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ABSTRACT

The longitudinal vibration technique was examined as a means of evaluating the modulus of elasticity (MOE) and predicting the

modulus of rupture (MOR) of solid and finger-jointed lumber from three tropical African hardwoods, Obeche (7riplochiton
scleroxylon), Makore (Tieghemella heckelii), and Moabi (Baillonella toxisperma). Dynamic MOE was well correlated to static bend-
ing MOE for solid and finger-jointed lumber from the three tropical African hardwoods. Correlation coefficients 0f0.94 and 0.90 ob-
tained for the regression of dynamic MOE on MOR for solid and finger-jointed lumber, respectively, were comparable to those 0f0.95
and 0.91 between static MOE and MOR for solid and finger-jointed lumber, respectively. Regression models developed for the regres-
sion of dynamic MOE on MOR for both solid and finger-jointed lumber were statistically highly significant (ce = 0.05). The lower 5
percent exclusion limit lines derived seemed useful for predicting the MOR of solid and finger-jointed lumber from the three hard-
woods. Although the static bending testis generally recognized as a more desirable method of determining MOR, the results indicated
that the longitudinal vibration technique may also be useful as a nondestructive technique for predicting MOR of solid and finger-
jointed tropical African hardwoods. The technique seems more applicable in situations where static bending testing is not feasible to

undertake. '

The shrinking tropical African for-
est resulting from shifting cultivation on
a decreasingly shorter cycle, require-
ments for fuelwood, illegal logging, bush
fires, and inefficient logging and timber
processing calls for efficient utilization
of timber resources (12,13,20). For ex-
ample, Ghana’s relatively large timber-
processing industry generates large vol-
umes of wood residue, most of which are
reportedly suitable for the production of
high value-added products such as fin-
ger-jointed lumber (23,24). An assess-
ment of the availability of solid sawmill
lumber off-cuts (residue) suitable for the
production of finger-jointed lumber in
Kumasi city alone, indicated the avail-
ability of over 70,000 m’, which is pres-
ently not well utilized. Lumber process-

ing mills in Ghana are currently being
called upon to establish finger-jointing
plants to utilize sawmill residues, in or-
der to increase their profitability.

A finger-joint is a type of structural
end joint used in glued laminated timber
(glulam) to form long, continuous lami-
nations out of individual pieces of lum-
ber, and also in other engineered wood
components such as trusses and I-joists

(8). The strength of lumber is enhanced

by finger-jointing (15). Structural fin-
ger-joints were developed to reduce the -
waste of high-quality lumber that re-
sulted from machining of scarf joints,
and they are reported to be one of the
most economical ways of wood utiliza-
tion (1,26,27). Low-grade wood can be
used to produce high-quality finished
products with improved strength and
appearance because undesirable charac-
teristics are removed (4,11).
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The primary criterion for structural
finger-joints is load-bearing strength.
Strength requirements vary through a
wide spectrum from studs on the low
end to machine-stress-rated (MSR) lum-
ber and glulam beams on the high end.
The bending test is considered the most
convenient and practical test for an ex-
tensive preliminary study of finger-
Jjoints, and can also be used for quality
control after qualification (11). The Ca-
nadian National Lumber Grades Au-
thority (NLGA) recommends a two-
point loading test to evaluate solid and
finger-jointed lumber (22). Although the
classic static test is recognized as a more
desirable method of determining wood
properties, static testing may be difficult
to carry out and may be time consuming.
A fast, reliable, and easy-to-use method
for predicting bending properties of solid
and finger-jointed lumber would pro-
mote production and utilization of the
product, and thereby encourage efficient
timber utilization and conservation of
tropical African forests.

Nondestructive wood testing permits
strength and modulus of elasticity (MOE)
values of individual lumber pieces de-
termined destructively to be correlated
with MOE measured nondestructively
~ in order to assign property values with-
out damage due to overloading, thereby
improving the efficiency of timber utili-
zation (6).

The main objective of this study was
to evaluate the effectiveness of using the
longitudinal vibration technique as a
means of nondestructively predicting
modulus of rupture (MOR) of solid and
finger-jointed tropical African hard-
woods of varying densities. If the tech-
nique is found effective, it may have
value in stress grading of solid as well as
finger-jointed tropical African hard-
woods produced from sawmill lumber
residues or off-cuts.

THE DYNAMIC MOE

Several methods for evaluating me-
chanical lumber properties exist. In ad-
dition to the classic static method of de-
termining the elastic properties of wood,
amethod of dynamic evaluation, such as
the longitudinal vibration based on mea-
surement of natural frequency, has been
used for many years (6,7,14,16,28).
However, the number of studies reported
in the literature involving both dynamic
and static tests of lumber is limited, es-
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pecially with respect to tropical African
hardwoods.

The accuracy of the determination of
MOE of wood by the vibration tests 1s
said to be higher than that of static tests
(6,16,19,28). The difference may be due
to the rate of loading in static tests in
which creep effects influence the mea-
sured static deflection (6) and also may
be related to the viscoelastic nature of
wood (19). According to Bodig and
Jayne (6), MOE obtained by vibration
tests proves to be 5 to 15 percent higher
than that by static tests. Tsoumis (28)
also reported that the difference ranges
from 10 to 15 percent. Bucur (7) and
Larsson et al. (19) reported that the
value of MOE determined from dy-
namic tests is about 10 percent higher
than by static tests for spruce and beech.
Kollman and Krech (17) used the vibra-
tion method and obtained 19 and 14 per-
cent higher MOE values than static test
values-for spruce and oak, respectively.

It seems clear that, although test pro-
cedures and dimensions of specimens
may differ among studies found in the
literature, the dynamically evaluated
MOE is generally found to be somewhat
higher than the static MOE. Thus, by us-
ing the vibration method to determine
MOE, wood may be more efficiently
utilized compared to the static test
method. The dynamic method of deter-
mining MOE is also reported to have the
advantage of comparatively shorter test
duration (16).

CALCULATION OF
DYNAMIC MOE

Bodig and Jayne (6) state that the ve-
locity of propagation (C) of stress wave
in the longitudinal direction of a rod
supported at its midpoint is related to the
MOE (E) and the mass density (p) as
follows:

C=./Elp (1]

The general equation relating wave-
length (A) to length of the rod (L) and
mode of vibration (n) is given by:

A=2LIn (2]

The wavelength is the ratio of wave
velocity to the frequency of vibration

(f), thus:
' A=Clf, [3]

Combining Equations [1], [2], and [3]
gives an expression for the frequency of
vibration as follows:

fr=n\JElp2L [4]8

Rearranging Equation [4] gives thel
following equation for cqlculating the}
dynamic MOE of lumber for the funda
mental frequency (i.e., n = 1.

E=4L% f? 51

where E = MOE; p = mass density of
Jumber; L = length of lumber; /. = fun-
damental resonant frequency.
MATERIALS AND METHODS

PREPARATION OF SPECIMENS

Wood samples of Obeche (Triplo-
chiton scleroxylon), Makore (Tieghe:
mella heckelii), and Moabi (Baillonellg
roxzspema) were used for the studyg
The species were selected to represen:
the broad range of tropical African hardj
woods commonly processed. Straight
grained heartwood samples withouf
visible defects such as knots and spirg)
grain were randomly collected from§
three logs of each species. Kiln-dried®
samples of about 8 percent moisturd
content (MC) were planed and cross-cuj
to dimensions of 23 by 150 by 1006
mm. Samples were prepared such t
no visible defects such as knots and spif
ral grains were present, and growth layf -
ers were at right angles to the width of
each specimen. The 1000-mm-long
samples were then matched in pairs of
the basis of MOE (11,25) using the lon
gitudinal vibration test method for fin
ger-jointing.
PREPARATION OF
FINGER-JOINTED SAMPLES

The finger-jointing was done unde
factory conditions and in accordanc
with the NLGA and the German Stanj
dards (9,22). The finger profile use§
(Fig. 1) was the vertical profile type. Fof
Makore and Moabi, the finger length (L
was 18 mm, tip width (f) was 0.6

Figure 1.— Finger profile paramem:
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3.7 mm, and slope (0) was
beche, however, L was 20
Wasoﬁmm pwas 6.0 mm, and 6
3 in 20. A finger-jointer equipped
sth woodworking, gluing, and pressing
components was used. The woodwork-
ing machine used a clamping carriage
that secured stacks of wood samples and
guided them through a circular saw, a
finger profile cutter, and suction. An-
other component aligned the wood dur-
ing gluing and pressing.

The winter-type resorcinol formalde-
hyde glue (DIANOL 33N) was used.
The glue was mixed in accordance with
the supplier’s instructions and according
to the normal practice in the producing
factory. Glue was applied by hand on
both sides of the joint at a temperature of
about 11°C. The joint was held open for
about 60 seconds before matmg and
applying end pressure.

Three different end pressures-used for

lected under a broader study, are shown
in Table 1. The finger-jointed speci-
mens were cured in a chamber heated to
over 30°C for more than 48 hours.
PROCESSING OF FINGER-JOINTED
SPECIMENS AFTER CURING

The finger-jointed specimens were
planed and the outer 5-mm edges along
the length of each specimen were sawed
off to remove inadequately bonded outer
fingers, which could affect joint perfor-
mance. Each specimen was then ripped
in two, and both ends subsequently
trimmed to final test specimen dimen-
sions of 21 by 70 by 2000 mm for
Makore and Moabi, and 21 by 58 by
2000 mm for Obeche. The test speci-
mens were then conditioned to about 10
percent MC before testing. The middle
1000-mm portion that contained the fin-
ger-joint was tested as a finger-jointed
specimen and the 860-mm lengths of the
other sides, as well as additional similar-

pressing specimens of each species, se-

sized specimens, were tested as solid

. TABLE 1. — End pressures for the study.

End pressure type ~ Moabi and Makore Obeche
B L L b (N She o d s dnany
P1 8
P2 12
P3 18
Finger-jointed specimen E(_—-\/ I ; I ’ ¢ fr
e l I I Microphone
}'5 g -=-} dis FFT Analyzer
MOE =4F 4f,?

Figure 2. — Schematic diagram of the longitudinal vibration test set-up.
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Figure 3. — Bending test set-up.
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specimens. In all, 100 finger-jointeq
specimens and 276 solid specimeng
were tested.

TEST METHODS
WOOD DENSITY AND MC

The density of each finger-jointeq
specimen was determined in accordance
with the American Society for Testin
and Materials Standards (ASTM) (3).
The MC of each specimen was mega-
sured using a resistance-type moisture
meter calibrated with ovendried tests,

TEST OF DYNAMIC MOE

Dynamic MOE was determined by
the longitudinal vibration technique for
both the solid and finger-jointed speci-
mens. Dynamic MOEs of the solid spec-
imens were tested before finger-jointing
and the finger-jointed specimens were
tested after jointing. The technique in-
volved introducing vibration into the
specimen by mechanical impact using a
hammer. A microphone at the other end
received the sound and transmitted it
into a Frequency (FFT) Analyzer (Fig.
2), which measured the fundamental
resonance frequency of each specimen.
The MOE of the specimen was then cal-
culated using Equation [5].

STATIC TEST

Both the solid and finger-jointed spec-
imens were tested using an INSTRON
TCM 10000 test machine with a static
loading capacity of 100 kN. The ma-
chine was set at a crosshead speed of 20
mm/min. (for Makore and Moabi) and 5
mm/min. (for Obeche), such that failure
occurred within 3 to 5 minutes. Figure 3 -
shows the static bending test set-up for
the finger-jointed specimens. The fin-
ger-jointed specimen was positioned on
the supports such that the finger-joint
was at center of the 1000-mm span. The
solid specimen was tested over a span of
860 mm. Each bending specimen repli-
cate was tested under a four-point load-
ing arrangement in accordance with
ASTM standards (2). Deflection was
measured within the shear-free zone
(i.e., within the 350-mm distance be-
tween the two loading points), using two
transducers positioned at each side of
the finger-joint. Each specimen was
tested to destruction to determine the
MOR and MOE.

MODEL DEVELOPMENT

Mechanical properties of wood are
linearly related (6,7,16,29). Least squares
regression analyses are therefore usu-
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TABLE 2. — Summary of regression parameters for regression of density on MOR, static bending MOE, and dynamic MOE for the three hardwoods.” _
Coefficient of Correlation Significance |

Type of Regression determination coefficient of model
Species specimen model ¥ (o = 0.05)
Obeche Finger-joint J/=0.1170p + 0.0862 0.59 0.77 0.000
(Triplochiton scleroxylon) n=36 Esr =0.0513p + 1.3471 0.33 0.57 0.000
Epyy =0.0207p + 0.5063 0.50 0.71 0.000 |
Solid f=0.0822p + 19.5789 0.18 0.42 0.000 '.
n=286 Est =0.0064p + 4.3068 0.07 0.26 0.017 '
Epyy =0.0106p +3.4689 0.20 0.45 0.000 |
Makore Finger-joint f=0.1622p - 16.6874 0.42 0.65 0.000
(Tieghemella heckelii) n=30 Esr =0.0353p - 10.1027 0.85 0.92 0.000
Epyny =0.0376p — 10.2821 0.85 0.92 0.000 _ |
Solid f=0.1884p - 23.6921 0.42 0.65 0.000 l',
n=96 Esr =0.0320p —7.5904 0.40 0.63 0.000
. Epyn =0.0304p — 6.1608 0.77 0.88 0.000
Moabi Finger-joint f=0.0900p + 13.4885 0.26 0.51 0.000
(Baillonella toxisperma) n=29 Esr =0.0490p — 23.5584 0.62 0.79 0.000
Epyy =0.0558p — 27.6523 0.64 0.80 0.005
Solid S=0.196Tp — 47.9994 0.28 0.53 0.000
n=94 Esr =0.0272p - 5.5013 0.31 0.56 0.000
Epyy =0.0307p - 7.6760 0.46 0.68 0.000 |
All species Finger-joint [=0.1121p + 4.9187 0.83 0.91 0.000
n=295 Esr =0.0227p-1.2771 = 0.94 0.97 0.000
Epyn =0.0241p - 0.7614 0.96 0.98 0.000
Solid f=0.1453p - 0.7552 0.85 0.92 0.000
n=276 Est =0.0223p - 1.2221 0.90 0.95 0.000
Epyy =0.0223p - 0.6850 0.96 0.98 0.000

% 1 = sample size; p = density (kg/m’); Epyy = dynamic MOE (GPa); Est = static bending MOE (GPa); f= MOR (N/mm?).

. TABLE 3. — Summary of regression parameters for relationships between MOR, dynamic MOE, and static bending MOE for the three hardwoods.®

Coefficient of  Correlation Significance

Type of Regression determination  coefficient of model

Species specimen model r r (o =10.05)
Obeche \ Finger-joint f=4.3260Esr+ 11.8067 0.59 0.77 0.000
(Triplochiton scleroxylon) n=36 Esr=0.7869Epyy + 0.6048 0.72 0.85 0.000
f=3.9433Epyn + 10.2969 0.58 0.76 0.000
Solid f=5.1701Es7+ 14.7125 0.44 0.66 0.000
n=86 Esr=0.7794Epyy + 0.9244 0.56 0.75 0.000
f=3.8251Epyn + 20.9686 0.22 0.47 0.000
Makore Finger-joint f=4a.6464E5T+ 26.5723 0.64 0.80 0.000
(Tieghemella heckelii) n=30 Esr=0.9414Epyy - 0.5223 0.96 0.98 0.000
[=4.3095Epyn + 25.1834 0.59 0.77 0.000
Solid f=3.3089Esr + 57.7276 0.33 0.57 ~.0.000
n=96 ' Esr=09519Epyy +0.3822 0.42 0.65 0.000
f=5.8025Epyy + 20.3690 - 0.48 0.69 0,000
Moabi Finger-joint f=1.9048Esr+ 55.7633 0.46 0.68 0.000
(Baillonella toxisperma) n=29 Esr=0.8934Epyy + 0.3109 0.98 0.99 0.000
f=1.5734Epyn + 58.8616 0.38 0.62 0.000
Solid [=6.6868Esr+ 1.1420 0.76 0.87 0.000
n=94 Est=0.8873Epyn + 1.2496 0.67 0.82 0.000

f=6.0055Epm+82155 0.53 073 0000 4

‘n= sample size; p = density (kg!m3); Epyy = dynamic MOE (GPa); Est = static bending MOE (GPa); f= MOR (N/mm?). .
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Figure 4. — Relationship between density and dynamic MOE for solid and finger-
jointed lumber of Obeche, Makore, and Moabi.

I oe]
(4]

F-J:y=0.0227x - 1.2771
R?=095
n=95

!
i

------ Linear (All Species (Solid))
Linear (All species (F-J))

-
@

Static Modulus of Elasticity (GPa)

10 T m ¥
+4A solid: y = 0.0223x - 1.2221
R?=0.91
5 n=276
0 T T T T 1] T T
200 300 400 500 600 700 800 900 1000
Density

Figure 5. — Relationship between density and static MOE for solid and finger-
jointed lumber of Obeche, Makore, and Moabi.

ally used in the study of wood properties
(18).

Many studies have been conducted on
regression of statically determined me-
chanical properties on dynamically de-
termined properties. Regression of wood
density on statically and dynamically
determined properties has also been well
documented (6,16,19,29,30). Larsson et
al. (19) obtained the same correlation
coefficient of 0.61 for the regression of

static bending MOE on MOR and dy-
namic MOE on MOR for spruce solid
specimens that measured- 38 by-40-mm.
For a 38- by 184-mm section, however,
correlation coefficients of 0.56 and 0.58
were obtained for the regressions of
static MOE on MOR and dynamic MOE
on MOR, respectively. The authors con-
cluded that the statistical correlation
between statically and dynamically es-
tablished moduli is very strong, and that
the dynamic MOE was found to be as

. FOREST PRODUCTS JOURNAL  VoL. 51, No. 1

good a strength predictor as the static
MOE. Studies on regression of finger-
joint strength as a function of MOE are
also well documented for temperate
species (8,10,21).

Bender et al. (5) studied the effective-
ness of using the longitudinal gtress
wave velocity by the impact method to
predict static bending MOE and tengile
strength for several grades and species
groupings of solid and finger-jointed
laminating lumber. The MOE calcy-
lated from stress wave velocity was sig-
nificantly correlated to static bending
MOE. The authors concluded that corre-
lation coefficients between stress wave
MOE and tensile strength, which ranged
from 0.03 to 0.64 for finger-jointed
specimens, and 0.33 to 0.44 for solid
timber, were generally similar to those
between static bending MOE and tensile
strength. Thus, neither static bending
MOE nor stress wave MOE dominated,
in terms of predicting solid and finger-
Joint strength. The use of the stress wave
velocity for predicting solid and finger-
joint tensile strength as well as MOE
was therefore recommended. Little in-
formation was obtained from the litera-
ture on regression studies involving fin-
ger-jointed tropical hardwood properties.

In the present study, the destructive
parameters MOR and bending MOE
were separately plotted as functions of
the nondestructive parameter dynamic
MOE. The regression of MOR as a
function of static bending MOE was
also assessed for comparison. Using
least squares regression analysis, the
best-fitting linear functions were deter-
mined. The regression models were of
the following form:

Egr=Bo+ By Epyy + €
S=PB2+B;s Epyy t €

S=Ba+BsEsrte,

where Ej,, = dynamic MOE of speci-
men (GPa); E. = static bending MOE
of specimen (GPa); f= MOR of speci-
men (N!mmz}s B{]s Bla Bz: B}} Bq,:.and Bs =
regression coefficients; €, €, and €, =
residual errors.

Regressions of wood density on static
and dynamic properties were also as-
sessed in a similar manner.

RESULTS AND DISCUSSION

Analyses of variance (ANOVA) per-
formed using the F-test, at a 5 percent
significance level, indicated that end
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Figure 6.— Relationship between density and MOR for solid and finger-jointed lum-

ber of Obeche, Makore, and Moabi.
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Figure 7.— Relationship between dynamic MOE and static MOE for solid and finger-
jointed lumber of Obeche, Makore, and Moabi.

pressure was not statistically significant
with respect to the finger-joint proper-
ties for each species. The data from the
three end pressures for the finger-jointed
specimens of each species were there-
fore combined, in an attempt to increase
sample size, for the regression analyses.

RELATIONSHIP BETWEEN DENSITY
AND THE MECHANICAL PROPERTIES

Relationships between wood density
and dynamic MOE, static bending
MOE, and MOR were analyzed for each

20

species, and the regression parameters
are presented in Table 2. It is evident
from the results that correlation was
generally high for the regressions, for
both solid and finger-jointed specimens.
Correlation generally seemed slightly
better for the finger-jointed specimens
compared to the solid specimens for
each of the three species. For the com-
bined data of the three species, however,
similar correlation coefficients were ob-
tained for the solid and the finger-

jointed specimens (Table 2 and Figs.
6). The regression models developed for
the individual species as well as for the
combined data were highly statistically
significant (o = 0.05) for both solid and
finger-jointed specimens. Static bend-
ing MOE and dynamic MOE appeared
statistically better correlated with den-
sity than MOR for solid and finger-
jointed specimens for both the com-
bined data of the three species and for
the separate specimens of Makore and
Moabi. For Obeche, however, MOR
seemed better correlated with density
than static bending MOE.

The trend of the correlation coeffi-
cients obtained in the present study
compares well with similar studies in
the literature (6,16,19,30). The results
also followed the general linear relation-
ship between density and mechanical
properties (6,7,16 29).

RELATIONSHIP BETWEEN STATIC
BENDING MOE AND DYNAMIC MOE

Regression of dynamic MOE on static
bending MOE for each of the three spe-
cies was performed, and the results are
presented in Table 3 and Figure 7. The
ranges of correlation coefficients ob-
tained for the finger-jointed and solid
specimens were 0.85 to 0.99 and 0.65 to
0.82, respectively. Correlation coeffi-
cients for the regression of dynamic
MOE on static bending MOE indicate
high correlation between dynamic MOE
and static bending MOE (combined
data; 0.99 for finger-jointed specimens;
0.96 for solid specimens) (Table 4). The
results compare well with the correla-
tion coefficient of 0.99 presented by
Bodig and Jayne (6) for combined data
from tests of solid timber of West Coast
hemlock, coastal Douglas-fir, and in-
land Douglas-fir. The comparatively
lower correlation coefficients for the in-
dividual species (Table 3) might be due
to the small sample sizes. The regres-
sion models developed for the combined
data for the three species were highly
significant (ce = 0.05), thus confirming
the linearity of the relationship between
the two properties. The regression re-
sults seem to indicate that the correla-
tion between statically and dynamically
established moduli is very strong and
that the dynamic MOE may be as good a
strength predictor as the static MOE, in
agreement with Larsson et al. (19)
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PREDICTING MOR OF SOLID
AND FINGER-JOINTED LUMEBER
Dynamic MOE and static bending
MOE were each separately correlated to
MOR for each of the three species, and
the results are presented in Tables 3 and
4. The regression results show that, gen-
erally, there was high correlation be-
tween MOE and MOR for both solid
and finger-jointed specimens of each of
the three species. The results for the in-
dividual species show that the correla-
tion between static bending MOE and
MOR was only slightly higher than that
between dynamic MOE and MOR for
both solid and finger-jointed specimens,
except for the case of solid specimens of
Makore. For the combined data (Table
4), almost the same correlation coeffi-
cients of 0.91 and 0.90 were obtained
between static bending MOE and MOR,
and between dynamic MOE and MOR,
respectively, for the finger-jointed speci-
mens. For the solid specimens also, the
correlation coefficient of 0.95 obtained
for the regression of static bending
MOE on MOR was almost the same as
the 0.94 obtained between dynamic
MOE and MOR. The regression models
developed for the relationship between
dynamic MOE and MOR as well as be-
tween static bending MOE and MOR
were all highly statistically significant
(ct=0.05). The statistically high correla-
tion coefficients and the highly signifi-
cant regression models developed for
the combined data for the three species
(Table 4) seemingly indicate that both
static bending MOE and dynamic MOE
may be good indicators of the MOR of
solid and finger-jointed tropical African
hardwoods. The regression lines of dy-
namic MOE as well as static bending
MOE on MOR are graphically pre-
sented for solid and finger-jointed speci-
mens, for the combined data for all the
species, in Figures 8 and 9. The lower 5
percent exclusion limit line developed
for the regression of dynamic MOE on
MOR for solid and finger-jointed speci-
mens for the combined data is shown in

Table 4 and graphically in Figure 9.

This lower 5 percent exclusion limit
may be used to predict the MOR of solid
and finger-jointed timber from the three
tropical hardwoods using their dynamic
MOE.

CONCLUSIONS

Dynamic MOE was well correlated to
static bending MOE for solid and finger-
jointed tropical African hardwoods. The
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Figure 8. — Relationship between static MOE and MOR for solid and finger-jointed

lumber of Obeche, Makore, and Moabi.

TABLE 4. — Regression parameters for relationships between MOR, dynamic MOE, and static bending

MOE for combined data for all species for finger-jointed and solid specimens.”

Coefficient of Correlation  Significance
Specimen Regression determination  coefficient of model
type model r (c.=0.05)
Finger-joint [=4.8002E .+ 12.919 0.83, 0.91 0.000
n=295 Egr=0.9410Ep,, — 0.5471 0.98 0.99 0.000
S=4.4893E, + 10,7286 0.81 0.90 0.000
5% Exclusion limit line
f=4.0401E, +4.0125
Solid f=6.5246E .+ 7.5868 0.90 0.95 0.000
n=276 E¢r=0.9891E,,, — 0.4257 0.92 0.96 0.000
S=6.4261Ep,,, +4.8830 0.88 0.94 0.000

5% Exclusion limit line
= 6.1460E py, + 0.9347

3 n=sample size; p = density [kgfm3); Epyn=dynamic MOE (GPa); Est = static bending MOE (GPa); f=

MOR (N/mm?).

correlation between dynamic MOE and
static bending MOE was only slightly
lower for solid specimens compared to
finger-jointed specimens.

Correlation between dynamic MOE

-and MOR for the combined data for the

three species was comparable to that be-
tween static bending MOE and MOR
for both solid and finger-jointed lumber.
Therefore, dynamic MOE may be as
good a strength predictor as static bend-
ing MOE. Regression models developed
were highly statistically significant. The
lower 5 percent exclusion limits derived
seem useful for predicting MOR of solid

FOREST PRODUCTS JOURNAL VoL. 51, No. 1

and finger-jointed lumber. Although the
static bending test is generally recog-
nized as a more desirable method of de-
termining MOR, these results have indi-
cated that the longitudinal vibration
technique may also be useful as a non-
destructive method for predicting the
MOR of solid and finger-jointed tropi-
cal African hardwoods. The technique is
suitable, especially in situations where
the static bending test is not feasible to
undertake. This nondestructive testing
method may encourage efficient timber
utilization and the conservation of tropi-
cal African forests.
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