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Design and Analysis of Laminated Bamboo Beams for Railway Sleepers
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Abstract

The demand for sustainable construction materials has

grown significantly in recent years, especially for
alternatives to traditional resources such as wood, concrete,
and steel. This research aims to develop and evaluate the
performance of railway sleepers made from laminated
bamboo  using  Dendrocalamus  sericeus—  and
Dendrocalamus asper— a bamboo species cultivated in
Thailand—combined with two adhesive types: EPI (Emulsion
Polymer Isocyanate) and PUR (Polyurethane Reactive
Adhesive). The sleepers were fabricated using both hot-
press and cold-press processes and tested according to 1ISO
12856-2 standards using 4-point bending, 3-point bending,
and rail seat section loading. Results show that the EPI-
bonded sleepers exhibited superior mechanical properties,
achieving a maximum load capacity of 185.83 kN and an
MOE of up to 25.68 GPa. In contrast, PUR-bonded
specimens demonstrated better moisture resistance and
delamination resistance, but lower strength and more
brittle failure characteristics. This study demonstrates the
potential of laminated bamboo as a viable and sustainable
alternative for railway sleeper applications in real-world

engineering environments.

Keywords: laminated bamboo, railway sleeper, ISO 12856-
2, flexural strength, material sustainability
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Uit 8 1n5essasou

naanuunssasouudy acldunuliluounn 6 un. Audauss
waziiouilon anntudwinnsdausiaTldoua 250 x 6 x 2400
1. iWamssuUsznoulunuousassn Inasiuwu bt lkiandue
Fun 25 du vnamdrsnadauassaidosluiavadulodondu
wdndumsossadu (Cold Press) shousssiu 5 wnztnania Du
szpznan 5-6 4 lug vieil 's:ummm'sa”mfﬁuaijﬁuﬂixt.ﬂm%mmaﬁ

1% Towam PUR azsmsidinina EPI i§nilon

5Uf 9 indassauiu

Wonmwesusuusosud azldnuoullivuaunsgiu 250 x
150 x 2400 uy. Bulusuiefinunzandnsunnsnaaauidanalu
WoulfUsinns nuouil ldasgadamsonsaunnoioanmua
wosyNuaAtiaduuRrd I nsun1sindou lauTdddonlsl TOA
Woodstain wan TOA Thinner was 21 Tusasau 5:1 Tasmn
anue 3 du ustoeTuksdsaanas 6 dhlussiod msiedouils

onusrasdifainanunumusionnudu uuas uandes saumis

finoynsldnuvamuauTuanmwinedonass

AszuumMsisnuaiiumsTtian Tudsama 1ndosdnsvialuTu

ananngan ¥ wazlinunszuumsausn liiuuumsue lulwsu
wioanaaiidd [dduge e Twanusausafiuduvunsuwanua:
anuiu e Tunmsin T @ Tusssuanamnssu Tusunanldoting
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2.2.2 msesENnITInAoy

Asueaausflun1sdauiAias Universal Testing Machine
(UTM) 5 Amsler 500D74 weondine Load Cell 50 ¢iu, Linear
Variable Differential Transformer (LVDT) uaz Strain Gauge
Woamatausnaznsinsdivosmnou lasnaasuTudnuo: 4-
point bending (center section, negative moment), 3-point
bending (center section, positive moment) uaz rail seat

section (3-point bending at support zone)
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(b) wogAavIAMNTANLL
& wmsu 4-point bending uas rail seat section Tdzunsii (2)
mL3

# w4y 3-point bending Toaunnsii (3)

mlL3
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Wuidusiofiadiwms, L 8o seuerineszninegsnsossy dmiodu
fiadwueg, b Ao Amuniwasniinda dnisduliadwuens, d Ao

Amugswasmiinge fvmboDuiadmues ua: | Ao Tuwusnudon

() wogarvINTURNAN
#msu 4-point bending ua: 3-point bending TdanAnsii (4)

3PL
Uf = m (4)

#msU rail seat section Tdannsii (5)

MmaxC
of = ——— (5)
I
P fAo Ausegeasnoauiinnisunniin niisduiiisin, My, @
oo At e e o o
Tuusingean Sniuduiiaduiadiuns, C Ao stuzannuauna

Aeshunen, | Ao A lumudidosvowmings

2.3 WaNsNAADY
2.3.1 muau [ lwwenaiuii a1 EPI uaznaaausiess 4-Point
Bending

srognausniunuouiindnanlylienansin (Dendrocalamus
sericeus) Tas T'n17 EPI de1¥untawile Emulsion Polymer
Isocyanate fifiaatanifinisiainizgs nuaudu waziinaiu
manzanduanuiinmeuen dunugnuas aovitudullkdnunns
Fatounun 6 uu. S 25 unusndoumamudsausiuinios
Cold Press amugiu 5 MPa 1fuinan 6 92 1us ldnuauauin 250
x 150 x 2400 fiadwns

AsusasunszvinTudnwalr 4-point bending lanfiszuz
S IN9ARsRISUVNAY 1.5 wms aanszvinussadl 0.5 wnsannus
azils To¥ Load Cell 50 6w, LVDT uaz Strain Gauge tiufindaya
Tuzhanan 0.1 Juniisiodn wansneaaULAAYIN NNAUANNTASY
usegedn lef 82.97 kN Tasiidn MOE Uszunas 10.37 GPa uax
Stiffness a5l 10.37 kN/mm uansfisnafinssuidadaneusiio

souunndNusNIAndud 1.6 kN uazsulogesaiiiosuuy
WBosuazuundu (delamination) wsgemsainisasuuselesio
navanNLAe crack usn waadamNniled (toughness) was
residual strength i wnzdmsunisTdnuluasiinuoudossu

usesindhagnesaiios

Load vs Displacement

§1J17i 11 a5 Load (kN) vs Displacement (mm) msuagauusisinuuy 4
A

LvDT
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;stlﬁ' 12 a5 Displacement (mm) vs time (s) aan LVDT
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ment (mm.)

oad (kN.)
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§1J1‘7i 13 a5 Displacement (mm) vs Load (kN) ann Stain Gauge

2.3.2 nnou [ lsieramsindi [oa13 EPI uaznaaousisess Rail Seat
Section
shatei 2 Tl lnatiadiondususdiodnedl 1 wasldnn EPI
whdsdu wiwdousduuunmsveasuiBunisnssvinussuinan Te
suniiesandoiiifunia Rail Seat Section Faflusinuniaiisiossu
WS OUATANUATILTILUIANA
mivumaauﬁ‘[ifuw‘umﬁﬂu,a:LLNuiadiNmmgwmwﬂéau

v rail seat Taofiszurssninansossuiiios 0.6 wes osag
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W54nAANNT95A IWase sedeanansasuns ldgean 108.00 kN
TosAn crack usniivszanas 98 kN wasiingfinssuidedionsuands
108 kN AauiAnnsianansuedIn

it ldannnnsa s MOE agfiUszanas 1.84 GPa ds
snindatausniilesaineae span &uas wausit Stiffness geda
28.79 kN/mm uaz MOR Uszanew 61.35 MPa ludiawii lan
wunnnTununa rail seat GharJ'Nf‘ILLamdwqﬁniimmuvlmu's-]:

(non-brittle) Ltaxmmfiaé”uLLfiwia"lﬁmqmuﬂﬁqamﬁﬂqﬁ

Load vs Displacement

'gﬂﬁ 14 a5 Load (kN) vs Displacement (mm)
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2.3.3 nwou i lsizrnainii loh17 PUR uazvnaouseis 3-Point
Bending
srogeit 19l lHoansduuidipifusottesnoumin uwsidou

Usztann1du PUR (Polyurethane Reactive Adhesive) Faudu

aiifiaaantdisiuludunsiainzdidon vudu wasmnunzdu
NugRANMATINTIREINSMTHARNTINE
Asuaasvaniuludnuois 3-point bending Taod span
81 2.4 1es uazlnannsEyinnsanad NANITNAADULARS
wadinssuTzdaau Ausiganiisuldde 54.48 kN AewAnnis
unndwviuilas st residual capacity
Amnaiildannnisiiasizide MOE ~ 8.4 GPa uas
Stiffness = 8.4 kN/mm @1 MOR Uszunas 34.76 MPa waiingau
Amsuandudneazuanidsinsinanlas lifinisusadu (no
delamination) deasnadasriunaiantifiuosn1n PUR Adauluus
fenudantusii 3alimansAunuidessuusidhniodasnisanu

wilongs

Load vs Displacement
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'gﬂﬁ 17 a5 Load (kN) vs Displacement (mm) msuaaauussinuuy
33m
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2. ' =

shotwit 4 Tolifliwusne (Dendrocalamus asper) dufidnwais
wudoile livun Tuse wazBantuas TasTdn1n EPI wwidiondu
ot 1 uaz 2 Tunisdausulilluiusazdu dunaunisuan
milouldn TosuTdnszuaunis Hot Press uaz Cold Press Tunns
unsiu it Tl uanusuiainesgiu 250 x 150 x 2400 uu.
AsuAasULUY 4-point bending A Tuiannsvinuss 2 am
vannansassusmudsuazaNegar 0.5 wes (L = 1.5 m) ann
NAMSNAADY WUTMNOUANNNSASULNANAR IfUsznaL 71.87 kN
Tay MOE #il&@a 5.97 GPa uas Stiffness 3.65 kN/mm @ ung
nashnimuauann lifliewinesnsdaiau
wadnssumsidomowuii b linainsTasshgenauazunndn
vinTit crack MiAnddnwaznszausuazdosdudon |y vt
Audanguguusauudeusilassusiinin usenamunzAuns e
NUAFDINTASRATUUSIUUYNUIA 19U sruuTiisuiminw

wiahaT 1N

Load - Displacement Chart

Load (kN)

0 5 10 15 P 5

Displacement {mm.)

'§1J17i 20 a5 Load (kN) vs Displacement (mm) ann Load cell
50T

2.3.5 wnou L lsisiilenn EPI uaznnasusisess Rail Seat
Section

shothail 5 Tl lesuaznn EPI wiwidisndushosned 4 usiudou

Asnaaaulduuuy rail seat section datiun1sinanauseTu

siunbsisenaasuunnoulasnss lasan span imwdaiioe 600

. UATTNUHUIAS AU LR NS0T NINRTg MR D ATz s TR U

28+

=

wansuaaou e ussgeands 185.83 kN dallueniigeian Tu
ussemneate A1 MOR i lddalasiduatiann aausit MOE ag
i 1.31 GPa uac Stiffness 20.49 kN/mm waiinssuwasianuans
TidudsmnuanainsaTunssuusadounszan lddunn uddrainu
damguarlize

sosuandAadunuuidsundulasbiiseuifouaraniia
AomAdasdunnfinssunisfuusedoulaniziiiisiniAa stress
concentration atine53a157 Sauuztin Wl Tusiumilesuusuann:

1 rail pad wioasidonsia rail baseplate

Load - Displacement Chart

Load (kN)

10 15 20 25

Displacement (mm

-§1J17i 21 a5 Load (kN) vs Displacement (mm) ann Load cell
50T

2.3.6 nwau liluoeiildnra EPl uaznadousiess 3-Point
Bendling
shadaavihoilunuauan it linwmaasunuu 3-point bending
delnaniinuans:vin a1 aeAsnaNwes span wuNe 2.4 s WA
mMsnaaaUdinnNauANITATUNSIZIAR Iide 137.156 kN Taw'la
IARsousviudi A MOE fild@s 25.68 GPa deguiianTucuisoil
uaz MOR ot 175.56 MPa weuzit Stiffness asifi 6.27 kN/mm
wainssumMsuensAeuuudndoathdununanales bifinng
wontu uassislassasuns Tuitasihianauaznsidensiovasn1ni
wunun dotsilfauansdednonmoad it lues Tunulaseashai
dioesuusauuy point load g4 1u Tassasavneunszdiu niaguses

1A3049NA

Load - Displacement Chart

Load (kN)

Displacement (mm.)

'§1J17i 22 n5 Load (kN) vs Displacement (mm) a1n Load cell
50T

3  unasd
msdnuiliinnUszasdndnTunisiessianssousndenavas
wnoausosTfinann it ldanfiun TooTd sl 2 anuviug do one
il uazen s1uAun1 2 Usziam do EPluaz PUR idadnun
WANTENUYDITARLAZANTDDNLUUSIDATVNNARAENARNTTNANS
@ovnowoauou Tasvinnmsnaasuanuinasgu 1ISO 12856-2 Tu
3 sduuv Ao 4-point bending, 3-point bending uaz rail seat
section ATaUAANSNPLNINAL 6 hatna
NAMTIATIERRANTIAADY WU uuaudildn1n EPI Ten
Anuudauss (MOR) uazanudandgu (MOE) asninnuoudildn

PUR agnefltivddeay TasanicTusnodned Talilhanavisinuas
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weaouLUY 4-point bending daTven MOE asdia 10.37 GPa ua:
ansnsuuselfaean 82.97 kN Tusasiinuouliflinafionaasy
o rail seat section T#@1 MOR gafia 185.83 MPa uansfia
dnonmTunissuusadouianizan ldodefiuszansaw wiin
MOE azsihnin

nuaUA I PUR wiazuanssvnanasinnii usilwwad lusu
AsEIuvuANdukaz lifdaniisos delamination atnslsA
onu wadnssulasTuvesian PUR fidnwads: uaxd residual
strength 6in Feo1alimunsAudiunlsfidossunsediniouss
ASIUMAANNTN INLATS

Tunnsin TluenamsiuTiianuudeuseitiadosninadlung
ust lsflima Twen MOE geTuuanssiiuazanansasuusuanzan laa
eldsuAun1 EPl wansdnungawuinnsidenaiia st luuas
ANFRIdNWLSAUF U e Tgn W vsnaAInaee L (Tisfaq
SUusIsR) ASIEoneenL + EPl aafiusnaTdseaisidon sl
»9 + EPI

nuidsiuans idudsanuiuly Igvesms Tl lianfiunTu
nussuuswetaiugusssn Taoan:TuRuieuuniidosnsian
dminn dunusi uaznde ldTuusama wiosiauauuaTud
msslovaauadauMAauIN Tuan WINedoNass loUs:fiuangms

Tu AnuAmuszzs warmNUANAYNAASEEANARSIRNLGY

Anfinssudsyane
FrwivenTIuvoUNSEAL WA.A5. oy ulous 915
Usnulasanis e ieuusin asageuanugndowmeisinis
wazadvauunasnnsruIun1sIdoadindden vouamusEn
Thailand Bamboo uazussn BAMBUNIQUE #iT¥aiusanidaTu
Asuanoarnoulilli udilinsaivauuindosdinsuas
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