARRBEMICE ST
WHZERALBRS, '

4.2.3 STEERHEMERD: KXBCIsMFoOGERERESE, AUREL EEHA~
DEHFTRABEZ L L DHEOVRERENRD D E1T, Pl &, #IEEBIh 53R %
ALz eBbhs, Tihbb, AHESKZBEZEH VL, EMFTOEOERH
Hiifciihfinip &y, ¥, AIMENEGE, FTOWEITEDS, SHEOHTD HALRME
CEETEbITHD, Lih-T, STOMITHIE: OMETHRGRLEHTHZI0LR
bh, |

ThboZ LxEE T, REORNMIME641Z, HTLIZYRI0LBbhix
Ve sl A, TOFERCHEMA LI > gl EE T, 8d T ErTar, ik, IR
X125 #[MBECE BTN, BRHREMHIXPRELIZLo5eELbRD,

¥

STEM OMEETFHCE L T—EoEROM R LT, TOBERXEHTHIE 2
EDXois,

1) $TEEFEH: aleffective foundation depth) &, k& (elastic bearing constant) @

2900, ZOBETEMOIMMETACRT2RIERRERER TH 5, ARV

il
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{i]J CN50 (No. 2)

P=0kg CN50 5
F.H 4t  oTTTTTTTT i
Ad g/

P=40 kg 2 / BT e i Ay

120

k&
P=80kg

: 2
' / 3
[ s
- 5

P=120 kg

mm

P=130 kg

Pu=136 kg

(iiJ CN65 (No. 2)

6
P=0kg . ——243
CN 65 5 P
F. D 4 /
A. 3 3 / _———]240
P=45kg LA
2 4
; 4 __———200
30 20 10 <o e |
P=120kg — T - 10 20 30 kg
"/~ & 38
T / 2 mm I
P=200kg / 4 |
/'/ \
o > |
~ 16
mm
P=240kg (b)
B—11 —#EMHE 38 mm) OEIHMIT 1T 5 ETER
(i X #)
Pn=243kg Fig. 11. Nail deflections for nailed joints with

the constant thickness (38 mm) of side-
member (Soft X-ray).
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(ii) CN75 (No. 1)

P:(}kg 67 e _ — 336
S /".
CN 75 '
at  /
F.7 Y ——320
A.4 3r //./"
D P
P=50kg o /
i\ ——r———— 280
30 20 10 i —— 1€0
——— 10 20 30
P=160kg __.__ 1 ke
7/ 12
S e —
P=280kg / 4
e
‘6
mm
P=320 kg (b)
Pu=336kg
(iv] CN90 (No. 1)
P=0kg 6
CN 90 5 P s e
F.3 4 4
A3 4
3»
P=70kg /
2 o
g 70
40 30 20 10 s &
P e el s -~ 1= — = ¥ o
e - 10 20 30
P=0kg / 1 e
! 2
/ PR 38mm B
/
//' 4
=170 kg ’
mm
(b)
P=270 kg (a) Soft X-ray figures of a nail (P=lateral

load per two nails)
(b) Deflection diagrams for a nail under
lateral loads (measured from Soft X-ray
P=352kg figures)
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AR AR B S T b g

P=0kg

P=40kg

P=105kg

P=170kg

P=190 kg

Pn=191kg

P=0kg

P=50kg

P=150kg

P=230kg

P=270 kg

Pr=282kg

;37 %

B3

(i] CN50 (No. 4)

CN 50 st 4191
F.F a7
A.2
st/ —4190
21 -
W/ o ——a3170
3020 10 ) 105
. . o
1, 10 ke
7
SR i
/- " mm
; 4
e Is
mm
(b)
(iiJ CN65 (No. 4)
8 1 282
CN 6 5 <
F.B A/
A1 /
3 o
——4 270
2 e
1 -/_ _____ — 230
i
30 2 :
.O 10 o
et 10 ke
e SN _/-/.
I 20mp—
——— 7 4
1Snm
(b)

12 BEWHIL 6d) 0EHEMC B %814
(i X #)

Fig. 12.

d=nail diameter.

Nail deflections for nailed joints with
the standard thickness (6d) of side-
member (Soft X-ray).
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(ii) CN75 (No. 8)

P=0kg 7 N 346
CN 75 . Vs
F.i5 :
5 /
A /
P=50kg 4 y,
g / 4320
2 -
P=150k 1 o
T g ; .——250
10 20| kg
1
P=250kg 23,
m
4
P=320kg Smm
(b)
Pp =346 kg
[iv] CN90 (No. 4)
P=0kg
kg &
CN 90 5 HE
F.1 4 /
P=90kyg A. 5 3 /
. g
/ e 230
40 30 20 0 "
P=0kg N e ol B 1 : v ie——— 125
e ——— l=:—_._._?:'—;‘ 10 20 Kg
7
—— -—»__..—-/'/ 2
P-125kg s Z°mm
mm
(b)
P=230kg (a) Soft X-ray figures of a nail (P=lateral

load per two nails)

(b) Deflection diagrams for a nail under
lateral load (measured from Soft X-ray
Pn=392kg figures)
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affiz, $TRCH LEBVEREBEEELTWBZERALNER T, Lo T, ThET
DERE L HEEEKOEIIERL > 5L THRBIBETRETH S,

i, hIRDOWTIL, TO—EEM VA TOBRELTECI2ERRCHLTRES
h, £h?d, oY v 7GRESIEOBERE LTRbIhBZ Ldbbhole, &K, =V~
YR Ve v FEHERMER U A EER (132) 2RDH, Zhid, WILKINSON DfTlt -
7c White pine ® Douglas fir 7z XD —FHIIMIRBNOOHREE L £ D ELD TR —&K
L7z,

2) TmhRE, Ks: kEEIRAd ENLIHEIRAERELR 6, 7) ofsHER, —@E3
MABRCI IR LR 4BOCNEZELT, BEFE F10ZBREDAT »FIDHHI O
D, EHFHWEROSLZEXRB LA, &k, 20K k2nwTdh, —EFMZ LT
DIFEVELHER X 5EHEHORDID DO TH B Dix WILKINSOND DiEH WV ERETH S,

3) EHErASINIR S, Ps: SIEMO—EIMIC R AE—LT D MRS, 25 e
FRTEED DT, TOHAREOREIIRETH Y, LT, SEMLR DMK
BRDDZECIMENRE ., Lo L, AT, EABRACOEELNN, LOHOE
MEBECELICLEY S - CTHEMAMR 10 ZHEH L Tal, TORKR, BRI E IO
0% BELY, RHEWCIE, 0 BHEERD X ocBbhd, LaL, £, K-9C
RTHET, ERMErS IR DT RDE, i) RFLEARYRT bbbl
I, FEAMINIR DML E LT, ABERIHECTRIRTHARHHER (W L3
bDE, 72Y)HHROEHBIME T (Poss) &1, ZEREOMELRY, T2TOBEBIURS
LOMMNL, Thbof60% BECUL L bMLM LT,

4) BEAME, t: STEHPCOHOEREBHY, RXBRIHAEBOEMLL LT
DEHEBHC X WRE Licds, HUHE @) 8BXOEMADIRARER &) OWThieonTy,
ThhrbEH/PIBES L, SIRMMAEOBRMAEBEYEL, FHLPWREHLBE LVC
EPBEIRL, Thbb, ABERIHABCRIRTWSRMIME, 61264 T3, £H%
CHWICN gToiEhb v, Y UNZBEL I SBbhb, LA, 428dBELTHE, X
D BRI DR L S B 0L Bbhb,
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Summary

The objective of this study was to verify experimentally the simplified theoretical expressions
developed for the slip modulus (K;) and the lateral load (Ps) of a two-member joint in single
shear.

The results obtained are summarized as follows:

1) In 1951, HaraDA? described the effective foundation depth (a) was independent of
the nail diameter for loading parallel to the grain of wood, and the value was constant, about
14 cm. In this study, however, the best correlation was found between a and nail diameter
(d) as shown in Fig. 4.

Furthermore, it was found that the elastic bearing constant (k) could be obtained using
the empirical formula in Todo-matsu (Abies sachalinensis)

E

ko = ged+r

(12)

in which E=Young’s modulus of the wood member; ¢ and r=constant.
For softwoods, the expression of %y is given for the cyclic loading of nail joints at the
initial shp of 0.5 mm as

E

k= s ordsiid

(13)

The expression (13) gives good agreement with the test results in this study and also
with WILKINSON’s results as shown in Table 6. Consequently, it may be possible to apply
the expression (13) to softwood species not included in this study.

2) The simplified theoretical expressions for the slip modulus (K,) developed by Sawapa®,
based on the work of HARADAY, were also good agreement with the experimental results as
shown in Tables 8 to 11. _

The expressions are given for laterally loaded joints made with smooth, round nails in
single shear as

i) for different species and nail sizes
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K = (14" (cothgt; +wcothpsty) , (4)

in which E,l;=stiffness of the nail; p =(kd/4E.[)V, p of the side member; gs=p of the wood
member holding the nail point; w=ga/ps.
ii) for same softwood species and reasonable conditions (g?;22.5; pety=>2.5)

K, = 1.1266k3-7.d!-1 (7)

in which E,=2100 t/cm?* (assumed)

3) As the maximum bearing stress of a nailed joint reached to the compressive strength
of the wood member, the lateral load (Ps) can be expressed by the following simplified theoreti-
cal expression developed by SAwaDa®

P, = 2.253¢,Ek; 05, L1 (10)

in which & =a./E; o.=compressive strength of the wood; E=Young’s modulus of the wood.
The calculated lateral loads by using the above expression (10) were good agreement
with the loads observed by the method shown in Fig. 9, and the results were as shown in
Tables 12 to 15.
The calculated lateral load, however, was about thirty percent of the observed ultimate
joint load shown in Tables 12 to 15 for common nails (CN 50, CN 65, CN 75, and CN 90).
The empirical design criteria® are in current use for the allowable lateral load of nailed
joints in single shear for short-time loading conditions.
The allowable lateral load (Py;) is expressed by the following formula:

P, = 1.64'4.F, (14)

in which d= nail diameter ; F,= compressive strength of the wood (softwood).

In the United States of America®, the lateral load (Poss) at a joint slip of 0.015 inch
(about 0.38 mm) for common nails is given as an approximately proportional limit load in
single shear.

There were good agreement between the calculated design loads (Py) and the observed
loads (Py.3) from the load-slip curves shown in Tables 13 to 15.

The calculated loads (P;) using the expression (10) were about sixty percent of Py or Pyg.

It is described in American Wood Handbook® that the ultimate lateral nail loads for
softwoods may approach 3.5 times the loads at the joint slip of 0.015 inch. In this study,
the observed ultimate lateral loads were also about 3.5 times the calculated loads using the
simplified theoretical expression (10).

4) The deformation of the nail driven into wood member was observed with the soft
X-ray (100 kVp, 5 mmA) at joint slips of 0.2~0.5, 2, 5, and 10 mm levels as shown in Figs.
11 and 12.

From the results obtained, it is considered that the minimum side member’s thickness
(t) should be over 8 times the nail diameter (d).

Appendix

For example, determine the design value of a two-member joint of nominal 2-and 4-inch
Todomatsu (Abies sachalinensis) with a CN 75 common nail.
The joint is loaded laterally and in direction parallel to the grain in each member.
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Members: #=38cm; #=3.8cm (depth of penetration); E,=E,=E=100¢/cm?; ¢.=
0.003 E=300 kg/cm?;
Nail: d=0.37cm; [=7.6 cm (nail length); E,;=2100¢/cm? (assumed)

i) Elastic bearing constant, & :

E

k= 5 sratiia

=30.88 (t/em?)

i) Slip modulus, K;:
g = 0.222 B5.d-0% = 1103 (cm™Y)
ph = = 42>2.5
K, = 1.1266 k3™®+d"" = 2.59 (f/cm)
iii). Allowable lateral load, P,:
(a) Design value proposed in this paper, P
P, = 2.253 (E) k502"
= 0.050 (£ =50 (kg).
(b) Design value in Japan®, Py
Py = 1.6d"%+F,=1.6 d'3(&E)
= 0.067 (1)=67 (kg).
(¢) Design value in U.S. AP, Py

Po,sg = Kdl5 = 1800 dl-ﬁ
= 100 (Ibs) =46 (kg)

in which K=1800 for softwoods of specific gravity range 0.43 ~0.47.



