T -

‘WOOD ENGINEERING

' VISUAL STRESS GRADES OF
DAHURIAN LARCH LUMBER Q

ROBERT L. ETHINGTON
RAKESH GUPTA
DAVID W. GREEN

ABSTRACT

Allowable properties for dahurian larch (Larix dahurica) lumber from the Russian
Far East were estimated. Although sample limitations prevented exact adherence to
current U.S. standards, analyses were made in the spirit of a protocol accepted by the
Board of Review of the American Lumber Standard Committee. For the four structural
light framing grades contained in the National Grading Rule, modulus of elasticity
(MOE) and bending allowable properties of dahurian larch were higher than that of
Douglas Fir-Larch, compression parallel to grain and shear were about the same as that
of Spruce-Pine-Fir South, and tension and compression perpendicular to grain were
more like Hem-Fir. Because of the sampling limitations, a more conservative analysis
was then performed. By this analysis, MOE of dahurian larch was still somewhat higher
than that of Douglas Fir-Larch, but bending, tensile, and compressive allowable
properties were more similar to those of Spruce-Pine-Fir South. We suspect that a more
complete evaluation would yield results intermediate to those of these two analyses,
showing that the properties of dahurian larch are not very different from those of Douglas

Fir-Larch.

Results from tests on a sample of
machine-stress-rated dahurian larch
(Larix dahurica) lumber (12) permit at
Jeast a cursory examination of this spe-
cies for:visual stress grades as described
in the National Grading Rule (15,16).
This sample consisted of 215 12-foot-
long boards of 2 by 4 lumber that were
tested in edgewise bending, shear, and
compression perpendicular to grain.!
This paper reports the results of the tests
analyzed from the perspective of visual
grading.

The lumber was taken from logs that
originated in two forests between
Khabarovsk and Viadivostok in the far
southeastern corer of Russia. Detailed
descriptions of the species (13) and the

1 2 by 4 refers to nominal 2- by 4-inch (standard (38-
by 89-mm) dimension lumber.
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sample (11) have been reported. Re-
searchers from a research institute in
Khabarovsk gathered the logs from
their forests; the logs were sawn into
fumber and dried at the institute.
Guidelines for establishing allow-
able properties for visual stress grades
of foreign lumber were first adopted by
the Board of Review of the American
Lumber Standard Committee (ALSC)
in 1973 (8). These guidelines only ad-
dressed equivalency — the demonstra-
tion that grades of a foreign species had
properties at least as high as those of

some domestic counterpart. As interest
in foreign lumber waned, the guidelines
were seldom used. By the 1990s, inter-
est in introducing foreign structural
lumber reawakened. Green and Shelley
(9,10) crafted new guidelines that incor-
porated the evolution of thought of the
preceding 20 years. These new guide-
lines were adopted by the ALSC Board
of Review in 1992.

The sample used in our study, which
was designed to answer certain ques-
tions about machine-stress-rated da-
hurian larch, did not meet all the re-
quirements of the Green-Shelley (9)
protocol. However, it is the only sub-
stantial body of full-size test data on this
species, and it should be possible to
extract an approximate set of allowable
propetties. For example, these proper-
ties can be used to decide what addi-
tional sampling and testing should be
done or whether there is further interest
in importing dahurian larch.

EXPERIMENTAL METHODS

To obtain a good estimate of allow-
able properties for a grade, the visual
grading protocol of Green and Shelley
requires “...approximately 360 speci-
mens...per size, grade, and test mode”
taken from “as many geographic loca-
tions as possible.” OQur sample did not
contain that many specimens. Because
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‘ TABLE 1. — SI conversion factors.

English unit of measurement Conversion factor . Sl unit of measurement
Foot (ft.) 0.3048 Meter (m)
Inch (in.) 254 Millimeter (mm)
Pound-force per square inch (psi) 6.894 Kilopascal (kPa)
Mile 1.609 “Kilometer (km)
TABLE 2, — Distribution of pieces.in each grade.
No. of pieces
Grade Strength-grade criteria In-grade criteria
* Select Structural 98 54
‘ No.1 38 24
No.2 46 62
No.3 "33 72
Below No. 3 0 3

TABLJ. 3. — Bending properties of dahurian larch lumber adjusted to 15 percent moisture content.*

Grade
Property Statistic Select Structural No. 1 No.2 No.3
In-grade sort
Sample size -- 54 24 62 72
MOE (x 10° psi) Average 2.039 1.816 1.696 ~ 1610
Sb 0.345 0.233 0.293 0415
MOR (psi) Average 9,779 7,580 7,062 6,564
SD 2,174 1,589 2,210 2,747
NPE 6,460 4,195 3,942 2,741
NTL: 6,442 3,882 3,667 2,582
Specific gravity Average 0.546 - 0.509 0518 0.535
N SD 0.068 0.042 0.053 0.066
Strength-grade sort . .
Sample size -- 98 38 46 33
MOE (x 10°psi)  Average 1.959 1.769 1.563 1.436
sD 0.362 0.275 0.235 0.389
MOR (psi) Average 9,007 6,884 6,401 5,790
sD 2,519 1,871 2,133 2612
NPE 4,611 3,830 3.063 2,526
'NTL 3,941 2,842 2,587 2,396
Specific gravity Average 0.546 0.515 0.506 0.528
) SD 0.061 0.046 0.054 0.077

* SD = standard deviation; NPE = nonparametric point estimate; NTL = nonparametric tolerance limit.
NPE was for the 5th percentile according to section 4.5.4, ASTM D 2915 (6). NTL was with 75 percent

confidence, according to table 2, ASTM D 2915.

bSamplcsiuwasfourspecimenstoofewmuscthcfust—ordetstaﬁsﬁc,woordingtotahlel.AS'IMD

2915. The value shown is the first order statistic.

we chose to sample 4 visual grades, we
would have needed 1,440 specimens
for this 1 size evenly distributed across
grades for bending tests alone. We had
only 215 specimens, but we did not
succeed in obtaining an equal number
in each grade.? In addition, our sample
was collected from two locations about

2Weiniﬁﬂ!yhd232&pecimaxs. Some specimens
were rejected because of problems encountered in
the bending and shear tests or because of errors in
recording messurements.

3The recommended target MC in section 8.3.2.1,
ASTM D 1990 (4).

FOREST PRODUCTS JOURNAL

35 miles apart in a vast growing range
(11). (See Table 1 for SI conversion
factors.)

We are unable to clearly define the

population from which the sample was

.taken. We presume that it reasonably rep-

resents dahurian larch in the far south-
eastern comer of Russia, but we cannot
draw a line on the map that delineates the
geographic scope. of this species. This
was simply the material we could fairly
readily obtain under circumstances in the
Soviet Union in 1991.

When the lumber was received in
the United States, West Coast Lumber

Vot. 47, No. t-

Inspection Bureau (WCLIB) inspectors
were asked to examine each piece,
identify it with one of the four structural
light-framing grades given in the
WCLIB rulebook (15) on the basis of
knots and slope of grain alone, and
mark the cross-section that established
the grade. The inspectors then were
asked to evaluate the lot a second time
using all of the grading criteria in the
ﬂ.lleOOk. -

Thus, for purposes of analysis, the
sample was sorted according to: 1)
growth characteristics that affect me-
chanical properties and are restricted in
the derivation of allowable properties
(strength-grade criteria); and 2) grading
criteria such as straightness, wane, and
the like, in addition to the strength crite-
ria (in-grade criteria). Throughout this
paper, statements referring to strength-
grade and in-grade pertain to pieces as
sorted by the WCLIB inspectors. The
distribution of pieces in the grades is
shown in Table 2.

It can be deduced from the table that
from a strength-grade perspective, there
were far too many pieces in the highest
grade, with an approximately uniform
distribution of pieces in the three lower
grades. When the same pieces were
sorted by in-grade criteria, many pieces .
were lowered in grade; there was an
approximately uniform distribution
across all grades except No. 1; three
pieces had some characteristic that pre-
vented them from entering even the
lowest grade.

A 5-foot length of each piece was
tested to failure in edgewise static bend-
ing. From the remaining 7 feet of each

. piece, a clear, straight-grained 10-inch

length was selected to provide one
shear specimen and one compression
perpendicular-to-grain specimen. The
test methods were described in detail
previously (11,12). The specimens and
tests were consistent with the Green-
Shelley protocol.

All analyses described in this report
were conducted on the basis of me-
chanical properties adjusted to 15.0
percent moisture content (MC),? unless
otherwise specified, using Annex Al of
ASTM D 1990 (4). The average MC
prior to adjustment was 15.6 percent,
with individual values ranging.from
about 14 to 20 percent. Specific gravity
was adjusted to a basis of volume at
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15.0 percent MC using the equations in

the appendix of ASTM D 2395 (5).
ANALYSES AND RESULTS

QUALIFICATION OF SPECIES

To qualify the species according to
the Green-Shelley protocol, actual test-
ing of either bending strength (modulus
of rupture (MOR)) or ultimate tensile
stress (UTS) is required, with the un-
tested property and ultimate compres-
sive stress (UCS) parallel to grain pre-
dicted from the tested property using
ASTM D 1990. We chose to use MOR
as the tested property. Qualification also
required tests in shear and compression
perpendicular to grain. ’

Table 3 provides summary statistics
from the bending tests. The modulus of
elasticity (MOE) and MOR values are
for the standard dressed size (1.5 by 3.5
in.). To obtain the MOR at this size from
the MOR at test adjusted to 15 percent
MC, a two-step procedure was used.
First, all cross-sectional dimensions at
the time of test were adjusted to the
dimensions at 15 percent MC, per sec-
tion 8.4.1 of ASTM D 1990. Second, the
MOR at 15 percent MC was adjusted
from the test size at 15 percent MC to
the standard dressed size, using equa-
tion (1) of ASTMD 1990. -

The 5 percent nonparametric point
estimate (NPE) in Table 3 was obtained
from equation (8) of ASTM D 2915 (6).
The 75 percent confidence-95 percent
content rfonparametric tolerance limit
(0.75 NTL) was obtained using Table 2
of ASTM D 2915 (6).

Predictive equations for estimating
UTS and UCS are given in section 9.5
of ASTM D 1990:

T=0.45R (1]

C=[1.55 - (0.32 x R/1,000) +
0.022x (R/1,000HR (2

In Equations {1} and [2), R, T,and C
are the 0.75 NTL for MOR, UTS, and
UCS, respectively. R is the same as 0.75
NTL in Table 3. Table 4 contains the
solutions of Equations [1] and {2] for
the in-grade and strength-grade sorts,
and for all four grades. The tabulated
values have the character of predicted

* DeBonis, Al. Recommended allowable properties
for Russian spruce. Wood Advisory Services, Inc.
Unpublished report 1o the ALSC, Dec. 27, 1994.
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TABLE 4. — Culculated ultimate tensile stress (UTS) and wltimate compressive stress (UCS) by sorting

criterion and grade.
Grade .
Property’ Select Structural No. 1 No.2 No. 3
In-grade sort

UTS (psi) 2,899 1,747 1,650 1,162
UCS (psi) 2,587 2,482 . 2,466 2,247

Strength-grade sort '
UTS (psi) 1,773 1,279 1,164 1,078
UCS (psi) 2,485 2,325 2,249 2,179

- * Nonparametric tolerance limit with 75 percent confidence as per Equations {1] and [2].

TABLE5. Comparison of certain mechanical properties of dahurian larch clearwoad at 15 and 27 percent

MC.
Shear strength Compression perpendicalar
(psi) to grain® (psi)
Direct method - DeBonis method  Direct method  DeBonis metiiod
Statistic (MC = 15%) (MC = 27%) (MC =15%) (MC=27%)
Sample size 212 212 232 232
Average value 1,031 877 857 545
Standard deviation 276 234 216 143
Normal 5th” 577 491 502 310

* Stress at 0.04-inch offset.

The S percent exclusion value by the method in note 9 of reference (1). Assumes a normal distribution

of the property.

tolerance limits (75% confidence and
95% content) for 1.50-inch by 3.50-
inch by 5.0-foot pieces at 15.0 percent
MC.

The Green-Shelley protocol pre-
scribes that shear and compression per-
pendicular-to-grain tests are to be con-
sistent with ASTM D 143 (2), with
certain thickness modifications permit-
ted. The protocol leaves moot how to
analyze test results. Because ASTM D
245 (3) is the major standard for estab-
lishing allowable properties for visual
stress grades, one would expect that it
was intended as a guide. However, this
standard anticipates that tests would be
conducted on green lumber, with a con-
comitant dry/green ratio for each prop-
erty and the species under consideration
published in ASTM D 2555 (1). For

* dahurian larch, lumber was tested at

about 15 percent MC, and there is no
dry/green ratio for either property in
ASTM D 2555.

Shear and compression perpendicu-
lar-to-grain test results were analyzed in
two ways. One was a very direct
method; since we tested at nearly the
target MC of 15 percent, we adjusted all
summarizing statistics to 15.0 percent
using equation A1.5 of ASTM D 1990.
The other analysis was the one em-

ployed by DeBonis,* in which results
from tests on dry lumber were hypothe-
sized as being from green lumber. This
technique had the effect of adjusting
shear and compression perpendicular-
to-grain strengths to near 12 percent
MC using the function:

Si12=S{(P - 12)KP-MC)] (3]

where:
S = strength
t= testcondition .
P = fiber saturation point, taken by De-
‘Bonis at 27 percent

DeBonis used the average MC for all
test specimens; thus, he adjusted the
strength, S,,, to correspond to an aver-
age of 12 percent. He then divided by an
average dry/green ratio for each prop-
erty and all species listed in ASTM D
2555 except cedars, thus converting
each observation of strength to a hypo-
thetical value for the green condition.
The DeBonis average dry/green ratios
are 1.47 for shear and 1.99 for compres-
sion perpendicular to grain.

Where we used the DeBonis
method, rather than using the average
MC  in Equation [3], we used the actual
MC measured for each specimen at time
of test. Thus we calculated an “exact”
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TABLE 6. — Factors used to convert test statistics 1o allowable properties.

Property Size and configuration multiplier Adjustment factor
MOE 1.0166 10
MOR 0.8846 2.1
Tension 0.8846 2.1
Compression parallel to grain 1.0 19
Shear 0.50 4.1
Compression perpendicular to grain 1.0 1.67
TABLE 7. — Allowable properties for dahurian larch.*
Grade
Property (psi) Criterion Select Structural No. 1 No. 2 No.3
MOE (x 10%)  In grade 21 1.8 17 16
Strength grade 20 1.8 16 15
F In grade 2,700 1,650 1,550 1,100
Strength grade 1,650 1,200 1,100 1,000
F, In grade 1,200 725 700 500
 Strength grade 750 550 500 450
F, In grade 1,350 1,300 1,300 1,200
Strength grade 1,300 1,200 1,200 1,150
F, Direct 70 70 70 70
DeBonis 65 65 65 65
Fe, Direct 515 515 515 . 515
DeBonis -490 490 490 490

S, for each specimen (recognizing that
all of these calculations are approxima-
tions).

Property statistics obtained by both
the direct method and the DeBonis
method are shown in Table 5. These
methods cannot be directly compared
on the basis of the tabulated values be-
cause they used different MC values.
However, each set of values was prop-
erly developed as an intermediate step
in deriving allowable properties, as de-
scribed in the following section.
ALLOWABLE PROPERTIES
FOR VISUAL GRADES

When a species has been qualified,
adjustments must be made to property
statistics to reduce them to the level of
allowable properties. ASTM D 1990
provides two checks (sections 9.3 and
12.6) to assure that strength statistics
used for deriving allowable properties
are within reasonable bounds based on
the test data at hand. These checks have
meaning only if more than one width is
tested. Therefore, we ignored them in
the study reported here. In addition,

5 The size adjustment for MOE obtained from equa-
tion (1) of ASTM D 1990 is unity.
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section 8.2 of ASTM D 1990 alludes to
the need for some action if the nonpara-
metric estimate of strength ratio (called
GQI in the standard) 5 percent point
falls outside the range associated with
the grade in the National Grading Rule.
We did not obtain satisfactory strength
ratios on the broken pieces, and thus
could not make this check. However,
we assumed that the inspectors’ judg-
ments were correct in establishing
grade for these samples. In that case, for
the strength-grade’ sort, the pieces in
each grade had strength ratios appropri-
ate for that grade and the 5 percent point
of strength ratio necessarily fell within
the desired range. For the in-grade sort,
itis possible that the 5 percent point fell
above the desired range (as found by
DeBonis, for example).

We needed to adjust MOR to a 12-
foot length, using equation 1 of ASTM
D 1990, and to adjust MOE to a 21:1
span-depth ratio and an assumed uni-
formly distributed load, using equation
4 and Tuble S of ASTM D 2915.° More-
over, both properties fieeded to be di-
vided by the factors in table 2 of ASTM
D 1990. Shear and compression
strength perpeadicular to grain were
similarly divided by factors given in
table 9 of ASTM D 245 (3). In addition,

vot. 47, No. 1

by custom, allowable shear stress was
reduced by half, as if each piece con-
tained a full-length split (see section
4.2.3 of ASTM D245). The factors de-
rived from these references are consoli- .
dated in Table 6. : '
Each allowable property was ob-
tained by finding the appropriate statis-
tic in Tables 3 to § and then applying
the multiplier and dividing by the ad-
Jjustment factor (Table 6). The appro-
priate starting statistic was the sample

-average for MOE and compression per-

pendicular to grain; NTL (0.75) for
MOR; T and C for tension and com-
pression parallel to grain, respectively;
and normal 5th percentile for shear. Al-
lowable properties in shear and com-
pression perpendicular to grain derived
using DeBonis statistics as a starting
point needed to be multiplied by 1.08
and 1.50, respectively, to convert them
from values for green lumber to stand-
ard values for dry lumber (reference (3),
table 11).

In our study, the allowable property
computations generated two values (an
in-grade and a strength-grade version)
for bending strength and stiffness or
MQOE, tension, and compression paral-
lel to grain, for each of four visual
grades. Two values were also generated
for shear and compression perpendicu-
lar-to-grain strengths (by the direct
method and the DeBonis method), and
these values applied to all grades. Al-
lowable properties obtained from these
calculations are shown in Table 7.

DlSCUSSlO‘N
As previously discussed, this sample
was smaller and less disperse than that

required by the Green-Shelley protocol.

In addition, the study did not include
the measurement of strength ratios after
failure that are required in ASTM D
1990. However, the results give the
magnitude of allowable properties that
might be anticipated if all of those con-
ditions were met.

Grade clearly had an effect on MOE.
Although that effect was about the
same for either sort, the MOE of pieces
in the in-grade sort was about 100,000
psi higher than that of pieces in the
strength-grade sort. Also, by either sort,
the MOE was typically 100,000 to
200,000 psi higher than that for
Douglas Fir-Larch (15,16).

Figure 1 shows the relationship of
allowable bending stress to strength ra-
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tio. The allowable bending stress values
from Table 7 were plotted against the
strength ratio assigned to each of the
four grades by the National Grading
Rule. We superimposed the values cur-
rently assigned to Douglas Fir-Larch in
WCLIB grading rules (15,16). To make
the values comparable, WCLIB rule-
book F, values were adjusted to a4-inch
width.® In Figure 1, the parallelism of

the three lines of data is striking. If the

allowable bending stress for the No. 3
grade, strength-grade sort were lower
(on the order of 500 psi), the three lines
would follow very similar trends. Note
that the sample size for No. 3 grade in
the strength-grade sort was 33 observa-
tions, compared to 72 observations for
the in-grade sort. It seems likely that
larger sample sizes, as required by the
Green-Shelley protocol, would resolve
anomalies of this kind. .

The nonmandatory section X.8 of
ASTM D 1990 provides some philoso-
phy about forcing a “...logical relation-
ship between grade description and as-
signed property values.”

In section X.8.2, it is recommended
that No. 1 bending and tension values be
set at 85 percent, and compression pat-
allel to grain be set at 95 percent of
values interpolated from Select Struc-
tural and No. 2 data. Furthermore, it
recommends allowable strengths for
grades lower than No. 2 be interpolated
from a straight line through the origin
and the No. 2 value on the basis of
strength ratios assigned to the grades.
Ostensibly these concepts are derived
from observations from the North
American In-Grade Program.

We used. this method to obtain esti-
mates of F, for No. 1 and No. 3. The
results are shown in Figure 2, again
with Douglas Fir- Larch superimposed.
Now exactly the same trends are shown
in all three lines because the section X.8
criteria force them to be that way. But,

S For the width adjustment, we used table 4 of refer-
ence (11), which equals table A in reference (14).
The values for Douglas-Fir-Larch are also based
on tests of three widths from the North American
In-Grade Program (14). ASTM D 1990, section 9,
provides a way to combine data from several test
widths to harmonize allowable properties across
widths. This procedure probably has the effect of
lowering allowable bending stress for the 4-inch
widthbelow what is observed in tests. In our study,
we made no test of wider widths that could show
this kind of moderating effect.
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Figure 1. — Relationship of allowable bending stress to strength ratio for lumber

in various sorts.
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Figure 2. — Figure 1 modified by the criteria of section X.8, ASTM D 1990.

comparing Figure 2 to Figure 1, the ma-
jor changes are in No. 3, strength-grade
sort, and in No. 1, in-grade sort. We sus-
pect these two categories are at least af-
fected by the small sample size (Table 2),
and it is that kind of problem that the X.8

criteria are intended to solve.

The in-grade sort yielded higher al-
lowable bending properties than did the
strength-grade sort for all four grades.
This should be expected for all but the
highest grade — the shift from strength-
grade to in-grade moved some pieces {0
lower grades because of grading criteria
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TABLE 8. — Pieces in in-grade sort resulting from shifts from higher grades of strength-grade sort.

Grade
Statistic Select Structural  No. 1 No. 2 No.3
In-grade
sample size 54 24 62 72.
No. of pieces
shifting from
higher grades 0 0 Select Structural =18 Select Structural = 25

No.1=7
No.2=7

No.1=6

TABLE 9. — Comparison of allowable shear and
compression perpendicular to grain stress to
several domesiic species groups.

Allowable stress
(si)
Species group Fv Fep
Daburian larch 70 515
Douglas Fir-Larch 95 625
Hem-Fir - 75 405
Spruce-Pine-Fir South 70 335

that do not affect strength. This move-
ment tended to raise the test statistics in
the lower three grades. Since the high-
est grade could only lose pieces to the
lower grades, it is difficult to estimate a
priori how that would affect property
statistics. In this study, there was a sub-
stantial increase in allowable bending
stress and MOE of Select Structural
pieces in moving from the strength-
grade to the in-grade sort, even though
that meant moving 44 pieces to lower
grades. We take that to be a happen-
stance of the study; the same trend
might not occur if an independent study
were made.

The strength-grade sort contained
only pieces that had strength-reducing
characteristics (knots or general stope
of grain) prescribed for that grade by
the National Grading Rule. As visually
graded lumber is taken from a sawmill
and into commerce, a parcel of any
grade below the highest grade typically
contains pieces that are not limited by
these strength-reducing characteristics,
but rather fall into that grade (instead of
a higher grade) because of crook, wane,
or some other limiting characteristic
that does not affect strength. Thus, the
strength-grade sort has the charac-
teristics of a worst case that rarely, if
ever, occurs.

The in-grade sort is meant to be
more typical of the commercial parcel;
however, if allowable properties are es-
tablished by the in-grade sort, this im-
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mediately raises several questions:
How much lumber is in that sort be-
cause of those non-strength-limiting
characteristics? How does that higher
strength material affect the allowable
property designation for the grade? Can
that proportion of higher strength mate-
rial or better material typically be ex-
pected in commercial parcels?

We examined how many pieces in
each grade, for the in-grade sort, fell
into the grade for non-strength reasons.
Those results are shown in Table 8. By
definition, no such pieces can be graded
Select Structural. An examination of
the National Grading Rule revealed that
the limitations for non-strength-reduc-
ing characteristics are the same for Se-
lect Structural as for No. 1. Thus, in
Table 8, there is also a zero for No. 1.
Thirty-nine percent of No. 2 pieces and
54 percent of No. 3 pieces in the in-
grade sample should have strength
more like that of a higher grade. In most
cases, that higher grade is Select Struc-
tural, even for those pieces that are
graded as No: 3.

Whether strength-grade or in-grade
sorts are more appropriate in repre-
senting a species is a matter of philoso-
phy, and such questions are usually set-
tled in formulating a standard. The
Green-Shelley protocol and ASTM D
1990 establish in-grade as the appropri-
ate criterion. However, that was done in
the context of the North American In-
Grade Program (14), where many saw-
mills were sampled throughout the pro-
ducing range in the United States and
Canada. Properly graded pieces were
accepted into the sample for non-
strength-reducing reasons as well as for
the knots and slope of grain with the
claim that “these data represent the
global strength and stiffness qualities of
lumber in the marketplace.”

From this study of dahurian larch,
we can make no such claim. Thus, in
this limited study — limited because

vot. 47, No. 1

-the lumber was obtained from only two

nearby locations in a vast range, be-
cause it was not obtained from a saw-
mill that funnels lumber into com-
merce, and because our sample sizes
were below those required by the proto-
col — we would argue that the strength-
grade results reasonably represent the
grades of dahurian larch, on the safe
side. A larger sample that overcomes
the limitations would probably yield
higher allowable properties in bending
and the properties might equal or ex-
ceed those of Douglas Fir-Larch from
the northwestern United States.

In effect, F, and F, are derived from
F, by formula. Thus all observations
about the bending allowable stress will
be reflected in the tension and compres-
sion parallel-to-grain stresses. That is
the requirement of the Green-Shelley
protocol. However, in National Grading
Rules, tension and compression values

" -for northwest species groups were ob-

tained from -actual tests in tension and
compression. For this reason, these two
published allowable stresses for a do-
mestic species group will not so closely
follow F, trends. In fact, the F, value for
No. 3 Douglas Fir-Larch is the same as
that shown in Table 7 for dahurian
larch, but increases above dahurian
tarch progressively for higher grades,
and is 1,500 psi for Select Structural
Douglas Fir-Larch. Dahurian larch ten-
sion values are more like published val-
ues for Hem-Fir. The F, for dahurian
larch is well below that published for
Douglas Fir-Larch, and is more like that
of Spruce-Pine-Fir South. Perhaps the
relation of tension and compression
properties to bending strength for da-

. hurian larch is unlike that shown in

ASTM D 1990, section X.4. However,
Gupta et al. (12) reported the
UTS/MOR relationship very similar,
with the suggestion that a higher tensile
property, would be predicted for da-
hurian larch than for Douglas Fir-
Larch. A plausible argument can be
made that the tension and compression
values would generally be higher for
dahurian larch if obtained from test
than if obtained from formula.

The direct method and the DeBonis
miethod resulted in surprisingly similar
allowable stresses for shear and com-
pression perpendicular to grain. The di-
rect method is far simpler and closely
tied to what was measured in the ex-
periment. The DeBonis method is
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fraught with assumptions and adjust-
ments; but it does follow ASTM D 245
closely. However, ASTM D 245 and
ASTM D 2555 were clearly developed
on and for North American species and
rely on dry/green ratios that are not gen-
erally available for foreign species.

In a previous report (7), we discussed
the effect of ring angle on strength in
compression perpendicular to grain-and
argued that the allowable stress for that
property might appropriately be in-
creased because of the uncontrolled ring
angle that existed in the dahurian larch
test specimens. That argument holds
equally well here; however, current
standards do not permit this increase.

Allowable stresses in shear and com-
pression perpendicular to grain for sev-
eral domestic softwood groups are con-
trasted with those for dahurian larch in
Table 9. Allowable shear stress for da-
hurian larch appears to be about the
same as that for Spruce-Pine-Fir South,
or perhaps Hem-Fir; compression per-
pendicular to grain of dahurian larch is
between that of Hem-Fir and Douglas
Fir- Larch.

CONCLUDING REMARKS

The sample size of dahurian larch
(Larix dahurica) 2 by 4 lumber in
this study was only 15 percent of
that required by contemporary
standards. However, the study gives
an idea of the approximate allowable
properties appropriate under the
ALSC standard for dimension lum-
ber of the species.

Allowable bending properties were
determined on the basis of knots and
cross-grain (strength-grade) prescribed
for Select Structural, No. 1, No. 2, and
No. 3 grades in the National Grading
Rule. These properties were also ob-
tained for the same grades using all the
characteristics that are limited in the Na-
tional Grading Rule (in-grade), includ-
ing many features that do not affect me-
chanical properties. The ALSC
guideline (9) for deriving allowable
properties specifies that the in-grade
sort will be used. For that case, allow-
able MOE for dahurian larch was
100,000 to 200,000 psi higher than that
currently accepted for Douglas Fir-
Larch of the same grades. Similarly, al-

lowable bending stress (F,) was calcu-
lated to be from 150 to 525 psi higher
than that for Douglas Fir-Larch, de-
pending on grade.

The strength-grade sort gave more
conservative values, probably more ap-
propriate given the limitations in our
sample. In thiscase, MOE for dahurian
larch was 100,000 psi higher than that
for Douglas Fir-Larch, and F, was from
200 to 550 psi lower, except for No. 3.
We suspect that our in-grade and
strength-grade sorts provided upper and
lower bounds; if a much larger sample
were taken in a way more representative
of the growth range of dahurian larch,
the results would likely be between
those for our two sorts — perhaps much
like Douglas Fir-Larch in the United
States.

Values for tension (F,) and compres-
sion parallel to grain (F) were derived
by formula from bending strength val-
ues. F, derived this way is about like that
for Hem-Fir; F, is similar to Spruce-
Pine-Fir South. Green and Shelley (9)
indicate it is believed equations (1) and
(2) are conservative, and we suspect that
is why dahurian larch bending allow-
able properties are about like Douglas
Fir-Larch, but tension and compression
properties are comparatively lower. The
current procedure (9) enjoins standards
for deriving allowable shear and com-
pression perpendicular-to-grain stresses
based on tests on green lumber with a
dry/green ratio known for the species.
We tested at near 15 percent MC, and no
dry/green ratios were available to us.
Therefore, we used two different non-
standard procedures to-derive these al-
lowable properties. The results were not
greatly different in either case and
yielded values approximate to those for
Spruce-Pine-Fir South and nearly as
high as those for Hem-Fir.

LITERATURE CITED
1. American Society for Testing and Materi-
als. 1996. Standard test methods for estab-
lishing clear wood strength values. ASTM
D 2555-88. Annual Book of Standards,
Vol. 04.10. West Conshohocken, Pa.
2. . 1996. Standard methods of

testing small clear specimens of timber. -

ASTM D 143-94. Annual Book of Stand-
ards, Vol. 04.10. West Conshohocken, Pa.
3. . 1994. Standard practice for
establishing structural grades and related

allowable properties for visually graded
lumber. ASTM D 245-93. Aanual Book of
Standards, Vol. 04.10. West Consho-
hocken, Pa.

T4 . 1994. Standard practice for

establishing allowable properties for visu-
ally-graded dimension lumber from in-
grade tests of full-size specimens. ASTM
D 1990-95. Annual Book of Standards,
Vol. 04.10. West Conshohocken, Pa.

5. . 1994. Standard test methods
for specific gravity of wood and wood-base
materials. ASTM D 2395-93. Annual Book
of Standards, Vol. 04.10. West Consho-
hocken, Pa.

6. . 1994. Standard practice for
evaluating allowable properties for grades
of structural lumber. ASTM D 2915-94.
Annual Book of Standards, Vol. 04.10.
West Conshohocken, Pa.

7. Ethington, R.L., V_Eskelsen, and R. Gupta.
1996. Relationship between compression
strength perpendicular to grain and ring
orientation. Forest Prod. J. 46(1):84-86.

8. Galligan, W.L. and R.L. Ethington. 1973.
Philosophies of testing/inference where the
goal is to judge whether an imported grade
meets or exceeds an ALS approved grade
of dimension lumber. Rept. to Board of
Review, American Lumber Standard Com-
mittee. Germantown, Md.

9. and B.E. Shelley. 1992. Guide-
lines for assigning allowable properties to
visually graded foreign species based on
test data from full sized specimens. Board
of Review, American Lumber Standard
Committee. Germantown, Md.

10. . 1993. Guidelines for assign-
ing allowable properties to mechanically
graded foreign species. Board of Review,
American Lumber Standard Committee.
Germantown, Md.

11. Gupta, R. and R.L. Ethington. 1994. Gen-
eral physical characteristics of dahurian
larch .(Larix dahurica) from the Russian
Far East. Forest Prod. J. 46(4):90-93.

12. . , and D.W. Green.
1994. Mechanical stress grading of da-
hurian larch structural lumber. Forest Prod.
3. 46(7/8):79-86.

13. Krankina, O. and R.L. Ethington. 1994.
Forest resources and wood properties of
commercial tree species in the Russian Far
East. Forest Prod. J. 45(10):44-50.

14. Wallace, D E. and K.E. Cheung. 1989. U.S.
in-grade testing program: summary of
piece properties and status of use. In: In-
grade Testing of Structural Lumber. Proc.
47363, Forest Prod. Res. Soc., Madison,
Wis. pp. 87-92.

" 15. West Coast Lumber Inspection Bureau.

1993. Standard No. 17: Grading rules for
west coast lumber. WCLIB, Portland,
Oreg. Revised March 1, 1993.

16. Western Wood Products Association.
1991. Western lumber grading rules.
WWPA, Portland, Oreg.

JANUARY 1997



