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Study of the Effect of Grain Angle on the Compressive Strength of Red Meranti
Timber (Shorea spp.)

Abstract

The compressive strength of timber is the main parameter in design of timber bridges (truss system), building roof (truss
system), or column in buildings. In term of design of compression structural components according to the SNI 7973:2013
reference, the corrected compression design value is a calculation of compressive strength parameters and correction factors,
for example, wet service factors, temperature factors, column stability factors, and others. Timber as an orthotropic material
has three main directions, [so] the angle of the timber grain has an influence on compressive strength. This research aims to
study the effect of timber grain’s angle on the compressive strength of Red Meranti wood (Shorea spp.) and develop an empirical
equation to calculate the compressive strength of timber with the influence of wood \grain’s angle\. The scope of the research
were that the timber studied is the Red Meranti species (Shorea spp.), the total number of test objects are 45 test objects. The
test specimens were made based on the primary method reference for compression test specimens reference method 50mm
x 50mm x 200mm (parallel to the grain type), according to ASTM D143-22 regulations for test specimens with variations in fiber
direction, namely 0°, 10°, 20° and 30°. Meanwhile, test objects with variations in fiber direction, namely 60°, 70°, 80° and 90°,
were made with test object sizes of 50mm x 50mm x 150mm (perpendicular to the grain type). Testings are carried out using a
Universal Testing Machine with test speed according to ASTM D143-22. Al test objects were made in dry conditions (moisture
content ranging from 14% to 16%). The conclusion obtained from this research are an empirical equation for calculating the
compressive strength of Red Meranti timber (Shorea spp.) with a predictor is the timber grain’s angle, which are Fcy = 14.01 -
0.1196 + 0.00004262 (in term of yield of proportional point) and Fcu = 29.82 — 0.4176 + 0.001862 (in term of peak or ultimate
point). This equation provides benefits for academics and practitioners, especially in designing compression structural
components, which is the compression design value parameter.

Keywords: Compression Strength, grain angle of timber, Red Meranti,

Introduction with variations in fiber direction, [namely 60°,70°,80° and

The compressive strength of timber is the main
parameter in design of timber bridges (truss system), building
roof (truss system), or column in buildings. In term of design
of compression structural components according to the SNI
7973:2013 reference (BSN, 2013), the corrected
compression design value is a calculation of compressive
strength parameters and correction factors, for example, wet
service factors, temperature factors, column stability factors,
and others. Timber as an orthotropic material has three main
directions, so the angle of the timber grain has an influence
on compressive strength.

This research aims to study the effect of timber grain’s
angle on the compressive strength of Red Meranti wood
(Shorea spp.) and develop an empirical equation to calculate
the compressive strength of timber with the influence of wood
grain’s angle.

The scope of the research were that:

1. [The timber studied is the Red Meranti species (Shorea
spp.).

2. The total number of test objects are 45 test objects.

3. The test specimens were made based on the primary
method reference for compression test specimens
reference method 50mm x 50mm x 200mm (parallel to
the grain type), according to ASTM D143-22 regulations
for test specimens with variations in fiber direction,
namely [0°, 10°, 20° and 30°. Meanwhile, test objects

90°] were made with test object sizes of 50mm x 50mm
x 150mm (perpendicular to the grain type).

4. Testings are carried out using a Universal Testing
Machine with test speed according to ASTM D143-22.

5. All test objects were made in dry conditions (moisture
content ranging from 14% to 16%).

6. The compressive strength referred to in this research is
the compressive stress calculated under peak or ultimate
load condition (Fcu) and proportional load condition (Fcy). |

Basic Theories and Methods

Previous Research History

| Previous research related to timber properties,
especially the compressive strength of Meranti species wood,
has been carried out several times, namely experimental
research on timber compression testing with several
variations in grain angles (Pranata and Suryoatmono, 2012)
for 3 (three) types of wood, namely Acacia, Meranti, and
Keruing, with the results being an alternative von Mises-
based equation for calculating the compressive strength of
wood, this research is limited to only a few grain’s angles and
a limited number of test objects. The next research is
experimental and numerical research to study the effect of
grain's angle on the compressive strength of Red Meranti
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wood (Pranata and Suryoatmono, 2013) with variations in
fiber angles of 12°, 60°, and 80°.

Compression Strength

| Wood is generally assumed to behave as mutually
perpendicular material principal axes, namely and tangential
axes. Compressive strength is the compressive force that
acts on a unit cross-sectional area of wood that is subjected
to that force. Compressive strength of wood defines the limit
of W(‘)od's ability to accept compressive loads until the wood
fails.

Compression Tests

Currently, the parameters for compressive strength of
timber are known parallel to the grain (grain’s angle of 0°) or
longitudinal  direction, and  compressive  strength
perpendicular to the grain (grain angle of 90°) or radial
direction. These two parameters can be obtained from
experimental testing in the laboratory using testing standards
including ASTM D143-22 (ASTM, 2022) with primary and
secondary test methods.

Testing can be carried out using a \Universal Testing
Machine (UTM) with output data in the form of a history curve
of the relationship between compressive axial load and axial
deformation. Figure 1 shows the test equipment used in this
research. Figure 2a shows a schematic history of the load vs
deformation relationship curve obtained from experimental
test results.

Next, the curve then converted into a curve for the
relationship between stress and strain, where stress
(engineering stress) is the compressive axial force divided by
the initial cross-sectional area, while strain is the change in
length (in this case shortening) divided by the initial length of
the test object. Figure 2b shows a schematic of the stress vs
strain relationship curve resulting from the conversion of the
load vs deformation relationship curve.

Stress and strain can be calculated using Equation 1
and Equation 2 (Goodno and Gere, 2021).

c=P/A (1)
£=A/Lo )

with ¢ is engineering stress (MPa), P is axial compressive
load (N), A is specimen’s cross-section (mm?), € is strain
(mm/mm), A is the change in length of shortening (mm), and
Lo is initial length of the specimen (mm).

The testing speed (acoodring to the ASTM D143's
primary method) for the test object type parallel to the grain
is a strain rate of 0.003 mm/mm per minute or a displacement
rate of 0.6 mm per minute. While for the test object type
perpendicular to the grain, the speed is a displacement rate
of 0.305 mm per minute (ASTM, 2022 ).

2 ‘ £
Figure 1. Instrumen for testing using Universal Testing
Machine (UTM).

A z‘q.-_‘: Eopll >,
(a). Load-Deformation Curve. (b). Stress-Strain Curve.
Figure 2. Idealization of the axial load vs axial deformation
curve and normal (axial) stress vs strain (Pranata and
Suryoatmono, 2013).

Proportional Load and Ultimate Load

The proportional point indicates when material behavior
changes from elastic to plastic. One of the methods to
calculate the proportional point is the Yasumura and Kawai
Method (Munoz et al., 2010). The calculated initial stiffness
was between 10% and 40% of the ultimate or peak load. A
straight line between 40% and 90% of the peak load and a
straight-line tangent to the load-displacement curve, then
parallel to the 40% and 90% second line, were determined.

In this research, this method was used to determine the
proportional load divided by a cross-section’s area, to
calculate the compression strength in terms of yield or
proportional strength. While the compression strength in
terms of ultimate strength was calculated using peak load,
divided by cross-section’s area..

K is0-00_
Kipwo - Koo

>
Puua

A, A A

Figure 3. Yasumura and Kawai Method to determine the
proportional load of timber (Munoz et.al., 2010).
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Polynomial Regression Analysis

Several parameters for statistical data, which are mean,
standard deviation, and coefficient of variation, are needed
for analysis. Standard deviation measures how they are
distributed around the arithmetic mean (Heumann et.al.,
2017). A low standard deviation value indicates that the
values are highly concentrated around the mean. Meanwhile,
the coefficient of variation (usually expressed as a
percentage) is a ratio between the standard deviation and the
average value. In this research, polynomial regression
analysis was carried out with Minitab software (LLC, 2023).

Results and Discussion|

Figure 4 shows an example result obtained from
compression test which is axial load vs deformation curve.
Figure 5 shows an covertion results, which is calculation of
stress and strain curves. The results above show that the test
object with a lower grain angle produces a higher peak load
than the test object with a larger grain angle.

Figure 6 shows an example of compression test using
parallel to the grain method, while Figure 7 shows an example
of compression test speciment with grain angle of 70°.

The number of compression test specimens in this study
were 45 test specimens with grain angle variations ranging
0°,10°, 20°, 30°, 60°,70°,80°, and 90“.%" of the specimens

for the compression tests were made from 5 (five) Red
Meranti timber different logs (defect-free parts). The
specimens were made in accordance with primary method of
ASTM D143-22 (ASTM, 2022). The speed of test
(deformation speed) was also in accordance with ASTM
D143-22 too) |

Figur 6. Eperimental ests for 50 x 50 x 200mm specimen,
using test method of compression parallel to the grain.
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Figure 4. Tests results: Axial load vs deformation curve,
obtained from experimental test for specimen 4.1.1 (grain's
angle of 30°) and specimen 4.2.8 (grain’s angle of 10°).
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Figure 5. Convertion results: Stress vs strain curves of
specimen 4.1.1 (grain’s angle of 30°) and specimen 4.2.8
(grain’s angle of 10°).

Figure 7. Example of 70° specimen of Red Meranti timber.

Figure 8 shows some of test results of the specimens
with dimension 50mm x 50mm x 200mm, while Figure 9
shows some of test results of the specimens with dimension
50mm x 50mm x 200mm.

| |
Figure 8. Results of failure mode for some 50 x 50 x 200mm

specimens (compression para;lel to the grain method of
test),

Figure 9. Results of failure mode for some 50 x 50 x 150mm
specimens (compression perpendicular to the grain method
of test).
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In this research, the compression strength were
calculate in term of proportional load, method to determine
the yield point were done using Yasumura and Kawai method
(Munoz et.al., 2010), and in term of peak of ultimate load.
Table 1 shows the results of calculation of the proportional
load, peak load, deformation at proportional load,
deformation at peak load, and the grain's angle for all 45
specimens. Table 2 shows the results of calculation of the
stress and strain in term of proportional stress and peak
stress using Equation 1 and Equation 2.

Table 1. Tests results: Load and deformation obtained from
experimental tests and calculation using Yasumura and
Kawai Method.

Spec- Py Ppeak Dy Dpeak 8

imens (N) (N) (mm) (mm) (%)

h12 143130 266506 03 50 70
113 79320 188399 07 6.0 80
114 188341 324092 04 62 60
115 137884 252038 15 6.0 70
117 154790 255479 05 6.0 70
123 296030 469876 03 08 30
124 289505 462246 04 10 30
128 242032 435169 03 08 30
129 1232461 696926 16 12 10
211 59063 146613 0.7 6.0 90
212 175317 395209 08 6.1 30
214  16969.8 323933 05 6.0 60
216 105811 214567 05 6.0 80
217 69949 139483 15 6.0 90
2210 379256 623972 04 08 10
222 381002 536513 05 0.9 20
224 329938 539758 03 0.8 20
226 562683 626440 07 1.1 10
3110 160927 334442 04 6.1 60
312 60412 140457 13 6.1 90
313 56081 131607 12 6.1 0
315 183494 275246 12 6.1 70
321 369034 738068 0.3 0.8 0
324 399922 799845 08 1.7 0
325 295050 773618 0.8 1.6 0
327 269088 705983 04 1.1 10
328 287316 782585 05 1.3 0
329 298267 802975 05 1.3 0
411 212691 481937 04 641 30
416 242114 538364 05 6.1 20
425 444936 746630 04 07 0
426 3271106 654212 05 145 10

Spec- Py Ppeak Dy Dpeak ]

imens (N) (N) (mm) (mm) (%)

427 403366 524283 04 09 20
428 356178 712357 53 11 10
5141 129956 320076 05 6.1 60
5110 62293 118322 14 6.1 920
512 155694 276967 05 6.1 70
513 132699 255230 04 6.2 70
514 118731 210787 0.7 6.1 80
5.1.7 9391.3 171052 05 6.1 920
519 111035 193130 04 6.1 80
5.21 18469.9 445266 06 22 30
5210 795131 469038 16 1.2 20
526 152929 305858 03 09 60
528 191995 315011 03 1.0 60

Table 2. Hasil konversi: Tegangan dan Regangan pada
kondisi batas proporsional dan batas ultimit,
Spec— Fev Fcu g €U 8(°)
imens  MPa) (MPa) mm/mm) mm/mm)
112 56 10.4 0.002 0.025 70
113 341 74 0.003 0.030 80
114 74 127 0.002 0.031 60
115 54 9.9 0.008 0.030 70
117 6.1 10.1 0.002 0.030 70
123 116 184 0.002 0.005 30
124 113 180 0.002 0.007 30
128 96 172 0.002 0.006 30
129 139 278 0.010 0.008 10
211 23 5.8 0.004 0.030 90
212 70 15.7 0.004 0.031 30
214 68 129 0.003 0.030 60
216 42 8.4 0.003 0.030 80
217 27 5.5 0.007 0.030 90
2210 148 244 0.003 0.005 10
222 152 214 0.003 0.006 20
224 132 217 0.002 0.006 20
226 121 246 0.005 0.008 10
3110 66 13.7 0.002 0.030 60
312 25 5.7 0.007 0.030 90
313 22 52 0.006 0.031 90
315 72 10.8 0.006 0.030 70
321 150 299 0.002 0.005 0
324 157 314 0.005 0.012 0
325 117 306 0.005 0.011 0
327 106 279 0.003 0.007 10
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Spec- Fey Feu g ] 8 (
imens MPa) (MPa) mm/mm) mm/mm)

328 115 313 0.003 0.009 0
329 120 324 0.003 0.009 0
411 88 192 0.002 0.030 30
416 94 209 0.002 0.030 20
425 174 291 0.002 0.005 0
426 128 255 0.003 0.096 10
427 154 201 0.002 0.006 20
428 136 272 0.035 0.008 10
511 53 131 0.002 0.030 60
5110 26 4.9 0.007 0.030 90
512 64 114 0.002 0.031 70
513 54 104 0.002 0.031 70
514 49 8.6 0.003 0.030 80
517 39 7.0 0.002 0.030 90
519 45 79 0.002 0.031 80
521 76 182 0.004 0.015 30
5210 96 192 0.011 0.008 20
526 63 126 0.002 0.006 60
528 78 128 0.002 0.007 60

Figure 10 shows the result obtained experimentally (Fcy)
and the equation-curve obtained from the polynomial
regression analysis to predict the value of compression
strength of Red Meranti timber in term of proportional or yield
point, this empirical equation result shows the relationship
between the compression strength (unitin MPa) and the grain
angle B (unit in degrees). The coefficient of R? is generally it
is relatively near 100%, for timber this is considered normal
because timber is a material that comes from nature. The
regression equation for the curve in Figure 10 is shown in
Equation 3 and Equation 4.

; ee ®
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IFigure 10. Results obtained from polynomial regression
analysis|

Fev = 14.01 - 0.1198 + 0.00004202 3)
R? = 85.52% ()

Figure 11 shows the result obtained experimentally
(Fcu) and the equation-curve obtained from the polynomial
regression analysis to predict the value of compression
strength of Red Meranti timber in term of peak or ultimate
point, this empirical equation result shows the relationship
between the compression strength (unitin MPa) and the grain
angle 8 (unit in degrees). The coefficient of RZ is generally it
is relatively near 100%, for timber this is considered normal
because timber is a material that comes from nature. The
regression equation for the curve in Figure 10 is shown in
Equation 5 and Equation 6.

0 0 20 30 a0 50 60 70 80 a0
[}

Figure 11. Results obtained from polynomial regression
analysis.

Fcu=29.82-0.4176 + 0.001862
R? = 96.56%

S

Conclusions

The conclusion obtained from this research is an
empirical equation for calculating the compressive strength of
Red Meranti timber (Shorea spp.) with a predictor, namely the
wood grain’s angle, namely Fcy = 14.01 - 0.1196 +
0.00004262 with R2 = 85.52% in term of yield or proportional
point. While in term of peak or ultimate load, an empirial
equation is Fcu = 29.82 — 0.4176 + 0.001862 with R? =
96.56%.

Fey or Icompression design Nalue is an useful parameter
for design of column or compression member in timber
building, timber bridge truss, or timber roof truss in
accordance with SNI 7973:2013. This equation provides
benefits for academics and practitioners, especially in
designing compression structural components, which is the
compression design value parameter.
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Study of the Effect of Grain Angle on the Compressive Strength of Red Meranti
Timber (Shorea spp.)

Abstract

The compressive strength of timber is the main parameter in design of timber bridges (truss system), building roof (truss
system), or column in buildings. In term of design of compression structural components according to the SNI 7973:2013
reference, the corrected compression design value is a calculation of compressive strength parameters and correction factors,
for example, wet service factors, temperature factors, column stability factors, and others. Timber as an orthotropic material
has three main directions, therefore the angle of the timber grain has an influence on compressive strength. This research aims
to study the effect of timber grain’s angle on the compressive strength of Red Meranti wood (Shorea spp.) and develop an
empirical equation to calculate the compressive strength of timber with the influence of angle of grain. The scope of the research
were that the timber studied is the Red Meranti species (Shorea spp.), the total number of test objects are 45 test objects. The
test specimens were made based on the primary method reference for compression test specimens reference method 50mm
x 50mm x 200mm (parallel to the grain type), according to ASTM D143-22 regulations for test specimens with variations in fiber
direction, namely 0°, 10°, 20° and 30°. Meanwhile, test objects with variations in fiber direction, namely 60°, 70°, 80° and 90°,
were made with test object sizes of 50mm x 50mm x 150mm (perpendicular to the grain type). Testings are carried out using a
Universal Testing Machine with test speed according to ASTM D143-22. Al test objects were made in dry conditions (moisture
content ranging from 14% to 16%). The conclusion obtained from this research are an empirical equation for calculating the
compressive strength of Red Meranti timber (Shorea spp.) with a predictor is the timber grain’s angle, which are Fcy = 14.01 -
0.1196 + 0.00004262 (in term of yield of proportional point) and Fcu = 29.82 — 0.4176 + 0.001862 (in term of peak or ultimate
point). This equation provides benefits for academics and practitioners, especially in designing compression structural
components, which is the compression design value parameter.

Keywords: Compression Strength, grain angle of timber, Red Meranti, empirical equation.

Introduction for test specimens with variations in fiber direction,

namely 0°, 10°, 20° and 30°. Meanwhile, test objects

The compressive strength of timber is the main
parameter in design of timber bridges (truss system), building
roof (truss system), or column in buildings. In term of design
of compression structural components according to the SNI
7973:2013 reference (BSN, 2013), the corrected
compression design value is a calculation of compressive
strength parameters and correction factors, for example, wet
service factors, temperature factors, column stability factors,
and others. Previous research related to timber properties,
especially the compressive strength of Meranti species wood,
has been carried out several times, before. Timber as an
orthotropic material has three main directions, so the angle of
the timber grain has an influence on compressive strength.

This research aims to study the effect of timber grain’s
angle on the compressive strength of Red Meranti wood
(Shorea spp.) and develop an empirical equation to calculate
the compressive strength of timber with the influence of wood
grain’s angle.

The scope of the research were that:

1. [The timber studied is the Red Meranti species (Shorea
spp.).

with variations in fiber direction, Inamely 60°,70°,80° and
90°|, were made with test object sizes of 50mm x 50mm

x 150mm (perpendicular to the grain type).

4. Testings are carried out using a Universal Testing
Machine with test speed according to ASTM D143-22.

5. All test objects were made in dry conditions (moisture
content ranging from 14% to 16%).

6. The compressive strength referred to in this research is
the compressive stress calculated under peak or ultimate
load condition (Fcu) and proportional load condition (Fcy).

7. Test objects are made from timber log, with angle
dimensions adjusted for testing purposes. f

Basic Theories and Methods

Previous Research History

| Previous research related to timber properties,
especially the compressive strength of Meranti species wood,
has been carried out several times, namely experimental
research on timber compression testing with several

2. The total number of test objects are 45 test objects.

3. The test specimens were made based on the primary
method reference for compression test specimens
reference method 50mm x 50mm x 200mm (parallel to
the grain type), according to ASTM D143-22 regulations

variations-in-grain-angles-(Pranata-and-Suryoatmono, 2012)-
for 3 (three) types of wood, namely Acacia, Meranti, and
Keruing, with the results being an alternative von Mises-
based equation for calculating the compressive strength of
wood, this research is limited to only a few grain’s angles and
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a limited number of test objects. The next research is
experimental and numerical research to study the effect of
grain's angle on the compressive strength of Red Meranti
wood (Pranata and Suryoatmono, 2013) with variations in
fiber angles of 12°, 60°, and 80°.

load capacity 1000 kN). with output data in the form of a
history curve of the relationship between compressive axial
load and axial deformation. Figure 1 shows the test
equipment used in this research. Figure 2a shows a
schematic history of the load vs deformation relationship

Compression Strength

Wood is generally assumed to behave as mutually
perpendicular material principal axes, namely and tangential
axes. Compressive strength is the compressive force that
acts on a unit cross-sectional area of wood that is subjected
to that force. Compressive strength of wood defines the limit
of wood's ability to accept compressive loads until the wood
fails. Previous study of Red Meranti (shorea spp.)
compression strength were done by Nakai (Nakai, 1985),
Chik (Chik, 1988), Pranata and Suryoatmono (Pranata and
Suryoatmono, 2012; Pranata and Suryoatmono, 2013),
Tjondro et al. (Tjondro et al., 2016), Azmi et al. (Azmi et al.,
2022), and wood database (Meier, 2024). Table 1 shows the
summary of compression strength of Red Meranti (Shorea
spp.) timber obtained from previous research histories.

Table 1. Compression strength of Red Meranti (Shorea spp.)
Timber from previous research histories.
6 Fev Fcu

References ) MPa) (MPa)
Nakai, 1985 0 31.60 36.50
Azmi et.al., 2022 0 31.30 -
Meier, 2024 0 33.90 -

) 0 3078 41.21
Tjondro et.al., 9% 751 )
. 0 - 39.60
Chik, 1988 90 i 414
0 33.67 -
5 31.16 -
Pranata and 10 28.55 N
Suryoatmono, 2012; 12 2782 3330
Pranata and

Suryoatmono, 2013 60 852 910
80 768 8.0

90 717 -

Compression Tests

Currently, the parameters for compressive strength of
timber are known parallel to the grain (grain’s angle of 0°) or
longitudinal  direction, and  compressive  strength
perpendicular to the grain (grain angle of 90°) or radial
direction. These two parameters can be obtained from
experimental testing in the laboratory using testing standards
including ASTM D143-22 (ASTM, 2022) with primary and
secondary test methods.

Testing can be carried out using a \Universal Testing
Machine (UTM) HT-9501 Electro-Hydraulic Servo (maximum

curve obtained from experimental test results. Next, the curve
then converted into a curve for the relationship between
stress and strain, where stress (engineering stress) is the
compressive axial force divided by the initial cross-sectional
area, while strain is the change in length (in this case
shortening) divided by the initial length of the test object.
Figure 2b shows a schematic of the stress vs strain
relationship curve resulting from the conversion of the load vs
deformation relationship curve.

Stress and strain can be calculated using Equation 1
and Equation 2 (Goodno and Gere, 2021).

G=P/A )
£=A/Lo @

with o is engineering stress (MPa), P is axial compressive
load (N), A is specimen’s cross-section (mm2), € is strain
(mm/mm), A is the change in length of shortening (mm), and
Lo is initial length of the specimen (mm).

The testing speed (according to the ASTM D143's
primary method) for the test object type parallel to the grain
is a strain rate of 0.003 mm/mm per minute or a displacement
rate of 0.6 mm per minute. While for the test object type
perpendicular to the grain, the speed is a displacement rate
of 0.305 mm per minute (ASTM, 2022).

& -
Figure 1. Instrumen for testing using Universal Testing
Machine (UTM).

A Byl &t £
(a). Load-Deformation Curve. (b). Stress-Strain Curve.
Figure 2. Idealization of the axial load vs axial deformation
curve and normal (axial) stress vs strain (Pranata and
Suryoatmono, 2013).
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Proportional Load and Ultimate Load

The proportional point indicates when material behavior
changes from elastic to plastic. One of the methods to
calculate the proportional point is the Yasumura and Kawai
Method (Munoz et al., 2010). The calculated initial stiffness
was between 10% and 40% of the ultimate or peak load. A
straight line between 40% and 90% of the peak load and a
straight-line tangent to the load-displacement curve, then
parallel to the 40% and 90% second line, were determined.

In this research, this method was used to determine the
proportional load divided by a cross-section’s area, to
calculate the compression strength in terms of yield or
proportional strength. While the compression strength in
terms of ultimate strength was calculated using peak load,
divided by cross-section’s area..

Kungo,

40-90

>
Pus

Kiguo

A, Amax A

Figure 3. Yasumura and Kawai Method to determine the
proportional load of timber (Munoz et.al., 2010).

Polynomial Regression Analysis

Several parameters for statistical data, which are mean,
standard deviation, and coefficient of variation, are needed
for analysis. Standard deviation measures how they are
distributed around the arithmetic mean (Heumann et.al.,
2017). A low standard deviation value indicates that the
values are highly concentrated around the mean. Meanwhile,
the coefficient of variation (usually expressed as a
percentage) is a ratio between the standard deviation and the
average value. In this research, polynomial regression
analysis was carried out with Minitab software (LLC, 2023).

Material and Method

The scope of the research were that the timber studied
is the Red Meranti species (Shorea spp.), the total number of
test objects are 45 test objects. The test specimens with an
angle of less than 45° were made and tested based on the
primary method reference for compression test specimens
reference method 50mm x 50mm x 200mm (parallel to the
grain type) according to ASTM D143-22 regulations. This
method used for test specimens with variations in fiber
direction, namely 0°, 10°, 20° and 30°.

Meanwhile, test objects with an angle of more than 45°
with variations in fiber direction, namely 60°, 70°, 80° and
90°| were made and tested with test object sizes of 50mm x

accordance with ASTM D143-22. Testings are carried out
using a Universal Testing Machine with test speed according
to ASTM D143-22. All test objects were made in dry
conditions (moisture content ranging from 14% to 16%). Test
objects are made from timber log, with angle dimensions
adjusted for testing purposes.

Results andDiscussion
The number of compression test specimens in this study

were 45 test specimens with grain angle variations ranging

[0", 10°, 20°, 30°,60°, 70°, 80°, and 90°.ﬂAII of the specimens

for the compression tests were made from 5 (five) Red
Meranti timber different logs (defect-free parts). The
specimens were made in accordance with primary method of
ASTM D143-22 (ASTM, 2022). The speed of test
(deformation speed) was also in accordance with ASTM
D143-22. |

80000

70000

60000

o 1 2 3 4 s 6 7 8 9 10 1 12

Figure 4. Tests results: Axial load vs deformation curve,
obtained from experimental test for specimen 4.1.1 (grain’s
angle of 30°) and specimen 4.2.8 (grain’s angle of 10°).

Comprassian St

0.000 0.010 0.020 0.030 0.040 0.050 0.060

Strain {mm/mm)

Figure 5. Convertion results: Stress vs strain curves of
specimen 4.1.1 (grain’s angle of 30°) and specimen 4.2.8
(grain’s angle of 10°).

Figure 4 shows an example result obtained from
compression test which is axial load vs deformation curve.
Figure 5 shows an covertion results, which is calculation of

50mm x 150mm (perpendicular to the grain type) in

stress and strain curves. The results above show that the test
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object with a lower grain angle produces a higher peak load Spec- Py Ppeak Dy Dpeak 6
than the test object with a lar’ ger grain angle. imens (N) (N) (mm) (mm) (°)
Figure 6 shows an example of compression test using 9 1232461 696926 1.6 12 10
parallel to the grain method, while Figure 7 shows an example 10 5906.3 146613 07 60 90
f i i ith grai le of 70°. ) ' ' '
of compression test speciment with grain angle of 70 11 75917 395209 08 61 30
s S 12 16969.8 323933 05 6.0 60
13 10581.1 214567 05 6.0 80
4 14 69949 139483 15 60 90
% 15 379256 623972 04 08 10
E 16 381002 536513 05 09 20
17 329938 539758 03 08 20
18 56268.3 626440 07 1.1 10
19 16092.7 334442 04 61 60
i '— Experimental st f 0 50 20 6041.2 140457 13 61 90
igure 6. Experimental tests for 50 x 50 x pecimen,
using test method of compression parallel to the grain. 21 5605.1 131607 1.2 61 90
22 183494 275246 12 64 70
23 369034 738068 03 08 0
24 399922 799845 08 1.7 0
25 295050 773618 08 16 0
Figure 7. Example of 70° specimen of Red Meranti timber. % 269088 705983 04 1110
27 287316 782585 05 13 0
Figure 8 shows some of test results of the specimens 28 29826.7 802975 05 13 0
with dimension 50mm x 50mm x 200mm, while Figure 9 29 212691 481937 04 61 30
shows some of test results of the specimens with dimension
50mm x 50mm x 200mm. 30 242114 538364 05 61 20
In this research, the compression strength were 3 444936  74663.0 04 0.7 0
calculate in term of proportional load, method to determine 32 327106 654212 05 145 10
the yield point were done using Yasumura and Kawai method 33 40336.6 524283 04 09 20
(Munoz et.al., 2010), and in term of peak of ultimate load.
Table 2 shows the results of calculation of the proportional 34 3%617.8 712357 5.3 1110
load, peak load, deformation at proportional load, 35 120956  32007.6 05 6.1 60
deformation at peak load, and the grain’s angle for all 45 36 62293 118322 14 61 90
specimens. Table 3 shows the results of calculation of the 37 15569.4 276967 05 61 70
stress ar_]d strain in term of propomonal stress and peak 38 132699 255230 04 62 70
stress using Equation 1 and Equation 2.
39 118731 210787 07 61 80
Table 2. Tests results: Load and deformation obtained from 40 9391.3 171052 05 61 90
experimental tests and calculation using Yasumura and 41 111035 193130 04 641 80
Kag’z)ae'cMethOd-P - — 42 184699 445266 06 22 30
~ y peak y peak
imens N) N) (mm)(mm) () 43 795131 469038 16 12 20
2 79320 188399 07 60 80 w5 AL N R R R
3 18834.1 324092 04 62 60 Table 3. Conversion results: Stress and Strain at proportional
4 137884 252038 1.5 60 70 and ultimate limit conditions.
5 15479.0 255479 05 60 70 Spec-  Fev Fcu g U 8
6 296030 469876 03 08 30 imens  MPa) (MPa) mm/mm) mm/mm) )
7 289505 462246 04 10 30 1 56 104 0.002 0025 70
8 242032 435169 03 08 30 2 31 74 0003 0030 80
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Spec- Fey Feu N & 8 ()
imens MPa) (MPa) mm/mm) mm/mm)
3 74 127 0.002 0.031 60
4 54 9.9 0.008 0.030 70
5 6.1 10.1 0.002 0.030 70
6 116 184 0.002 0.005 30
7 1.3 180 0.002 0.007 30
8 96 172 0.002 0.006 30
9 139 278 0.010 0.008 10
10 23 5.8 0.004 0.030 90
1 70 157 0.004 0.031 30
12 68 129 0.003 0.030 60
13 42 84 0.003 0.030 80
14 2.7 5.5 0.007 0.030 90
15 148 244 0.003 0.005 10
16 152 214 0.003 0.006 20
17 132 217 0.002 0.006 20
18 121 246 0.005 0.008 10
19 66 137 0.002 0.030 60
20 25 5.7 0.007 0.030 90
21 22 52 0.006 0.031 90
22 72 108 0.006 0.030 70
23 15.0 299 0.002 0.005 0
24 157 314 0.005 0.012 0
25 1.7 306 0.005 0.011 0
26 10.6 279 0.003 0.007 10
27 15 313 0.003 0.009 0
28 120 324 0.003 0.009 0
29 88 192 0.002 0.030 30
30 94 209 0.002 0.030 20
31 174 2941 0.002 0.005 0
32 128 255 0.003 0.096 10
33 154 201 0.002 0.006 20
34 136 272 0.035 0.008 10
35 53 131 0.002 0.030 60
36 26 4.9 0.007 0.030 90
37 64 114 0.002 0.031 70
38 54 104 0.002 0.031 70
39 49 8.6 0.003 0.030 80
40 39 7.0 0.002 0.030 90
4 45 79 0.002 0.031 80
42 76 182 0.004 0.015 30
43 96 192 0.011 0.008 20
44 63 126 0.002 0.006 60
45 78 128 0.002 0.007 60

Py is propotional load (yield point), Pu is ultimate load
(peak load), Dy is axial deformation at proportional or yield
point, Dy is axial deformation at peak load, and 6 is angle of
grain. Fcy is compression strength in term of yield point or
proportional load, Fcu is compression strength in term of
ultimate or peak load, €v is strain in term of yield point or
proportional load, and ¢u is peak strain.
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Figure 8. Results obtained from polynomial regression
analysis.
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Figure 9. Results obtained from polynomial regression
analysis.

Figure 8 shows the result obtained experimentally (Fcv)
and the equation-curve obtained from the polynomial
regression analysis to predict the value of compression
strength of Red Meranti timber in term of proportional or yield
point, this empirical equation result shows the relationship
between the compression strength (unitin MPa) and the grain
angle 8 (unit in degrees). The coefficient of R2 is generally it
is relatively near 100%, for timber this is considered normal
because timber is a material that comes from nature. The
regression equation for the curve in Figure 10 is shown in
Equation 3 and Equation 4.

Fev =14.01-0.1198 + 0.00004262
R2 = 85.52%

e
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Figure 9 shows the result obtained experimentally (Fcu)
and the equation-curve obtained from the polynomial
regression analysis to predict the value of compression
strength of Red Meranti timber in term of peak or ultimate
point, this empirical equation result shows the relationship
between the compression strength (unitin MPa) and the grain
angle B (unit in degrees). The coefficient of R? is generally it
is relatively near 100%, for timber this is considered normal
because timber is a material that comes from nature. The
regression equation for the curve in Figure 10 is shown in
Equation 5 and Equation 6.

Feu=29.82 - 04176 +0.001802 (5)
R2 = 96.56% (6)

Conclusions

The conclusion obtained from this research is an
empirical equation for calculating the compressive strength of
Red Meranti timber (Shorea spp.) with a predictor, namely the
wood grain’s angle, namely Fey = 14.01 - 0.1198 +
0.00004262 with R2 = 85.52% in term of yield or proportional
point. While in term of peak or ultimate load, an empirial
equation is Fcu = 29.82 — 0.4178 + 0.001862 with R2 =
96.56%.

Fey or \compression strength in term of proportional load \

Azmi, A., Ahmad, Z., Lum, W.C., Baharin, A., Za'ba N.I.L,,
Bhkari, N.M., Lee, S.H. 2022. Compressive Strength
Characteristic Values of Nie Structural Sized Malaysian
Tropical Hardwoods, Forests 2022, 13(8), 1172;
https://doi.org/10.3390/f13081172.
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Composites, Krieger Publishing Company, Malabar,
Florida, USA, 1993.

Chik, E.A.R. 1988. Basic And Grade Stresses For Some
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Leaflet No.38. The Malaysian Timber Industry Board
And Forest Research Institute Malaysia, Kuala Lumpur
13 pp.

Goodno, B.J., Gere, J.M. 2021. Mechanics of Materials 9th
Edition, ISBN-13: 9780357377857, Cengage Learning
Asia.

Heumann, Christian, Michael Schomaker, Shalabh. 2017.
Introduction to Statistics and Data Analysis: With
Exercises, Solutions and Applications in R. Introduction
to Statistics and Data Analysis: With Exercises,
Solutions and Applications in R. Springer International
Publishing, 2017.

Tjondro, A., Suryoatmono, B., Imran, I. 2016, Non-linier
Compression Stress-Strain Curve Model for Hardwood,
Jurnal Teknik Sipil Mekanika, Volume 1 No. 1, pp. 49-
52, June 2016.

s an useful parameter for design of column or compression
member in timber building, timber bridge truss, or timber roof
truss in accordance with SNI 7973:2013. This equation
provides benefits for academics and practitioners, especially
in designing compression structural components, which is the
compression design value parameter.
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Study of the Effect of Grain Angle on the Compressive Strength of Red Meranti
Timber (Shorea spp.)

Abstract

The compressive strength of timber is the main parameter in design of timber bridges (truss system), building roof (truss
system), or column in buildings. In term of design of compression structural components according to the SNI 7973:2013
reference, the corrected compression design value is a calculation of compressive strength parameters and correction factors,
for example, wet service factors, temperature factors, column stability factors, and others. Timber as an orthotropic material
has three main directions, therefore the angle of the timber grain has an influence on compressive strength. This research aims
to study the effect of timber grain’s angle on the compressive strength of Red Meranti wood (Shorea spp.) and develop an
empirical equation to calculate the compressive strength of timber with the influence of angle of grain. The scope of the research
were that the timber studied is the Red Meranti species (Shorea spp.), the total number of test objects are 45 test objects. The
test specimens were made based on the primary method reference for compression test specimens reference method 50mm
x 50mm x 200mm (parallel to the grain type), according to ASTM D143-22 regulations for test specimens with variations in fiber
direction, namely 0°, 10°, 20° and 30°. Meanwhile, test objects with variations in fiber direction, namely 60°, 70°, 80° and 90°,
were made with test object sizes of 50mm x 50mm x 150mm (perpendicular to the grain type). Testings are carried out using a
Universal Testing Machine with test speed according to ASTM D143-22. All test objects were made in dry conditions (moisture
content ranging from 14% to 16%). The conclusion obtained from this research are an empirical equation for calculating the
compressive strength of Red Meranti timber (Shorea spp.) with a predictor is the timber grain’s angle, which are Fcy = 14.01 -
0.1196 + 0.00004262 (in term of yield of proportional point) and Fcu = 29.82 — 0.4176 + 0.001862 (in term of peak or ultimate
point). This equation provides benefits for academics and practitioners, especially in designing compression structural
components, which is the compression design value parameter.

Keywords: Compression Strength, grain angle of timber, Red Meranti, empirical equation.

Introduction

The compressive strength of timber is the main
parameter in design of timber bridges (truss system), building
roof (truss system), or column in buildings. In term of design
of compression structural components according to the SNI
7973:2013 reference (BSN, 2013), the corrected
compression design value is a calculation of compressive
strength parameters and correction factors, for example, wet
service factors, temperature factors, column stability factors,
and others. Previous research related to timber properties,
especially the compressive strength of Meranti species wood,
has been carried out several times, before. Timber as an
orthotropic material has three main directions, so the angle of
the timber grain has an influence on compressive strength.

This research aims to study the effect of timber grain’s
angle on the compressive strength of Red Meranti wood
(Shorea spp.) and develop an empirical equation to calculate
the compressive strength of timber with the influence of wood
grain’s angle.

The scope of the research were that:

1. The timber studied is the Red Meranti species (Shorea
spp.).

2. The total number of test objects are 45 test objects.

3. The test specimens were made based on the primary
method reference for compression test specimens
reference method 50mm x 50mm x 200mm (parallel to
the grain type), according to ASTM D143-22 regulations

for test specimens with variations in fiber direction,
namely 0°, 10°, 20° and 30°. Meanwhile, test objects
with variations in fiber direction, namely 60°, 70°, 80° and
90°, were made with test object sizes of 50mm x 50mm
x 150mm (perpendicular to the grain type).

4. Testings are carried out using a Universal Testing
Machine with test speed according to ASTM D143-22.

5. All test objects were made in dry conditions (moisture
content ranging from 14% to 16%).

6. The compressive strength referred to in this research is
the compressive stress calculated under peak or ultimate
load condition (Fcu) and proportional load condition (Fcy).

7. Test objects are made from timber log, with angle
dimensions adjusted for testing purposes.

Basic Theories and Methods

Previous Research History

Previous research related to timber properties,
especially the compressive strength of Meranti species wood,
has been carried out several times, namely experimental
research on timber compression testing with several
variations in grain angles (Pranata and Suryoatmono, 2012)
for 3 (three) types of wood, namely Acacia, Meranti, and
Keruing, with the results being an alternative von Mises-
based equation for calculating the compressive strength of
wood, this research is limited to only a few grain’s angles and
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a limited number of test objects. The next research is
experimental and numerical research to study the effect of
grain’s angle on the compressive strength of Red Meranti
wood (Pranata and Suryoatmono, 2013) with variations in
fiber angles of 12°, 60°, and 80°.

Compression Strength

Wood is generally assumed to behave as mutually
perpendicular material principal axes, namely and tangential
axes. Compressive strength is the compressive force that
acts on a unit cross-sectional area of wood that is subjected
to that force. Compressive strength of wood defines the limit
of wood's ability to accept compressive loads until the wood
fails. Previous study of Red Meranti (shorea spp.)
compression strength were done by Nakai (Nakai, 1985),
Chik (Chik, 1988), Pranata and Suryoatmono (Pranata and
Suryoatmono, 2012; Pranata and Suryoatmono, 2013),
Tjondro et al. (Tjondro et al., 2016), Azmi et al. (Azmi et al.,
2022), and wood database (Meier, 2024). Table 1 shows the
summary of compression strength of Red Meranti (Shorea
spp.) timber obtained from previous research histories.

Table 1. Compression strength of Red Meranti (Shorea spp.)
Timber from previous research histories.
8 Fov Feu

References () MPa) (MPa)
Nakai, 1985 0 31.60 36.50
Azmi et.al., 2022 0 31.30 -
Meier, 2024 0 33.90 -

, 0 30.78  41.21
Tjondro et.al., 90 751 )
. 0 - 39.60
Chik, 1988 %0 ) 414
0 33.67 -
31.16 -
Pranata and 10  28.55 -
Suryoatmono, 2012; 19 2782 3330

Pranata and

Suryoatmono, 2013 60 852 9.10

80 768  8.10
90 717 -

Compression Tests

Currently, the parameters for compressive strength of
timber are known parallel to the grain (grain’s angle of 0°) or
longitudinal ~ direction, and compressive  strength
perpendicular to the grain (grain angle of 90°) or radial
direction. These two parameters can be obtained from
experimental testing in the laboratory using testing standards
including ASTM D143-22 (ASTM, 2022) with primary and
secondary test methods.

Testing can be carried out using a Universal Testing
Machine (UTM) HT-9501 Electro-Hydraulic Servo (maximum

load capacity 1000 kN). with output data in the form of a
history curve of the relationship between compressive axial
load and axial deformation. Figure 1 shows the test
equipment used in this research. Figure 2a shows a
schematic history of the load vs deformation relationship
curve obtained from experimental test results. Next, the curve
then converted into a curve for the relationship between
stress and strain, where stress (engineering stress) is the
compressive axial force divided by the initial cross-sectional
area, while strain is the change in length (in this case
shortening) divided by the initial length of the test object.
Figure 2b shows a schematic of the stress vs strain
relationship curve resulting from the conversion of the load vs
deformation relationship curve.

Stress and strain can be calculated using Equation 1
and Equation 2 (Goodno and Gere, 2021).

g=P/A (1)
£=A/Lo (2)

with ¢ is engineering stress (MPa), P is axial compressive
load (N), A is specimen’s cross-section (mm2), € is strain
(mm/mm), A is the change in length of shortening (mm), and
Lo is initial length of the specimen (mm).

The testing speed (according to the ASTM D143's
primary method) for the test object type parallel to the grain
is a strain rate of 0.003 mm/mm per minute or a displacement
rate of 0.6 mm per minute. While for the test object type
perpendicular to the grain, the speed is a displacement rate
of 0.305 mm per minute (ASTM, 2022).

Figure 1. Instrumen for testing using Universal Testing
Machine (UTM).

A Eeyll Ecplf Te
(a). Load-Deformation Curve. (b). Stress-Strain Curve.
Figure 2. Idealization of the axial load vs axial deformation
curve and normal (axial) stress vs strain (Pranata and
Suryoatmono, 2013).
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Proportional Load and Ultimate Load

The proportional point indicates when material behavior
changes from elastic to plastic. One of the methods to
calculate the proportional point is the Yasumura and Kawai
Method (Munoz et al., 2010). The calculated initial stiffness
was between 10% and 40% of the ultimate or peak load. A
straight line between 40% and 90% of the peak load and a
straight-line tangent to the load-displacement curve, then
parallel to the 40% and 90% second line, were determined.

In this research, this method was used to determine the
proportional load divided by a cross-section’s area, to
calculate the compression strength in terms of yield or
proportional strength. While the compression strength in
terms of ultimate strength was calculated using peak load,
divided by cross-section’s area..

K 40-90

. 40-90
Kmqo e Puuax

A:y Aumx A

Figure 3. Yasumura and Kawai Method to determine the
proportional load of timber (Munoz et.al., 2010).

Polynomial Regression Analysis

Several parameters for statistical data, which are mean,
standard deviation, and coefficient of variation, are needed
for analysis. Standard deviation measures how they are
distributed around the arithmetic mean (Heumann et.al.,
2017). A low standard deviation value indicates that the
values are highly concentrated around the mean. Meanwhile,
the coefficient of variation (usually expressed as a
percentage) is a ratio between the standard deviation and the
average value. In this research, polynomial regression
analysis was carried out with Minitab software (LLC, 2023).

Material and Method

The scope of the research were that the timber studied
is the Red Meranti species (Shorea spp.), the total number of
test objects are 45 test objects. The test specimens with an
angle of less than 45° were made and tested based on the
primary method reference for compression test specimens
reference method 50mm x 50mm x 200mm (parallel to the
grain type) according to ASTM D143-22 regulations. This
method used for test specimens with variations in fiber
direction, namely 0°, 10°, 20° and 30°.

Meanwhile, test objects with an angle of more than 45°
with variations in fiber direction, namely 60°, 70°, 80° and
90°, were made and tested with test object sizes of 50mm x
50mm x 150mm (perpendicular to the grain type) in

accordance with ASTM D143-22. Testings are carried out
using a Universal Testing Machine with test speed according
to ASTM D143-22. All test objects were made in dry
conditions (moisture content ranging from 14% to 16%). Test
objects are made from timber log, with angle dimensions
adjusted for testing purposes.

Results and Discussion

The number of compression test specimens in this study
were 45 test specimens with grain angle variations ranging
0°,10°,20°,30°,60° 70°,80° and 90°. All of the specimens
for the compression tests were made from 5 (five) Red
Meranti timber different logs (defect-free parts). The
specimens were made in accordance with primary method of
ASTM D143-22 (ASTM, 2022). The speed of test
(deformation speed) was also in accordance with ASTM
D143-22.

80000

70000

60000

50000

40000

ession Load (N)

5 30000

Comp

20000

10000

0

Deformation (mm)

Figure 4. Tests results: Axial load vs deformation curve,
obtained from experimental test for specimen 4.1.1 (grain’s
angle of 30°) and specimen 4.2.8 (grain’s angle of 10°).

30

Compression Strength (MPa)

0.000 0.010 0.020 0.030 0.040 0.050 0.060

Strain (mm/mm)

Figure 5. Convertion results: Stress vs strain curves of
specimen 4.1.1 (grain’s angle of 30°) and specimen 4.2.8
(grain’s angle of 10°).

Figure 4 shows an example result obtained from
compression test which is axial load vs deformation curve.
Figure 5 shows an covertion results, which is calculation of
stress and strain curves. The results above show that the test
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object with a lower grain angle produces a higher peak load
than the test object with a lar” ger grain angle.

Figure 6 shows an example of compression test using
parallel to the grain method, while Figure 7 shows an example
of compression test speciment with grain angle of 70°.

o\

&
g
5
-
e
S
e
pe

Figur6. Experimental tests for 50 x 50 x 200mm specimen,
using test method of compression parallel to the grain.

Figure 7. Example of 70° specimen of Red Meranti timber.

Figure 8 shows some of test results of the specimens
with dimension 50mm x 50mm x 200mm, while Figure 9
shows some of test results of the specimens with dimension
50mm x 50mm x 200mm.

In this research, the compression strength were
calculate in term of proportional load, method to determine
the yield point were done using Yasumura and Kawai method
(Munoz et.al., 2010), and in term of peak of ultimate load.
Table 2 shows the results of calculation of the proportional
load, peak load, deformation at proportional load,
deformation at peak load, and the grain's angle for all 45
specimens. Table 3 shows the results of calculation of the
stress and strain in term of proportional stress and peak
stress using Equation 1 and Equation 2.

Table 2. Tests results: Load and deformation obtained from
experimental tests and calculation using Yasumura and
Kawai Method.

Spec- Py Poeak Dy  Dpeak 6
imens (N) (N) (mm) (mm) (°)
1 143130 266506 03 50 70
2 79320 188399 07 60 80
3 188341 324092 04 62 60
4 137884 252038 15 60 70
5 15479.0 255479 05 60 70
6 29603.0 469876 03 08 30
7 28950.5 462246 04 10 30
8 242032 435169 03 08 30

Spec— Py Ppeak Dy Dpeak 6
imens (N) (N) (mm) (mm) ()
9 1232461 696926 16 12 10
10 5906.3 146613 0.7 60 90
11 175317 395209 08 61 30
12 16969.8 323933 05 60 60
13 105811  2145%.7 05 6.0 80
14 6994.9 139483 15 60 90
15 379256 623972 04 08 10
16 381002 536513 05 09 20
17 329938 539758 03 08 20
18 56268.3 626440 07 11 10
19 16092.7 334442 04 61 60
20 6041.2 140457 13 61 90
21 5608.1 13160.7 12 61 90
22 183494 275246 12 61 70
23 36903.4 738068 03 08 O
24 399922 799845 08 17 0
25 295050 773618 08 16 O
26 26908.8 705983 04 11 10
27 287316 782585 05 13 0
28 29826.7 802975 05 13 0
29 212691 481937 04 61 30
30 242114 538364 05 61 20
31 444936 746630 04 07 O
32 327106 654212 05 145 10
33 40336.6 524283 04 09 20
34 35617.8 712357 53 11 10
35 129956 320076 05 61 60
36 6229.3 118322 14 61 90
37 15569.4  276%.7 05 61 70
38 132699 255230 04 62 70
39 118731 210787 07 61 80
40 9391.3 171052 05 6.1 90
41 111035 193130 04 61 80
42 18469.9 445266 06 22 30
43 795131 469038 16 12 20
44 152929 305858 03 09 60
45 191995 315011 03 1.0 60

Table 3. Conversion results: Stress and Strain at proportional
and ultimate limit conditions.

Spec-  Fey Feu &y €U ©)
imens  MPa) (MPa) mm/mm) mm/mm)
1 56 104 0.002 0.025 70
2 3.1 74 0.003 0.030 80
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Spec-  Fey Feu gy €U 0 Py is propotional load (yield point), Py is ultimate load
imens  MPa) (MPa) mm/mm) mm/mm) () (peak load), Dy is axial deformation at proportional or yield

3 74 127 0.002 0.031 60 point, Dy is axial deformation at peak load, and 6 is angle of

4 5.4 9.9 0.008 0.030 70 grain. Fcy is compression strength in term of yield point or
' ' ' ' proportional load, Fcu is compression strength in term of

5 6.1 10.1 0.002 0.030 70 ultimate or peak load, €v is strain in term of yield point or

6 116 184 0.002 0.005 30 proportional load, and e is peak strain.

7 1.3 18.0 0.002 0.007 30

8 96 172 0002 0006 30 Pl

9 139 278 0.010 0.008 10 *

10 2.3 5.8 0.004 0.030 90
11 70 167 0.004 0.031 30
12 6.8 129 0.003 0.030 60
13 4.2 8.4 0.003 0.030 80
14 2.7 5.5 0.007 0.030 90
15 148 244 0.003 0.005 10
16 152 214 0.003 0.006 20

FCY

17 132 217 0.002 0.006 20 P
18 121 246 0.005 0.008 10 Figure 8. Results obtained from polynomial regression
19 6.6 13.7 0.002 0.030 60 analysis.

20 25 5.7 0.007 0.030 90
21 22 5.2 0.006 0.031 90
22 72 108 0.006 0.030 70 *
23 150 299 0.002 0.005 0 2
24 157 314 0.005 0.012
25 1.7 306 0.005 0.011
26 106 279 0.003 0.007 10 15
27 115 313 0.003 0.009 0
28 120 324 0.003 0.009 0

FCU

29 8.8 19.2 0.002 0.030 30 ’ D :ﬂ
30 94 209 0.002 0.030 20 o
31 174 291 0.002 0.005 0 Figure 9. Results obtained from polynomial regression
32 128 255 0003 009 10 analyss.

33 154 201 0.002 0.006 20 Figure 8 shows the result obtained experimentally (Fcy)

34 136 272 0.035 0.008 10 and the equation-curve obtained from the polynomial
35 53 13.1 0.002 0.030 60 regression analysis to predict the value of compression
36 26 49 0.007 0.030 ) strength of Red Meranti timber in term of proportional or yield

point, this empirical equation result shows the relationship

37 6.4 114 0.002 0.031 70 between the compression strength (unitin MPa) and the grain

38 54 104  0.002 0.031 70 angle 8 (unit in degrees). The coefficient of R2 is generally it

39 49 8.6 0.003 0.030 80 is relatively near 100%, for timber this is considered normal

40 3.9 7.0 0.002 0.030 90 because timber is a material that comes from nature. The
' ' ' ' regression equation for the curve in Figure 10 is shown in

41 4.5 79 0.002 0.031 80 Equation 3 and Equation 4.

42 7.6 18.2 0.004 0.015 30

43 9.6 19.2 0.011 0.008 20 Fcy =14.01-0.1196 + 0.00004262 (3)

4 63 126 0002 0006 60 R?=85.52% (4)

45 78 128 0.002 0.007 60
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Figure 9 shows the result obtained experimentally (Fcu)
and the equation-curve obtained from the polynomial
regression analysis to predict the value of compression
strength of Red Meranti timber in term of peak or ultimate
point, this empirical equation result shows the relationship
between the compression strength (unitin MPa) and the grain
angle 8 (unit in degrees). The coefficient of R2 is generally it
is relatively near 100%, for timber this is considered normal
because timber is a material that comes from nature. The
regression equation for the curve in Figure 10 is shown in
Equation 5 and Equation 6.

Feu =29.82 - 0.4176 + 0.001862 (5)
R?2 = 96.56% (6)

Conclusions

The conclusion obtained from this research is an
empirical equation for calculating the compressive strength of
Red Meranti timber (Shorea spp.) with a predictor, namely the
wood grain’s angle, namely Fcy = 14.01 - 0.1196 +
0.00004262 with R2 = 85.52% in term of yield or proportional
point. While in term of peak or ultimate load, an empirial
equation is Feu = 29.82 — 0.4176 + 0.001862 with R? =
96.56%.

Fcv or compression strength in term of proportional load
is an useful parameter for design of column or compression
member in timber building, timber bridge truss, or timber roof
truss in accordance with SNI 7973:2013. This equation
provides benefits for academics and practitioners, especially
in designing compression structural components, which is the
compression design value parameter.
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