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Study on Stress Waves for Development of Glulam
from Domestic Small Diameter Log (1)

- Static Bending Properties of Glulam Member -

Jae-Kyung Cha™
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1. INTRODUCTION

When the span becomes longer or the load
becomes larger. the use of wood as a structur-
al material may become impractical. Under this
circumstancesstructural glue-laminated timber
(Glulam) can be used. Glulam is an engineered
wood product using stress rated. seasoned and
selected lumbers. Each piece of lumber is grad-
ed. and end- jointed to produce the length
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required. CGlulam is fabricated using lumber of
different sizes and grades and is used for a wide
variety of structural members. The strength of
single pieces of lumber is as strong as its weak-
est point, which is usually the largest knot. In
laminating. the weakest point of lumber is
bonded to the higher strength of adjoining
pieces, thus forming a homogeneous structural
component of great efficiency.

The focus of many researches(Burmester.
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1965 Dean & Kaiserlic., 1984 Smulski. 1991)
has been towards realizing the potential of
stress wave techniques as a rapid. nondestruc-
tive means of stress grading of lumber. While
a lumber grading system has not yet to be com-
mercialized, a better understanding of how
stress waves propagate and interact with inher-
ent characteristics in lumber should enhance
the commercial use of stress wave techniques
for lumber grading. Smulsky(1991) studied the
stress wave characteristics on small clear
straight-grained beams of four U.S. northeast-
ern hardwoods. Characteristic impedance and
stress wave MOE(MOEs) were correlated well
with MOR. apparently because of their mutu-
al relationship with specific gravity(SG). The
potential of nondestructive testing technique
for screening hardwood specialty blanks were
evaluated by Dean and Kaiserlik(1984). Linear
regression analysis was used to identify the best
nondestructive predictions of modulus of rup-
ture(MOR) instatic. rapid and impact bending.
Stress wave MOEK has been shown to be a good
indicator of bending strength of clear wood.
Jung{1979) showed that stress wave speed was
highly affected by the angle. Speed of stress
waves decreased as grain angle increased. The
width of veneer also affected the stress wave
speeds. The results also indicated that the nar-
rower the veneer pieces. the better the stress
wave estimate of veneer quality. The results for
the strip of veneer with knots showed a signif-
icant increases in wave transit times.

From the above results. longitudinal stress
wave techniques have proven to be an accurate
means of evaluating the quality of veneer and
clear lumber. Researches have been shown
strong relationships between stress wave para-
metersand mechanical properties of wood mate-
rials. Therefore, this study was undertaken to
evaluate whether the bending strength proper—
ties of specimen containing knot are related to
stress wave speed and MOEs. In addition, the
relationships were needed to assess the influ-

ences of specimen geometry containing knots
upon the effectiveness of bending strength
properties.

2. MATERIALS & METHODS

Stress wave measurements and subsequent
static bending test were performed using Japan-
ese larch of nominal dimensions 20 x40, 20 x60,
30 x40 and 30X60mm in cross section and 600mn
long. Before stress wave measurement, all sam-
ples conditioned at 110 degree F and 70% RH to
a MC of about 12% were obtained from compan-
ion study to this paper(Cha. 1996). The proper-
ties that were determined from each sample
include MC. SG(volume at about 13% MC and
ovendry weight basis), and ring width(RW). The
specimen preparation and stress wave mea—
suremnts used in this study are described in the
companion paper to this study. The physical
properties of specimen are shown in Table 1.

After stress wave measurements. static hend-
ing test was conducted on.all specimens. A sta-
tic bending test was made to determine the
static MOE of each specimen for later compar-
ison with MOEs. Bending test procedures was
followed by American Society for Testing and
Materials Standards D-245(1986). All specimens
for 12% MC level were tested in static bending
by centerpoint loading. Forces were applied by
Instron using the crosshead movement of
S5mm/min until failure. resulting in failure
times from 1 to 2 minutes. The load and dis-
placement was continuously recorded on the
personal computer. The data were used to com-
pute static MOE and MOR by personal comput-
er using the load and displacement data, and
specimen’ s dimension.

At the end of the bending test, moisture sam-
ples were cut from the end of each specimen for
estimating the ovendry weight of the samples
to determine the SG and MC.
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Table 1. Description of physical properties of specimen types.

) Dimension . . P
Specimen Sample e Ring Density aGt MC
type size Depth Width {cm) (%)
(mm) {mm}
A 27 20.01 39.14 0.43 0.47 12.66
0.16) (0.39 (0.08) (0.04) {0.43)
B 29 29.78 59.52 0.51 0.47 13.06
(.43) (0.43: (0.09) (0.03) (0.62)
C 26 29.95 39.09 0.47 0.47 13.29
(0.22) (0.34: (0.05) (0.02) (0.63)
D 22 19.83 59.75 0.48 0.47 12.69
0.26) (0.43: (0.08) (0,03} ((}.50)
(Gross average 104 0.48 0.47 13.10
(0.08) (.04 (0.59)
*1 Based on ovendry weight and volume at about 13% MC,
*2 Total specimens.
3. RESULTS & DISCUSSION volume. It isinterest tonote in Table 3 that the
static MOE for 20mm thicness is about 17.0%
The Statistical Analysis System(SAS) pro- higher than that for 30mm thickness. but MOR
gramming package was used for most of the for 30mm thickness is about 6.4% less than MOR
statistical analyses. for 20mm thickness. However. the companion
study to this research{Cha, 1996) shows that
3.1 Bending properties MOESs for thickness ef fect on between 20mn- and
The results of the mechanical properties are 30mn— thickness of specimen was 4.6%.

summarized as property average and S in
Table 2. Average MC in static bending test was

- , . > Table 2. Bending properties by specimen types.
approximately 13% for all specimens. Table 3 .a B nmg properties by specimen ty pes.

shows the bending properties by widths and Specimen MOE MOR
thicknesses. T-test was conducted to determine ~ Twpes (10°kg/em?) thefems
if static MOE and MOR were affected by the A 91.93" 755 45
width and thickness of specimen. There was no 115.53™ (158.13)
considerable difference between widths in stat- B 7655 740 26

ic MOE and MOR. However, there was consid- (12.12) 1119.36)
erable differences between thicknesses in static ¢ 5 98 652 (4
MOE and to some extent in MOR. This reduc- (10.42) (94.08)
tion is probably related to small defects which D 86,36 62,70
may not easily seen. The larger the volume of (3.59) (92.56)

material in a wood member. the more likely it L
1 Means.

is that it will contain a more severe defect. or *9 Standard deviations

combination of defects. than a member of small



Table 3. Bending properties by different width 3.2 Relationships between stress wave prop-
and thickness. erties and bending properties

) MOE MOR Liinear regression analysis was used to identi-
Specimen types . ) . i X L i
(10°kg/cm?) (kg/cm?®) fy the best nondestructive prediction of MOR

Width 40mn 84.10" 719 44 and static MOE. Density, RW and SG have not
(15.41%) {134.65) shown to be good predictors of bending proper-

60mn 80.95 749.94 ties of lumber. Maximum. minimum. correct-

(11.98) (108.18) ed, and average of stress wave speed and MOEs

Thickness  20mm 89.43 758.70 were correlated with static MOE and MOR . The
(13.36) (131.55) stress wave speed and MOEs, measured at same

30mm 76.44 712.74 MC as bending test. were obtained from com-

(11.25) (111.11) panion study to this research. The best single

*1 Means. predictor of static MOE and MOR was average

*2 Standard deviations. values of stress wave speed and MOEs.

Results of the regression analyses revealed a

Table 4. Regression coefficients for predicting static MOE and MOR by stress wave speed.

Regression equation

Dependant variable Independant variable R
Constant. Slope
MOR Speed at Face All 120.96 (.148 0.302
Thickness™ A 146.81 0.142 0.265
B 168.50 0.133 0.300
Width ™ A -100.28 0.195 0.386
B 200.07 0.135 0.274
Speed at Back All 143.57 0.142 0.290
Thickness A 290.05 0.112 0.212
B 93.506 0.150 0.338
Width A - 37.385 0.180 0.352
B 173.83 0.141 0.293
Static MOE Speed at. Face All - 95,843 43 0.778
Thickness A -99,219 45 0.326
B -69,602 36 0.795
Width A -102,110 44 0.767
B - 95,933 43 0.796
Speed at Back All - 87 340 41 0.739
Thickness A -73.043 39 0.722
B - 78,029 37 0.331
Width A -97.617 43 0.738
B - 79,506 39 0.737
Average speed Thickness A -93, 145 44 0.789
B -80.113 38 0.831
Width A -107,270 46 0.767
B - 95,586 43 0.784

*1 Thickneess A : 20am, B © 30umn
*2 Width A : 40ee, B © 60mn,
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y = - 93145 + 43.63x (R = 0.789); 20mm
y= -80113 + 38.08x (R=0.830); 30mm
120
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Fig 1. Relationships between stress wave speed
and static MOE by different thicknesses.

useful relationship between stress wave speed,
and static MOE and MOR(Table 4). Stress
wave speed measured from face and back of
specimen are poorly correlated with MOR.
However. stress wave speeds measured from
face and back of specimen are shown to be a
good indicator of static MOE. The correlation
coefficients (r=0.778 and 0.739, respectively)
indicated that approximately 54.6% of the
observed behavior was accounted for by the

160

J y= - 94391 + 42.72x (R = 0.821): knot-free
140

y = - 103440 + 44.85x (R=0.711) ; knot

Static MOE (1,000kg/cm?)
g

60 _4 ©  Knot-free
®  Knat
40 —— Y Y
3500 4000 4500 5000

Stress wave speed (m/sec)

Fig 3. Relationships between stress wave speed
and static MOE for knot-free and knot-
ty specimen.
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Static MOE (1,000kg/cm?)

140

Static MOE = - 98727 + 43.73 *(stress wave speed)
(R=0.774)
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Fig 2 Relationship between stress wave speed
and static MOE.

regression models. The correlation coefficients
between stress wave speed and static MOE were
0.789 and 0.831 for 20mm and 30mm thick lum-
ber. respectively(Fig. 1). Figure 1 also shows
the thickness effect on static MOE. Static MOE
measured from 30mm thick specimen indicated
the lower regression line than that from 20mm
thick specimen. When the two thickness were
combined. the correlation coefficient was 0.774
(Fig. 2}. There was no discernible effect onsta-

140

y = -14.45 + 1.02x (R = 0.844) ; 20mm

y = 6.93+ 0.70x (R = 0.849) ; 30mm /’

120

100

80

60

40 S T
70 80 30

M

100 110 120 130 140
Stress wave MOE (1,000kg/cm?)

Fig 4. Relationship between stress wave speed
and static MOE and static MOE by thick-
ness.
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Table 5. Regression coefficients for predicting static MOE and MOR by stress wave MOE.

Dependant Independant variable Regression equation R
variable Constant Slope
MOR MOKEs at Face i 416.30 3.169(10%) 0.335
Thickness™ A 478.95 2.744(16°%) 0.242
B 399.97 3.161(10% 0.399
Width™ A 314.57 3.939(10% 0.383
B 451.97 3.045(10°% 0.352
MOEs at Back All 398.00 3.330(10% 0.340
Thickness A 509.86 2.437(10% 0.205
B 352.03 3.617(10%) 0.447
Width A 322.00 3.853(10% 0.361
B 405.04 3.503(10%) 0.394
Static-MOE All 302.48 5.232(10% 0.591
Thickness A 303.53 5.090(106°% 0.517
B 216.50 6.492(10°% 0.657
Width A 230.85 5.809(10'% 0.665
B 363.49 4. 7740107 0.529
Static MOE MOEs at Face All ~(.181 0.824 0.772
Thickness A - 10.800 0.983 0.854
B 12.024 0.651 0.512
Width A - 8.651 0.902 0.766
B 7.561 0.750 0.782
MOEs at Back All -2.417 0.840 G.760
Thickness A - 8.268 0.957 0.794
B 6.084 0.705 0.560
Width A -11.236 0.924 0.756
B 6.288 0.758 0.769
Average MOEs Thickness A - 14.451 1.018 0.844
B 6.929 0.700 0.£49
Width A -13.889 0.952 0.777
B 4.203 0.782 0.790

*1 Thickneess A © 20mn, B © 30mn,
*2 Width A : 40mm, B : 60nm.

tic MOE measured from specimen containing
knot (Fig. 3). It should be emphasized that
stress wave speed was taken for each speci-
men’s face and back, then averaged. This
causes that stress wave speed is less affected
by knots than static MOE.

It would be difficult to visually compare
MOEs with MOR due to multitude of data, so
only regression coefficients, will be presented.
these values gives a general picture of how

MOEs and static MOE correlated with MOR.
Results of the regression analyses are summa-
rized in Table 5. The capability of various mod-
els to predict MOR was very poorer than those
used to predict static MOE. Table 5 also shows
that static MOE was a better predictor of MOR
than by MOEs. MOEs measured from face and
back of specimen was also shown to be a good
indicator of static MOE. Results of the regres-
sion analyses verified a good relationship (R=

—-12 =



140
Static MOE = - 4.35+ 0.86*(MOEs) (R= 0.780)
1201 .
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Fig 5. Relationship between static-MOE and
stress wave MOE.

0.772 and 0.760. respectively). This indicated
that when using MOEs to predict static MOE,
about 57.8% of the observed behavior was
accounted for by the regression model. The
highest correlation coefficients. were derived
from regression analysis between all the aver-
age values of MOEs and static MOE. were ().844
and 0.849 for 20mm and 30mm thick lumber
respectively(Fig. 4). It is interesting to note
that MOE measured from back of lumber of 30
mn thickness showed better correlation with sta-
tic MOE than that of 20mm-thick{Table 5). Fig.
5 shows the relations between MOEs and static
MOE. when combined thickness. When the two
thickness combined. the correlation coefficient
was 0.780. The MOEs was taken for each spec-
imen’s face and back. then averaged. Fig. 6
shows the relationship between static MOE and
stress wave MOE for knot-freeand knottyv spec-
imen. The regression line between stress wave
MOE and static MOE measured from knotty
specimen shows a lower than that from knot-
free specimen. Comparing to Fig. 3. stresswave
MOE is more affected by knots than stress wave
speed.

160
y= -1.62 + 0.86x (R = 0.812); Knot-free T

4

140 4 y= -522 + 0.85x (R =0.759) ; knot
3
S 1201 . °
x
[=]
[=]
S 1004
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g o
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40 l{ T T

¥ R T T
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Stress wave MOE (1,000kg/cm?)

Fig 6. Relationships between static MOE and
stress wave MOR for knot-free and knot-
ty specimens.

4. CONCLUSION

Although bending test is generally recognized
as a more desirable method of determining
MOR. the stress wave method could be useful
for predicting MOE in situation where it is not
This

research provides some positive evidences tha:

feasible to conduct destructive test.

these techniques may be used to presort struc-
tural wood material. The major conclusions
which could be drawn are as :

1. Static MOE and MOR decreased with
increasing the lumber thickness. Static
MOE for 20mn thicknessisabout 17% high-
er than that for 30mn thickness. but MOR
for 30mm is about 6.4% less than MOR for
20mm thickness.

2. Gouodrcorrelation was obtained between sta-
tic MOE, and stress wave speed and MOEs
obtained from specimen’s face and back
average values.

3. There was better discernible knot effect on
stress wave MOE than that on stress wave
speed comparing the relation betweer. sta-
tic MOE and stress wave MOE with static
MOE and stress wave speed.
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