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Effect of Member Thickness and Nail Length Projecting
from Main Member on Shear Performance
of Single Shear Nailed Joints*!

Kei SawaTA*2 Kosuke HONDA*3, Takuro HIRAT*?,
Akio Ko1zuMi*? and Yoshihisa SASAKI*2

Single shear tests were conducted on nailed timber joints with varying main member thickness, side
member thickness and nail length projecting from the main member, and their effects on various shear
performances of nailed joints were investigated. Initial stiffness and yield load of nailed joints were al-
most constant when the ratio of main member thickness to nail diameter (m/d) was 7-14 and 10-14,
respectively. Maximum load and energy capacity increased as main member thickness was éreater
and showed the highest values when lm/d was 13-17 and 13-15, respectively. Maximum load of nailed
joints with [m/d of 9 was 36% lower than that of nailed joints with Im/d of 13-17. Energy capacity of
nailed joints with {m/d of 9@ was 58% lower than that of nailed joints with {m/d of 13-15. Regardless of
nail length projecting from the main member (lnp), initial stiffness of nailed joints with Inp was close
to that of nailed joints without Inp. When the ratio of the sum of I» and Inp to nail diameter ratio (Iz/
d) was 10-11, maximum load and energy capacity of nailed joints with Izp were close to those of nailed
joints without /np. When [»/d was 12-15, maximum load and energy capacity of nailed joints with lnp
were lower than those of nailed joints without /zp. When nailed joints have a member thickness ac-
cording to the standard for structural design of timber structures edited by Architectural Institute of
Japan, initial stiffness and yield load are little affected by member thickness but maximum load and en-
ergy capacity are greatly affected by member thickness.

Keywords . member thickness, projecting nail, initial stiffness, shear strength, energy capacity.
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Table 1. Results of single shear tests of nailed timber joints with varying main member thickness and side
member thickness.
r/d m/d  Ks(kN/mm) P,(kN) Dy(mm) P (EN) Drax (mm) E(kNmm)
154 6 0.94(0.40) 0.72(0.09) 0.76(0.52) 1.29(0.15) 116(44) 20.3(6.0)
144 7 1.11(061) 0.69(0.13) 052(0.05) 148(0.18) 13.2(26) 27.2(4.9)
134 8 1.07(0.39) 0.74(0.07) 0.64(0.19) 1.70(0.22) 13.3(3.0) 345(6.9)
124 9 1.21(0.34) 0.70(0.16) 0.59(0.10) 153(0.24) 135(2.2) 32.3(5.7)
114 10 1.11(041) 0.84(0.10) 0.87(0.35) 2.03(0.43) 20.1(35) 61.2(17.9)
104 11 1.25(0.34) 0.82(0.07) 0.70(0.11) 2.02(0.25) 22.2(4.6) 65.4(10.1)
94 12 1.23(0.33) 0.81(0.08) 068(0.11) 2.09(0.25) 25.3(5.5) 72.3(84)
84 13 1.21(0.33) 0.87(0.06) 0.34(0.16) 2.34(0.27) 32.8(3.8) 79.3(8.1)
74 14 1.15(043) 0.86(0.08) 0.99(053) 2.35(0.38) 35.3(3.8) 759(7.1)
6.4 15 0.90(0.24) 0.82(0.10) 1.00(046) 2.32(043) 354(3.0) 76.2(10.7)
54 16 0.75(0.17) 0.79(0.08) 1.06(0.27) 2.35(0.31) 279(6.0) 76.6(9.9)
44 17 0.98(055) 0.82(0.15) 1.07(0.26) 2.49(056) 328(6.0) 76.8(12.8)
34 18 0.76(0.28) 0.75(0.07) 0.92(0.28) 2.15(0.26) 30.3(35) 68.0(6.6)

Numbers in parentheses show standard deviations
/, side member thickness; /m, main member thickness; d, nail diameter; K, initial stiffness; Py, vield load; Ds,
yield displacement ; P, maximum load ; Dmes, displacement corresponding to maximum load ; E, energy capacity

Table 2. Results of single shear tests of nailed timber joints with varying nail length projecting from main

member.
t/d  tm/d mp/d  Ks(KN/mm) P, (kN) D, (mm) P (KN) Dios(mm)  E(kNmm)
114 9 1 1.48(059) 0.81(0.09) 0.58(0.09) 1.81(0.20) 16.7(4.2) 52.1(9.2)
10.4 9 2 1.34(0.46) 0.80(0.09) 0.63(0.06) 1.96(0.37) 20.1(6.9) 60.5(18.0)
94 9 3 1.32(0.14) 067(033)  051(0.25) 1.86(0.14) 235(4.3) 635(9.0)
84 9 4 1.200.19) 0.82(0.06) 0.75(0.20) 2.02(0.26) 34.2(4.0) 70.1(54)
74 9 5 1.45(0.70) 0.81(0.10) 0.65(0.15) 2.02(0.15) 31.8(64) 705(5.3)
6.4 9 6 1.12(0.46) 0.77(0.10) 0.68(0.12) 1.89(0.09) 31.2(5.9) 66.1(4.5)

Numbers in parentheses show standard deviations -
U, side member thickness; /m, main member thickness; {np, nail length projecting from main member; d, nail
diameter ; K, initial stiffness; P,, yield load; Dy, yield displacement; P, maximum load; Dms, displacement

corresponding to maximum load ; &, energy capacity
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Fig. 1. Configuration of nailed joint tests.

Note: /m: main member thickness, [': side member

thickness, [zp: nail length projecting from
main member, [r: the sum of Im and Inp,
d: nail diameter.
{(a) Single shear test. (b) Nailed joint with
varying member thickness. (c) Nailed joint
with varying nail length projecting from main
member.

3. HRBLUEE

31 EMEBLIUCHMENSRL DEEER
3.1 WE-T)EM AR
STHEAE O AW BRI I E & AT H A
FNTVAETORSIPEREL Y, AUETIEEYN
ROFESEFHME (n) BELILTWS,
STHA B DMEMIRIL In=6d~10d © & EF
P EOBRBERTEN 2SR EITIRT 72—,
Im=11d~15d ® & Z1340 mm BTN 23158
S72BEETH, EM»SEPREITFIRTAZ LI
<, Im=11d D& E T H/RARWED346~828%
DHWERHEHFELTEBY, In=12d~15d D & & TiX
R EDT753~100% D E X MR L Tz Im
=18d~18d D& EZNVF v 7Ty MR OE
NDE U720 AT —AM%E CNOOTETH L72#
EE T, EMENL0 DT OBEEEETOF1HKITA
AL L, HHED 6d LUT OBA T AM IR
BEAELRPTWERE B o7

KB SBON/Z L 5 6 hOWE-T ) E{
fiEo S, FET YL BIT A EDFIE
CERRESRD I, Fig 2 ICWE-T ) 47 il
MO—BERT WE-T)EMBRIZ2OoO0%
AT o, STOBHRT AR o -3 Bk (In
=6d, 9d) TIXE 1 NPT XD BN
LTHMEOMMBIIRE (v, ZOMORER
& (bn=12d, 15d, 18d) TIXE 1 EALET
DR OBV EDRK S T 5Kz R
L7z

WHEIZED T TOEREEIEM 2 HDE DFIHR
FESTHEOEM B~DD ) ZHD 2 D505
N, BEREEIL L CEEATFNTIIRDO L) %
FAMRPEEA R L Cwb e EZ NS, D
R L 0T 26, THRITICE - T
HRER &AM O fE S TR T 5720, TXY)EM
DRI, IR EF 59 B I
Y he —F, SFTOMITERIC L o CHEIE A5
THD, ThICL o T2RMNCAELLBEEN LS
DEIEITESEHERT S, ZOMPBEENCZLS
R DA & 2 AT BRI X BT
HERAAAEE LB D HIANIE) < 72, g1 o5 T,
FNLDOFITH LB L, ORI AT A
TR - OBEEHICEM SN D, TDzD, §
DFFEEPRONBERRLTH, EMPOE
B2 L o THE 1IN IEOR E-3 ) 2560 M
[ZFEDE U bR E LA,

STOBIRIIAIFEALEL LI ER L, STHHEO
WA A~ D Y ARDETT 6, Z0H 1 kA
B & HE S OBFRIE, AMSHECER T OD
AR BWT—RICA S5, MBI % O3 Al

2.5
)
Z
=
g 13 <
g —s— (I Im)=(15.4d, 64)
= —o— (I, Imy=(12.4d, 9d)
o (I, Im)=<(9.4d, 12d)
05 —m (I, Im)=(6.4d, 1 5d])
. —e— (I, Im)=(3.4d, 18d)
0 5 10 15 20 25 30 35 40 45
Slip (mm)

Fig. 2. Load-slip curves of nailed joints with varying
member thickness.

Note: Im, I and d: see Fig. 1. Symbols and bars indi-
cate mean value and standard deviation, re-
spectively.
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Fig. 3. Relations between initial stiffness of nailed
joints and ratio of member thickness to nail di-
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Note: Im, " and d: see Fig. L.
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joints and ratio of member thickness to nail di-
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Note: Im, [ and d: see Fig. L.
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Note: Im. [, Inp and d: see Fig. 1.
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Fig.6. Load-slip curves of nailed joints with varying nail length projecting from main mem-
ber.
Note: Im, [, Inp and d: see Fig. 1.
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Fig. 7. Initial stiffness of nailed joints with varying
nail-length projecting from main member.

Note: Ir, Inp and d: see Fig. 1.
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Fig.8. Maximum load of nailed joints with varying

nail length projecting from main member.
Note: [r, Inp and d: see Fig. 1.
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Fig. 9. Energy capacity of nailed joints with varying
nail length projecting from main member.
Note: [r, Inp and d: see Fig. L.
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