34 Kasem Bundit Engineering Journal Vol.12 No.1 January-April 2022

NINAWHITIINHOWAIILIINNANFONI LA

DEVELOPMENT OF RECYCLED PLASTIC GUARDRAIL

A e6a a o €1 o a = Ay o £ a {3 a 4
Asany Buninyd’ san Awnaiesd’ wunte Tdad’ uas a3 LIYIWAINR
TndAnsszaudSaanln, srnimimnssulen ausdmnsumans
WAINLIANA Ll TNIARASATY, 2/4 DTG WUEN @.Ua8N 81484 2.589T87 90000,
keetikorn52@hotmail.com
2.3.4 6 a a a 6 a s =
34919138, 812133733 LET AR ARINTINAEAS YRIINLIALINALWIAE
INTUINRFAIIDE 2/4 D51 T AUREN @.Ua8Nd 8.1408d 2.83Ua1 90000,

“chalat.t@rmutsv.ac.th, *nuntachai.c@rmutsv.ac.th, ‘charoon.c@rmutsv.ac.th

Keetikorn Intarak?, Chalat Tipakornkiat’ Nuntachai Chusilp® and Charoon Charoennetkul®
'Master Student, Department of Civil Engineering, Faculty of Engineering Rajamangala
University of Technology Srivijaya Songkhla Campus, 2/4 Ratchadamnoennok Rd.,
Boyang Sub-district, Muang District, Songkhla 90000, Thailand, Keetikorn52@hotmail.com

%3 4Lecturer, Department of Civil Engineering, Faculty of Engineering Rajamangala
University of Technology Srivijaya Songkhla Campus, 2/4 Ratchadamnoennok Rd.,
Boyang Sub-district, Muang District, Songkhla 90000, Thailand,

2chalat.t@rmutsv.ac.th, 3nuntachai.c@rmutsv.ac.th, 4charoon.c@rmutsv.ac.th

UNAALa
a v d‘ydﬂd

mmﬁ]fJummqﬂsma&ﬁaﬁnmiﬁﬂmfm}mmenﬁ'ua”umw (Guardrail) 9INWANEEN
Flmda Taesuanldlusunsunauiaiaas Robot Structural Analysis UULFI843191H%
SuaTuduan Usznavudrgwaradnaiacng g 3% 1) High Density Polyethylene (HDPE)
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ABSTRACT

The objective of this research is to study the replacement of Guardrail from recycled plastic.
It started by using a computer program Robot Structural Analysis to make a model of the
guardrail. It consists of various types of plastics as follows: 1) High Density Polyethylene
(HDPE) 2) Low density polyethylene (LDPE) 3) Polypropylene (PP) 4) Polystyrene (PS) 5)
Acrylonitrile Butadiene Styrene (ABS) to analyze the guardrail performance. according to
NCHRP 350 (TL-3) standard, the results of the program analysis showed that ABS and PS
plastics had lower deformation values than other plastics. Therefore, both pairs of plastic
were used to develop plastic forming with a Single Screw Extruder into a rectangular shape
with dimensions of 1.0 m X 0.3 m X 0.01 m Total amount of 40 pieces were taken to test
the Flexural Strength Test, found that The ABS type has an average Flexural Strength of
1.099 kN/mm, and the PS type has an average Flexural Strength of 0.672 kN/mm and the
ABS + PS type has an average Flexural strength of 1.496 kN/mm The momentum test was
performed with a pendulum with a mass of 101 kg The test speed was 20 km/h It was found
that the ABS type had an average deflection distance of 86.99 mm The PS type had an
average deflection distance of 57.08 mm and the ABS + PS type has an average deflection
distance of 101.31 mm and able to redirect the pendulum to its original position after testing
without breaking through the guardrail

KEYWORDS: Guardrail, NCHRP 350, Momentum Test
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1) MTAATILHNNTBENULLININUEUATI8A2811TUNTY Robot Structural Analysis 2
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Styrene (ABS) K8z MAUALTINNTEANAEININUIUATILATNNIATIIU TL-3 VOINIATZN
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Loads - Cases

Case Label Case name Nature
1 DL 1 SW (Self Weight) Dead
2 LL 1 389 kN (20 Degree) X/L=0.25 Live
3 LL 2 456 kN (20 Degree) X/L.=0.25 Live
4 LL 21 1112 kN (20 Degree) X/L=0.25 Live
5 LL 211 1112 kN (25 Degree) X/L=0.25 Live
6 LL 2111 389 kN (20 Degree) X/L=0.50 Live

sUN 1 2aulauIsinIzyinAaIINIRATE

Post

W-beam Guardrail Concrete minimum

strength 200 ksc

CC 50
PIPE_10cm.thk.0.40cm
W-B 310x82x32

7 kN
X t X Cases: 2 (389 kN (20Degree) X/L=0.25)
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Figure 3-8 Vehicle %00 kg and 1.500 kg
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3.2 ns:munﬁﬁugﬂwmaammu Extrusion

Lﬂum:mumﬁ{ugﬂﬁ%'m{umaﬂuwmaﬁﬂ I@mﬁ@wmaamm‘f'\g’im%{aoma Hopper
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WargAnwaaNfioanaInwii Die 158017 extrudate luunanszuannisasinisldainufu
(cooling) BRIINNAIRANBANINNAK Die LLﬁaLﬁalﬁmgﬂmuﬁﬁaams ma;ﬁﬁ'ﬂ%ﬂﬁﬁﬁ
iawana@ni loida wfia Acrylonitrile butadiene styrene (ABS) Waz Polystyrene (PS) 11
wamhum%"aoé’m%'mLLuuaﬂgL(ﬂ"m (Single screw extruder) [10] lavldamwnndianiizuas
m'%iaaé’@l%‘@]uuuaﬂyﬁmﬁmmmmamﬁ@wmaﬁnlummﬁmvlﬁmi 7@ Acrylonitrile
butadiene styrene (ABS) Ifqmﬂgﬁlunﬁiwﬁmagﬁ 190°C - 290°C WA TAa Polystyrene
(PS) lﬁqmmgﬁlumswﬁmagﬁ 220°C - 270°C1ﬁl,ﬂw'§m'1u3ﬂmaﬁmﬁwﬁuﬁwmw 1.0m
x0.3mx0.01 m

U5 s1ARaRATIBIINNATEANS [BLAR BWA Polystyrene (PS)
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56 3719AwaWAIIINNAIEANS LLLAa ZRA Acrylonitrile butadiene styrene
(ABS)

3.3 NMINAFIUNAINTWNIWLIIAA (Flexural Strength Test)
;j"?ﬁ‘i‘ﬂslﬁﬂ%iaaﬁamaauaLuﬂﬂs:am’ (Universal Testing Machine) Hin1Inagauny
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NAROURIATNAIAA [11]

N7 MINARDUMAIGIWNIHUIIAA (Flexural Strength Test)

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 12 OU_Uﬁ: 1 UNSIAU-IVVIYU 2565 43

3.4 NIINAFDUNITTW W30 LaLNWAN (Momentum test)
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sl o imlasdianagaunisnadauniszn wis lalanaa (Momentum Test)

1
mgh = =mV
g 2

(9)(1-1cos) = %vz

m = 478 (kg)

g = menusaiiesanusaliudisaslan 9.81 mis?
| = AMULIUIUBBIZNGY (M)

h = @mugos:ﬂwnmmgn@jm”@mﬂﬁu (m)

v = A (mis)

TuLuuas (kg mis)

e
1
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v
(2 o o

(1) NMSAAAITINNHABAIILA ABS

B .-

v
Qs

(M) NMIAAAIININWORAINUTA ABS+PS

o

;31]17; 10 NITAAAITIINWAWAIIUTIA PS,ABS,ABS + PS

4. WanmINaday

4.1 HANTNAFBLNNMTIATIZAM8LUIUATN Robot structure analysis WUINTHAVDI
WAEANUAZAMUAWIVEY Guardrail Suadaszas Deformation laganunufitasnin Gen
Deformation ﬁmﬂﬂdﬂ@UiuLLuuLLsmnnwmaannnmﬁ@ﬁ'ﬁmm%m 0.32 cm H3z8
Deformation 8¢3£#314 10 — 569.4 mluvmefinuufisgasiinanunul 065 cm d3zps
Deformation mﬂ‘ﬁlqﬂ‘ﬁ' 279.6 m G‘fi\‘lﬁm Deformation #a8n3MULLINEDY 49% INNHANIT
mmam”amina;ﬂvl@ﬁﬁ ANURIANNTuTNadaT282 Deformation iaaad LazTRhaUes
WaIRAN ABS Waz PS ﬁmwmm:auﬁa:ﬁﬂﬂifugﬂLﬂmnﬁué"umw fasanfiszos
Deformation ﬁﬁaﬂn’jﬁwmaﬁnmﬁ@ﬁuq @Tauamlugﬂﬁ 13 uaz 14

Lﬁaﬁmimﬂ@ﬂmwnumn‘iaHa‘ﬁvl,éfmnme‘imaasnﬁ'ué’umwﬁﬁﬂmu 720
wuusaed munTnatunslasldnan Multiple Regression &39anuaNnusuasaLds lag

finuaalndsaufa @1 Deflection @auUsAulIenaudle A3NNBUI2ad Guardrail

UnAIIUIRY ACU:IAINSSUANAQS UHI3NYIAYINBUULIAQ




45 Kasem Bundit Engineering Journal Vol.12 No.1 January-April 2022

(Thickness) 32812 X/L AIUFIVDILEN (Height) Lﬁuﬁhuguﬁﬂmua’] (Diameter) LRZLIINTH

Guard Rail (Force) mamﬂﬂizmmzvl,ﬁ@”mumi 7)

Deformation = 96.58 - (12.81x Thickness) - (44.87 x x/L) +

(7)
(1.35 x Height) = (7.55 x Diameter) + (12.11x Force)
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ABINAILATAURWIVBILEUNAAN z“iuﬁumuﬂuﬁﬂmwaummn #1 Deformation 289
VOHER I(ﬂﬂ@%ﬂﬂﬁ’uﬂizﬁ“n%(JﬁS wazdaulsgavine Aa Force Theauyssans +12.11

oA : . a & %
wiadn 89u39n1n @1 Deformation mmﬂmumﬂﬂmm

D

a

o a & o ' > A a4 o o . 9
LHANANTUIINNAIRNLUTERINTURD WU ﬂ’]awﬂizaﬂﬁﬁﬁwﬂﬂqlﬂﬂ’] Deformation #atl

=y

A |
nga A x/L , W-Beam Thickness L8z Diameter and Thickness of Steel Post @MU 1aL 3

L3 awmsmﬂumwnwaa@ﬁqﬂﬂirﬁﬁ’aﬁué’umﬂ P9 ANMURWIVDINITINNUOUAINUUNAGS

N1I8AaIVaY Deformation LLaszﬁumugﬁuﬂ‘ﬂmwaaLa'l AN

51U 11 wan133azin1szwaInlisunsa Robot Structure Analysis (Linear line)
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31U 12 wan133@31z9n133UnlUsuNnsa Robot Structure Analysis (contour line)

w beam AHVUIA 0.32 cm post (if] 73.50 cm Dia 10.00 cm Thk. 0.40 cm

160000 137989.9
140000
120000
100000
80000

0000 48439
40000 18942.6 24281.9 222613 120875

69057.1

20000 8744.1 11193.5 6106.2
0 || . . [ | -— [ |

XIL=025 XIL=05 XL=025 XL=05 XL=025 XL=05 XL=025 XL=05 XL=025 XL=05

HW83IINTz8)e deformation (cm)

abs hdpe Ldpe Pp Ps

PFUANAFAN

3113 HATWUIINTLYINEDININHIUATIY NAINWKT 0.32 cm

w beam A1V UIA 0.65 cm post 5 73.50 cm Dia 10.00 cm Thk 0.40 cm

€
S 80000 67726.1
c 70000
O
% 60000
% 50000
€ 40000 33925.3
:2 30000 23846.3
P
20000 11985.6 11018.9
33 8618.1
e 71. 6032.1
S 10000 4371.4 . 5571.9 3078.3
:,(-: 0 | . || - [ |
@&
= XIL=025 X/L=05 XL=025 X/L=05 XL=025 X/L=05 XL=025 XL=05 XL=025 XL =05

abs hdpe Ldpe Pp Ps
FUANAIFAN

31N 14 HaTINUIINTEYINABININHORATIY NAAWKT 0.65 cm
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4.2 NAMINAROUTNSITUIULIIGA (Flexural Strength Test) WU T1I 8 WATIHS
3 3luuy lauado 3nusuasria ABS lafnssaalaioany 1.099 kN/mm 31714
suamaziia PS ldfasaaiafarinty 0.672 kN/mm uaz T1anueua 3fia ABS + PS 1@
ANSIALRALLINAY 1.496 KN/mm 1ilatUSoufisuiasaaasnudn 10w waT18TRa
ABS+PS l#@fnssna ﬁgaﬁqmﬁaamﬂﬁmﬂa’%wLflmnﬁ'ué'umwsfauﬂ"u 2 7 uazlu
§IUV89 IINHEUATETRG ABS dAfsiaansasasuuduInniisiia PS titasain
wanganTha ABS Srasusesananii LLazﬁamwﬁﬁ@]mjuﬂfh (Flexible) lag'liiinay

WREMIBUAINN Load cell nszﬁwuqmwm”@

MT9N 3 AaNEMEANNLFLRILINN1INAADILTIAA (Flexural Strength Test)

2HA NINATDUBIIAA NANIINAADY ANRAY

NAEAN (kN/mm) (kN/mm)

1.090
1.173
ABS 0.934 1.099
1.160

1.142

j, - 0.443
0.579
PS 0.587 0.672

0.961

0.791

1.459

1.630
ABS

+PS

1.540 1.496
1.410
1.440
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43 HANNINAROUNITH W38 lUnaN (Momentum Test) i lWsinusuasoiia
AMUFLIIY INMINAFOUNLA usafinszindasniusuaseumaringy 20 km/ lagld
Qﬂ@juﬁﬁﬁ’mﬁfn 101 kg T2828N 6 7 45° mmga‘ﬁ' 2.631 m SaaNAUAN WUITELS
Deflection vadudazwiiananadnieait ABS 1észe2 Deflection mﬁﬂag‘ﬁ' 86.99 mm wiia PS
328 Deflection Lﬁlﬁiﬂa%}"ﬁ' 57.1 mm wazTRa ABS + PS la3zuz Deflection Lafuivinniy
101.31 mm eauaasluaef 4

(@) %% ABS + PS
31115 N137AA13z8E Deflection NlAa1nN15INIAIVAITIINWORAIILLTRA PS, ABS
waz ABS+PS
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MM 4 ANHUMZAIINLFLRILIINNIINAFTOUNIINAFTIUNIITY B30 LULNWAN

(Momentum Test)

20 NMINAFDUNIBW NANIINAADY Anane (mm)
NAFAN (mm)
90.29
81.55 86.99
ABS 81.13 (NAueIBENd
96.27 LANAN)
85.72
64.14
59.61 57.08
PS 45.44 (NAueIBENd
55.81 LANHAN)
60.44
93.56
101.31
103.00 5
ABS + (NANABENS
103.36 ! o
PS LANAN
103.34 .
UIEIW)
103.31

4.3 NIIATTRARNUNIINAAITINHIRANY

d' U a > > a A a
M13IIN 5 muvgumwamswnuaumﬂsjmnwmamnﬂmﬂa

a a 3 a 1 1
FHANAEAN | IIANTANAIEAN (V) | Awu (Un) | erld (uan) | 598 (Un)

ABS 260 1,000 13.163 1,273.163
PS 200 1,000 13.163 1,213.163
ABS+PS 460 1,000 26.330 1,486.330
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FINVBITIITUEUATIENS 3 gﬂLLuuﬁ@dammma'ﬁ' 1103 laafidndewanadinsiie
ABS fimandaflansuas 52 um‘[@ﬂ"ﬁ’lﬂ@ia%uagﬁ 5 kg T%a PS agjﬁﬁian%’ua: 40 U1
I@mlﬂﬂ@ia%uag}"ﬁl 5 kg uazTia ABS+PS 12USunmdaduil 10 kg uazsamanlWusnisda
do 1 sulumindaldinaads 1 alusdetuin lasfiedssdanaaanldwassulvin
2 kW uazdadn adon 3.9 vinmian laglflw'ly 3.375 niae

5. djduaninaasg

f13z82 Deformation 31n1USUNTN Robot Structure Analysis WU31 17K HATE
WAN®@Nn THa Acrylonitrile Butadiene Styrene (ABS) WazT @ Polystyrene (PS) 461
Deformation M1%aan7 wmaaﬂ"nﬁ@ﬁuq FIunaEANTia ABS uas PS Suinunzaud
wawnduwinnuwauwae mﬁvugﬂw asdneanLA3as Single Screw Extruder 1Widuguan
MegavadTINueRATY SilTaunwiadag ?iaLLuzﬁw‘lﬁw”eummﬁfugﬂwmaﬁnlugmwu
2u 9 nuispilduduuuslunmswamnatusueneannatsang loda 39rnmInam
ﬂszmumﬁfugﬂlﬁlﬂuﬂ”’aasha athade uuzihlimavamdugduuy FITUsuaLN
ﬁgﬂmm’mmmgmmam‘summawﬁiﬁagiuﬁa@ﬁu

ARG TITIINWOWATIE THha ABS + PS 11nnin e PS agjﬁ 73% Wazunnin
T%6 ABS ayj‘ﬁ' 28% ugaslitiniwangdnoiia ABS + PS fa1f18961un1uussaad
LABRUAITINWNANRAN 2 mﬁ@f:ﬁmmﬁ@mzqiuﬁgaLLazqmmJﬂ'aﬁmm:LLﬁmiﬁﬁvl,ﬂw”@um@ia
usnuauasele

wé’omuiuLuuﬁwﬁﬁﬂﬁsnﬁué’umwLﬁﬂ%’m'«mnmamaagn@ju 101 kg A21ULT2
20 km/h i ldTnuauauaiia ABS+PS fidnszas Deflection 'ﬁ'qaﬂ’jwﬁ@ ABS uaz PS
waliAnaNUEIRIIINMINAFEY A9iuTIRRERAT B NNANEANS IAaTfin ABS+PS
mmmﬂs:ﬂaaQﬂ@‘jﬂ;ﬂﬁﬂ:@muﬁ’aﬁ'ué'um'mvlﬂ"lﬁua:Lﬂﬁiwl,é?uma (Redirect) anduli
ARULEUNLAYN IINNTNABBINTTUNAI B LULUUANTIINUEUATIHINANAFANS LTLAR LANNE
ﬁ%m{unuuﬁ'mquwmﬁm vﬁau%nmﬁmuamuﬁ'ﬁgﬂuﬁ@aw’mL°n'u 139158%
Tsswentna wiasnuiinanswnzsnzdadyasllindisanuse waziimiaugunns
Ta1a57 LLa:maﬁﬁ'ﬁ'ﬂLﬁuaumiﬁ‘luamﬂmmsﬁmﬁaﬂmﬁ@wmaanmﬁ@ﬁu § figasn
PNAUNNS boLAw LLa:ﬁqmauﬂ'ﬁﬁmmmmiamiw”@umLﬂmnn”ué'ummLﬁutau

msnanesiiusunitsrasmsdnmidasnmsnamsnuswa LW aans laLda
ImfJﬁLLmﬁ@ﬁﬁ]:w”@umLm:aﬁ”nqmﬂsﬂwﬁmnﬁ'waamﬁal"ﬁ’lwgwu dnauITNaw LA
iy S‘fiafi'\‘iﬁifaunws’aaagj‘mﬂazﬁ’l"[ﬂl"ﬁ’lﬁﬁ@ﬂiﬂmﬁﬁﬁﬂuamﬂm laoasdaslinig
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