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SUMMARY

D e g r a d e d  b a l s a m - f i r  logs can be e f f e c t i v e l y  used for 

w a f e r b o a r d  p r o d u c t i o n .  T h e y  a f f o r d  e x c e l l e n t  m e c h a n i c a l  

p r o p e r t i e s  s u c h  as m o d u l i  of e l a s t i c i t y  and r u p t u r e  as w e l l  

as i n t e r n a l  b o nd s t r e n g t h  (MOE, M O R  and IB). Ho w e v e r ,  the 

w a f e r  y i e l d  t e n d s  to d e c r e a s e  w i t h  the d e g r e e  of d e g r a d a t -

ion. G e n e r a l l y ,  t h e r e  are no n e g a t i v e  e f f e c t s  on MOE,

M O R  and IB, but t h e r e  are n e g a t i v e  e f f e c t s  on t h i c k n e s s  

s w e l l i n g  and w a t e r  a b s o r p t i o n  w h e n  n a r r o w  f l a k e s  (-4 +8 

s c r e e n  size) are i n c l u d e d  in w a f e r b o a r d .



BUDWORM ATTACKED BALSAM FIR

Part II: PRODUCTION OF WAFERBOARD FROM STORED ROUNDWOOD

INTRODUCTION

Of the many insect pests that plague Canada's coniferous forests, 

the spruce budworm is the most widespread, persistent and voracious.

It infests tens of millions of acres of valuable fir and spruce across 

eastern Canada every year. This greatly affects the economic develop-

ment and management of forest resources.

Despite tree deterioration which follows budworm attack, the 

attacked balsam fir could be used for waferboard production. Therefore, 

the utilization of budworm-attacked balsam fir not only helps to minimize 

the loss caused by budworm attack but also helps to solve the potential 

problem of raw-material supply for the rapidly expanding waferboard 

i ndustry.

The main purpose of this study was to demonstrate the feasibility 

of producing waferboard from budworm-attacked balsam fir logs which had 

been stored in Cape Breton Island, Nova Scotia for different durations.

METHOD AND MATERIAL

Five groups of logs were sampled in July, 1980 from storage in 

Cape Breton Island, Nova Scotia (see Table 1). The logs were cut from 

the budworm-attacked forests in 1977, 1978, 1979 and 1980. The logs were 

approximately 2.4 meters in length and 14.0 to 17.5 cm in diameter. Five



small sectors were cut from each log at regular distances from one end 

to the other and used for pathological examination and determinations 

of moisture content and desity.

Detailed information on the forest from which the experimental 

material was obtained and on the storage conditions is presented in the 

first part of this report titled "Budworm-Attacked Balsam Fir Part I: 

Moisture Content and Deterioration of Stored Roundwood".

The logs were debarked in the laboratory. Then, to prevent mois-

ture loss or to regain moisture, all the debarked logs were stored in 

a water pond until the waferizing process. Five logs for each group 

were cut by a laboratory ring-type waferizer. The waferizer was set at 

38.1 mm (1.5") wafer length and 0.762 mm (0.030") wafer thickness. The 

width of wafers was not controlled. After waferizing, each group of 

material was dried to approximately 7 percent moisture content and then 

screened to obtain *8 and +4 wafers which were retained on 8 and 4 mesh 

screens, respectively. In addition, the -t2 wafers were also obtained 

from the material which was cut from the logs stored in 1977.

For board production, conventional laboratory techniques were 

employed. Wafers were sprayed with 2 percent slack wax and blended with 

2.5 percent powdered phenol-formaldehyde resin in a drum-type blender 

for 2 minutes. Six 11.1 by 559 by 571 mm (7/16 by 22 by 22.5 in.) panels 

were then made for each specified wafer size and storage time to a target 

density of 625 kg/m3 (39 lb/ft3). The mats were pressed at 5 : 0.5 percent 

moisture content and 210°C (410°F) press temperature for 5 minutes, with 

press closing time of 60 t 5 seconds.
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To determine wafer characteristics in terms of mean, median and 

standard deviation of wafer thickness and width, a small quantity 

(250 to 300 pieces) of blended wafers were randomly sampled and their 

width and thickness were measured. The weighted arithmetic mean for 

wafer width was calculated with wafer thickness as weighting factor, 

whereas the weighted arithmetic mean of wafer thickness was calculated 

with wafer width as weighting factor.

To compare the quality of waferboards made from a different cate-

gory of logs and wafers, the modulus of elasticity in bending (MOE), 

modulus of rupture (MOR), internal bond strength (IB) and water-soaking 

properties were evaluated according to the methods specified by ASTM (1) 

and Canadian Standard Association (2). The data were then analyzed by 

using analysis of covariance, with density as covariate. In this analy-

sis all possible comparisons were performed by using the least signifi-

cant difference (LSD). The water-soaking properties evaluated in this 

study included thickness swelling (TS), water absorption (WA) and linear 

expansion (LE) after 2 and 24 hours soak. For analysis of covariance, 

the dependent variable (i.e.) MOE, MOR, IB, TS, WA, LE was assumed to be 

varied linearly with covariate (board density). The sample size used in 

statistical analysis was 36 for MOE, MOR and IB, and 18 for TS, WA and LE.

RESULTS AND DISCUSSION

The average wood specific gravity of normal balsam fir used in this 

study was 0.38. The average decay percentages of the logs used in this 

study are summarized in Table 1.
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Table 2 shows the results of the screen analysis of wafers generated 

from different storage periods of budworm-attacked balsam-fir logs, while 

Table 4 illustrates the values weighted arithmetic mean, median and stan-

dard deviation of wafer width and thickness. Table 2 indicates that a 

large amount of undersized material was generated. This is probably due 

to decay and the damage caused by cutting specimens for the determination 

of density, moisture content and decay. Table 3 indicates that the wafers 

were narrow. This narrowness may result from the abrupt transition be-

tween the springwood and the summerwood. During visual examination of the 

wafers no wafers over 2-inches wide, and no curled or folded wafers, were 

observed.

Examination of Table 3 showed that the wafers cut from the logs, 

which were stored in 1978 and debarked in 1979, were thicker and had 

greater standard deviation in thickness than those cut from all other groups 

of logs which were not debarked. This could result from the low moisture 

content of debarked logs and the low permeability of balsam fir which does 

not allow wood to regain moisture easily.

Table 4 summarizes the mechanical properties of waferboards made from 

-r2, t4 and t8 wafers which were generated from the logs stored for 35 

months. The mean of MOE and MOR ranged, respectively, from 4.06 to 4.11 

GPa (587 x 103 to 596 x 103 psi) and from 26.9 to 27.6 MPa (3897 to 4008 

psi) at specific gravity 0.627. The mean of IB ranged from 560 to 621 Kpa 

(87 to 90 psi) at specific gravity 0.609. The results of analysis of 

covariance indicated that there was no significant differences in M0E, MOR 

and IB among the boards made from three different sizes of wafers.



Table 5 shows the mechanical properties of waferboards made from 

two groups of logs; namely, logs with and without bark during storage.

The mean of MOE and MOR ranged respectively, from 3.61 to 3.83 GPa 

(524 x 103 to 555 x 103 psi) and 22.00 to 23.86 MPa (3191 to 3461 psi) 

at specific gravity 0.615. The mean of IB ranged from 88 to 98 psi at 

specific gravity 0.605. The results of analyses of covariance indica-

ted that the logs with bark stored in 1978 provided significantly 

higher values of MOE, MOR and IB than those without bark.

Table 6 illustrates the mechanical properties of waferboards made 

from the two different sizes of wafers which were cut from four differ-

ent storage periods. It indicates that the means of MOE and MOR ranged 

respectively, from 3.66 to 4.36 GPa (532 x 103 to 633 x 103 psi) and 

from 23.44 to 29.66 MPa (3401 to 4302 psi) at specific gravity 0.620, 

and the mean of IB ranged from 84 to 104 psi at specific gravity 0.606. 

The results of analyses of covariance indicated that, for MOE and IB, 

there were no significant differences between the boards made from *4 

wafers and those made from +8 wafers at significance level 0.05. For 

MOR, however, there was significant difference between the overall 

means of MOR of the boards made from *4 wafers and from t8 wafers. The 

difference was only 689 KPa (100 psi). In addition, the results of 

analyses of covariance indicated that for MOE, MOR and IB, there was 

significant difference among the boards made from different storage peri-

ods of logs.

Comparisons by "contrast" indicated that fresh-cut logs (cut in 

1980) had highest values in MOE, MOR and IB. it also indicated that the
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logs stored for 35 months had higher values of MOE and MOR than those 

stored for 20 and 12 months. The reason that the logs stored in 1977 

had higher values of MOE and MOR is not clear. Table 7 also indicated 

that the logs stored in 1979 showed lower IB than any other groups of 

logs. It should be noted that the specific gravity of waferboard in 

this study was low and the specific gravity of the specimen used for 

the determination of IB was only 0.606. Even at this low specific 

gravity, the lowest value of the mean of IB was 84 psi which is more 

than twice as high as the minimum requirement specified by the Canadian 

Standards Association for commercial waferboard.

In short, waferboards made from balsam fir stored for different 

times showed excellent mechanical properties even at density as low as 

606 kg/m3. All properties studied complied with the minimum require-

ments specified by CAN 3-0188.2-M78(3) CAS and ANSI A 208.1-1979 (4).

For convenience, the requirements are listed in Table 7.

The results for 2 and 24-hour water-soak properties are summarized 

in Tables 8 to 10. Examination of Tables 8 and 10 indicate that TS and 

WA, after a 24 hr.-soak, tended to increase with decreasing wafer size. 

The results of analyses of covariance indicated that there was no signi-

ficant differences in LE after a 24-hour water soak among the boards 

made from different sizes of wafers. A considerable confusion exists in 

the results of water-soak properties because of no distinct trend be-

tween treatments. However, the fresh-cut logs tended to give better 

soak properties than the others while the logs stored for 35 months 

tended to provide poorer soak properties than the others. In general,



the thickness swelling of waferboards made from balsam fir was relatively 

higher as compared with that of waferboards made from aspen which is 

usually in the vicinity of 12 percent.
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CONCLUSIONS AND RECOMMENDATION

Within the limits of the data gathered in the course of this 

study, the following two major conclusions can be drawn:

1) Waferboards made from balsam fir stored for different time 

periods had excellent mechanical properties such as MOE, MOR and IB, 

although the wafer yield tended to decrease with length of storage;

i.e., the stored balsam-fir logs could be used effectively for the 

production of waferboard.

2) Inclusion of narrow flakes (-4 f 8 wafers) in waferboard 

did not deteriorate the mechanical properties such as MOE, MOR and 

IB but tended to increase thickness swelling and water absorption.

Since the degradation of balsam-fir logs may increase with in-

creasing storage duration and, in turn, reduce wafer yield, a lengthy 

storage should be avoided if possible for an efficient utilization of 

balsam fir for waferboard production.
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Table 1. Characteristics of Logs Used for Waeerboard Production^

Group Storage Storage Bark on Average Log Moisture Content Decay
Duration
(month)

from Log Log Diameter 
cm(in.)

Sapwood
(,%)

Heartwood
(SO

Incipient
(SO

Advanced
(SS)

1 33 08/77 Yes 16.9 102 50 20.4 18.8

2 20 11/78 Yes 16.2 61 69 19.0 7.6

3 12 07/79 Yes 16.0 78 52 30.7 12.9

4 0 07/80 Yes 16.6 81 58 13.7 1.0

3 20 11/78 No1 16.3 22 25 20.7 17.3

Debarked in July 1979 and then re-piled.



Table 2 .
'J

Screen Analysis of Wafers

Group Storage
Duration
(month)

Wafer Size

+ 4 (?o) -4 +8 (?i) -8 + 20 (S) -20 (?o)

1 33 62.1 15.5 20.4 2.1

2 20 64.1 21.7 11.8 2.4

3 12 70.2 5.9 21.0 2.9

A 0 80.0 3.1 15.9 1.0

3 201 60.9 16.4 20.7 2.1

Debarked in July, 1979 and then re-piled.



Table 3. Characteristics of Wafers^

Group
(stored
year)

Storage
Duration
(month)

Wa fer 
Size

Thickness x 10^ i n . Width (inches )

Mean Median Std2 Mean Median Std2

1 33 + 2 30 29.0 5.45 0.528 0.469 0.269

(1977) + 4 29 28.0 5.76 0.388 0.313 0.296

+ 8 29 28.0 6.43 0.296 0.219 0.230

2 20 + 4 32 31.0 9.67 0.422 0.313 0.335

(1978) + 8 34 31.5 9.40 0.303 0.188 0.293

3 12 + 4 32 31.0 8.19 0.371 0.250 0.318

(1979) + 8 33 31.0 8.34 0.315 0.250 0.269

4 0 + 4 30 29.0 4.48 0.390 0.313 0.294

(1980) + 8 30 30.0 6.11 0.370 0.250 0.332

3 , s 20 + 4 35 32 10.28 0.342 0.250 0.254
(1)

(1978) + 8 34 32 10.64 0.291 0.188 0.277

Debarked in July 1979 and then re-piled
?
Standard deviation.



Table 4. Mechanical Properties of Waferboards from

Balsam Fir Stored for 35 Months (started in 1977)

Wafer Size MOE
GPa(psi x

M0R
10-5) MPa (psi)

IB
KPa (psi)

+ 2 4.06 26.9 560

(587) (3897) ( 87)

+ 4 4.10 27.6 621

(595) (4008) ( 90)

+ 8 4.11 27.4 621

(596) (3971) ( 90)

LSD 0.13 1.4 26

( 19) ( 203) (4.0)

Specific
Gravity 0.627 0.627 0.609

All properties have compiled at all three levels with the 
appropriate requirements of CAN 3-0188.2-M78 specifications 
for waferboard.



Table 5. Mechanical Properties of Waferboards from Balsam Fir Stored for 20 Months
(started from 11/78)1

Wafer Size

LOG
+ 4 + 8

MOE MOR IB MOE MOR IB
GPa(psi x lO-') MPa (p s i ) KPa (psi) GPa(psi x 10^) MPa (psi) KPa (psi)

With 3.83 23.86 676 3.63 23.79 655
Bark (555) (3461) (98) (526) (3451) (95)

Without-'- 3.61 22.28 627 3.71 22.00 607
Bark (554) (3232) (91) (538) (3191) (88)

LSD 0.12 1.18 26 0.12 1.18 26

(17) (171) (4.0) (17) (171) (4.0)

Specific
Gravity 0.615 0.615 0.615 0.605 0.615 0.603

■'"Stored with bark before November, 1979 •

All properties in all conditions compiled with the requirements of CAN3-0188.2-M78.



Table 6 . Mechanical Properties of Waferboards from Different Storage Periods of 
Balsam Fir L og^

Storage
Duration
(month)

Wafer Size

+ 4 + 8

MOE
GPa(psi x 10"5)

M0R
MPa (psi)

IB
KPa (psi)

MOE
GPa (psi x 10^)

M0R
MPa (psi)

IB
KPa (psi)

35 A. 04 27.11 614 4.04 26.92 614

(586) (3932) (89) (586) (3904) (89)

20 3.87 24.17 676 3.66 24.15 656

(561) (3505) (98) (532) (3502) (95)

12 3.77 23.44 579 3.94 25.92 586

(547) (3401) (84) (571) (3760) (85)

0 4.31 29.20 717 4.36 29.66 717

(625) (4235) (104) (633) (4302) (104)

LSD 0.13 1.38 26 0.13 1.38 26

(19) (200) (4.0) (19) (200) (4.0)

Specific
Gravity 0.620 0.620 0.606 0.620 0.620 0.606

All with bark.

All properties in each condition have complied with the requirements of CAN 3-0188.2-M78,



Table 7. Property Requirements for Waferboard

Standard MOE _
GPa(psi x lO-')

MOR
MPa (psi)

IB
KPa (psi)

CAN 3-0188.2-M78 2.7 14.0 280

(400) (2000) (40)

ANSI A208.1-1979 3.10 17.24 345

(430) (2500) (50)



Table 8. Effects of Wafer Size on Water-Soaking Properties 

of Waferboards Made From the Logs Stored for 35 

Months (started in 1977)

Thickness Swelling Water Absorption Linear Expansion

2hr (?o) 24-hr. (?□) 2hr (?o) 24-hr. (?o) 24-hr. (SS)

+2 5.8 21.4 9.5 28.5 0.26

+4 5.4 22.1 9.3 30.1 0.25

+8 5.0 26.8 6.0 39.1 0.24

LSD 0.9 2.2 1.5 3.9 0.03

Specific
Gravity 0. 619



Table 9. Effects of Wafer Size and Bark of Log on Water 

Soaking Properties of Waferboards Made from the 

Logs Stored for 20 months (started in 11/78)

+ 4 + 8

LOG TS WA LE TS WA LE

2-hr. 24-hrs. 2-hr. 24-hrs. 24-hrs. 2-hr . 24-hrs. 2-hr. 24-hrs. 24-hrs.

With 5.1 16.5 6.9 23.0 0.20 4.2 17.4 6.9 22.6 0.11
Bark

1
Without
Bark

4.6 19.2 5.8 29.7 0.16 4.5 20.3 5.8 29.9 0.17

LSD 0.5 1.3 0.8 2.0 0.03 0.5 1.3 0.8 2.0 0.03

Specific Gravity 0 .620

A
Stored with bark before November, 1979.



Table 10. Effect of Wafer Size and Storage on Water Soaking Properties of 

Waferboards"*

Storage Wafer Size
Duration
(month) + 4 + 8

TS WA LE TS WA LE

2h r 24hrs 2hr 24hrs 24hrs 2hr 24hrs 2hr 24hrs 24hrs

35 5.3 22.2 9.2 30.5 0.25 5.1 26.6 6.1 38.7 0.25

20 4.4 17.2 6.7 23.1 0.19 4.2 16.7 5.3 22.6 Q. 11

12 4.6 16.1 4.9 18.3 0.15 5.2 23.8 6.2 38.3 0.17

0 3.4 14.6 4.3 22.1 0.12 5.4 19.7 6.5 26.1 0.16

LSD 0.7 1.9 0.7 0.03 0.03 0.7 1.9 0.7 4.8 0.03

Specific Gravity 0.621

All logs stored with bark.
1


