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FLATTENING BAMBOO CULM WITH STEAMING PRESS
FOR LAMINATED BOARD
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ABSTRACT

This project to study the efficiency of flattening bamboo culms with steaming press for
laminated board. Through the steamed process using carbonization machine. The thickness of the
bamboo covered are 4, 5 and 6 millimeters temperature and time of the steaming is 120 and 160
degrees Celsius at 1 and 2 hours. Then unfolded to flattening with a hot press machine. After that
assess the efficiency of flattening found that thickness of bamboo temperature and time of
steaming influence flattening of bamboo. The best flattening is thickness 4 millimeters steaming at
120 degrees Celsius 2 hours, thickness 5 millimeters steaming at 120 degrees Celsius 1 hour and 2
hours including steaming 160 degrees Celsius for 2 hours. When using higher temperatures makes
the colors darker. When taken excellent flattening bamboo (score 5) tests physical and mechanical
according ISO standard found that bamboo thickness 5 millimeters temperature of steaming 120
degrees Celsius 2 hours best overall property. Value from testing difference was statistically

significant.

Keywords : Bamboos, Flattening, Steam, Bamboo lominated board
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1. 1n99fle4 Aaviles (Vernier caliper)

o

THus99im (Ruler)
WWaBNEIRaRaa (Digital balance)
#8u (Drying oven)

WAFBITANE1 [ (Wood impregnation vessel)

\PRBNEASBU (Hot press)

2.

3.

4.

5.

6. WADaTelann (Steaming autoclave)
7.

8. Lﬂ%mmucﬁ;mqmwgﬁmzmm%yu (Temperature & humidity conditioning chamber)
9.

WAIBINANBUAR9TER (Universal testing machine)
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Figure 1. Experimental equipments and machineries.
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Table 1. Conditions use to steaming of each thickness.

Thickness (mm) Temperature (°C) Time (hour)
4 120 1
4 120 2
4 160 1
4 160 2
5 120 1
5 120 2
5 160 1
5 160 2
6 120 1
6 120 2
6 160 1
6 160 2
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Table 2. Evaluate the efficiency of flattening bamboo culms.
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Figure 3. Production of flattening bamboo culms.

6. NMINANDUAMENTANNNUAINUALITING (Physical and mechanical properties)

6.1 NARBUAIHNUILNN (Board Density), ISO 3131 Wood determination of density for

physical and mechanical tests



6.2 wmﬂﬂumwmw%‘u (Moisture content, MC), ISO 3130 Wood determination of moisture
content for physical and mechanical tests

6.3 NAFAUAIHTMNINIE (Specific gravity, SG), ISO 3131 Wood determination of density
for physical and mechanical tests

6.4 NIVAFBLATATTHATUYITHLIIAG (Modulus of rupture, MOR), ISO 3133 Wood determination
of ultimate strength in static bending

6.5 NFNAFBUANNBARFIANE YW (Modulus of elasticity, MOE) I1SO 3349 Wood determination
of modulus of elasticity in static bending

6.6 wmﬂﬂum’lmﬁuﬁmmmé’ﬁu (Compression parallel to grain) ISO 3787 Wood determination
of ultimate stress in compression parallel to grain

6.7 NANBUANNEUFIIAEY (Tensile parallel to grain), 1SO 3345 Wood determination of
ultimate tensile stress parallel to grain

6.8 wmmumwmﬁmﬁ@mmmﬁyﬁu (Shearing parallel to grain), ISO 3347 Wood determination

of ultimate shearing stress parallel to grain
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Table 3. The average assessed quality of flattening bamboo.

Condition Thickness (mm) Average S.D. C.V.
4 4.40 1.265 0.287
120 °C 1 hr 5 5.00 0.000 0.000
6 4.70 0.483 0.103

10



Table 3. Continuous

Condition Thickness (mm) Average S.D. C.V.
4 5.00 0.000 0.000
120 °C 2 hrs 5 5.00 0.000 0.000
6 4.60 0.699 0.152
4 4.90 0.316 0.065
160 °C 1 hr 5 4.80 0.632 0.132
6 4.70 0.949 0.202
4 4.90 0.316 0.065
160 °C 2 hrs 5 5.00 0.000 0.000
6 3.80 1.751 0.461

The assessed quality of flattening

Score

[]5mm

120°C 1 hr 120°C 2 hrs 160°C 1 hr 160°C 2 hrs

Condition

Figure 4. This graph shows the score of flattening bamboo culms with steaming press.
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Table 4. The physical properties and mechanical properties of bamboo flattening.

Condition Thickness Physical Properties Mechanical Properties
(mm) Density MC (%) SG MOR MOE Compression Stress Tensile Stress Shearing Stress
(kg/m3) (MPa) (MPa) Parallel (MPa) Parallel (MPa) Parallel (MPa)
4 517.98° 6.37" 0.49° 90.25°  3,775.86° 45.87° 176.96" 18.25"
Control 5 610.10° 9.30" 0.56" 112.33°  5,198.40° 75.79° 273.06" 18.94°
6 523.72° 6.92° 0.49° 105.70°  9,272.60° 60.07" 207.39" 17.37°
4 674.27 6.31% 0.63 147.60°  5,191.60" 81.95° 147.10% 24.14°
120 °C 1 hr 5 841.25° 7.03% 0.79" 14956°  6,460.96° 103.53" 353.50° 03.46"
6 709.44° 6.92° 0.66° 14252 7,802.50" 84.18° 371.10° 20.32°
4 684.51° 5.86" 0.65° 154.43°  6,717.94° 81.19° 128.26" 18.32°
120 °C 2 hrs 5 682.10" 0.85° 0.62° 166.57°  6,987.92° 106.57" 27430 21.59%
6 635.74" 6.16° 0.60° 165.08°  12,847.80" 100.60" 381.71° 30.99°
4 980.51° 5.32° 0.88" 00.86°  7,158.56" 39.09" 256.83° 14.04°
160 °C 1 hr 5 890.80" 5.20° 0.85° 74.96° 5,827.41" 4361 160.98"° 16.95°
6 747.47° 5.94° 0.71° 09.40®°  10,047.22° 47.75° 219.67" 8.58°
4 952.92" 6.5 0.90% 9454"  6,128.10" 13.89° 259.90° 12.46"
160 °C 2 hrs 5 915.91° 5.08° 0.87" 5421°  4,884.00° 62.47" 303.06" 29.56°
6 936.79° 5.44° 0.89° 72.98° 9,464.36" 68.89" 119.91° 6.06"

Note: Means followed by the same letter do not differ significantly by Duncan’s New Multiple Range Test procedure (p<0.05)
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Figure 5. This graph shows density properties of flattening bamboo culms with steaming press.
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Moisture content
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= 16
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Condition

Figure 6. This graph shows moisture content of flattening bamboo culms with steaming press.
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Figure 7. This graph shows specific gravity of flattening bamboo culms with steaming press.
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Figure 8. This graph shows the modulus of rupture properties of flattening bamboo culms with

steaming press.
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Modulus of Elasticity
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Figure 9. This groph shows the modulus of elasticity properties of flattening bamboo culms with steaming press.
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Figure 10. This graph shows the compression stress parallel to grain of flattening bamboo culms

with steaming press.
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Figure 11. This graph shows the tensile stress parallel to grain of flattening bamboo culms

with steaming press.
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Figure 12. This graph shows the shearing stress parallel to grain of flattening bamboo culms

with steaming press.
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3. N199AS1EH AN SUSIUN NG G

Table 5. Analysis of variance for properties of flattening bamboo thickness 4 mm.

Property Sum of Squares df Mean Square F Sig.
Moisture content  Between Groups 94.88496778 4 2372124194 2.452 0.061"
Within Groups 386.94213 40  9.67355325

Total 481.8270978 44
Density Between Groups 1081365.859 4 270341.4648 22.479 0.000
Within Groups 481059.121 40  12026.47802
Total 1562424.98 44
Specific gravity Between Groups 0.850251111 4 0212562778 17.986 0.000
Within Groups 0.47274 40 0.0118185
Total 1322991111 44
Shear stress Between Groups 1318.814161 4 3207035403  7.834 0.000
Within Groups 1683.52267 40  42.08806675
Total 3002.336831 44
Compression Between Groups 33808.14373 4 8452.035033 48.865 0.000
stress Within Groups 6918.73998 40 172.9684995
Total 40726.88371 44
Tensile stress Between Groups 149445.2361 4 3736130902 17.372 0.000
Within Groups 86025.5331 40  2150.638328
Total 235470.7692 44
Modulus of Between Groups 31616.33597 4 7904.083993 5910 0.001
rupture Within Groups 52155.17427 39 1337.312161
Total 83771.51024 43
Modulus of Between Groups 48665704.68 4 1216642617  1.779 0.153"
elasticity Within Groups 266752850.9 39 6839816.689
Total 315418555.6 43
Note: *Significant at 5% probability level. ™ Non significant at 5% probability level.
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Table 6. Analysis of variance for properties of flattening bamboo thickness 5 mm.

Property Sum of Squares df Mean Square F Sig.
Moisture content ~ Between Groups 176.36543 4 44.0913575 3344 0.019
Within Groups 527.41129 40 13.1852823

Total 703.77672 44
Density Between Groups 486998.3308 4 121749.583  7.842 0.000
Within Groups 620979.1806 40 15524.4795
Total 1107977.511 44
Specific gravity ~ Between Groups 0.539387778 4 0.13484694 9.358 0.000
Within Groups 0.57639 40 0.01440975
Total 1.115777778 44
Shear stress Between Groups 1248.923951 4 312.230988 9.839 0.000
Within Groups 1269.40136 40 31.735034
Total 2518.325311 44
Compression Between Groups 28921.20423 4 7230.30106 41.688 0.000
stress Within Groups 6937.53227 40  173.438307
Total 35858.7365 44
Tensile stress Between Groups 199371.5226 4 49842.8807 13.384 0.000
Within Groups 148967.5337 40 3724.18834
Total 348339.0563 44
Modulus of Between Groups 93033.97137 4 232584928 15.810 0.000
rupture Within Groups 58843.72447 40 1471.09311
Total 151877.6958 44
Modulus of Between Groups 40302239.07 4 10075559.8  1.434 0.240"
elasticity Within Groups 280978182.4 40  7024454.56
Total 321280421.5 44

Note: *Significant at 5% probability level.

™ Non significant at 5% probability level.
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Table 7. Analysis of variance for properties of flattening bamboo thickness 6 mm.

Property Sum of Squares df  Mean Square F Sig.
Moisture content  Between Groups 14.26575 4 3.5664375 1.683 0.173"
Within Groups 84.76105 40 2.11902625
Total 99.0268 44
Density Between Groups 736396.8369 4 184099.2092 72.301 0.000
Within Groups 101850.9811 40  2b46.274527
Total 838247.818 44
Specific gravity Between Groups 0.68739 4 0.1718475  68.268 0.000
Within Groups 0.10069 40 0.00251725
Total 0.78808 44
Shear stress Between Groups 3314.3358 4 828.58395 64.815 0.000
Within Groups 511.35068 40 12.783767
Total 3825.68648 44
Compression Between Groups 16227.21395 4  4056.803489  31.522 0.000°
stress Within Groups 5147.90317 40 128.6975793
Total 2137511712 44

Tensile stress Between Groups 496409.7607 4 124102.4402 66.841 0.000°

Within Groups 74267.48058 40 1856.687015

Total 570677.2413 44
Modulus of Between Groups 52656.52207 4 13164.13052 5.364 0.001
rupture Within Groups 98164.70525 40 2454117631

Total 150821.2273 44
Modulus of Between Groups 134834739.2 4 3370868479  0.839  0.509"
elasticity Within Groups 1608025879 40  40200646.99

Total 1742860619 44
Note: *Significant at 5% probability level. ™ Non significant at 5% probability level.
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Tray Folding table

Shelve

Figure 13. Product from flattening bamboo culms with steaming press.
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ISO 3130:1975 Wood determination of moisture content for physical and mechanical tests.
ISO 3131:1975 Wood determination of density for physical and mechanical tests.

ISO 3133:1975 Wood determination of ultimate strength in static bending.

ISO 3345:1975 Wood determination of ultimate tensile stress parallel to grain.

ISO 3347:1976 Wood determination of ultimate shearing stress parallel to grain.

ISO 3787:1976 Wood Test methods determination of ultimate stress in compression parallel to grain.
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