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F O R E W O R D

This report presents results of an in-grade study of the 

flexural properties of spruce-pine-fir dimension lumber from 

eastern Canada.

It forms part of the stated goals of CFS/DSS Project 13 

"Flexural Stiffness and Strength of In-Grade Eastern Canadian 

Spruce-Pine-Fir Dimensional Lumber" which was funded by the 

Canadian Forestry Service.



ABSTRACT

This report presents some of the results of an in-grade study of 

the flexural properties of 1133 pieces of Spruce-Pine-Fir (SPF) dimension 

lumber obtained from six mills in eastern Canada

The purpose of this report is to assess the in-grade flexural 

properties of SPF lumber and to examine the effects of source, species, 

and size on these properties.

Results show that in-grade strength properties vary with source and 

species. Within a single species, source effect can be largely accounted 

for by the variation of wood specific gravity; in the SPF species group, 

black spruce and jack pine show higher strength and stiffness than white 

spruce and balsam fir.

The effect of size on the Modulus of Rupture was significant in select 

structural grade material only whereas no significant effect of size on 

Modulus of Elasticity (MOE) was indicated in all grades.

Most allowable bending stresses as assigned to the SPF species group 

for each grade and size were inappropriate in comparison with the 93 percent 

confidence fifth percentile tolerance limit; however, when compared with 

the sample 3 percent exclusive limit, some agreement was readily dis-

cernible. All allowable MOE values except No. 1,2 x 4 white spruce, either 

fell within the corresponding sample confidence limits or below them, in-

dicating in general that the allowable values were either conservative or 

appropriate.
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FLEXURAL PROPERTIES OF SPRUCE-PINE-FIR 
DIMENSION LUMBER FROM EASTERN CANADA

by
K. Bardell and P.W.C. Lau

1.0 INTRODUCTION

The majority of dimension lumber in Canada is graded according to 

visual appearance criteria. A grade is given to each piece of lumber 

depending on the presence and location of defects such as knots, checks, 

splits,wane, rot, and slope of grain. Allowable stresses, as assigned to 

each species group, size, and grade are intended to reflect the corres-

ponding strength properties. These allowable stresses are derived from 

the fifth percentile level of the strength of small clear specimens 

through a series of corrections to account for the effects of load- 

duration, moisture content, depth, grade, and safety margin.

In-grade testing of lumber is a recognized technique (1) for assess-

ing the appropriatness of assigned allowable stresses and the effective-

ness of various grading procedures. It can provide information which can 

be used to evaluate the current systems of grading, and to develop new 

grading techniques. In addition, evaluations can be made of the effect of 

various factors such as growth conditions, size or species on in-grade 

strength and stiffness distributions.

A major in-grade study of dimension lumber of the Spruce-Pine-Fir 

(SPF) species group from eastern Canada was carried out at the Eastern 

Forest Products Laboratory in 1974-1975. The lumber was graded ac-

cording to the National Lumber Grades Authority (NLGA) grading rules 

(6). The study included a sampling procedure, several types of non-

destructive stiffness tests, and detailed recording of the flexural 

testing of 1,133 specimens of SPF dimension lumber from six mills

in eastern Canada.
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The purpose of this report is to:

(i) present the sampling technique;

(ii) evaluate the flexural test results in relation to assigned 
allowable stresses;

(iii) compare the flexural strength and stiffness distributions 
among different groups in order to detect possible differences 
between grades, sizes, mills and species.

2.0 MATERIAL AND METHOD

2.1 Sampling Procedure

The goals of the sampling procedure were to represent:

(i) the four major eastern Canadian species in the SPF species 
group; namely, white spruce (Picea qlauca (Moench) Voss), 
black spruce (Picea Mariana (Mill) B.S.P.), jack pine
Pinus banksiana Lamb) and balsam fir (Abies balsamea (L.) Mill.),

(ii) the full common dimension lumber size range of 2x4 to 2x10, taken 
from mills across eastern Canada. The selected samples and the 
sizes are listed in Table 1.

In order to ensure the availability of an underestimate of the fifth 

percentile strength of the population 95 percent of the time (i.e., 95 percent 

confidence tolerance limit), a minimum sample size of 58 boards for each 

sample was required (1).

Six mills east of the Ontario-Manitoba border were selected as sources 

for the lumber; three in Ontario, two in Québec and one in New Brunswick.

Criteria for selecting a particular mill were that:

(i) SPF lumber be normally processed;

(ii) kiln-drying facilities be available; and,

(iii) a typical mill run be processed during the sampling period.
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A1though there are hundreds of sawmills in eastern Canada, ap-

plication of these criteria, particularly the last two, reduced the 

choice to the six mills that were involved. This resulted in a rather 

sparse sampling distribution across the region.

The sampling took place from the autumn of 1974 to the autumn of 

1973. Since there were considerable difficulties in identifying species 

in lumber form, all species were identified by spraying different coloured 

dyes to the logs before they were processed into lumber.

At the mills, specimens were selected based on a rough estimate of 

the lumber grade before kiln drying. Visual grading according to NLGA s 

grading rules (6) followed kiln drying and dressing, and determined the 

final grade at the mills. The lumber was brought to the Eastern Forest 

Products Laboratory. The species, source, and mill-grade for each board 

was recorded. The lumber was then conditioned at 70°F and 65 percent 

relative humidity and allowed to reach an equilibrium moisture content 

(EMC) of approximately 12 percent. After conditioning, each board was 

graded again, according to NLGA rules (6) by an inspector from the 

Canadian Lumber Standards Administrative Board. Considerable grade shift 

occurred as a result of this re-grading. Table 1 shows the sample sizes, 

first according to mill-grades, then to lab-grades. As indicated, some 

of the samples contained less than the 58 boards desired.
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2.2 Testing

The lumber was tested in edgewise static bending with a Riehle 

testing machine. Each board was loaded at the third-points to failure 

in accordance with ASTM D 198 (2). A span-to-depth ratio of 21 was used 

for all sizes throughout the experiment. The weaker edge, wherever 

visible, was placed in tension. Load versus deflection was recorded on 

an x-y plotter. The type of failure (shear, tension or compression), as 

well as the presence of any strength-reducing characteristic such as knots 

in the failure zone, were noted. Specific gravity (SG) and moisture content 

(MC) were determined by the oven-dry method (3) from a sample cut near the 

failure zone.

3.0 RESULTS AND DISCUSSION

Modulus of Elasticity (MOE) and Modulus of Rupture (MOR) were calculated 

for each board according to the methods of ASTM D 198 (2). The mean and 

standard deviation of MOR and MOE distributions, and the non-parametric 

fifth percentile exclusion limit (EL) of MOR were also calculated for each 

sample for all mills combined (Table 2). The 93 percent confidence toler-

ance limit (TL) for samples with more than 58 boards was also calculated 

based on ASTM D 2915 (1): such data are listed in Table 3.

3.1 Grade Shift

As mentioned previously, all specimens were graded twice, initially 

at the mill after kiln drying (mill-grade), and later after conditioning
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to 12 percent 'MC (lab-grade). There were differences between these two 

gradings (Table 1).

The net grade shift for each mill is presented in Table 4. The 

over-all shift, all mills combined, was 9.2 percent upward and 11.8 per-

cent downward. The pattern of grade shift varied from mill to mill. For 

example, Mill No. 1 shows an over-all grade shift of 13.5 percent with 

only 3.7 percent downward, whereas Mill No. 6 shows an over-all grade 

shift of 29.5 percent with 25.2 percent downward. This suggests that there 

is discrepancy among the mills in grading practice. However, it should be 

noted that some of the downward shift might occur as a result of the 

development of drying defects after conditioning (about 9 percent change 

in MC).

Since lab-grades represent the final grades of the lumber, they are 

used for all subsequent analysis.

3.2 Evaluation of Allowable Properties

The methods outlined in ASTM D 2915, Section 5 (1) were followed to 

evaluate the appropriateness of presently accepted allowable stresses 

given in CSA 086 (4). The allowable stress at extreme fibre in bending 

(f^) and the Modulus of Elasticity (MOE) were examined.

According to ASTM D 2915 (1), experimentally obtained values shall 

be adjusted to a single MC of 15 percent appropriate for the comparison.
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The average MC of the lumber at the time of testing was 12Ï0.5 percent.

The adjustment thus required decreased the MOE and MOR values by 5 and 

8 percent respectively.

MOE values based on third-point loading are required to be adjusted 

for uniform loading. However, the required adjustment for the present 

experirment was deemed unnecessary (correction factor = 0.999), because 

a constant span-to-depth ratio of 21 was used.

3.2.1 Allowable Bending Stress

Table 4 lists all possible comparisons between allowable values and 

TL or EL. The requirement by the standard (1) for the allowable stress 

in bending is fulfilled if the lesser of 1.05 x TL at the 95 percent 

confidence level, or the sample 5 percent EL exceeds 2.1 x f̂ . As in-

dicated in Table 4, eight samples were of sufficient size to provide a 

TL at the 95 percent confidence level. It appears, however, that only 

two samples satisfy the requirement of the standard. In the latter cases, 

it can be concluded that the testing program bears out the allowable value 

with high confidence. Eor those comparisons for which 2.1 x f^ exceeds 

1.05 x TL, no conclusion can be readily drawn.

The tolerance limit, as defined in the standard (1), is a biased 

estimate of the population fifth percentage point. It is the Ath lowest 

observation in a random sample of size n from that population such that 

95 percent of the population is equal to or greater than this value with
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a certain probability. The probability of such an event occurrence 

depends on K and n. ASTM D 2915 (1) tabulates the values for K and n 

for two given probabilities - 95 percent and 99 percent. A more de-

tailed explanation of this is given by Bendtsen and Rattner (A).

A tolerance limit with a 95 percent probability is called the 95 

percent confidence tolerance limit. In a sample size of 58, the lowest 

observation is the 95 percent confidence tolerance limit. If the sample 

size is increased to 93, the second lowest observation is the 95 percent 

confidence TL and so on (A).

For sample sizes between 58 and 93, the lowest observation was used 

as the TL; however, the associated probability is higher than 95 percent 

That iSj the chance that the lowest observation is equal to or less than 

the true population fifth percentage point is 95 percent or higher.

In all cases, however, the difference between TL and the true popul 

ation fifth percentage point cannot be estimated with this method.

When an allowable value (2.1 x f^) exceeds the corresponding 95 

percent (or higher) confidence TL difficulties arise in assessing the 

appropriateness of the allowable value: first, the TL as obtained might

be an outlier arising from an extremely weak board, which thereby under-

estimated the true population fifth percentage point by a large margin 

and therefore falls short of the allowable value. Secondly, as sample
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size increased from 58 to 93, the lowest value was still used as the 

TL but the chance of encountering an extremely weak board increased.

The best unbiased estimate of the true population fifth percentage 

point is the sample 5 percent exclusion limit (EL) as estimated from 

the sample order statistics. The EL are also shown in Table 4 in 

comparison with the allowable values (2.1 x f^). Clearly, most allow-

able values are quite comparable to the corresponding sample 5 percent 

EL. Based on these observations, the allowable bending stresses seem 

quite appropriate for the SPE species group.

3.2.2 Allowable Modulus of Elasticity

The allowable MOE value is acceptable when it falls within the 

corresponding 95 percent confidence interval of the sample mean MOE (1).

These comparisons are also shown in Table 4. Of the 14 samples, six 

show a confidence inerval bounding the allowable MOE. Most others fall 

short of the lower bound, indicating that the allowable values are 

generally on the conservative side.

Statistically, the 95 percent confidence interval about the sample 

means will include the mean MOE of the population 95 percent of the time.

The width of an estimated confidence interval relative to the sample 

mean depends on sample size and the population coefficient of variation 

(CV). In ASTM D 2915 (1), a minimum sample size is recommended that will 

result in a confidence interval having a width of about 10 percent of the sample
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mean. In the present experiment this suggested approximate width was 

not always achieved. Departures were due to sample size differing from 

the recommendations of ASTM and/or differences between the empirical 

coefficient of variation and their expected values.

In view of these remarks, it is clear that caution should be ex- 

cercised in the interpretation of the results reported here. When the 

sample size associated with an estimated mean is less than that reguired 

in ASTM D 2915, comparisons with allowable values are unreliable.

When the sample size is greater than the ASTM guideline and the width of 

the resulting 95 percent confidence interval is less the 10 percent of 

the sample mean, it is appropriate to note whether or not the allowable 

stress lies within 5 percent of the sample mean as well as its position 

relative to the confidence interval.

The confidence intervals for 2x4 and 2x8 select structural lumber, 

because of a large sample size, are relatively narrow (width of about 6 

percent of the corresponding sample mean), and consequently exclude the 

allowable MOE values; but, it should be noted that the allowable MOE 

value for 2x4 select structural lumber does lie within 5 percent of the 

sample mean. In the case of No. 2, 2x10 white spruce, a sample size con-

siderably smaller than the ASTM guideline resulted in a confidence interval 

much greater than 10 percent of the sample mean. Even though the interval 

includes the allowable value, the comparison was inappropriate because 

of the excessive width of the resulting confidence interval.
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3.3 Influence of Source

The most significant anatomical feature which has an effect on 

lumber strength properties and which may vary with location of source is 

wood specific gravity. The differences in strength properties of white 

spruce lumber seen among the six mills (Table 5) were investigated. 

Regressions of average MOE and average MOR on average specific gravity, 

mill by mill, showed that 95 percent and 77 percent respectively of the 

variability from mill to mill could be attributed to the differences in 

the average specific gravity. However, due to variable differences in 

grade distributions between mills, these regressions are only valid 

if specific gravity and lumber grade are not highly correlated.

The regressions were also weighted to take into account the differences 

in sample size and estimated standard deviation (weight factor = 4~n/s).

3.4 Grade Differences in MOR and MOE

The MOR and MOE distribution of each grade (lab-grade) of white 

spruce lumber of both 2x4 and 2x8 sizes, all mills combined, were ex-

amined. The non-parametric cumulative frequency diagrams (CFD) were 

developed and are shown in Figure 1 and 2. In general, the CFD's show 

that the select structural grade was superior to all other grades both in 

MOE and MOR, while there was little indication that there were differences 

among the poorer grades. Structurally, the average MOR and MOE values
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for all grades, except select structural of each size, did not differ 

significantly on an over-all basis at the 5 percent probability level 

(one-way analysis of variance). However, the average values for 

select structural lumber differed significantly from the other averages 

at the 5 percent probability level (data in Table 1).

3.5 Effect of Species

In Table 6, the average of MOR and MOE of No. 2, 2x6 lumber for each 

species are compared. Using analysis of variance^combining all mills, 

significant differences at the 5 percent probability level were found 

among the means of different species. Jack pine and black spruce showed 

higher MOR and MOE than balsam fir and white spruce. Again, part of the 

difference can be explained by the difference in specific gravity of these 

species. The ranking of MOR and MOE in terms of species matches reasonably 

well with the ranking of species' correction factors given in CSA 086- 

Table E2(5).

3.6 Effect of Size

The evaluation of size effects on MOR and MOE was limited because 

of the small samplesize of some lumber sizes. Table 7 contains data on all 

sizes of white spruce lumber. Comparing 2x4 to 2x8 in each grade, no 

statistically significant differences at the 5 percent probability level 

can be found in MOE and MOR between the two sizes for all grades, with 

one exception - MOR of select structural grade, furthermore, it is 

apparent that the differences due to size effect in the MOR fifth percentile
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exclusion limit of both select structural and No. 1 grades are higher 

than those in the lower grades. The result agreees with the differences 

in allowable stress assigned to 2x4 and 2x8 5PF lumber for high-grade 

material (select structural and No. 1). For low-grade lumber, the result 

suggests that modification for size may not be necessary.

4.0 CONCLUSIONS

In-grade testing is a valuable tool to evaluate the strength 

properties of graded lumber. The difficulty in identifying some species 

may be overcome by distinguishing the logs befors production of lumber, 

and care must be taken to ensure that the required sample sizes is ob-

tained.

The source of the lumber affected the strength properties to a 

certain extent. This is, in part, due to specific gravity variation 

within a species and is related to growth conditions and site cap-

abilities .

Furthermore, average MOR and MOE for the four species - black spruce, 

white spruce, jack pine, and balsam fir - of the 5PF species group were 

significantly different from each other. Black spruce and jack pine 

were stronger and stiffer than balsam fir and white spruce.

Also, the effect of size on average MOR was significant only in the 

select structural grade, but not in the lower grades. As expected, no 

significant differences in mean MOE were found among all grades.



In addition, there were no significant differences in MOR and 

MOE distributions among all grades except select structural lumber. 

Select structural grade material was significantly stronger and stiffer 

than the other grades based on a test for equality of means.

Finally, based on ASTM D2915, the allowable stiffness values as-

signed to SPF species group in general were conservative in comparison 

with average sampled MOE values. It appears, also, that the allowable 

bending stresses assigned to the lumber were inappropriate in six out 

of eight comparisons.

-13-
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TABLE 1: Sample sizes by Mill, Species and Grade

SAMPLE SAMPLE SIZE MILL GRADES
SAMPLE
SIZE SAMPLE SIZE LAB REGRADES

Mill No. 1 2 3 4 5 6 TOTAL GOAL TOTAL 1 2 3 4 5 6
SS _ _ _ _ — - - 58 207 64 20 8 30 46 39

White Spruce #1 78 30 28 33 45 39 253 58 78 26 5 18 5 21 3
2x4 #2 57 _ 5 4 35 18 119 58 107 50 2 23 2 18 12

#3 19 9 37 — 10 6 81 58 43 14 4 11 - 5 9
economy & reject — - - - - - - 0 18 - 8 10 - - -

White Spruce SS - - - - - - - 58 181 40 71 8 18 27 17
2x8 #1 58 56 25 18 28 21 206 58 38 7 11 12 - 6 2

n _ 55 10 13 10 14 102 58 73 14 33 10 7 4 6
#3 15 30 4 2 4 5 60 58 55 8 18 9 8 5 7

economy & reject - - - - - - - 0 20 4 8 - - - 8
White Spruce SS - - - - - - - 0 - - - — —

2x10 #1 - - - - - - - 0 2 — 1 — 1 “ —

n 1 9 _ 9 4 - 23 58 8 - 4 - 3 1 -

#3 __ _ _ _ _ _ - 0 3 1 - - 1 1 -

economy & reject _ _ — — - - - 0 '10 - 4 - 4 2 -

White Spruce SS - - - - - - - 0 13 5 - - 3 4 1
2x6 #1 - - - - - - - 0 12 2 4 5 1 —

#2 19 _ 17 20 10 3 69 58 29 10 - 7 9 3
# 3 _ _ — - - - - 0 13 2 - 5 3 2 1

economy & reject — - - - - - - 0 2 - - 1 - - 1
Black Spruce SS - - - - - - - 0 1 5 8 - 4 2 1
2x6 #1 - - - - - - - 0 3 2 — 1 “

n 24 _ 12 9 3 8 56 58 30 12 - 11 5 - 2
#3 _ — - - - - - 0 6 2 - - - 1 3

economy & reject — - - - - - - 0 2 - - - - 2
Jack Pine SS - - - - - - - 0 8 8 —

2x6 #1 - - - - - - - 0 7 7 ~ — —

#2 82 _ - - - - 82 58 55 55 - — —

#3 — - - - - - - 0 9 9 - - -

economy & reject — - - - - - 0 3 3 - “ - - —

Balsam Fir SS - - - - - - - 0 14 3 ! 1 3

2x6 #1 - - - - - - - 0 8 1 — — 5 2

n 24 _ _ 25 8 25 82 58 36 15 - “ 9 5 7
#3 - - - - - - 0 20 5 - - 4 - 11

economy & reject _ — - - - - - 0 4 “ — — 4
TOTALS SS _ _ — - - - - 438 128 91 16 62 80 61

#1 136 86 53 51 73 60 459 148 45 17 35 16 30 5
#2 207 64 44 80 70 68 533 339 156 39 51 35 31 27
#3 34 39 41 2 14 11 141 146 40 22 23 16 14 31

economy & reject - - - - - - 62 8 20 13 4 2 15

TOTAL NO 377 189 138 133 1 57 139 1133 1133 377 189 138 133 1 57 139



TABLE 2: Flexural Strength and Related Properties (all mills combined)

SAMPLE

g
MODULUS OF ELASTICITY psi x 10 

Mill Graded Regraded
MODULUS OF RUPTURE psi 

Mill Graded Regraded
SPEC. GRAVITY 
Regraded

10IST
CONTE
Regr

URE
:nt
aded

N Avg. jStan. 
Dev.

N Avg. Stan 
Dev.

Avg. Stan .uev . 5?61l.L. Avg. btan. 
Dev...--

?7o t. • L • avg. Dtan
Dev.,__

Av Lj • je an • 
Dev .

White Spruce 
2x4

Select S 
#1 
#2 
#3

233 
119 
i 81

1.454
1.362
1.314

0.243
0.271
0.283

207
78
107
43

1.508
1.335
1.319
1.293

0.218 
0 262 
0.254 
0.300

6100
5400
5110

1870
2030
1950

3050
2660
1980

6620
4750
5240
4890

1720
1530
1880
2330

4200
2920
2360
1590

0.398
0.392
0.391
0.400

0.041
0.032
0.032
0.043

12.4
12.4
12.4
12.4

0.5
0.5
0.5
0.5

White Spruce

Select S 
#1 
n
#3

206
102
60

1.503
1.396
1.440

0.254
0.297
0.329

181
38
74
54

1.542
1.387
1.378
1.396

0.258
0.262
0.294
0.291

5570
4990
4950

1950
2030
1900

2690
2020
1740

5900
4930
4780
4700

1960
2250
1780
1690

2780
2000
1980
1770

0.385
0.392
0.367
0.384

0.033
0.033
0.034
0.037

12.3
11.6
12.0
11.9

0.5
0.4
0.5
0.4

White Spruce 
2x10 #2 23 1.416 0.269 8 1.346 0.325 3880 1600 1780 3470 1480 0.382 0.040 12.1 0.6

White Spruce 
2x6 #2 69 1.377 0.263 29 1.341 0.254 4770 1860 1750 4670 1940 1730 0.375 0.027 11.9 0.5

Black Spruce 
2x6 #2 56 1.569 0.275 31 1.566 0.234 6120 1700 3080 5800 1520 3020 0.419 0.045 12.5 0.4

Jack Pine 
2x6 #2 82 1.482 0.299 55 1.519 0.286 5550 2090 2410 5630 2080 2460 0.457 0.048 11.9 0.8

Balsam Fir 
2x6 #2 82 1.281 0.207 36 1.241 0.210 4680 1660 2340 4150 1370 2230 0.333 0.024 12.2 0.5



TABLE 3; Comparison of Allowable and Actual Flexural Properties (All Mills Combined)

Species 
and Size Grade

Sample
Size

Allowable 
Bending Stress 
2.1 x f,
((■Si) b

1.05 x TL 
0 95% Confidence 
(psi )

5% EL 
(psi)

Allowable
M0E,
(10 x psi)

2x4 SS 207 3,150 3,710 3,890 1 .38white spruce No. 1 78 2,730 1,420 2,700 1 .38
No. 2 107 2,210 1,910 2,190 1 .24
No. 3 43 1,260 - 1,470 1 .10

2x8
white spruce SS 181 2,730 2,400 2,570 1.38

No. 1 38 2,310 - 1 ,850 1 .38
No. 2 74 1,890 1,280, 

1,550
1,830 1 .24

No. 3 54 1 ,050 1,640 1.10

2x10
white spruce No. 2 8 1,890 - - 1.24

2x6
white spruce No. 2 29 1 ,890 - 1,600 1.24

2x6
black spruce No. 2 31 2,140 - 2,800 1 .43

2x6
2.2201jack pine No. 2 55 2,400 2,280 1.27

2x6
balsam fir No. 2 36 2,040 - 2,060 1.22

All species &
sizes except 
2x4

No. 2 233 1 ,890 1 ,820 1 ,890 1 .22

^The samples for these two observations were slightly undersized; both observations have 93% confidence.

MOE
95% Confidence 
Interval 
(106 x psi)

1.41 to 1.47 
1.22 to 1.33 
1.21 to 1.31 
1.14 to 1.31

1.43 to 1.51
1.24 to 1.42
1.25 to 1.38
1.26 to 1.41

1.03 to 1.53

1.23 to 1.33

1.41 to 1.58

1.42 to 1.48

1.11 to 1.25

1.30 to 1.38

I

I
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TABLE 4: Grade Shift as Differentiated by Mill

Mill
No.

Specimen 
T otal

Net

Up
(5S)

Shift

Down
(SO

Total
Net Change

(SO

1 377 9.8 3.7 13.5

2 189 12.2 10.6 22.2

3 138 3.6 10.9 14.5

4 133 20.3 13.5 33.8

5 157 23.5 1 .3 24.8

6 139 4.3 25.2 29.5

TOTAL 1,133 9.2 11.8 21 .0
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TABLE 5: The Properties of White Spruce Lumber From Each Mill

Mill No. Sample^ 
Size

Average 
Specific 
Gravi ty

Average 
Modulus of 
Elasticity 
(106 x psi)

Average 
Modulus of 
Rupture 
(psi)

1 228 0.386 1.39 (0.261 )3 5530 (2000)3

2 174 0.396 1.53 (0.285) 5670 (2020)

3 114 0.370 1.30 (0.283) 4640 (1710)

4 111 0.398 1.45 (0.241) 5660 (2071)

5 147 0.396 1.42 (0.249) 5320 (1810)

6 97 0.404 1.48 (0.355) 6130 (2090)

2
Correlation
Index 0.96 0.77

1 All grades and sizes combined.

2 Correlation index with average specific gravity.

3 Values in brackets are the associated standard deviation.



TABLE 6: MOR and MOE of No . 2, 2 x 6i Lumber - Effect of Species

Species
Sample
Size

Average
SG

Average
MOR
(psi)

MOR
5th Percentile
Exclusion
Limit
(psi)

Average
MOE
(psi x 10^)

Correction Factor^

MOR MOE

Black Spruce 31 0.419 (0.045)1 2 5800 (1520) 3020 1.57 (0.23) 1.13 1.17

Jack Pine 55 0.457 (0.048) 5630 (2080) 2460 1.52 (0.29) 1.27 1.04

Balsam Fir 36 0.333 (0.024) 4150 (1370) 2230 1.24 (0.21) 1.08 1.00

White Spruce 29 0.375 (0.027) 4610 (1940) 1730 1.34 (0.25) 1.00 1.02

1 Species correction factors as recommended by CSA 086 - Table E2 for allowable unit stress assigned to the 
SPF species group.

2Values in brackets are the standard deviations.



TABLE 7: MOR and MOE of all White Spruce Lumber - Effect of Size

Grade
Lumber
Size

Sample 
Size

Average
SG

Average 
MOR 
(psi )

MOR
5th percentile 

EL

Average
MOE
(psi x 10®)

SS 2x4 207 Q.398 (0.041)] 6620 (1720) 4200 1.51 (0.22)
2x8 181 0.385 (0.033) 5900 (1960) 2780 1.54 (0.26)

No. 1 2x4 78 0.392 (0.032) 4750 (1530) 2920 1.34 (0.26)
2x8 38 0.392 (0.033) 4930 (2250) 2000 1.39 (0.26)

No. 2 2x4 107 0.391 (0.032) 5240 (1880) 2360 1.32 (0.25)
2x6 29 0.375 (0.027) 4670 (1940) 1730 1.34 (0.25)
2x8 74 0.367 (0.034) 4780 (1780) 1980 1.38 (0.29)
2x10 8 0.382 (0.040) 3470 (1480) 1.35 (0.33)

No. 3 2x4 43 0.400 (0.043) 4890 (2330) 1590 1.29 (0.30)
2x8 54 0.384 (0.037) 4700 (1690) 1770 1.40 (0.29)

1Values in brackets are the standard deviations of the average.



Sure  1 .  Relative cummulative f r P n
0f M0R “f 2X4 white sprrucqë?nCy

*  =  average

lN)K)I

w h i t e  SPRUCE (psi)

gure 2. Relative cummulative fren
°f «OR of 2x8 white sprucqBU?nCy


