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Temperature adjustments for 
the North American in-grade 
testing program 
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Abstract 

This report summarizes the available re
search information evaluated by the North 
American In-Grade Technical Committee 
and the resulting temperature adjustment 
relationships used by the Committee to ad
just bending strength, modulus of elastici
ty (MOE), and tension strength to a com
mon reference temperature of 73°F. Since 
compression property data collected in the 
United States and Canada was collected in 
a laboratory environment, no compression 
strength adjustments were required. 

Introduction 
In-grade testing of structural wood prod

ucts is a testing procedure typically involv
ing full-size tests of structural products 
representative of products as manufactured. 
This terminology has been employed in test
ing plywood properties.1 The concept has 
also been widely used in the development 
of dimension lumber strength properties. 

Madsen2 envisioned in-grade testing as a 
field testing technique, permitting evalua

1 	 Smith, G.R. 1974. The derivation of dowable 
unit stresses for unsanded grades of Douglas-
fir plywood from in-grade strength test data. 
Rept. 105. council of Forest Industries of Brit
ish Columbia, North Vancouver, B.C., Canada. 

2 Madsen, Borg. 1977. In-Grade Testing - Prob
lem Analysis Structural. Res. Series Rept. No. 
18. Dept. of Civil Engineering, Univ. of British 
Columbia, B.C., Canada. 

James W. Evans 

tions of large numbers of specimens of 
products as sampled and tested in the mill 
environment. Consequently, in-grade test
ing programs have typically used faster 
loading rates than laboratory testing stan
dards such as ASTM D 198, Standard Meth
ods of Static Test of Timbers in Structural 
Sizes. The field testing equipment may have 
different deflection measuring procedures 
and somewhat different performance capa
bilities than test equipment required for 
testing in accordance with ASTM D 198 
procedures. 

ASTM D 4761-88, Standard Test Meth
ods for Mechanical Properties of Lumber 
and Wood-Based Structural Material, was 
developed specifically to standardize in-
grade testing procedures for structural lum
ber. The standard permits testing in non
laboratory environments. The test methods 
provide procedures that are applicable un
der true field conditions, such as in a plant 
using specimens which are not equilibrat
ed to standard climate conditions. 

U.S. In-Grade Testing Programs 

The U.S. Forest Products Laboratory 
(FPL) and the U.S. Grading Agencies have 
completed full-size lumber in-grade testing 
programs to evaluate the mechanical prop
erties of visually graded dimension lumber. 
The mechanical property evaluations were 
conducted in accordance with the methods 
described in ASTM D 4761-88. Bending and 
tension mechanical properties were evalu
ated in the field environment. Actual con
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ditions encountered at the testing sites 
varied depending on local environment 
conditions. The U.S. grading agencies took 
air and/or wood temperature measurements 
at intervals during the testing programs to 
provide a basis for any subsequent adjust
ment of mechanical property data deemed 
necessary during data analysis. The specif
ic climate measurement techniques, mea
surement equipment, and data recording 
procedures employed by the individual 
agencies are described in Appendix A. 

All compression mechanical property 
evaluations for the U.S. program were con
ducted at the FPL using standard laborato
ry climate conditions and equilibrated test 
specimens. Compression property data was 
not adjusted for temperature effects. 

Canadian In-Grade Testing Program 

The Canadian In-Grade Testing Program 
was designed to provide comparable data 
to that derived in the U.S. In-Grade Test
ing Program. The Canadian program was 
conducted in a laboratory environment us
ing laboratory-type testing equipment. With 
the exception of loading rates and deflec
tion measuring equipment, the Canadian 
program was conducted in accordance with 
ASTM D 198 requirements. Since the ASTM 
D 198 requirements are stricter than those 
of D 4761, the Canadian program also meets 
the requirements of the latter standard. 

Since all mechanical property evaluations 
undertaken in the Canadian Lumber Prop
erties Program were conducted in the lab-



oratory environment, no data adjustment 
for temperature effects was required. 

Temperature adjustment factors 
for strength properties 

Clear wood properties 

The mechanical properties of wood are 
known to be affected by temperature. In 

general, wood mechanical properties de
crease as wood is heated. The specific ef
fects of temperature on properties are 
strongly affected by the heating period and 
wood moisture content (MC). 

The Wood Handbook3 shows general 
trends indicating that strength properties for 
drywood (MC = 12%) willincreasebyap-

Figure 1. - Percentage change in green MOR versus temperature. 

Figure 2. - Percentage change in dry MOR versus temperature. 
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proximately 20 percent for a temperature 
change from 68°F to 0°F. The temperature 
effect is larger for a higher MC level and 
smaller as wood MC approaches the oven-
dry state. Trends for the immediate effects 
of temperature on clear wood mechanical 
properties at various moisture conditions 
are summarized in Appendix A. 

Structural size dimension lumber 
Studies conducted at the FPL and Forin

tek Canada Corporation demonstrated that 
temperature also has a significant influence 
on strength properties of dimension lum
ber. An interaction of temperature effects 
with MC also exists for visually graded 
dimension lumber. 

Results of the FPL and Forintek studies 
were analyzed by Green and Evans (Ap
pendix A) to provide a basis for developing 
temperature adjustments for bending and 
tension property data for nominal 2-inch 
dimension lumber. 

Thepercentagechangeingreenmodulus 
of rupture (MOR) (Fig. 1), was found to be 
grade dependent. Select structural materi
al exhibited substantially smaller increases 
in strength as temperature decreased than 
either No. 2 or No. 3 grade material. 

The percentage change in dry MOR of 
dimension lumber (Fig. 2) is smaller than 
observed for green material. The results 
suggest a grade dependence. The increase 
in strength with decreasing temperature is 
greater for lower quality material. It was 
concluded that MOR was independent of 
temperature at an MC of 12 percent. 

Results for bending MOE (Figs. 3 and 4), 
follow the same general pattern observed 
for the MOR behavior. Grade does not ap
pear to significantly affect temperature ad
justment for MOE. Increases in MOE with 
lower temperatures are still significantly 
greater for green material. 

The effects of temperature on tension 
strength have been studied to averylimited 
extent. Results given by Green and Evans 
(AppendixA) showtemperature has a sub
stantial influence on tension strength of 
green lumber. There is no information 

3 U.S. Department of Agriculture. 1974. Wood 
Handbook: Wood as an engineering material. 
USDA Forest Serv., Madison, Wis. 



dry tension strength of lumber. 

Temperature adjustments 

gram, mechanical property data is adjust
ed to a reference temperature of 73°F. The 

Figure 4. - Dry MOE versus temperature. 
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available on influence of temperature on 

procedure for in-grade data 
Inthejoint U.S.-Canadian In-Grade Pro-

general form of the adjustment model is 
shown in Figure 5. Adjustments are pro
vided for the percent property change for 
green (PCG) and dry (PCD) material. Where 
these adjustment models intersect the zero 
adjustment line, upper temperature limits 
for the green (TG) and dry (TD) curves are 
specified. For temperatures T, greater than 

the specified limits, the correspondingper
cent property changes are zero. 

For temperature adjustment purposes, 
dry lumber is assumed to have an MC of 
12 percent and green material is assigned 
an MC of 23 percent. The maximum and 

property adjustments of the U.S. in-grade 
minimum temperatures encountered in the 

data base are shown in Table 1. 
Given a property value P, determined at 

an MC M, and temperature T, the adjust
ment procedure for MOR, MOE, and ten
sion strength proceeds as follows: 
1. CalculatePCG for the temperature T. If 

the temperature T is greater than the 
limiting temperature TG, then PCG = 
0.0. 

2. Calculate PCD for temperature T. If the 
temperature T is greater than the limit
ing temperature TD, then PCD = 0.0. 

3. Determine PCM, the percent change in 
property at MC M, according to: 

a. For M < 12 percent then PCM = PCD 
b. For M > 23 percent then PCM = PCG 
c. For 12 < M < 23 then 

Adjustment equations relating PCG and 
PCDto testtemperature T for MOR, MOE, 
and tension strength are summarized in Ta
ble 2 with the corresponding upper temper
ature limits applicable to each model. 

Application 
To illustrate, assume a bending strength 

(MOR = 6,000 psi) has been determined at 
a temperature of 30°F and the member MC 
is 18 percent. 

Applying the adjustment procedure and 
usingtheparametersofTable 1, thefollow
ing results are obtained: 
Given: P = 6,000 psi; T = 30°F M = 18 

TABLE 1. - Maximum and minimum temperatures for 
U.S. species groups. 

Species Minimum Maximum 

Figure 3. - Green MOE versus temperature. 



percent, 
then: PCG = 16.47 percent: PCD = 0 
and PCM = 8.98 percent 

The calculated property at the reference 
temperature Pref is given by: 

Summary 
In-grade testing in accordance with 

ASTM Standard D 4761-88, Standard Test 
Methods for Mechanical Properties of Lum
ber and Wood-Based Structural Material, 
permits evaluation of wood properties in the 
field using unequilibrated specimens. Eval
uation of technical properties of dimension 
lumber established using this test standard 
requires methods for adjusting mechanical 
properties temperature and moisture con
ditions. 

This report summarizes the available re
search information evaluated by the North 
American In-Grade Technical Committee 
and the resulting temperature adjustments 
relationships used by the Committee to ad
just bending strength, MOE, and tension 
strength to a common reference tempera
ture of 73°F. Since compression property 
data collected in the United States and Can
ada was collected in a laboratory environ
ment, no compression strength adjustments 
were required. 

Appendix A temperature 
adjustment procedures4 

All flexural and tensile testing in the U.S. 
In-Grade Testing Program was conducted 
in the field using portable testing equip
ment (7). Because it was not possible to 
condition the lumber to one standard tem
perature prior to test, the temperature of the 
wood at time of test was recorded. This ap
pendix documents procedures used to ad
just in-grade data for changes in tem
perature. 

4 	 This appendix was prepared by David W. Green 
and James W. Evans, USDA Forest Serv., Forest 
Prod. Lab., Madison, Wis. 

5 	 Temperatures were not recorded in Part I, phase 
A, of the program. For these specimens the 
lowest daily temperature recorded by the near
est U.S. Weather Bureau recording station was 
used for all temperature adjustments. 

In the discussion to follow we concen
trate on four topics: 1) calibration of the 
thermometers: 2) adjustment of moisture 
meter readings for temperature; 3) adjust
ment of flexural properties for temperature 
and 4) adjustment of tensile properties 
parallel to grain for temperature. Where 
possible, reference will be made to pub
lished (or soon to be published) papers. 

Calibration of thermometers 

Temperatures were recorded for each 

"lot"of in-grade data.5 A lot sometimes con
sisted of 10 pieces and sometimes consist
ed of 20 pieces. This temperature was as
sumed to apply to all pieces in the lot. 
Readings were recorded for both the wood 
temperature and the air temperature, usual
ly using separate thermometers. Although 
both thermometers were calibrated, only 
the wood temperature readings were used 
to adjust in-grade data. 

The three agencies each used different 
thermometers to measure the wood and air 

Figure 5. - Typical temperature adjustment model for in-grade data showing percent
age change in property calculated with respect to a reference temperature of 73°F. 

TABLE 2. - Temperature adjustment model parameters for 2-inch dimension lumber. 
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Figure 6. - Pocket thermometer used by 
West Coast Lumber Inspection Bureau to 
measure wood and air temperatures. 

Figure 7. - Surface thermometer used by 
Western Wood Products Association to 
measure wood temperature (similar type of 
thermometer used by Southern Pine In
spection Bureau); front view (top); back 
view (bottom). 

temperatures. Both the Southern Pine In
spection Bureau (SPIB) and the Western 
Wood Products Association (WWPA) used 
a standard red liquid thermometer to record 
air temperture. West Coast Lumber In
spection Bureau (WCLIB) used a pocket 
thermometer to record air temperature and 
to record wood temperature (Fig. 6). To 
record wood temperature, the WCLIB ther
mometer was wedged between the boards 
and left for a period of time. Both WWPA 
and SPIB used surface thermometers to 
messure wood temperature. Figure 7 shows 
the surface thermometer used by WWPA. 
The SPIB surface thermometer was similar. 

The thermometers were calibrated at the 
FPL. The thermometers were placed in var
ious conditioning chambers along with two 
precision laboratory thermometers. The 
laboratory thermometers were accurate to 
the nearest 0.5 degree and had been recent
ly checked against a reference thermome

ter. The surface thermometers were cali
brated both in the air, on a smooth wood 
surface, and on a rough wood surface. 
There was no difference in the calibration 
readings for the three situations. 

Table 3 lists the sdjustment factors used 
for all thermometers. To adjust in-grade 
dats, all the wood temperatures recorded 
for the WCLIB tests were increased by 2°F. 
The readings for the WWPA thermometer 
were increased by 7°F. The error for the 
SPIB thermometer readings was not con
stant but instead decreased as the actual 
temperature increased (Fig. 8). A linear 
equation was fit to the data, and the wood 
temperatures were adjusted using this 
equation: 

[1] 

where temperature is in degrees Farenheit. 

Figure 8. - Southern Pine surface thermometer calibration. 



Adjustment of moisture meter readings 

The MC of all flexural specimens was de
termined using a Delmorst6 electrical re
sistance moisture meter. Because the read
ings were taken at the test temperatures, the 
meter readings were corrected to the MC 
at 73° F. Although published adjustment 
procedures are available for adjusting meter 
reading for change in MC (11), adjustments 
for all species except Southern Pine and 
Yellow-Poplar were made using the result 
of a more extensive study recently complet
ed by Forintek Canada Corp (5). The ana
lytical model recommended by Forintek is7: 

[2] 

where: 

MC73 = moisture meter reading adjust
ed to 73°F 

MCT = moisture meter reading at wood 
temperature, T 

MC readings for Southern Pine and 
Yellow-Poplar were measured by the SPIB. 
These Delmorst meters were supplied with 
a dial face already corrected for Southern 
Pine. The species adjustment factor for 
yellow-poplar was supplied with this meter. 

Adjustment of flexural properties for 
wood temperature at time of test 

It is well established that the mechani
cal properties of clear wood are affected by 
the temperature of the wood at the time of 
test (3,6). Recent work on the effect of tem
perature on flexural properties has shown 

6 	 The use of trade or firm names in this publica
tion is for reader information and does not im
ply endorsement by the U.S. Department of 
Agriculture of any product or service. 

7 	 The equation expressing the relationship be
tween true MC (X ) and moisture meter read
ing (Y ) for cottonwood is not included by Gar
rahan (5), but the equation used for cottonwood 
and aspen was supplied (Y = 0.772X + 0.866). 

8 	 Unpublished data supplied by Dr. J.D. Barrett, 
Western Laboratory, Forintek Canada Corp., 
Vancouver, B.C., Canada. 

that the properties of dimension lumber are 
also sensitive to wood temperature at time 
of test (8). Thus, it was necessary to adjust 
in-grade data for the effect of temperature 
on flexural properties. In addition to the 
data from the study by Green and Evans (8), 
unpublished data were also available from 
a study conducted by Forintek Canada 
Corp.8 The In-Grade Technical Committee 
decided that the data from both studies 
would be used to derive an adjustment 
model. 

Summary of experimental procedures 
The Forest Products Laboratory study uti

lized both Douglas-fir and Southern Pine 
dimension lumber. The Southem Pine lum
ber was 2 by 4 inches, commercially grad
ed as No. 2 Dense. The Douglas-fir was 
graded as No. 1 for strength-reducing rea
sons in the middle 24 inches of the span. 
Because this is not typical No. 1 grade lum
ber, this lumber will be called "special"in 
this appendix. Prior to testing, the lumber 
for each species was separated into groups 
of equal size based on ranked MOE values. 
There were 50 specimens in each group (ex
cept the Douglas-fir MOE that had 75 
specimens). 

Six groups for each species were used to 
model the effect of temperature on the 
MOR of green lumber and three groups 
were used to model the temperature effects 
on dry lumber. One group of each species 
was used to model the effect of tempera
ture on MOE. The MC of the dry Southern 
Pine was 13 percent and that of the 
Douglas-fir was about 9 percent. 

Because green lumber was not available, 
the lumber to be tested in the green con
dition was placed in a treating cylinder and 
the cylinder filled with water at a temper
ature of 73°F. A vacuum of 28 inches of 
mercury was applied for 1 hour, followed 
by a pressure of 125 lb./in.2 for 2 hours. 

Each of the green groups for MOR test
ing was randomly assigned to different 
temperature chambers maintained at - 10°, 
25°, 35°, 43°, 73°, or 90°F. The dry MOR 
groups were randomly assigned to temper
ature chambers at - 10°, 35°, or 73°F. The 
lumber was stickered and remained in the 
chambers until it had equilibrated to the 
chamber temperature. 

The lumber of each species to be used for 
determination of MOE was first placed in 
the temperature chambers while still dry. 
The MOE measurements were taken at 
temperatures of - 10°. 25°. 35°. 43°. 73°, 
and 90°F. The lumber was then saturated 
with water as described previously and the 
MOE measures repeated at each of these 
temperatures. The MOE tests were con
ducted just outside the test chambers using 
portable equipment. 

All MOR tests were conducted on stan
dard laboratory equipment at a room tem
perature of 73°F. With one exception, the 
specimens were tested on edge in third-
point bending according to procedures 
given in ASTM D 198 (1). TO minimize ex
posure to the laboratory temperatures, test
ing was done at a rate of crosshead motion 
of 2 in./min. The test span was 60 inches. 
Also to minimize exposure, each of the 
specimens was placed in an individual in
sulated box while in the conditioning cham
ber. The box was carried to the test machine 
and the specimen removed for testing. The 
total exposure of the specimen to room 
temperature prior to failure averaged about 
45 seconds. Additional details of the ex
perimental procedures are given in the re
port by Green and Evans (8). 

Material for the Forintek study was ob
tained from one mill near Vancouver, B.C. 
The lumber was 2 by 6 Douglas-fir, 10 feet 
long. Two grades were chosen, Select Struc
tural and No. 3. The lumber was tested at 
two MC levels, green and 9 percent. Prior 
to conditioning, the lumber was sorted into 
groups of 50 specimens each using ranked 
MOE values. The groups were then ran
domly assigned to temperature chambers 
maintained at temperatures of -31°, 23°, 
40°, and 76°F (two groups were combined 
for the 76°F group). 

There were 50 specimens in each test 
group except the 73°F group. Both the green 
and dry groups tested at 73°F contained ap
proximately 100 specimens. 

All tests were conducted according to 
procedures of ASTM D 198 (1), except that 
the rate of crosshead motion was 0.6 
in./min. To minimize exposure to room 
temperature, the test machine was posi
tioned outside the condition chamber and 
the specimens removed one at a time. 
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TABLE 4. - Effect of temperature on the flexural properties of 2- by 4-inch dimension lumber (8). 

TABLE 5. - Effect of temperature on the flexural properties of 2- by 6-in. Douglas-fir dimension lumber. the basis of clear wood tests we would have 
expected an increase in MOR to  31°F (Ta
ble 4) of about 93 percent. 

The MOR of dry lumber is not very sen
sitive to changes in temperature. The mean 
value for Southem Pine only increased 
about 9.5 percent when tested at -10°F 
(Table 4) as compared to an expected in
crease of about 23 percent for clear wood 
(Table 6). The MOR of "special" Douglas-
fir decreased about 1 percent (Table 4). For 
dry Select Structural Douglas-fir, the MOR 
at -31°F is only about 1 percent higher 
than that at 76°F, but the MOR of No. 3 
Douglas-fir is 28 percent higher (Table 5). 
The anticipated clear wood increases to 
-31°F should be about 30 percent. 

With only 50 specimens per temperature 
group, it is not possible to draw definitive 
conclusions about the effect of temperature 
on MOR at various levels of the cumulative 
frequency distribution. Based on the per
cent change in MOR relative to the proper
ties at the base temperature, the green 
Southern Pine data suggests that the effect 
is less at the lower percentile levels. How
ever, the results for Douglas-fir are not con
sistent. 

In general, the Douglas-fir MOR values 
from the Forintek study decrease from 76 
to 40°F and then increase to -31°F(Tables 
5 and 7). Whether this is a real trend or an 

Prior to publication of the Forintek study, 
additional details of the experimental 
procedures may be found in Aplin and 
others (2). 

Experimental results 
Tables 4 and 5 present a summary of the 

experimental results of the Forintek and 
FPL studies. Results are not presented in 
Table 4 for the resaturated Douglas-fir, be
cause it was not possible to bring the MC 
at the center of the boards above the fiber 
saturation point (8). 

Modulus of rupture. - Temperature can 
have a significant effect on the MOR of 
dimension lumber (Tables 4 and 5). The 
temperature effect is especially noticeable 
with green lumber. For green Southern Pine 
lumber, the MOR value at - 10°F is 72 per
cent higher than at 73°F (Table 2). This is 
almost identical to the increase anticipated 
for green clear wood (Table 6). For green 
Select Structural Douglas-fir, the mean in
crease in MOR to - 31°F is 71 percent com
pared to the value at 76°F. For green No. 3 
Douglas-fir it is 113 percent (Table 5). On 
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anomaly of this data set is not known. This 
trend is generally not seen with the South
ern Pine data or with clear wood data. 

Modulus of elasticity. - As with MOR, 
MOE increases with decreasing tempera
ture. For green Southern Pine, the mean 
MOE at - 10°F is 69 percent higher than 

that at 73°F (Table 4). For green Douglas-
fir, the MOE of Select Structural lumber at 
-31°F is 22 percent higher than that at 
76°F. For green No. 3 lumber, the increase 
to -31°Fis 48 percent (Table 5). For clear 
wood, the expectedincrease in green MOE 
is about 33 percent to - 10°F and 43 per-

TABLE 6. - Approximate middle trend effects of temperature on mechanical properties of clear wood at 
various moisture conditions (6). 

cent to -31°F (Table 6). 
TheMOE ofdrylumberis muchless sen

sitive to change in temperature than is that 
of green lumber. In the FPL study (Table 
4), the MOE at - 10°F is 11 percent higher 
than that at 73°F for dry Southern Pine and 
9 percent higher for Douglas-fir. In the 
Forintekstudy (Table 5), themeanMOE of 
SelectStructurallumberis 3 percenthigher 
at -31°Fthan at 76°F. For No. 3, the in
crease in MOE is 8 percent to -31°F.The 
anticipated increase in clear wood MOE is 
11 percent to -10°F and 14 percent to 
-31°F(Table 6). 

Analytical models 
Previous work on developing analytical 

models to describe the effect of temperature 
on flexural properties (8) suggests two ap
proaches: 1) analyticalmodelsbasedonthe 
absolute property at the test temperature, 
and 2) analytical models based on the 
change in property at the test temperature 
relative to the property at a base temper
ature. Reviewofthepreviouswork, as well 
as review of the new data supplied by 
Forintek, indicated that a model based on 
the percentage change in property relative 
to the property at 73°F would tend to 
minimizedifferencesacrosspercentilelev-

TABLE 7. - MOR of green lumber at various temperatures relative to the MOR at the base temperature.a 
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TABLE 8. - MOE of green lumber at various temperatures relative to the MOE at the base temperature.a 

els (Tables 7 and 8). This is the approach 
taken in this appendix. 

Because the properties of lumber are a 
function of both MC and temperature, there 
is an obvious need to predict properties at 
MCs other than those used in this study. To 
adjust in-grade data, a linear interpolation 
was made between the properties reported 
for green lumber and those for dry lumber. 
As in the study by Green and Evans (8), the 
average MC for dry lumber is assumed to 
be 12 percent. For MOR, we thus interpo
late between the property green and no 
change at 12 percent. The same is done for 
MOE except that the MOE temperature 
curve at 12 percent is not flat. 

Modulus of rupture. - Quadratic equa
tions were fit to the MOR data for individu
al grades expressed as a percentage of the 
properties at the base temperature (Fig. 4). 
Based on these results, it was decided to 
combine the results for No. 2 and No. 3 Figure 9. - Fitted MOR versus temperature percentage model - green data. 

grade material. The quadratic equation for 

the green MOR of the combined No. 2 and ber was modeled as 60 percent of the value Past this point the lines increase and even-

No. 3 data is: given by Equation [3]. tually are above the zero line. It does not 


Quadratic models fit to the green MOR seem logical that green properties should in-
data fall below the zero percent change line crease with increasing temperature. Ger

[3] over some portion of the temperature range hards' (6) results for clear wood suggest that 
where Tis expressed in °F. After investigat- (Fig. 1). The modulus reaches a minimum at best the curve may tend to flatten out 
ing several options, Select Structural lum- from 50° to 75°F (depending upon grade). over some midrange of temperature before 

35 




continuing its downward trend. Therefore, = -
we decided to assume that MOR is inde
pendent or temperature above 56°F [Fig. 9). 

In deriving the curves shown in Figure 
9 all of the data were used to establish the 
quadratic portion of the curve [Equation 
[3]). An alternative procedure would be to 
use only the data below the reference tem
perature to establish the quadratic equation 
and to use the reference data only to estab
lish the cutoff temperature. This procedure 

low 73°F, the quadratic portion of the curve 
becomes: 

% change in MOR = 56.8904 -
1.56207T + 0.0071543T2 [4] 

in effect "weights" the curves toward the 
Douglas-fir results. Using only the data be-

The cutoff point for Equation [4] is 46°F. 
There is little difference between the re

sults predicted by Equations [3] and [4] over 
much of the temperature range (Fig. 10). 
Within the range of the data, the maximum 

Selection of a particular equation should be 
governed by concerns for the intended ap
plication. Because most of the green lum
ber that was tested at lower temperatures 
was Douglas-fir, it was the consensus of the 
In-Grade Technical Committee that the 
curve fit to the data below 73°F, Equation 
[4], would be used in adjusting in-grade 
data. 

In the previous study by Green and 
Evans (8), it was concluded that MOR was 
independent of temperature at an MC of 
about 12 percent. Inspection of Figure 2 in
dicates that, although some curves have a 
slightly positive slope and some a slightly 
negative dope, it is still reasonable to as
sume a zero slope for lumber at an MC of 
12 percent. 

Modulusof elasticity. - Equations were fit 
to the MOE data using the same approaches 
as for MOR. For green MOE, a quadratic 
equation provided the best fit to all the data: 

Figure 10. - Fitted MOR versus temperature percentage model - green data. 

TABLE 9. - Effect of temperature on the tensile strength parallel to the grain of Southern Pine 2 by 4s. 

0.564765T + 0.00250466T2 [5] 
The cutoff point is 63°F. A straight line 
provided the best fit to the green MOE data 
below 73°F: 

% change in MOE = 

with a cutoff point of 45°F. Within the range 

27.91398 - 0.613821T [6] 

Figure 11. - Effect of temperature on the 
tensile strength parallel to grain of green 
Southern Pine 2 by 4s at various percent
iles of the cumulative frequency distri
bution. 

Figure 12. - Effect of temperature on 
tensile strength parallel to grain of green 
lumber. 

difference is about 4.5 percent at 46°F. % change in MOE 25.54972 
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of the test data, the maximumdifferencebe
tweenEquations[5]and[6], consideringthe 
equations to be cut off at 0 percent change 
in MOR, is about 5 percent (Fig. 3). 

A straight line provided the best fit to the 
dry MOE data. Using all the data, the linear 
equation is: 

% change in MOE = 
4.802662 - 0.081546T [7] 

with a cutoff temperature of 59°F. Using 
only the data below 73°F, the equation for 
dry MOE is: 

% change in MOE = 
4.843212 - 0.113983T [8] 

with a cutoff temperature of 42°F (Fig. 4). 
As with MOR, it was decided to use 

Equations [6] and [8] to adjust in-grade data. 

Adjustment of tensile strength 
parallel to grain for wood 

temperature at time of test 

Unlike flexural properties, the effect of 
colder temperatures on the tensile strength 
ofclearwood parallel tothe grain isnot well 
established (6,9). Recently, however, a 
study was completed on the effect of tem
perature on the tensile strength of lumber 
parallel to the grain (9). This study forms 
the basis for adjustment procedures used 
with the in-grade data. 

Summary of 
experimental procedures 

This study utilized the 50 MOE speci
mens that were available after the comple
tion of the FPL flexural study described in 
the previous section. At the conclusion of 
the flexural study, the green specimens 
were stored for 30 days at 35°F. The speci
mens were next allowed to come to room 
temperature and then resaturated with 
water as described previously. Using the 
ranked MOE procedure, the specimens 
were separated into two groups. One group 
was tested at room temperature; the other 
group was equilibrated to - 10°F prior to 
testing at 73°F. 

The specimens were tested at a rate of 
loadingof400 lb./in2/sec. The averagetime 
to failure was 45 seconds. No frozen speci
men was exposed to room temperature for 
more than 90 seconds prior to failure. 

Experimental results 

As was observed with MOR, tensile 
strength of green lumber is sensitive to 
changes in temperature. At - 10°F, the ten
sile strength of green Southern Pine is 49.3 
percent higher than that at 73°F (Table 9). 
Also, as with MOR (8), the stronger lum
ber is more sensitive to changes in temper
ature than is weaker lumber. Comparing 
extreme order statistics, the minimum value 
at - 10°F is 46.1 percent higher than that 
at 73°F. The maximum MOR value at 
- 10°F is 63.1 percent higher than at 73°F. 
This fanning of percentile levels is shown 
graphically in Figure 11. 

Freezing also changed the nature of the 
tensile fracture. At room temperature, the 
stronger pieces of lumber usually exhibit
ed splinter fractures. At - 10°F, the stronger 
pieces usually broke in a brash manner with 
little indication of splinter fracture surfaces. 
Of course, the lower strength pieces that 
contained large knots usually failed in a 
brash manner whether at - 10°F or at 73°F. 

Analytical models 
To adjust in-grade data to a common 

temperature, it was necessary to develop a 
modelthatwas applicable at all levelsofthe 
strength distribution and applicable at all 
MC levels. Since only a very limited amount 
of material was available for testing, some 
judgment was required in formulating the 
model. 

The fanning effect of the strength-
temperature relationship has already been 
noted. If the sample size had been larger, 
it would be possible to model strength 
changes atvarious levels ofthe cumulative 
frequencydistribution. Withonly25 speci
mens per temperature, such models would 
not be very reliable. Maximum reliability 
is achieved by modeling mean trends. The 
fanning ofthe tensile strength-temperature 
relationshipwith increasingpercentilelev
els can be minimized by expressing the 
strength at -10°Fas a percentage of the 
strength at 73°F. 

Figure 12 presents several alternatives for 
adjusting tensile strength for changes in 
wood temperature at time of test. The most 
conservative estimate would be to connect 
a straight line between the percent change 

in tensile strength at - 10°F and that at 73°F 
(curve 1). However, professional judgment 
indicates that such a relationship would be 
overly severe. In our previous study on 
flexural properties, a nonlinear relationship 
was found between bending strength and 
temperature. Historically, tensile strength 
has been assumed to vary proportional to 
flexural strength (4). Studies on the effect 
of MC on the flexural (10) and tensile (12) 
strength of lumber also indicate a corre
spondence between the forms of the ten
sile and flexural property-MC relationship. 
Therefore, it seems reasonable to assume 
that the tensile strength-temperature rela
tionship is nonlinear. It also appears reason
able to assume that tensile strength can be 
estimated as a percentage of the bending 
strength-temperature relationship. The 
changes in MOR at - 10°F are 72 percent 
higher than that at 73°F. For tensile 
strength, the increase was 49.3 percent. 
Thus, the increase in tensile strength was 
46 percent of the change in MOR. Estimat
ing the tensile strength as a percentage of 
the previously developed relationship for 
MOR allows us to calculate the tensile 
strength of lumber at any combination of 
temperature and MC. 

Curve 4 (Fig. 12) is the tensile strength-
temperature relationship estimated as a 
function of the model used to adjust in-
grade flexural data (Equation [4]). For No. 
2 grade lumber, this equation is 67.3 per
cent of Equation [4], or: 

% change in tensile strength = 
38.2872 - 1.05127T + 0.0048148T2 [9] 

The corresponding equation for the ten
sile strength of Select Structural lumber as 
a function of temperature was assumed to 
be 60 percent of Equation [9]. 
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Errata 


Barrett, J. David; Green, David W.; Evans, James W. 1989. Temperature adjustments for the 
North American in-grade testing program. In: In-grade testing of structural lumber; Proceedings 
47363. Madison, WI: Forest Products Research Society: 27-38. 

Property change model equations for MOE are represented incorrectly in Table 2 (p. 30). That 
portion of the table should read as follows: 

TABLE 2 .- Temperature adjustment model parameters for 2-inch dimension lumber. 

Upper 
Moisture temperature 

Property Grade content (%) Property change model limit (°F) 

MOE All 23 PCG = 27.91 - 0.614T T G  = 45 
12 PCD = 4.823 - 0.114T T D  = 42 


