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Abstract— Polyethylene Terephthalates (PET) is most of
plastic container normally being discarded and resulted in
environmental pollution. One of a better means is to recycle
PET in concrete. This paper describes an experimental
investigation of the relationship between tensile strength and
compressive strength of concrete containing Ring type of
waste PET bottle (RPET) fibre. The RPET were obtained by
simple mechanical cutting from waste bottles into 5and 10+ 1
mm in width of the waste bottle to produce the RPET-5 and
RPET-10 fibre. Comparative studies were conducted with two
different water-binder ratios which are 0.45 and 0.55. Concrete
containing with 0.0%, 0.25%, 0.50%, 0.75%, 1.00%, 1.25%,
and 1.50% volume of RPET fibre content were produced in
cylindrical specimens in 150 mm . All specimens were tested
at the age of 28 days. It has been found that ultimate tensile
strength of RPET concretes were greater compared to normal
concrete. Incorporation RPET fibre in concrete has produced
fos=0.0567£%% and f£_,, = 0.1343£%%  empirical
expression between compressive and tensile strength for
RPET-5 and RPET-10 fibre concrete respectively. It can be
concluded that incorporation of RPET in concrete is possible
to produce concrete with good performance.

Keywords— Compressive strength, tensile strength, &
empirical expression

I. Introduction

Polyethylene terephthalate (PET) is one of potential waste
which could be used in various applications. Efforts have been
made to explore their usage in concrete such as that waste in
concrete fibre performance [1]. The development of new
construction materials using recycled PET fibre is important to
both the construction and the PET recycling industries. A vast
work has already been done on the use of plastic waste as an
aggregate or a fibre in concrete. Frigione [2] and Marzouk
et.al [3] had tried replacing or recycling the waste PET as the
artificial aggregate in concrete. Others previous study show
reprocessed of waste PET in concrete to produce fibre
concrete [4]. Nevertheless, previous researches revealed that
PET waste fibre in concrete has a significant role in terms of
bonding and strength [4-5]. PET waste has very a weak bond
with cement paste [6-7].
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It can be pointed out that increasing PET waste in concrete
would increases the size of porosity and interfacial transition
zone in concrete matrix and result reduction in strength [8-9].
Lamellar fibre have been widely used in research shows that at
high stress in concrete fibre, the lamellar fibre was tended to
slip off [5]. Therefore, to overcome the limitations that
traditional straight or irregular fibre have, ring type fibre is
used in this study. This paper will shows an attempt is made to
develop a relation between concrete strength in the early age
of fibre concrete and produced the relationship between tensile
strength as a simple empirical prediction expression. Once, the
relationship expression of RPET fibre concrete strength be
established, it is possible to predict it is tensile strength of
RPET fibre concrete.

II. Materials

The cement used in all mixtures was a commercially
available Portland cement (PC), which corresponds to MS
522: 2007 [10]. Fly ash (FA) class F was used in this study.
The aggregates and crushed sand from the same local source
were used. The maximum aggregates size was 19 mm. The
maximum size of fine aggregates conforming to BS EN 12620
is 4.75 mm [11]. The type of superplasticizer was used is
Darex Super 20 Superplasticizer conforming ASTM C-494
Type A & F [12].The waste bottle was used in this study as the
fibre concrete. Waste bottles were cleaned to remove
impurities. The waste bottle has been cut in a ring shape. The
diameter of ring waste PET was fixed at 60 + 5 mm. Size
width of ring fibre was fixed at 5 and 10 + 1 mm. Figure 1 and
2 show the ring bottles of PET.

Figure 1 (a). Waste PET bottles
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Figure 1(b). Waste Ring PET bottle

Figure 2(a). The dimension of RPET-5 fibre

101 mm i

Figure 2(b). The dimension of RPET-10 fibre

III. Experimental Procedures

A. Preparation Mixtures SCC RPET

RPET fibre reinforced concrete self-consolidating
concrete mixtures were designed according to Irwan [8]. The
absolute volume method was used to calculate the absolute
volume of each SCC component to occupy one cubic meter of
concrete as shown in TABLE I. The concrete mixtures were
prepared using a tilting drum mixer revolving mixer of 200L
maximum capacity. The customized SCC mixtures were
essentially prepared by adapting the mixing procedure SCC
fibre concrete.

The mix was prepared by adding the designed
amount of prepackaged materials to the mixer. Fine sand,
cement, and fly ash were thrown one by one into the dry mixer
and the materials mixed for 60 seconds. Super plasticizer and
water was mixed as one package liquid material. Thereafter
half of liquid was poured into the mixer and mixing continued
for 60 seconds. Subsequently half of the remaining amount of
liquid was added in 4 times at 60 second intervals. After
mixing in 60 seconds, the coarse aggregates were added and
mixing continued for 120 seconds. This was followed by
adding fibre gradually to the mixer and after all fibres were
added, mixing continued for 120 seconds to ensure uniform
fibre distribution

TABLE I. MIX PROPORTION

Mix Designation

w/b ratio 0.45 & 0.55
Percentages of RPET, ( %) 0, 0.25. 0.50, 0.75, 1.00, 1.25, & 1.50
Cement, (Kg/m®) 300.0
Fly Ash, (Kgim®) 90.3
Coarse Aggregates, (Kg/m®) 805
Fine Aggregates, (Kg/m?®) 980
Water, (Kg/m?®) 176 &215
Super-plasticizer (ml/kg®) 4680
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B. Test of Hardened Concrete

The behaviour of the concrete fibre was performed by
measuring properties of RPET fibre concrete in a hardened
state. It involved the determination of compressive and tensile
strength. Concrete cylinder specimens with dimensions 150
mm in diameter and 300 mm in length were prepared with
different volume of fibre content and water binder ratio for
compressive strength test. The specimens were tested at age of
28 days after curing. The compressive strength tests were
conducted in accordance with BS 1881 — 116: 1983 [12].
These cylindrical specimens were tested using Universal
Testing Machine (UTM) with a maximum loading capacity of
1000 kKN based on BS 1881-115: 1986 [13]. Tensile tests
consisted of applying a diametric compressive force along the
length of cylindrical specimen size 150mm x 300 mm in
length. The specimens were tested at the age of 28 days after
curing as prescribed in BS EN 12390-6:2000 [14]. All testing
measurements were obtained from three samples from each
batch. The total sample for all sample concrete is 84 samples.
The average of these three samples is presented and discussed
in the section IV.

IV. Results and Discussion

All the concrete mixes show that concrete fibre at 0.45 and
0.55 water binder obtain small increases in strength compare
to the normal concrete until it achieves at 1.0% volume of
RPET fibre content. It can be recognized that tensile strength
of fibre concrete were increased by 15.2% and 22.4% for
RPET-5 and RPET-10 respectively compared to the normal
concrete. Meanwhile, it can be pointed out that compressive of
RPET fibre shows increased by #:2% and 15.6% for RPET-5
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and RPE-10 fibre concrete. This pattern result also obtains and
agreeable by Choi et al [ 3], Dora Foti [5], Fernando et al [15],
and Ramadevi et al [16]. Figure 3 shows the relationship
between splitting tensile and compressive strength obtain from
this study. Based on the Figure 3, the empirical expression for
RPET-5 and RPET-10 concrete obtain from this study is;

fi_s = 0.0567 £ 14 (1)

(2)

Where f; is the splitting tensile strength and f. is compressive
strength measures both in MPa. It can be recognised that on
Figure 3, TABLE II, and TABLE IIl show that the best
regression line for this study is approximate to the empirical
relation of steel fibre concrete suggested by by Xu et al [17 ]
with average differences of 1.00 for RPET-5 fibre concrete.
Meanwhile, it can be recognised that Eurocode[18] shows the
best regression line for this study is approximate to the
empirical relation of RPET-10 fibre concrete by average
differences of 1.06. The empirical relation are made by Xu

fi_yp = 0.13435%%

[17[, Eurocode [18], Neville [19], and Rapheal [20]
respectively are expressed below;
fi = 0215 ©)
fi = 030%™ (4)
fi = 0.23£% (5)
fi = 020" (6)

The results of experimental and predicted tensile strength from
Eq. 1 to 6 are listed in Table 1 and 2. It can be recognised that
the tensile strength of RPET-5 and RPET-10 fibre concrete
obtained from this study is approximately between in line
empirical relation expressed by SFRC(3) and Eurocode(4)
equation respectively.
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Figure 3. Relationship between tensile strength and compressive
strength of RPET-5 and RPET-10 concrete fibre concrete
(experimental and theoretical)
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TABLE IIA: COMPARISON OF COMPRESSIBE AND TENSILE

STRENGTH FOR RPET-5 FIBRE CONCRETE (EXPERIMENTAL AND
THEORETICAL)

Comp. Ten. Exp / Predicted fi: (MPa)
Str. Str.
RPET, fe fat Eq. Eq Eq Eq Eq
% W/B | (MPa) | (MPa) (1) 3) 4) (5) (6)
0.00 0.45 37.53 331 | 349 | 426 | 340 | 261 | 253
0.25 38.2 3.47 3.56 432 | 344 | 2.64 | 2.56
0.50 39.7 363 | 372 | 446 | 353 | 2.71 | 2.63
0.75 40.23 3.80 3.78 451 | 357 | 2.73 | 2.66
1.00 39.23 379 | 367 | 441 | 351 | 2.69 | 261
1.25 36.77 3.49 341 418 | 3.36 | 257 | 249
1.50 35.98 3.29 3.33 411 | 331 | 254 | 2.46
0.00 0.55 32.72 3.08 | 299 | 3580 | 3.10 | 2.38 | 2.30
0.25 36.45 3.32 3.38 415 | 3.34 | 256 | 2.48
0.50 37.96 350 | 354 | 430 | 343 | 2.63 | 2.55
0.75 38.29 3.66 3.57 433 | 345 | 264 | 257
1.00 39.67 3.77 3.72 446 | 353 | 2.71 | 2.63
1.25 37.82 363 | 352 | 428 | 342 | 262 | 254
1.50 31.44 2.82 2.85 3.67 | 3.02 | 232 | 2.23

TABLE I1B: COMPARISON OF COMPRESSIBE AND TENSILE

STRENGTH FOR RPET-5 FIBRE CONCRETE (EXPERIMENTAL AND
THEORETICAL)

Comp. Ten.
Str. Str. Exp / Predicted fi: (MPa)
RPET, fe Tt fst/fc | fst/fc | fst/fc | fst/fc | fst/fc
% W/B | (MPa) | (MPa) | (1) ?3) 4) (5) (6)

0.00 0.45 37.53 331 ] 095| 078 | 097 | 127 | 131
0.25 38.2 347 | 097 | 080 | 101 | 131 | 135
0.50 39.7 363 | 098 | 081 | 103 | 134 | 138
0.75 40.23 380 | 101 | 084 | 1.07 | 139 | 1.43
1.00 39.23 379 | 103 | 086 | 1.08 | 141 | 145
1.25 36.77 349 | 1.02 | 083 | 1.04 | 135 | 1.40
1.50 35.98 329 ] 099 | 080 | 099 | 130 | 134
0.00 055 32.72 3.08| 103 | 081 | 099 | 129 | 134
0.25 36.45 332 ] 098 | 080 | 099 | 130 | 134
0.50 37.96 350 | 099 | 081 | 1.02 | 133 | 137
0.75 38.29 366 | 1.03| 085 | 1.06 | 138 | 1.43
1.00 39.67 377 | 101 | 085 | 107 | 139 | 143
1.25 37.82 363 | 103 | 085 | 1.06 | 1.38 | 1.43
1.50 31.44 282 | 099 | 077 | 093 | 122 | 126
Average | 1.00 | 1.00 | 082 | 1.02 | 1.33

TABLE IlIA: COMPARISON OF COMPRESSIBE AND TENSILE
STRENGTH FOR RPET-10 FIBRE CONCRETE (EXPERIMENTAL AND
THEORETICAL)

Comp. Ten.
Str. Str. Exp / Predicted fy (MPa)
RPET, fe fat Eq. Eq Eq Eq Eq
% W/B | (MPa) | (MPa) (2) (3) 4) (5 (6)
0.00 0.45 3.58 426 | 340 | 261 | 253 | 358 | 4.26
0.25 3.66 435 | 346 | 265 | 258 | 3.66 | 435
0.50 3.75 4.44 3.52 2.70 262 | 375 | 444
0.75 3.88 458 | 361 | 277 | 2.69 | 3.88 | 458
1.00 3.96 466 | 366 | 281 | 273 | 3.96 | 4.66
1.25 3.73 441 3.51 2.69 261 | 3.73 | 441
1.50 3.47 4.13 3.32 2.55 247 | 347 | 413
0.00 0.55 3.16 380 | 310 | 238 | 230 | 316 | 3.80
0.25 3.24 389 | 316 | 242 | 234 | 324 | 389
0.50 3.35 4.01 3.24 2.49 240 | 335 | 4.01
0.75 3.60 4.27 341 2.62 254 | 3.60 | 4.27
1.00 3.80 449 | 356 | 273 | 2.65 | 3.80 | 449
1.25 3.88 4.58 3.61 2.77 269 | 3.88 | 458
1.50 3.68 437 | 34L.| 266 | 258 | 3.68 | 437
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TABLE I11B: COMPARISON OF COMPRESSIBE AND TENSILE
STRENGTH FOR RPET-10 FIBRE CONCRETE (EXPERIMENTAL

AND THEORETICAL)
Com. | Ten. Exp / Predicted fi: (MPa)
Str. Str.
f,

RPET, f, | (P | fsUf | fsuf | fsuf | fsuf | fef
% | wB | (MPa| a @ lelw]l e | ®
0.00 | o045 | 3753 | 331 | 0095 | 078 | 097 | 127 | 131
0.25 382 | 347 | 097 | 080 | 1.01 | 1.31 | 1.35
0.50 30.7 | 363 | 098 | 0.81 | 1.03 | 1.34 | 1.38
0.75 40.23 | 3.80 | 101 | 0.84 | 1.07 | 1.39 | 143
1.00 3923 | 379 | 103 | 0.86 | 1.08 | 141 | 145
1.25 36.77 | 3.49 | 102 | 0.83 | 1.04 | 1.35 | 1.40
1.50 35.98 | 329 | 099 | 0.80 | 099 | 1.30 | 1.34
0.00 | o055 | 3272 | 3.08 | 103 | 081 | 099 | 1.29 | 134
0.25 36.45 | 3.32 | 0098 | 0.80 | 099 | 1.30 | 1.34
0.50 37.96 | 350 | 099 | 081 | 1.02 | 1.33 | 137
0.75 38.29 | 3.66 | 103 | 0.85 | 1.06 | 1.38 | 143
1.00 30.67 | 377 | 101 | 085 | 1.07 | 1.39 | 143
1.25 37.82 | 363 | 103 | 085 | 1.06 | 1.38 | 143
1.50 3144 | 2.82 | 099 | 077 | 093 | 1.22 | 126

Average | 1.00 | 0.84 | 1.06 | 1.38 | 142
V. Conclusion

The relationship between compressive and tensile
strength using waste bottle as RPET fibre in concrete were
developed. This paper presented empirical expression to
predict the tensile strength in the early age of RPET fibre
concrete. Herein, empirical expressions of tensile strength for
early age of fibre concrete are fi_. = 0.0567f"* and
fi_4p = 0.1343£.°* for RPET-5 and RPET-10 fibre concrete
respectively. Hence, practical empirical expression approach
has been described for prediction at the end age of 28 days
tensile strength of fibre concrete based on the values of
compressive strength test. It can be used as a reliable tool for
assessing the design strength of concrete through predicting
early strength of RPET fibre concrete.

Acknowledgment

This work was financially supported by University Tun
Hussein Onn Malaysia (UTHM) and Minister of Education
Malaysia (KPM) through Exploratory Research Grant Scheme
(ERGS) Vot. No. E-002.

References
[1]  Agamuthu P. & Faizura P.N. Biodegradability of Degradable Plastic
Waste. Waste management 2005; 23(2), pp. 95-100.
[2] Frigione. M. Recycling of PET bottles as fine aggregate in concrete.
Waste management,
2010, 20, 1101-1106.
[3] Marzouk, O.Y., Dheilly, R.M., Queneudec, M., Valorization of post-

consumer waste plastic
in cementitious concrete composites. Waste Management , 2007, 27,
310-318.

71

(4]

[5]

(6]
(7]

(8]

(9]

[10]
[11]
[12]
(13]
[14]

[15]

[16]

[17]

(18]
[19]

[20]

Choi, Y.W., Moon, D.J., Chung, J.S., Cho, S.K., Effects of waste PET
bottles aggregate on

the properties of concrete. Cement Concrete Research 2005, 35, 776—
781.

Foti D. (2011). Preliminary Analysis of Concrete Reinforced With
Waste Bottles PET Fibers. Construction and Building Materials 2011,
25, pp. 1906-1915.

Al-Manaseer, A.A., Dalal, T.R. Concrete Containing Plastic
Aggregates. Concrete International 1997; 19(8), pp. 47-52.

Alvarez, M., Salas, J. & Veras, J. Properties of Concrete Made with Fly
Ash. The International Journal of Cement Composites and Lightweight
Concrete 1998, 10(2), pp. 109-120.

J.M. Irwan, N. Othman, H.B. Koh, R.M. Asyraf, Faisal S.K, M.M.K.
Annas, & A.M. Shahrizan. Development of Mix Design Nomograph for
Polyethylene Terephthalat Fiber Concrete. Applied Mechanics and
Materials 2013: 253-255, pp. 408-416

Fraternali et al. Experimental Study of Thermo-Mechanical Properties
of Recycled PET Fiber-Reinforced Concrete. Composites Structures
2011; 93, pp. 2368-2374.

Malaysian Standard, Malaysia. Specification for Portland Cement
Composites. MS 522; 2007.

British Standards Institution, Aggregate for Concrete. BS EN

12620: 2002

British Standards Institution. Method for Making Test Cylinders From
Fresh Concrete. BS 1881 — 110; 1983.

British Standards Institution Method of Determination of Compressive
Strength of Concrete. BS 1881 — 116; 1983.

British Standards Institution. Method for Determination of Tensile
Splitting Strength.BS 1881 — 117 ; 1983.

Fernando Pelisser & Oscar Rubben Klegues Montedo. Mechanical
properties of recycled PET Fibre in concrete. Materials Research; 2012;
15 (4) pp. 679-686.

K. Ramadevi & R. Manju. Experimental investigation on the properties
of concrete with plastic PET (bottles) fibre as fine aggergates.
Advanced Engineering; 2012; 6(2).

Xu. B. W., Shi, H.S., Correlation among mechanics properties of steel
fibre reinforced concrete, Construction and Building materials, 2009;
23, pp. 3468-3474

Eurocede 2, Design of Concrete structures. European Standard, 1992;
Part 1:2004.

A.M. Neville, Properties of Concrete, Fourth and Final Edition, United
Kingdom, Pearson Prentice Hall, 1995.

J.M. Raphael, Tensile strength of concrete, Concrete International,
1984; 81(2), pp. 158-165.

About Author:

Mohd Irwan Bin Juki is Associate Professor
at Fakulti Kejuruteraan Awam dan Alam
Sekitar. He received the B.E. and M.E in
civil engineering engineering from the
University Teknologi Malaysia (UTM),
Malaysia and Ph.D. from the University
Teknologi Mara (UiTM), Malaysia.



