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Abstract: This research addresses the impact of rising temperatures on properties of reinforced cement mortar
with Waste Plastic Fibers (WPF) resulting from cutting the bottles used to save soft drinks. These kinds of
fibers were added as volumetric ratios of 0.5, 1, 1.5 and 2% as the reference mix was used for comparison. Each
group of cement mortar specimens was heated to a wanted temperature and kept at that temperature for about
1 h before being gradually cooled to room temperature and then they were tested. Compressive strength and
flexural strength tests were conducted at room temperature on some samples as others examined after exposing
to elevated temperatures by electric ovens where temperatures were 100, 200, 400 and 700°C. The results show
a noticeable decrease m both compressive strength and modulus of rupture values after exposure to
temperature higher than 400°C of plain cement mortar and WPFM. Cement mortar samples which were heated
to 200°C maintained their original color and no apparent visual discoloration occurred in the mortar whereas
the specimens which were heated to elevated temperature equal to 400°C black spots appear on the top surfaces
of both mortar cubes and prisms due to burning of PET fibers.
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INTRODUCTION

Due to the massive amounts of plastic waste that is
dumped annually in the environment, given the
seriousness of such waste to the environment, causing
long term contamination of up to hundreds of years
(Anonymous, 2005; Ismail and Al-Hashmi, 2008,
Salem ef al., 2009, Guerrero ef al., 2013; Tucclano et ai.,
2013; Wuet al., 2013; Liguori ef al., 2014; Tam and Tam,
2006). A considerable proportion of mdustrial products,
tissues and goods made of plastics are generally
discarded soon after being produced (e.g., PET beverage
bottles, food packages) causing huge amounts of
plastic post-consumer waste (Panyakapo and Panyakapo,
2008, Salem et al., 2009; Tadav, 2008). The production of
this type of waste will continue to increase in the future.
In fact, it has been estimated that the annual production
of plastic waste doubles every 10 years (Cho et al,
2005).

Adding of waste plastic to concrete as an
attemnpt to enhance concrete quality with the benefit of
reducing the danger of waste degradation was conducted
by many researchers (Hannawi et al., 2012; Salman, 2015;

Saikia and de Brito, 2012; Batayneh et al., 2007). Many
researchers all over the world had done some researches
on this subject by adding waste plastic resulting from
cutting beverage bottles as fibers for reinforced concrete
and cement mortar (Al-Hadithi, 2008, 2013; Foti, 2011,
Pandya and Purohit, 2014, Fadhil and Yaseen, 201 5). The
other studies were conducted to take advantage of
this waste and converted to harmful and beneficial
material to the environment by using PET waste as
aggregate (Foti, 2011; Al-Hadithi, 2013; Pandya and
Purohit, 2014; Fadhil and Yaseen, 2015; Al-Hadithi and
Hilal, 2016; Hamnawi et al, 2010, Mesbah and
Buyle-Bodin, 1999, Remadma et al., 2009, Marzouk ef af .,
2007, Safi et al., 2013; Verdolotti ef al., 2014).

Fire is one of the most serious risks that
leads to big problems to structures. Fire accidents may
oceur at any time in buildings and an unpredictable event
(Muthadhi and Kothandaraman, 2014). With the
increasing building activities, more interests have been
given in studying the behaviour of concrete at a high
temperature mamnly resulting from fire (Awal and Shehu,
2015). Elevated temperature and exposure to fire one of
the most issues caused serious problems in deterioration

Corresponding Author: Abdulkader Ismail Al-Hadithi, Department of Dams and Water Resources Engineering,
College of Engineering, University of Anabr, Ramadi, Anbar, Iraq
3985



J. Eng. Applied Sci., 13 (11): 3985-3996, 2018

of concrete and mortar strength. Exposure to elevated
temperature as in the case of accidental fires is known to
deteriorate concrete properties by the imtiation of thermal
cracks and developing of these cracks and the previously
existed cracks in concrete members which leads to a
decrease in concrete strength and causes additional
deterioration in concrete members. Therefore, this study
was dealing with finding the capability of steel fiber to
improve concrete characteristics at high temperature
exposure (Al-Owaisy, 2006).

Fire resistance is can be defined as the property of a
material or assembly to resist the fire or to protect the
material from fire as applied to elements of the building, it
is differentiated by the ability to impound a fire or to
continue to perform a given structural function or both
(Defined in ASTM E176) (Anonymous, 1982).

The advantages of concrete in a fire are two-fold. Tt
is: incombustible (e.g., when compared with a material like
wood) and a good nsulating material possessing a low
thermal diffusivity (e.g., when compared with a material
like steel). However, there are two problems of concrete in
fire. These are: deterioration in mechanical properties as
temperature rises which caused by physico-chemical
changes in the material during heating and explosive
spalling then leads to loss of material, reduced in section
size and exposure of the reinforcing steel to excessive
temperatures. Thus, the nsulating and load bearing
fimetions of the concrete member could be compromised.
(Shakir and Jasim, 2009).

One of the most important dangers facing buildings
15 the exposure to elevated temperatures. There are many
ways of exposing concrete structural members to elevated
temperatures. Accidental fire can be classified as one of
the most common kinds of exposure for buildings. The
other way of high temperature exposure can be found in
some mndustrial mstallations using concrete in locations
exposed to continuous elevated temperatures such as the
walls of furnace, industrial chimneys, floors under boilers,
the kiln and pressure vessels of the nuclear-reactor
(Nikolai, 1971).

The effects of elevated temperature on the concrete
mechanical properties have been investigated, since, the
1940’s (Diederichs and Schneider, 1981 ; Malhotra, 1956).
These studies examined the behavior of mortar, cement
paste, concrete specimens and reinforced concrete
members exposed to high temperature. The results of
these studies constituted the techmical basis for the
provisions and recommendations for determining
concrete strength of elevated temperature in many codes
(Akozet al., 1995).

Previous studies Abrams (1971), Weigler and Fischer
(1972), Harada et al. (1972) and Mohamedbhai (1986) refer

to that the deterioration in mechanical properties of
concrete at high temperatures. The residual value of
strength depends on many factors like: temperature level,
heating duration, the way of re-cooling, type of aggregate
and ratio of cement/aggregate.

Tt is a fact that, the concrete in tension 1s weak and
has a brittle behavior. For this reason, steel reinforcement
added as continuous reinforcement to increase ductility
and strength. This addition makes the concrete to be more
homogeneous and isotropic. When the concrete cracks,
the randomly oriented fibers start working, arrest crack
formation and propagation. There are many types of fibers
such as steel fibers, glass fibers, polypropylene fiber,
carbon fibers, ..., etc. (Romualdi and Batson, 1983;
Anonymous, 1982).

Many researches and studies have been noticed to
provide experimental results about the using fibers on the
properties of concrete at elevated temperature (Purkiss,
1984; Faiyadh and Al-Ausi, 1986, 1989).

Polypropylene (PP) fibers and steel fibers have been
used to decrease spalling and cracking and to enhance
the residual strength (Nishida and Yamazaki, 1995;
Kalifa et al., 2001). But mimmal or even negative effects of
PP fibers on the residual performance of the heated
concrete were also observed (Chan ef af., 2000).

Chen and Liu (2004) studied the residual strengths
of High-Strength Concrete (HSC) and Hybrid-Fiber-
Reinforced High-Strength Concrete (HFRHSC) when
exposed to elevated temperatures. The results showed
that normal H3C is prone to spalling after exposure to
high temperatures and its first spalling occurs when the
temperature approaches 400°C  whereas the HSC
reinforced with high melting point fibers, the first spalling
occurs when the temperature reaches to approximately
800°C while there is no spalling appears during exposing
to lugh temperatures for H3C remforced by Polypropylene
(PP) fiber with a low melting point.

Noumowe (2005) in his study of High Strength
Concrete (HSC) reinforced with polypropylene fibers
subjected to elevated temperatures showed that this kind
of fibers has significant contribution to the spalling
resistance. This study develops some signifigance data
on the mechanical properties and microstructure of high
strength concrete contains polypropylene fibers and
exposed to elevated temperature up to 200°C. When
polypropylene reinforced with polypropylene fibers, high
strength concrete 1s heated up to 1 70°C, fibers readily melt
and volatilise, creating additional porosity and small
channels inside the concrete. TGs and DSC analysis
showed the temperature ranges of the decomposition
reactions in the ligh strength concrete. Scanmmg
electron microscope analysis showed supplementary
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pores and small channels created in the concrete due to
fibers melting. Mechanical tests showed small changes in
compressive strength, modulus of elasticity and splitting
tensile strength that could be due to polypropylene fibers
melting. Many important scientific facts resulted from that
study like When a cementitious material such as concrete
15 being heated and physical
phenomena occur in the temperature range between 100
and 900°C. Several physical phenomena occurred in the
temperature range between 100 and 250°C: vaporization of
water in the cementitious matrix (110°C), CSH dehydration,
fibre shrinkage and melting (170°C). The following
transformations can be identified, water evaporation at
110°C, fibre melting at about 170°C, first stage of CSH
dehydration at 170°C and a peak 1s seen near 480°C m all
The results shwoed also that, Quartz
transformation from a rhomboedric shape to hexagonal
shape at 573°C whereas at about 870°C a large peak can
be seen. It 1s mainly due to decomposition of calcium
carbonate and CSH phases.

An experimental program is carried out by Kim et al.
(2014) to study the residual characteristics of organic and
inorganic resing for structural modulate using Carbon
Fiber Reinforced Polymer (CFRP) composites exposed to
thermal stress states. An experimental program is carried

several chemical

the curves.

out by three-phase to study the behavior of the inorganic
resin, CFRP composites and resin-concrete interface at
high temperatures ranging from 25-200°C. The morganic
properties confirm strong depending on the tume of curing
and are nfluenced by the temperature degree of exposure.
CFRP composites show a decrements in both of strength
and modulus with an increasing temperature due to the
degradation of bond between both of fibers and resin.
Thermal stability of the morganic resin was better than
that of organic resin, whereas the inorganic resin
illustrates a lower strength than the organic resin because
of insufficient stress transfers. The composites have
failed abruptly, regardless of resin types. The resms
mterfacial fracture energy is reduced with the rising of
temperature degree, including the deterioration m the
morphology of the mterface between the concrete
substrate and the resin.

Correia et al. (2014) conducted an experimental study
about the effects of elevated temperatures on the residual
mechanical properties of concrete containing Plastic
Waste Aggregates (PWAs). Many concrete mixes were
prepared with a reference concrete mix made with Natural
Aggregates (NAs). Waste plastic was added with
replacement of two ratios of natural aggregate which were
7.5 and 15% by three types of Polyethylene Terephthalate
(PET) Plastic Waste Aggregate (CPWA). Specimens were

exposed to temperatures of 600 and 800°C for a period of
1 h, after being heated in accordance with the ISO 834,
time-temperature curve. Compressive, splitting tensile
strengths, elastic modulus, Ultrasonic Pulse Velocity
(UPV), surface hardness and water absorption by
immersion were tested after cooling down to ambient
temperature and then these results were compared with
the reference values obtained prior to fire exposure. For
the replacement ratios used in these experiments, the
maximum temperatures reached in reference mix were lower
than those measured in CPWA due to the higher porosity
increase in temperature of the former type of concrete that
facilitated the propagation of heat inside concrete and the
exothermic thermal decomposition of Plastic Aggregates
(PA) which generated additional heat. After exposure to
elevated temperatures, the degradation of both of
compressive strength and elastic modulus of CPWA was
higher than that of reference mix, particularly for the
highest replacement ratio as a consequence of the higher
porosity increase experienced by CPWA. The reduction
of residual splitting tensile strength value of CPWA was
found to be similar to that of reference mix, possibly
because the addition of PWA led to lower internal
stresses due to thermal gradients and allowed an easier
dispersion of gases tied (confined) in pores, thus
reducing crack development in the matrix. The magnitude
of the degradation of concretes residual mechanical
properties can be attributed to the type of PWAs and the
replacement ratio.

From studies and researches mentioned above no
studies or expermmental works have been noticed to
provide experimental data represent the effect of fibers
make from waste plastic PET on the properties of concrete
or cement mortar at high temperature, so because of that,
it becomes an important issue to make studies on the
effect of elevated temperature on the properties of WPFs
reinforced concrete or cement mortar using WPFs
resulting from cutting beverage PET bottles. In this study
an mvestigation 1s perform on the effect of elevated
temperature on both of compressive strength and
modulus of rupture of cement mortar contamns different
volumetric fiber percentages.

MATERIALS AND METHODS

Cement: The cement that had been used in this research
was Ordinary Portland Cement which is commercially
known (LAFARGE UCC). Table 1 and 2 show the chemical
composition and physical properties, respectively
which conform to Iraqi Standard Specification No. 5/1984
{Anonymous, 1984a).
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Fine aggregate: Natural fine aggregate from the
Al-Ukhaidher region was used mn this study. Figure 1
shows the grading of sand which was within zone three.
The absorption, sulfate content, fineness modules and
specific gravity for the used sand are 1, 0.5, 2.8 and 2.6,
respectively. The used sand was compatible with the
requirements of Tragi standard specification No. 45/1984
(Anonymous, 1984b).

Water: The water used for both mixing and curing was
potable water from the water-supply network system
(tap water).

Table 1: Chemical composition for ordinary portland cement™
Ordinary portland Limits of Tragi standard

Oxides cement specification No. 5/1984 (%)
Chemical composition

CaO 62.40 -

Si0, 21.85 -

ALO, 4.76 -

Fe, O, 34 -

MgO 2.35 <5.0

80, 1.45 <2.8
Na,O 0.38

K0 0.35 -

LOI 1.60 <4.0

IR 0.60 <1.5
LSF 0.85 0.66-1.02
Main compounds (Bogue’s equations)

(&3] 46.98 -

(& 27.20 -

C:A 6.84 -

C,AF 10.38 -

Table 2: Physical properties of ordinary portland cement*

Ordinary Limits of Iraqi
Physical portland specification
properties cement No. 5/1984
Soundness by autoclave (%o) 0.35 <0.8
Fineness (Blaine method) (cm?/grm) 31350 <2300
Setting time (Vicat’s method)
Initial setting time (h:mim) 2:55 <45 min
Final setting time (h:min) 5:10 <10h
Compressive strength at
3 days (MPa) 17.3 <15
7 days (MPa) 24.5 <23

*Chemnical and physical tests are made by the National Center for Geological
Survey and Mines

100 —e~Traqi specification upper limit
-&-Iraqi specification lower limit
80 & Tested sand

Passing (%)

0.1 1 10
Sieve size (mm)

Fig. 1: Gradmg of fine aggregate

Waste plastic fibers: Because of the rapid growth of the
population in the recent years which leads to increase the
waste plastic products. The type of waste plastic
considered m this study 1s the soft drink bottles waste
plastic. The waste plastic bottle is sliced to small uniform
pieces with an average length equal to 34 mm width equal
to about 4 mm and thickness equal to 0.3 mm. The density
of the WPF was 1100 kg/m’. The major components of
these waste plastic bottles are Poly Eethylene
Terephthalate (PET). Generally, it has good resistance to
mineral oils, acids and solvents but not to bases. The
semi-crystallme PET has good strength, ductility,
hardness and stiffness while the amorphous type has
better ductility but less stiffness and hardness (Marlk,
1999). The common examples of PET are fibers, barrier
films, soft drnnk bottles (amorphous PET), etc.
(Moreley and Royels, 1983). Below, shows properties of
WPFs in Table 3 and Fig. 2 show pictures of the sliced
pieces of the waste plastic used m this study.

Mortar mixes and mortar mixing procedure

Cement mortar mixes: Five types of cement mortar mixes
were investigated in this study. All cement mortar mixes
consist of one part of cement and two parts of sand by
weight. Waste plastic fibers are added to the mortar as
volumetric ratios of 0.5, 1, 1.5 and 2% as the reference mix
was used for comparison purposes. The proportion
specifications for all types of cement mortar mixes which

Table 3: Some of the physical properties of (PET) plastics

Types Poly Ethylene Terephthalate (PET)
Density (kg/m®) 1100

Tensile (Young's Modulus) (GPa) 0.19

Water absorption (%) 0.5

Ultirnate strain (g, %6) 180

Flexural modulus (rigidity) 2.000

(E MPa) (3-point flexure)

Yield strain £ %o (Tensile) 4

Breaking strength (0B MPa, tensile) 50

Fig. 2: Waste plastic fibers
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Table 4: Mortars mixed proportions
Proportions by weight

Waste Plastic

Mix. proportion Fiber (WPF)
Symbol {Cement:Sand) Cement Sand Water (%) (V)
Ref. 1:2 1 2 0.5 0.0
M5 1:2 1 2 0.5 0.5
M1.0 1:2 1 2 0.5 1.0
M1.5 1:2 1 2 0.5 1.5
M2.0 1:2 1 2 0.5 2.0

are shown in Table 4. Water/cement which was used
equal to 0.50%. All dry composition (except Waste Plastic
Fibers WPF) 1s mixed for about three minutes in mortar
electric mixer then WPF were randomly distributed into
the mix slowly in five minutes during the mixing process.
Three 50 mm cubes and (40>40=160) mm prism specimens
were molded from each type of cement mortar for each
elevated temperature for age of 28 days.

Preparations, casting and curing of the test specimens:
The moulds were well cleaned, after that the mternal faces
were oiled with machine o1l to avoid adhesion with the
cement mortar after hardening. Casting the cement mortars
was carried out in one layer and then, the compaction was
performed by means of vibrating table for a sufficient time
until reach full compaction. The last step, the mortar
swrfaces were leveled and specimens were warped with
nylon sheets for 24 h prior demolding to prevent the
evaporation of moisture from the surfaces and to avoid
plastic shrinkage cracking. After demolding, the
specimens were completely immersed in tap water until the
time of the test.

Mechanical properties testing: The heating process 1s
performed by using electric furnace. The maximum furnace
temperature was equal to 1000°C. Controllmg of
temperature achieved by an electronic controller. Cement
mortar specimens are heated slowly at a constant rate
equal to 2.5°C/min to avoid steep thermal gradient. When
the required temperature level is reached, the cement
mortar specimens are saturated thermally at that level for
1 h. The cement mortar specimens are then air cooled until
testing.

Compressive strength: The determination of compressive
strength was determined by using 50 mm cube according
to ASTM C109-02 (Anonymous, 2010a, b). The cement
mortar specimens were demolded after one day then they
were cured according to ASTM C 511-03 (Anonymous,
2003). The compressive strength test was performed at the
age 28 days. The 9 cement mortar cubes were prepared
from each mix. The final compressive strength value
recorded 15 the average of the results of three cement
mortar cubes.

Flexural strength: (40x40=160 mm) prisms were prepared
according to ASTM 348-02 (Ravindrarajah et al., 2002).
The specimens were demolded after 1 day. The mentioned
prisms were cured according to ASTM C 511-03
(Anonymous, 2010a, b). The flexural strength test was
performed at the age of 28 days. The final flexural strength
recorded was the average of the result obtained from three
cement mortar prisms.

RESULTS AND DISCUSSION

Effect of elevated temperature on compressive strength:
Table 5 and Fig. 3 show the relationship between
temperature and the compressive strength value for all
cement mortar mixes. In general, it can be clearly seen that
all cement mortar mixes whether plain or waste plastic
fibers mortar WPFM mixes exhibited a loss in compressive
strength as temperature increases. As the temperature
increases above 400°C there 1s a major decrease in
compressive strength this can be attributed to the
loss of cement paste plasticity at high temperatures
(Ravindrarajah et al., 2002; Awal and Shehu, 2015).

WPFM mixes at room temperature about 20°C with V,
value equal to 1 and 1.5% extubited shightly higher
compressive strength compared to reference cement
mortar mix; the other WPFM mixes
compressive strength than reference mix. at the same
temperature. That decrease in compressive strength might
be due to the forming of segregation on WPFM mixes and
this action led to form a stiff bond about these bulks.
Therefore, the existing of waste plastic fibers allows the
absorption of water inside the porous. Also, existing of
waste plastic fiber reducing the density of cubes and that
led to decrease the compressive strength of composite
(Al-Hadithi et al., 2013). Using of waste plastic fiber
increased the porous mside the mortar structure and that
caused reduced the compressive strength.

Figure 4 plots for all cement mortar compositions the
ratio between the residual compressive strength value
before and after exposure to elevated temperature. This
figure shows the relationship between temperature and
the residual compressive strength value in relation to the
original strength prior to heating of reference cement
mortar and waste plastic fibers mortar WPFM mixes.

The residual strength for all cement mortar mixes was
58.3-103.7% of the corresponding mutial strength when the
concrete was heated to elevated temperature of 200°C.
According to Noumowe (2005), Weigler and Fischer
(1972) results the following transformations can be
identified: water evaporation at 110°C, fiber melting at
about 170°C and first stage of CSH dehydration at 170°C.
When the temperature was elevate to 400°C the residual

had lower
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Table 5: Effect of high temperature on compressive strength of Waste Plastic

Fibers Mortar (WPFM)
Comp. St. at
Mix. Room temp. 100°C 200°C 400°C 700°C
Ref. 29.60 30.70 29.8 22,95 17.10
MO.5 20.73 21.00 21.1 19.00 11.55
M1.0 36.35 30.00 27.0 25.05 11.60
M1.5 3775 28.00 22.0 25.05 8.17
M2.0 25.00 21.37 19.1 8.17 5.60
407
351
<
a
S 307
=
%0 251
% 20
o
2
7] .
8 15 ——Ref
£ 104 ®o05M
3 -4 1.0M
541 —e15M
-+2M
G T T T T 1
20 100 200 400 700

Temperature (°C)

Fig. 3: Relationships between compressive strength at
28 days and temperature of plain mortar and
WPFM mixes

Fig. 4: The relationship between residual compressive
strength and temperature of plain mortar and
WPFM mixes

strength of reference cement mortar was about 77.53%.
Otherwise the residual strength for WPFM mixes with
volume fraction (0.5, 1, 1.5 and 2%) were 91.7, 68.9, 54.75
and 32.68%, respectively. Beyond 400°C the strength
continued to drop and at 700°C the residual strength of
reference concrete was equal to 57.77% while for WPFM

mixes with the volume fraction of 0.5, 1, 1.5 and 2% the
residual strength equal to 55.71, 31.9, 21.64 and 22.4%,
respectively. These losses in strength can be attributed to
several physical phenomena occurred in the temperature
range varies between 100 and 250°C published by Phan
and Carino (1998): vaporization of water in the
cementitious matrix (110°C), CSH dehydratiory, fibre
shrinkage and melting (170°C). At 573°C Quartz
transformation from a rhomboedric shape to hexagonal
shape.

Comparing with the reference mortar mix, adding of
WPF which resulted in decreasing in the compressive
strength after exposure to elevated temperatures that
means, the use of this kind of fibers had a negative effect
on the compressive strength for WPFM mixes. Similar
results had been reported by other researchers by using
Polypropylene (PP) fibers like (Poon et af., 2004; Qian and
Stroeven, 2000).

Effect of high temperature on modulus of rupture:
Modulus of rupture results at the age of test equal
to 28 days of cement mortar mixtures under elevating
temperature 1s shown in Table 6 and Fig. 4. A decrease in
modulus of rupture value with an increasing in heating
temperature for all groups of cement mortar mixtures
whereas, Fig. 5 shows the residual flexural strength for
reference cement mortar and WPFM mixes as a function
of the maximum temperature. Comparable to compressive
of refernce cement mortar mix and WPFM, flexural
strength decreases with increasing the temperature. Tt
can be seen that WPFM has approximately the same
modulus of rupture up to 400°C, except the mortar
mix with volumetric fiber content V; equal to 2% which
appears a big decrement in modulus of rupture value
comparing with all of other mortar mixes for all elevated
temperatures.

When the temperature was increased to 200°C the
residual modulus of rupture of reference mortar was about
69.7%, moreover, the residual strength for WPFM mixes
with Vyvalue equal to 0.5, 1, 1.5 and 2% were 71.4, 59.8,
67.9 and 79%, respectively. For the elevated temperature
equal to 400°C the residual modulus of rupture of
reference mortar was about 65.8% whereas the residual
strength for WPFM mixes with volume fraction 0.5, 1, 1.5
and 2% were 49.4, 35.3, 55.2 and 27.7%, respectively.
Beyond 400°C the flexural strength value keep to drop
down and at 700°C the residual strength of reference
cement mortar was ecual to 31.7% while for WPFM mixes
with the volume fraction of 0.5, 1, 1.5 and 2% the residual
strength equal to 6.8, 6.7, 16.2 and 11.2%, respectively.
These losses in strength can be attributed to several
physical phenomena occurred in the temperature range
between 100 and 700°C as mentioned in Fig. 6.
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Table 6: Effect of high temperature on modulus of mupture of Waste Plastic

Fibers Mortar (WPFM)
M.OR. at
Mix. Room temp.  100°C 200°C 400°C 700°C
Ref. 12 11.47 8.36 6.7 3.8
MO.5 12.43 9.4 8.87 6.14 0.845
M1.0 12.7 9.06 7.6 4.48 0.845
M1.5 13 10.19 8.83 717 2.1
M2.0 7.725 6.78 6.1 2.14 0.8625

Fexural strenght (MPa)

20 100 200 400 700
Temperature (°C)

Fig. 5:Relationships  between modulus of rupture
(flexural strength) at 28 days and temperature of
plain mortar and WPFM mixe

100 100 100

Ref.

Fig. 6: The relationship between residual modulus of
rupture (flexural strength) and temperature of plain
mortar and WPFM mixes

Color change and thermal crack development: The
change in color with elevating temperatire was an
indication of physical and chemical changes of mortar
mixes components. The samples which were heated to
temperature equal to 200°C maintained their original color
and no apparent visual discoloration occurred in the
mortar as shown in Fig. 7a-d while specimens heated  Fig. 7: Continue
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Fig. 7. a) Mortars samples with 0.5% WPF after exposure
to 200°C temperature; b) With 1.5%; ¢) Optical
microscope photo of mortar sample surface with
1.5% WPF after exposure to 200°C temperature and
d) With 1.5%

to 400°C black spots appear on the top surfaces of both
mortar cubes and prisms as shown in Fig. a-c and this 1s
might due to burmung of PET, the sole material of WPF.
Inside the microstructure of the cement mortar the PET
fibers are surrounded by cement paste and sand particles
and the elevated temperature leads to melting WPFs
whereas the materials at the surface of mortar samples
were subjected to a higher temperature than that inside
the structure of the mortar samples and this temperature
leads not only to melt these type of fibers but also to bum
WPF 1s converting PET to carbon and that leads to the
appearance of black spots. When cement mortar
specunens are exposed to high temperatures they
suffering from moisture loss due to increased pore
pressure from evaporating water inside the concrete and
due to the difference in modulus of thermal expanding
of cement paste with normal aggregate and WPFs
and this process leads to increase the mntemal stresses
and therefore, the apearance of sigmficant cracks
(Al-Baghdady, 2017). During the experiments, visible micro
cracks on specimens appeared when temperatures of
exposure were 400°C. As the increase in moisture loss
results in the appearance of more excessive cracking,
cubes heated to 700°C had a significant increase in the
number and size of cracks, compared to cubes exposed to
400°C. At 700°C the black spots disappear because of
evaporation of the burned PET resduales and specimen
suffered noticeable color changes with a spalling occurred
on the samples surfaces as seen in Fig. 9a-f.

When specimens are exposed to elevated
temperatures and due to the difference in modulus of

Fig. 8 a) Mortars samples with 0.5% WPF after exposure
to 400°C temperature; b) 1%0 and ¢) 1.5%

thermal expanding of cement paste with normal aggregate
and WPFs that cause an increment in internal stresses
and therefore, the appearance of significant cracks as
shown in Fig. 9.
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(b)

Fig. 9: a) Mortars samples with 0.5% WPF after exposure
to 700°C temperature; b) With 0.5%; ¢) Optical
microscope photo of mortar sample surface with
0.5% WPF after exposure to 700°C temperature; d)
With 0.5%; e) Mortars samples with 1.5% WPF
after exposure to 700°C temperature and f) Optical
microscope photo of mortar sample surface with

Fig. 9: Continue 2% WPF after exposure to 700°C temperature
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CONCLUSION

The compressive strength and flexural strength
values of reference cement mortar and WPFM are reduced
by an amount depending on the value of the exposed
temperature. For specimens tested at temperatures
between room temperature 20 and 200°C, the reduction of
the compressive strength value was relatively small.
However, when samples were exposed to temperatures
higher than 400°C, a severe decrease in residual strength
was measured. The samples which were heated to
elevated temperature equal to 200°C maintained their
original colour and no apparent visual discoloration
occurred in the mortar. Specimens heated to 400°C black
spots appear on the top surfaces of both mortar cubes
and prisms due to burning of PET fibers.
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