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In this study, the influence of waste PET as lightweight aggregate (WPLA) replacement with conventional
aggregate, on thermal conductivity, unit weight and compressive strength properties of concrete com-
posite was investigated. For this purpose, five different mixtures were prepared (the control mixtures
and four WPLA mixtures including 30%, 40%, 50%, and 60% waste PET aggregate by volume). Thermal con-
ductivity (TC) coefficients of the specimens were measured with guarded hot plate apparatus according
to TS ISO 8302 [1]. The thermal conductivity coefficient, unit weight and compressive strength of spec-
imens decreased as the amount of WPLA increased in concrete. The minimum thermal conductivity value
was 0.3924 W/m K, observed at 60% WPLA replacement. From this result, it was concluded that waste PET
aggregates replacement with conventional aggregate in the mixture showed better insulation properties
(i.e. lower thermal coefficient). Due to the low unit weight and thermal conductivity values of WPLA com-

posites, there is a potential of using WPLA composites in construction applications.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Unit weight, compressive strength and thermal insulation prop-
erties of concrete are related to each other. In general, while the
unit weight of concrete increases, the strength of concrete
increases. However, thermal insulation properties decrease, be-
cause of the increasing unit weight of concrete [2,3]. Today, light-
weight concrete is used in most engineering applications in order
to eliminate the objectionable aspects which are mentioned above
of normal concrete, and to give some positive properties. Thermal
insulation properties of lightweight concrete are better than nor-
mal concrete because of the low unit weight. The thermal conduc-
tivity of lightweight concrete can take values of approximately 50%
lower than the normal concrete [4].

Today, the lightweight concretes can be produced with various
materials and construction methods. The most common method
used in the production of lightweight concrete is using lightweight
aggregate. Lightweight aggregate is an important material used in
order toreduce the unit weight of both structural and non-structural
concrete. Lightweight aggregates are generally used to reduce the
unit weight of concrete by replacing the normal weight aggregates
by partially or fully.
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Unlike the well-known materials, waste plastic granules can be
used as lightweight aggregate in the production of lightweight con-
crete. Polypropylene (PP), poly-ethylene (PE), poly-ethylene tere-
phthalate (PET) and polystyrene (PS) are some of the waste plastic
used as lightweight concrete aggregate. The PET bottles are ahead
of the wastes with its high increasing speed of consumption. A large
amount of natural aggregate is needed for production of concrete
which is an indispensable material for the construction technology.
For this reason, evaluation of waste PET aggregates in construction
applications provides savings from the amount of natural aggregates.

In the recent years, a lot of experimental studies carried out on
using waste PET bottles as aggregate in cement-based composites.
In these studies, some physical and mechanical properties of the
WPLA specimens are examined [5-12]. However there was limited
number of studies carried out on thermal conductivity of light-
weight concrete made with waste PET aggregate [13-15]. In gen-
eral, waste PET aggregate addition decreases unit weight of
composites. Modulus of elasticity of the composites decreases and
specimens show more ductile behavior with increasing PET aggre-
gate amount. However, waste PET aggregate incorporation causes
reduction at compressive strength, flexural-tensile strength and
splitting tensile strength of cement-based composites. In addition,
water absorption increases depending on increasing WPLA amount.

The most basic feature that used for classifying the thermal
insulation materials is thermal conductivity (TC) coefficient. The
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TC coefficient is the amount of heat which passes through unit area
in unit time when the temperature difference between the bound-
aries of the system is 1 °C. The materials which TC coefficient are
less than 0.065 W/m K are defined as the thermal insulation mate-
rials, the other materials are defined as structural materials [1].

Mineralogical character of the aggregate quite influences the TC
of concrete composites. The less conductive concrete can be pro-
duced by using aggregate with less TC; similarly more conductive
concrete can be produced with more TC aggregates [16,17]. The
thermal conductivity coefficient of traditional concretes ranges be-
tween 0.8 and 1.65 W/m K [18]. Because of the low TC of PET
aggregate (0.15W/mK), the TC of lightweight composite with
PET aggregate is expected to be low.

Marzouk et al. [13], have used waste PET lightweight aggregate
(WPLA) partially or completely replacing the natural aggregate to
produce concrete composites. The compressive strength of con-
crete composites they obtained was greater than 3.5 MPa. The TC
of the specimens was found about 0.69 W/m K. They concluded
that their product could be used as bearing insulator.

Yesilata et al. [14], have investigated that relative change in
insulation property of the ordinary concrete due to adding
polymeric based waste material. Waste PET bottle and automobile
tire pieces were used in their study. Shredded waste PET bottles
were in square and irregular shapes added into the fresh concrete.
Thermal tests were performed with the dynamic adiabatic-box
technique. Their experimental results showed that using proper
proportions of waste PET and rubber particles reduced heat loss
and improved insulation property of concrete composites. The
degree of improvement in thermal insulation was found to vary
with the amount of added waste materials and geometry of shred-
ded-pieces.

Hannawi et al. [15], have examined the effect of different
amounts and thickness of PET aggregates on the properties of mor-
tars. Two different thicknesses (1 mm and 0.1 mm) of PET aggre-
gates were used (PET1 and PETO.1). Increasing plastic content
caused a considerable reduction in the thermal conductivity of
the specimens. This reduction was about 64% for mixtures contain-
ing 50% PET1. For PETO.1, this reduction ratio reached about 88%.
This trend could be attributed to the low thermal conductivity of
PET aggregates (0.15 W/m K) in comparison to that of natural sand
(2 W/m K). Moreover, the addition of waste plastic into cement

Table 1
Chemical properties of cement.

Oxide SiO, Al,03 Fe,0; CaO MgO SOs
(%)

K;0 Na,0O LOI

Cement 1948 5.06 2.47 6246 294 360 0.72 054 3.66

Table 2
Aggregate grading with standard limit.

matrix reduced the ultrasonic wave velocity which indicated a high
level of sound insulation of the material.

The main aim of this study is to investigate the influence of the
using waste PET aggregate on the thermal conductivity of light-
weight concrete composites. For this purpose, guarded hot plate
apparatus in accordance with TS ISO 8302 [1] was used for measur-
ing the TC of specimens. The unit weight, compressive strength and
ultrasonic pulse velocity of WPLA composites were also investi-
gated in the study. In addition the relationships between these
properties and TC coefficients of WPLA composites were evaluated.

2. Materials

Type I Portland cement conforming to TS EN 197-1 [19] specifi-
cation was used. The 28-day compressive strength of cement
according to TS EN 196-1 [20] was 52.7 MPa. The specific weight
of the cement used was 3.10 g/cm® and specific surface area mea-
sured with Blaine method was 3670 cm?/g. Initial and final setting
times of the cement were 143 and 200 min, respectively. Chemical
oxide compositions of cement are presented in Table 1.

Uncrushed, quartzitic natural sand with maximum size of 4 mm
and crushed basaltic coarse aggregate with maximum size of
16 mm in accordance with TS 706 EN 12620+A1 [21] were used
in the mixtures. The specific weights of fine and coarse aggregates
at saturated surface dry (SSD) condition were 2.45 g/cm® and
2.57 g/cm?, respectively. The water absorption values of fine and
coarse aggregates were 2.5% and 2%, respectively. The grading of
aggregate measured is presented in Table 2 with the standard
specification.

The waste PET bottles granules used as aggregate (WPLA) was
supplied from SASA PET Bottles Plant, in Adana, in Turkey. Maxi-
mum size and specific weight of WPLA were 4 mm and 1.27 g/
cm?, respectively (see Fig. 1). The grading of the WPLA is presented
in Table 3.

Polycarboxylic ether based superplasticizer (SP) according to TS
EN 934-2 [22] was used to improve workability of the mixtures.
The specific weight of superplasticizer was ranged between 1.023
and 1.063 g/cm’.

3. Mixture properties and testing methods

Reference mixture design was made with according to absolute
volume method given by TS 802 [23]. The water-cement (w/c)
ratio used in mixtures was chosen as 0.50. Cement content was
kept constant for per cubic meter, 500 kg/m>. The approximate
air content of fresh concrete mixture was 1% estimated by TS
802 [23] using total aggregate granulometry. The volume of total
aggregate was determined using absolute volume method, then,
weigh of aggregate was calculated using unit weight of aggregate.

Sieve size (mm) Passed (%)

TS 706 EN 12620 + Al

TS 706 EN 12620 + A1l

TS 706 EN 12620 + Al Aggregate used

lower limit medium limit upper limit

16 100 100 100 100

11.2 98 99 100 99.3
8 85 92 99 85.0
4 62 75 88 65.3
2 40 56 72 46.5
1 23 39 55 315
0.5 13 26 38 17.0
0.25 7 15 22 8.5
0.15 3 8 12 35
0.063 1 3 5 1.2
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Fig. 1. The granules of PET used as aggregate.

Table 3

PET aggregate gradations.
Particle size range (mm) PET (%)
dmax dmin
4 2 15
2 1 67
1 0.5 16
0.5 0.25 2
0.25 0 0
Total 100

For each concrete mixture of a cubic meter, approximate concrete
composition is given in Table 4. Substitution ratios were 30%, 40%,
50% and 60% by volume.

Cubic specimens with a 150 mm side were cast and used for
measurement of unit weight, compressive strength and ultrasonic
wave velocity tests. Prismatic specimens with the dimensions of
500 x 500 x 100 mm were cast and used for measurement of ther-
mal conductivity test. All the test specimens were de-molded at
1 day, and then cured in lime saturated water at 20 + 2 °C until
the time of the testing. The slump values and fresh unit weights
of the mixtures were also measured.

The compressive strength of concrete specimens were mea-
sured according to TS EN 12390-3 [24] at 7, 28 and 90 days. Exper-
iments were carried out at uniaxial compression instrument with a
capacity of 3000 kN and loading rate was 0.5 MPa/s. For each age,
three specimens were used in compressive strength measurement
for each mixture, and the average of three measurements of spec-
imens was presented and discussed in the study.

Thermal conductivity (TC) coefficients of the specimens were
measured with guarded hot plate apparatus according to TS ISO
8302 [1]. The device was consisted of a heating unit which was
measured the constant heat transfer rate density. The measuring

Table 4
Approximate concrete composition for a cubic meter.

range of device was 0.1-2.3 W/m K. The temperature difference
between the two surfaces of the test specimens (AT) was measured
by temperature sensors which are placed on the surface of the
plates. The values obtained from measurements were calculated
with computer program in according to TS EN 12667 [25]. To per-
form TC test, the specimens with 500 x 500 x 100 mm dimensions
were cured in lime saturated water at 20 + 2 °C until 28 days. After
this curing, the specimens were dried in an oven at 100 + 5 °C for
24 h.

In order to measure ultrasonic wave velocity values of speci-
mens, an Ultrasonic Non-Destructive Digital Tester with a preci-
sion of 0.1 us was employed. A transducer was used with a
vibration frequency of 55 kHz. Sound transit times (t, ps) of
concrete specimens were measured with through transmission
technique according to ASTM C 597-09 [26]. Average of two read-
ings was taken for each specimens and ultrasonic wave velocity
(V, km/s) was calculated.

4. Results and discussion
4.1. Unit weight

The fresh unit weights and 28-day dry unit weights of WPLA
composites are given in Table 5. Measured unit weights of fresh
mixtures were in the range of between 1590 and 1970 kg/m>.
The dry unit weights of all specimens decreased in course of time
due to the evaporation of free water. The dry unit weight values of
WPLA composites were between 1530 and 1930 kg/m>. The dry
unit weights of the M2, M3 and M4 mixtures were lower than
1850 kg/m?>; in other words, they were within the limits of unit
weight specified at ACI 213R [27] for lightweight structural
concrete.

The fresh and dry unit weights of WPLA composites decreased
as the amount of PET aggregate increased in concrete mixture.
The reduction of the unit weights can be explained by the low
specific weight of PET plastic (1.27 g/cm®) compared to the
conventional aggregate (2.45 g/cm> and 2.57 g/cm®).

4.2. Compressive strength

The compressive strength values of composites measured in the
laboratory were presented in Table 6. The range of variation of data
was given in the parenthesis did not differ more than +0.6 MPa. It
is observed from Table 6 that the compressive strength of speci-
mens decreased depending on increment of PET aggregate amount
replaced with conventional aggregate. Reduction rates of compres-
sive strengths of M1, M2, M3 and M4 based on control mixture
(MO) were 41%, 54%, 62%, 78%, respectively at 28-day. The com-
pressive strength values at 28 days of M1 and M2 mixtures were
quite higher than structural lightweight concrete limit value which
is 17 MPa [27]. However, the unit weight of M1 mixture was higher
than 1850 kg/m?>, for this reason only M2 mixture (containing 40%
PET aggregate) was drop into structural lightweight concrete cate-
gory [27]. M3 mixture caught this level between 28 and 90 days.
But the compressive strength of M4 mixture remained below of

Mixture name PET amount (%) Unit weight (kg/m?>) Slump (cm)
NPC Water Coarse aggregate Fine aggregate PET SP

MO 0 500 250 575 877 0 0 16

M1 30 500 250 402 615 218 2 15

M2 40 500 250 345 526 292 5 14

M3 50 500 250 288 438 365 6 14

M4 60 500 250 230 350 437 7.5 12
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Table 5
Fresh and dry unit weights of the specimens (kg/m?).
Unit weight (kg/m?) Mixture
MO M1 M2 M3 M4
Fresh 2240 1970 1800 1770 1590
Dry 2230 1930 1770 1710 1530
Table 6

Compressive strengths of the specimens (MPa).

Mixture Compressive strength (MPa)

7 days 28 days 90 days
MO 31.9 (x0.3) 43.2 (+0.5) 55.9 (20.6)
M1 184 (x0.3) 253 (+0.5) 26.9 (x0.2)
M2 16.5 (20.1) 19.7 (+0.1) 22.7 (20.5)
M3 14.9 (x0.4) 16.6 (+0.1) 19.7 (x0.4)
M4 8.4 (x0.3) 9.5 (+0.4) 111 (x0.2)

Fig. 2. Scanning electron micrograph (SEM) of WPLA-cement matrix.

the specified value at all curing time. Nevertheless, the compres-
sive strength values of M1, M2 and M3 mixture were found to be
satisfactory.

The compressive strengths of all mixtures increased depending
on the time. However, while the compressive strength of control
concrete (MO) has been increased at a fast pace, the compressive
strength of WPLA composites did not catch up with the same pace
rate. The main reason for this situation is thought that the connec-
tion between PET aggregate and cement paste did not as strong as
the bond between natural aggregate and cement paste [5-7,11,12].
This situation can be observed in Figs. 2 and 3.

4.3. Thermal conductivity

The thermal conductivity values of the specimens measured at
28 days are presented in Table 7. The TC coefficient of control con-
crete was 0.9353 W/m K. This value decreased to 0.6118 W/m K
when the replacement of PET aggregate into mixture with normal
aggregate at a ratio of 30%. The TC coefficient of WPLA composite
containing 60% PET aggregate replacement was 0.3924. PET aggre-
gate addition into concrete composites caused the reduction in
the values of thermal conductivity of the specimens. It is thought
that, this situation caused by the lower thermal conductivity coeffi-
cient of the PET aggregate (0.15 W/m K) than natural aggregate
(2W/mK) [15].

Fig. 3. Scanning electron micrograph (SEM) of natural aggregate-cement matrix.

Table 7
Thermal conductivity (TC) of the specimens (W/m K).

Mixture TC (W/m K) Reduction rate (%)
MO 0.9353 0
M1 0.6118 34.6
M2 0.5723 38.8
M3 0.5348 42.8
M4 0.3924 58.0
1,0
0,8 4
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Fig. 4. The relationship between the unit weight and TC of the specimens.

The specimens showed better insulating properties depending
on the increment of WPLA amount in the mixture. The maximum
reduction in TC value was 58% for 60% replacement of WPLA, it
was shown at M4 mixture. The PET aggregates tended to slow
the heat propagation which in turn decreased the global conduc-
tivity of the composite. It is confirmed that, PET aggregate addition
into mixture caused the reduction in the thermal conductivity of
the specimens due to the low TC coefficient of PET.

The relationship between the unit weights and TC of the speci-
mens is given in Fig. 4. A linear relationship was found between the
unit weights and thermal conductivity of the specimens. Lu-shu
et al. [28] reported that the relationship between thermal conduc-
tivity and the unit weight of lightweight concrete was a linear
form. They also reported that the thermal conductivity increased
as the unit weight increased.

The relationship between the compressive strength and TC of
the specimens is presented in Fig. 5. The correlation coefficient of
relationship was found to be 0.99. From this result, it is concluded
that a linear relationship between compressive strengths and TC of
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Fig. 5. The relationship between the compressive strength and TC of the specimens.

Table 8
Ultrasonic wave velocities of the specimens (km/s).

Mixture Ultrasonic wave velocities (km/s)

28 days 90 days
MO 4.36 (+0.03) 4.42 (+0.03)
M1 3.46 (+0.02) 3.40 (+0.07)
M2 3.18 (+0.04) 3.10 (+0.11)
M3 2.89 (+0.04) 2.94 (+0.04)
M4 2.44 (+0.05) 2.32 (+0.08)

specimens existed. In general the compressive strength, bulk den-
sity and thermal conductivity properties have direct relationship
[29]. Albayrak et al. [30], reported that the compressive strength
and the thermal conductivity values are reduced with the decrease
in bulk density. This result was found to be valid for the current
study in which PET aggregate was used as a replacement of natural
aggregate.

4.4. Ultrasonic wave velocity

Ultrasonic wave propagation speed in a material depends on the
porosity of that material; therefore it depends on the density and
elastic properties. The effects of WPLA addition on the porosity
of composites were evaluated by ultrasound measurements carried
out in the research. Ultrasonic wave velocities of concrete speci-
mens at 28 and 90 days are given in Table 8 (The range of variation
of data was given in the parenthesis). It was seen in Table 8 that,
the ultrasonic wave velocity values of specimens decreased as
the amount of WPLA increased in mixture. This is attributed to
the decrease in unit weight with the increase of amount of PET
aggregate replacement in mixture.

While the compactness and density of concrete increases, the
ultrasonic wave velocity and strength of concrete increase together
[31,32]. Neville and Brooks [33], and Jones and Gatfield [34]
reported that, the ultrasonic wave velocity of a good quality
concrete should be between 4.1 and 4.7 km/s. Whitehurst [31] sug-
gested a practical evaluation values for estimating the quality of
the concrete for traditional concretes (see Table 9).

It can be observed from Table 9 that, quality of control specimen
(MO0) can be considered as generally good; the quality of specimens
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Fig. 6. The relationship between the compressive strength and ultrasonic wave
velocities of specimens.
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Fig. 7. The relationship between the TC and ultrasonic wave velocities of
specimens.

containing 30% and 40% WPLA (M1 and M2 mixtures) can be con-
sidered as questionable at 28 days. However, the quality of M3 and
M4 mixtures can be considered as generally poor compared to tra-
ditional concrete. Because the WPLA amounts of M3 and M4 mix-
tures were higher than the others (50% and 60%). It should be noted
that M2, M3 and M4 mixtures considered as lightweight concrete,
therefore, it is not expected that their strengths to be as good as the
strength of traditional concrete.

The relationship between compressive strength and ultrasonic
wave velocity of specimens at 28 and 90 days were presented in
Fig. 6. A linear relationship was seen between compressive
strengths and ultrasonic wave velocities of specimens in Fig. 6.
The correlation coefficient of relationship was 0.93. Demirboga
et al. [35] reported that, there is a good relationship between ultra-
sonic wave velocity and compressive strength. Based on these
results, it is considered that there was potential of using ultrasonic
wave velocities of specimens to predict the compressive strength
of WPLA specimens.

The relationship between the 28-day TC values and ultrasonic
wave velocity values of specimens was also examined and pre-
sented in Fig. 7. It was seen in Fig. 7 that, while the TC values of
the specimens decreased, the ultrasonic wave velocity of speci-
mens decreased in similar manner. The low unit weights of waste
PET aggregate and more porous structure of WPLA composites
caused in a reduction in the ultrasonic wave velocity of specimens.

Table 9

The practical evaluation of the results of ultrasonic wave velocity [31].
Velocity (km/s) >4.5 3.5-4.5 3.0-3.5 2.0-3.0 <2.0
Concrete quality Excellent Generally good Questionable Generally poor Very poor
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5. Conclusions

The dry unit weights of the mixtures including 40%, 50%, 60%
WPLA were within the limits of unit weight of lightweight concrete
category. The mixture containing 40% WPLA was drop into struc-
tural lightweight concrete category. The compressive strength of
specimens decreased as the amount of WPLA increased in the mix-
ture. The main reason for this situation could be the adherence
between WPLA and cement paste that might not be as strong as
the bond between natural aggregate and cement paste. This prob-
lem might be eliminated with using some surface-treatment meth-
ods. The surface of WPLA could be made rough enough by using
hydroxyapatite or ozone treatment methods and the bond strength
between WPLA and cement paste might be improved [36-38].

PET aggregate replacement with natural aggregate in mixture
caused a reduction in the values of thermal conductivity of the
specimens. The lowest thermal conductivity value measured in
this study was 0.3924 W/m K for concrete made with 60% replace-
ment of WPLA. This value is 58% lower than that of TC of control
concrete. The linear relationship between the TC values and unit
weight, compressive strength and ultrasonic wave velocity of
WPLA composites were observed in this study.

Based on the experimental study, the use of WPLA in concrete
composites has a potential to reduce the death weight of concrete,
thus, it could be helpful in the design of an earthquake resistant
building. WPLA composites can reduce the earthquake risk of a
building because of their low unit weight values. For this purpose,
WPLA composites may be used as a lightweight floor in steel-
concrete composite floor systems and precast concrete floors. In
addition, using WPLA in the construction applications can be help-
ful for the environmental concern.

Acknowledgement

The authors would like to thank Nigde University Scientific Re-
search and Projects Unit that supported the present work (Project
Number: FEB 2009/16).

References

[1] TS ISO 8302. Thermal insulation determination of steady-state thermal
resistance and related properties guarded hot plate apparatus.
Ankara: Turkish Standard Institution; 2002 [in Turkish].

[2] Akman MS, Tasdemir MA. Perlite concrete as a structural material. In: 1st
National perlite congress, Ankara (Turkey); 1977 [in Turkish].

[3] Steiger RW, Hurd MK. Lightweight insulating concrete for floors and roof
decks. Concr Const 1978;23(7):411-22.

[4] Turgutalp EU. A study on the possibilities of using concretes made with natural
lightweight aggregates from Sarikamis region in agricultural structures. PhD
thesis, Erzurum: Atatiirk University, Institute of Natural and Applied Science;
1978 [in Turkish].

[5] Akgadzoglu S, Atis CD. Effect of granulated blast furnace slag and fly ash
addition on the strength properties of lightweight mortars containing waste
PET aggregates. Const Build Mater 2011;25:4052-8.

[6] Akgadzoglu S, Atis CD, Ak¢adzoglu K. An investigation on the use of shredded
waste PET bottles as aggregate in lightweight concrete. Waste Manage
2010;30(2):285-90.

[7] Frigione M. Recycling of PET bottles as fine aggregate in concrete. Waste
Manage 2010;30(6):1101-6.

[8] Choi YW, Moon DJ, Kim YJ, Lachemi M. Characteristics of mortar and concrete
containing fine aggregate manufactured from recycled waste polyethylene
terephthalate bottles. Const Build Mater 2009;23:2829-35.

[9] Choi YW, Moon DJ, Chung JS, Cho SK. Effects of waste PET bottles aggregate on
the properties of concrete. Cem Concr Res 2005;35:776-81.

[10] Albano C, Camacho N, Hernandez M, Matheus A, Gutierrez A. Influence of
content and particle size of waste PET bottles on concrete behavior at different
w/c ratios. Waste Manage 2009;29:2707-16.

[11] Gavela S, Karakosta C, Nydriotis C, Kaselouri-Rigopoulou V, Kolias S, Tarantili
PA, et al. A study of concretes containing thermoplastic wastes as aggregates.
In: Conference on the use of recycled materials in building and structures,
Barcelona (Spain); 2004. p. 911-8.

[12] Koide H, Tomon M, Sasaki T. Investigation of the use of waste plastic as an
aggregate for lightweight concrete. London: Sustainable Concrete Construction;
2002. p. 177-86.

[13] Marzouk OY, Dheilly RM, Queneudec M. Valorization of post-consumer waste
plastic in cementitious concrete composites. Waste Manage 2007;27:310-8.

[14] Yesilata B, Isiker Y, Turgut P. Thermal insulation enhancement in concretes by
adding waste PET and rubber pieces. Const Build Mater 2009;23:1878-82.

[15] Hannawi K, Prince W, Kamali-Bernard S. Effect of thermoplastic aggregates
incorporation on physical, mechanical and transfer behavior of cementitious
materials. Waste Biomass Valorization 2010;1:251-9.

[16] Neville AM. Properties of concrete. 4th ed. Longman Group UK Limited; 1995.
[17] Demirboga R. Thermal conductivity and compressive strength of concrete
incorporation with mineral admixtures. Build Environ 2007;42:2467-71.

[18] TS 825. Thermal insulation requirements for buildings. Ankara: Turkish
Standard Institution; 2008 [in Turkish].

[19] TSEN 197-1. Cement - part 1: composition, specification and conformity criteria
for common cements. Ankara: Turkish Standard Institution; 2012 [in Turkish].

[20] TS EN 196-1. Methods of testing cement- part 1: determination of
strength. Ankara: Turkish Standard Institution; 2009 [in Turkish].

[21] TS 706 EN 12620+A1. Aggregates for concrete. Ankara: Turkish Standard
Institution; 2009 [in Turkish].

[22] TS EN 934-2. Admixtures for concrete, mortar and grout — part 2: concrete
admixtures - definitions, requirements, conformity ~ marking  and
labeling. Ankara: Turkish Standard Institution; 2011 [in Turkish].

[23] TS 802. Design concrete mixes. Ankara: Turkish Standard Institution; 2009 [in
Turkish].

[24] TS EN 12390-3. Testing hardened concrete - part 3: compressive strength of
test specimens. Ankara: Turkish Standard Institution; 2010 [in Turkish].

[25] TS EN 12667. Thermal performance of building materials and products -
determination of thermal resistance by means of guarded hot plate and heat flow
meter methods - products of high and medium thermal resistance. Ankara: Turkish
Standard Institution; 2003 [in Turkish].

[26] ASTM C 597-09. Standard test method for pulse velocity through concrete.
American society for testing and materials, USA; 2009.

[27] ACI Committee 213R. Guide for structural lightweight aggregate
concrete. Michigan: American Concrete Institute; 1999.

[28] Lu-shu K, Man-qing S, Xing-Sheng S, Yun-xiu L. Research on several physico-
mechanical properties of lightweight aggregate concrete. Int J Lightweight
Concr 1980;2(4):185-91.

[29] Wongkeo W, Thongsanitgarn P, Pimraksa K, Chaipanich A. Compressive
strength, flexural strength and thermal conductivity of autoclaved concrete
block made using bottom ash as cement replacement materials. Mater Des
2010;35:434-9.

[30] Albayrak M, Yériikoglu A, Karahan S, Atlthan S, Aruntas HY, Girgin I. Influence
of zeolite additive on properties of autoclaved aerated concrete. Build Environ
2007;42:3161-5.

[31] Whitehurst EA. Soniscope tests concrete structures. Research and
development laboratories of the portland cement association. ] Am Concr
Inst 1951;47:433-44.

[32] Zoldners NG. Thermal properties of concrete under sustained elevated
temperatures. ACI Publ SP-25 1971;8:1-31.

[33] Neville AM, Brooks ]J. Concrete technology. USA: Longman Group UK Limited;
1987.

[34] Jones R, Gatfield EN. Testing concrete by an ultrasonic pulse technique.
London: H.M. Stationery Office; 1955.

[35] Demirboga R, Tiirkmen i, Karako¢ MB. Relationship between ultrasonic
velocity and compressive strength for high-volume mineral-admixtured
concrete. Cem Concr Res 2004;34:2329-36.

[36] Ton-That C, Teare DOH, Campbell PA, Bradley RH. Surface characterisation of
ultraviolet-ozone treated PET using atomic force microscopy and X-ray
photoelectron spectroscopy. Surf Sci 1999;433-435:278-82.

[37] Ferreira L, Evangelista MB, Martins MCL, Granja PL, Esteves JL, Barbosa MA.
Improving the adhesion of poly(ethylene terephthalate) fibers to
poly(hydroxyethyl methacrylate) hydrogels by ozone treatment: surface
characterization and pull-out tests. Polymer 2005;46:9840-50.

[38] Albano C, Catano L, Perera R, Karam A, Gonzalez G. Thermodegradative and
morphological behavior of composites of HDPE with surface-treated
hydroxyapatite. Polym Bull 2010;64:67-79.



	Thermal conductivity, compressive strength and ultrasonic wave velocity  of cementitious composite containing waste PET lightweight aggregate (WPLA)
	1 Introduction
	2 Materials
	3 Mixture properties and testing methods
	4 Results and discussion
	4.1 Unit weight
	4.2 Compressive strength
	4.3 Thermal conductivity
	4.4 Ultrasonic wave velocity

	5 Conclusions
	Acknowledgement
	References


