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ABSTRACT

The mechanical properties and physical properties of four bamboo species,
Dendrocalamus membranaceus Munro, Thyrsostachys oliveri Gamble, Dendrocalamus copelandii
Gamble ex Brandis and Bambusa beecheyana Munro were studied. The result showed that
mechanical properties of All studied bamboo species are similar to wood’s. While the tension value
of D. membranaceus and T. oliveri are higher than those of D. copelandii and B. beecheyana.
Modulus of elasticity of four bamboo species are higher than that of woods. However, The specific
gravity and density of B. beecheyana. is lower than those of another species. The fiber saturation
point of All tested bamboo species are higher than wood species. It can be conducted that those
four bamboo species efficient potential to be utilized in the same as timber wood. Moreover,
anatomical characteristics of those four bamboo species were studied can will be uses as data

base for wood identification.

Keywords : properties, mechanical properties, physical properties, anatomy, bamboo,
Dendrocalamus membranaceus Munro, Thyrsostachys oliveri Gamble,

Dendrocalamus copelandii Gamble ex Brandis, Bambusa beecheyana Munro
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NANISANYIATNNIANTIG (Table 3)
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et aunmdrngugnaNEInTEenYniL 80.6 uaY 66.5 Hu. EuNgHInatsa1ns huindy

60.4 Az 55.1 HH. LAZAIMHANIIDIANYINAY 10.1 WAz 5.71 N4, Tpismqm@é’mﬂufsi%mmnma

Tsanan
NANISANEIATNAENLA (Table 1-2)

1. wonaauan3q udanlew uazdawlanaresanlisonsn frneadauaniialu
ANNTURIWNAL 135 uaz 159 MPa wie 1,373 uay 1,618 nn/mn’ muandu danlnaniaziien
Tisansnanulen uazdanuanefArdananawindy 140 uas 148 MPa e 1,433 ua 1,514 nnjes”
iy TiaandndAnaruudusafeuwinffdoufsnuannsgunaudn i siufafidnaruudouss
Faust 100 MPa we 1,000 Anfen” Bl (g2 uazAnie, 2547)

2. AnsiduiindinAngy TWsanddaulan uazdanUansfidnasudiuiidadidin
AusuTuaniazuiowindu 619 uaz 95.6 MPa Wi 632 LAz 958 NA/TN’ AMHAIGL BaTiAD
Fananafidanlen uazdasaneTuanazfianwingy 512 uaz 79.1 MPa w3 525 uwag 807 nnjen’
pNANA Arflifleifeududmendaunniiaude wodadesranos 35-60% Tisansasineg
N3EANEULINNAT

3. nanaadangu Wsananluaniazuisdanlanuazdaulaafidnandadang

o

Windiu 31,400 waz 58,000 MPa ¥aa 320,600 waz 591,100 nn/ms’ auansy waz uan widen

1
[B=\

frnnandadavduiidaulan uazdaulatawihy 38,600 uaz 61,500 MPa %138 393,900 way

9



627,100 nA/Es” AHAIRND SRFIMININAMDARTE AVELTUAHBAFALANZ1T (MOEMOR) %89
Triaansn frnlszanns 250-400 Gsdiadnfidrgonnn Tisandasiidnauuiiadanufeiige

4. wsadien TdsansBnodelenmuie Srusadenensaiaas 7.90 uaz 9.58 MPa
Wap 80.6 uay 97.7 nnjan” aanlan uardaniany snasy dauluaniasden Adiusadon
\BRY 6.57 WAz 8.71 MPa vi3a 67.0 uay 88.8 nn/an’ Anasy dantuusinadas THsane
fanusadeuluganlan wazdantansfigninzuiudaiais 9.29 uar 8.73 MPa Wip 94.7 uax
89.0 NN/EH- AHaeU uazuan1sdandAiusadouwindu 7.61 uaz 7.66 MPa %38 77.6 waz
78.1 nnjan’ aEARY Aussionueiigensinludanuaades Sanfigendiaanaasie

5. 5957 Warnantuanizuteiianusssnaanlan wazdonlansuaisn 1ndy 63.3
WAy 70.5 MPa was 646 way 719 nn/an’ anansy wan1azlendAndenatamindy 495 uas
56.2 MPa Waa 505 Wax 573 nnfan ANaAL ATusssanes (Hsanandanlauazidsnnindautans
\antiag

6. ws9ms Tuanulan uardaulanatuaniazuss Tsanandrusiands 150 uas
213 MPa %38 1,531 uaz 2,175 nnfan. auanay danluaniozfen (Haanmiiaiussiesionann

RS 116 AT 125 MPa ¥i38 1,185 was 1,273 Nn/as” AMuaisy
NANISFANYIATNNIYENLRA (Table 3)

1. nanada Thaandafiaaulan uazdaniansassan Seannemadaludiusieg aan
AN AAIREIENIILDUUKIATNAIALAS N1TAAFIFIUAITHINIIDIRIARY 2.66% UAZ
2.88% NIAVAFIAILATINETURAY 0.06% LAz 0.18% nnanARafALHAAudnanafeyiny
5.94% LAz 5.06% FIUN1TRAGIAINUETHINGYINAL 9.22% Way 8.30% ANHATAL N1THARIATN
#9209 IHIINFAEINE T gIndN InauLY

2. pangassunay THsansnfidaulan wazdanlans fa1aanndaesnnziads
Winfiu 0.768 uae 0.784 ANHATAL

3. ATNLEY an1azuie haansndaulan wazdaulany Senaanuukuingy 832
waz 837 na/n’ anansy (WsanamduinasisinminAeuiinemnn

4. ﬂf;m%yuﬁ@qmwuﬂmﬂmmmﬂﬁﬂmfﬁ'ﬂmﬂmm:muﬂﬂwwhﬁ“‘u 31 UAY 27%
ATHATAL

5. aunasneqeesn (W lHsanadanimsine tudaulaw uardananaBespnandiy
Aa aursdusigudnasnieuaniais 58.0 way 51.6 8. Wiur gudnatsnisludiais
20.8 LAY 37.2 HH. FINUUIAAIHARIUDIAN RRLIVINTL 14.1 uaz 7.39 wu. (HIanAfawin

PRIANIUIA MY LIHUNAN
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Thistuny

NANISANHINAANIR (Table 1-2)

L4

1. weRaauwan3ng HWdungRdneaaauaninaluaniaszufisuazidanuwinty 95.0

= o/ v

2 o o | Y ]
W&z 94.4 MPa %38 969 uaz 963 Nn/aN AINAAU aziindn Hifunyddinandaaunnsiags
1 1 =1 2 g 1 1 w.dl.d
\inAnmanudeuseszndns 60-100 MPa was 600-1,000 nn/mx” Gvag Tungu iR aanudous
Umnaanmsgmnanin il (gu0f uazmne. 2547)

o o/ A 1 o/ 1 o/ =1

2. ArnLANTdadTaAugl Ty R ArdsnannTugniazuiuazidonindu A
43.3 MPa w3 442 nnjax” iaifeuduAnedTunn31auda fanUszanns 45% Sefiadnitag
n158ANEUUIUNANY

3. uepaadangu uantazufuazleon Wlunyfadenaawindu 21,700 uaz
21,300 MPa 38 221,800 uaz 217,600 NA/EH° ATHAIRL A1 MOE/MOR 1383194 200-250
fafindn TifumyAnannfievdaanauieferiqs Wdeeudulivialy

4. wsndou Wiy udouiinnie drusadenluannsuiuantonwindy 9.52
WAz 9.07 MPa w3a 97.1 way 92.5 nn/au’ uazduiiinudes ddusadenlugniazdsngan
Windu 9.71 uaz 8.98 MPa 1138 99.0 uaz 91.5 AN/N’ ATNAIAD ATLSILED U N3y
danfindouazdndifiudedin iuansnofumnnin

5. us98n Twanazufuaz@on (HilunyfAdanaiowindy 54.0 uay 47.8 MPa
yi38 551 Uaz 487 NA/ws’ ANHAIAY

6. ussiy apslismy Tnaniazwiouazananden Sd1useiands 121 uaz 875 MPa

WaB 1,235 WAy 892 Nn/ad” ANNAIAL
NANTSANHINNIYFNLA (Table 3)

1. n1avada Wdumyfnianasaluaniazanauivanisrauuis Tudauaanunun
AYNENT LEHNAUENA19AEUEN UAazAMNYINIATWINGY 6.09% 0.11% 4.48% uaz 10.26%
PINAIAY Fziudn [ty finnanadannenurauiinegs

2. AR INNE Winfiu 0.784 Seaelunnsiuinngang

3. A Tusnnzwiawingy 834 na/m’

4. PrwEuTigamane RAntazanos 26%

5. aunpE IRl THiRswaEnmasdagnanniesen dEaETnans

eludn wazaHIBIsRAsWINGY 73.5 611 uaz 6.18 Wi, auany (Wl dulngs

PUAVBIATHIA ASYLHAAT
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Trifiazgs
NANISANYIATMNAENLUR (Table 1-2)

1. nandaunnitg WAngsfidmagdaunnintusniazuisuasenindsivind 120
LAz 102 MPa %138 1,219 Uaz 1,045 n/es” ANERD a1ndaiaesanans Winladn iWfngadul
Afrmudousebunosigs

2. AradufidadndnAngy TiAngefid1auidnidadidafugu tuaniazud
uazanniunAuyind 63.5 uay 54.0 MPa w3 647 uaz 550 N/’ AIHAIAL (eI el
A ANE e AU uAmandauAnE1nens WANgILde Srnlazanos 50% Sadafgasnns
Poviefutunans

3. uppaadandn WAngeiaAdina Twaniazukonazdanwindy 61,000 uay
38,100 MPa %3 622,200 LAy 389,000 An/an” audiy Tifnegsfidnaausanianatsuiofs
figannn

4. wsadion Gifinegeil Ausadiew3nodalanatusatonyind 13.7 uaz 6.55 MPa
vi3® 139 UAY 67.0 nNjan” AWEIRY dausnoudesfiAndanganudndiu Ao 14.8 uaz 9.83 MPa
%30 151 uaz 100 Nnjzy’

5. us9dm TinegsTuantazwisnasBanfidussdniade 54.4 uay 35.8 MPa 1in
554 Uay 365 NNjan” ANHAIRL AusIsnues ngasl A TndLAesiUTamy uidandlienmas
uazlWganen

6. w39y AussfanasiiAngsTuantazuisuaznien Sdnais 135 uaz 71.7 MPa

AR 1,376 Was 751 NN/N. ATNANGL
NANNSANHIATNNTEFNUR (Table 3)

1. n1anasia (HANgeRidnsIN19uasinananIayanganInzeauuie Twinuse fie
FNHANNIHT ATIHENT LEHHNEUEINAN9N1EHeN WaTANNYFNIAS Windu 5.50 0.10 3.99 uay
9.03% AHAAL

2. AN INIZEe9 [HfiNgeviniy 0.651

5. Annudnlugninzuisnns Angawindy 744 no/m’ TiAngedmdnluaiimin
Urunans wiiliuiidanadn aosuinsaslifngs dindlidn 3 sfefivinnisnaseuidntias
anaifinsnnainnisiinenanafugnliings Sdnguarasdifionisualaamiald F9vianns
tigesnenlWiiugnliadi dlisfinmaedgiulnsanda anuuiude

4. HBRTIANIRYe INAnege enuszanos 31%
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5. unsineuea Wl Infingedizmadusngudnanemawen durdagudnanenisy
|d|d

LAZANHMHIZBNEIRALYINTL 69.9  43.2 uaz 13.3 wu. auandy (Wfngainiififawials

U1UNRN

FI190INR

1 o

anaHLdnss Setuiitsnatisrnnenaauansinees Wilvinnnsinen vis 4 e
A 1 v A o v & <4 [ £ ' '
WagainaruuiuseuaniazukadsuiunnasgulfidsudaesnslnEnudn Tierwwaa
Taanan wazlifingaauwinnguliifauds daulidunyfeuvingulfidsuisUunans
! % dld °o v A o Idl o dl = =} g ! o v ° o
AANLANTT e RAugUre [Tt Anen Wewfsuifisuiudinendaunning dmsu

' { g @ ' { S ! ' ! ' o o o
Tnmnannawmdeszanm 35-40% eiindndudnfion uaneiniWeemaigonisd anguiiaw vinbi

%9n158aUdTEN Suiuanuozaa @A anmiian daulndn 3 ¥fia AalNaanan (WEuns

Y

waz{Angs fAndananauiunas Aedssunm 40-60% SRINEINITENINANEARTE LU

9

1
ra o

Anaaauan31eesdlaesiall azdd1dszanm 100 usarnnisineased woda GHitvinnas
VAU 4 58a HeAdenaa 200-500 Fadurfigenin a191lasunanniafilWldansos
Tassadnadiullwesanannng uazlunameseuanudousessfli azvinnismeasuasunsan
ypeiin FuinliAnNAe vEonanaadangugean e Ausuidend Fainnismeseuased
wudn Tivis 4 ofim AusaifansssdipesddninfiAssiuusadeunsaldas dandtusednii v
4 ofim RAdai infiAnein dauAtusefionn a1ndaaefiifazfindn Tiansuaauazingandn
aM19050uTeR [ (Fgandn iisTunguas Iifinagenenadinddn

NIAAFAATHEN] 289 TNTINLAY Naviedafi A HEITRI Il usiazTiaasld1smIn
manadafuanrna A indiAseiun1suasiafndusngudnananuen n1sMasiagiag
! P=1 U o Y a ¥ 1 3 a = o/ dl ¥ A o/ U
fine arfinasianisnasafiulEnnasdion (s 4 wiie axfidinianadaiindidasiu Aipas
F9FNNIZURTANNUNWIDS INTIVITNIavIaRa Ul aziiiudn g (Heanan uazlndny aed
ArAIINEIS N gInIn (KRN vin AR A wdugendndag WasaniAngaduliiigniie
o ' @ o o VP Y o ! o = A a a & !
Futsgymumdadunan vinlAlFsunawenlaldenineasnsgugnann Seiiniswesgduladandn

vl 1

Trafindng FainiiflAnarmusinuasArAnEass Innzan TissfeainanuasEWiigamg

2890819 4 1ila AA1endn 27-35% gendntiiallidntias
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Table 1 The mechanical properties of some bamboo species (SI unit)

Modulus of Stress at Modulus of Compression Tension
Shearing (MPa)
rupture (MOR) proportional elasticity (MOE) (MPa) (MPa)
Species Part (MPa) limit (MPa) (x100 MPa) Node Internode Internode Node
Air Air Air Air Air Air Air
Green Green Green Green Green Green Green
dry dry dry dry dry dry dry
Dendrocalamus g om 1290 1520 436 544  246.0 7.2 7.2 12.4 7.7 146 485 577 1910 2610
sericeus Munro
Top 171.0 189.0 65.5 91.6 409.0 8.3 8.3 15.1 8.8 14.9 55.5 62.7 194.0 244.0
Bambusa sp Bottom  140.0 1350 512 619  386.0 6.6 6.6 7.9 7.6 93 495 633 1160  150.0
Top 148.0 159.0 79.1 93.6 615.0 8.7 8.7 9.6 7.7 8.7 56.2 70.5 125.0 213.0
Dendrocalamus
All 94.4 95.0 43.3 43.3 213.0 9.1 9.1 9.5 9.0 9.7 47.8 54.0 87.5 121.0
brandisii  Kurz
Dendrocalamus
All 102.0 120.0 54.0 63.5 381.0 6.6 6.6 13.7 9.8 14.8 35.8 54.4 73.7 135.0

latiflorus  Munro




Gl

Table 2 The mechanical properties of some bamboo species (Metric units)

Modulus of Stress at Modulus of Compression Tension
Shearing (MPa)
rupture (MOR) proportional elasticity (MOE) (MPa) (MPa)
Species Part (MPa) limit (MPa) (x100 MPa) Node Internode Internode Node
Air Air Air Air Air Air Air
Green Green Green Green Green Green Green
dry dry dry dry dry dry dry
Dendrocalamus Bottom 1315 1548 444 B55 2507 2979 732 126 780 149 495 588 1947 2660
sericeus Munro
Top 1748 1923 668 934 4173 6623 84.5 154 89.7 152 566 639 1980 2486
Bambusa sp Bottom 1433 1373 523 632 3939 3206 670 80.6 77.66 947 505 646 1185 15311
Top 1514 1618 807 958 6271 5911 88.8 97.7 78.1 89.0 573 719 1273 2175
Dendrocalamus
Al 963 969 442 442 2176 2218 92.5 97.1 91.5 99.0 487 551 892 1235
brandisii  Kurz
Dendrocalamus
All 1045 1219 550 647 3890 6222 67.0 139 100 151 365 554 751 1376

latiflorus  Munro
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Table 3 The physical properties of some bamboo species

Shrinkage (%) Outer Inner
Specific Density FSP Thickness
Species Part 3 diameter diameter
Thickness  Length  Diameter  Volume gravity (kg/m”) (%) (mm.)
(mm.) (mm.)
Dendrocalamus
Bottom 7.83 0.04 8.78 13.98 0.727 788 35 80.6 60.4 10.1
sericeus Munro
Top 4.36 0.05 5.64 9.57 0.796 852 28 66.5 551 5.71
Bambusa sp Bottom 2.66 0.06 5.94 9.22 0.768 832 31 58.0 29.8 14.1
Top 2.88 0.18 5.06 8.30 0.784 837 27 51.6 37.2 7.39
Dendrocalamus
All 6.09 0.1 4.48 10.26 0.784 834 26 73.5 61.1 6.18
brandisii  Kurz
Dendrocalamus
All 5.50 0.1 3.99 9.03 0.651 744 31 69.9 43.2 13.3

latiflorus  Munro




Figure 1

The conductions under the project.
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ABSTRACT

Four species of bamboo were studied on Bamboo Protection i.e., Thyrsostachys oliveri
Gamble Thyrsostachys siamensis Gamble Dendrocalamus copelandii (Gamble ex Brandis) N.H.
Xia and Stapleton and Bambusa beecheyana Munro. After treatments, we found that treated
bamboo by steeping bamboo culms with branches in chemicals solutions method can absorb
chemicals 4 meters height in 5 days. Penetration of boron compound solution by Hot and cold
Treatment is as good as soaking in boron compound solution for 7 days. But, Hot and cold
Treatment consumes less time. Soaking in saturated calcium hydroxide solution, boiling in sodium
hydroxide solution, and fumigation with sulphur give good effective in preventing powder-post
beetle infestation. Moreover, these treatments are easily practices, less cost and environmental

friendly.

Keywords: Bamboo Protection, Thyrsostachys oliveri, Thyrsostachys siamensis,
Dendrocalamus copelandii, Bambusa beecheyana, Steeping treatment,
Hot and cold treatment, Soaking treatment, Boiling treatment, Smoking with sulphur,
Boron compound solution, Saturated calcium hydroxide solution,

Sodium hydroxide solution
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1. nseuKien d Gilaedsuatuunansuaz (530 (Steeping)

11 HANIIMANBLNITAATHAISAR (Timbor 10%) 1a9lHaan WUdINIFBIUHIEN
TilnlneAsudluundsuazli3afs denamnsagngaduaullfelansaen iazes 4 wns
Tinnelu 5 1u Tnedunpanfunsiidanguulili Safneinnisinjisansassimaasy
fTuTm@uﬁ'gﬂc;]m%u%uTﬂTuLfI@Tﬁ TneftliTituazeznil Lm‘jLL‘mﬁﬂ’%mmﬁqmﬁgﬂ@mﬁu

dinlusniige (Fupadindm) dondaa HdUGuosheieugn Ruasgan) (Figure 1)

Figure 1. Result of Boron testing on treated bamboos at one meter height each.

1.2 WANISVIAFAUNIGEYINANLABINE R LLZ\TG‘NT‘H Table 1

Wudn [ lH7ug s Timbor 10 % Tdgnyinanaias Tuaauedlfndiugiuansad
¥nausNNe{fl control gnvinanaidnidasnin wasiiuniadaunsBuliianzdaluvinans
FeuFAINEnART EHUsy Vs n N sTastunea iR wasnunisdvinataluees 3 Wauwsn

NAIFINIU HWU NI a1 AN
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Table 1. Damage by insects on treated bamboo (7. siamensis) by steeping in 4 solutions for

3 months explosure.

Damage (%)

Chemicals/duration

5 days 10 days 15 days
Timbor 10% 0 0 0
Biflex 0.2% 0.0034 0.0068 0.0068
Wood vinegar 50% 0.017 0.0068 0.00334
Water (Control) 0.0068 0.0068 0.0102

¥
2. ASNARBIBIUUIYILUL Soaking AL Hot and Cold Treatment

2.1 nNaRFa9N1aRABaEIasll fasnianasaulaiiaaislsznoulusau
gnaedudndeld wudn WAk sAinIsauineisgasis fusuiasisdsznoy
Tm@uefulf:ﬂfﬁwm i waieawadmsunisiesiunisdninasessanvinae (i Tnadaing
amnmdinasunsussiiirsounguiintindn U Wiasens dafunmsamsinen

#2838 Hot and cold bath Treatment Uszndmiiaindiuazfiniasgaduien Fdauwiaiy

A19u T8 T T Timbor W1s 7 5% (Figure 2)

) @

T. oliveri

T. oliveri

T. siamensis

1. siamensis

a. Soaking treatment b. Hot and cold treatment

Figure 2. Penetration of boron compound in treated bamboos (T. oliveri and T. siamensis)

a) Soaking Treatment b) Hot and Cold Treatment.
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2.2 AanARaUNITdvinansrasNanYinate (3 [HNRFILARS T Table 2-3 UAY

Figure 3

Table 2. Analysis of variance of damage by insects on treated bamboos (7. oliveri and T. siamensis)

by soaking treatment and hot and cold treatment in 5% boron compound solution

Type lll Sum Mean
Source df F Sig.
of Squares Square
Corrected Model 2845.367 5 569.073 3.312 .020
Intercept 1717.633 1 1717.633 9.996 .004
Bamboo 537.633 1 537.633 3.129 .090
Methods 1287.267 2 643.633 3.746 038*
Bamboo *Methods 1020.467 2 510.233 2.969 .070
Error 4124.000 24 171.833
Total 8687.000 30
Corrected Total 6969.367 29

* Significant at 95% level of confidence

Table 3. Damage by insects on treated bamboo (T. oliveri and T. siamensis) by soaking treatment

and hot and cold treatment in 5% boron compound solution. (Duncan’s multiple range test )

Subset for alpha = . 05

Methods N
1 2
Soaking 10 2.3000
Hot and cold 10 3.6000
Control 10 16.8000
Sig. 826 1.000
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T.olivori (Hot and cold treatment) T.olivori (control)

Figure 3. Damage by insect on treated bamboo and their control.

1. devndedseuRevnefifnennadninaisessennBiagizs asulsdsan
¥9980ya (Table 2) wud ABn1sauiien (il Snadodadsaudemeiiineinnis
Wvinaneesenenadwiiedfy Assiuanu@eis 95 % aausiavesli wazdninadon
¥09rn lHuazAEN19an e HH Tiflnasier1mdsansdenisfiinannisdnyinans
YBINDA

2. WeuBsufsuanuuans 9sssAeisrasr demefidaennisdiinans
YaeNanTUAE AT U W TeAd Duncan 's multiple range test (Tdble 3) wudn Aann5ue
Whiluansazaneresastsenaulusan Anududu s % win 7 44 (Soaking) wazn13du T
TuansazansrasansuaznouTusen avmidindiu 5 % gomgR 60 °C w2 Falus wdadaosTs
WidwlumsararzesmnsuszneuTusew 24 ou. (Hot and Cold Treatment) fifinAgArsdame
Tuszsuidaau Tnefi 3 lHAugTnedd Soaking AAnsAsaueniatiasndn daulil Control
fAnadsAnmReENNTign

3. ABNM9BIURILILLL Soaking W&z Hot and Cold Treatment inatunnstiasiunen

Vinana (o 6 TuszAuUs ws Hot and Cold Treatment fdiafAaliaalunisa Ui iagndn

Tisiunyuaz lfinags

ihieyananisnaassnisaure H kB wee nseuinenilklne ity
anaazatglafenlgnsanlad uazni1909nusnE H INEIgATUATNEaW H1FLAT1ES
wWagueuuasiadeanu ilesarnin Enaaasianyasaaauni1sEnvinatg s eI L as

TanIzFe NS antu Nan19ANYIAILaR9 Tl Table 4-5
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Table 4. Analysis of variance of damage by insects on treated bamboos (D. copelandii and

D. beecheyana) by soaking in saturated calcium hydroxide solution, boiling in sodium

hydroxide solution and sulphur fumigation.

Type lll Sum Mean
Source df F Sig
of Squares Square
Corrected Model 201.120 9 22.347 5.424 .000
Intercept 208.080 1 208.080 50.505 .000
Bamboo 8.000 1 8.000 1.942 A7
Methods 164.120 4 41.030 9.959 .000**
Bamboo * Methods 29.000 4 7.250 1.760 156
Error 164.800 40 4120
Total 574.000 50
Corrected Total 365.920 49

**Significant at 99% level of confidence

Table 5. Damage by insects on treated bamboo (D. copelandii and D. beecheyana) by soaking

in saturated calcium hydroxide solution, boiling in sodium hydroxide solution, and

sulphur fumigation (Duncan’s multiple range test).

Subset for alpha = . 05

Methods N
1 2
Saturated calcium hydroxide sol” 10 .0000
Sulphur fumigation 10 1.1000
NaOH 10 1.8000
Water soaking+ Sulphur fumigation 10 1.9000
Control 10 5.4000
Sig. .061 1.000
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ABSTRACT

Ten plant extracts i.e., Melia azedarach, Chromolaena odorata, Stemona collinsae,
Abrus precatorius Linn., Lepisanthes fruiticosa, Ageratina adenophora, Derris elliptica, Tinospora
cordifolia, Azadirachta indica, and Pachyrhizus erosus (L.) Urbar were used to study on bioactive
against Powder-post beetles. Bamboos used in this study were Thyrsostachys oliveri Gamble,
Thyrsostachys siamensis Gamble, Bambusa beecheyana Munro and Dendrocalamus copelandii
Gamble ex Brandis. Five percent concentration of plant extracts solution were applied individually
to those four species of bamboo by soaking and Pressure Treatment. After treatments, all treated
bamboos were exposed to infestation by powder-post beetle (Dinoderus minutus) in laboratory for
12 months. The results showed that all plant extracts in this study give good effective in preventing

powder—post beetle infestation.

Keywords: Natural products, Melia azedarach, Chromolaena odorata, Stemona collinsae,
Abrus precatorius Linn., Lepisanthes fruiticosa, Ageratina adenophora,
Derris elliptica, Tinospora cordifolia, Azadirachta indica, Pachyrhizus erosus(L.) Urbar,
Thyrsostachys oliveri Gamble., Thyrsostachys siamensis Gamble.,
Bambusa beecheyana (Munro), Dendrocalamus copelandii (Gamble ex Brandis),

Powder-post beetles
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4 o/ o o 1 v = £ o =1 3 ]
PUIALRN ANBUERIFTIYITADUIILLUN FUIATRUAN-AT HAUIAGILE 2.0-6.0 H.H.

wnasIsanlane 2 faflanyaeainenazues Tngninduiudeurieslnaguiaausiaing

q

1
¥ A A

vinane (faanlna) (Aud Minthea rugicollis (Walker) (ifignyinaneiinldAfiudanoutdegs

Tusinsuszmasisnaemedminara H#es 24 Family 50 Genera uaz 93 species liifignyinanssaning)
Lﬂufﬁefuﬂq@ Afzelia, Artocarpus, Avicenia, Bombax, Helicia, Koompassia, Parashorea, Shorea
Tussmalnenudvinae i Enansefin T Watemwasn B warauazdaunszivesHaia
finae uazsan A Bostrichidae nusasiinuidrinanadnfinansaiaauinsiieg fu drdasn
3.0-24.0 #.4. AnEMraaIa1diningUnaanszuen daianes AN INATHUBNG T UNWRUN A
and&ndusn (pronotum) Taeiaeg Sefidnunizagussuaziivunadng doulangansion 3 e
dugunszuasdaiduuan sauidainane AT aoutegeumfeaduaed Lyctidoe ud
Bostrichidae auvinans ({fifAadugelazann: 30% uaosd Lyctide wauvinans [H7idansdu
12-15% wAfam13aya EARANEs 2-30%  AeEainnuusawsaasiavinaeie (3
santiaanalngeznunan Bostrichidae fiaw wiinfinu sz amefiddafa Dinoderus minutus
(Fabricius) Sinoylon anale Lesne Way Heterobostrychusae qualis Waterhouse (tvasaow, (Hflsneen)
assrInmRaInfavangeiianugn sansarsnlilunisasiuindanenniing e
Xie uaADY (1995) 9189491819 toosendanin BaiuansfiarialFannidenaes Mela  toosendan
Seid et Zucc @ungnladafindyrasnanutls fassasdinamsuay Cryptolestes  ferrugineus
Stephens [H&1&15 azadriachtin LALANTEAAIINFLATEINIT (AFALANTLNDALLTS (A
Chander asAly (1999)?5}'@5@’5’1%&% (sweet flag, Acorus calamus Linnaeus)
(kut root, Saussurea lappa Clark.), Ry (turmeric,Curcuma longa Linnaeus) BB NLAN
(curryleaf, Murraya sp.) WAYRLLAN (neem, Azadirachta indicaA.Juss) W13 Frsinuaza S
fuszannngsTunislanoaurl finnudindu 2.5 uay 3.12 AaRndusagnuarfiauRings
Triathi uazADAY (2002) WA MNTWABNIIAEaNRNEN (Curcuma Longa  Linnaeus)
LEAINAFDUNAS 3 A [Hun sanitlangs sonulls uaziasasiinagns Welisuansnenisg
FuAaaN5 nudiReduNeainfangelidn LDs Winfu 36.71 uaaufawinfdy 51.49 uay A99999
frqansuindu 95.50 Tulasnsnsiafiadnsy uazni199u wudniifiusafasasdnaasgegn fen
LCso WINAIL 11.36 HAARALIANYINGL 13.65 Lay HaautNwiniy 19.62 RaAndnsadnsuaIannia
LATAASAMTIN19979 (BrBaRassdinaansuaznaaulls(fis 72-80%
Farauargnadl (2546) Rnuniumenssmeanfieasd Zingberaceae 6 ufin

1199 N9¥EY A uazafiudes lnsnaaauiuNeauolasdn99einnans wud1asuas

—
e
.
=2)
Zo
=

o o

Inflgnsanianiagesinfassasinnanslanian LCs 7 48 Faluawindu 10,543 uaz 13,693 ppm
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WENAMNREINUINENTFTTHEN RN R AesRinannTainn ¥ unnatasiutisn
LNRIUNRIFRgRTUNR IR sz e Tunamesinlandindas Nor Azah et dl. (2003) [#
ﬁﬂm@mmﬁ’mmﬁﬂﬁummzmmmmfw%mu citronella (Cymbopogon nardus) HaosamtiA
narndngniings Tdanunanissodulmdudadaialy wasiidasaninmanunaniduanaldgeans
Aedes aegypti (§

TRYURTAMY  (2546) [ARNHIMIUTNINETT azadirachtin AMNANTRAANAARLLAN
BURY (Azadirachta indica A.Juss) §EbAn%ne ((Azadirachta excels (Jack) Jacobs) WRzaziATme
(Azadirachta indica var siamensis Valeton) #91/gnanunastgniissiunudnazinause
fUBNmuE3 azadirachtin MINRINETIATELAE AT (e i enaaBULSTRMBANYBIESaTTA9N
mAnas T ENERnsannsasrasneulsAnlunan 72 Falienudniien LCso VINT1L 9,550
8,430 uaz 14,510 ppm uazAnaduianisAnsesuanlainminiy 55.69% 79.63% uaz 44.45%
ATHNAAL

maneoiuaratey (2549) WvinnnavaaeulssAnininaasansanaaziano iy
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(a) (b) (0)

Figure 1 Thyrsostachys oliveri Gamble was Treated by soaking in plant extracts solution of
(a) Melia azedarach, (b) Chromolaena odorata, (c) Stemona collinsae. There was no

damage after 12 months exposed powder—post beetle in laboratory.

(a) (b) (c)

Figure 2 Thyrsostachys oliveriG amble was treated by Pressure Treatment, using plant extracts
solution of (a) Melia azedarach, (b) Chromolaena odorata, (c) Stemona collinsae. There was

no damage after 12 months exposed to powder—post beetle in laboratory.

(a) (b) (c)

Figure 3 Thyrsostachys siamensis Gamblewas Treated by soaking in plant extracts solution of
(a) Melia azedarach, (b) Chromolaena odorata, (c) Stemona collinsae. There was no

damage after 12 months exposed to powder-post beetle in laboratory.
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Figure 4 Thyrsostachys siamensis Gamble was treated by Pressure Treatment, using plant
extracts solution of (a) Melia azedarach, (b) Chromolaena odorata, (c) Stemona collinsae.

There was no damage after 12 months exposed to po wder-post beetle in laboratory.

2. Tnfinge isiuny
Tciﬁwqm,mzmaﬁ’umd Aorurnanlae Eansannannitey 4 #la [ denan sansde

ATUNN LWAZHZLAT ANTHENIN 5% AT99Nan19AaaUn1TEinagaaINaninans (5 W

Figure 5 Bambusa beecheyana Munro was treated by soaking in plant extracts solution of  (a)

Tuﬁfmﬂf]ﬂ’ﬁmi sreiz 12 Wan nudnHdnsdinvinanevesnen (fiqure 5-8)

(@) (b) (c

) (d)

Abrus precatoriusLinn.,(b)Lepisanthes fruiticosa, (¢) Ageratina adenophora (d)
Azadirachta indica.There was no damage after 12 months exposed to powder-post beetle

in laboratory.
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(@) (b) (c) (d)

Figure 6 Bambusa beecheyana Munro was treated by Pressure Treatment, using plant extracts
solution of (a) Abrus precatorius Linn., (b) Lepisanthes fruiticosa, (c) Ageratina adenophora (d)
Azadirachta indica. There was no damage after 12 months exposed to powder-post beetle

in laboratory.

(a (b) (o) (d)

Figure 7 Dendrocalomus copelandii (Gamble ex Brandis) was treated by sooking in plont extracts

solution of (a) Abrus precatorius Linn., (b) Lepisanthes fruiticosa, (c) Ageratina adenophora (d)
Azadirachta indica. There was no damage after 12 months exposed to powder—post

beetle in laboratory.

(@) (b) (c) (d)

Figure 8 Dendrocalamus copelandii (Gamble ex Brandis) was treated by Pressure Treatment,
using plant extracts solution of (a) Abrus precatoriusLinn., (b) Lepisanthes fruiticosa,
(c) Ageratina adenophora, (d) Azadirachta indica. There was no damage after 12 months

exposed to powder-post beetle in laboratory.
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3. Thistuny

[ = ¥ Y o ] a 1% ' (1
Tty Aimuunenleeldansatnanniy 3 wia (Hun wielnauns vasaiia was
wamTnaANHdNEY 5% asranantaaapunsdninatsraseminane [ W ulesfiRnns

T28% 12 1Hau Nudn Hfnsdnvinangeesnen (fiqure 9-10)

~

(c

Figure 9 Dendrocalamus copelandii (Gamble ex Brandis) was treated by soaking in plant extracts
solution of (a) Derris elliptica, (b) Tinospora cordifolia, (c) Pachyrhizus erosus (L.) Urbar.

There was no damage after 12 months exposed to powder-post beetle in laboratory.

Figure 10 Dendrocalamus copelandii (Gamble ex Brandis) was treated by Pressure Treatment,
using plant extracts solution of (a) Derris elliptica, (b) Tinospora cordifolia, (c)
Pachyrhizus erosus (L.) Urbar. There was no damage after 12 months exposed to

powder-post beetle in laboratory.



Figure 12 Powder-post beetle rearing bamboo sticks for infestation testing (a) Before testing

(b) After 12 months testing
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Wood mineral-bonded Panels from Bamboo
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ABSTRACT

Research study for wood mineral-bonded board from Pai ruak dum (Thyrsostachys
oliveri Gamble), Pai mun moo (Dendrocalamus copelandii Gamble ex Brandis), Pai ruak
(Thyrsostachys siamensis Gamble), and Pai kim sung (Bambusa beecheyana Munro) that treated flake
with various 2 treatment conditions; 1) soaking in water at room temperature 24 hrs. and 2) boiling
in hot water 100C 1 hr. Lab size boards were manufactured by 4 accelerators type that 1) calcium
chloride (CaCl,) 5% 2) calcium chloride (CaCl,) 5% and potassium aluminium sulfate (alum;
K;SO4AISO,)5) 2% 3) sodium meta silicate (Na,SiOz) 5% and alum 2% 4) non accelerators. All
experimental boards were tested and analyzed the results for properties according to TISI 878-
2537 (1994).

Suitable matrix for manufacturing wood mineral-bonded board is both treatment

condition of bamboo flake of Pai ruck dum with CaCl, 5% or CaCl, 5% and Alum 2% for accelerator.

Keywords: wood mineral-bonded panels, Thyrsostachys oliveri Gamble, Dendrocalamus copelandii

Gamble ex Brandis, Thyrsostachys siamensis Gamble, Bambusa beecheyana Munro
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Figure 1.
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Pai ruak dum (Thyrsostachys oliveri Gamble)

Pai mun moo (Dendrocalamus copelandii Gamble ex Brandis)
Pai ruak (Thyrsostachys siamensis Gamble)

Pai kim sung (Bambusa beecheyana Munro)

Bamboo as raw material
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Table 1. Physical and mecchanical properties of wood mineral-bonded boards from bamboo

Thickness  Moisture Density Water Thickness ~ Modulus Modulus Internal
Bamboo Accelerator content absorption swelling of of bonding
Treatment
type type rupture elasticity
(mm.) (%) (Kg/m.s) (%) (%) (MPa) (MPa) (MPa)
TISI 878-2537 (1994) 10+ 1.0 9-15 1100-1300 - <2 >9 > 3,000 >05
8.72 1.16 12.19 5,191 1.22
CaCl, 5% 10.49 9.25 1,353.75
L EFGHI A AB A
CaCl, 5% + 9.75 0.92 11.85 5,070 0.93
10.29 9.44 1,346.29
24 hrs. K,S0,.Aly(SO,)5 2% KL FGHI A B B
soaking Na,Si05 5% and 21.18 1.29 6.21 2,249 0.46
10.79 6.57 1,233.72
K;S0,.Aly(SO,)5 2% BC EFGHI HIJ K HIJK
16.85 0.80 7.98 2,678 0.48
Control 10.63 7.18 1,223.03
Pai DEFG H CDE HIJ GHIJ
Ruck dum 12.29 0.82 10.22 4,548 0.79
CaCl, 5% 10.56 8.62 1,286.77
IJKL HI B BC BCD
CaCl, 5% + 9.77 1.08 11.95 5,829 1.25
10.35 9.89 1,342.19
1hr. K;S0,.Aly(SO,)5 2% KL EFGHI A A A
boiling Na,Si05 5% and 18.77 0.91 6.54 2,585 0.56
10.57 6.50 1,236.09
K;S0,.Aly(SO,)5 2% CDEF GHI FGH 1 DEFGH
26.26 2.91 3.46 1,251 0.04
Control 10.60 5.77 1,145.29
A D MN LM MN

Remark: Means in the same column followed by the same letter are not significantly different at experiment-wise error rate, a = 0.05



Table 1. (Continues)

Thickness ~ Moisture Density Water Thickness ~ Modulus Modulus |
Interna
Bamboo Accelerator content absorption swelling of of
Treatment | bonding
type type rupture elasticity
3 (MPa)
(mm.) (%) (Kg/m.") (%) (%) (MPa) (MPa)
TISI 878-2537 (1994) 10+ 1.0 9-15 1100-1300 - <2 >9 > 3,000 >05
10.46 0.85 9.16 3,372 0.75
CaCl, 5% 10.47 8.22 1,333.99
KL HI BC FGHI BCDE
CaCl, 5% + 12.28 1.18 8.53 3,466 0.79
10.63 9.26 1,341.24
24 hrs. KyS0,4.AlL(SO,)5 2% IJKL EFGHI CDE EFGH BCD
soaking Na,SiO5 5% and 21.73 1.39 5.02 2,138 0.18
10.41 6.96 1,261.29
KyS0,4.AlL(SO,)5 2% BC EFGHI UKL K LMN
16.10 0.71 6.37 3,121 0.47
Control 10.43 8.20 1,297.05
Pai EFGH | GHI FGHI HIJK
Mun moo 11.61 1.27 8.09 4,198 0.72
CaCl, 5% 10.30 8.34 1,347.76
IJKL EFGHI CDE CDE BCDEF
CaCl, 5% + 12.04 1.49 8.41 3,698 0.71
10.45 8.77 1,334.08
1hr. KyS0,4.AlL(SO,)5 2% IJKL EFGH CDE DEFG CDEF
boiling Na,SiO5 5% and 23.36 1.60 3.91 2,121 0.26
10.64 6.48 1,196.82
KyS0,.AlL(SO,)5 2% AB EFG LMN K JKL
15.17 0.85 5.64 3,312 0.56
Control 10.33 7.85 1,271.32
FGHI HI HIJK FGHI DEFGH

Remark: Means in the same column followed by the same letter are not significantly different at experiment-wise error rate, a = 0.05
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Table 1. (Continues)

Thickness ~ Moisture Density Water Thickness ~ Modulus Modulus |
Interna
Bamboo Accelerator content absorption swelling of of
Treatment | bonding
type type rupture elasticity
3 (MPa)
(mm.) (%) (Kg/m.") (%) (%) (MPa) (MPa)
TISI 878-2537 (1994) 10+ 1.0 9-15 1100-1300 - <2 >9 > 3,000 >05
10.90 1.50 8.70 3,741 0.55
CaCl, 5% 10.23 8.10 1,321.15
JKL EFGH CDE DEFG EFGH
CaCl, 5% + 9.37 1.25 9.12 4,275 0.72
10.30 8.99 1,343.06
24 hrs. K,S0,.Aly(SO,)5 2% KL EFGHI BC CcDh BCDEF
soaking Na,SiO5 5% and 14.41 112 4.67 2,045 0.28
10.58 6.98 1,229.56
K;S0,.Aly(SO,)5 2% GHUJ EFGHI KLM JKL JKL
21.00 1.21 4.1 1,549 0.28
Control 10.63 6.91 1,225.85
Pai BC EFGHI LMN KLM JKL
Ruak 14.53 1.65 7.63 3,069 0.64
CaCl, 5% 10.77 8.19 1,276.48
GHI EF EFG GHI CDEFGH
CaCl, 5% + 12.39 1.47 9.03 4,308 0.82
10.61 9.12 1,295.12
1hr. K;S0,.Aly(SO,)5 2% HIJKL EFGH BCD CD BC
boiling Na,SiO5 5% and 18.88 1.69 3.98 1,492 0.29
10.67 6.87 1,229.13
K;S0,.Aly(SO,)5 2% CDEF E LMN KLM JKL
19.34 0.92 5.20 2,690 0.52
Control 10.45 7.54 1,317.78
CDE FGHI UKL HIJ FGHI

Remark: Means in the same column followed by the same letter are not significantly different at experiment-wise error rate, a = 0.05



Table 1. (Continues)
Thickness  Moisture Density Water Thickness ~ Modulus Modulus Internal
Bamboo Accelerator content absorption swelling of of bonding
Treatment
type type rupture elasticity
(mm.) (%) (Kg/m.”) (%) (%) (MPa) (MPa) (MPa)
TIS| 878-2537 10 £ 1.0 9-15 1100-1300 - <9 >9 > 3.000 >05
10.79 3.57 8.45 3,624 0.69
CaCl, 5% 10.31 8.76 1,355.08
JKL CcDh CDE DEFG CDEFG
CaCl, 5% + 12.97 4.03 7.76 3,897 0.60
10.62 9.20 1,278.82
24 hrs. K,S0,.Aly(SO,)5 2% HIJK C DEF CDEF CDEFGH
soaking Na,SiOz 5% and 20.84 4.40 4.47 2,166 0.25
10.54 7.33 1,220.27
K,S0,.Aly(SO,)5 2% BC B KLMN K KLM
Control 10.55 - - - - - - -
Pai
Kim sung 11.27 5.64 8.37 3,458 0.62
CaCl, 5% 10.36 8.81 1,354.29
JKL AB CDE EFGH CDEFGH
CaCl, 5% + 11.41 3.34 8.97 4,128 0.76
10.59 9.92 1,330.20
1hr. K,S0,4.AL(SO,)s 2% KL D BCD CDE BCDE
Boiling Na,SiO5 5% and 20.41 3.50 4.18 2,088 0.31
10.59 7.65 1,240.10
K;S0,.Aly(SO,)5 2% BCD CcDh LMN K IJKL
23.27 1.64 3.27 995 0.09
Control 10.61 6.99 1,128.93
AB EFG N M LMN

Remark: Means in the same column followed by the same letter are not significantly different at experiment-wise error rate, a = 0.05

- Can’t measurement.
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Figure 2. Physical and mechanical properties of wood mineral-bonded boards from bamboos
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Bamboo MDF for Good Life Consumer
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ABSTRACT

Research and development for medium density fiberboard (MDF) made from Pai ruak dum
(Thyrsostachys oliveri Gamble), Pai mun moo (Dendrocalamus copelandii Gamble ex Brandis),
Pai ruak (Thyrsostachys siamensis Gamble), and Pai kim sung (Bambusa beecheyana Munro)
were manufactured by 4 glue types that 1) Urea formaldehyde (UF) 10%, 2) UF 12%, 3) Polymeric
Diphenyl Methane Diisocyanate (pMDI) 7%, and 4) UF 5% and pMDI 2% of bamboo fiber oven
dry weight. All experimental boards were tested and analyzed the results for properties according
to TISI 966-2547(2004) and JIS A 5905-1994.

The results indicated that all of bamboo types gluing with pMDI 7% of oven dry weight

of bamboo fiber suitable for manufacturing MDF for good life consumer (non formaldehyde emission).

Keywords: medium density fiberboard (MDF), Thyrsostachys oliveri Gamble,
Dendrocalamus copelandii Gamble ex Brandis, Thyrsostachys siamensis Gamble,

Bambusa beecheyana Munro,
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ASANENATENTYIUHIEN & 1eW (medium density fiberboard; MDF) Tagifinnuatlade
Tunnanaaes 2 Tada Ae 9ialH uazefian1afi i TAga19UANNITNAREILLL 4x4 UNARSELA
TuLqum‘iWWﬂmmejumﬂﬂﬂ (4x4 factorial experiment in completely randomized design) N1TNARDI
5116 YEENARaND NN WARYITAURSININ 3 91 91NN ANT [FannnisnaTeUNTELATIZ
pamuataawdinanamaaa A auansnsiunisadiviell - d1singdnfinanaunnsig
fupdeildudndny  Aezhnndisuiisumnuuansnessndedieielngd® Duncan's New
Multiple Rang Test (DMRT) wiasvail3suiauduinnsiidmunaaainagiugasnnass
HBf. 966-2547 warn1niziu JIS A5905-1994

1. mqﬁu‘ﬁ?"

[

Tt Tun1539% 9139u 4 ¥ila (Figure 1) fiafl
1.1 (W99n@ (Thyrsostachys oliveri Gamble) anYiadABILABNNTINT F993A1NN

1.2 fﬂiﬁ%‘lﬁﬁj (Dendrocalamus copelandii Gamble ex Brandis) 41071847181t DNEY

o/

NI F9RTANTYIULE
U q
1.3 {w99n (Thyrsostachys siamensis Gamble) anviasiienaLanany 49nianIeyauy3

1.4 THfinap (Bambusa beecheyana Munro) annviasiisnnanslem Smdannyany3

2. msm‘%ﬂu%’mqﬁu

W N FuLTnBnTE & (bamboo chip) wdinnuendialneldnssudinisuen

Aeunuupangus BevenuiiliahinsusasnasBen it dnnrsidiisszyingu 2001 DS a1niu

indlaUauFivAamuEulasnin 3-5% e Evinunusa (U
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1a

1b

1c

1d

1a
1o
1c

1d

Pai ruak dum (Thyrsostachys oliveri Gamble)

Pai mun moo (Dendrocalamus copelandii Gamble ex Brandis)
Pai ruak (Thyrsostachys siamensis Gamble)

Pai kim sung (Bambusa beecheyana Munro)

Figure 1. Bamboo as raw material
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1. ATTNRKT LRTUTNIMAITNT U

B & o FvinannHlkfA A nweieegugas 9.69 - 1045 ww. uaz

ﬁ%mmmm%umﬁ'ﬂ@ﬁuﬁw 6.16% — 8.44% (Table 1)

v
2. ms(ﬁmﬁum

nsgadutinresuiidn 7 lan fdafsaginieg 16.60% - 66.79% Tnaunui
vinan i nAne g Sene5iar e 5% Sanriunin pMDI 2% apssinminidauiuidiuaadas
frnnagedininadssngn Ao 16.60% (Table 1 uaz Figure 2)

devinnisiinsnsianaulslsauensioyasinniamaaas wud fadusien uaz
fladudanansniin uazniafiliansnasadinisgaduiniaisasrifuddnydemieain
(p<0.01)

ﬁﬂﬁhm‘s@m%uﬁﬁmé‘ﬁ'ﬂmv‘hmim%ﬂuLﬁﬂﬂmﬁ%ﬂm Duncan’s New Multiple Range
Test WUIN

2.1 whadn & 1o Al¥n19 pMDI 7% nagBanasdasilad 5% danrdunia pMDI 2%
g 3enaSiTaR ol 12% wazniagdenesianlad 10% savimindeuiafiuaadondainis
aadaiadnidssanieslUnininanddiy uazidndfunnsdiuedeiisddymieaas
(p<0.05)

2.2 flotnnny Beno$ian (el 5% $auiunte pMDI 2% inansidandiniagadanii
WRgnIuNEN 7 low fivinannliaansn Tiduny uazliaanfiduansneiuadnebifdoddny
NNNEGF (p>0.05)

2.3 wiwda & 1o e sy Tiaan wazlifinesiil¥nag pMDI 7% asadinsin
dowrndnanaitendrinisgeduineds ldunnsisduatiiitd Ay asd1mieaia (p>0.05)

wLAnsNenuegalNE d AN NaHH (p<0.05) AUuAWEN A 1an fivinanninganean

3. AISNBIAIATNAITHIR

ArnanasFanEAINnII Uil A lan AinannXlHEdnafsog it
6.55% — 14.99% WU wiwdn A 1e Mvinenntilnis 4 1iin uazynefiauazannniadt
HANTNDIRIPNNANNIWINIUAHIN LTI HIRTF T HBN. 966-2547 UATHIATIH JIS A 5905-1994
Avina sniuuisn 7 e Avinann i lieandni lEningEemesian (8 10% sasiminidawis
Lﬁumﬂ%@uﬁﬁmﬁwmﬁqmummwmw’mmuLﬂméﬁmmggm NEN. 966-2547 U [HHNIWATH

WNETINNRTEIM JIS A 5905-1994 Anua (Table 1 Uaz Figure 2)
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Wavinnisdiasisiauudsusineesdiayasinnisnaass nudn Jeqeifien uay

|
2

ffade5anr09riin Wuazn1a7 EHEn S nase AN1TNaIsaRNANMNLR AL Bt Te dAey
NNEDF (p<0.01)
o 1 o/ dl o = p=% ad )
HAATINNTNBIAIRINATHMENLRAENYIINTTLUS s UsUTasAB989 Duncan’s New

Multiple Range Test Wu21

Table 1. Physical properties of MDF from bamboo

Moisture Water Thickness
Glue Thickness
Bamboo type content absorption swelling
type (mm.)
(%) (%) (%)

TISI 966-2547 (2004) 10+ 1.0 4.00 - 10.00 - <15.00

JIS A 5905-1994 10+ 10 5.00 - 13.00 - <12.00
UF 10% 10.19 7.85 5962 B 1499 A
Pai Ruak dum UF 12% 10.08 8.1 52.00 CD 1047 C
(Thyrsostachys oliveri) pMDI 7% 9.87 6.20 28.15 F 959 C
UF 5%+ pMDI 2% 9.87 6.20 2815 F 959 C
UF 10% 10.45 8.44 48.44 D 1150 B
Pai Mun moo UF 12% 10.03 8.29 4018 E 10.27 C
(Dendrocalamus copelandi)  pMDI 7% 9.71 6.17 20.74  GH 814 D
UF 5%+ pMDI 2% 9.97 7.66 22776 FG 959 C
UF 10% 9.96 7.56 5498 BC 11.88 B
Pai Ruak UF 12% 9.92 7.73 4968 D 993 C
(Thyrsostachys siamensis)  pMDI 7% 9.69 6.62 18.98  GH 8.00 D
UF 5%+ pMDI 2% 9.87 6.20 2815 F 6.55 E
UF 10% 9.75 7.53 66.79 A 11.95 B
Pai Kim sung UF 12% 10.10 7.58 4893 D 976 C
(Bambusa beecheyana) pMDI 7% 9.69 6.47 17.77  GH 797 D
UF 5%+ pMDI 2% 9.82 6.16 16.60 H 6.55 E

Remark: Means in the same column followed by the same letter are not significantly different at

experiment-wise error rate, a = 0.05
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Water absorption (%)
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Figure 2. Physical and mechanical properties of MDF from bamboos
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Table 2. Mechanical properties of MDF from bamboo

Modulus Modulus Internal
Bamboo type Slue of rupture of elasticity bonding
pe (MPa) (MPa) (MPa)
TISI 966-2547 (2004) =>22.00 22,500 20.60
JIS A 5905-1994 >25.00 22,000 20.40
UF 10% 2203 H 1,870 | 066 D
Pai Ruak dum UF 12% 23.24 GH 1,951 HI 0.91 BCD
(Thyrsostachys oliveri) pMDI 7% 30.19 DEF 2,508 CDE 0.99 ABC
UF 5%+ pMDI 2% 27.36 FG 2,451 DEF 0.99 ABC
UF 10% 27.03 FG 2,125 GHI 0.75 CD
Pai Mun moo UF 12% 27.87 EF 2,171 FGH 0.81 CD
(Dendrocalamus copelandii) ~ pPMDI 7% 34.42 ABC 2,745 BC 120 A
UF 5%+ pMDI 2% 28.67 DEF 2,293 EFG 0.98 ABC
UF 10% 29.10 DEF 2,431 EF 0.89 BCD
Pai Ruak UF 12% 31.16  CDEF 2,647 CDE 1.07 AB
(Thyrsostachys siamensis) ~ PMDI 7% 32.07 ABCD 2,740 BC 0.90 BCD
UF 5%+ pMDI 2% 30.19 DEF 2,508 CDE 0.99 ABC
UF 10% 30.08 DEF 2,456 CDEF 0.77 CD
Pai Kim sung UF 12% 35.41 AB 3,142 A 117 A
(Bambusa beecheyana) pMDI 7% 37.41 A 2,953 AB 117 A
UF 5%+ pMDI 2% 31.85 BCDE 2724 BCD 0.98 ABC

Remark: Means in the same column followed by the same letter are not significantly different at

experiment-wise error rate, a = 0.05
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ABSTRACT

The feasibility study of biogas production from bamboo’s residue was done by using
soft part of bamboo leaf feed in biogas production machine 5 kg/day. The result found that leaf of
bamboo could provide biogas about 26.43 |/day. The biogas components are methane 43.7%,
carbondioxide 53.2 % and oxygen 0.3 %. Charcoal briquettes from bamboo residue were made
by combining 2,000 g of fine charcoal with tapioca starch at 50, 100, 150 and 200 g. The suitable
combination were using of 2,000 g fine charcoal mixed with 100 g tapioca starch which provided a
work done value of 1.47, a burning rate value of 6.12 g/min, a heat utilization efficiency of 25.21 %
and a calorific value of 5,837.41 cal/g, and also the combination of 2,000 g fine charcoal mixed
with 150 g tapioca starch which provided a work done value of 1.50, a burning rate value of 5.09 g/min,

a heat utilization efficiency of 24.71 % and a calorific value of 5,829.53 cal/g.

Keywords: Bamboo, Bamboo residue, energy, biogas, charcoal briquette
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Table 1 The combination between fine charcoal of bamboo residue twig and tapioca starch in

different level

Fine charcoal of bamboo residue Tapioca starch
(9) (9)
2,000 50
2,000 100
2,000 150
2,000 200
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M = swinaeadainds (n3w)

M, = swineeede (nsw)

H = AnAsIMAN e danas (Rlaunasddnflansi)
Hy = AnEANSanenaEe i (Alawaasdsafilansy)

Figure 4 Charcoaling of Bamboo residue twig by single drum kiln
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HANISANYILAZITISHNA

1. AISVIARBINARNITFININTINLAY U TW

AN ARBINLAE LU TNV A RBIN AR AT INTNF 8 LAZAIH AR D 1B EINTWNU N
a Y v d' o/ a 1'% a dl a &V o/ a o/ 4 o d'

mm'ﬁmw@mﬂqﬂﬂmmmwmmemqmmsﬁumﬁmmmmmum 5 Alansuifiuwaan 8 41 1ile
QI (%3 a &V dl a d? [ a 1 % [ ] a e [ 4' [
BHIAUEHIRTEBR AR WTWaTRARanY 25 F4 WUANaTHITaRARANEEININ FIaALTuAY
26.43 gnuIAfiumg a1NnN1aAsIsiasAlssnaufinenudn fevddsenaufineg fie S 43.6%
AsuanlnaanlEs 53.2% Waraanglan 0.3% LHanagaunis seiuaieni1slssnauennig
aun9al¥sTnaue g é (Figure  5) weidiasifinamatsJulunisifufisie Wlsusundi

NN BABNTNFINUARTASS

Figure 5 Food cooking by using biogas from biogas production machine

2. AISVEIRAALVINIINLALLAAD (3

mavinasind e seneRsEiin Tnadmum 2,000 n5H waniULT T mas
Tudmsndan 50 100 150 waz 200 N3N SAtATNUIaNEILIARDISATINUNY NUFIEIHTT
WARE NS ALY Tre i AanNenag s auiewing 310 294 288 war 255 [WHANAT AMHAIL
(Table 2) FIUHNENTITISRINEINTzATeamUA 2,000 NSH AuwTsaenas 50 n5u WiAannen
Wt uEanTigavingy 310 ufinng LazildnanIaHARGIgAVNGL 0.81 IEuRiNATADALT

ANAHTA T B AIIAIUTENTNEMUA 2,000 N5H AUuTTHEUZMAs 200 53 WiAHgIuvEIw

Uagigawindu 255 1 Eufues Laslansn1sHansgawinny 0.64 [URNATHETUT
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Table 2 Length of charcoal briquettes of bamboo residue which made by 2,000 g of fine

charcoal mixed with tapioca starch in different combination

Tapioca starch Time Length Production rate
(9) (s) (cm) (cm/s)
50 381 310 0.81
100 392 294 0.75
150 398 288 0.72
200 401 255 0.64

Wevhausauwis?i(# (Figure 6) Tunagaunisldsusasininedinysz@nnmgeaes
nsutn G ianAN N dns1nsa g wazUszAansnannnstéens wudn ausauvieid
AIUNANTENAEHUA 2,000 N3N AUUiuaenas 150 ndn Hrnsuiilfindegefigavindu

1 e

150 §8n910719W1 MEaReinGy 5.09 NsNFAauIT LasiUsyananinnns e aewingy

24.71% (Table 3) A USAWYINARFIUNFNTLNINAIWUA 2,000 N5H NULTNEUFLNAS 50 NSH

Arun fedsdesfigawiniy 1.30 Srrdnsniswivfiefegefiga wiafdu 6.75 niusewd

1
o

UAEHANSEANBNINNNS HTUFNTIAAWINAY 23.35%

9

D_

Figure 6 Charcoal briquette from bamboo residue
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1 [ 4 P

AMNEAULVITHAINANIUANNTDURRY FITIgAAD GINEALVNTIAIUNENT LIS
fmun 2,000 N3N FUuTsuaonas 50 n3n TnafAmassumnsouniowing 5,845.21
LARDAFBNSH NS AWVINTITEINNENTZI198 A 2,000 N3N Fuusudenas 100 150
WAz 200 NSH SATNENIAHEBWRALYINGD 5,837.41 5,829.33 WAy 5,822.74 WAREARDNTH

AINRIAL

Table 3 The work done, burning rate, heat utilization efficiency and calorific value of charcoal
briquettes from bamboo residue which made by 2,000 g of fine charcoal mixed with

tapioca starch in different combination

Tapioca starch (q) 50 100 150 200
Average work done 1.30 1.47 1.50 1.43
Average burning rate (g/min) 6.75 6.12 5.09 4.79
Average heat utilization efficiency (%) 23.35 25.21 24.71 24.15
Average calorific value (cal/g) 5,845.21 5,837.41 5,829.53 5,822.74

ANTLAZUSZANENTNNTS Heeesan annsanBauifiauennana il snen

e ndl UszAnBainmsldem uasnasnuandewnis dmfifiganinsndnezddnomdi (4

1 dldu/

UszAngnannnslien uazwdsnuatndougendn udfididnannisima s diufifidae
e indigafierin i MmesyinliiidenSe uwidiazmniimaallise uazarfudasdm
HINNANENAR RTINS ISR AEDaNARERIIN1TIHA SR NdnSadn Ny ausRndndnui
fdpannamindige ieseindmifidaaniamindigeeriuldssdomasmanndy idamases
WHAEING BennefelsrAnBnInnns s ndndaeiiies

91NN1INARITFNIETY AMNEIINAITNED AR LTINS ALY AARIAIN U H
WA ATIRNEY SuSAUYNTF NN N2 919gmuA 2,000 nSH fuuTaiiantzmas
50 100 150 W@z 200 N5H  HAMNANINAIINEDILARLAARIATHLE N DAL UEN LA
g Tngwindy 5,845.21 5,837.41 5,829.53 uay 5,822.74 WARDSABNSH ATHATAL
Faanadosiuniameaasindiudauisendimaunasn iy aaldan idiun 3,000 13y
HENAULTISTEN=7Es 100 200 300 uay 400 N3N IAg g uaAuyNEATWAIIUAIHE B LAGE)

WAy 3,118.12  3,100.04 3,047.80 WAz 3,026.82 WARBIABNSH AMNATAL (ANEH WAy 352N,
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0548) N1IVAAWINEIEALYaN LA [HazIANaIanEE wazAny (2557) WU9N SusAuvienis
ATUNANIZININENUA 4,000 N33 AULTNEIREIUZMAS 100 200 300 war 400 N3H HA1
NENTHAINEDIRALYINTL 5,816.12 5,748.85 5,678.55 LAy 5,577.66 WARDAABNTH LAY
AN AIITHAITHEDILAR DB A NS AUV T HaUNENTE RN aL AN [HazaunA 4,000 N5N
AunuTandUsnasfiseiumnudindn s 8 10 waz 15% SAMAsIAEEauaaeYInfL
571071 5,638.59 5,520.41 uay 551472 UARDAGONSH WONAINHNNTVINTILSALYIIaNn
WasnnAnafifdunanszndndulasnndasun 2,000 05N Auntawleiudlznasi
SEAUANHENEN 5 8 uaY 10% AuSALYNAAINANINAHEBRATIVNGL 6,104.26 5,765.62
wae 5,718.25 uARBAFANSH (ANWR, 2554)

annmAaed g1azRersandnananliafinonumnizantun1sinaiusauieann
wde [ liinnfign smnsaRansontd 2 dounandasiufe dudauriisidamanesdiun
2,000 NN FUUTITUAULRAS 100 nSH BoflAnenildinag 1.47 sms1n19inn siade
6.12 NSHFEWT UseAvB s HaminRy 25.21% UasWANHANNEauRAS 585741 WAREAFENTH
LAE TS AUITIT Fun N IDItINLA 2,000 NEH AULTETANLLRES 150 nEH B9RA19WAilH
PAY 150 SR9IN19WAMEiaAe 5.00 N3NAauNT UssANBNNNNSIHNIRAY 24.71% uaY
NANIMANHEDURAY 5,820.53 UARBAABNSH 19 2 FauNaNTA AT SRannsmning uas
Uszansnmnisenae Indifeein uauHanfisinetiuun 2,000 ndn fuudadiantenas
100 n¥n fmdsaunaepasgenddaHanfidaiuun 2,000 n¥n Auufaidnds
150 N3H Aiu mndiasdendaunaniianzanfigamiazidandaunanisidiiun 2,000 N3
Auutfaiudlends 100 n3u asaniaasing ¢ TndiAesiu uilidmasmanaseuaisgend
uazAnAnsuaiudusndstiaandiiues warasnsasqludsuifsndasananimnialiem

1 o/ v dl 1 o/ 1 =} 1 % dl
URZATNRWNIHATTHIDUIRALVBINTUDALYNIINALINRD AN TWGI'TNVILLNGNTH Table 4

ﬂ‘gﬂwﬂ

1. AnanAnfaganIwa e i K a1unsanaatnggannfindsduay 26.43 ang
flasfUsznaufinafa S 43.6% Arsuaulnean (s 53.2% Lazaandiaw 0.3%
2. NVINEIHSALYNANENLAARS (5 W Lae W9t 1uA 2,000 N3N NENFLLITI

dnlenasiugasndon 50 100 150 uay 200 nSH wnsaNARGusAuie Fyndmsiaan

ARTVIFIUNANICEN AD SN ALYINTARFIUNFNTZAINAIUUA 2,000 A5H AUMTNEUATIULAAY
o/ 1 =%

100 N5N FIRANUAFRALYINGY 147  Fa910719W1 MSafeyinny 6.12  nSusauld

U2 RVBATWNNT ETHRREVINTL 25.21% ATWANIRNAMNEARALYINGY 5,837.41 LAaDSAaNSH
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UAZE U ALYIT I HAUNANTZTNEULA 2,000 N3N FULTNSRAULaY 150 NSH TRl AW Fiads
WINAU 150 SR91n1900 MEaAewingy 5.09 n3NAaund Useansninnig aesiaiy winduy

24.71 Wasidusd uasiiAmasenauafeyingy 5,829.53 LARDIABNSH

Table 4 The comparison of heat utilization efficientcy and calorific value between charcoal

briquettes of defined charcoal 2,000 g mixed with tapioca 100 g from different residue

Eat utilization efficiency Calorific value
Type of residue
(%) (cal/g)
Twig of Azadirachta siamensis 26.63 5,748.85
Bark of Azadirachta siamensis 24.71 4,936.70
Twig of Eucalyptus urophylla 28.21 6,388.65
Slap of Eucalyptus urophylla 29.70 6,685.29
Residue of Hevea sp 27.54 6,870.00
Dendrocalamus brandisii 25.28 6,215.29
Dendrocalamus latiflorus 24.06 6,183.43
Bambusa sp. 25.29 5,893.19
Dendrocalamus sericeus 21.18 5,754.86
LBNA1581989
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