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THE EFFECT OF TEMPERATURE ON THE
STRENGTH OF WOOD (I)
By

Surero Isuipa, Assistant Professor
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Table 1. Compressive strength of wood at.various

Nominal condition Number of Actual moisture content
Species - at beginning of test (%)
Moisture Temperature test’ pieces :
°C) . Max. Avg. Min.
Jezo-spmcé ( 60 5 1.9 .18 0.8
' : : 30 b 0.8 0.7 0.6
Oven dry J 0 5 08 05 04
' -10 5 1.0 08 08 |
L —20 5 1.6 1.0 0.8 -
[ 60 5 15 14 14
30 51 15 15 14
" Air dry 0 b 15 - 15 14
—10 5 15 15 15
\ —20 4 15 15 14
60 5 26 24 23
] ' ( 30 5 25 25 24
Fiber o : 0 5 26 % %
-10 4 28 2b 24
—20 5 26 25 24
60 5 177 - 169 161
( ) 30 b 178 170 160
Green _ "0 5 173 160 149
—10 5 172 160 151
L —20 b 173 164 150
Birch laminated 60 5 13
wood 30 5 13
Air dry
—2 5 13
i . —30 4 12

B iliKko £ vz 0°C BT3B oA & [ MR 594 0°C LU T
%, MMM T oMC HTRRRE RRERHMLY R L, 2 MULEHE L7cA likoR
BrliszbortBazbils, + FeYotHconwToBEEELE Table2 xRt & &)
| TH 5N, 2°C OfEC X oT, B S AERoMMEERE, J - - tMomh b
MRS DR, R7e, MIC 3 CHEE PO 2 12 S X D 13 kg/om® 3 <
BOTED, ERoBEEXHBHE 2 b 5iRE2°C cH % RERIN4kg/cm® & 039
kg/om® i3, H UK OBECER T 5 b0 L B2 B NEE v, HiKo BisAM o
WMBCYET B0 LTNE, BA KRCE TR BlKORTE L AR O REH N &
DA BHORB A BEEF IR DRV, hCOWTIEERSTbILAENDT,

~# ~HEHMIcOWTE Figure 1-2 b3 X5, 7h =Y v vH#EH LIEER



temperatures and moisture contents
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Actual temperature Spv?g%gﬁtg::gizyo lgfns:dat?n Compressive strength .
°C) beginning of test (kg/em?)
Max. Avg. Min. Max. Avg. Min. Max. Avg. Min.-
62 ~ b7 0.44 0.43 '0.42 783 744 690
3 30 29 45 44 .42 862 816 764
0 44 43 42 888 873 851
—10 4b. 44 43 925 899 850
—20 —-21 —22 43 42 42 928 908 896
62 ~ 58 .49 48 46 391 351 318
31 30 29 49 A7 46 414 404 387
0 48 47 .46 474 453 430
—10 .49 48 .46 514 494 480
—20 48 .46 45 517 505 - 494
62 ~ b7 52 49 .46 209 187 178
31 30 29 .53 49 46 246 230 221
0 b3 50 48 300 282 258
—-11 b1 .49 47 327 309 298
—-20 b3 .51 49 334 330 326
62 ~ 57 1.07 1.04 1.02 123 117 112
32 ~ 28 1.08 1.08 1.06 167 160 152
0 1.02 1.01 0.99 243 225 208
—11 1.04 1.02 0.97 306 288 268
—19 -2 ~21 119 110 0.98 348 331 309
63 ~ 53 0.75 0.74 0.72 491 461 439
31 ~ 28 .75 74 73 601 583 548
- 2 75 74 N2 722 688 667
—28 ~ -—30 76 4 1 837 820 815
Table 2. - Comparative experiment of compressive strength of frozen
wood and nonfrozen wood (Todo-fir)
Tomperature | DS o Number LI et | Bt besiuning of | sweongth -
test pieces | pieces and volume at | test (%) (kg/cm?)
C) beginning of test | n.y Ave Min. | Avg. Std. D.
N; 10 1.09 240 230 220 215 128
S 10 1.06 230 219 210 234 26.5
+0* E4 10 1.09 2356 229 220 216 25.1
W; 10 1.08 231 228 219 241 14.8
Total 234 226
Ne 10 1.10 230 215 22 225 145
Se 10 1.08 - 227 220 209 242 171
E, 10 1.12 229 225 210 245 241
—2 W 10 111 235 230 210 241 223
Total 230 239

* Water not frozen
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Fig. 1. 1. Relation between compressive strength and temperature .
at different moisture contents (Jezo-spruce wood)
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Fig. 1:2.,  Relation between compressive strength and
temperature (Birch laminated wood)
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Fig. 2.  Apparatus for measurement of modulus of elasticity.
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Table 3-1. Modulus of elasticity from static bending of wood at

Nominal condition Number of Actual moisture content
Species - at beginning of test (%)
Moisture  Temperature test pieces
(°C) Max. Avg. Min.
Jezo-spruce 10 4 1.4 1.1 0.8
‘ 0 4 3 11 08
‘Oven dry —15 ) 4 1.0 0.8 0.5
—25 4 1.0 0.8 0.6
L —410 ’ 4 12 10 07
10 4 15 14 14
0 4 14 14 14
Air dry —-15 4 16 15 .14
—26 4 17 15 14
—40 4 17 15 14
Birch laminated ( 10 4 13
wood 0 3 13
Air dry —15 4 13
—25 4 12
\ —40 4 12

* Experiment A: Each specimen was tested at all of temperatures observed,
consequently 5 times.

. Table 3-2. Modulus of elasticity from static bending of wood

Actual moisture content

) Nominal condition Number of
Species : at beginning of test (%)
Moisture = Temperature test pieces
(°C) Max. Avg. Min.
Jezo-spruce ( 10 4 1.7 1.5 1.1
0 4 1.6 14 - 1.0
Oven dry —15 4 2.2 1.6 0.9
—25 4 2.1 1.6 1.1
—40 2 0.8
10 4 16 14 13
0 4 15 14 14
Air dry —-15 4 15 14 14
—25 4 16 15 15
—40 2 15
Birch laminated ( 10 4 12
wood : : 0 4 12
Ajr dry —15 4 13
' —2b 4 13
\ —40 4 13




various temperatures (Experiment A)*

1)

Actual temperature

Speqiﬁc gravity based on
weight and volume at

Modulus of elasticity

¢C) beginning of test (X10° dyne/em?)

Max. Avg. Min. Max. Avg. Min. Max. Avg. Min.
Li_ll 10 a9 0.43 0.41 0.40 139 133 129
T2 1 ” 144 136 129
—14 —15 ? 141 136 132
—23 —25 i 146 139 132
—38 —41 ” 146 139 134
11 9 45 44 43 123 119 113
2 1.5 ” 126 121 114
” 130 123 117
—-25 —26 »? 136 127 119
—37 ~ —41 i 138 129 120
10 .81 .80 8 174 169 160
2 ? 178 171 164
—15 ” 185 177 168
—23 o4 —25 » 188 183 180
-39 ~ —41 i 195 191 186

? B: Each specimen was tested at only one of the tempera-

tures observed.

at various temperatures (Experiment B)

Actual temperature

Specific gravity based on
weight and volume at

Modulus of elasticity

¢C) beginning of test _ (X10° dyne/em?)

Max. Avg. Min. Max. Avg. Min Max.  Avg. Min.

10 0.41 0.40 0.38 134 125 117

2 42 41 40 144 131 122

—15 42 40 28 145 135 128

-23 -2 —26 43 41 39 148 139 131

—~38 ~ —42 41 148

10 43 43 42 119 116 112

2 A4 43 42 120 117 111

—15 45 43 42 128 122 115

—-28 -9 —26 45 44 42 141 131 122
~37 ~ —4i 43 136

10 80 9 78 176 175 174

2 80 58 78 180 178 178

-15 79 78 a7 188 182 179

—24 ~2% —26 80 9 79 186 186 185

—38 ~ —42 .82 80 9 197 195 195
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Summary

Analyses were made of the effect of temperature on the compressive strength
and the modulus of elasticity from static bending of Jezo-spruce wood (Picea Glehni
Mast.) and of laminated wood of birch (Betula Maximowicziana RGL.).

The o ompression tests were carried out at temperatures of 60°, 30° 0° (water
not frozen), —10° and —20°C., using material of four moisture conditions : oven-dried,
air-dried, fiber saturated and green in the case of Jezo-spruce wood, but only air-
dried birch laminated wood. The test pieces were prepared accurately to 3.00 cm
long (parallel to grain, and loading direction) and 2.00 cm square in cross section.

The compression tests were made with a 4-ton universal wood testing machine
with a special attachment by which temperature of test pieces could be controlled
arbitrarily within the range of +70°to —35°C. The temperatures during test were
obta ined by the use of thermocouples which were connected to a galvanometer.
The results obtained are shown in tables 1 and 2, and in figures 1-1 and 1 -2.

The bending tests to determine the modulus of elasticity were carried out at
temperatures of 10°, 0°, —15°, —25° and —40°C., and with both oven-dried and air-
dried Jezo-spruce wood respectively, but only air-dried birch laminated wood. The
apparatus with which bending tests were made is shown in figure 2. The mea-
surements were performed on small beams 30.0 cm long and 0.500 cm (radial direction
of Jezo-spruce, laminating direction of laminated wood, and direction of loading) by
1.00 cm in cross section.. Each beam was supported at 2 points over a 24.0 cm span,
and loaded at the center. Deflection in the center of beam was measured with
optical lever and plotted against pressure at every 200 grams through both loading
and unloading. The maximum value of the load was 1000 grams at which bending
moment reached 150%10* dyne/cm? The measurements of the deflection were made
in rooms of each of the temperatures established in the design of the experiment
'(the measurements at temperatures of —15°, —25° and —40°C. were made in a cold
chamber of the Low Temperature Institute, Hokkaido Umversﬂ:y) The results obta-
ined are shown in tables 3 -1 and 3 -2, and in figures 3-1 and 3 - 2.

The following conclusions may be drawn from the results of tests.

1. The compressive strength of wood below fiber saturation point increases lin-
early with a decrease of temperature within the range of 4 60° to —20°C., with the
exception of the part below 0°C. in green condition. Modulus of elasticity of oven-
dried and air-dried wood increases approximately linearly with a decrease of tem-
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perature +10° to —40°C.
2). The compressive strength of Jezo-spruce wood as related to temperature and
moisture content is fermularized as follows:

o=914%10-0"%? _2.07 ¢

o: Compressive strength (kg/cin®)
¢: Moisture content below fiber
saturation point (%)
t: Temperature +60° to —20°C. (°C)
3). 'The increase of compressive strength of green wood with decrease of tem-
-perature is larger than that of others, in temperatures below 0°C.



