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Abstract- In order o promote resource &aﬂon ing pI |c wa Q‘s cru@& as
it is durable and does not decompo wada concr @ mdu% MWlde r@
constantly szeking to develop effeclgematenals are | st -e tlv

eco-friendly. To achieve the dﬁttge prop in co er du ﬂ.g its tlve
effects on the environment, wast e utili @Qs a paitial si tltuteﬁo coarse
aggregate. Previous res has ed t 10— % r cerrﬁt{\‘ of coarse
aggregate with plasti gate %lql Thl@y e@w%ns (Phases. During
initial phase, concretetylinder exami tal wit erent proportion
of plastic aggre‘%t;? a partlé} lace rBénd A orabl@ outc me were achieved with

20% replace In the se@d phas ,&N&e ein orce@@onc@&(RC) beams were built,
i r&nt 0 gre
a

with two ith plastic aggregate and

usin repl \%
the thj conteol pecimen\jor co aris, n ur . All beams were designed
ac ﬁ to the&ﬁodea %stedgﬁder th@i point\dading in accordance with ASTM
78M t% stigate era aﬁﬁavm%at midspan. The beams with parual
tic aggregate replacg?% |te st‘&\(@ntlcal flexural behavior while recucing
Q'Q/fhelrself -weight by /) QO % A{(\,
Ke&% Flexure Strengtt%‘@bars&&gre@@te Wa;ssﬂe Plastic, concrete.
NAIFONIPRY
1 Introductlgin ‘(Q’ ‘( Q‘h& \\\
Concrete belng h@h t|| dej{gb%ltlllzed in various forms of construction and is considered one of the most
essential buildj Qg -mate f&is after‘water {1]:During the 1960s, there was a shift towards utilizing reinforced cement concrete
instead of eI de()klng, steel columns for both structural and non-structural components. [2]-[4].The
aggregate, ons@{%f fi (@ e components, constitute 70% of concrete mix [3]. The presence of this particular
a

aggregate greaf)) 5@9 the ght R’& e concrete itself. By eriploying low-density aggregates, it becomes possible to
decrease the cver ad of ¥0structure, leading to lighter burdens on supporting elements. Consequently, this can
resultin a reduced seis rea mass.

se

In recent years, Qrghers have been dedicated to identifying aggregates with low specific gravity for concrete.
They have conducted tasts using various materials and achieved satisfactory outcomes, such as reduced self-weight
aggregates or minimum loss of strength. As a result, different types of lightweight aggregates, including expanded clay
aggregate, volcanic pumice, fiy ash, rice husk, and rubberized aggregate, etc. have been introduced to the concrete industry.

Numerous studies have been conducte to assess the properties of lightweight aggregates both as standalone materials
and when incorporated into concrete The effect on properties of hardened and fresh concrete having plastic aggregate is
already discussed by several researchers [5]. The Researchers also discussed the effect of level of use of fine PA in place
of CA on workability [6], thermal conductivity [7], abrasion resistance [8], shrinkage [9], permeability [10], fire behaviour
[11] and absorption [12]. Even some researchers reported decrease in slump of fresh concrete [13]. Polymeric material
found in domestic and industrial waste, primarily rubber and plastic, have both economic and environmental impacts.
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These materials usually either disposed of in landfill or burned in dumps. This addrecses the environmental impact, while
their utilization in construction or industry addresses the economic impact.

In Pakistan 30 million tons of solid waste is generated per year, in which 9% is plastics.9 million tonnes of plastic
are thrown into ocean annually [14]. The consumption of plastic materials has witnessed a significant surge, rising from
around two million tons in the 1950s to nearly four hundrec and forty million tons in 2015 [15]. The excessive
accumulation of plastic waste poses environmental pollution threat and indirectly gontributes to issues like flooding by
obstructing drainage systems, as observed in Karachi, Pakistan in 2017 (Amar GgitoSeptember 2017). By incorporating
plastic waste as a substitute for coarse aggregate in recyciing practices, not oé%%we detrimental effects cf plastic waste

be mitigated, but also the overall weight of structures can be reduced. Th|s i ilitated by the avallgh‘h u low or less
density of plastic, which allows it in serving as a ziternative to tradition e aggregate.

In recent years, construction industry has embraced recycled te and waste plasthg?gre tes to sfudy their
tension and compression properties for effective utilization. Plast egates from various lastic kqtties
,wrapper, shopping bags and recycled rukoer from tires have b cessfully as partlal replac n%(h‘% fC\(S&hrse z‘i\g@egates
in concrete. These efforts have yieldeZ satisfactory outcom

In this paper, three beams specimens were made f&nme purpos@s On use a specimen
for comparative analysis, while the remaining beam made substl fon Qf % an‘pIas @ggregates. The

design of all beams adhered to the standards outlln the A@Q eandu ﬁﬁ Wi stl ing thathird-point loading
method as outlined in ASTM C78/C78M. [17 2 Iexu trength, degt ty, § —Welg d@ﬂh age pattern of both
types were compared.

The significance of this research lies in exp@ the e aI of ut @ éﬁe pla ag Q&étes as a partial replacement
for traditional coarse aggregates in ¢ te con Thl s addr es economic and environmental
concerns by recycling plastic waste grd\réducingghe veraII Theqb ctive of the study is to investigate
the mechanical properties, such exur gth, d |I|ty, self ight concrete beams with 20% plastic
aggregate substitution. By rlng t ropert I sp ens, the study aims to determine the

feasibility and effectivene
friendly construction pré

sing wast astlc gat@ in conc‘{‘e &&Jesigns, contributing to sustainab'e and eco-
= R W

2 Expenm@( | Progédures o© (\ N

Due to Iir@wderstandin of the %%ertles of @:\‘ecyﬁ(&? plastic aggregate taken from F-F Steels (PVT.) Ltd in

Islamab orough mvestlgatl fo asc tain the material's various qualities essential for concrete mix
design@e plastic aggregate r &e fro%qf @ 0 14mm. The grading of the coarse aggregate was adjusted to
repisge the natural coarse aggsﬁgﬁte ! pla%ﬁz aggr te. Additional properties of the piastic aggregate were documented
and are presented in Tabl@%

\ ‘{\ wmm I Properties of Materials
@ ?& A{\'CJQJ CJO % ‘(&atenal Size (inch) Specifiz gravity
\» urser Aggregate 1 (muaxomum) ‘ 2.67
$0 ‘\Q\Qﬂ \J O® |

QJ‘{\ Fme Aggregate = 3 FM ( 2.6

CJO \I“ &‘ )Qst'uc Aggregate 0.5 0.85
QJ

Taking into accountt eS|r mpressive strength of 3ksi, the targeted slump range of 1 to 2 inches, and a w/c of 0.56,
the following ratios have Q&Qm estimated in accordance with the ACI code, taking into account the given qualities and
specifications.

Table 1 Estimated values of material ratio

% Of Plas!lcﬁ Cemvat (Ib./vd3) [ Coarse [ Fine [ Plastic
aggregate Aggregate | Aggregate | Aggregate e
(Ib/yd3) (Ib/vd3) (Ib/yd3)
0o | 517.24 [ 124020 | 182170 | 00 | 056 |
s | 51724 [ 124020 | 154840 | 141 | 036 |
20 | 517.24 | 124020 | 145730 | 188 | 0.56 |
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Due to the limitations in strength and workability, it is not feasible to entirely replace the coarse aggregate with plastic
aggregate. Research findings suggest that replacing 15 to 22 percent of the coarse aggregate with plastic aggregate yields
favorable outcomes [19]. In this particular study, the focus was on replacing 15 and 20 percent of the coarse aggregate. In
this research study, a total of nine cylinders were prepared and subjected to testing in accordance with ASTM
specifications. The obtained results are outlined as follows: &

R
('nmp%ghm of speciemn \\nh\PQJ- 15% OgX O;x

;md%; slaced of course : r_v,:m.:Q\h\ plas
aggregaie @ 4{\,
40@ . oS '\0§ \(S{\bﬁ 0

Q;)rm O
n Yy mﬂs

\ \

o O

A\ \ﬁ
Q‘Q \}’ NIRRT
Q \‘(\ » N \@}“
%’ \ WV

Frg@ @) Tes@ oncre Q&Imde@@) Th&Q\pomt Io&dlng(c) Compressive strength of cylinder
r@\ S

ag replacement and | srn h with a 20% replacement can be attributed to the complex

interaetions between the p ate the her constituents of the concrete mix. At a 15% replacement level, the

introduction of plastic ag@r at IQave ’Q‘ a disruption in the overall matrix, leading to a less efficient packing
&g;\

Based o g)data presented in ngl &hrend of decreasing compressive strength with a 15% plastic
mpr@ssrve i

arrangement and er bon en the aggregates and the cement paste. Consequently, this could have
resulted in a slrgh cre essjuestrength. However, at a 20% relacement level, the plastic aggregates could
have facilitate @ett *\tlcle d| |b utign and enhanced packing, leading to improved load transfer and interlocking within

the mix. T%@ ti arr ay have positively influenced thz overall compressive strength, resulting in a higher
value. The haraCteris plastlc aggregates and their interactions with the other concrete components play
crucial roles ||€J|nfl ng mé“trer%ef} aking further research essential to comprehend the underlying mechanisms in

detail. S
0*{\ \QQJ

1.1  Specifications ofﬁgam Specimens

For research purposes, thiee beams were built, with one as control specimen(without plastic aggregate) and other two

incorporating 20% plastic aggregate. All three beams were prepared using same mix proportion as the concrete cylinders.

The beam specimen was 7ft long, had cross section of 6" x 9" as shown in the figure 3b.and were reinforced for shear in
accordance with ACI code.
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1.2 Experimental Testing of Beam Specimens

At the material testing laboratory of HITEC UNIVERSITY in Taxila, Pakistan, the three specimens underwent three-
point loading tests in accordance with the ASTM C78/C78M-10 staindard.

The specimens, configurzd as beams with a 6 fo&?lear S @we pos |oned |n t e st s Straln gauges were

affixed at the locatior: of maximum bendingsg=monito ctlons ens estlng using the loading
criteria specified in section 2.5, employing ﬁ 3 fac Ioad pI| te of 0.2 ton per second.

In order to measure deflection, thr ar Varia iffer Tr@"&or LV ) or At the bottom of the beam,
gauges were installed to measur onit a%'lf)ad anggﬂ " Th Q@ ata was then analyzed to assess the
flexural capacity of the spem@ his inf@gMation i at Iow\
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Figure 2: (a) Load vs Deflection Chart of Beam specimen (b) Cross section of beam

2 Result and Discussion

Upon comparing the lightweight specimens (with partial replacement) with the specimen for comparative analysis, it
was noted that the flexural capacity of the lightweight specimens was on par with that of the control specimen.

e Incontrast to the control specimen, the beams exhibited a heightened level of ductile failure.
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e  The replacement of 20% plastic coarse aggregate in reirforced concrete (RC) beams did not affect their flexural
capacity when compared to the control specimen. However, there was a noteworthy reduction of 18 to 20% in the
self-weight of the beams.

e Cracks on the tension face of the beams with partial replacement of ¢earSe aggregate were uniformly distributed.
This suggests that the presence of plastic aggregate did not lead centrated or Ioca a cracking. Instead,
the cracks were evenly distributed, indicating a more uniform aqd alanced distributio ns' & stresses within
the beam. This signifies that the beains with partial repla @pj maintained stru L@lnteg@ y and exhibited
improved resistance to cracking. Such uniform crack dj @tion is beneficial fo e 0 ﬁall pe(%rmance and
durability of the beams. ‘Q’

e  Priorto the development of fiexural cracks, the beg%%?hlblted resistance agaﬁ,v%t h A{forc s{‘a d d(a%\t dispiay
any signs of shear cracks. This indicates the str mteg%of the b |n ter of th to withstand
shear stresses without exhibiting any visiblwz@mons% ar fallu enc she cks before the

occurrence of flexiiral cracks highlights trength a b|I|ty Q Qhe be undeﬁ}appl d ads.

e Based on the findings of this researc prevj recomm n ’\ c co;%ched that the practical
application of plastic aggregae S rtlal Iac ment oar%aggreg is,feasible, with an optimum
replacement level of up to ZO‘V asibled concr o wever, dV| e to conduct further studies
exploring the effects of dlffer ter- t nt ratlo hlgh es of plastic aggregates. These
additional investigations prow Ie |n h | io d performance of concrete when
subjected to varying cendltions of d mcrea:s@i Iev f pé) c a ate replacement.

&0 Q @\

reinforced conc ms resyltedyin beams\with co@ipa bl@ le capacity to the control specimeris. The lightweight
beams exhlbrﬁ |gher @‘6]‘ ductl aulu%&a @%tew reduction in self-weight, showcasing their potential
benefits for lIgRtweigh ucnon?ﬁb eqq@ sen plastic aggregate led to uniforrly distributed cracks on
the tensj e, indicati |mpro sta ce cal%@ﬁ cracking and enhanced structural integrity. The beams also
dem d resistance agal es V\@fh laying shear cracks before the cevelopment of flexural cracks.
W@e practical applica e( f iC agg oncrete is feasible, further research investigating different water-

cement ratios and hlg erc ges eflplastl gregate replacement is recommended to gain a deeper understanding
of'its behavior under & mg
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