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FOREWORD

This report forms part of the stated goals in CF5/D5S Project 7, 

"Energy Conservation in Residential Homes", funded by the Canadian

-i-

Forestry Service.



ABSTRACT

The thermal resistivities (R) of 11 samples of white pine were measured 

at a mean temperature of 41°F (5°C) using an experimental set-up fabricated 

in this laboratory. The R-values varied between 1.5 and 2.1. Attempts 

are made to discuss these results in terms of the temperature dependence 

of R, grain direction, and density of wood. It was found that the res

istivity of white pine, when the heat flow was in the perpendicular to 

the grain direction, was 1.2 times its resistivity when the heat flow was 

in the parallei-to-the-grain direction.
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THERMAL RESISTIVITY OF WHITE PINE 
by

A.J. Nanassy, A. Venkateswaran and T. Szabo

INTRODUCTION

A literature survey (1-5) of the thermal resistivities of pine wood 

gives (Table 1) different values ranging between 1.11 and 1.39. Kollmann 

(6) reports thermal conductivities of wood fibre for a wide range of tem

perature (between -50°C and +1Q0°C).

Due to the importance to the log building industry in Canada, it is 

of great interest to determine the thermal resistivity of white pine at 

low temperatures. There is very little information available or reported 

in the literature. Hence, an investigation was carried out to determine 

this important thermal parameter of pine wood using the experimental set

up fabricated in this laboratory (7). An attempt also is made to compare the 

thermal resistances of wood in the two grain directions.

METHOD

Eleven samples of white pine were obtained from various sources, inclu

ding Can-Am Log House Ltd., Waterloo, Québec and Maison du Pionier, Lucien 

Belisle Inc., Montebello, Quebec. The moisture content of the samples 

was about 10«. Thermal resistivities of all these samples were deter

mined at a mean temperature of 41°F. (The temperatures of the hot sur

face and the cold surface were 68°F and 14°F respectively.) The resis

tivities calculated varied between 1.5 and 2.1. This range of values is 

much higher than those reported in Table 1. Note that the present value
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of resistivity is determined at a temperature of 41°F while Kanter (8) 

reported a value of 1.28 at a temperature of 68°F. (The temperature 

at which the resistivities of woods were measured, as reported in Table 1, 

are not available except for that reported by Kanter.)

DISCUSSION

The literature (8-9) shows that the thermal resistivities of wood and 

wood composites increase as the temperatures decrease. The work done 

in this field is very limited. However, available data are collected 

and are plotted in Figure 1 . Figure 1 also includes EFPL data (the 

average of all values viz. 1.8, is used in Figure 1).

Figure 1 discloses the following:

1. The thermal resistivities of woods and wood based boards 

increase with a decrease in temperature.

2. The values of thermal resistances of white pine determined 

in this laboratory and those reported in the literature (1 to 5) 

are much higher than those values of birch and boards reported by 

other workers (8,9).

3. The thermal resistivities of white pine determined in this 

laboratory are much higher than those for white pine reported in the 

literature (1 to 5).

To explain the above differences, a further analysis of the data 

is made in the following fashion. It is known that thermal resistivity
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of wood is affected by a number of factors. These include: density,

moisture content, extractive content, grain direction and structural 

irregularities.

The thermal resistivity is nearly the same in the radial and tan

gential direction with respect to the growth rings but is half or less 

than half in the parallel-to-the-grain direction. (An accurate- ■* 

analysis of the effect of this variable direction cannot be carried 

out with the data in this report, since the grain directions in 

which the thermal measurements were made are not known.)

Let us now analyse the data in terms of density and its effect on 

the thermal resistivity of wood. Figure 2! is drawn relating these two 

parameters for a number of woods and wood based boards from the literature 

(8, 9). Note that Figure 2 explains reasonably well the relationship, 

except, again the thermal resistivity of white pine measured in the lab

oratory is much higher than other similar values, reported in the lit

erature. The wide scattering of the thermal conductivities of woods used 

in Figure 2 (1, 2, 3, 4) could be due to the fact that there

are several variables involved in the thermal conductivity measurements.

These variables, details of which are not known, include density, moisture 

content and exact grain direction of those samples and test procedure. It is 

not necessary to analyse the effect of moisture content on the thermal resis

tivity of woods shown in Figures 1 or 2 since all of them, except the Handbook 

data (5) (no moisture content data given), have an approximate moistureocontent of
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about 10 percent. Therefore, the reason for this higher value of resistivity ob 

tained from our measurements cannot be explained from the present work.

It is of interest to note that Kollmann (6) reported that the ther

mal resistivities at various temperatures (-50<0<+100°C)..could be cal

culated using the following empirical relation:

1 _ ' _  1_  ______________________ 1_________________________ _

R2 R1 1 - (.011 - ,0098do) (t2 - tx) (!)

where R2 = resistivity at t2 °C 

R̂  = resistivity at t-j °C 

d0 = oven-dry density of wood.

It would be of great interest to calculate the thermal resistivities 

of wood at various temperatures from those values of thermal resistivities 

reported in the literature. Since the values of d0 are not reported in 

each case, this calculation cannot be made.

EFFECT OF GRAIN DIRECTION ON THE THERMAL RESISTIVITIES OF WHITE PINE

Two boxes of white pine were made for this study. In one box, the 

heat flow from inside to outside was along the grain direction; in the 

second box, the heat flow was perpendicular to the grain direction. The 

dimensions of the two boxes are given below:

Outside: 12" x 12 " x 8.5" Thickness of. 
(box) wall 3.5"

Inside: 5" x 5" x 5 " Dimension of 
lid 12" x 12" x 3.5"
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The two boxes were kept in a room with controlled humidity and low 

temperature (Below 0°F). A six-watt bulb was suspended suitably 

inside each box. To register the temperatures, thermocouples recommended 

by ASTM were embedded and taped both inside and outside the boxes. The 

lid of each box was firmly placed and taped so that no heat was lost from 

displacement of the lid.

Comparison of the thermal resistivities was made in the following 

manner:

Thermal Resistivity R = A.(t, - t2) 
Hd

(ft?.h°F)
BTU.in

(2)

where A = area measured on a selected iso 
• thermal surface (ft^)

t-j = temperature of the hot surface (°F)

t2 = temperature of cold surface (°F)

H = time rate of heat flow (BTU/h)

d = thickness of wall (in.).

Since both the boxes were identical in all respects except the grain

direction, equation (1) could be written, for the two boxes:

r - A ( t , t , 2) A ( ti) (3)
1 Hd Hd

p _ A ( 12 ! — t22) A ( t2 )
Hd Hd

so that:

Ri _ &tt (4)
R 2 A t2
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Experiment shows that resistivity of white pine when the heat flow 

is in the perpendicular-to-the-grain direction (R^) is equal to 1.2 times 

the resistivity of white pine when the heat flow is in the parallel-to-the- 

grain direction.

CONCLUSION

The resistivities of white pine, as measured using the laboratory 

device, are higher than those reported in the literature. It is possible 

that there could be some heat loss from the box and through the edges of 

the sample. It would be interesting to repeat these measurements on white 

pine after suitably modifying the device to take into account this heat 

loss.

The resistivity of white pine, when the heat flow is in the direction 

perpendicular to the grain, was found to be 1.2 times that when in the 

direction parallel to the grain.
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TABLE 1. THERMAL RESISTIVITIES OF PINE REPORTED IN THE LITERATURE

NO. DENSITY
(g/cc)

GRAIN
DIRECTION TEMPERATURE

(°F)

THERMAL 
RESISTIVITY 

(ft2hr.°F)/(Btu.in.)
MC
(SS)

SPECIES REF.

1 — — Not given 1.23 — Pine 1

2 0.41 — — 1.28 — White
Pine 2

3 0.31 Across
grain

— 1.28 — White
Pine

3

4 0.38 Across
grain

— 1.39 — White
Pine

4

5 0.44 Across
grain

— 1.11 8* White
Pine

5

6 0.44 Across
grain

— 1.28 0* Birch 5

^Source: Ref. 5, pp. 3-20.
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FIGURE 2. RELATIONSHIP BETWEEN DENSITY AND THERMAL RESISTIVITIES OF WOOD
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