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Abstract. The objective of this paper was to study the influence of different length and dosage of
polypropylene fibres on the properties of self-compacting concretes at elevated temperatures. A total of five
self compacting concretes and one normally vibrated concrete were produced. The poypropylene fibres were
of different length (12 mm, 6 mm and 3 mm) and were added at dosages of 1.0 Kg/m3 and 0.5 Kg/m3 . The
properties measured after fire exposure were the compressive strength, splitting tensile strength and water
capillary absorption. The best overall performance was observed on the fibre reinforced self compacting
concrete produced with the 6 mm HPR fibres at a dosage of 0.5 Kg/m3 .

1. INTRODUCTION
Self-Consolidating Concrete (SCC) is a type of concrete developed through the last 15 years. It is widely
used in different applications ranging from housing to large infrastructures, such as bridges and tunnels
because it can spread into place under its own weight and fill restricted sections without the need
of mechanical consolidation, improving this way the working environment, reducing the manpower
need for casting and increasing the speed of construction and the quality of cast structures (1). SCC
is usually considered as a special type of high-performance concrete produced with higher amounts of
filler materials and lower water/binder ratios as compared with other concretes. Thus porosity of SCC is
usually reduced and the material is characterized from high diffusion resistance. This fact is responsible
for the superior durability usually observed on SCC (2–8). On the other hand concrete mixtures of
high diffusion resistance are usually considered as more vulnerable to fire attack. Concrete has in
general good fire resistance. Its residual compressive strength is slightly reduced after fire exposure up
to 400 ◦ C (4, 9) whereas it effectively protects reinforcement against elevated temperatures. However,
fire resistance of concrete is decreased because of spalling. The main reason for concrete’s spalling at
elevated temperatures is considered to be the internal pore pressure buildup due to the vaporization of
the free and chemically bound water (10). In concrete mixtures with finer pore structure, such as HPC,
this internal pressure is not released, thus leading to spalling of concrete surface (9, 11–14).
Spalling behavior of certain concretes under fire conditions is a reason for inhibiting their use in
structures where increased fire resistance is required for safety reasons, such as high rise buildings and
tunnels. A lot of research has been carried out in order to model the spalling tendency of HPC and
to propose some alternative solutions such as different mixture proportions or use of materials that
provide a passive or active protection against spalling. Among the solutions proposed, the addition
of polypropylene fibres seems to be an effective one (15-20). It was reported (21) that polypropylene
melts at 160–168 ◦ C whereas HPC spalls when the air temperature ranges between 190–250 ◦ C.
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Melting of polypropylene fibres creates an additional pathway for release of internal vapor stresses
at higher temperatures. Eurocode 2 [22] recommends including more than 2 kg/m3 of monofilament
polypropylene fibres in HSC to reduce spalling but the size of the fibres is not specified. Many researches
reported that concrete spalling may be avoided when adding even smaller amount of fibres [23–26].
In this paper the mechanical characteristics of six self-compacting and normally vibrated concretes
subjected to elevated temperatures up to 600 ◦ C were experimentally investigated. The initial effort
was to produce self- compacting concretes with cement and water content as close as possible to the
quantities used for the production of NVC mixtures of the same strength class. Polypropylene fibres
of different length (12 mm, 6 mm and 3 mm) were added in four SCC in different dosages of 1.0 and
0.5 Kg/m3 .
2. EXPERIMENTAL PROGRAM
Six different concrete mixtures were produced: five self- compacting concretes (SCC) and one
normally vibrated concrete (NVC). The concretes belonged in the strength class C25/30, according to
EN206-1 (27). The mixtures were prepared using two classes of Blended Portland Cement, i.e. CEM
II/A-M 32.5N and CEM II/B-M 42.5N according to European standard EN 197-1 (28). The initial effort
was to keep the cement dosage and water content stable among SCC and NVC. The coarse aggregates
consisted of crushed granite with maximum size of 16 mm. The fine aggregates used were crushed
limestone sand. A high range of water reducing carboxylic ether polymer admixture was added at
different dosages in order to achieve a slump of 190–200 mm in the case of NVC, or to achieve self
compatibility in the case of SCCs. Polypropylene fibres of different type and length were added at
different dosages. The one type of fibres was conventional polypropylene fibres (PF) and was used in
two different lengths: 12 mm and 6 mm. The fibres were added in the mixture at a dosage of 1 kg/m3 ,
according to the recommendation of the producer. The other type of polypropylene fibres (Heat Prompt
Reaction fibres, HPR) was a special type offering, according to the producer, improved performance
against high temperatures and improved workability and decreased cost due to the reduced quantity
of fibres required. The fibres were used in two different lengths: 6 mm and 3 mm and were added in
the mixture at a dosage of 0.5 kg/m3 , according to the recommendation of the producer. SCCs were
prepared and tested in fresh condition according to the specifications of EFNARC (29). The proportions
of concrete mixtures and the properties of fresh mixtures are presented for all concretes in Table 1.
The mechanical properties measured were: the compressive strength at the age of 28 days, the
compressive strength and the splitting tensile strength at the age of 150 days as well as the residual
compressive strength and the residual splitting tensile strength after fire tests at the same age. Also, the
capillary water absorption was measured at the age of 28 days.
The specimens prepared were cubes with edge of 150 mm and cylinders with dimensions 150 ×
300 mm. The measurements of compressive strength and water capillary absorption were realised on
cubes, while the splitting tensile strength was measured on the cylinders. The specimens used for
the compressive strength of 28 days and the capillary water absorption were cured in the curing
chamber (relative humidity = 100% and temperature = 20 ± 2 ◦ C) until the day of the measurement.
The specimens used for the fire tests were initially cured for the first 14 days in the curing chamber.
From this age onwards they were placed in the laboratory air environment (relative humidity = 50–60%
and temperature = 20 ± 2 ◦ C).
At the age of 150 days, the appropriate specimens were placed in an electrical furnace with heat
applied at a rate of 5 ◦ C/min until the desired temperature was reached. Before fire testing, three cubes
were dried at 105 ◦ C until constant mass and then the moisture content was determined; it ranged
between 3–4% for all mixtures. In the electrical furnace the maximum temperature of 300, or 600 ◦ C was
maintained for 1 hour. Specimens were then allowed to cool in the furnace and tested for compressive
strength and splitting tensile strength. At the same time, control tests were performed on specimens
cured at room temperature (20 ◦ C).
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Table 1. Mix design characteristics of self-compacting and normally vibrated concretes.

Mix design
(Kg/m3 )
CEM II 32,5N
CEM II 42,5N
Coarse aggregates
Sand
Limestone filler
Water
Sup/er
Retarder
VMA
Pol. fibers
W/C
Slump (mm)
V-Funnel (sec)
L-BOX (H1 /H2 )
fc28 (MPa)

SCC
SCC 1
300
50
800
881
100
193
5.50
0.55
1.14
0.55
760
12
0.84
46.23

SCC
+PF 6 mm
SCC 2
300
50
800
881
100
193
7.5
0.55
1.35
1.00
0.55
730
9
0.90
44.0

SCC
PF 12 mm
SCC 3
300
50
800
881
100
193
6.77
0.55
1.14
1.00
0.55
730
9
0.96
42.10

SCC
+HPR 3 mm
SCC 4
300
50
800
881
100
193
6.54
0.93
1.14
0.50
0.55
770
11
0.94
40.90

SCC
+HPR 6 mm
SCC 5
300
50
800
881
100
193
6.54
0.57
1.14
0.50
0.55
740
11
0.90
41.51

NVC
NVC
300
50
850
980
191
4.00
0.86
0.55
220
39.5

The capillary water absorption, measured according to the procedure described by RILEM TC116
(30), was determined as the mean value of three cubes. Residual compressive strength was determined as
the mean value of three cubes tested per temperature, whereas splitting tensile strength was determined
as the mean value of two tested cylinders.

3. RESULTS AND DISCUSSION
Permeability of concrete is controlled by the capillary porosity of hardened cement paste, according to
Neville (31). The pores relevant to permeability are those with a diameter of at least 120 or 160 nm
and have to be continuous. Reinhardt and Stegmaier (32) produced eight different SCC mixtures
and one reference conventional concrete and performed fire tests according to the time temperature
curve described in ISO 834. The maximum temperature reached was 1080 ◦ C after 120 minutes. They
concluded that as the matrix of the concrete mixtures gets denser, their fire behaviour gets worse: there
was a clear trend that the residual compressive strength of all concrete mixtures tested in their research
increased when the w/c also increased. The relationship between w/cm and propensity for explosive
spalling was also reported by Phan and Carino (33). It has been theorized (9-10, 34-35) that the higher
susceptibility of high strength concretes to explosive spalling is due, in part, to their lower permeability,
which limits the ability of water vapour to escape from the pores.
The capillary water absorption is presented for all mixtures in Figures 1a and 1b and gives
an indication of the behaviour of mixtures during the fire exposure. Both NVC and SCC1 were
characterized by higher water permeability; however the danger for spalling appeared increased since
some cylindrical specimens of NVC and SCC1 were destroyed when heated above 500 ◦ C. On the
contrary, explosive spalling was reduced in all SCC mixtures produced with polypropylene fibres. These
mixtures were characterized by lower water permeability. The additional porosity formed after fibres
melt resulted to better spalling behaviour, but was also responsible for the reduced residual strength
observed. Only one cylinder was destroyed in SCC4 at temperatures above 550 ◦ C and some surface
spalling was observed in SCC5 at the same temperature level.
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Figure 1. Capillary water absorption of self-compacting and normally vibrated concretes.
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Figure 2. Ratio of residual compressive strength after peak temperature (fct(T) ) to the compressive strength at room
temperature (fct(20) ) of self-compacting and normally vibrated concretes.

The ratio of residual compressive strength of all concrete specimens as compared to the compressive
strength at room temperature (20 ◦ C) is presented for all mixtures in Figures 2a and 2b. The mixture
NVC illustrated a significant high strength value after the exposure at 300 ◦ C, nearly the initial one of
20 ◦ C, but at 600 ◦ C it lost the 60% of its initial compressive strength. The mixture SCC1 showed a
considerable decreased strength value at 300 ◦ C comparing to NVC, while at 600 ◦ C the values of two
concretes were close. SCC2 followed the same trend with SCC1. The SCC3 differentiates from SCC2 at
300 ◦ C presenting a high strength value similar to its initial compressive strength, but at 600 ◦ C it gave
similar value to the one of SCC2. The SCC4 and SCC5 showed the better behaviour: they achieved the
maintenance of the values near the initials at the temperature of 300 ◦ C, and they reached the higher
values at the temperature of 600 ◦ C, losing 45% of the initial strength. As it was mentioned above,
polypropylene fibres melt at 160–168 ◦ C and in this manner an additional pathway is created aiding the
internal vapour pressure to expand. This was crucial for SCC3, SCC4 and SCC5 but not for SCC2. The
last mixture lost its strength at a way similar to SCC1.
The SCC mixtures produced with polypropylene fibres -except SCC2- performed a sharp decrease
of their residual compressive strength after treated at both target temperatures. These results are in
agreement with findings of other researchers (36-37). Residual values of compressive strength of all
mixtures are generally in good agreement with the values proposed in EC4. Pamonte and Gambarova
[38] performed an extended research targeting to compare the residual compressive strength of SCC
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Figure 3. Ratio of residual splitting tensile strength after peak temperature (fct(T) ) to the splitting tensile strength at
room temperature (fct(20) ) of self-compacting and normally vibrated concretes.

mixtures as reported in different projects [13, 39–42]. They also concluded that in most cases the residual
strength curve was close to the values proposed in EC4.
The ratio of residual tensile strength of all concrete specimens as compared to the tensile strength
at room temperature (20 ◦ C) is shown in Figures 3a and 3b. Spalling occurred above 500 ◦ C for the
mixtures NVC and SCC 1 and destroyed some cylindrical specimens. It was observed that relative
splitting tensile strength fct (T)/fct (20) was reduced up to 300 ◦ C following a similar path for all
concretes. Among concrete mixtures tested, SCC2 and SCC5 were more susceptible in reducing their
relative splitting tensile strength about 14–18%, at temperatures up to 300 ◦ C. The other concretes
presented a slight strength loss ranging from 3 to 9%. After the exposure to 600 ◦ C, all mixtures lost
more than 70% of their initial tensile strength: NVC and SCC3 retained 38% of its initial strength
whereas SCC1 mixture retained only 8%. The corresponding percentage for the mixtures SCC2, SCC4
and SCC5 was 15–18%.
4. CONCLUSIONS
As expected, conventional concrete and self compacting concrete suffered explosive spalling after
heated at 6000C. The spalling tendency was decreased for fiber reinforced self compacted concretes.
The spalling phenomenon was not observed at all when PF 12 mm or 6 mm fibres were added at a dosage
of 1 Kg/m3 in concrete. The HPR 6 mm fibres were found to be also effective when added at a lower
dosage of 0.5 Kg/m3. The HPR 3 mm fibres added at the same low dosage did not manage to totally
eliminate spalling. The best overall performance was observed on the fibre reinforced self compacting
concrete produced with the HPR 6 mm fibres at a dosage of 0.5 Kg/m3. Spalling disintegration was not
observed while the residual properties were in this case the best among all concrete mixtures tested.
Addition of polypropylene fibres had negative effect on concrete’s residual mechanical properties
since they significantly decreased the residual compressive strength and tensile strength of concrete,
due to the increased porosity created after melting. It is therefore recommended to use polypropylene
fibres as part of a total spalling protection design method in combination with other materials such as
external thermal barriers.
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