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Abstract 

Resumo

Concrete is one of the materials most used by the construction industry. Reinforcing this material with fibers is a technique used to improve its me-
chanical properties. Steel and polymer fibers are the main types used in this application and there are few studies about the influence of polymer 
fibers on the thermal properties of concrete. In order to analyze this influence, the present work carried out thermal conductivity, thermal expansion, 
and compressive strength after exposure to a temperature of 200 °C on specimens made of concrete with addition of polypropylene (PP) fibers and 
concrete with addition of high modulus polyethylene (HMPE). It was also conducted thermogravimetric analysis (TGA) on PP and HMPE fibers. The 
results show that the addition of polymer fibers alters the thermal properties of the concrete, reducing its thermal expansion, for example.

Keywords: thermal properties, concrete, fiber reinforced concrete, polymers.

O concreto é um dos materiais mais utilizados pela indústria da construção civil. Reforçar esse material com fibras é uma técnica utilizada para 
aprimorar suas propriedades mecânicas. Fibras de aço e polímeros são os principais tipos utilizados nessa aplicação e existem poucos estudos a 
respeito da influência das fibras poliméricas nas propriedades térmicas do concreto. Com o objetivo de analisar tal influência, o presente trabalho 
realizou ensaios de condutividade térmica, dilatação térmica e resistência à compressão após exposição à temperaturas de 200 °C em corpos 
de prova confeccionados com concreto com adição de fibras de polipropileno (PP) e concreto com adição de fibras de polietileno de alto módulo 
(PEAM). Também foram conduzidos ensaios de análise termogravimétrica (ATG) nas fibras de PP e PEAM. Os resultados mostram que a adição 
de fibras poliméricas alteram as propriedades térmicas do concreto, reduzindo sua dilatação térmica, por exemplo.
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1.	 Introduction

Concrete is a composite material with typical characteristics of ce-
ramic materials, meaning high compressive strength but low ductility 
and tensile strength. It usually consists of a cement paste, which 
surrounds the fine and coarse aggregates [1]. This material is widely 
applied in the construction industry, but for many applications, it is 
needed to improve the tensile strength, which is usually made by the 
insertion of steel bars [2]. Another way to improve concrete’s tensile 
strength is through the addition of fibers. This type of reinforcement 
gained much market and researchers attention starting from the 
60s. The main role of those fibers in the concrete is to reduce the 
formation of cracks and reduce its opening [3]. Most of the fibers 
used to reinforce concrete are made of steel, and this type of fibers 
are widely studied [3, 4, 5, 6]. Polymeric (PP) fibers are also used, 
usually made of polypropylene, and the mechanical properties of 
concrete reinforce with PP fibers are extensively studied [5, 7, 8, 9]. 
Some recent works have studied how adding fibers to concrete af-
fects its behavior when exposed to a high-temperature environment, 
such as building fire, where the temperature could range from 200 
°C to more than 1000 °C[11, 12]. 
High modulus polyethylene (HMPE) is a high-performance poly-
mer, with tensile strength around 3000 MPa and elasticity modulus 
between 109 and 132 GPa [10]. Due to its high tensile strength and 
low density, HMPE has been used as mooring ropes in offshore 
oil and gas industries [13, 14]. Usually, most limitations to HMPE 
applications comes from its poor creep behavior. Some recently 
developed types of HMPE have addressed this issue, resulting in a 
material with lower creep deformation, such as Dyneema® (DMS) 

[13]. To this date, most applications of HMPE fibers are limited 
to mooring and lifting ropes. It was not found any studied using 
HMPE fibers as concrete reinforcement.

2.	 Materials and experimental program

The reference concrete used in this work was made using high 
early strength cement (CAUE CP-V ARI, InterCement Brasil), me-
dium size sand, crushed limestone, potable water. Table 1 presents 
some characteristic values of the aggregates, and Table 2 presents 
the physical characteristics of the cement. Cement Fineness and 
sand fineness modulus are values associated with the granulom-
etry of these materials.  PP fibers (Fiberlock®, Etruria) and HMPE 
fibers (Dyneema®, DMS) were used as fiber reinforcement
The ratio of materials was designed for concrete with characteristic 
strength (fck) of 25 MPa. In the PP and HMPE fiber reinforced con-
crete samples, the quantity (volume) of fiber added was equal to 1 
% of the sample volume. Table 3 shows the proportions of materi-
als used for each type of concrete studied. The concrete and fiber 
reinforced concrete density was estimated to be around 2.35 g/cm3. 
The concrete and fiber reinforced concrete samples were mixed 
using an electric concrete mixer with 20 liters capacity. The pro-
cedure for making and curing all samples followed the standard 
practice describes in ASTM C192/C192M, with a few modifica-
tions in regards to the difficulties due to adding polymeric fibers 
to the mixture. Most modifications were related to the elimination 
of air bubbles inside the samples. For that, after pouring a layer of 
concrete inside the mold, an iron bar was used to compress the 
mixture. In sequence, the filled mold was put in a vibration table 
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Table 3
Proportions of materials used

Table 2
Physical characteristics of the aggregates

Table 1
Physical characteristics of the cement CP-V

Concrete
composition

Cement 
(g)

Fine aggregate 
(g)

Coarse aggregate 
(g)

Water
(g)

Fiber
(%)

Reference 1000 2500 2500 610 0%
PP fiber 1000 2500 2500 610 1%

HMPE fiber 1000 2500 2500 610 1%

Parameter Sand Crushed limestone
Specific mass (g/cm3) 2.58 2.68
Unitary mass (g/cm3) 1.40 1.64

Fineness modulus 2.18 6.48
Maximum characteristic dimension (mm) – 19.00

Cement CP-V physical characteristics
Specific mass 

(g/cm3)
Fineness – no. 200 sieve 

(%)
Initial/Final setting time 

(min) Chemical composition

3.26 2.00 160 / 240

CaO (67.1%), SiO (19.3%), 
Al2O3 (3.1%), Fe2O3 (2.6%), 

P2O5 (1.1%), PPC (3.3%) 
and others (3.5%)
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for 30 seconds. One day after the mixture procedure, the samples 
were removed from the molds and introduced to a curing chamber 
for  7 days. 
Table 4 shows some properties, provided by the manufacturers, 
of PP and HMPE fibers. Both fibers had a length of 10 mm. The 
diameter and surface aspect of PP and HMPE fibers were inves-
tigated using scanning electron microscopy (SEM). Thermogravi-
metric analysis (TGA) was conduct for both PP and HMPE fibers in 
air atmosphere with a temperature range from 50 °C to 400 °C, to 
asset the stability and decomposition of the fibers.
Thermal conductivity of the concrete samples with dimensions 
300 mm x 300 mm x 30 mm, was measured using the equip-
ment HFM 436/3/1 Lambda (NETZSCH-Gerätebau GmbH, Ger-
many) at a mean temperature of 30 °C. To evaluate the thermal 
expansion was used the equipment DIL 402 PC (NETZSCH-
Gerätebau GmbH, Germany). For this experiment, three cylin-
drical body samples with 10 mm diameter and 25 mm length 
were made for each concrete composition. Since there isn’t 
standard practice for making these specimens, they were made 
using the equipment manufacturer specifications. The samples 
were heated from room temperature to 200 °C and the length 
variations were automatically computed. Compression strength 
after heating was measured using cylindrical body samples with 
100mm diameter and 200 mm length. The samples were heated 
from room temperature to 200 °C for 1 hour before the tests. 

After air cooling, these samples went through a compressive 
strength test. 

3.	 Results and discussions

3.1	 Scanning electron microscopy

Figure 1 shows SEM images of PP fiber (Figure 1a) and HMPE 
fiber (Figure 1b) with a magnification of 500x.
Trough SEM images analysis it was possible to determine both 
fibers diameter. PP fiber and HMPE fiber diameter were measured 
to 20 µm and 36 µm respectively. The fibers exhibited very dis-
tinct surfaces. PP fibers presented a rough and solid surface while 
HMPE fibers shown a smoother surface and apparently composed 
of aligned strings of material.

3.2	 Thermogravimetric analysis

The thermogravimetric analysis of PP and HMPE fibers are pre-
sented in figure 2. It was not observed mass loss until 200 °C for 
both fibers, at that point PP fibers started to lose its mass due to 
the decomposition of the hydrocarbon chain and formation of vola-
tile compounds like H2O and CO2. The HMPE started its decom-
position almost 50 °C after PP fiber, which implies better thermal 
stability for HMPE fibers. This higher thermal stability comes from 

Table 4
PP fiber and HMPE fiber properties

Fiber Density 
(g/cm³)

Tensile strength 
(MPa)

Modulus of elasticity 
(GPa)

Stretching 
(%)

PP fiber 0.94 41.4 1.55 15-25
HMPE fiber 0.91 3,000.0 132.00 3.5

Figure 1
SEM images (magnification: 500x) of PP fiber (a) and HMPE fiber (b) 

(A) (B)
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the bigger molecular mass of the HMPE fiber in comparison with 
PP fibers.

3.3	 Thermal conductivity 

Figure 3 presents the average values and standard deviation for 
the thermal conductivity coefficient of each concrete mixture.  The 
reference concrete average value was 0.44 W/mK in the tempera-
ture range studied (20 °C to 40 °C). This value is within the normal 
range for concrete with a density similar to the one studied in this 
work [15, 16]. The PP fiber reinforced concrete exhibited a lower 
value of thermal conductivity than HMPE fiber reinforced concrete, 
0.37 W/mK and 0.49 W/mK respectively.
Considering the mean values and the standard deviations of ther-
mal conductivity coefficient exhibited by the samples of reference 
concrete and fiber reinforced concrete, it is only possible to say that 
the addition of HMPE fibers produced concrete with higher thermal 
conductivity coefficient than the addition of PP fibers.  Considering 
that PP and HMPE fibers have very similar chemical composition 
[(C3H6)x and (C2H4)y, respectively], it is possible to affirm that the 
change in thermal conductivity coefficient of the concrete reinforce 

with these two types of fiber comes from physical and structural 
differences in the composite material. This could be due to the rigid 
structure and high elasticity modulus of the HMPE material, which 
could create paths inside the material with fewer discontinuities, 
causing the rise of the thermal conductivity.
A statistical analysis of variance (ANOVA) was made to further inves-
tigate the relationship between the mean values of thermal conduc-
tivity coefficient observed for the reference concrete and both fibers 
reinforced concrete. The alpha level was defined as 0.05, and for that 
reason, p-values less than 0.05 implies that the results are significant. 
The tests showed conclusively that between the reference concrete 
and PP fiber concrete, there was no significant difference in the mean 
values of the thermal conductivity coefficient since the p-value found 
was 0.13. The same was concluded for the reference concrete and 
HMPE fiber concrete, with a p-value equal to 0.12. When PP fiber 
concrete was compared to HMPE fiber concrete, the ANOVA showed 
that HMPE thermal conductivity coefficient was in fact, higher than PP 
fiber concrete coefficient, with a p-value equal to 0.048. All the results 
obtained through ANOVA are presented in Table 5.

3.4	 Thermal expansion

Figure 4 shows the thermal deformation behavior of reference 
concrete, concrete with PP fibers and concrete with HMPE fibers. 
The retraction observed for every concrete mixture studied until 
the temperature was around 150 °C, is due to concrete loss of 
water. All the mixtures showed a similar behavior until 100 °C. After 

Figure 2
Thermogravimetric analysis of PP fiber 
and HMPE fiber

Figure 3
Thermal conductivity coefficient to the reference 
concrete and concrete reinforced with fibers

Table 5
Statistical analysis of variance (ANOVA, p<0.05) for thermal conductivity coefficient, between reference 
concrete (Ref.), PP fiber concrete (PP) and HMPE fiber concrete (HMPE)

Source of variation SS df MS F P-value F crit

Ref.
x

PP

Between groups 0.008 1 0.008 3.482 0.135 7.709
Within groups 0.009 4 0.002 — — —

Total 0.017 5 — — — —

Ref.
x

HMPE

Between groups 0.004 1 0.004 3.750 0.125 7.709
Within groups 0.004 4 0.001 — — —

Total 0.007 5 — — — —

PP
x

HMPE

Between groups 0.023 1 0.023 7.823 0.049 7.709
Within groups 0.012 4 0.003 — — —

Total 0.034 5 — — — —
Ref.
x

PP
x

HMPE

Between groups 0.023 2 0.011 5.556 0.043 5.143
Within groups 0.012 6 0.002 — — —

Total 0.035 8 — — — —
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that point, both PP fiber concrete and HMPE fiber concrete pre-
sented less deformation than reference concrete for any tempera-
ture point until around 185 °C where the deformation behavior of 
PP fiber concrete approximated to the behavior of the reference 
concrete. At that point, it is safe to conclude that the temperature 
was enough to make the PP more malleable, and by so, the PP 
fiber concrete lost its reinforcement due to the addition of fibers. 
Since the HMPE fibers were noted to keep its chemical structure at 
a higher temperature than the PP fibers, the HMPE fibers concrete 
showed less deformation than the reference and PP fiber concrete 
even after 185 °C.  The presence of fibers in the concrete reduces 
the expansion of the material, because the fibers act as a rein-
forcement of the matrix, absorbing part of the deformation energy.

Table 6 shows the coefficients of linear thermal expansion (α) to the 
same reference temperature (140 °C) found for each mix design stud-
ied. The values found are consistent with the ones found in the litera-
ture for the coefficient of linear thermal expansion of concrete [17, 18].
There was a reduction in the coefficient of thermal expansion of 
both fibers concrete in comparison with the reference concrete. 
For the PP fibers concrete, this reduction was around 4.8 %, and to 
the HMPE fibers concrete, this reduction was around 9.9 %. 
The HMPE fibers concrete had a coefficient of linear thermal ex-
pansion smaller than the PP fibers concrete because the HMPE 
is more rigid than PP. The average tensile modulus for PP is 1.35 
GPa while the HMPE has an average modulus of 120.50 GPa.

3.5	 Compressive strength after exposure to 200oC

Figure 5 shows the mean values and standard deviation for the 
compressive strength test after the specimens have been exposed 
to a temperature of 200 oC during one hour in an oven. The refer-
ence concrete presented 24.6 ± 0.9 MPa of compressive strength, 
very close to the design fck of 25 MPa, while the fiber reinforced 
concrete exhibited 25.1 ± 0.9 MPa for the sample with PP fiber and 
23.4 ± 0.6 MPa for the sample with HMPE fiber
Considering the analysis of variance presented in Table 7 (ANO-
VA, α=0.05) the addition of fibers did not significantly affect the  

Figure 4
Thermal expansion of the reference concrete, 
concrete with polypropylene fiber and concrete 
with HMPE fiber

Table 6
Coefficients of thermal expansion

Concrete composition Coefficients of thermal 
expansion (10-6/K)

Reference 17.67
PP fiber 16.81

HMPE fiber 15.90

Table 7
Statistical analysis of variance (ANOVA, p<0.05) for compressive strength, between reference concrete 
(Ref.), PP fiber concrete (PP) and HMPE fiber concrete (HMPE)

Source of variation SS df MS F P-value F crit
Ref.
x

PP
x

HMPE

Between groups 4.580 2 2.290 3.470 0.100 5.143
Within groups 3.960 6 0.660 — — —

Total 8.540 8 — — — —

PP 
X

 HMPE

Between groups 4.335 1.000 4.335 7.700 0.050 7.709
Within groups 2.340 4.000 0.585 — — —

Total 6.675 5.000 — — — —

Figure 5
Compressive strength of the reference concrete 
and fiber reinforced concrete after exposure to a 
temperature of 200°C
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compressive strength, when PP fiber, HMPE fiber, and reference 
concrete were compared. The analysis using the values of com-
pressive strength exhibited a p-value of 0.10, which is higher than 
the limit to consider these values statistically different. Although, 
when comparing just the PP fiber and HMPE fiber reinforced con-
crete, it was observed that concrete with addition of PP fibers pre-
sented statistically significant higher compressive strength than 
the concrete reinforced with HMPE fibers, with a p-value of 0.05.
The reason for that behavior could lie in the modulus of elasticity of the 
PP and HMPE (1.35 GPa and 132.00 GPa, respectively). The lower 
modulus of elasticity of the PP fiber means that this reinforcement 
could easily absorb the early deformations and fractures that lead to 
the concrete sample rupture, while the same wouldn’t occur, or, occur 
with less intensity, in the concrete reinforced with a higher modulus 
of elasticity material, such as HMPE. It is also possible that this de-
crease in the compressive strength between the PP fibers reinforced 
concrete and HMPE fiber reinforced concrete is due to the difference 
in the diameter of those fibers. The smaller diameter of the HMPE 
fiber results in more interfacial transition zone area between the fibers 
and cement paste, which could lead to a lower compressive strength.

4.	 Conclusions

Due to higher molecular mass, the HMPE fiber showed better ther-
mal stability than the PP fiber.
The addition of HMPE fibers to concrete increased the thermal 
conductivity coefficient when compared with concrete reinforced 
with PP fibers. This could be explained by the rigid structure of 
HMPE fibers, resulting in paths inside the concrete with fewer dis-
continuities when compared with the addition of PP fibers.
The addition of PP fiber and HMPE were efficient to reduce thermal 
expansion of concrete, but HMPE showed better results keeping 
the improvements in higher temperatures. The HMPE fibers con-
crete had a coefficient of linear thermal expansion smaller than the 
PP fibers concrete because the HMPE is more rigid than PP.
The addition of PP fibers and HMPE fibers, when compared with 
the reference concrete, did not affect the compressive strength af-
ter exposure to a temperature of 200 °C. However, the HMPE fiber 
concrete showed a decrease in compressive strength in that condi-
tion when compared to the just to the PP concrete, probably due to 
the increment in discontinuities. This behavior could be associated 
with the diameter of the fibers. The HMPE presented a significantly 
smaller diameter than the PP fiber, resulting in the more interfacial 
transition zone between HMPE fiber and concrete, which are usu-
ally weak points in concrete.
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