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Abstract

 Solid waste materials can be left out of environment in different ways or can be used again. As an example of waste 
fiber materials is the fibers reselling from producing carpet which are made in Iran in largest quantity. These materials are 
added to soil and granular materials and improve their various properties as compressive and tensile strengths. In present 
study, the result of previous researches are collected and presented, then, they are used to analyses the effect of using from 
waste materials in subgrade on highway pavement performance. By using analytical software and results of testing, tensile 
strain under asphalt layer and compressive strain on subgrade of pavement containing these materials are calculated and after 
that they are compared together. Next the allowable frequencies of loading for different pavement models are calculated by 
using existing formula. The results indicate that adding 1.5% of waste fiber to pavement subgrade increases the allowable 
frequency of loading to 15%.
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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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1. Introduction

 Waste materials resulting from different indus-
tries especially from agricultural compartments are 
an important environmental problem (Rahman et al., 
2010). There are several ways to leave out solid waste 
materials safely from environment. Some of them are 
offshore, land filling, incineration or using them in un-
derground (Abessi et al., 2010). In performed studies; 
use of solid waste materials on pavement base layers 
has been tested. The results have indicated using from 
these materials in subbase layer increases the strength 
against rutting failure about 50 to 60 percent (Khabiri, 
2010). In recent years, researchers have paid attention 
to use of waste materials for reinforcement of soil (lin 
et al., 2005), which one of these methods is to use from 
waste fibers. 
 Carpet becomes a problem to the environment later 
than usage. Controlling of a variety of waste carpet in 
an eco-friendly technique is the thrust area of current 
day study. Iran, as the oldest carpet producer, produces 
more than two million square meter of carpet yearly, 
and it is the biggest carpet producer in the world. Iran 
exports more than 70% of its productions to all over 
the world. Saltan et al have presented that it is pos-
sible to use from pumice materials as a light aggregate 
in stabilized subbase layer. His conclusions indicated 
this operation increase the strength of mixed materials 
(Saltan et al., 2007).

 The research by parsad et al was been about use 
of industrial waste materials in operation of flexible 
pavement. Geosynthetic materials, by operating like 
synthetic fibers, can create a reinforced soil which 
increases the strength of soil. The results of abovemen-
tioned researches represent the development of fiber 
quantity increase maximum dry density and decrease 
the optimum moisture content (Prasad et al., 2009; 
Ramesh et al., 2010). Also by increasing 2% of these 
materials the CBR and soil strength increases to 12.4, 
by adding 2.5% of hair fiber to soil its CBR decreases to 
9.4 (Akhtar et al., 2008; Sobhan, 2004; Wang, 2006).
 Examined bearing capacity of reinforced sand-silt 
soils with palm leaves is the heading of porebrahimi 
and his coworker’s research. Palm leaf as a reinforcer 
of earth develops mechanical properties and bearing 
capacity of sand-silt soil. This leaf is low-cost and 
consistent with environment. Also, it increases the 
flexibility of foundations behavior in comparison with 
unreinforced forms (porebrahimi et al., 2008). Attom 
and his colleague present a paper about the influence 
of two kinds of polypropylene fibers on shear strength 
factors of sandy soil. Results of this above paper showed 
that the crimpled shape fiber improved the shear strength 
of the sand under strong normal force (Attom et al., 
2010).
 Nowadays, using from materials and waste ones 
results in reduction of storage quantity and economic 
costs and in avoiding from environmental negative 
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effects. On the other hand, the vehicle traffic intensity 
is increasing; so the pavement layer strengths should 
be increased too. The previous researches were about 
the effect of using from solid waste materials and fibers 
on soil performance, but they weren’t examined the 
operation of all pavement layers together. The current 
study concentrated on mechanical characteristics and 
attempted to recognize the recycling ability of waste 
carpet fibers in the creation of soil improvement. In 
present study, not only using form waste fiber in soil 
layer is examined; but also the increase in strengths 
of granular layer according to previous published re-
searches is tested. Then the effect of these materials in 
reduction of pavement failure is examined.

2. Materials and Methods

2.1. Study sample soil and the waste fiber Properties 

 To obtain the goals of this study, a sample soil was 
obtained from a depth of 20 cm from the granular road 
surface around Vali-e-Asr University of Rafsanjan cam-
pus. Fig.1 shows the subgrade material grading before 
mixing. Waste carpet fibers are used in this research 
shown in the Fig. 2.
 Major physical behavior of the used fibers in 
carpets, that is to say, nylon and polypropylene are 
summarized in Table 1.

2.2. The effect of fiber materials on soil compaction 
behavior

 The different percents of fiber materials have affect 
on soil compaction behavior. The optimum moisture 
content of soil is the result of having 1.0% of fiber in 
soil and maximum dry density indicates the least in 
this percent. Table 2 shows the effect of various con-
tents of fiber on maximum dry density of soil. Also, 
the effect of different content of exiting fiber of soil 
on optimum moisture content is represented (Ramesh 
et al., 2010).

2.3. The effect of fiber characteristic on Soil strength

Figure 1. Particle size distributions of soils curve
  

Figure 2. Samples of used waste carpet fiber in this research
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Table 1. Waste carpet fibers properties (Vilkner et al., 
2010)

Property
Unit weight [gr/cm3]

Nylon
1.13 -1.15

Polypropylene
0.9 -0.91

Reaction with water Suck up water Hydrophobic

Tensile strength [kg/cm2] 83 - 100 35 - 46

Extension at break [%] 15 - 300 100 – 600

Fusing point [oC] 265 175

Thermal conductivity 
[W/m/K]

0.24 0.12
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Table 2. The effect of fiber content on MDD and OMC (Ramesh et al., 2010)

Optimum moister Content (%) Maximum Dry Density (Kg/m3)
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4 0 32 1430
60 30.5 1425
80 32 1360
100 35.5 1360

1.5

40 31.5 1360
60 36.5 1425
80 36.5 1440
100 37 1370

2.0

40 34 1420
60 32 1380
80 32.5 1360
100 37 1360

2.5

40 35 1330
60 31.5 1340
80 35 1340
100 36 1340

 Increasing of fiber has some effect on increasing 
the Unconfined Compressive Strength (UCS) of Soil. 
Some quantities of fibers with 1.0, 1.5, 2.0 and 2.5 
percents are mixed with soil, and then their UCS has 
been tested. These materials are been used in embank-
ments along the road and reliability .The UCS of soil 
without adding fiber is equal to 90 kg, but by adding 
1% of fiber to soil, its UCS grows up to 120 kg.
 To determine what length of fiber is suitable, dia-
gram of strength of soil containing fiber against fiber 

length is drawn and shown in Fig. 3. It’s noted that by 
having 1.5% of fiber, its best lengths is 40 mm.
 Fig. 3 shows the effect of performed tests on differ-
ent contain of fiber on soil. When the content of fiber in 
soil increase, the soil strength increases too, and when 
the content of waste carpet fiber of soil is 2.0%, the soil 
strength increases up to 200%. 

2.4. The effect of fiber content on pavement perfor-
mance

Figure 2. The mixed soil with fibers samples and testing method in this research

 

Figure 3. The effect of fiber length and fiber content on soil strength
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Figure 4. Geometric model of used pavement layers in this research 
 
3. Results and Discussing  
 

By increasing the content of existing fiber of soil, the quantity of strains changes too. It's 
noted by increasing1% of fiber to soil, the tensile strain under asphalt layer decreases about 15% and 

Base course (Granular) H is Changeable =15, 20 cm

Surface course (Asphalt) H=7.5 cm E=20,000Kg/cm2  

Subbase course (Granular) H= 50 cm E=1,500Kg/cm2  

Subgrade (Soil + waste carpet fiber) H= E is Changeable
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 The use of fiber in subgrade materials leads to 
increase in soil Unconfined Compressive Strength and 
consequently its modulus of elasticity increase, so, the 
pavement performance will improve. By considering the 
previous studies, everyone can account resilient modu-
lus based on soil Unconfined Compressive Strength. 
For calculation modulus of elasticity of subgrade layer 
by considering the measurement of its compressive 
strength is used from Equation 1 (SPO, 2007; Khabiri, 
2010):

       (1)

Where,
Eeq = Elasticity modulus of materials (kg/cm2)
fme = Compressive strength of materials(kg/cm2)

 The Kenlayer software has been used for calcula-
tion of strains and deformations in many researches 
(Huang, 2004). It is used from mentioned software to 
calculate compressive strains on subgrade and tensile 
strain under asphalt layers. A sample of these studies 
is related to Rana’s thesis in which pavement perfor-
mance, which its subgrade was stabilized by waste 
materials, was examined (Rana, 2004). In flowing 
parts, the results of analyzing the strains of pavement 
model are presented in Fig. 4. loading is done by the 
8.2 tons standard axle and by the content pressure about 

5.6 kg/cm2. Then strains are calculated in two pointed 
places of pavement.

3. Results and Discussion 

 By increasing the content of existing fiber of soil, 
the quantity of strains changes too. It’s noted by increas-
ing1% of fiber to soil, the tensile strain under asphalt 
layer decreases about 15% and the compressive strain 
on subgrade decrease 20% too. In present study different 
thickness of base layer are tested. Therefore when the 
thickness of base layer increases 25%, the compressive 
strain and tensile strain are in order 10% and 5% and in 
this time the fiber contents of soil is 2%. The outputs of 
Kenlayer software are showing 9 separate parameters 
involving different types of strains, stresses and defor-
mations. Based on calculated strains, it’s possible to 
calculate the allowable frequency of loading for each 
pavement by using equation 2.

                                                                (2)

All Fi are factors for calculation of loading frequency 
and ε is strain in critical points (Huang, 2004; Rana, 
2004).The result of loading frequency (N) and their 
comparisons are represented in Fig. 5.

4. Conclusion

4
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Figure 5. The loading frequency for different content of existing fiber on subgrade
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the compressive strain on subgrade decrease 20% too. In present study different thickness of base 
layer are tested. Therefore when the thickness of base layer increases 25%, the compressive strain and 
tensile strain are in order 10% and 5% and in this time the fiber contents of soil is 2%. 
The outputs of Kenlayer software are showing 9 separate parameters involving different types of 
strains, stresses and deformations. Based on calculated strains, it's possible to calculate the allowable 
frequency of loading for each pavement by using equation 2. 
 

2)(1
ffN                                                                (2) 

 
All Fi are factors for calculation of loading frequency and  is strain in critical points (Huang, 2004; 
Rana, 2004).The result of loading frequency (N) and their comparisons are represented in Fig. 5. 
 

4. Conclusions 
 

Dependent upon the test consequences of this study, the subsequent conclusions may be 
drawn out: 
• Increasing the waste fiber of soil leads to increase in soil UCS. So that, by increasing 1% of fiber to 
soil, its UCS increase on average 10%. 
• The most suitable length of waste fiber, in which the most quantity of strength for mixed soil is 
possible, is 40 mm. 
• Adding waste carpet fiber to soil decreases its maximum dry density and increases its optimum 
moisture content. But if someone will make use of excessive quantity of these materials, it will lead to 
decrease in maximum dry density and increase in optimum moisture content. 
• By adding waste fiber to subgrade, the strength of all pavement layer against loads increase. As, by 
adding 1% of these fibers to soil, tensile strain under asphalt layer and compressive strain on subgrade 
will decrease in order 15% and 20%. 
• The effect of adding 10% to thickness of base layer is fewer than the effect of adding 1% of waste 
fiber to subgrade. 
It's suggested to do these actives about the heading of present study in next researches: 

A) To test the effect of waste carpet fiber on different performances of soil such as permeability, 
freezing depth and soil plastic characterizes. 

B) If a part of road will be made by these materials experimentally and its operation will be 
tested in length of time; they can confirm the laboratories result of present research. 
 

 
 
Figure 5. The loading frequency for different content of existing fiber on subgrade 
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tested in length of time; they can confirm the laboratories result of present research. 
 

 
 
Figure 5. The loading frequency for different content of existing fiber on subgrade 
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 Dependent upon the test consequences of this study, 
the subsequent conclusions may be drawn out:
 • Increasing the waste fiber of soil leads to increase 
in soil UCS. So that, by increasing 1% of fiber to soil, 
its UCS increase on average 10%.
 •  The most suitable length of waste fiber, in which 
the most quantity of strength for mixed soil is possible, 
is 40 mm.
 • Adding waste carpet fiber to soil decreases its 
maximum dry density and increases its optimum mois-
ture content. But if someone will make use of excessive 
quantity of these materials, it will lead to decrease in 
maximum dry density and increase in optimum moisture 
content.
 • By adding waste fiber to subgrade, the strength 
of all pavement layer against loads increase. As, by 
adding 1% of these fibers to soil, tensile strain under 
asphalt layer and compressive strain on subgrade will 
decrease in order 15% and 20%.
 • The effect of adding 10% to thickness of base 
layer is fewer than the effect of adding 1% of waste 
fiber to subgrade.
It’s suggested to do these actives about the heading of 
present study in next researches:
 A) To test the effect of waste carpet fiber on differ-
ent performances of soil such as permeability, freezing 
depth and soil plastic characterizes.
 B) If a part of road will be made by these materi-
als experimentally and its operation will be tested in 
length of time; they can confirm the laboratories result 
of present research.
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