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ABSTRACT

Three hundred and sixty Glued- Laminated Timber Crossarms were
tested to failure in flexure.

Crossarms were manufactured in two different sizes and three
different species of Canadian Lumber.

Measurements were taken to allow for a comparison between different
crossarms based on average breaking strength.
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1.0

INTRODUCTION

Traditionally the source of crossarms, transmission line
spars and poles for the utility companies has been solid
sawn Douglas Fir. This source in the last decade has
become increasingly precarious resulting in higher
prices, extended delivery and in some cases
nonavailability. This situation has become critical in
the past 24 months.

A further problem is that there exists no definitive
standard with regards to the performance required, the
practice being to rely on the traditional product "to do
the job". Even though this product is no longer readily
available and in many cases the loads have significantly
increased, without a standard it is difficult to propose
an alternate in Westlam.

A market survey of the users across Canada revealed:

1) The common expectation for the crossarms was an
average modulus of rupture of 5500 p.s.i. There was
however, no verification of whether or not this was being
achieved.

2) Douglas Fir was the species used; however there was no
prejudice towards the use of Spruce/ Pine or towards a
laminated product.

3) Availability was an acute problem; not only in
crossarms but in spar arms and certain poles;
consequently price had increased significantly and it had
become necessary to buy ahead eighteen months to assure

supply.
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OBJECTIVES

The general objective was to develop a product and a
manufacturing standard which would meet the needs of, and
gain acceptance from the utility companies. The specific
objective was to evaluate the bending strength of Glued-
Laminated Crossarms made to a specified manufacturing
standard in both traditional (D.Fir) and non- traditional
{(spruce/Pine) lumber species, and to compare these
results to the accepted strength values for solid sawn
D.Fir crossarms. The intent was to do only enough
testing to establish a general sense of direction for a
more comprehensive testing program in the future.
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MANUFACTURE

Cross arms were manufactured from 3 different species of
Canadian lumber: Douglas Fir, Spruce, and Lodgepole pine.
In addition the D.Fir crossarms were separated into 3
subgroups : Coastal Fir, Interior Fir, and visually
graded Interior Fir (V.G.I.F) All crossarms, with the
exception of the V.G.I.F. samples, were manufactured in
accordance with a proposed Western Archrib Manufacturing
standard for Power Crossarms made from Laminated Timber.
(1)

The V.G.I.F. samples représent an experimental grade
combination not covered by the existing manufacturing
standard. The grade combination used is given in Table
10

Crossarms were made in 2 sizes, a 3 ply 2x4 arm and a 4
Ply 2x6/1x6 arm resulting in cross-sectional sizes of

31/74" x 4 1/2" and 5 1/8" x 5 1/4". The V.G.I.F. arms
were produced in the 3 ply 2x4 size only.

(8)



Table 1: Grade combination
Crossarms.

for

visually graded Interior

Fir

PLY DESIGNATION

GRADE

Tension Lamination

CSA 0122 - B¥*

Middle Lamination

CSA 0122 - D¥*

Compression Lamination

CSA 0122 - Cx

* - Visual grading rules only.

(9)




3.

0

TEST PROCEDURES

All 360 flexural tests were preformed by the Alberta
Research Council. The methods of testing, equipment used
and full test results are presented in Alberta Research
Council report FPLE-311 April 25, 1990.(2) Test methods
were in accordance with ASTM standard D-198-84. (3)

Crossarms were tested for bending strength about both

major axes (i.e. with the laminations horizontally and
vertically oriented to the applied load).

(10)




TEST RESULTS

The test results are presented in Tables 1 through 10.
The term "Modulus of Rupture" (M.O.R.) refers to the
level of outexr fibre bending stress at failure.
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TAELE  Z: TEST REEULTES

SFECIES: D.FIRCINTERIQR) VERTICAL LAMINATIOMS
LUMBER: 2ZX4

SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTURE

NUMEER COMTENT
(IN) (IN) (FSI) (LR/FTZ) (%)
1 4.45 J.29 gs80 8
2 4.51 .27 7629 7
3 4,48 3.2 &6663 9
4 4,50 .27 4574 8
=] 4.51 .29 &6E3I9 8
I 4,51 3.2 5298 7
7 4.50 3.25 437465 8
B8 4,464 T.26 8382 =]
9 4,50 J. 26 7518 8
10 4.52 .29 L6226 8
11 4.47 3.2 01 8
12 4.47 I.26 5817 1.9 12
13 4.49 3.27 8800 1.1 10
14 4.48 3.2 SI3 2.5 Q
13 4,49 I.27 7541 3.5 ?
16 4.48 T.2B 6822 32, 4
17 4,44 3.26 &T0° 0.8 ?
18 4,446 I.26 8506 J1.2 4
19 4,46 I 27 &0E9 32.6 8
20 4,44 3.28 8452 . AR 11
AVEFRAGE : 4,48 T.27 7070 R | Q

TABLE ZA: TEST RESULTS

SFECIES: D.FIR(INTERIOR) HORIZONTAL LAMIMATIOMS
LUMEER: 2X4

SAMFLE WIDTH DEFTH M.Q.F. DENSITY MOISTURE

MUMEER CONTENT
(IM) (IN) (FSI) (LB/FTD ¥4

1 3.27 4.39 6075 AR 7
2 .27 4.%1 6921 IS0 7
2z 3.2 T 4.49 7787 JS.3 8
a4 .25 4.47 8421 IZ.0 8
S 2.26 4.435 8453 8
1) z.2 4.44 Iz A e
7 3.27 4.51 SoE2 I1.9 8
8 .27 4,20 7294 2.7 Q
@ .26 4.20 &?22 4.8 8
10 4.Z0 6771 3T.° 8
11 4.47 7681 Z2. 10
12 4.44 102¢&° IZ.3 8
1z z.2 4.48 7699 SZ.2 8
14 S.27 4.26 824 A 11
1S .27 4.46 87Ss6 J1.6 8
16 z.2 4.48 8I%°6 3.2 10
7 3.2 4.47 7247 30.6 11
18 3.2 4.47 8872 3T.Z 19
19 S.2 4.47 8421 AR ?
20 .2 4.44 7280 zz.4 10
AVERAGE: T.25 4.437 TTeZ Tl 7 e
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TAEBLE 3Z:

TEST RESULTS

. VERTICAL LAMINATIONS
SFECIES: D.FIFR(INTERIOR VISUAL GRADE)

LUMBER: 2X4
SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTURE
NUMEBER CONTENT
(IN) (IN) (FSI) (LB/FT3) (L)
i 4,50 I.27 7227 3.4 10
2 4,50 3.26 &674 I3.1 8
3 4,52 3.27 59561 31.7 8
4 4.51 3.2 S22 30.6 8
S 4.49 3.27 5334 30.6 7
b 4,52 3.27 8777 1.8 &
7 4,49 3.28 99 I0.9 8
8 4,51 .30 6174 I2.9 Q
Q 4,31 Z.26 &852 31.2 7
10 4,50 Z.25 b&T62 T4.4 Q
11 4.47 J.26 84529 2. 8
12 4.46 .2 6247 2. Q
173 4.47 .26 84847 2.9 9
14 4.48 Z.26 339 29.7 e
13 4,48 3.2 &246 0.1 10
16 4.47 I.27 Q249 J1.32 8
17 4.446 Z.2 S8172 32.0 8
i8 4.48 3.2 6034 J0. 1 7
19 4.47 3.27 &£995 J1.8 8
20 4,48 .25 9266 4.0 8
AVERAGE: 4,49 2.27 7014 31.°9 8
TABLE JA:TEST FESULTS
HORIZOMTAL LAMIMNATIOME
SFECIES: D.FIR(INTERIOFR VISUAL GRADE)
LUMBER: 2X4
SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTUFRE
NUMEBER COMTENT
(I (IMN) (FSI) (LB/FTD) (%)
1 3.2 4,351 SSit 31.6 . 7
2 .26 4,50 &2E7 0.8 7
z .27 4,49 6205 1.1 9
4 .27 4.51 8727 Ji.2 e
S T.27 4.5 &OT7 2.2 8
[ .28 4,50 S48 4.2 8
7 3.26 4,50 S1S3 z1.8 9
8 I.2% 4,52 o588 I2.8 10
9 J.27 4,31 5746 32,4 10
10 .27 4,50 ZES I3.7 8
11 3.2 4,46 10428 34.0 8
12 3.2 4.47 7<18 Z1.2 8
13 .2 4,44 Q604 2.9 10
14 .2 4,48 7924 32, 11
15 3.2 4,46 7744 Z1.0 8
16 S.2 4.47 62932 2.1 8
17 3.2 4,47 8111 2. 8
18 3.25 4,48 7649 I0.2 8
19 Z.27 4,48 10022 1.5 8
20 .27 4.47 6968 16.S 7
AVEFAGE: T.27 4,3° Tign 1.7 g
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TABLE 4: TEST RESULTS

SFECIES: D.FIR(COASTAL) VERTICAL LAMIMNATIOME
LUMBEFR: 2X4

SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTURE

NUMEBER COMTENT
(IN) (IND (FSI) (LE/FTI) (%)
1 4.48 I.26 &B10 4.3 9
2 4,53 I.27 7335 4.1 8
& 4,82 .32 7773 35.3 7
4 4.48 3.2 8375 J4.1 7
S 4.51 .27 8274 34.4 8
6 4.51 3. 29 7454 3I2.9 7
7 4.49 3.32 7892 34,6 8
8 4.47 3.27 78°91 2. 7
9 4.47 3.20 {109 I5.2 8
10 4.20 .27 QELZ I6.1 ?
11 4.46 3.26 P01t 2. 11
12 4.48 : 68 NI | 12
13 4.48 .26 8445 1.4 11
14 4.46 I.23 746 J1.1 10
13 4.47 3.28 7929 3s8.2 10
16 4.4°% J.26 7059 . 33.3 12
17 4.43 I.26 &I II.7 10
i8 4.44 3.23 62&° 31.3 12
12 4.4646 3.28 6740 3T.8 12
20 4,47 3.26 6152 31.5 11
AVERAGE: 4.48 3.27 7896 3.8 Q
TABLE 4A:TEST RESULTS
SFECIES: D.FIF(COASTAL)} HORIZOMTAL LAMIMATIONS
LUMBER: 2X4
SAMFLE WIDTH DEFTH M.Q.F. DEMSITY MOISTURE
NUMEBER CONTENT
(IM) (IN) (FST) (LB/FTD) D)
1 .29 4.514 11283 4.5 10
2 .27 4.Z0 7572 0.7 10
ot .71 4.49 103549 0.9 7
4 Z.30 4.42 10210 J1.4 7
S 2.25 4.47 10189 .7 8
6 I.26 4.52 8417 1.5 8
7 I.2° 4,57 7223 IZ.7 7
8 Z.26 4.48 110414 10
? .2 4.2 8275 I 10
10 .27 4.48 062 Z4.1 @
11 3.2 4.43 8121 3. 8
12 Z.30 4.48 6417 R Q@
13 .27 4.47 98 4.3 12
14 .28 4.46 S11e ZE. 10
1S 3.2 4.48 4866 A 8
16 .2 4.43 ?8°8 1.7 11
17 3.2 4.47 SSsC 34.4 ?
18 S.27 4.46 6E87Z 2.1 10
12 s.2 4.47 S7e0 Sti.2 10
0 .26 4.48 &162 sZ.2 10
AYVEFRACGE: .27 4.43° g1&1 T2.Q e
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TARLE S: TEST RESULTS

SFECIES: SFRUCE VERTICAL LAMIMNATIOMS
LUMEBRER: 2X4
SAMFLE WIDTH DEFTH M.O.F. DENSITY MOISTURE
NUMEER COMTENT
(IMD) (IN) (FSI) (LR/FTZ) (%)
1 4.47 .28 S278 27.4 10
2 4.48 3.27 44512 26.9 e
Z 4,47 .28 S773 27.2 8
4 4,47 z.28 6200 26.8 7
S 4.53 .27 6033 28.5 9
b 4,44 3.2 4061 26.1 8
7 4,49 .26 =897 26.8 9
8 4,50 .29 &070 29.0 11
? 4,47 F.27 Ssot 26.4 10
10 4,350 3.2 6145 26.6 4
11 4.49 .28 &394 25.9 12
12 4.47 I.27 81467 28.1 it
1z . 4,45 z.28 S79 26.7 14
14 4,42 .26 L0291 26.8 10
15 4.,4° 3.2 6106 28.1 10
146 4,42 - 3.2 844 t26.2 11
17 4.464 z.2 $848 27.5 11
18 4,49 .2 o352 27.0 12
19 4.48 3.27 5541_ 28.0 11
20 4.48 3.27 6821 27.9 12
AVERAGE: 4,48 I.27 S70°9 27.2 10

TAELE SA:TEST RESULTS

SFECIES: SFRUCE HORIZOMNTAL LAMIMNATIONS
LUMEBEFR: 2X4
SAMFLE WIDTH DEFTH Mm.0.F. DENSITY MOISTURE
NUMEEFR COMTENT
(IN) (IN) (FSI) (LB/FTD) (%)
1 .27 4,45 S1S0 7.7 7
2 Z.26 4.4¢E &924 27.5 10
z Z.26 4,48 47214 28.0 9
4 .26 4.47 &1L 2EL8 1¢
S Z.26 4.44 67731 26.°9 b4
1) .28 4,48 £e18 27.7 e
7 .2 4,47 5448 7.5 Q
8 .26 4.47 4278 27.0 e
Q I.26 4.46 4007 28.1 9
10 Z.26 4,46 Iel3 2&.7 e
11 3.2 4,46 S&51 27.2 9
12 . Z.2S5 4,48 £409 28.4 8
13 .2 4,49 44617 27.6 7
14 Z.26 4.47 44655 26.7 e
1S T.27 4.4%5 4592 26.32 11
16 3.27 4.4%5 sSe1z 27.4 10
17 .27 4.4° 6I20 27.5 10
18 T.27 4,48 4213 27.1 11
12 I.27 4,43 405 8.9 1z
als} .26 4.4 547 5.8 7
AVERACGE: T.2= 4,47 =TI jodaiiing =
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SFECIES:
LUMBER:

TARLE &: TEST RESULTS

FINE
2X4

VERTICAL LAMIMATIONS

SAMFLE
NUMEER

WIDTH

(IN)

DEFTH

(IN)

M.0.F.

(FSI)

(LE/FTZ)

DENSITY MOISTURE

CONTENT
L)

1 4.52 3.27 4574
2 4.51 z.27 6457
3 4,57 3,28 8705
-} 4,53 3.2 6520
5 4,54 3.27 6921
& 4,52 3.28 588
7 4,57 3.28 6257
8 4,52 3.2 | 454%
Q 4,50 .27 =761
10 4,54 3.2 6422
11 4,52 z.z 4797
12 4.54 z.27 6108
1= 4.54 T.27 7144
14 4,50 2.2 62446
15 4.5% 3.2 &I75
16 4.54 3.27 7527
17 4.51 3.2 652
i8 4.54 z.27 Se00
19 4,52 z.28 8257
20 4.51 z.27 6201
AVERAGE : 4,53 z.27 6472

SFECIES:
LUMEER:

TABLE &A: TEST RESULTS

FINE
2x4

28.3
0.2
0.8
0.8
31.8
3Z.0
I0.2
29.1

-
[y

-

DNCODONDONDONSINOOOSODDO

T0.3
29.9
J0.0

29.3

e [
21.35
-
- o
mT M
ot - @

29.6
1.8 1
I2.4
29.7

“
©
©

HORIZIOMNTAL LAMIMATIONS

SAMFLE
NUMEER

WIDTH

(IM)

DEFTH

(I

m.0.F.

(FED)

DEMSITY MOISTURE

COMTENMT

(LB/FTZ) (%

ONOWU DR -

[
e

AVERALE:

3.27 4,52 £E985
2.27 4,50 £8&t
3.2 4,52 4112
.27 4,320 =TTC
.2 .S3 7143
.2 LET o9Ce
T.27 4.352 genl
T.27 LE7 A A
F.2 4,57 7113
.27 4,51 ST
T.2 4.54 oT6
.29 4.%54 g0
zZ.2 4,82 6468
Z.29 4.%54 St
.32 .S2 6608
.20 4,57 7827
Z.29 4.51 g8z98
Z.21 .Z1 474
Z.2 4.57 &8T°
Z.27 4.1 ooT
T.22 4.52 &7l

(16)

29.8

30.4

- (4
=°.9

0.1
Z0.1
Ta.b
S0.0

- -~

6

7

7

7

7

8
20T 7
0.8 7
z1.8 4
29.8 8
29.2 8
29.32 ?
29.4 8
I0.7 10
0.1 8
0.4 8
ZQ.7 11
0.8 8
oe.9 10
0.2 2




TABLE 7: TEST RESULTS

SFECIES: D.FIR(INTERICR) VERTICAL LAMIMATIONMS
LUMBEF: 2ZXé

SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTURE
NUMEER CONTENT
(IN) (IN) (FSI) (LEB/FTH (%)
1 S.28 - 8.16 8393 4.2 ?
2 S.2¢9 S5.132 6ESS I3, 10
3 S.28 S.12 o632 J4.7 8
4 S5.25 S.12 8842 35.6 10
S S.27 5.16 8380 J4.0 10
3 S.29 S.12 7190 4.0 9
7 5.30 S.15 8227 33.3 10
8 S.27 S.17 &377 J4.0 8
9 S.29 S5.17 8483 33, 10
10 S5.25 S.14 8015 34.3 10
11 S.27 S.146 7724 I3, 9
12 S.2 g.12 6583 .9 9
1= .27 S.16 7166 IE. 9
14 S.29 c.14 8248 I4.7 10
15 g.2 S.14 81460 - 34.9 10
16 S.2 S.12 6622 IS0 11
17 5.2 S.14 8647 34.3 9
18 S.27 S.16 8130 JE.2 e
19 S.28 S.14 IS 34.4 9
20 S.2 £.1S8 8129 JE. ?
AVERAGE: S.27 5.15 76468 S4.4 ?

TABLE 7A: TEST RESULTS

SFECIES: D.FIR(INTERIOR) HORIZOMTAL LAMIMATIONS
LUMEER: 2X&

SAMELE WIDTH DEFTH M.O.F. DEMNSITY MOISTURE
NUMBER LOMTENT
(IN) (IN) (FSI) (LE/FTS) %)
1 S.132 S.28 79243 S.4 7
= S.13 S.29 &17°2 36.7C 10
3 S.17 S.25 8773 8 9
4 S.12 S.22 8412 7 10
S S.12 S.27 717 "t 8
& S. 1z c.2S 6872 z e
7 S.12 S.27 7126 7 10
8 S.132 S.30 gIie < e
? S.11 c.z 7132 7
10 b S.Z20 8512 7
11 S.13 S.2 7771 9
12 S.16 S.ZE &£ETS 8
13 S.14 s.2 FOSE 9
14 S.14 c.Z2 QTee Q
13 S.13 S.26 729 9
16 S.16 S.28 787 IS5.0 11
17 €.1S S.22 6072 5.6 8
18 c.14 S.Z 7614 4.7 8
1e S5.14 .28 8457 ARCY 10
=0 .1 .2 74ge z4.7 8
RUERNER: = .27 Tz PP =



TAELE €: TEST RESULTS

SFECIES: D.FIR(COASTAL? VERTICAL LAMIMNATIONE
LUMEBER: 2Xé

SAMFLE WIDTH DEFTH M.O.K. DENMEITY MOISTURE
NUMEBER COMNTENT
(IM) (IMD (FSI) (LESFTZ) (&4

1 S.30 S.13 4214 28.35 8
2 5.31 S5.14 RIS J0.2 8
3 S.2 S.16 4945 1.1 9
4 5.2 5.1% Soze 29.4 10
S 5.29 S.14 S193 29.8 8
& S.26 S.12 7176 Z2.8 8
7 S5.30 S.16 SE5 28.2 8
8 5.28 S.12 S146 29.3 8
? S5.27 S.132 71E3 T1.2 9
10 5.28 5.13 6412 28.7 10
11 S5.29 S.13 6058 Zl.4 8
12 5,20 Z.14 7211 0.4 e
13 S.29 5.13 7e7 It.1 8
14 S.2°9 S.13 6045 28.9 B8
13 S5.332 S.18 4179 o 28.3 k4
16 S.27 S.12 oeTe 29.8 8
17 s.2 S.17 49565 29.3 8
18 S.29 S.14 =t 0.2 e
12 S.3 S.1Z 4615 29.2 8
20 5.2°9 S.L3 47468 29.1 Q

AVEFRAGE: S.2%9 S5.14 S646 22.8e e

TABLE 8A:TEST RESULTS

SFECIEE: D.FIR(COASTAL) HORIZONTAL LAMIMNATIONS
LUMBREF: 2X&6

SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTURE
NUMEER COMTENT
(IN) (IN) (FSI) (LB/FTD )

1 S.14 S. 20 STEZ 0.0 8
2 .14 S.27 67T 2oLz =]
z 5. 20 S.74 T&23 28.7 10
4 S.16 £.22 geLQ 9.4 @
S S.12 .28 4047 28.9 10
6 $5.13 S0 4807 8.9 7
7 S.1Z S.32 44090 2.9 8
8 S.15 .71 bL2TE QL0 e
@ S.1Z S.721 6776 29,7 7
10 .15 S.Z0 SO7% TOLZ 10
11 S5.13 s.27 6002 oe.= ?
12 S.12 S5.28 [-RbAN] T2 10
1z S.17 S.22 377 9.3 8
14 S.12 .20 S45s 0.6 4
1S S.16 .71 50858 22.8 8
16 5.14 S.28 =478 28,0 10
17 S.1S S. 31 6172 28.43 8
18 .17 .20 S147 0.2 10
1@ .1z .22 4745 T2 19
20 .14 .22 ELTT TN & 7
[0 .0 .7 <7 =L 2 ad

(18)



TABLE ©: TEST RESULTS

SFECIES: SFRUCE VERTICAL LAMINATIQNMS
LUMRER: 2ZXé
SAMPLE WIDTH DEFTH M.Q.R. DENSITY MOISTURE
NUMEBER COMTENT
(IMN) (IN) (FSI) (LER/FT3) . (7
1 g.2 S.15 SOE! 26.1 ?
2 .26 5.18 S844 28.0 8
z S.29 9.13 4399 27.9 8
4 5.25 S.16 4255 26.6 10
S S.27 S.11 4987 27.0 9
6 . S.22 S.13 4347 26.8 10
7 5.2 S.15 S84t 27.2 8
8 5.2 5.14 7054 28.5 e
? 8.2 8.16 4923 27.5 9
10 s.z2 S.17 4789 27.Z2 7
i1 S.2 S.18 S331 28.4 8
12 S.22 S.18 44678 26.6 =}
13 5.2 S.12 6871 27.8 ?
14 S.25 S.14 4809 27.2 b4
18 s5.2 S.1z 4729 26.0 10
16 S.24 5.1z 6420 26.6 8
17 S5.23 S.14 SIS 26.1 8
18 S.2S S.12 S054 27.4 7
19 S.z28 S.17 7101 26.7 8
20 S.26 S.1S S527 - 26.4 e
AVERAGE: S.26 S.12S S4Z4 27.1 e

TABLE 9A: TEST RESULTS

SFECIES: SFRUCE HORIZOMTAL LAMIMATIONS

LUMEEFE: 2X6

SAMFLE WIDTH DEFTH M.0.F. DENSITY MOISTUFE

MUMEER CONTENT

CIND (IM) (FSI)  (LE/FTD) (%)

1 5.13 5.27 4231 25.9 8
2 5.17 5.0 4014 28,7 8
z 5.15 5.24 4687 28.0 9
4 5.14 5.20 6178 27.3 10
5 S.11 s.25 5714 26.3 10
6 5.16 s.26 P 26.5 10
7 S.14 5.2% &183 29,3 9
8 S.15 =.728 6752 27.0 °
9 5.17 £.28 6975 25.8 8
10 5.18 5. 20 a1 25.9 10
11 5.14 5.2¢ 5641 2=.8 11
12 5,14 s.2% s219 26.72 8
13 £.12 s.2 S173 27.5 9
14 5.14 5.23 5126 26,3 °
15 5.12 5.27 5559 27.0 9
16 5.12 5.2 S187 7.6 8
17 S.14 5.320 6597 29.3 8
18 S.16 s.2% £0C1 26.9 10
19 S.12 5.27 cz87 27.3 °
20 S.16 £.7¢ 4710 27.7 e

AVEFAGE: <.14 .2 cSis PAGLINS ) e
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TABLE 10:TEST RESULTS

SFECIES: FINE VERTICAL LAMINATIONS
LUMEBER: 2Xé
SAMPLE WIDTH DEFTH M.0.R. DENSITY MOISTURE
NUMEER CONTENT
(IN) (IN) AFSI)  (LB/FTI) L)
1 S.29 S.12 6118 28.7 10
2 S.30 S.13 4838 J0.2 ?
3 S.27 3.13 7189  3I0.3 ?
4 S.29 5.13 oo87 28.1 11
S S.29 S.13 &106 28.9 9
6 S5.30 S5.11 &244 29.5 Q@
7 S.31 g.13 SZ5 29.7 ?
8 S.24 S.13 S379 28.9 10
S 5.29 S.12 Se18 29.3 10
10 S.27 S.13 S01S 29.5 10
11 S.27 S.14 S068 28.8 9
12 5.2 2.12 o887 0.0 10
13 S.2 =.10 S694 29.5 9
14 S.320 S.1Z 6107 29.5 10
S Sl g.14 6005 29.3 7
16 S.32 .12 608 1 27.6 ?
17 .2 S.1Z S81t 29.6 8
18 S.28 S.13 S078 =2.4 8
19 S. 30 .1z 5928 29.7 8
20 .2 S.12 6012 2e.7 Q
AVERAGE: 9.29 S.12 SeO7 29.3 Q

TABLE 12A:TEST RESULTS

SFECIES: FIME HORIZONTAL LAMINATIONS
LUMBEFR: 2Xé
SAMFLE WIDTH DEFTH M.O.FR. DENSITY MOISTURE
NUMBER CONTEMT
C(IMD (IrD (FSI) (LB/FTZ) (%)
1 S.1Z S.27 o278 1.2 10
= S.16 S.27 4021 2B.4 e
s c.14 S.33 457 22.9 8
4 €.12 S.2° S247 =e.2 d
S S.12 S.2° 602 2?2.2 ?
) S.12 S.322 29.3 e
7 S.16 S.22 9.9 190
8 .12 c.71 =714 I0.0 10
9 S.132 g.2 6758 2.7 10
10 S.13 £.32 4906 28.9, 7
11 S.12 c.2 SZEcC 0.8 10
12 S.14 S.z &6e° 0.2 1z
1z S.18 S.28 SSt2 2.9 Q
14 S. 12 S.2e S974 9.z 8
15 S.11 S.32 4202 2°.4 10
16 S.132 S.2IT <412 28.8 10
17 S.16 S.22 4513 1.2 9
i8 S.14 S.Z8 4972 0.3 e
ie S.17 S.z 4475 S0 2 10
a0 =17 c.ze &271 9.0 i
AVEEAGE .14 .70 Saoe i c
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DISCUSSION OF RESULTS

Table 11 presents a summary of the mean M.0.R. and
coefficient of variation for each of the species, cross-
sectional sizes and orientations tested. For comparison
purposes the 1last two columns of Table 11 give the
accepted values of mean M.O0.R. and coefficient of
variation (C.V.) for Class 1 solid sawn Crossarms as
taken directly from Appendix F of CSA standard 0116 -
1969. (4) Comparison of the mean M.0. R. values of the
laminated crossarms to the accepted value for solid sawn
crossarms shows the laminated values range from 148% to
97% of the solid sawn values.

An examination of the test data on both 3 1/4" X 4 1/2"
and 5 1/8" X 5 1/4" D. Fir crossarms reveals that the
average density of the 5 1/8" X 5 1/4" Coastal Fir arms
is significantly lower than that of the same size arm
made from Interior Fir (i.e. 29.6 pcf vs 34.4 pcf). This
fact is not evident when comparing the average densities
of the 3 1/74" X 4 1/2" Coastal and 1Interior Fir
Crossarms. It can be further noted that the mean M.O.R.
value for the 5 1/8" X 5 1/4" Coastal Fir crossarms 1is
significantly lower than that value for all other D. Fir
arms. Since density and M.O.R. are correlated positively
these facts would tend to suggest that the 5 1/8" X 5
1/4" Coastal Fir arms produced, do not form a
representative sample.

A statistical analysis performed on the mean M.O.R.
values within a given species and size indicates that no
significant difference exists ( at the 5% level) between
the means of crossarms tested with the laminations either
vertically or horizontally oriented towards the applied
load. Table 12 summarizes these findings. .

A determination of near minimum strength properties has
not been provided because the sample size in each of the
test groups was too small to make any such calculations
meaningful.
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TABLE 11 SUMMARY TABLE: MEAN M.O.R. AND COEFFICIENT OF VARIATION

SAMPLE ORIENTATION | MEAN C.V. | CLASS 1 SOLID SAWN
DESCRIPTION OF - | M.O.R. (%) MEAN M.O.R. C.V.
LAMINATIONS | (psi) (psi) (%)
3 .25 X 4.50 VERTICAL 7070 19.8 5500 18
INTERIOR HORIZONTAL 7702 16.2 5500 18
D.FIR
3.25 X 4.50 VERTICAL 7014 18.1 5500 18
V.G.I.F HORIZONTAL 7160 22.2 5500 18
3.25 X 4.50 VERTICAL 7896 14.4 5500 18
COASTAL D.FIR HORIZONTAL 8161 25.1 5500 18
3.25 X 4.50 VERTICAL 5709 12.5 5500 18
SPRUCE HORIZONTAL 5340 15.9 5500 18
3.25 X 4.50 VERTICAL 6472 17.4 5500 18
PINE HORIZONTAL 6362 22.6 5500 18
5.125 X 5.25 VERTICAL 7669 12.3 5500 18
INTERIOR FIR HORIZONTAL 7684 11.7 5500 18
5.125 X 5.25 VERTICAL 5646 16.6 5500 18
COASTAL FIR HORIZONTAL 5309 16.9 5500 18
5.125 X 5.25 VERTICAL 5435 15.2 5500 18
SPRUCE HORIZONTAL 5515 14.7 5500 18
5.125 X 5.25 VERTICAL 5807 10.2 5500 18
PINE HORIZONTAL 5405 13.8 5500 18
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SUMMARY TABLE: COMPARISON OF MEAN M.O.R. VALUES

TABLE 12,

SAMPLE ORIENTATION | MEAN STANDARD STANDARD t-
DESCRIPTION OF (psi) | DEVIATION DEVIATION STATIS

LAMINATIONS (psi) (1) | OF -TIC

' DIFFERENCE | (1) (2)
IN MEANS
(psi) (1)
3.25 X 4.50 | VERTICAL 7070 1402 419 1.51
INTERIOR HORIZONTAL 7702 1244
D.FIR
3.25 X 4.50 | VERTICAL 7014 1272 455 0.32
V.G.I.F HORIZONTAL 7160 1592
3.25 X 4.50 | VERTICAL 7896 1137 524 0.50
COASTAL HORI ZONTAL 8161 2049
D.FIR
3.25 X 4.50 | VERTICAL 5709 715 248 1.49
SPRUCE HORIZONTAL 5340 851
3.25 X 4.50 { VERTICAL 6472 1127 408 0.27
PINE HORIZONTAL 6362 1439
5.125 X5.25 | VERTICAL 7668 945 291 0.05
INTERIOR HORIZONTAL 7684 898
D.FIR
5.125 X5.25 | VERTICAL 5646 936 290 1.16
COASTAL HORIZONTAL 5309 899
D.FIR
5.125% X5.25 | VERTICAL 5434 825 258 0.31
SPRUCE HORIZONTAL 5515 809
5.125 X5.25 | VERTICAL 5807 595 213 1.89
PINE HORIZONTAL 5405 746
1. See reference (5)

2. t- statistic required to reject hypoth351s that MEAN (vertical)

equals MEAN (horizontal) at the 5% level is 2.025.
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CONCLUSIONS

1. In general, crossarms manufactured from Interior D.Fir
exhibited the highest mean M.0.R. when graded in
accordance with the present manufacturing standard.

2. The mean M.0O.R. of the various laminated crossarms
tested ranged from 148% to 97% of the value accepted for
Class 1 solid sawn crossarms.

RECOMMENDATIONS

An evaluation of the grade combination used for Spruce
and Pine Crossarms should be considered with the goal of
increasing strength while 1remaining practical to
manufacture. It is believed that the potential to do
this does exist.

A survey should be taken to establish a representative
average density for 2 X 6 coastal fir crossarm stock to
allow a decision to be made with regards to the need and
nature of any additional testing on this product.

Based on the data provided by this report it is
recommended that further testing be done, with an
increased emphasis on Spruce and Pine crossarms, in order
to refine the manufacturing standards to fully meet the
needs of the purchasers.
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COMMERCIAL SIGNIFICANCE

As a part of this research, Western Archrib conducted a
survey of several utilities in Canada. Results of this
survey indicate that there exists a very significant
market for Crossarms. In addition to that solid sawn
products such as spar arms, substation timbers, and poles
are purchased by utilities annually, in extremely large
guantities.

Utilities are currently searching for alternate products
and sources of supply for these items. There was no
objection to a glued-laminated product provided it would
meet both technical and commexrcial considerations.

Information as to the current market value of solid sawn
Douglas Fir crossarms confirms that a glued laminated arm
manufactured with Douglas Fir will be competitive while
one manufactured with Spruce/Lodgepole pine would have a
significant pricing advantage.

While further work is required research conducted to date
has been positive and indicates strong market potential.

(25)
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