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Hiroto Imamura : Influence of Condition of Wet and Dry Cycles
on Deterioration of Nail and Wood around it
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Table 1. MEFIORRECET 5HE
Load at yield point before conditioning, P;. (kgf)

A . .
r = = % No. 4 b+  Combination
Sp. grav. Samp. No. a b .
1 2,70 1.58 2,73
I 2 1,18 2,06 1.98
3 1.15 1.66 1. 26
1 2.00 1.98 2,06
13 2 2,03 1.00 1. 60
3 2,13 2.16 2,15
1 2,28 1,87 2,26
I 2 1.76 1.70 2.53
3 2.30 1.97 o Le2

Table 2. MEBHOBRAKE T 2 HE

Load at yield point after conditioning, Ps. (kgf)
& b4  Combination EY RO E
® E o m il : L %
s Average decreasing
Sp. grav. Condition a b c rate (%)
@ 0.52 (80.7) | 0.70 (55.7) | 0,40 (85.4) v
I ® 0.74 (37.3) | 0.80 (61.2) | 1.10 (44.4) (65.9)
® 0.36 (68.7) | 0.42 (74.7) | 0.19 (84.9)
® 0.88 (56.0) | 0.38 (80.8) | 0.72 (65.1)
I ® 0.84 (58.6) | 0.31 (69.0) | 1.10 (31.3) - (64,0)
® 0.79 (62.9) | 0.48 (77.8) | 0.55 (74.4)
0) 1,68 (26.3) | 0.64 (65.8) | 1.64 (27.4) _
i} ® 1,18 (33.0) | 0.38 (z7.7) | 1.18 (53.4) (54.8)
® 0.85 (63.0) | 0.56 (71.6) | 0.48 (75.0)
FHR D&
Average de::/reasing rate(%) (54.1) (70.5). (60. 1)

() : BPHE decreasing rate (%)

Table 3. 4 # 4 W =&

Analysis of variance (Pj)."

= B i ¥ F m 5 F

Factor Deg. of freedom| Sum of squares Variance

4 % g Total 26 3.76

A pag#t  Condition 2 0.63 0. 315 12, 1%%%

B i & Sp. grav. 2 0. 68 0. 340 13, 1dek%

C #ADhE Combi. 2 0, 65 0.325 12, 5¥k%

A X B 4 0, 60 0, 150 5. 8%

A X C 4 0. 41 0,103 4.0

B X C 4 0. 58 0. 145 5, 6%

s # Error 8 0,21 0,026

®iok ¢ significant at the level of 0.5%
** : significant at the level of 1%
* : significant at the level of 5%
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Table 4. oo = U B
Rust of nail. (%)
N . .
& = no m 1 & H ¥ Combination
Sp. grav. Condition a b c
® 21 21 21
1 @ 7 11
® 4 4
@ 21 18 21
I @ 7 7 7
® 4 4 4
@ 18 18 14
m ® 7 7 7
® 4 4 4
Table 5. & # 4 i & GTOIVE)
Analysis of variance (Rust of nail).
i E hF M F
Factor Deg. of freedom| Sum of squares Variance
4 Z # Total 26 1209
A uEEsft Condition 2 1147 573.6 358, Sk
B K # Sp. grav. 2 16.6 8.3 5. 2%
C #i&bHE Combi 2 1.0 0.5 0.3
A X B 4 18,1 4,5 2.8
A X C 4 5.7 1.4 09
B X C 4 8.1 2,0 1.3
E=d #  Error 8 12,5 1.6
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Table 6. $T R © @BEH &%
Diameter of nail hole. (mm)
A . .
H = n = MAeEDLE Combination
sp. grav. Condition a b c
@® 3.85 3.25 3, 45
1 ® 3.08 3. 20 3. 35
® 3.13 2,98 2,90
[©) 3. 45 3. 28 3.38
I @ 3.15 3.18 3.18
® 3.05 2,95 3.15
€)) 3. 23 3. 30 3.35
o ) 3.05 3,23 3.15
® 3.00 3.08 3.05
Table 7. 2+ # 2 i & GFIROE®)
Analysis of variance (Diameter of nail hole).
£ B ® BmE | FHFR | N & P
Factor Deg. of freedom| Sum of squares Variance
£ % @ Total 26 1,00
A &M Condition 2 0. 60 0. 300 20, OO%*%
B I B Sp. grav. 2 0.03 0,015 1,00
C #&b¥ Combi. 2 0.02 0.010 0. 67
A X B 4 0. 05 0,013 0, 87
A X C 4 0,09 0, 023 1.53
B X C 4 0,09 0, 023 1.53
= 2% Error 8 0,12 0,015
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Table 8. #Hoh o B &

Length of crack, (Cg). (cm)
[ n om & H+¥  Combination
Sp. grav. Condition a b c
) (2.0) 4,4 (9.2)10.2 (5.3)10.8
I ® (3.4) 3.6 ( 4.5) 4.9 (26 3.2
® (5.6) 6.0 (4.0 42 (8.3 8.8
® (53 54| 0.210.7| (3.4)3.9
I ® (49 45| (9.1D9%6| (20) 23
® (20 2.1 (4.8) 5.0 (0.4) 0.7
® (4.7) 5.1 (9.1)91 (2.5) 3.0
m @ (21) 36 (8.3) 87 (1.5 20
®. (30)34| (43 50| (5.4 5586
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Table 9, L E DR UL 2 M BE EH O I U E

Amount of rust of nails driven in woods with different specific

gravities. )
¥ B Wood Nara Sen Ezomatsu Kiri
. =E Sp. grav. 0. 56 0. 42 0. 35 0, 27
i . Condition ® ® @ ® @ ® @ ®
1 1.79 1,42 2,15 1,42 2,16 1,42 1,42 1,09
STOAIE 2 2.13 1,07 1,78 1,77 1,78 1,77 1.42 1,43
Position 3 1,78 0.71 1,07 1,08 2,14 1,42 1,77 1,08
oflatillle 4 1.81 1.07 1.79 1,09 2.13 1. 80 1,78 1,07
5 2,14 1,78 2, 49 1.78 2,48 1.42 1,79 1, 44
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Table 10. 4+ #& % # % QIOIUR)

Analysis of variance (Rust of nail),

e

|

Factor Deg. of freedom

Sum of squares

T o | 8 & F

Variance

Total 39
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Sp. grav.
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Hwe e OWwe D
xx><ERW§w

OO Y Emm e
NN W N W o~

Error 22

037
843 2, 843
932 0,311
035 0.518
155 0,052
111 0. 056
775 0,129
186 0. 054

52, 65%*
5, 76%*
9, 59%*
0. 96
1,04
2.39
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Influence of Condition of Wet and Dry Cycles on Deterioration
of Nail and Wood around it

Hiroto Imamuru®

Summary

The nail holding strength varies as time elapses, due to the relaxation of the wood, cor-
rosion of the nail, deterioration of the wood around the nail, and enlargement of the nail hole
due to the repetition of the swelling and shrinkage of the wood. These deteriorating factors
derive mainly from water.

This study was carried out in order to examine the influence of the conditions of wet-dry
cycle tests on the deterioration of nail and wood around it.

EXPERIMENT : The test specimen was made by nailing the ends of the two pieces of
western hemlock with one nail (CN50 : 50 mm length, 2.87mm in diameter). A load was ap-
plied on the center of the joint in a manner to bend the specimen in a V shape. Three kinds
of the combination of the wood were prepared as shown in Fig. 2, which illustrated the end
grains of the specimens.

Three groups of specific gravity (the average of the two pieces of the wood for one speci-
men) were prepared :

Group Average Standard deviation
I 0.55 0.004
i 0.58 0.005
I 0.61 0.007

One group consists of nine specimens. The standard deviations was obtained on eighteen
pieces of the wood.

A wet condition was made by water sprayed at room temperature and a vdry condition
was obtained in an oven at 60°C. Condition @ is 5 days in the water spray and 5 days in
the oven (10 days’ cycle), @ : 15 days and 15 days (30 days’ cycle) and ® : 30 days and 30
days (60 days’ cycle). The total days in the water spray, or the total days in the oven dryer
are the same for each condition in 120 days in all. Two pieces of the wood were jointed by
the nail when the moisture content of the wood was 15%. The bending test was made with
the cross head speed of 30 mm/min. The distortion of the specimen by the test was restored
before the wet-dry cycles. The specimen was tested again at the moisture content of 15%
after the wet-dry cycles. The load at the yield point (P) (Fig. 3) was regarded as a measure
of the deterioration of nail and wood around it.

After the wet-dry cycles, the nails were withdrawn, and scraped with a wire brush to
take off the rust. The amount of the rust (R) was obtained. The diameters of the nail holes
(D) were measured at the contact surfaces of the two pieces of the wood. The lengths of
the cracks were measured at the ends of both woods and summed up as (C) (Fig. 4).

RESULT : Table 1 shows P; obtained before the wet-dry cycles. According to the analysis

Received December 27, 1983
(1) Wood Utilization Division
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of variance, no significance was found among the factors of the combinations of the wood (a,
b, ¢), the specific gravity (I, II, III) and the interactions of these factors. The specimens for
the number 1, 2 and 3 in Table 1 was alloted to the treatment conditions of the wet-dry cycles
@, @ and @ respectively.

P; obtained after the wet-dry cycles is shown in Table 2. P, shows significant differences
among the factors of the conditions (the wet-dry cycles), the specific gravities and the com-
binations of the wood at the 0.5% level. P; shows also significant differences among the in-
teractions of the conditions and the specific gravities, and the interactions of specific gravities
and the combinations at the 5% level (Table 3). Pj; is the minimum at ® among the factors
of the conditions. P; is the maximum at III among the factors of the specific gravities. Py
is the minimum at b among the factors of the combinations.

The amount of the rust (R) increases as the period of the wet-dry cycle decreases from
® to @, due to insufficient drying time. R shows the significant differences among the factor
of the specific gravity (Tables 4 and 5) : R is higher when the specific gravity is I than III.
This phenomenon is unusual and needs an additional test with a wider range of the specific
gravity.

Fig. 8 shows the specimens for the supplemental test. The species of the wood used were
Nara (specific gravity : 0.56), Sen (0.42), Ezomatsu (0.35) and Kiri (0.27). The size was 5X
5X5 (cm). The amount of the rust differs in the conditions (@ and @), the specific gravities
and the positions of the nails at the 5% level (Tables 9 and 10). Fig. 9 shows the relationship
between the amount of the rust and the specific gravity. The amount of the rust shows a
maximum at the specific gravity of 0.35; however, the reason remains unknown. These are
the results of the supplemental test.

The diameter of the nail hole shows the maximum value at the wet-dry cycle @. The
relationship between the amount of the rust (R) and the diameter of the nail hole (D) is
shown in Fig. 5, and expressed as eq. (1).

The length of the crack (C;) made upon nail driving shows the maximum at the com-
bination b. P; decreases as C; increases as shown in Fig. 6 and eq. (2). C;increases by the
wet-dry cycles and C; shows the maximum also at the combination b.

P; is expressed as eq. (3). Where, ¢ is the specific gravity, R is the amount of the rust
and C; is the length of the cracks after the wet-dry cycles. The multiple correlation coef-
ficient is 0.70.




