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Nailing Properties of Timber Joints with Thin Steel Plates
Masahiko TODA

To develop a timber joint with nails and steel plates, the thickness of the stainless steel plates and
the types of nails that could be driven into them without lead holes were studied. The following results
were obtained.

1) The thickness of the stainless steel plate into which a CN nail can be drived without a lead hole by
using a hammer is not affected by the diameter of the nail. The thickness of the side plate type is
0.6mm, and that of the inserted type is 1.0mm. On the other hand, using a nailer, the thickness of the
stainless steel plate into which CN nails can be driven for the side plate is 1.0mm.

2) Stainless steel nails can be driven into a stainless steel side plate 1.0mm thick.

3) The load when the nail penetrates the stainless steel plate changes with the hardness, the form of
the tip, and the density of the wood.

4) The calculations suggest that the buckling behavior of the nail is plasticity, and the buckling load

becomes larger as the diameter of the nail becomes wider.
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Fig.1. Equipment for nail-driving tests. (from left)
Hammer, Nailer A, Nailer B, Air compressor.
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Table 1. Results of nailing tests (using hammer).

£a) [EXES MR S (mm)
Nail Diameter Thickness of steel plate
S 2B EE NI
Side plate type Insert type
(mm) 0.6 0.8 1.0 1.0
CN50 2.87 O X - O
ZNG65 3.33 O X - O
ZN90 4.11 O X - O
S50 2.68 - O O -
S90 4.11 - O @) -
B O : fTHIALARE, X : FIHIALARHA, - @ KR
Legend) O: Possible to drive; X: Impossible to drive; -: Not tested
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Table 2. Results of nailing tests (using nailer).

&7 [EXES 2ERE i E S (mm)
Nail ~Diameter Air pressure Thickness of steel plate
A EC PN
Side plate type  Insert type

(mm) (MPa) 08 1.0 1.2° 1.0

0.49 15 20 25 3

CN50 2.87 0.59 ! > X O

0.69 o 1 1 -

0.78 - O O -

CN75  3.76 0.49 o o 1 O

0.59 O O O O

CN9O 411 0.49 5 15 25 5

0.59 O O 0 @)
LB O, -: 1 RKBR
Legend) O, -: See Table 1.

H) BFERABEYES (mm) Zad, * o Sl
Note : The value shows the distance of the nail remaining to be driven (mm).
*: Steel plate
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Fig. 2. Relationships between load and displacement.

T |

| L |

200 10

X 2d >S >d

g3 ETDOMAR (CN £1)
MG d: IR (mm), S W OE S (mm),
L:EX (mm)

Fig. 3. Shape of the nail (Common Nail).
Legend) d: Diameter; S: Length of tip; L: Length of nail
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Table 3. Properties of penetration.

N P A A N 4
ONs0 287 125 374 0333 234

ON6S 333 143 374 0381 267

ON75 376 160 403 0397 321

05 CN9O 411 129 312 0413 202
ZN9O 411 186 397 0467 3.69

S50 2.68 070 217 0320 0.76

S0 411 072 220 0325 0.79

NS0 2.87 204 395 0517 4.03

06 ZN9O 411 294 549 0535  8.08
0 411 151 285 0530 2.5

08 0 411 205 391 0525 401

JLBD ¢ RS (mm), d: T8¢ (mm), P,: HiEfr®E (kN),
6, @AM (mm), k,: B@AIME (KN/mm), w,: Hi#
T x/L¥F— (KN * mm)
Legend) #: Thickness of steel plate; ¢: Diameter of nail;
P,: Penetration load; § ,: Penetration displacement;
k,: Penetration stiffness; /¥,: Penetration energy
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Table 4. Slenderness ratios and buckling loads of the

nails.
8T L d A w,
Nail
CN50 50 2.87 69.7 1.31
CN65 65 3.33 78.1 1.60
CN75 75 3.76 79.8 2.00
CN90 90 4.11 87.6 2.19
B L 4TEE (mm), d4: 4878 (mm), A :fMEWL, w,: ERE
i & (kN)

Legend) L: Length of nail; d: Diameter of nail;
A : Slenderness ratio; W,: Buckling load

DORUT L DRSS ) (N/mm?), A : WrififE (mm?),
o @ ERHOLRDIZERY T, MEMOHAE
0 =333 (N/mm?) (=3400 (kgf/cm?)), a =1/7500
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Table 5. Strength properties of the nails.

a1 E, M, F Y H,9
Nail ’
CN50 197.7 7.90 690~ 1130 150"
CN65 189.3 6.56 590~1030 Ui
CN75 187.3 7.18 /] /]
CN90 199.9 7.50 540~ 930 Ui
ZN90 200.2 8.70 n n
S90 178.2 10.31 520~ 1420 200"

LB E, : P v o 7% 5 (kN/mm2), M, : #IFRERE— 22 b
(KN *mm), F,: 5I8E58E (N/mm2), H,: €y h—A@E (Hv)
FE) * o 4kE (SWRM6 ~12), **: 27 > L X (SUS304)
Legend) E,: Modulus of elasticity; M,: Bending yield moment;

F: Tensile strength; H,: Vickers hardness
Note) *: Mild steel (SWRM6 ~ 12); **: Stainless (SUS304)
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Table 6. Relationship between nail sharpness and
penetration properties.

s xmER . 5 i w
Nail ~ Form of the tip ’ ’ ’ ’
Bifh 1.08 321 0333 1.74
Sharp
Oﬁf‘f’ | 125 374 0338 234
CNSO . rigina
mm 4 121 246 0491  1.48
Imm square
2mm 4 179 292 0612  2.62
2mm square

L) P, 6, k, W,: HE3R B
Legend) P,, 0 ,, k,, W,: See Table 3.
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Table 7. Relationship between density of wood and penetration properties.

R AAM 0.5mm
Side plate 0.5mm thick

WAL
Without side plate

g
Species Density P, ‘Sp kp v, P2
(g/cm?)
o bR 036 125 374 0333 234 0.31
Sakhalin Fir (4bies sachalinensis)
SPF SRAh 0.47 138 3.69 0374 2.56 0.32
SPF Glued laminated lumber
SAFT 0.65 170 3.59 0473 3.06 0.62
Japanese Oak (Quercus crispula)
B P, 6, k, W,: HE3IKRBM, Py EAREN 2dFEORTE (kN)

Legend) P,, 0 ,, k,, W, : See Table 3., P,;: Load at displacement of 2d (kN)
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