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Abstract

Background and Objectives: The escalating global crisis of post- consumer plastic waste has driven the
development of innovative solutions and strategic approaches across various sectors. In the field of
construction materials, although the incorporation of plastic fragments as a partial aggregate replacement has
gained a degree of acceptance, the environmental risks associated with the dispersal of secondary In the field
of construction materials, although incorporating plastic fragments as a partial aggregate replacement has
gained a degree of acceptance, the problem of the release of secondary microplastics induced by physical
degradation and ultraviolet radiation has attracted increasing attention, posing long-term environmental risks
during practical implementation. Consequently, this research studies the materials science and engineering
feasibility and environmental safety of producing dual-layer paving blocks that utilize recycled plastic waste as
a partial aggregate substitute. The primary objective is to develop a paving block with the potential to mitigate
these environmental hazards through a specialized structural design: an inner core containing plastic waste is
encapsulated within a high performance, plastic-free outer concrete shell. This design specifically aims to
prevent the release of plastic fragments or microplastics into the ecosystem while ensuring that the physical
and mechanical properties comply with the specified Thai industrial standards.

Methodology: The experimental program was divided into two sections. The first section consisted of three
phases aimed at determining the optimal mix proportions to produce paving blocks, ensuring that the
specimens achieved mechanical and physical properties in compliance with the Thai Industrial Standard for
concrete paving blocks (TIS 827-2531). Phase 1 was a foundational study conducted to evaluate the influence
of aggregate grading (fine sand and coarse sand) on the compressive strength of hydraulic cement mortar. In
Phase 2, a polycarboxylate-type superplasticizer was introduced to refine the structure, optimizing the physical
characteristics and workability required for the manual compaction molding process. In Phase 3, aggregates
were partially replaced with three types of plastic waste, including low-density polyethylene (LDPE), high-
density polyethylene (HDPE), and polyethylene terephthalate (PET), at replacement ratios of 1.67% and 3.33%
by weight of the total aggregate, investigating two particle size ranges: small (less than 5 mm) and large (5 —
15 mm). The second section of the research focused on the production process using the manual hand press
technique, involving a comparative analysis of two distinct dual-layer molding approaches: (1) Sequential
Casting, where the inner core was molded and cured to harden before being encased in the outer layer, and
(2) Simultaneous Casting, a technique where both the inner and outer layers were consolidated and
compressed concurrently. Test specimens were cured for 7 and 28 days and were analyzed using compressive
strength testing according to ASTM C109/C109M, water absorption testing with TIS 109-2517, and
microstructural analysis using Scanning Electron Microscopy (SEM) to investigate the interfacial bonding
between the plastic fragments and the cement matrix.
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Main Results: The results of the mix proportion evaluation phase indicated that the optimal weight ratio for the
outer layer (plastic free) was hydraulic cement : water : coarse sand : superplasticizer at 1:0.35:3.00:0.007,
which yielded the maximum compressive strength of 508.6 ksc at 28 days of curing. Regarding the influence
of aggregate replacement with waste plastic, mechanical properties exhibited a continuous decreasing trend
as the replacement content increased from 1.67% to 3.33% by weight of aggregate. The morphology and size
of the plastic types played a crucial role in mechanical performance; specifically, specimens containing HDPE
and PET shredded plastics with particle sizes smaller than 5 mm achieved higher compressive strength than
those with larger sizes (5 — 15 mm) due to uniform dispersion within the matrix. Conversely, specimens
incorporating LDPE plastic exhibited average compressive strengths below the minimum standard
requirements across all mix proportions, with microstructural analysis revealing large voids and a high
accumulation of needle-like shape of Ettringite. In the comparison of fabrication techniques for the dual-layer
concrete paving blocks, where the inner layer utilized HDPE and PET plastics as aggregate replacement at
3.33% by weight of the outer layer mix, it was found that blocks manufactured via sequential casting
encountered cold joint issues, leading to defects and interfacial delamination. Conversely, specimens
fabricated through simultaneous casting effectively developed a monolithic bond. Consequently, the
simultaneously cast dual-layer concrete paving blocks developed high compressive strengths of 481.6 ksc and
499.2 ksc, respectively, along with water absorption rates of 4.4% and 3.7%, respectively, both of which are
below 5% and fully comply with the specified industrial standards.

Conclusions: This research demonstrates that the development of dual-layer paving blocks is an effective and
viable approach for incorporating plastic waste into construction materials. Both the quantity and size of plastic
fragments significantly influence the mechanical properties of the specimens, with HDPE and PET identified as
the most suitable materials for aggregate replacement. The simultaneous casting technique is the optimal
method for fabricating dual-layer paving blocks, as it eliminates the weak interfacial planes in the structure.
Furthermore, the outer layer of the dual-layer structure serves as a protective barrier, shielding the plastic
fragments from main degradation factors, such as abrasion and ultraviolet radiation, during practical
applications. Adhering to Circular Economy principles, this research transforms plastic waste into high value,
standardized construction products, fostering sustainable development that not only reduces plastic waste
volume but also effectively possesses the potential to prevent microplastic pollution within the ecosystem.
Keywords: paving blocks; microplastic; dual-layer molding; aggregate replacement material,

sustainable development
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Figure 1 SEM image and EDS elemental mapping illustrating the chemical composition of the hydraulic

cement sample at a magnification of 2,000

Table 1 Chemical composition of hydraulic cement

Chemical composition %Weight per weight Chemical composition %Weight per weight
(Yow/w) (Yow/w)
Ca0O 80.2644 K,O 0.5089
Sio, 8.4960 TiO, 0.3050
Fe,O, 4.9938 SrO 0.0981
SO, 3.8055 Zn0O 0.0949
AlLO, 1.4335

Table 2 The fineness modulus of the aggregates

Aggregate Fineness modulus
Fine sand 1.59
Coarse sand 2.34
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ASTM C33-08 (American Society for Testing and Materials, 2008) ﬁfmLﬂ?‘:@\u‘ll&i’m:l,l,ﬂ?\ﬁ"'auﬁ\‘lﬂ@ (Endecotts,
Model Minor) TA8iNan15s3LATIEWN1TN T2 A2 289U AN LA IR L ALAT NI 8N LLAAS LY Figure 3 LAY

Table 2 ﬂmmm‘m@ﬁmmﬂmuﬁm (Fineness Modulus: FM)
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1.3 Japnanafndszneudoanaiasin 3 Usziny ldun PET, HDPE Aa1n29aWaNafn uaz LDPE AN
QENAAAN IAEIUNARNUNNINIUNITLINNIIARTRIARLEATEILANATARN e T lALANAaANART WA
a |

2 09UUIANAT AB FWIUIA 5 - 15 mm. WATTaWIAENNGT 5 mm e ldAnsduiannawnunaasanuedau

Tudpdaunauinivun AnEEnINENMIBLABNAIaRNUALRazaiagnuandlily Figure 4

SEMHV: 10.0kV |  WD: 14.92mm SEM HV: 10.0 kV WD: 14.97 mm |

SEM MAG: 75 x Det: SE SEM MAG: 75 x Det: SE 1 mm

Figure 2 SEM images showing the physical morphology of (a) fine sand and (b) coarse sand at

75x magnification

- =@ =« Particle Size Distribution as per ASTM C33

- =@ -- Particle Size Distribution as per ASTM C33

% Passing

~—@— Coarse sand

—@— Fine sand

0.100 1.000 10.000

Sieve Opening Size (mm.)

Figure 3 Particle size distribution of fine and coarse sand

1.4 ansamiAmlszinnaninadnannn lunguinaaisuandian (Polycarboxylate)

1.5 i ldlusnddadwihazengninnuinsgiuhandmiunissineg
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Figure 4 Plastic samples after shredding: (a) LDPE fragments smaller than 5 mm, (b) LDPE fragments

between 5 - 15 mm, (c) HDPE fragments smaller than 5 mm, (d) HDPE fragments between

5-15mm, and (e) PET fragments smaller than 5 mm

2. NITATENTUNY

2.1 nszuaunisasnuuudounanluwiuideiidnglssasdinelssidudnadounmunzaniigasyngng

11 YUT U laAsaan NIaTINATIRLA (NINBAZIBEA NINUULIL WAZLARNANGRNLA) WAZA1IAAUNN LA LiNe liF

U
v

TUIUAANUANTRNNNAUATN NN NABAARBITLNIATFIUNA RS U A AFIUNITHABUNTALABNIAU (BN,

827-2531) (Thai Industrial Standards Institute (TISI), 1988 mmnﬁmﬁquﬁmmmuﬁqm'lmwi@ﬁumwmm

) 12
azgni i idunasigaudiniunisnanudenyfuassfusaamaiinnisdnile Inaudsdunaunisaniinay

ANLIU 3 ITUTUAN AT

2.1.1 5205 1 1fluNIANEANENA109ERIdIUIT NIV I BB HA LA NI E N LRSI AR
Qmmuu“ﬁmqmﬂmwLL@:L%qmmmu@fmf‘ﬁmﬂﬁ’mumﬁmmmuﬁqﬁi@%mum’(W/C) AT 0.5 AUUUINILARE
ﬁLﬁIHQ“ﬂJm (Khamput et al., 2024; Suweero & Khamput, 2020; Waroonkun et al., 2017) 4a ldamandau
Yudius lanse@ansonaasauiniu 1:3 Taeinuin (Suweero & Khamput, 2020) Iagifinuundnsdaunes)use
neaziReauaznIevenueenidy 3 dadiunnass loun 1:3:0, 1:1.5:1.5 uaz 1:0:3 Vi mmqummﬁ”\mmgn
m’?wlﬁmﬂummq:éuﬁqﬁqLLﬁ’\i (Saturated Surface Dry: SSD) LW'@muQuﬂ?mmﬁﬁ%mx‘ludmmm‘lﬁmﬁ
mﬂ&uﬁﬁuqmmmzﬁ@u”lﬂﬂizLﬁumﬁﬁﬁqﬁmmuLmﬁmLL@:ﬂ'ﬁmi@m%uﬁﬂ FndauilfAnrndaiuusednuaz
nagadinafgaargnidentUimunseluszazdaly

2.1.2 35050 2 m@ﬂi"uﬂgmuu“ﬁmqn@é’fmmmmﬂjﬂﬁLm:r ﬁqfa"mwmummﬁmmmuﬁzgmmn
328 1 4NN AILHAN 189N TR AL TILA TAERASHINEILIBIE AT AIUTN AeT LA AMAE 0.35 LAz
ﬁwumfa”miwdquimﬂﬁmﬁnmmﬂu%Luum’”l,amfaﬁﬂﬁummmiﬂﬁLm:n,ﬂu 1:0, 1:0.005, 1:0.007 Lag 1:0.010
LA T FetneTns 4 Smsdandadaulimageurninga mmmmﬁmLmzmmi@m%uﬂjﬁ [efaLAen
AT N AN I AN NN LR A U AL AN A ARN BN A LN AT

2.1.3 3v8Ed 3 naanifiudngaunnsunuTiunaudeLAswagan luduneuiiazindadoui
mmmuﬁqmmn%umuﬁ 2.1.2 HNFNNIIUNUTINIATINA L LAENAEAN (PET, HDPE uaz LDPE) IntiaauAx
fﬂ“mmmuﬂu%t,mum’iam‘@aﬂﬁi@mmqu (1:3 Tmﬂ‘ﬁwﬁﬂ) fruuadadaunisunuiinaamalulenas 1,67 uaviaeas
3.33 Inetin N8N8 99 (ﬁnqmmmu@ Weauwndudadiusesas 5 uazdesas 10 Tmﬂﬁwﬁﬂmmgﬁmum’

lansadAnmINaNFL) Lﬁfﬁmm:u’m@m:wwmﬂimwLmzzﬁ”mmumwwmmﬁnﬁﬁrfi@‘llmmi”wﬁamﬁ ANAIAUNIL
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v

wNdn wazANInaTNinvestue dayanlsazgninlildidudpdounangainalunisiugludanaeunzaiu
aaviulsrAnsnngessuinuiuudaieseld
2.2 MINANUATNNITUIUTUI
2.2.1 nMawssNdounan luduusnasuilsenauisunnazgndanaenindnadoulneunniny
Anua i luurazdndiunnany AntuAENNIRaNTIAE ARLLAIATNNIATFIU HBN. 2752 LAN 17-2559 (Thai
Industrial Standards Institute (TISI), 2016) A2HLATEINANNDTANFHNUE (HOBART, Model C-100T) lngiAauiAx
avuuazan lunistiunanetiunsensa aiulseiuanuaiiana sasdounandmiunisinliaugy
2.2.2 Mstuglufennagaunasand TaNTWINUNARUILNQNLIATIUA 50x50x50 mm®
antunsinefnulasiunaun1uuInggIu ASTM C109/C109M (American Society for Testing and Materials.,
2021) WNB3LATITHANNIAIFTBUIIEARATAINIIYATNUNTDIAIUNANTNIBaNLL U Hanadan Tudoutiaz il
y o oa o o . g o o ¥ .
gudayalunisdninaendndiunannvianzanngadviunisaanudenaaunsny iuluiuneudalyl
2.2.3 nsrugtudenyfinuuuaesdu ludunautiazyinnisnisuaaudanyiuauin 100x100
x60 mm*Aniun1sdaemnmatianidaile naiidndounaniniiunisAnaenainszaznauntinnauginald
UNANWLLUARD
an X . o T Y « SN
1) Aan1s3uguendau Tnaniswsendaudunenuazduluresudanmeunsnywuuenmii
Ed . 2 = : a a : & e
- nsrugldautulu nraninaussqdounanndirrnanainidunasinunsdauasluudfinnauin
80x80x40 mm’ Taautiainidu 2 fu duaz 20 mm Anulasannuinsgau uan. 409-2525 (Thai Industrial
Standards Institute (TISI), 1982) Anifiunsnszyiauaziiaiani liFaugeuLuL antiuRIna AL NI AN LA

tirdoutuluin i lwingzeanadlunan 7 54

v
a v

- nsaugUdandunen TduluuReanAmasnIuIA 100x100x60 mm® FHAINNNIMNOTANFTURIU

PN

(

unaN i HAEnaasn) g9 15 mm andun1snsziaaniuaeteuunuduludiunstnuasy 7 Juas

INANLNANNDEN99237P 7259 uRIRUFNNATANT I Na1aAN 1199719 1A 8129 U LAL AN UL UALANUD LI LI NN

)%

° a 4 a 3 ¥ = ra o ° 1 H - am 1
ptiunanszauaziaionin ey nanudinw wazih lidshazeaiesenaaeunuantifnengni sy
7 Tu uwaz 28 JU mNaNAL

aal £ Y o a e emly s a A e
2) 3nsrugtnfeniu tngEnainnismue i ldTiAsnaaRnuan g9 15 mm adluudinwauin

100x100x60 mm® 1iaYNdauaa9duRanin udaIN1INILe AN LuuaadaAI92WIA 80x80x40 mm® 1§
VTN UNINAUEANK Antiusnnesan i luilimsnanafnuanadludesdnsauuanauldszAuaaugainiug
WiaNNITIN AantuALLMARdIATINeeNAiATeIINeRsINa1NTl Tuansinesanfiunendelinasarinnisis
wasSuanAsnarainaslUludesinesainaaiuivasnazid iy duneugavinarinnismuesansgnsdsaann

a o v a :// < a o 14 a ¥ v °o A o A” 1 H
waaandauRaduuugaaufinuiinw nssieuaziaiontih lizay anfiunisneauuuuaztinduwaulling

AzeARDLLEIAUATLRNYNARDLT 7 TU uaz 28 TU
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2.3 N1INARDLANANLR LW'@?;me]w’qmmuﬂﬁmqmLme\mwmwmméumumrﬂmuﬁ”\mm
pntiun1sATsiliaenndeeiussleUABAINNIATFIUAINARAENIATTIVUARTUTTgRa19N TN Tneidl
MNuAzEEALATINTARRLA

2.3.1 N1INARBUNIAIF UKD A (Compressive Strength Test) ﬁﬂﬂ’]iwﬁﬂ@umummﬂ’m
ASTM C109/C109M (American Society for Testing and Materials, 2021) ﬁfsmﬂ?@\mmmuﬁ’]ﬁdﬁmﬂ@uﬂ?‘m AUA
300 1% (ADR Auto 3000 BS Compression Machine model EL 36-4160/01) Tnenuua 14w AgeLs1wIL
3 Tusiavildpdaunan Lﬂ/d\i'aﬁ’]ﬁ’]mgﬂﬁ’mﬂﬂ’]?ﬁuﬁ@ﬁﬂ 7 3 uaz 28 U m?wmmuﬁm@uﬂquﬁ"ﬁmmum“m{
NNGNLIANIUIA 50x50x50 mm’ Lm:%umumuﬂ?muﬁﬂmﬁumm%u

2.32 mimmum@@,m%uﬁﬁ (Water Absorption Test) #1N1TNARBLATNNIATFIM NaN. 109-
2517 (Thai Industrial Standards Institute (TISI), 1974) ﬂsxmuﬂ%Wlmzmulﬁumuﬁmﬂﬁwm’m{maQm_nﬂﬂ‘
Shuau 3 3 LL@5§u\1ﬁum@uﬂ?mu§@ﬂQﬁum@q%uﬁﬁuqu 5 ﬁiwﬁ\iﬁmﬁ'faummuﬁmqﬂwﬁu 28 U

2.3.3 mimq@muﬁﬂwmzmqmﬁmwLL@xﬁﬁmmuﬁ@ﬂQﬁu AN THNUNNIA AR AN
NM99ATUIARANING 819 UATULUD maq%u\muﬁh'amr?ffmLq@'ﬁﬁm’maﬂLﬂ@?'m’m@u%ﬂm@q iemsagau Iy
ﬂmmLﬂ?}lfaummﬁmﬁﬂﬂﬂmmmmm’ﬁmm;-g’m NN, 827-2531 NUUA Imﬂ‘l,%‘%umumun?muﬁ@ﬂgﬁumm%u

AU 5 T santedndaunaniiangnistis 28 du

Results
nsnasauialszidupudniusresdndounanlun1sAumansdouni g antiin1eananiu s
auiurh limunaugUaeuninufenytuaesiu ANEUN1IAALANTNAIAIUNIULINEATBITUITUAIBEN

NafafangnIsLn 7 Ju uay 28 44 Insdnadiunanlnsuiminaesianuanisaazidanlilu Table 3 nanis

'
=

nageuludunaun 2.1.1 waldiiudn dadounaasanldnsraneuidunaasoNavide AN as 199
(Fs0.0Cs3.0) A AsdumuuLssdnLantgenqawiniy 353.6 ksc Niangn19Lin 28 41 (Auanslu Figure 5) @9
WelFauiauiudeimusnneidunnresninsgunaniusignaiunssy psunTaLAaNY N (Nan. 827-2531)
NezypmasunIuLIdadusn 137 lideandn 356.8 ksc (1178 35 MPa) wusANadaasianlngiAsiy
mmm‘mmg’mﬁ\m@iw

o o 4 = 2 o o , ¥ o - X &

dusunsnagesluludunaun 2.1.2 Faln1sUsuansnsdauinsediuus (W/C ratio) a1n 0.50 adLae
0.35 TneAsdnduyudimusdnansasunsane U lingnadon 1:3 Han1IMARe LA AIAIUNIULIEAYNLARS
wWrauinauldlu Figure 5 naniamaaasszydn Adndounauanilildansaninfiay (Faaas 0) uazdndounld
innuferas 0.5 Tnaurutinyuduus TusiuiansaindasunuLsdneasnansiaule B aunauiuan
AL aENAuludunaun 2.1.1 (W/C 0.50) usiladnisdfumnlsuuasantiniiasiugss dufasay 0.7 uay
P ¥ o = e 1 0 o u o o o o o & a ' o & v
faaz 1.0 Tnedwdnyudius ANNNassnun uLeedalinsUfusinau tnefeignista 7 3 Fuanulian
WL 461.6 ksc WAY 448.1 ksc AINAAL uazieTuuiegn1sLnAILLULTANATI9ATY 28 41 NANIINARDY

flududn dadaunisldansaninfiianionas 0.7 IHN1AFUNIULSIEALNNEINS 508.6 ksc LATAI§AT 562.9 ksc
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1 '
o

ludndaunisldaisantiiianiasas 1.0 T999ae3dnd9unAae B AT A UNIULIIEALRATIGINT N
ALANTUANTBINIATFIU HaN. 827-2531
1 =3 aa 1 Aﬂl o % 901 a b !D’ o = &
advlafimn nanisnsaaiilanudnisziunisldatsansiriasiesas 1.0 Inesiauing ugiuus
MAAN BTN ANTNNTE NN UTI MR A ULNL 9T B e TRl Asuansly Figure 6 tnefdaunas
e o o av - oo 4 . X s A oo
nasmnfanianrinuaznisinaiangs Tednansenulnensesianuainisn lunstugliemalian1sdnile
PR v =2 1a - a A | | ai a [
NalufednendueueananuNiNWieEn1sAgnsann Tudauaeuanimageugauiuiitlssidiunigldans
antivAr luTunudesas 0.7 fauiunguunamuninaeazideniuesdleznoy wud1AMAEIUNULIER
HAfngeuuduiu uliesdndounseazvidandensanaundndou 1.5:1.5 (Fs1.5) iNeednsdauinen

WiuNHA A UL e AR gaNd NI UAN I8N §IUNARTIWIT R AN ITHABUNTALABNY U

Table 3 Mix proportions by weight of mortar block specimens

Hydraulic Aggregate (kg)
Water Type of Plasticizer
Samples cement Fine Coarse Methodology
(kg) Plastic plastic (kg)
(kg) sand sand
Fs3.0Cs0.0 1 0.50 3.00 0 - - -
Fs1.5Cs1.5 1 0.50 1.50 1.50 - - B 211
Fs0.0Cs3.0 1 0.50 0 3.00 - - -
P0.000 1 0.35 - 3.00 - - 0
P0.005 1 0.35 - 3.00 - - 0.005
P0.007 1 0.35 - 3.00 - - 0.007
2.1.2
P0.010 1 0.35 - 3.00 - - 0.010
Fs3.0 1 0.35 3.00 0 - - 0.007
Fs1.5 1 0.35 1.50 1.50 - - 0.007
LDPEOQ.0O5A 1 0.35 - 2.95 0.05 LDPE 0.007
LDPEO.10A 1 0.35 - 2.90 0.10 LDPE 0.007
HDPEO.05A 1 0.35 - 2.95 0.05 HDPE 0.007
HDPEO.10A 1 0.35 - 2.90 0.10 HDPE 0.007
PETO0.05A 1 0.35 - 2.95 0.05 PET 0.007
PETO0.10A 1 0.35 - 2.90 0.10 PET 0.007 21
LDPEO0.05B 1 0.35 - 2.95 0.05 LDPE 0.007
LDPEO0.10B 1 0.35 - 2.90 0.10 LDPE 0.007
HDPEO0.05B 1 0.35 - 2.95 0.05 HDPE 0.007
HDPEO.10B 1 0.35 - 2.90 0.10 HDPE 0.007

Note: All components are expressed as weight ratios relative to 1 kg of hydraulic cement.
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Figure 5 Compressive strength of mortar blocks in methodology 2.1

Figure 6 Appearance of specimens during preparation: (a) P0.000, (b) P0.005, (c) P0.007, and (d) P0.010

anuansnaaedluiuneud 2.1.3 FuflunisAnsavenanisunuiinaasudeasnanain Tnadenld
ﬁmmmummimﬂﬁmﬁngmmm gu%uum"tam‘ﬂaﬂ:13'1:mmwmﬂ_|:mmmﬁﬂﬂmw 1A &ndaunsiivinfu
1:0.35:3.00:0.007 WAZHNNNTUNUTANIN enenUdenAsnarainualudnadiuiasay 1.67 uazfauny 3.33 lng
ﬁwﬁnmmmmqu (Weuwindndiusasay 5 wazsasay 10 Tmﬂﬁmﬁmuﬁmum’mmﬁﬁu) ATBLIARGULANANRRAN
2 49991NA A8 YWIALANNGY 5 mm (LDPE, HDPE waz PET) Laz11a 5 — 15 mm (LDPE waz HDPE) Tnelungu

Tu

NENNAIAFN LDPE uaz HDPE au1a 11gainn1snaaadidadsy tngzanuan1snagaun adsuniusesng

7

WAAAN PET 21417 5 - 15 mm ldldvinnismeseuiliesainuusldunginssuideanan1sauiidudadnsaany

wanslu Figure 5 TUNguTWITUNANIANAARN LDPE Way HDPE nanisnaaadine liliusnswaanauineting

= =Y I~
NAININTUINUN

U

1 o Qa/ dl ¥ a < ! a o o v o dl ¥
WUTH TA8T U R TEAMNANARNTUIALANNTT 5 mm AANIAIAIUNIULINEALRAY {0

v '
a

warainawalug 5 - 15 mm dedsngnisaifananndunadiuldetisdiniaungalunguauauinasiasnanamn

o

1/321A% LDPE wananniaua Ul asanFuRe N NNANLAMNAIERANU 20N LDPE %94899100 WAASAIN

o

v
AIAUNTLY
Lmﬁmaﬁﬂ'ﬁﬁﬁndqmmm’muquﬁuﬁwmmmgﬁuwamﬁmm’qmmwﬁm (1an. 827-2531) lunamsaniudna

TuanuinantAswaaanilsznn HDPE waz PET nauliNaansaa9AnassnunuLsedaleaefigandnnoet
I —
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AILANNIRsTIMeEaTARY uiaenglsinin iWefiatsai e N sunuinud naiindadaunisunui
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rauAsNANaAnaInTeaas 1.67 Iuduiesay 3.33 Tnaiminuiasn denaliAIN A UNIULNE ALRAE 18
: = v
TuunageLiu linana

Wansaasudnurinsiaitmiesnianinae luiueudauandlu Figure 7 wWudi UF00ARALINS
PIITUNUN T ABNANARNUATWIALAN IHDTINUFNAFAINTDUNINAd4E099199udng LAEwanaRN naEn
annane TuanzilaraienieluaesduauinauAsnaidainuaauia g asanulnseainiAuasdading
UangauudionlneseuTudauARNAIaRAN AnNan1sAzilasiaisqanIALTn N uEa AN TasTndng LAY
naaANuazNesng AeluTwNuLAeNNARe LAYENARI9ANTIABLANATRULLLABINIIA A uandlu Figure 8

mfmwu‘wqﬁnﬁmwmﬂmwﬁﬁwmy 3 suuy 1sun Tunaw Figure 8(a) z’ﬁ’\immﬁuﬁﬂwmxmm@ﬁ:mmﬂ@

UATANFUUNURINAIEANDENENLAND ‘[mﬁnwmzﬁmﬂgmmmmﬁLmﬂmmmLﬁﬂumﬂ@um’m{ﬁmmmmm’f@\a

'
o o ' o

UANHOUENURITBLARNAIARN TILNTDIs sz I AN AT tuNLAZIAANSE AN ZTINA T uALE
= = o c e " = a e a & a da
wunstanizidana ludnsuzdouaasnasanfidt liveduuasBafauuuiuidnulaiaireaaswaiainiia
anusedmReulunszusun1ruatesdinalaatneinian faunanslunn Figure 8(b) wazlun1n Figure 8(c)
Feilulassadrenaluduanuiinannanain LDPE Asaanudesinaawnalunjuasdanunisazausonsaniuaengs
nangLdn (Needle-like shape) AMWauNINTRINANRNTE NG LN TAINE51990N1ATBITUNLTRANNA AFN
HDPE waz PET tu a1gn1siis 28 Ju laimsanunguuangiidinluansosil
WaFaUauATMAIFIUNIULIIEATENI BN NTLN 7 1 waz 28 Ju Asuanslu Table 4 AMnuang

1
o o v o A

NARBINUI TUUNAARU U NERAIUNANTN1IWMUIATNIAIFTUN1BUIIEANgadTws lutasagnstin

' v '
= I

FLEZWIN (7 1) LAZHARIINNITANTUIBIAINIRIAUNIULIIB AT anaaluta9818N1TUNTTH LAY (5TNT19R1E

7§14 04 28 1)

Table 4 Compressive strength at 7 days as a percentage of 28 days strength for mortar specimens

Samples % Samples % Samples % Samples %
Compressive Compressive Compressive Compressive
strength strength strength strength
Fs3.0Cs0.0 74.7 P0.000 94.6 LDPEO.05A 90.6 LDPEOQ.05B 91.4
Fs1.5Cs1.5 84.5 P0.005 89.4 LDPEO.10A 92.8 LDPEO0.10B 93.5
Fs0.0Cs3.0 83.4 P0.007 90.8 HDPEO.05A 97.4 HDPEO.05B 98.6
P0.010 79.6 HDPEO.10A 88.4 HDPEO.10B 91.6
Fs3.0 96.0 PETO0.05A 94.3
Fs1.5 96.3 PET0.10A 95.4
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Figure 7 Internal views of mortar specimens incorporating plastic waste: LDPE fragments at (a) <5 mm,
0.05%, (b) <5 mm, 0.10%, (c) 5— 15 mm, 0.05%, and (d) 5 - 15 mm, 0.10%; HDPE fragments at
(e) <5 mm, 0.05%, (f) <5 mm, 0.10%, (g) 5 15 mm, 0.05%, and (h) 5— 15 mm, 0.10%; and PET

fragments at (i) <5 mm, 0.05%, (j) <5 mm, 0.10%

; Ettringite

‘ A i e 2
SEM HV: 10.0 kV WD: 10.03 mm L SEM HV: 10.0 kV. WD: 8.04 mm SEM HV: 10.0 kv WD: 10.17 mm
SEM MAG: 500 x Det: BSE 100 pm SEM MAG: 10.0 kx Det: SE SEM MAG: 500 x Det BSE

Figure 8 SEM images of the interfacial transition zone between mortar and plastic fragments: (a) PET, (b)

HDPE, and (c) LDPE
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Figure 9 Water absorption of mortar specimens at 28 days
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Table 5 Composition of inner and outer layers in dual-layer paving block specimens

Hydraulic Aggregate (kg)
Water Type of Plasticizer
Layer cement Coarse
(kg) Fine sand Plastic plastic (kg)
(kg) sand
Inner layer 1 0.35 - 2.90 0.10 HDPE, PET 0.007
Outer layer 1 0.35 - 3.00 - - 0.007

Figure 10 Dual-layer paving blocks fabricated via hand compaction: (a) perspective view, (b) top view,

and (c) side view
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Figure 11 (a) Compressive strength and (b) water absorption of dual-layer paving blocks with plastic-

incorporated inner layers, fabricated using the simultaneous casting method
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Lower outer layer:

Figure 12 Failure patterns of dual-layer paving blocks after compressive strength testing: (a) specimen

produced by sequential casting, and (b) specimen produced by simultaneous casting
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