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Fibre concrete has emerged in order to improve the properties of concrete and to create an economical building
material. In this study, the radiation permeability of shotcrete reinforced with polypropylene fiber was investigated.
For this purpose, linear attenuation coefficient was measured for shotcrete reinforced with polypropylene fiber,
produced using the dry mixing process. The linear attenuation coefficients for dry mixed shotcrete have been
measured at photon energies of 1173, 1332 and 662 keV. Measurements were carried out using gamma spectrometer
containing NaI (Tl) detector and a Multichannel Analyzer (MCA). The linear attenuation coefficients have increased
with the increasing fiber percentage for all studied gamma energies.
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1. Introduction
The use of various mixtures of concrete has brought

along some new developments. For specific objectives
there are many different kinds of concrete with different
characteristics in terms of both application and design.
One such concrete is the shotcrete. Shotcrete can be
applied using both the dry and wet methods. Shotcrete,
which has a very wide variety of application, may be
exposed to harmful elements, such as radiation.

Generally, concrete is mixed with metallic fibers, fibers
of natural origin, glass fibers, synthetic fibers based on
polymers, such as nylon and polypropylene, polyethylene.
Shotcrete is a special concrete and it may incorporate
various types of steel or synthetic fibers. One of the fibers
added to shotcrete is polypropylene fiber. Polypropylene
fibers can be used in industrial plants, airports, housing
and swimming pools, since polyproplene fiber increases
the impermeability, impact and abrasion strength of the
material [1, 2]. Shotcrete is successfully applied to re-
pair and strengthen buildings as well as in the newly
built structures. Shotcrete, has wide applications, it can
withstand exposure to the harmful weather, ultraviolet
radiation, ozone and so on.

All living creatures on Earth are continuously exposed
to radiation from natural radionuclides, through the res-
piratory and digestive system, indoor work areas as well
as through the exposure to artificial sources of radiation.
The dangers which might arise from radiation exposure
are known to everyone. However, despite all of the bad
effects of radiation, there are also great benefits espe-
cially, in the analysis of some biological problems and
in the treatment of cancer. Inasmuch as we can not re-
move the risk of radiation from our lives, we need to
take protective measures to minimize the radiation haz-
ards [3]. Radiation absorbing materials have been an
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important issue [4]. There is a large number of studies in-
vestigating the linear attenuation coefficient of radiation
and strength of concrete produced with different building
materials and the shielding properties and the mechani-
cal properties of heavy concrete produced with different
aggregates or with barite. However there is quite a lim-
ited number of studies done on shotcrete. In this study
the radiation shielding properties of shotcrete dry mixed
with polypropylene fibers were evaluated by determining
the linear attenuation coefficient.

2. Materials and methods

The increase in the fiber content of both polyproplene
fibers and steel fibers in fiber-reinforced concretes im-
proves mechanical properties of the concrete [5]. In this
study the polypropylene fiber-reinforced concrete and
concrete without fiber (Y0) were produced by adding dif-
ferent amounts of polypropylene fibers (1 kg/m3 (PP1),
3 kg/m3 (PP3) and 5 kg/m3 (PP5)) to dry mix shotcrete.
In the dry mix method the dry aggregate and cement are
mixed and this mixture comes to nozzle through pipe
and hose under a high air pressure and is sprayed on to
the surface by adding water to the mixture at the end
of the hose. Maximum grain size used in shotcrete ap-
plication was 8 mm. Aggregate is between 70% 0–5 mm
and 30% 5–8 mm. CEM I 42.5 cement 500 kg/m3 was
used in the experiments. Water/cement ratio was regu-
lated through the valve at the hose end by the operator.
Sigunit Dust AL admixture, in the amount of 5.5% of ce-
ment quantity, and the drinking water were used in the
production of concrete.

In this study four panels (450 × 450 mm2) have been
prepared in accordance with the TSE 11747 standard [6].
One panel was prepared without admixture of fibers and
rest of the shotcrete panels were prepared by adding dif-
ferent amounts of polypropylene fibers, as was discussed
above. One core sample with a diameter of 100 mm and
a width of 100 mm was cut from each panel. Samples
with widths of 20, 30 and 50 mm were cut from the core
sample using a natural stone cutting tool.
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The linear attenuation coefficients of concretes have
been measured using the gamma spectrometer system
containing NaI (Tl) detector coupled with full featured
16k multichannel digital spectrum analyzer (DSPEC LF)
with advanced digital signal processing techniques, and
were recorded using the MAESTRO-32 gamma spec-
troscopy software. The measurements have been per-
formed at gamma energies of 662, 1173 and 1332 keV, ob-
tained from 60Co radioactive source. The schematic ar-
rangement of the experimental setup used in the present
study is shown in Fig. 1.

Fig. 1. Schematic view of the experimental setup [7].

The attenuation coefficients have been evaluated by
comparison of N and N0, which are the count rates mea-
sured by the detector, with and without the absorber of
thickness x, respectively, using equation

N = N0 e
−µx, (1)

where: N intensity of radiation transmitted through ma-
terial of thickness x, N0 is the incoming radiation inten-
sity and µ is linear attenuation coefficient [7].

3. Results

The obtained results are displayed in Table I. The lin-
ear attenuation coefficients of different types of shotcrete,
for different gamma photon energies, are shown in Fig. 2.
It is clearly seen from Fig. 2 that the linear attenuation
coefficient increases with increasing fiber percentage for
all studied gamma energies.

TABLE I

Measured linear attenuation coefficients (cm−1).

Sample 662 keV 1173 keV 1332 keV
Y0 0.1851269 0.1158507 0.0992019
PP1 0.1916005 0.1304414 0.1062793
PP3 0.1954338 0.1323811 0.1065247
PP5 0.1985809 0.1343026 0.1070424

Fig. 2. Measured linear attenuation coefficients.

4. Conclusions

In the study the linear attenuation coefficients for
dry mix shotcrete have been measured at photon en-
ergies of 1173, 1332 and 662 keV. The linear attenua-
tion coefficients depend on incident photon energy, the
atomic number and the density of the shielding mate-
rials [8]. Study shows that the linear attenuation co-
efficients slightly increases with the increasing content
of fiber in the concrete at all tested photon energies.
The linear attenuation coefficient decreases with the in-
creasing energy of gamma photon.
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