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SUMMARY 

One hundred and eighty-two ,vestern red cedar poles collected from coastal 
and interior regions of British Columbia were conditioned and tested to de
struction. The test results provide it reasonable estimate of strength and quality 
of current production. In addition to the major strength tests, several associated 
factors were investigated and are discussed. 

Statistical analyses show no significant differences in strength between 
coast-grown poles and poles from the interior or between hand-peeled poles and 
those which were machine-shaved. l:nseasoned poles were not significantly 
different from air-seasoned poles which were butt-soaked prior to testing and 
poles grown at an elevation of 4,000 feet were similar in strength to others from 
the 2,500-foot level. The so-called "target pattern" which is prevalent in some 
areas has no effed upon strength but may hnxe an adverse effect upon the dura
bility of untreated poles. 

Maximum crushing stress as determined from tests of small, clear specimens 
cut from the poles was found to provide the best correlation with bending strength 
of the poles. The average modulus of rupture of the 182 poles tested was 5,258 
p.s.i. with a standard deviation of 889 p.s.i. An appendix showing the results of 
other earlier tests is also included in this report. 

SOMMAIRE 

Cent quatre-yingt-deux poteaux de thuja geant, provenant des fOf('\ts des 
regions cotieres et de l'interieur de la Colombie-Britannique, ont ete conditionnes, 
puis soumis a des epreuves de resistance a l'effort de rupture. Les epreuves ont 
permis d'estimer avec une precision raisonnable la solidite et la qualite des 
poteaux de production courante. En plus des principales epreuves de resistance, 
les essais ont aussi perm is d'etudier plusieurs autres facteurs qui influent sur la 
qualite des poteaux. 

L'analyse statistique des resultats a revele qu'il n'existe pas de differences 
significatives entre les poteaux provenant des regions cotieres et ceux qui provien
nent de l'interieur, pas plus qu'entre les poteaux ecorces a la main et les poteaux 
ecorces a la machine. Les poteaux verts avaient a peu pres les memes caracteris
tiques que les poteaux seches a l'air dont Ie pied avait prealablement ete trempe; 
les poteaux provenant d'arbres croissant a 4,000 pieds d'altitude etaient aussi 
solides que ceux qui proyenaient d'arbres croissant a 2,500 pieds d'altitude. La 
coloration dite «en forme de cible», qu' on trouve frequemment chez les arb res de 
certaines regions, ne semble pas nuire a la solidite des poteau x, mais il se peut 
tres bien qu'elle nuise a la durabilite des poteaux non traites. 

Le coefficient de resistance a l'effort d'ecrasement calcuM d'apres des epreuves 
ayant porte sur des eprouvettes sans defauts preleves des poteaux, se rapproche 
sensiblement du coefficient de resistance a l'effort de flexion des poteaux propre
ment dits. Le module de rupture moyen des 182 poteaux mis a l'epreuve s'etablit 
a 5,258 livres au pouce carre, l'ecart type etant de 889 livres au pouce carre. Le 
present rapport renferme en appendice les resultats d'epreuves du meme genre 
auxquelles on avait procede auparavant. 
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STRENGTH AND RELATED PROPERTIES OF 
WESTERN RED CEDAR POLES 

by 

W. ::\1. McGowan and W . .T. Smith 

Vancouver Forest Products Laboratory 

INTRODUCTION 

Because of its many desirable characteristics, western red cedar (Thuja pli
cata Donn) has long been recognized as a valuable pole species for the support of 
power and communication lines. Perhaps the most favourable characteristic of 
this species is its inherently decay-resistant heartwood. Other natural characteris
tics of good quality cedar poles are straightness, pronounced taper, light weight 
and moderate strength. A decidedly large butt-section contributes to a low centre 
of gravity; thus, the bulk of the wood substance is in proximity to the ground
line \,"here strength is desirable. 

In Canada, the growth of western red cedar is confined to British Columbia 
( 1) ,  the range approximating that of western hemlock. It generally occurs in 
mixed stands ranging as far north as Alaska on the Pacific Coast, and eastward 
in the humid valleys of the interior. Its principal associates are Sitka spruce and 
yellow cedar in the north and Douglas fir and western hemlock in the south. 

In recent years, a large proportion of the annual cut has been exported for 
use in the U.S.A. Since Canadian data were rather limited and based upon tests 
conducted prior to 1925, the need for further research to supplement the exten
sive pole-testing program sponsored by the American Society for Testing and 
Materials (A.S.T.M.) during the period from 1954 to 1960 was apparent. There
fore, sampling was extended to include western red cedar poles from those coastal 
and interior areas where large quantities of the species now originate. This 
report presents the test results and discusses a number of variables relating to 
strength which have not heretofore been assessed in detail. The results of the 
early tests, published in 1925, have also been incorporated as additional infor
mation in an appendix to this report. 

PURPOSE OF TESTS 

The primary objectives of the test series were as follows: 

( 1) To provide additional data concerning the strength and related properties of 
western red cedar poles upon which to base design stresses for efficient utiliz
ation. 

(2) To compare the strength of unseasoned poles to poles in the air-seasoned, 
butt-soaked condition. 

(3) To evaluate the relative effects upon strength of hand-peeling versus ma
chine-shaving of poles. 

(4) To determine if a significant strength difference exists between poles grown 
at 2,500 feet elevation and poles grown at 4,000 feet elevation. 

(5) To determine if a significant difference in strength exists between interior
grown poles and coast-grown poles. 
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(6) To determine if there i,; a significant correlation between the strength of 
poles and the strength of small, clear :;pecimens cut from butt-,;ections of 
the poles. 

TEST MATERIAL 

Particular,; of the pole ,;amples are shown in Table 1. 

TABLE 1. OIUCI:\. SIZE A:\D CO:\iDITIO:\ OF SA.\[PLES OF 
30-FOOT WESTE1::\i ltED CEDAR POLES 

Number Plaee of 
Shipment of Origin Condition 

Xo. Poles (British Columbia) 
""---------_.-

15�) ,,1 Lumby 
154 17 Harrison 
1.')4 17 Bella Coola 
1.54 4 Surrey 
154 4 Squarnisll 
1M 4 Lan�dey 
154 5 Sook" 
1.57 40 
157 40 

Lumby 
Lumby 

Hand-peeled 
Machine-shaved 

All pole:; were received at the Laboratory in the fresh-cut, unseasoned con
dition. Poles of shipments number 153 and 154 were randomly selected and were 
representati,"e of interior-grown and coast-grown stock re:;pectively. These poles 
were selected for tests in which the moi:;ture content throughout their full
length was to be maintained at (or above) the fibre ,;aturation point. Therefore, 
they were placed in storage in a tank of water until time of test. 

The selection of the 80 interior-grown poles of shipment number 157 was 
based on uniformity in size and density rather than on a purely random basis. 
Upon receipt at the Laboratory, this shipment was subdivided and individual 
poles were tested in the condition indicated on the following chart: 

Breakdown Chari oj Shipment Number 157 
SO poles 

I 
40 

rnachine
shaved 

1--------, 
20 

. 
tested 

unseasoned 

I 
10 

winter 
tested 

I 
20 

tested 
air-�eaL":ioned 
butt-soaked 1 

, 

-�I 
10 

S.lInrner 
te,;ted 

20 

I 
40 

hand
peeled 

tested 
un�ea::-;oned 

G 

winter 
te,;teel 

2h 
tested 

air-seasone(l 
butt-soaked 

! 
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tested 



Poles of the sub-groups within a gin'll sha"ing treatment were "eleeted on 
the basis of absolute speeifie gravity (\Yeight oYen-dry: volume oyen-dry) as 
determined from discs ellt from the extreme butt. The objeet of this procedure 
\Yas to fllrnish sub-groups of poles of approximately equal denlSity, 

It may be noted that preservative-treated poles were exelllded from the 
im'estigation. The effect of preservati,"e treatment upon the strength of poles 
is well documented in other experimental \York and its incillsion ("ould possibly 
obseure the investigation of other variables. 

TEST METHODS-POLES 

Two types of test methods are in general use; the cantilever method and 
the machine method. In the former, the pole is usually held horizontally from 
butt to ground-line in a rigid concrete crib and the tip of the pole is plllled later
ally to failure. In the machine method, the pole is tested as a simply supported 
beam with the load applied at the ground-line to failure. Fortunately, the recent 
pole testing program of the American Society for Testing and :'Iaterials (2) 
showed that for 25- and 30-foot poles, both methods yielded substantially the 
same test data. 

In this test series, all poles were tested in accordance with the AmNican 
Society for Testing and Materials standards, Specification D1036�58(3) as out
lined under Machine Method, Figure 3b. Load was applied at the ground-line 
at a constant rate of cross-head speed to llltimate failure. Hydraulie load cells 
mounted on roller supports and equipped with rocker eradles were used to 

PLATE I-Pole under test approaching maximum load. 
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measure reaction forces over a 27-foot span. Deflection readings at the ground
line were recorded to the nearest 0.01 inch for each 500 pound increment of butt 
reaction. Change of moment-arm due to displacement of the load cells on their 
rollers as the load was applied was also recorded. Plate 1 shows the test set-up 
with a 30-foot pole approaching failure. Plate 2 illustrates the method used to 
record displacement of the load cells with application of load. 

PLATE 2-Load cell and cradle at butt support. 

Prior to test, all poles were positioned with any sweep in the vertical plane. 
The age, weight, class and length of the pole were then recorded. Circumferences 
at two-foot intervals from butt to tip and at butt-support and ground-line \vere 
also determined. The location and size of knots and other strength reducing 
characteristics were plotted graphically relative to a line drawn longitudinally 
along the upper pole-face. 

Subsequent to each test, discs were cut at appropriate positions to deter
mine moisture content, sapwood thickness, rate of growth, and specific gravity. 

TEST METHODS-SMALL, CLEAR SPECIMENS 

For comparative tests of clear material, I-inch by l-inch by 40-inch sticks 
were selected from the butt sections of poles subsequent to test. Tests in static 
bending and compression parallel to the grain on clear, straight-grained speci
mens from these sticks were conducted in accordance with A.S.T.:Vr. Specifica
tion D143-52 (secondary method) (4). 
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COMPARISON OF POLE TEST METHODS 

The results of tests conducted in 1925 at this Laboratory on 25-foot western 
red cedar poles (5) have been incorporated as additional information in Appendix 
5. These early tests followed closely the machine test-method outlined in A.S.T.M. 
Specification D1035-58, Figure 3a, in which the top bearing point of the pole 
rested on a cradle mounted on an extension of the weighing platen of the testing 
machine. Using this method, the superimposed load applied at the ground-line 
was read directly from the testing machine. Reaction forces were then obtained 
by calculation rather than by direct measurement as in later tests. 

PLATE 3-Test set-up for comparison of early and recent test methods. 

To confirm that the results derived by the two machine-methods of test 
were not materially different, a 25-foot pole was loaded as shown in Plate 3. 
The load-cell at the butt support was in direct contact with the platen of the 
testing machine and the cell at the tip support was in direct contact with the 
extension of the platen. Simultaneous readings of load were taken from the load
cells and the testing machine together with the longitudinal displacements of 
load-cells and centre of gravity of the pole. Several trial runs were made at loads 
below the proportional limit of the pole. Finally, the pole was tested to complete 
failure. 

The results showed that the two dissimilar machine-methods yield essen
tially the same data, provided that couples acting about the load-cells are kept 
to a minimum and that longitudinal motion of the pole (change of moment-arm 
and span) with load is accurately recorded. The application of non-axial or eccen
tric loads to a cell results in load readings lower than actual values. Accordingly, 
bearing surfaces of cradles were well lubricated and load-cell supports were 
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designed to permit a high degree of longitudinal freedom. The smallest graduation 
of the load-cell gauges was 50 pounds. With care, loads could be estimated to 
the nearest 10 pounds. For a 30-foot pole, a personal error of 10 pounds in reading 
the tip reaction would result in an error of approximately 225 foot-pounds in 
the calculation of bending moment at the ground-line, whereas a similar error 
at the butt reaction would influpnce the calculation by only 45 foot-pounds. 
For this reason, fibre stresses were based on load-cell readings at the butt support, 
which, of course, eliminated the need to record longitudinal displacement of the 
tip support and of the centre of gra"ity of the pole during loading. 

DISCUSSION OF TEST RESULTS 

The results of individual pole tests of shipments number 153, 154 and 157 
are tabulated in Appendiees 1, 2, 3 and 4. Appendix 5 presents a summary of the 
data derived from tests of small, clear specimens cut from the butt-sections of 
these poles. The test results obtained from early ( 1925) tests of 25-foot westE'l'll 
red cedar poles are shown in Appendix 6. As mentioned previously, these latter 
data are presented solely as additional information and were not ineluded in the 
assessment of strength and other variables discussed later in the report. 

Analyses of strength within and between the shipments of poles were ba�ed 
on ground-line modulus of rupture values (extreme fibre stress at ground-line 
at ultimate load). It should be noted that the ground-line modulus of rupture i� 
not necessarily the maximum stress developed, because of the decrease in diam
eter from butt to tip. It can be shown theoretically that the point of maximum 
stress for a uniformly tapered cantilever of round cross-section, subjected to 
bending stresses only, oeeurs at a seetion where the diameter is 1.5 time;.; the 
diameter at the tip reaetion. If the tapers are slight, such a diameter will oecm 
below the ground-line, in whieh case the theoretical point of maximum stress and 
maximum moment coincide at the ground-line. 

Examination of the tapers of the interior-grown poles (shipmc'nts number 
153 and 157) and coast-growll polmi (shipment llll1nber 154) showC'cl that approxi
mately 8 per cent and 6 per cpnt resppctivC'ly, had tapers sufficiently great to 
raise the point of maximuIll stress aboY(; the ground-line. The lowering influellce 
on the average modulus of rupture, calculated at thc' ground-line, clue to the more 
pronounced taper of these few poles, however, could not htwe been great. The 
ratio of ground-line diameter to tip reaction diameter of the lllost severely tapered 
pole \Vas only slightly greater than 1.6. 

COMPARISON OF STRENGTH BETWEEN POLES GROWN AT 
ALTITUDES OF 2,500 AND 4,000 FEET 

Twenty-four of the poles of shipment number };j3 \yere grown at the 2'::>00-
foot elevation; the remaining 27 poles at the -±,OOO-foot elevation. An analysis 
of variance (6) of moduli of rupture of these two groups showed that the variances 
of the samples were approximately equal and that statistically, there was no 
significant difference in strength between the samples grown at these two alti
tudes. Table 2 presents the results of the analysis. 
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TABLE 2 . . -\.,\'ALY:-lIS OF' V.-\'RL\':\CE OF .\lODGLl OF ItCPTURE OF 

POLES GIWW:,\ .-\.T ALTITUDES OF 2.500 A:,\D 4,OOJ FEET 

Source 
of 

Variat ion 

Total 

Sample, 

Hesidual 

Degrees 
of 

Freedom 
----_._- --- �- -

5C 

49 

Stuns 
of 

Square:::; 

17,951.720 

:302,2:19 

17,fi49,4S1 

'Indicates lack of significaJwe at OJ);, probability ]e\·eJ. 

.\[e[tll 
S(luareS 

F 

-""--�-."---�-

:W2,2:�f) :'\.S.* 

:)(;0,19:3 

COMPARISON OF STRENGTH BETWEEN COAST-GROWN 
AND INTERIOR-GROWN POLES 

::'IIoduli of rupture values obtailled from shipments number 1t);3 and 1;").1 
,,,ere used in the comparison. They were representative of interior-grown and 
coast-grown material respectively. The results of an analysis of variance are 
shown in Table 3. The "F" value obtained, being fractional, indicated that there 
was no significant diffrrence in strength between these two groups of poles. 

TABLE :3. A:,\ALYSlS OF VAlUA:,\C'E OF :\'[OIn'LI OF ItCPTl'HE OF 
I:\TElUOH-GIW\\,:,\ nmSnJ COAST-UIWW:,\ POLES 

Source Degrees 
of of 

Variation Freedom 

Total 181 

Samples 

Residual 180 

Sunls 
of 

Squares 

143,086,119 

58,178 

14:3,027,941 

Mean 
Squares 

58,178 

794, f\OO 

*Indicates lack of oignifleance at the 0.0.0 probability ]e\·el. 

F 

0:.S. * 

EFFECT OF SHAVING METHODS AND SEASONING 
PROCEDURE ON STRENGTH 

The strength values derived from shipment number 157 compnsmg 40 
machine-shaved and 40 hand-peeled poles were used to make the follmving 
comparisons relating to strength: machine-shaved versus hand-peeled poles, 
unseasoned versus air-seasoned, butt-soaked poles and winter-tetited versus 
summer-tested poles. These poles were obtained from the same general area and 
subsequent segregation into sub-groups was batied on abtiolute specific gravity 
determinations of discs cut from the extreme butt to provide comparable tiamples 
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of approximately equal density. Table 4 shows the breakdown of the shipment 
into its sub-groups, the average modulus of rupture, specific gravity, and the 
variability in terms of the standard deviation and coefficient of variation of 
each sub-group. 

TABLE 4. PARTICULARS OF SUB-GROUPS OF INTERIOR-GROWN 
WESTERN RED CEDAR POLES, SHIPMENT NUMBER 157 

Modulus of Rupture 
Condition 

at 
Test 

Number 
of 

Poles 

Average 
Speeifie 

Gravityl 
Average 

I 
Standard I Coeff. of ___ �� __ I:e;�'��.iO�1 :��i�:�� 

------------ ------ 1-------- 1--------

Machine-shared 

Unseasoned_ _ _ _ _ _ _ _ _ _  _ 
Air-seasoned, butt-soaked, "W'V' 00' 
Air-seasoned, butt-soaked, summer-

tested _ _  

20 

10 

10 

0.322 

0.829 

0.830 5,317 

749 
1,0:,6 

724 

12.9 

18.7 

1�.6 ::� II
' 

- ---- ----------- - --------------- ------- 1 ------- ------ 1-------·- --.-.----

Hand-peeled I I 
Unseasoned _ 
.-llr-seasoned, butt-soaked, wmter-tested, 
Air-seasoned, butt-soaked, summer- I-tested _ _  

'Volume at test: weight oven-dry. 

20 

10 

10 

0.328 

0.323 

0.327 

6,087 

5,706 

5,267 

757 

1,099 

635 

12.4 

19.3 

12.1 

To test the hypothesis that the average moduli of rupture did not differ 
significantly between sub-groups, an analysis of variance on the appropriate 
test data was carried out, the results of which are shown in Table 5. 

The F-values obtained indicate that no significant differences exist between 
the average strengths of the machine-shaved and hand-peeled poles; between the 
unseasoned and the air-seasoned, butt-soaked poles and between the winter
tested and summer-tested sub-groups of the shipment. Although the means of 

TABLE 5. ANALYSIS OF VARIANCE OF MODULI OF HUPTUHE OF 
80 WESTERN RED CEDAR POLES, SHIPMENT NUMBER 157 

Source of Variation 
Degrees 

of 
Freedom 

Sums 
of 

Squares 

Mean 
Squares 

F 

--------------.------ ---.- --- -----1 ------ 1 ---·--

Machine-shaved vs. Hand·peeled. _ _ _ _ _ _ _  _ 

Between Treatments _ _ _ _  . _ . . _ _ _ _  _ 

Error_ .. _ _ _ _  . _  

TotaL _ _  .. _ _  . .  _ _ _ _  . .  _ .  

561,125 II 4 n, 178, 108 , 

74 I 50,445,374 [70- -;,184,607
-

- I 
'Indicates lack of significance at O.Oli probability level. 

12 

561,12.1 

1,544,527 
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the sub-groups vary considerably between themselves, these differences were 
not detected by the analysis of variance because of the high pole-to-pole strength 
variation within treatments. 

It may be noted that the variability in strength of the winter-tested poles 
is somewhat greater than the variability of the other sub-groups. F-tests on the 
variances of the winter-tested versus the summer-tested strength data indicatel 
however, no significant difference between the samples. 

COMPARISON OF FIBRE STRESS OF POLES AND SMALL, 
CLEAR SPECIMENS CUT THEREFROM 

Since the small test specimens were cut from the butt-sections in proximity 
to the ground-line, specific gravity difference between butt-section and ground
line was considered negligible and strength values were compared directly without 
adjustment by a specific gravity-strength relationship. Furthermore, strength 
values were compared " .. ithout adjustment in regard to shape of cross-section, 
depth, and strength reducing characteristics. Two correlations were tested; 
bending strength of poles with bending strength of small, clear specimens and 
bending strength of poles with maximum compressive strength parallel to the 
grain of small, clear specimens. Each pole value was paired with a corresponding 
�l\'erage obtained from t\VO small test specimens located at the outermost dis
tance from the pith. This procedure was carried out for the test data derived 
from shipments number 153, 154 and 157, a total of 182 poles. 

. 

Employing the modulus of rupture (Xl) and the maximum compressive 
stress (Xz) values of small specimens as independent variables in a multiple 
regression analysis, these two variables accounted for 59.4 per cent of the varia
tion in the dependent variable (Y), the modulus of rupture of poles. The analysis 
also showed that 51.9 per cent of this variation was related to the maximum 
compressive stress (Xz) of the small specimens and only 7.5 per cent to their 
modulus of rupture (Xl)' A variance-ratio test (F = 1.34; dJ. 1 : 179) indicated 

8r------------------------------------, 
-
'" 
"-

o 

8 7 

(f) 
w 

� 6 
I 

W 
0: 
� 
f
"-
� 5 
0: 
u. 
o 

(f) 
� 4 -.J 
� o 
� 

-�---- y:: 0.677 X 't1573 ±647 

00 0 
o 

MODULUS OF RUPTURE-

goO 
o 

o 
o 

MATCHED SMALL CLEAR SPECIMENS (1000 p.s.i.) 
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FIGURE I-Relation of bending 
strength!of poles to bending!strength 
of small, clear specimens} cut from 
their bUll-sections. 



that the modulus of rupture of small specimens did not contribute significantly 
to the amount of variation removed by the multiple regression equation (Y = 
O.109Xl + 1. 128X2 + 1528). A regression line of be::;t fit was thus ealeulated 
using the maximum compressive stress value" alone a" the independent nuiable. 
A correlation coefficient for the regression was found to be 0.708 which is almost 
as high as that determined by the multiple regression (R = 0.77 1). A similar 
regression of bending strength of poles on the bending strength of small specimens 
prodm·pd a correlation coefficient of 0.088 indicating n relationship of lower 
degrpe between moduli of rupture of poles and moduli of rupture of small test 
specimens. In both case::;, howe\Oer, the regressions were highly significant (F = 

259.6 and l()2.0; cU. 1 :180 respeeti\Oely for the \Oarinbles; maximum compre:,si\'e 
stres" and modulus of rupture of small ,.;peeimens). The relation::;hip::; are shown 
in Fi!l:ure::; 1 and 2. 
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POLE STRENGTH--SPECIFIC GRAVITY RELATIONSHIP 

Speeifie gntyity, being an index of ,,-ood substance, is abo a yaluable index 
of strength_ Figure 3 shows the frequency distribution of specific gnwity deriyed 
from 51 wast-grown and ] 31 interior-grown "-eHtem reel eeelar poles_ These 
t,,-o groupti were combined in the distribution since the difference betm'en their 
::werage speeifie gra\-ities (O_:�:2:2 for coast-grown and ().�)J:3 for ill teriol'-grown 
poles) mlti found to be statistically insignificant. 
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FIGURE 3 -Frequency distribution 
of specific gravity in 182 western 
red cedar poles. 
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The relationship of bending strength to specific gravity is presented graph
ically in Figure 4. This relationship was derived by assuming the trend of the 
plot to be best expressed mathematically by an equation of the form: 

where: 

yr = a Gn 

yr = modulus of rupture (p.s.i.) 
a = a constant 
G = specific gravity (based on volume at test and the oven-dry weight) 
n = a constant 

The solution of the constants 'a' and 'n' by the method of least squares 
obtains the relationship: M = 26 167 GUo with a standard error of the estimate 
of plus 650 p.s.i. or minus 578 p.s.i. 

STRENGTH VARIATION 

In the assignment of safe design stresses for poles, consideration must also 
be given to the inherent variability of the species. Table 6 presents the variation 
about the average modulus of rupture of the respective shipments in terms of the 
standard deviation and coefficient of variation. Values for all shipments com
bined have also been tabulated since, statistically, no significant differences were 
found between the shipment averages. 

TABLE 6. SHIPMENT AVERAGE MODULUS OF RUPTURE, STA�DARD DEVIATION 
AND COEFFICIENT OF VARIATION 

Number Average Standard CoeffiCIent 
Shipment of M. ofR. Deviation of Variat ion 

No. Poles p.s.i. p.s. i. per cent 
----�.-. --"---

153 51 4,587 59� 13.1 

1M M 5,229 763 14.6 

157 80 5,703 851 14.9 

Combined 182 5,258 889 16.9 

STIFFNESS PROPERTIES 

The modulus of elasticity, which is a measure of stiffness, was calculated 
for each pole using the formula recommended for the machine-method of test 
by A.S.T.M. 

A variance analysis of the values derived from the poles of shipment number 
157 indicated no significant difference between the average moduli of elasticity 
of seasoned, butt-soaked poles and that of unseasoned poles. A significantly 



higher difference at the 0.05 probability level was noted for the hand-peeled 
group relative to the machine-shaved group. From a practical standpoint, how
ever, the difference is probably of no great consequence. 

A comparison of the moduli of elasticity of poles of shipment number 154 
to those of small, clear specimens cut from their butt-sections showed generally 
lower values for small test specimens. These latter values were calculated by the 
usual deflection formula for a freely supported, simple beam with a concentrated 
load at centre-span. This formula ignores the effect of shearing force on deflection, 
thus the values as calculated are lower than the modulus of elasticity obtained 
for pure bending. On the other hand, values as calculated for poles are relatively 
close to the modulus of elasticity of pure bending because of the much greater 
span to depth ratio which, in turn, decreases the effect of shear deformation on 
deflection. Assuming that pole deflections were not affected by shear, the theoret
ical difference between the moduli of elasticity of poles and small specimens 
should be approximately 10 per cent. This compares favourably with the ship
ment average of 1, 123,000 p.s.i. for poles and 1,026,000 p.s.i. for small specimens. 

A regression analysis of the elastic moduli of poles on those of small speci
mens (as derived from shipment number 154) produced, for the best fitting 
straight line relationship, a slope of 0.338 and a correlation coefficient of 0.52. 
Although the relationship was statistically significant, a higher degree of correla
tion with a slope closer to 1.000 was expected. 
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MOISTURE CONTENT 

All te"t pole" were received at the Laboratory in the fresh-cut, unseasoned 
condition. Poks which were selrcted for tests in the unseasoned condition through
out were placed ill under-water storage until time of test. The average moisture 
content of these poles netLr the ground-line ,yas 71.0 per cent; the minimum 
value being 36.6 per cent. These ,·alues are well above the accepted fibre satura
tion value for the species (approximately 25 per cent for ,,·estern red cedar) 
above which moisture change has little effect upon strength. 

The average moisture content at the ground-line of poles which had been 
exposed for one year to natural air-seasoning processes and subsequently butt
soaked was also well above the fihre saturation point (58.4 per cent). Figure 5 
shows the moisture content gradients (from pith to surface) of these poles as 
determined at 18 feet and 29 feet from the butt. The plotted points are average 
values of lO determinations. Examination of the gradients shows a marked 
difference between the average moisture content of the sapwood of the machine
shaved and hand-peeled groups. After a particularly wet season, the sapwood 
moisture content of winter-tested hand-peeled poles was raised to approximately 
45 per cent whereas that of the machine-shaved poles was raised to only 25 per 
cent. After a moderately dry season, the sapwood moisture content of summer
tested hand-peeled poles was reduced to about 14 per cent as compared to 22 per 
cent for the machine-shaved group. It would appear from these results that the 
hygroscopicity of the exposed surface of the machine-shaved poles has been 
somewhat retarded by the machining process. 

It may be noted that, for a given :;eason, the moisture content of the heart
wood compares closely regardless of the method of peeling. Furthermore, for a 
given method of peeling and season, there is little difference in the gradients at 
the two heights in the poles. It is doubtful that the average heartwood moisture 
content of either group of poles descended below 20 per cent from the time of 
cutting. 

PLATE 4-Cross-sections of western red cedar poles showing normal brown coloured heartwood 
(left) and "target pattern" heartwood (right). 
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TARGET PATTERN 

"Targpt pattern" rcfpr� to a colour nlriation found in the hpartwood of 
:-OlllP species and is partieularly llotieeable in "OlUe �tallLI" of ,,'estern red cedar 
(see Plate 4). The cro::;s-seetion of the heartwood is seen [I" alternate concentric 
layers of light and dark coloured wood. The�(' layer� or bands often ntry appre
ciably in width and they are not necessarily contained within a given group of 
annual growth rings. Sometime::; th('y appear only a" arc" of circle::;, the light and 
dark colour of the wood varying in intpn"ity. The band::; occur abo at allY age 
within the tree. 

Although coast-grO\nl stand::; of cedar ('xhibit thi" colour variation to some 
extent, it appear,; to be most prevuknt ill interior-gr()\nl stands. The interior
grown poks of shipment number 153 (ri 1 pok,,) "howpd it predominance of 

"target pattern" in the heartwood cross-sections. 

The light-coloured ZOllPS, bping vpry similar in appearancp to normal sap
wood, are somptimes refplTPd to as induded sapwood. A careful estimate of this 
so-called ineluded "apwood was made on a percentage area basis of the total 
heartwood of the 51 polefi of "hipment number 153. Sapwood inclusion in the 
heartwood varied from zero to approximately 2() per cent. 

Regre,;sion analyses comparing the moduli of rupture and specific gravity 
data with pel' cent sapwood inclusion indicate that" target pattern" produeed 
no apparent dIeet on the strength or the specific gravity of these poles. The 
caleulated correlation coefficients were clofle to 7,ero which indicates no funetional 
relationship. 

Included sapwood, however, i� known to ha\"e a lower resistance to decay 
than normal brown coloured heartwood; the decay resistance being similar to 

PLATE 5-Typical compression and tension failure. 
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that of normal cedar sapwood (7, 8) . Pole users have reported decay in untreated 
western red cedar poles progressing longitudinally along the white rings within 
the heartwood. 

FAILURE CHARACTERISTICS 

In general, pole failures occurred between 0 and 3 feet from the ground-line 
(load-point) towards the pole tip. The initial indication of excessive stress was 
a wrinkling of the extreme fibres near the ground-line on the concaYe face of the 
pole. These compression wrinkles became more pronounced and more numerous 
towards the tip as loading progressed. They frequently developed through a 
knot or at an irregularity of the pole surface. Final failure was usually a sudden, 
abrupt fracture in tension on the convex face of the pole. In many of the tension 
failures long, cup-shaped splinters indicated a weak bond between the early
wood and latewood junction of the grO\vth rings. Plate 5 illustrates the 
compression wrinkles and splinters of a typical fracture. Plate 6 shows the 
characteristic cup-shaped splinters of a tension failure. 

Approximately 20 pel' cent of the poles failed in a short-fibred, brash fracture. 
Three poles broke completely in two or more pieces and eight poles failed in 
longitudinal shear (see Plates 7, 8 and 9). Poles which failed in shear had a 
higher than average modulus of rupture. 

PLATE 6-Typical cup-shaped splintering tension failure. 
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PLATE 7 -Short-fib red, brash tension failure_ 

PLATE S-Cross-grained tension failure. 
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PLATE 9-Longitudinal shear failure. 

PRINCIPAL FINDINGS 

The principal findings of the test series on 30-foot western red cedar poles 
are as follows: 

1. There is no significant difference in strength between: 

(i) Poles grown at altitudes of 2,500 feet and pole" grown at 
4,000 feet. 

(ii) Coast-grown poles and interior-grown poles. 

(iii) Machine-shaved poles and hand-peeled poles. 

(iv) L"nseasoned poles and air-seasoned, butt-soaked poles. 

2. There is a high degree of correlation between the strength of poles and 
the maximum compressive stress parallel to the grain of "mall, clear 
specimens cut from their butt-sections. 

3. The strength of a pole is related to its i:ipecific gravity. 

4. The average modulus of rupture of all poles tested was 5,258 p.s.i. 

5. There is no significant difference between the moduli of elasticity of 
unseasoned poles and seasoned, butt-soaked poles. 

6. The modulus of elasticity of poles was approximately 10 per cent higher 
than the bending modulus of elasticity of small, clear specimens. 

7. "Target pattern" had no apparent effect on the strength of poles. "G n
treated poles containing "target pattern" heartwood, however, are 
known to have a lower resistance to decay than normal brown coloured 
heartwood. 
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Pole 
No. 

Class 

------ -----

---- ------. 

5 

5 

5 

1 0  

11 

1 2  5 

13 

14 

1 5  5 

16 

1 7  5 

1 8  

1 9  

20 

21 

22 

23 5 

24 

APPENDIX 1 
STRENGTH AND RELATED PROPERTIES OF WESTERN RI<;D CEDAR 30-FOOT POLES SHIPMENT 1531 

Circumference 
--------- Taper 

1-inch in Average Summer-6 feet designated Age wood2 Sapwood 
from Top number of Thickness3 
butt feet 

---- ---�-- -- ---- ---- ------- -.-.---.-� 

inches inches years per cent inches 

----- -- ----- ----- -- ------- -----

35.2 23. 3  6. 59 50 10 0 . 68 

35. 6 22. 7  5. 79 48 0. 83 

32.3 21. 9 7 . 91 44 10 0 . 67 

3 1 . 5  24 . 1  1 1 . 36 62 17  0 . 8 1  

33. 0 24. 1  8 . 65 61  20 0.68 

3 3 . 7  26.7 1 2 . 10 63 15 0 . 47 

3 5 . 0  22.1 6 . 04 47 1 2  0. 63 

32. 6 22.8 7 . 92 55 1 1  0.66 

34. 0  23.5 7.48 54 1 4  0 . 57 

33 . 1  26.3 1 1 .  76 59 17  0 . 62 

33.3 22. 6 7.54 51  10 0.69 

3 1 . 1 21 . 5 8. 33 61 19 0. 59 

34. 4 22. 7  7 . 3 2  52 17  0. 75 

32. 2 22. 8  7 . 9 2  45 1 2  0.60 

30. 8 21 .  8 9.23 56 10 0 . 78 

30. 7  2 1 . 0  8. 55 49 1 1  0 . 79 

:32 . 7  25. 8 1 1 .07 65 23 O . (il 

a5. 9 25.1 7 . 73 53 14  0 . 63 

35.0  27 . 6  9.93 53 14 0. 56 

3 1 . 9  20.3 6 . 88 55 18 0 . 64 

34.7 26. 0  9 . 17 57 13 0 . 67 

33.5 25. 7 9 . 23 54 11 0. 52 

30. n  22. 5  g . 9O 5:1 1 6  0 . 38 

3 1 . 5  20. 8  8. 04 50 14 O. �1 

Average 
Moisture Content3 

Specific ------._--_ .. 
Gravity4 

�����: \ Heart-

section wood 
---- ------ --�-

per cent per cent 

---- ---_._-- ----,,----

105. 6 40. 8  0. 260 

93 . 7  4 1 .  2 0.238 

93 . 3  42. 2 0. 275 

83 . 8  34 . 8  0 . 3 1 3  

98. 6 37 . 3  0.302 

85.1 50. 4  0.296 

98. 8 52. 0 0.281 

93.7 40. 5  0.296 

78. 7  49 . 6  0.304 

53.7 35.3 0.307 

58.7 48.2 0.294 

83.5 45. 1 0. 323 

103.6 45. 3 0 . 272 

107 . 1 48. 6 0. 297 

1 1 1 .  1 48. 0 0.274 

1 1 1 .  2 49. 1  0 . 290 

9 1 . 4  38. 7 0. 319 

90. 8  54.0 0. 293 

96.3  43.9 0.30li 

94.3 46. S 0.305 

103.6 48. 1 0.256 

72.3 50. 9 0 . 296 

7!1.3 42.S 0. 304 

120.2 48.5 0 . 271 

Weight 
per 

Cubic 
Foot 

---".�----.-

pounds 

---------.. _.-

36. 5 

39. 8 

40. 0  

40.3 

37.7 

35. 5 

38.5 

39 . 6  

36.7 

32. 1 

38. 7 

39. 3 

4 1 .1 

37.7 

40. 5 

4 1 .5 

37 . 5  

39.7 

33.4 

:111. 4 

3 7 . 0  

33 . 5  

37. I 

42. 4 

Stress at Modulus Propor-
tional of 

Rupture Limit 

.�-------"� -- - "---- -- .-.� 

p.S.1. 

2, 270 

2 , 466 

2, 521 

3 , 549 

3 , 725 

3 , 3n 

1 , 989 

2 , 686 

1 , 738 

2, 835 

2 , 505 

2, 826 

2 , 3 1 9  

1 , 994 

2,373 

2 , 362 

3 , 442 

2 , S70 

2, 397 

2 , 358 

2 , 049 

2 , 302 

2 , 0 1 2  

1,52:3 

1).8.i. 

. - -- -------- .. 

3 , 896 

3 , 924 

4,318 

5, 227 

5, 684 

5, 679 

4 , 139 

5,241 

4 , 307 

5, 449 

4 , 374 

5, 238 

4 , 1 1 8  

3 , 948 

4 , 153 

4 , 297 

5, 990 

3, !J02 

4 , 530 

4 , 646 

4 , 028 

4,909 

4 , 485 

4,075 

Modulus 
of 

Elasticity 

- . ----- ----

1000 p.".i. 

----. -------

956 

920 

1 , 105 

1 ,265 

1 , 228 

1 , 064 

879 

940 

893 

1 , 144 

\J56 

1,1 (19 

935 

804 

800 

977 

1 , 186 

9S0 

901 

939 

872 

881 

908 

l':n 

Maximum 
Longi-
tudinal 
Shear 

Developed 

--------"-----

p.s.i. 

---- ----- ---

122. 1 

1 1 8 . 3  

1 23.2 

1 50.4 

162. 0 

173.3 

1 24. 8 

148 . 1 

126. 0 

164.6 

1 27.9 

143. 1 

128. 5 

1 10.4 

1 1 4 . 4  

1 18.9 

174 . 2  

126. 8 

13,>.9 

1 28 . 4  

1 23 . 8  

139 . 2  

126. 2 

118. 4 

Pole 
No. 

1 0  

1 1  

1 2  

1 3  

14 

1 5  

1 6  

17  

18 

19 

20 

21 

22 

2:1 

24 



25 3 3 . 3  23. 2  8. 1 7  

26 32.0  2 1 . 9  7 . 73 

27 35. 1 23 . 8  6 . 99 

28 5 32. 1 23 . 6  9 . 71 

29 29. 6  2 1 . 3  9 . 35 

30 33 . 6  27. 6 1 3 . 89 

3 1  30. 6  2 1 . 8  9 . 35 

32 33.5 22. 7 7 . 43 

33 30. 9 2 1 . 1 8 . 00 

34 5 3 2 . 0  24. 8  1 1 .  63 

35 33.0  23. 6  9. 15  

36 3 1 . 9  25. 3  12 . 60 

37 35 . 3  28 . 8  1 0 . 7 1  

3 8  3 6 . 3  28. 0  1 0 . 34 

39 3 1 . 4  23 . 5  10. 14 

40 33. 2 23 . 0  7 . 79 

41  32. 8 22.4  7 . 19 

42 34. 3 26. 1 10. 49 

43 32. 6 22. 4  8 . 33 

44 3 3 . 9  25. 7  1 1 . 36 

45 3 1 . 0  24. 3  1 2 . 05 

46 33. 6 22. 1 6 . 58 

47 5 30. 8 2 1 . 1  8 . 50 

48 32.3  25. 3  1 1 . 07 

49 3 1 . 8  24. 8 10. 68 

50 35. 8 29. 9  13 . 27 

5 1  36. 2 23. S 6 . 5 1  

----- --- --------

Average 33 . 0  23. 8 9 . 13 

Maximum 36.3 29.9  1 3 . 89 

Minimum 29 . 6  20. 3  5 . 79 

50 1 2  

4 5  13 

46 17 

56 14 

58 15 

57 13 

48 19 

46 1 1  

45 12 

49 14 

49 13 

56 14  

58  12 

56 15 

59 15 

51 12 

53 1 1  

63 1 1  

4 9  13 

59 13 

65 10 

6 1  12 

53 1 6  

50 1 1  

.18 18 

65 1 4  

51  1 6  

5 4  1 4  

65 23 

44 9 

0 . 70 

0. 61 

0 . 68 

0 . 68 

0. 46 

0 . 58 

0 . 66 

0 . 59 

0. 78 

0. 57 

0.53 

0 . 59 

0 . 40 

0. 42 

0. 70 

0 . 8 1  

0 . 83 

0 . 7 1  

0 . 73 

0 . 8 1  

0 . 65 

0 . 60 

0. 62 

0. 55 

0 . 63 

0 . 68 

0. 4 1  

0. 64 

0 . 83 

0 . 38 

122. 2 

1 03. 8 

90. 7 

105 . 7  

87. 7 

87. 8 

9 1 .  6 

93. 1  

96. 4 

74.9  

66. 3  

88 . 1  

53 . 2  

66. 4  

100.0 

102.3 

1 10 . 9  

101 . 2  

98. 4 

105 . 4  

92. 9 

103 . 4  

105 . 5  

96 . 2  

1 1 1 .  6 

9 4 . 5  

84 . 8  

-_ .. _-----

93. 0  

122 . 2  

53. 2  

67. 3  0 . 281 4 4 . 2  2 , 552 

4 4 . 8  0. 263 35. 9  2 , 074 

40. 6 0 . 3 14 39. 5  2 , 183 

47. 6 0 . 294 40. 4 1 , 790 

40. 4  0. 309 38 . 2  3 , 308 

35. 4  0. 299 34. 0 2 , 502 

40. 2  0. 284 37. 6  1 , 787 

56. 2  0. 308 37. 2 2 , 285 

46. 4 0. 262 37. 3 1 , 739 

44. 4 0. 295 36. 0 2 , 084 

5 1 . 0  0. 277 33 . 5  2 , 126 

50. 0  0. 291 36. 4 2 , 636 

4 2 . 4  0 . 3 1 1  34. 9  2 , 703 

40. 9  0. 304 3 4 . 4  2, 87S 

47. 9 0. 328 42. 4  2 , 747 

50. 0 0. 299 40. 2  1 , 888 

50. 4  0 . 279 38. 7 1 , 623 

48. 5 0. 290 37. 4 1 , 909 

4 1 . 5  0. 298 4 1 .  3 1 , 739 

55. 9 0 . 299 43 . 6  2 , 657 

45. 1 0. 306 39 . 6 2 , 857 

49 . 7  0. 296 39.5 1 , 324 

4 7 . 0  0. 287 39. 2 1 , 756 

46.3  0. 298 36. 2 2 , 259 

46. 4 0. 282 37.5 2 , 164 

40. 5  0. 328 39. 7 3 , 1 1 8  

50. 0 0 . 291 36. 4 2 , 156 

--- --------.�- -_._---_. -------_ ... _--- - -

46. 1 0. 293 38. 2 2 , 375 

67. 3  0.328 4 4 . 2  3 , 725 

34. 8  0 . 238 32. 1 1 , 324 ! I 

4 , 483 

I 
937 

3 , 653 826 

4 , 404 838 

4 , 700 971 

5 , 533 1 , 206 

5 , 092 l , arl9 

4 , 385 904 

4 , 350 976 

3 , 924 823 

4 , 467 955 

3 , 883 808 

5 , 397 1 , 124 

5 , 101 1 , 096 

4 , 849 1 , 060 

5 , 216 988 

4 , 087 907 

3 , 654 767 

3 , 965 898 

4 , 651  995 

4 , 776 1 , 100 

5 , 476 1 , 075 

4 , 504 901 

4 , 421 878 

4 , 800 1 , 101 

4 , 715 1 , 086 

5 , 235 1 , 147 

3 , 670 957 

----------- ------_ ... - --- --. 

4 , 587 980 

5 , 990 1 , 265 

3 , 653 767 

132. 0 

101 . 4  

133 . 6  

137 . 2  

1 44 . 1 

157 . 1 

1 18 . 5  

126. 1 

104 . 9  

130 . 4  

1 17 . 7  

159. 6 

157 . 3  

163 . 0  

145 . 4  

1 1 6 . (i 

103.3 

126. 3 

133 . 5  

155. 4 

148 . 8  

126. 8 

1 18. 8 

138. 8 

129. 4 

174 . 5  

1 15. 1 

--_._-_ ..... -

134 . 2  

174. 5 

101 . 4 

25 

26 

27 

28 

29 

30 

3 1  

3 2  

33 

34 

35 

36 

37 

38 

3i1 

40 

4 1  

42 

43 

44 

45 

46 

47 

48 

49 

50 

51  

1 Poles of  this shipment were interior-grown, machine-shaved and were tested unseasoned. 2 As determined from discs cut at  extreme butt. 3 A s determined from discs cut near ground-line. ... Based 
on volume at test; weight oven-dry. 



Pole 
N o .  

1 0 1  

1 02 

1 03 

104 

105 

1 0 6  

107 

lOS 

1 09 

1 1 0 

I I I  

1 1 2 

1 13 

1 14 

1 15 

1 16 

1 17 

201 

202 

203 

204 

205 

206 

207 

Class 

APPENDIX 2 
STRE N GTH A N !)  REU.TED PROPERTIES OF WESTE RN RED CEDAI{ 30-FOOT POLES 

Circumference 

(; feet 
from Top 
butt 

inches 

3 4 . 9  

30. 7 

aO. 9 

3 1 . 1  

33. \I 

3 1 . 2  

34. 2 

33. 2  

3 1 . 0  

:32. 

32. () 

32.  \I 

35 . 5  

30. 2 

32.  g 

34 . 8  

32. 8 

:35. \I 

3 1  

20.  S 

35 . 7  

:3 1 . 5  

3 4 . :3 

33 . 5  

i IIC}I(�S 

2 8 . 8  

25. 

23. 

27. 7  

23. 2 

23 . 5  

29 . 3  

23 , 0  

25 . 2  

2lL 0 

25. 0 

25. 5 

2S.  n 

23.  

25. 

28. 2  

26, 8 

25 . 2  

27. :3 

25. 1 

28 , 8  

25. 4  

27. H 

26. 3 

Taper 
I-inch in 

designated 
number of 

feet 

1 3 . 27 

1 6 , 57 

1 0. 49 

23 . 08 

0 . 98 

9 . 32 

20. 1 3  

7 . 25 

1 3 . 45 

1 0 . 83 

1 1 . 49 

!1 . 1 5  

1 3 . M  

I I .  t 9  

1 0 . 49 

1 0 . 27 

1 2 . 24 

7 . 54 

1 8 . 50 

1 4 . 29 

1 0 . 1 0  

1 3 . 50 

l UIO 
1 0 . 45 

Age 
Summer

woou2 

Average 
Sapwood 

Average 
.MoiBture Contents 

Thicknesl:i3 Entire 
Cl'o:-;s-

! ----- 1 - - 1 _ �  ___ I �
'[)[)tio�_ 1 

Heart
woou 

ileal'S 

94 

79 

76 

1.12 

5 1  

67 

93 

8ll 

65 

60 

81 

67 

8' " 

1 23 

143 

105 

68 

lill 

77 

82 

84 

8\1 

96 

74 

]J(')" cent 

1 8  

20 

1 0  

20 

1 2  

1 8  

1 8  

1 7  

Hi 

2 1  

2 1  

1 3  

22 

20 

24 

1 7  

1 2  

23 

:32 

22 

30 

23 

32 

34 

indes 

0 . 64 

0 . 70 

0 . 33 

0 . 40 

0. li5 

0. 63 

0 . 32 

0 , 37 

0. 60 

0. 511 

0 , 1 8  

0 . 24 

0 . 4 6  

0 . 35 

0. 53 

0 , 74 

I .  0 1  

0 , 48 

0. 113 

0 . 60 

0 , :34 

0 . 34 

0 . 42 

0 . 50 

PCI' ('('711 I 1)('1' cent 

43 . 9  

30. 4 

1i3, 4  

31LS 

9 1 . 5  

3lL 4 

liO. 6 

5 1  

47 

1i5. (j i 
38. !I 

57. 1 i 

00. 7  i 

38. 7 

32. 8 

76. 0  

.s3. 0 

2ti. H 

27 . 4  

24.  I 

28. 8 

27. 5 

24. 4  

3 7 . 4  

32 . 5  

:30, 4  

3-, . 

211. 

4 1 . 5  

34, 4  

3 1 . 0  

29. i 

3 4 . 3  

aO, 2 

:3:;' 8 

4 1  

3 1 .  

34. 

30, S 

3 1 . 7  

35, 1 

24 . 5  

2,1. 7 

23 . .  1 

20, a 

2S, 1 

27 . 0  

28. :1 

Spf'cific 
Cravity,j 

0 , 3 1 3  

0 , 32 1  

O .  :324 

O. :321 

0. 305 

0 , 30 1  

0 . 3 1 0  

O.  aali ; 

0 , 2118 

0 , 3:1:1 

0, a:1:3 

n , :30 1 

0 . 336 

0. 345 

0. 31i7 

n. :350 

0. 211:1 

0 . 327 

O.  a25 

0. 324 

(U5\! 

(1, 320 

0. 348 

(U03 

Weight 
per 

Cuhic 
Fuut 

pOIl1Jdo 

29 . 4  

26, U 

34.  

211. 

ali , !! 

27 . 4  

3 1 .  Ii 

3a,  g 

2H. 7 

:14 . 2  

2 9 .  U 

27. 0 

35 . 2  

3 1 . 1  

32.  

;37 .  

2 H ,  

2S,  :1 

25.  

24. 

20. 0 

29 . 2  

2S,  I 
20 . 0  

SHIP\[E N T  1 541 

Stress at 
Propor

tional 
Limit 

p . 8 . i. 

2 .  :3 9 1  

:3 , 235 

:1, 440 

2 , 1'20 

2 , 1 9 j  I 

2 , 25 1  

2 , 800 

2 , 5til 

2, S7i 

:3, 470 

2 , 99S i 
2 , ,347 

3 , 4iH 

4 , 077 

:3 , 200 

2, li24 

2 . 584 

:�, 2G5 

:! ,  !li5 

3 , 574 

:3 , 1 70 

3 , 4!1!1 

4 , 02S 

2, H�17 

:\lodulu::; 
(}f 

Rupture 

p.o.i.  

5 , 720 

5 , 0:;:3 

5 ,  li7S 

5 , 4tiS 

4 , 1105 

4 ,  \) 1 4  

5 ,  H,54 

5 ,  i H i  i 

4 .  li20 

1i, 0411 

0, Sli4 

5, :383 

1 i , 253 

1i , 3 1 2  

0 , 1 54 

ti , 1 5:-> 

4 , 50, 

5 , 4:31i 

H , 47 1  

Ii ,  :3 1 2  

Ii . 284 

0 , 1 80 

ti , 573 

5 , 22H 

}lodulus 
of 

Ela;-;ticity 

/{)UU p.s. �i .  

1 , 1 88 

1 , 084 

1 , 372 

1 , 100 

1 , 07li 

1 , 068 

1 , 104 

1 , 087 

1 , 2 1 :3  

1 , 2S7 

I ,  I i5 

1 , 1 1 4 

1 , 433 

1 , 040 

1 , 1 1 8  

1 , 0 1 3  

838 

1 , 137 

1 ,  :348 

1 , 1 77 

1 , 325 

1 , 225 

1 ,  :17:1 

1 , 100 

�laximum 
Longi

tudinal 
Shear 

I)cveiopf'd 

p.s.i.  

1 8 1 .  I i  

1 43 . 2  

1 5G.  (j 

1 57 , 5 

140. 2 

1 28 , 5  

1 92 . 8  

l liO, II 
1 2 i . 3  

1 70, 0 

1 7!),  (j 

1 50. 

2 1 1 . 3  

l li3 , 3  

17:l .  

1 8 ! . !1 

1:32. 4 

1 78 . 4 

l Si .  

l li5 . 1  

202 . 3  

1 ii.  2 

200 . 3  

1 St;. !J 

Pole 
No, 

101  

102 

1 0:3 

1 04 

105 

106 

1 0 7  

1 0 8  

109 

1 10 

1 1 1  

1 1 2 

1 13 

1 1 4 

1 15 

1 1 6 

1 1 7 

201 

202 

203 

204 

205 ' 

200 

207 



20S 

20!I 

2 1 0  

2 1 1 

2 1 2  

2 1 3  

2 1 4  

2 1 5  

2 1 6  

2 1 7  

301  

302 

303 

304 

305 

306 

307 

308 

30\1 

:110 

:1 1 1  

:1 1 2  

4 0 1  

402 

403 

404 

405 

A verage 

Maxinlum 

.MinirnulU 

:1:3 . 5  

:1 1 . !1 

:32 . 7  

:30. 7  

30. 7 

35 . 2  

29 . 7  

36. 2 

34 . 2  

35.  (i 

35. 6 

34 . 0  

28 . 9  

3 1 .  2 

30. 7 

33 . 4  

27.  9 

2H. 7 

34.  S 

34 . 0  

3 1 .  {i 

:w 

;�7 .  S i 
33 . 3  

32. 2 

:32 . 5  

34 . 0  

32 . 7  

ai.  � 

:27. n 

:!7 . 4  

24 . 4  

26 . 1  

23 . 0  

20. 3 

27.  () 

2 1 . 4  

2!I . l 

2 8 . 5  

28 . 7  

22. 9 

25 . 2  

2 0 . 5  

20. 3  

22. 5 

24 . 6  

1 9 . 2  

20. 5 

24 . 9  

2 6 . 4  

2:1 . � 

2 1 . 4  

25 . 5  

2 1 . :1 

25 . ti 

25. 4  

24. 7  

25. 0 

20 . 3  

I tl . 2  

1 2 .  I I  7S 

!I. 3,> 1 7 1  

I I .  2 4  I 76 

!1.!l0 1 liO 
7 . 25 50 ! 

V . 74 &:3 

8 . 88 4 1  

1 0 . 34 8 1  

1 1 .  63 69 

1 0 . 99 79 

5 . 35 I 43 

9 .  IS 1 203 

7 . 09 i 39 

6 . 4 1  i 37 

9 . 15 I 33 

8. 411 1 86 

7 . 3 1  49 

8 . 4\1 49 

7 . 3 1  4 8  

D . OG 1 203 

S. !IS I l liS 

8 . 20 I 40 

H .  Hi I tli 

tj. ;{i I 72 

1 3 .  Btl 

10. 47 

7 . 85 

1 0 . 55 

2:3 . 08 

5 . 35 

7 1  

7 1  

8 0  

8 2  

203 

:13 

:14 

23 

26 

3 1  

27 

32 

27 

29 

29 

26 

1 4  

2 1  

1 7  

1 "  

1 5  

2 3  ! 
20 I 

1 3  

1 4  

24 

1 8  

12 

I I  

I I  

1 4  

1 3  

21 

:14 

1 1  

0. 40 

0. 8 1  

0 . 46 

0 . 78 

O. (il! 
0 . 48 

0. 72 

0 . 53 

0. 68 

0 . 58 

0. 76 

0 . 00 

0. 78 

0 . 9 1  

O.  (il 

0 . 00 

O. (i8 

0. 78 

o. n7 

0 . 32 

O. 2H 

0. 9:1 

O. ti5 

O . li4 

0. 47 

O. 6V 

0 . 69 

0 . 5 6  

1 . 01 

0 . 00 

54 . 7  

49 . 5  

53 . 6  

73 . 5  

43 . :1 

4 1 . 9  

55. 1 

50. 4  

53. 1 

45 . 0  

40. 1 

47 . 2  

67. 6  

57. 4 

ti7. t) 

35 . 4  

69 . 4  

44 . 3  

4 1 . 8  

4 l-! . 5  

4:3 . 1  

70. II 

88. 0 

83. 1 

4S . 2  

70. :1 

76. 9 

51 . 1  

H I  

24. 1 

3:1 . 5  

29. 4 

32 . 4  

30. !I 

28. 7 

30. 1 

32 . 8  

30. 6 

33 . 8  

29. 3 

34 . 7  

47 . 7  

7 1 . 3  

6 l . 7  

43 . 4  

32. 7  

48. 4 

3 7 . 0  

3 4 .  H 

44 . 0  

a n . 5 

ti l .  

55. 

57 . 4  

32. 5  

43. 0  

4 7 . 5  

36. 4  

7 1 . 3  

n . 5  

(J.:J26 

0 . 3 1 2  

0 . 3:16 

0. 300 

0 . :341  

o. :159 

0. 327 

0 . 28 1  

0. 3 1 1  

0. 29 1  

0. 279 

0. 345 

0. 350 

0. 3 1 4  

0 . 328 

0 . 3 1 8  

0. 324 

0. 306 

0. 21)3 

0 . 328 

0. 344 

0. 274 

O. :WS 

0. 3:l2 

O. :347 

o. :340 

0. 343 

0. 322 

O.  :167 

0 . 274 

:3 1 . 0  

2H . 7  

3 1 . 5  

:10 . 2  

34 . 2  

3 1  

3 1 . 2  

2 4 . 5  

29. 9 

25. 6 

23 . 5  

3 0 . 3  

27 . 5  

30. 0 

30. 9 

2 8 . 0  

3 1 . 4  

27. 9 

27 . 2  

30.  S 

30. 0 

2S. 9 

ai. (i 

4 1 . 0  

3 2 . 0  

37.  ti 

3 6 . 8  

30. 5 

4 1 . 0  

23. 5 

2 , 502 

2 , 470 

2 , li65 

2 , 082 

2 , 370 

2 , 9 1:3 

Z , 302 

2 , 695 

2 , 788 

2 , 286 

2 , 859 

4 , 000 

2 , 826 

3 , 342 

3 , 8ii 

4 , 040 

3 , 58 1  

2 , 152 

3 , 077 

4 , nz 

2 ,  H84 

2, li l 7  

2 , 547 

2 , 555 

3 , 343 

3, {i7b 

4 , 690 

4 , 464 

4 , 866 

4 , 3\)0 

5 , oa8 

5 , 8 1 5  

5 , 1 3 1  

4 , 272 

5 , 1 6 7  

4 , 423 

4 , 03 1  

5 , Oil l 

4 , 928 

4 , 82 1  

5 , 2 1 6  

4 , 662 

4 , 505 

4 , 458 

4 , 8 1 1  

6 , 221i 

:1 , 870 

4 , I l ti 

a, !lOU 

4 , 050 

5 , 82:1 

5, S57 

3 , 440 4 , 874 

3 , 001 

4 , 282 

2 , OS2 

5 , 229 

6 , 5n 

3 , 870 

1 , 037 

1 , 041 

1 , 049 

1 , 004 

1 , 058 

1 , :330 

1 , 079 

851 

1 , 22 1  

995 

897 

I ,  lOi 

1 , 052 

1 , 264 

1 , 376 

903 

1 , 047 

89H 

1 , 201i 

1 , 206 

�)47 

1 , 020 

mm 

1 , 04!1 

1 , 1 81 

1 , 285 

1 , 279 

1 , 123 

1 , 43a 

8:38 

1 4 1 .  S 

1 30 . 0  

1 3 7 . 7  

1 1 7 . 7  

1 27 . 5  

182.  a 

130. 0 

1 37 . 4  

1 52 . 5  

1 4 0 . 5  

1 39 . 6  

1 52 . 1 

I l l .  6 

1 1 9 . 7  

135. 6 

1 37 . 9  

1 0 0 . 4  

105. 1 

140. 6 

1 79 . 8  

104. I 

1 04 . 0  

1 25 .  9 

1 1 4 . 5  

1 7 1 .  

1 68 . 0  

1 42 . 7  

150 . 3  

2 1 1 .  3 

1 00 . 4  

208 

20!! 

2 1 0  

2 1 1 

2 1 2  

2 1 3  

2 1 4  

2 1 5  

2 1 6  

2 1 7  

301 

302 

303 

304 

305 

306 

307 

308 

309 

3 1 0  

3 1 1  

3 1 2  

4(H 

402 

4m 

404 

405 

1 Pol(�H of t.hiti shipment were eOH�t-grown, machinc-shaved and were tested un�casoned. 2 As detennincd frOin discs cut at extreme butt. :l As detcnnincd fruln dil:ies eut Il(�ar gruund-line. 4 Baseu 
on yolume at tes t ;  weight oven-dry, 



Pole 
No. 

-----

------

Unseasoned 

10 

1 1  

1 4  

1 6  

1 8  

19 

22 

23 

24 

25 

26 

29 

32 

33 

34 

37 
-----

Average 

Maximum 

Minimum 

APPENDIX 3 
STRENGTH AND RELATED PROPERTIES OF WESTERN RED CEDAR 30-1'00'1' POLES MA CHINE-SHAVED SHIPMENT 157' 

Class 

----

----

3 

3 

----"- - ---

Circumference 

6 feet 
from Top 
butt 

---- -----

inches inches 

---- -----

3 6 . 3  30. 6 

34. 6 28. 1 

35. 1 2ti . 3  

35. 4  28.3  

34.5 26. 9  

35. 3  28. 0  

36. 1 2 8 . 3  

35. 4  24 . 8  

35. 4  28. 1 

34. 1 26. 2 

33 . 8  24 . 7  

33 . 8  26. 2 

37. 3 23. 2 

36. 2 26. 7 

35. 2  29. 3  

34. 8 26. 6 

35. 0  22. 5  

35. 7 24 . 9  

3 7 . 0  2 9 . 8  

3 5 . 9  29. 3 
-_ .. _---- _ .. ,-----

35. 3  26. 9 

37. 3 30. 6 

33 . 8  2 2 . 5  

Taper 
I-inch in 

designated 
number of 

feet 
----

-----

10.59 

10. 13 

9 . 52 

1 1 . 22 

6 . 98 

10.36 

9 . 82 

8 . 20 

1 1 . 09 

9. 33 

8 . 27 

1 1 .  22 

5 . 7 1  

8 . 57 

1 2 . 40 

9 . 92 

6 . 93 

7 . 79 

8 . 42 

1 2 . 08 -
_._--- --

9 . 43 

1 2 . 40 

5 . 71 

Summer- Average 
Age 

wood2 Sapwood 
Thickness3 

--- ----- -----

years per cent inches 

--- ----- ----_._-

196 20 0 . 53 

135 22 0 . 46 

159 16 0 . 50 

215 28 0 . 57 

224 32 0 . 30 

138 22 0 . 50 

180 19 0 . 63 

213 26 0. 63 

240 2 1  0 . 40 

122 1 6  0. 44 

137 21 0.58 

1 10 18 0 . 6 1  

158 14 0. 66 

141  27 0. 36 

149 24 0 . 67 

226 24 0 . 2 1  

1 5 1  1 8  0 . 48 

239 25 0. 62 

121  28 0 . 59 

130 2 1  0. 34 

----- -- -.- ---- -------

169 22 0 . 5 1  

240 32 0 . 67 

1 10 1 4  0 . 2 1  

Average 
Moisture Content3 

----... -�-- -

Entire I Cross- Heart-

section wood 
---- ----

per cent per cent 

-- - ----- -------

60.0 34 . 5  

72. 3 35_ 6 

ti7 . 5  3 1 . 1  

6 1 . 9  33. 5 

43 . 9  3 1 . 5  

60. 5  32. 7 

66. 5 33 . 0  

72. 2 29. 5  

62. 2  34.3 

55. 9  36. 5 

84. 3  40. 5  

70. 4  3 1 .  9 

7 6 . 9  33 . 3  

55. 5  39. 9 

57. 4 30. 8 

36. 6 30. 6 

62. 2  28. 8 

79 . 0  30. 1 

77 . 9  33 . 0  

60. 6 34.5 
---- - - -------

6 4 . 2  3 3 . 3  

84 . 3  40. 5  

36. 6 28. 8 

Specific 
Gravity4 

------.--

-'- --_._--_. 

0. 282 

0. 322 

0 . 3 1 4  

0 . 336 

0. 348 

0 , :\48 

0. 310 

0 . 3 13 

0. 314 

0. 322 

0. 305 

0. 305 

0. 282 

0. 359 

0. 372 

0 . 333 

0. 300 

0 . 340 

0 . 327 

0. 299 
_. __ .. _----

0 . 322 

0 . 372 

0. 282 

Weight 
per 

Cubic 
Foot 

--------

pounds 

---------

3 1 . 3 

:lu . 7 

35. 4  

35 . 7  

28. 1 

35. H 

35 . 3  

35. 9  

32. 4 

3 1 . 3  

36. 6 

38.0 

35. 2  

36. 3 

40. 1 

29 . 8  

36. 6 

3 9 . 0  

33. 8 

32.5 

---------- . 

34. 8 

40. 1 

28. 1 

Stress a.t 
Propor- Modulus Modulus 

tional of of 

Limit Rupture Elasticity 

------ ------ -- - -

p.8.i. ]J.s.i. lOUD p.s.i. 

----�---.-.. -- -- --�--.. �
-

---------

2 , 309 4 , 642 861 

3, 305 ti, 546 1 , 028 

3 , 186 5 , 397 1 , 109 

2 , !J5S Li , 17i 1 , 04 1  

2 ,  S�5 5, Sal 908 

3 , 716 6 , 472 1 , 24 1  

3 , 242 5 , 037 978 

2 , 644 5 , 090 1 , 059 

3 , 340 6, 109 965 

3, 47S 6, 263 1 , 046 

3 , 268 5 , 035 1 )  056 

2 , 924 5 , 536 1 , 03 1  

2 , 826 4 , 325 9 1 1  

3 , 822 5, 798 1 , 042 

4 , 739 7 , 51 6  1 , 425 

3 , 7 18 6 , 375 1 , 046 

3 , 054 6 , 038 1 , 020 

3 , 133 5 , 842 1 , 108 

a , 580 6 , 437 1 , 101 

3 , 165 5 , 575 1 , 004 

-------- 1 - - ---- ._- ----

3 , 265 5 , 801 1 , 052 

4 , 739 7) 510 1 , 425 

2 , 309 4 , 8'25 861 

Maximum 
Longi-
tudinal 
Shear 

Developed 
- - ----

p.s.i. 

136.5 

1 82 . 3  

lli4 . 4  

1 8 1 . 4  

145. 2 

192 . 5  

152 . 8  

1 63 . 7  

188. 1 

1 83 . 9  

1 4 1 .  2 

15S . 2  

135. 5 

1 82 . 9  

227 . 0  

193 . 1  

190 . 4  

173 . 3  

1 85. 8 

177 . 3  

172. 8 

227 . 0  

135 . 5  

Pole 
No. 

10 

1 1  

1 4  

1 6  

1 8  

19 

22 

23 

24 

25 

26 

29 

32 

3:1 

34 

37 

---



Air-Seasoned, Butt-Soaked, Winter-Tested 

1 2  

13 

1 5  

17 

21 

27 

28 

_._-------- " --

Average 

Maximum 

Minimum 

-.---�.-.. --.. - ------

33. 8 

35. 1 

34. 2 

34. S  

34. 1  

35. 2 

36. 2 

3 5 . 0  

34. 3 

37. 4 

-----------

3 5 . 0  

3 7 . 4  

33 . 8  

--- ---

28. 7 

26. 4 

28. 8  

25. 8 

27. 4 

26. 6 

23. 0  

2 7 . 2  

24. 4  

27. 0  

------

26. 5 

28. 8  

23 . 0  

_._--- --�--

Air- Seasoned, Butt-Soaked, Summer-Tested 

33 . 8  2S. 2 

34. 2 28. S 

20 34. 2 25. 5  

30 34. 2  24. 8  

3 1  34. 1 24. 5  

35 36. 2 27. 5 

36 34 . 8  24. S 

38 :l4 . 5  29 . 2  

39 35. 1 28.3  

40 3 4 . 3  27 . 2  

�------�--- .. - . .  - - �--- ------.--�.----. ----.. _._-

Average 34. 5 26. 9 

Maximum 36. 2 29 . 2  

MiniInum 33. S 24. 5  

1 6 . 50 135 23 

9. 24 181 29 

12. 60 145 21 

9 . 06 208 25 

1 3 . 09 200 33 

8. 1 2  234 25 

5 . 82 155 15 

7 . 54 160 1 7  

6 . 59 210 20 

6 . 28 227 25 

----.. - --- ._-----

9.48 186 23 

16. 50 234 33 

5 . 82 135 1 5  

-------- --- --------

1 2 . 9 1  199 19 

18. 1 2  144 23 

9 . 24 173 17 

8 . 27 102 22 

8 . 20 159 1 8  

9 . 72 223 20 

8 . 73 229 1 6  

1 2 . C 8  1 10 18 

1 1 .  22 1 1 1  25 

1 1 . 09 246 29 

-----------�- --- --_._---

10. 96 170 21 

18. 12 246 29 

8 . 20 102 16 

0. 52 46.0 28. 8 0. 351 3 1 .  2 4 , 24 1  6 , 460 1 , 269 195 . 8 

0 . 62 74 . 2  25. 5  0. 299 2 8 . 3  3, 204 6 , 883 1 , 024 209 . 9  

0 . 56 46. 7 25 . 6  0 . 377 28. 8 4, :333 6, 876 1 , 259 1 99 . 4  

O. I S  26. 8 27. 0 0. 320 n . o  3 , 260 4 , 2H I  859 133 . 0  

0 . 38 29. 8  29. 1 0. 352 29. 7 4 , 135 (j , 082 1 , 20 1  185. 7 

0 . 46 63. 4  30. 5 0. 306 26. 7 2 , 767 5 , 132 919 139 . 4  

0 . 4 1  33. 6 28. 1 0. 296 27. 4 2 , 858 4 , 064 994 1 24 . 6  

0. 33 4 8 . 4  28. 8 0 . 340 25 . 9  2 , 997 5 , 437 981 1 40 . 4  

0. 35 24. 9  20. 8  0. 332 27. 2 2 , 923 4 , 577 9 1 3  1 1 7 . 2  

0. 50 43 . 2  30. 7 0. 321 26. 3 2 , 7iI 5 , 808 1 , 236 167. 1 

-�--- -.----
------ -_._--- ----- -- - - __ ____ u_. ____ -.--� -------._ ----------- � -... --- -----

0 . 43 43 . 7  28. 1 0 . 329 28 . 0  3 , 349 5 , 560 1 , 066 1 6 1 . 3  

0. 62 74 . 2  30. 7 0. 377 3 1 . 2  4 , 333 6 , 883 1 , 269 209 . 9  

0 . 1 8  24 . 9  25 . 5  0 . 296 25 . 9  2 , 767 4 , 064 859 1 1 7 . 2  

--------- �---"- --"_ .... _----- . -" ---- ----"- - _ __ _______ u. .�------ ---�- - --

0 . 50 64. 6  30. 2 0. 328 28. 5 2 , 869 5 , 395 1 , 055 1 60 . 4  

0 . 55 25. 9 2S. 3  0. 344 29. 2  3 . 691 6, 1 6 1  1 , 298 191 . 3  

0. 37 29 . 3  25 . 6  0 . 3 1 4  27. 2 3 , 01 3  4 , 436 984 131 . 9 

0 . 77 4 4 . 0  28. 8 0. 353 29 . 9  2 , 762 5 , 740 1 , 234 170. 1 

0 . 39 68. 4 33 . 0  0. 326 27 . 5  3 , 228 5 , 293 1 , 140 1 53 . 8  

0 . 45 83. 3  28. 6 0. 298 26. 9 2 , 503 4 , 620 907 1 49 . 7  

0 . 44 27. 9 27. 5 0 . 299 26. 5 3 , 497 4 , 420 973 137 . 1  

0 . 59 55. 8 27 . 9  0. 340 26. 2 3 , 392 6 , 562 1 , 25:$ 185. 5 

0. 58 7 1 . 3  27, 9 0 . 330 28 . 1  3 , 737 4 , 956 1 , 01i7 1 55 . 5  

0 . 39 32 . 5  28 . 2  0 . 370 3 0 . 5  3 , 945 5 , 586 1 , 268 170. 1 

-_. __ .- _._--,_. 

0. 50 50.3 28. 6 0. 330 28. 1 3 , 264 5 , 317 1 , 1 1 8  1 00 . 5  

0 . 77 83 . 3  33 . 0  0. 370 30. 5 3 , 945 6 , 562 1 , 298 ) 9 1 .  3 

0 . 37 25. 9  25. 6 0. 298 26. 2 2 , 503 4 , 420 907 1 3 1 .  9 

1 Poles of this shipment were interior-grown . 2 As determined from discs cut at extreme butt. 3 As determined froul discs eut near ground-line. ·1 Based on volume at test; weight oven-dry. 

12 

13 

15 

17 

2 1  

2 7  

2 8  

-------

20 

30 

31 

35 

31i 

38 

au 

40 



Pole 
N o .  

t T nHt'I.tHOIH'd 

1 0  

1 3  

1 4  

1 7  

1 8  

1 9  

22 

24 

27 

28 

29 

30 

33 

34 

:� 7 

40 

:\ vemj.!;c 

Maximum 

Minimum 

( ;la�s 

AI'PI<;NHIX ,1 
ST H E N ( ;TH ,\ N D  HELATED 1'IWPE HTlEb O F  WESTE R N  HED CEDA R 30-FOOT POLE::; H A N D-PEELED 

Cireumferenee Taper 
I-inch i n  

I i  fpet de�ig:nated 
from Top I1umbpl' of 
butt fppt 

indcs irwilcs 

35 . 1  

35. 1 

34. 5  

34 . 7  

33 . 7  

35 . 4  

34. 2  

35, 0  

:,:1 . 2 

32.  S 

33 . 5  

34 . 5  

34. 2  

36. 2 

33.  a 

33 . 6  

33 . 5  

34.  ° 

:J5 . 2  

:1:1. 

3 4 . 3  

36 . 2  

32 . 8  

25. 3  

2H. 2 

30. 9 

2li . 2 

25. 0  

30. 3 

2lL � 

2li . l 

2H.  () 

24.  

24. 

25 . 8  

2ti. i 

3 1 . 3  

25. n 

25 . 4  

2 4 . 5  

2 0 .  ( )  ! 

21i. :� 

24 .  :! 

2{i. 7 

3 1 . 3  

24. 2 

0. SU 

1 1. \)3 

1 9 . 20 

5 . 97 

0 . 5 2  

9 . 72 

6 . 98 

5. \);3 

1 2 . 57 

S. UN 

S . 65 

U . 52 

B . 72 

1 3 . 46 

8 . 8 1  

S .  S9 

8 . 42 

n . 72 

0 . 24 

S. �JS 

!). iU 

1 9 . 20 

5 . 93 

;\ge 

!/f'(/I'S 

139 

1 65 

1 10 

i8 

142 

1 15 

80 

I:" 

125 

105 

6S 

85 

160 

75 

64 

147 

106 

S5 

ix 

107 

l li5 

64 

SUlllmel'
wood:! 

lJ('!' ('ent 

1 6  

:33 

24 

27 

1 4  

1 \1 

2i 

23 

20 

1 0  

2 li  

17 

23 

31 

34 

22 

25 

23 

2;') ! 
1 8  

23 

34 

1 4  

:\ \'crage 
Sapwuod 

Thicknc:-;,:-:;;; 

inches 

0 . 69 

0 . 57 

0. 60 

0 . 87 

1 . 00 

0 . 79 

0 . 7':, 

0 . 58 

1 . 00 

0. 7:l 

O. is 

0 . 8 6  

0 . 78 

0. 64 

0. 81 

1 .  08 

0 . 62 

0. li6 

0. 72 

O. is 

0 . 70 

1 . 08 

0 . 57 

A verage 
)loisture ContentS 

Entire 
( 'ros�
:;pction 

1)('( ccnl 

80. 1 

6 1 . 3  

i i . 9  

87. ° 

U l  

1 0 0 .  ° 

51:\. ij 

U6. 5 

7 1 . 9  

67 . 8  

7ll. 1 

97, 0  

Sf! . (i 
62 , 7  

80. 

S l  

7 1  

9:3 

4 1 . :\ 

5:") , 

72. 

1 00 . 0  

41 . 3  

Heart
wood 

per ('('Ill 

3S . 2  

33 . 8  

35 . 6  

3 Li 

3 7 . 2  

35 . 9  

3 1 . 4  

:ri .  

4 2 .  

3:l. :l 

:,5. 8  

34. 4  

29 . 9  

34. 1 

3 5 . 3  

5 1 . 3  

30. 1 

35. 5  

ZO. () 

2H. :3 

35. 1 

5 1 . 3  

29. ° 

Speci fic 
Crayityl 

0 . 324 

0. 405 

0. 330 

0. 335 

0. 37S 

0 . 295 

0 . 327 

0 . 32li 

O. :375 

0. 304 

0 . 2S4 

0. 3 1 9  

(UOS 

0. :>44 

0. 346 

0. 32(1 

0 . 3 1 0  

O. 2Wl 

O. 2H2 
0. 323 

0. 328 

0. 405 

0. 284 

Weight 
per 

Cubic 
Foot, 

pounds 

40. 6 

3 7 . 4  

36. 3 

33 . 0  

40. 2 

33 . 0  

28 . 1  

30. 7 

38. 6 

34 . 5  

3 Ii. 5 

40. 5 

30. 6 

34. 1 

36. 9 

40. 2 

33.  \I 

35. 

2H . 

:32 . 5  

35. 1 

40. 6 

28. 1 

Stress at 
Propor

t i onal 
Limit 

jJ . .... i. 

3 , 300 

3 , 81 2  

4 , 442 

3 , 1 1 1  

4 , 703 

3 , 627 

3, S20 

2 , 732 

4 , 7 1 5  

2 ,  li l a  

2 ,  n66 

2 , 690 

3 , 4 1 4  

4 , 082 

3 , 588 

3 , 867 

2, i9i 

2 , 720 

2, ii5 

:l, Oo:l 

a , 454 

4 , 71 5  

2 , 690 

S H I P M E N T  157'  

�Ioduluti 
of 

Hupture 

p . . <: . i .  

5 , 607 

6, (146 

7 , 088 

5 , 396 

6 , 569 

5 , 794 

G , 233 

5 , :,25 

7 , 545 

5 , 351i 

5 , 008 

6 , 228 

ti,227 

7 , 6 1 3  

6 , 275 

5 , 562 

li, O:" 

5 , 346 

0, I �2 

ii , 4 1 1  

6 , OS7 

7, {) l3 

,\ , 008 

�'I()duIU8 
of 

Ela.'�tieit�· 

}()OO jJ.s . i .  

1 , 0113 

1 , 226 

1 , 31 2  

1 , 108 

1 , 1 7 6  

9S0 

1 . 133 

8sa 

1 , 304 

lI41 

1 , 0\14 

1 , 1 1 8  

1 , 151  

1 , 264 

1 , 20 1  

1 , 1 2 1  

909 

1 , 006 

1 , 054 

1 , l m 

1 ,  Ion 

1 , 3 1 2  

883 

:\1 aximum 
Longi

tudina.l 
Hhea.r 

Deveiop('(i 

p.sj. 

182 . 5  

2 1 8 .  9 

222. 1 

1 44 . 5  

1 9 3 .  

I G 4 .  

1 7 1 . 1  

138. 0 

208 . 7  

148 . 8  

146.  I 

1 93 . 4  

188. 9 

233. 9 

1 65 . 2  

157 . 4  

1 73 .  U 

157.  {} 

1\11 

15!J . li  

1 711 .  0 

233 . 9  

138. 0 

Pole 
N o .  

1 0  

1 3  

1 4  

1 7  

1 8  

I!I 

22 

24 

27 

28 

2!1 

30 

3:J 

34 

:)7 

40 



Air-SellI'HHl(>(l, Butt-Hoakp(l, \Vinter-T'pstp(l 

1 1  

1 6  

20 

2 1  

23 

Average 

Maximum 

Minimum 

34. 6  

35. 5 

:l3 . 8  

:l:l . 4  

3:l . 9  

33 . 5  

33 . 9  

34 . 0  

34. 2 

33. 1 

34 . 0  

:15 . 5  

3:l. 

28. 5 

25 . 4  

25 . 9  

2(i . 2  

24 . 0  

26. 3 

27 . 9  

26. 5 

26. 5 

25. 5  

26. 3  

28. 5 

24 . 0  

Air-Seasoned, Butt-Soake(i, Summf'r-TeHted 

1 2  

1 5  

25 

26 

3 1  

32 

;�5 

:lli 

:lX 

:l!1 

Avpragc 

Maximum 

+�finimum 

34. 1 

35. 7 

36. 1 

3 4 . 3  

35 . 4  

33. 5  

:15 . 4  

3:U 

:35 . 2  

:3:1 . 5  

:14 . 7  

36. I 

33 . 5  

24 . 7  

30. 4 

23. 1 

27. 0 

26. 0 

27. 1 

2H. O  

27 . 4  

2k . 9  

27. :l 

27.  I 

30. 4 

23 . 1  

9 . 33 

6 . 4 1  

9 . 42 

1 1 . 0!1 

5 . 64 

6. 73 

1 2 . 9 1  

9 . 5 2  

8 . 18 

H . 4 2  

S . 92 

1 2 .  H I  

5 . H4 

8 . 98 

1 3 . 86 

6. 64 

1 0 . 1 3  

8 . 34 

8. 65 

8 . 49 

7 . 4)) 

7 . 4 8  

7 . 14 

S . 72 

1 3 . 86 

6. 114 

1 17 

86 

i8 

1 76 

63 

75 

1 10 

82 

6!J 

1 20 

98 

1 7 6  

63 

1 6 6  

86 

1 1 6  

73 

73 

98 

H2 

!13 

28 

2 1  

2 1  

1 8  

20 

1 9  

20 

2 1  

1 5  

20 

20 

2S 

15 

HI 

25 

1 8  

1 7  

2 1  

1 8  

25 

2 1  

101 I 22 

83 I 24 

98 1 - - -

2 1  

166 I 25 

73 i 1 7  

0 . 72 

0 . 69 

0 . 79 

0. 72 

O . !ll  

0 . 75 

0 . 70 

0 . 84 

O. f!4 

0. 49 

0. 76 

0 . 94 

0. 4!J 

0 . 7 1  

0. 76 

0. 85 

0 . 87 

0 . 84 

0. 88 

0. 7 1  

0 . 78 

0 . 72 

O . 7t; 

0. 79 

0 . 88 

0 . 7 1  

47 . 8  

42. 4 

65 . 6  

53 . 4  

1 09 . 3  

48 . 2  

46. 7 

74 . 9  

56. 2 

46. 6 

59. 1 

1 09 . 3  

42 . 4  

79 . 5  

78. 3  

69. 9  

1 00 . 4  

8 6 . 5  

87. 1 

89. 3 

H I  

7 1  

52 . 2  

80. 6  

100. 4 

52. 2 

27. 6 

211. 7 

211 . 4  

2H . 9  

33 . 3  

29 . 2  

36.3  

30. 3 

28. 3 

33 . 2  

30. I 

:lIU 

2ti . 4  

46. 5 

36. 8 

29 . 7  

42. 0 

2 f! . 6  

3:l. fi 

3 1 . 5  

31i. 3 

28. 8 

2 8 . 1 

34 . 3  

4(i. 5 

28. I 

1 

0. 397 

0 . 288 

0. 327 

0 . 29 1  

0. 306 

0 . 3 16 

0 . 35 1  

0 . 3 1 0  

0 . 30 1  

0 . 339 

0 . 323 

0. 397 

0. 28S 

0 . 3 1 8  

0. 369 

0 . 329 

0. 304 

0 . 305 

0. 307 

0 . 3 1 3  

0. 3112 

O.  :127 

(U3!) 

0 . 327 

0. 369 

0. 304 

3 1 . 5  

25. 1 

30. 0 

2!1 . 9  

211. !l 

26. 1 

32. 1 

30. 3 

30. 1 

29. 9 

1 -----· - ·· ··· 
29. 2 

:32. I 

25. 1 

29 . 4  

3 1 . 8  

3 1 . 8  

29. 8  

29 . 0  

2 4 . 5  

2H. 4 

2.1 . (j 

24 . 7  

2 1 . 7  

2 7 . 5  

3 1 . 8  

2 1 .  7 

3 , 725 

3 , 077 

4 , 036 

2 , 77.5 

2 , 560 

2 , 479 

4 , 440 

2 , 594 

3 , 006 

4 , 258 

3 , 295 

4 , 440 

2 , 47g 

3 , 047 

3 , 332 

2 , 634 

2 , 970 

2 , 497 

2, (124 

2 ,  liSI 

2 .  SI4 

3 , 47.1 

:3 , 5:31l 

3 , 0 1 1  

3 , 536 

2 , 497 

7 , 467 

4 , 680 

6 , 24 1  

5 . :15I1 

4 , li37 

4 , 486 

7 , 398 

5 , 1 80 

5 , 300 1 _  6, 320 

5 , 706 

7 , 407 

4 , 4R6 

4 , 942 

6 , 596 

4 , 73 7  

4 , 445 

4 , 827 

5 , 052 

5 , 547 

5 , :37(; 

5 , 204 

.1 , 947 

5 , 267 

G , 596 

4 , 445 

1 , 5& 1  

1 , 0 1 6  

1 , 247 

ssn 

1 , 005 

1 , 156 

1 , 367 

1 , 1 2G 

1 , 1 88 

1 , 1 77 

1 , 1 75 

1 , 581 

HkU 

1 , 1 1 4 

1 , 528 

1 , 1 28 

1 , 1 73 

1 , 066 

1 , 1 38 

1 , 300 

I ,  ]. ,\1 

1 . 2:1:1 

1 , 1 5 1  

I ,  HHI 

1 , 528 

1 , 066 

204 . 5  

1 33 . 0  

I H2 . 2  

157. 1 

1 2 1 . 4 

11 5 . 0  

223 . 7  

150. 0 

158. 9 

1 79 . 9  

1 62 . 6  

22:). i 

1 15 . 0  

1 53 . 1 

2 1 5 . 3 

150. 4 

134. 7 

1 50 . 1 

1 :16. 4 

1 6 1  

l :lti . 1 

1 42. 0 

1 50 . 8  

1 53 . 1 

2 1 5 . 3  

1 34 . 7  

I Poles of thi:o-: shipment. were' interior-grown .  2 A s  detprmined from discs eut a. t  extreme but t .  ;J A s  detf'rmined from discs cut neal' ground-line. 4 Based o n  volume a t  tpst ; weight oven-ury. 

1 1  

I Ii 

20 

21  

23 

1 2  

1 5  

25 

211 

3 1  

3 2  

as 

;Hi 

:1,� 

:lfl 



Shipment 153 

Average 

Maximum 

Minimum 

Shipment 154 

Average 
C>.:> 
t>:) Maximum 

Minimum 

Shipment 157 
Machine-Sha ved 

Unseasoned 

Average 

Maximum 

Minimum 

Air-Seasoned 
Butt-Soaked 
Winter-Tested 

Average 

Maximum 

Minimum 

Air-�easoned 
Butt-Soaked 
Summer-Tested 

Average 

Maximum 

Minimum 

APPENDIX 5 
SUMMARY OF TEST RESULTS OF SMALL CLEAR SPECIM E NS CUT FROM WESTERN RED CEDA R POLES 

No. 
of 

Tests 

194 

178 

40 

1 7  

1 7  

Moisture 
Content 

--�-------
per cent 

----.. -� 

64 . 8  

23 1 . 5  

26. 8 

4 1 .  7 

1 80 . 3  

1 9 . 1 

7 1 . 7  

1 84 . 1 

24. 4  

46. 7 

132. 1 

2 1 . 8  

5 5 . 8  

1 65 . 3  

25.2  

STATIC B E N D I N G  

Specific 
Gravity 

Vol. at test 
Wt. O. D .  

-.... � .. --

--�-----.--

0 . 300 

0 . 375 

0 . 237 

0 . 322 

0 . 4 1 6  

0 . 2 1 7  

0 . 325 

0 . 432 

0. 245 

0. 343 

0 . 439 

0 . 290 

0 . 337 

0 . 467 

0 . 232 

Stress at 
Proportional 

Limit 
. -----.----

p.s.i. 

-- .-- ----.---�-

3 , 101 

4 , 7 14 

1 , 575 

3 , 529 

5 , 880 

1 , 260 

3 , 62 1  

4 , 620 

2, 520 

3 , 299 

4 , 620 

2 , 520 

3 , 886 

5 , 040 

3 . 360 

Modulus 
of 

Rupture 
--------� .. ------

p.s.i. 

-----------_ . .  

5 , 099 

6 , 762 

3 , 150 

5 , 621 

8 , 0 1 8  

3 , 381 

5 1 567 

6 , 720 

3 , 7 1 7  

5 , 044 

7 , 602 

3 , 780 

6 , 148 

7 , 31 8  

5 .  !O3 

COMPRESSION PARALLEL TO G RAIN 

Modulus Maximum 
of Crushi 19 

Elasticity Strest) 

1000 p.s.;. 

950 

1 , 286 

580 

1 , 027 

1 , 444 

369 

1 , 015 

1 , 3 1 2  

696 

853 

1 , 125 

534 

1 , 092 

1 , 345 

794 

234 

235 

40 

20 

1 6  

per cent 

58. 3  

231 .  5 

24. 4  

43 . 0  

1 79 . 0  

21 . 1  

80. 1 

1 7 7 . 3  

29. 2  

54 . 0  

136. 7 

24 . 1  

56. 0 

207 . 5  

23. 1  

0. 300 

0 . 433 

0 . 239 

0 . 3 1 9  

0 . 4 1 1  

0. 249 

0. 322 

0 . 372 

0. 250 

0. 339 

0. 449 

0 . 288 

0. 332 

0. 373 

0 . 289 

1).8.i. 

2 , 421 

3 , 333 

1 , 680 

2 , 859 

4 , 3 1 0  

1 , 676 

2 , 884 

3 , 935 

1 , 765 

2 , 9 1 6  

4 , 485 

2 , 1 (\0 

3 , 157 

3 , 699 

2 , 545 



Shipment 157 
Hand-Peeled 

Unseasoned 

Average 39 93. 1 0. 335 3 , 890 5 , 834 1 , 080 39 101 . 2  0 . 328 3 , 094 

Maximum 2 1 1 . 2  0. 427 5 , 040 8 , 022 1 , 544 235 . 0  0 . 406 4 , 000 

Minimum 32. 6 0. 295 2 , 520 4 , 536 739 3 1 . 4  0. 286 2 , 415 

Air-Seasoned 
Butt-Soaked 
Winter-Tested 

Average 1 6  78. 9  0. 336 3 , 315 5 , 332 931 20 83. 9  0. 333 2 , 974 

Maximum 185. 1 0 . 4 1 4  4 , 667 7 , 665 1 , 31 4  173. 1 0. 400 4 , 170 

Minimum 24. 1 0. 254 2 , 100 4 , 053 641 23 . 5  0. 278 2 , 355 

Air-Seasoned 
Butt-Soaked 
Summer-Tested 

I I I I I 
Average 1 7  1 05 . 5  0. 330 4 , 045 6 , 181  I 1 , 121 15 1 16 . 8  0. 328 3 , 090 

Maximum 207 . 1 0. 377 

I 
5 , 040 7 , 467 i 1 , 419 238.0 0. 386 4, 101 

I I Minimum I 23. 6 0. 241 3 , 360 5 , 260 I 950 24. 0  0. 277 2 , 1 1 2  
I 

C;:; 
C;:; 



APPENDIX 6 
RESULTS' OF E A H L Y  ( 1 925) TESTS O F  25-FOOT WESTEll),; RED CED.-\.R POLES' 

Rings Moisture Modulu:'5 
Per Top Weigh t of 

Pole Inch Section Rupture 
No . 

1Jer cent inches pounds p.s . i .  

K--I.3-- I 20 1 9 . 4  2 1 . 7  10. 3 340 1 7 , 4 1 0  6 , 502 

2 2R 1 7 . 0  22 . 8  9 . 2 269 I I  , 950 2 , 078 6 , 290 

32 1 3 . 6 2 1 . 6  9 . 4  278 13, 900 2 , 003 6 , 839 

16 26. 6 20. 9  9 . 2  285 1 2 , 870 1 , 665 6 , 776 

l R  1 6 . 6  1 8 . 7  10.0 292 1 4 , 950 1 , 9 16 6 , 1 16 

I I  I S . 5  1 6 . 5  9 , 8  295 15, 560 2 , 336 6 , 757 

1 5  1 6 . 2  25 . 4  9 . 2  293 1 4 , 750 2 , 1 1 8  -; , 747 

1 2  1 9 . 9 1 7 . 6 10. 1 302 16, 760 2 , 609 6 , 650 

14 23 . 4  2 1 . 2  9 . 4  276 1 6 , 040 2 , 638 7, 882 

10 22 13. I 20. 5 9 . 8  287 1 4 , 990 2 , 788 6 , 486 

1 1  1 1  1 4 . 7  1 6 . 8  10. 3 334 l() , 480 2 , 684 7 , 283 

1 2  15 20. 4  20. 7 10. 3 342 20, 070 7 , 492 

13 1 9  2 9  22 . 8  1 6 . 8  9 . 2  280 1 4 , 500 7 , 6 1 1  

1 4  23 38 1 7 . 9  1 8 . 4  10. 2 350 2 1 , 800 8 , 367 

1 5  3 4  3 5  23 . 6  20. 8  10. 2 336 1 7 , 440 6 , 72 1  

Average 28 1 8 . 9  20. 0  9 . 8  304 1 6 , 165 7 , 035 

�laximum 39 26. 6 25. 4  10.3 350 2 1 , 800 8 , 367 

�linimum 15 1 3 . 1 16. 5 9 . 2  269 1 1 , 950 6, I I 6  

V.-\'- 1 26 23 . 2  2 1 .  2 8. 8 250 9 , 950 5 , 950 

:33 36. 3 20. 1 8 . 6  241 1 0 , 040 6 , 498 

2,) 20. 0  22. 9 9 . 2  268 1 1 , 780 6 , 230 

30 22 . 0  1 9 . 3  9 . 6  283 1 2 , 470 5, 772 

26 28 . 7  1 6 . 9  8 . 7  255 9 , 870 6 , 147 

35 26. 6 1 7 . 6  8 . 9  274 1 1 , 850 6 , 847 

32 28. 1 1 9 . 8 8 . 0  195 7 , 600 6 , 089 

1 0  3 5  3 1 . 8  20. 4  8 . 1 2 1 2  7 , 660 5 , 920 

I I  10 30 2 9 . 5  20. 4  9 . 9  252 1 1 , 690 4 , 9 17 

13 33 24 . 1  1 8 . 6 9 . 8  278 1 6 , 020 6 , 944 

1 4  I I  10 28 . 8  16. 1 8 . 3  201 7 , 900 5 , 667 

15 2 1  28 . 8  20. 5  8 . 1 221 7 , 710 5 , 967 

Average 1 2  2 8  2 7 . 3  1 9 . 5  8 . 8  244 1 0 , 378 6 , 079 

�\laximum 20 35 36.3  22. 9 9 . 9  283 1 6 , 020 6 , 944 

Minimum 10 20. 0  16. 1 8 . 0  195 7 , 600 4 , 917 

HA" - 1 1 7 . 7  1 1 . 1  432 25, 830 7 , 697 

2 26 1 8 . 2  20. 9  1 0 . 3  342 1 9 , 230 7 , 167 

3 24 20. 7  22. 2  10. 3 327 1 6 , 050 6 , Or3 

27 1 7 . 5  20. 9 9 . 7  325 1 7 , 470 7 , 823 

1 1 . 1  2 1 .  6 10. 2 357 1 9 , 290 7 , 445 

35 1 1 . 5  23 . 3  1 0 . 8  364 2 1 , 950 7 , 079 

29 1 9 . 2  1 8 . 8  1 1 . 0  375 1 7 , 350 5 , 3 1 8  

2 9  1 5 . 5  25. 3  10. 0 368 1 8 , 860 7, 690 

33 1 7 . 7  2 1 .  9 1 1 . 0  380 20 , 3 1 0  6 , 239 

Average 29 16. 4 2 1 . 4  10. 5 363 1 9 , 593 6 , 94 1  

Maximum 35 20. i 25. 3  1 1 . 1  432 25, 830 7 , 82:3 

Minimum 24 1 1 . 1  1 7 . 7 9 . 7  325 1 6 , 050 5 , 3 1g 

1 As reDro:iucei irdm Forest SE'rVlC? -C;lrcular No.  2 1 ,  Dept. of the InterIOr, Canada. 2 All poles WE're hand-peeled , 
seasoned and butt-soaked prIOr to test. These poles " ere tested over a 23-foot span. 3 Interior-grown group. .J. Coast-grown 
group. 

:3-! 




