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Abstract
Pavement infrastructure projects require large amount of soil for
construction. Very often massive amount of the available soil is
found to be weak, highly plastic and expansive in nature, which is
unsuitable for constructions. Several studies in the past reveal
favorable results for application of problematic soils with additives
like lime, cement, fly ash, etc. Since, enormous quantity of fly ash
is available from proximity of thermal power stations; the
advantage of fly ash can be idealized to stabilize the weak soils.
This research paper reports the adequacy of fly ash as an additive
in improving the geotechnical properties of medium expansive silty
soil in conjunction with nano material. Silty sand was treated with
fly ash ranging from 10%, 20%, 30%, 40% and 50% by dry weight
of soil. Each proportion was further treated with nano solution with
four different dilution ratios of (1:100), (1:225), (1:400) and (1:600)
by volume. The CBR properties were found to be highly improved
on addition of fly ash and nano material to soil. Similarly, plasticity
and hydraulic conductivity properties of the blends were observed
to be considerably decreased with the addition of fly ash and nano
material. The blends with 30% fly ash and nano solution of (1:100)
yielded excellent results. Thus, the soil modified with fly ash and
nano material in this research provides a feasible engineered
solution to improve the quality and endurance of pavement
framework practices and also offers an indubitable contribution
towards the problem of fly ash relinquishment and utility.
Keywords: Fly ash, Nano material, Liquid limit, Plastic limit,
California Bearing Ratio, Pavements

Acronyms

The following acronyms are used in this technical paper.
CBR = California Bearing Ratio;
CHNS = Carbon-Hydrogen-Nitrogen-Sulphur Analysis;
FA = Fly ash;
FEG-SEM = Field Emission Gun- scanning electron microscope
IRC = Indian Roads Congress;
LL = Liquid limit;
MDD = Maximum Dry Density
MORT&H = Ministry of Roads, Transport and Highways;
Msa = mean standard axles
OMC = optimum moisture content

PS = Powai soil;
PL = Plastic limit;
PI = Plasticity Index;
SAIF = Sophisticated Advanced Instrument facility
Si-OH = Silanol group;
(- Si-O-Si-) = Siloxane bond;
UCS = Unconfined compressive strength;

1. Introduction
The entire growth of any developing nation depends upon a sound
pavement infrastructure which will not only improve the economy
but also elevate the importance of the nation on a global note. The
subgrade which refers to as the foundation soil in roads needs to be
properly designed to sustain the vehicular loads coming on to the
top of the pavement layers. In this context, the subgrade soil if
weak, may pose problems for the overall durability of the pavement
structure. Large amount of soil is required for the constructions of
roads. Most often, the available soil is found to be weak, highly
plastic and expansive in nature which may pose a lot of
constructional issues if not treated properly. Therefore, the soil
utilized in pavement constructions plays a vital role in deciding the
future of safe and durable road networks.
Hence, appropriate treatment of subgrade soil thus becomes
prudent for building a good foundation for the roads by resorting to
sustainable materials and innovative technology.
Over the past decade, due to rapid industrialization the power
generation demands have rose from 1,20,000 MW in 2005 to
2,00,000 MW by 2012 and are expected to reach by 3,00,000MW
by 2017 [1]. The combustion of huge quantity of coal utilized for
power generation shall not only produce enormous quantity of fly
ash but also lead to problems of disposal and applicability in
developing nations like India. Fly ash which may contain certain
hazardous elements [2, 3, 4] like arsenic, beryllium, strontium,
cadmium, mercury, vanadium etc. in trace concentrations may
prove to be harmful to human beings when ingested through
respiration and cause many diseases like asthma and neurological
disorders. If not disposed properly, it can be mobilized to different
places and cause severe ecological and terrestrial hazards to
mankind. Thus, relinquishment of fly ash is the biggest mission
today in light of the environmental panorama which needs to be
handled in a skillful manner causing minimal hazards to the society.
The potentiality of this material has thus captivated many
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researchers to adopt it as a backfilling material in various
infrastructural applications. Many government bodies and publicsector undertakings since past two decades are enforcing the use of
fly ash in day to day practice in the developing countries like India
[5].
Many earlier researchers have tried to assess the suitability of fly
ash in various applications since past two decades. Stabilization of
expansive soils with low calcium and high calcium fly ash with
lime as additive reported decrease the plasticity and swelling
potential [6]. Shear strength and CBR parameters were reported to
be increased with fly ash and cement [7]. Plasticity, hydraulic
conductivity and swelling properties were reported to be decreased
with increase in fly ash content [8]. Shear strength, CBR and
bearing capacity values were increased with fly ash ranging from
9% to 46% [9]. Reduction in plasticity indices in expansive soils
were reported with 10% addition of fly ash, with increase in UCS
and permeability values [10]. Improvements in CBR values with
cement stabilized fly ash with granular blast furnace slag for base
and sub base courses in highways were reported in [11]. Increase in
UCS values by placing soil -fly ash- soil successive layers and fly
ash-soil mixtures stabilized with cement and random polyester
fibers [12-13]. Increase in CBR values of silty sand with Class F fly
ash mixes were reported in [14].
Several studies of utilization of fly ash related to applications in
pavements as sub bases and base materials have also been studied
earlier. Increase in UCS values with reference to hydration products
and chemical compositions were reported as in [15], strength was
reported to be increased to three times whereas plasticity properties
and vertical swell indices were reported to be decreased on adding
fly ash [16]. UCS, CBR and resilient modulus values were reported
to be increased with increase in cement content for fly ash amended
soils as base course materials in highways [17], CBR and secant
modulus values were reported to be increased on account of
addition of waste plastic strips up to 2% to stone dust and fly ash
overlying saturated clays [18] Increase in bearing resistance and
resilient modulus values were reported to be increased with fly ash
reinforced recycled asphalt pavement material (RPM) material
significantly [19].
Apart from the conventional materials, the field of nano sciences
has gained momentum since the past decade. The importance of
nano materials grew all over the globe after the initial talk “There’s
plenty of room at the bottom- An invitation to enter a new world of
physics”, where it was investigated of manipulating and controlling
things on a smaller scale [20] and thereafter few researchers have
tried to analyze the potentiality of these very promising materials
in different fields of science and technology. Studies on high
volume flyash high strength concrete (SHFAC) using nano silica
were discussed as in [21]. The improvements in UCS and CBR
behavior using nano composites when added to sewage sludge ash
mortar with nano SiO2 have been presented as in [22]. The effects
of flexural fatigue performance of plain cement concrete and
concrete containing polypropylene fibers with nano titanium
dioxide and nano SiO2 for pavements have been discussed as in
[23]. The general overview of nano particles that exist in soil and
fundamental properties that affect the engineering properties of
soils were presented in [24]. Few applications of nano technology
and nano materials in construction have been presented in [25].
Studies on increase of flexural strength of self-compacting concrete
by adding nano zinc oxide have been presented by [26]. Studies on
stabilization of cohesive soil using sewage sludge ash/cement with
nano aluminum oxide as an additive to improve the subgrade soil
have been presented as in [27]. Shrinkage and swelling
characteristics of soils were reported to be decreased by doping soil
with nano-clay, nano-alumina and nano-copper [28]. Studies on
improvement in CBR values and Atterberg limits on Nigerian soils
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by treating them with organo silane nano material have been
presented as in [29]. Improvements in CBR and UCS properties of
soils treated with nano silica and cement in applications related to
pavements have been reported earlier as in [30- 32]. Studies on
improvement in physical properties of weak soils using carbon
nano tubes, carbon nano fibers, nano bentonite, laponite etc. have
been reported as in [33-34]. The use of nano clay and nano cement
in soft soil in improving the compaction characteristics, plastic
behavior and strength have been reported as in [35].
The science of nano materials is one such emerging field which has
brought revolutionary changes in the field of engineering and
technology. Studies on nano materials reveal the diversity of
applications in almost all the fields. There is enough evidence of
success rates in the cement and concrete industry with the
application of nano materials. However, there is still a wide scope
in the field of geotechnical engineering and pavement technology,
where more research is needed to establish the significance of these
contemporary materials by assessing their interaction with different
types of soils. Organo silane compound is one such promising
material which works on the concept of nano technology and
promises to be very effective in stabilization of soils particularly in
the road applications [29]. This research is thus an attempt to
showcase the potentialities of nanotechnology in conjunction with
readily available wastes such as fly ash by conducting simpler
laboratory tests and optimizing the proportions, thereby indubitably
contributing the nation towards the relinquishment and utility of fly
ash.

2. Basic Characterization of Materials
2.1. Fly ash
Fly ash was procured from a thermal power station near Khopoli,
in the Raigad district of Maharashtra. The fly ash is being denoted
here as ‘FA’. Table 1 below represents the physical properties of
fly ash.
Table 1: Physical properties of Fly ash
Properties
Values
Specific gravity [36]
2.093
Maximum dry density (gm/cm3)
1.07
Optimum moisture content (OMC) %
28.5
Coefficient of permeability, k (cm/sec)
1.061 x 10-6
-Gravel
26.5%
Sand
70%
Silt
3.5%
Clay
0.007
D10 mm
D30 mm
0.02
D60 mm
0.046
Uniformity coefficient (Cu)
6.57
Coefficient of curvature (Cc)
1.24
Group symbol (USCS) [37]
SM
Liquid Limit (%)
Non-Plastic
Plastic Limit (%)
Non-Plastic
Soaked CBR(%)
5.6
The figures below 1 and 2 depict the modified proctor compaction
curve and the Particle size distribution curve of Fly ash.
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Fig. 1. Modified proctor compaction curve of Fly ash

Fig. 2. Particle size distribution curve of Fly ash
The chemical analysis of Fly ash and soil was carried out by X-Ray
Fluorescence test (XRF) in the Department of SAIF, IIT Bombay.
Table 2 below represents the chemical composition of Fly ash. The
Fly ash is seen to be very rich in Silica (SiO2) of about 62.7% and
low Calcium oxide content (CaO) of 0.905%. The Fly ash was
classified as Class ‘F’ Fly ash [38].
The microstructure of Fly ash was studied by performing Field
Emission Gun Scanning Electron Microscope (FEG-SEM) tests in
the Department of SAIF, IIT Bombay.
Table 2: Chemical composition of Fly ash
Constituent
(%)
CaO
0.905
Fe2O3
5.152
K2O
0.927
MnO
0.029
P2O5
0.188
SO3
0.015
SrO
0.056
TiO2
1.642
Al2O3
26.986
BaO
0.068
MgO
0.545
SiO2
62.799
Na2O
0.110
LOI
0.578

(a)
(b)
Fig. 3. Scanning Electron Microscope images of Fly ash
Table 3: Physical properties of Soil
Properties
Specific gravity [36]
Maximum dry density ( gm/cm3)
Optimum moisture content (OMC) %
Gravel
Sand
Silt
Clay
Liquid Limit (%)
Plastic limit (%)
Shrinkage limit (%)
Plasticity Index (%)
Group symbol (USCS) [37]
Coefficient of permeability ‘k’ (cm/sec)
Unsoaked CBR (%)
Soaked CBR (%)

Soil
2.63
1.72
19 %
19 %
35.9 %
32.8 %
12.3 %
45.4
30.73
16.23
14.67
SM
3.457 x 10-5
33.36
14.07

Fig. 4 and Fig. 5 represent the modified proctor compaction curve
and the Particle size distribution curve of Powai soil.

Fig. 4. Modified proctor compaction curve of Powai soil

The images were obtained by SEM model (JSM-7600F) with a
resolution of 1.0nm (15kV) under a magnification of x25 to
1000,0000. Fig. 3(a) and 3(b) depict the scanning electron
microscope images of Fly ash obtained by Field Emission Gun
Scanning Electron Microscope (FEG-SEM).

2.2 Soil
Locally available soil called ‘Powai soil’ was obtained from the
premises of IIT, Bombay. The soil is denoted as ‘PS’. Table 3
below represents the physical properties of soil.

Fig. 5. Particle size distribution curve of Powai soil
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The elemental composition of soil was done in the Centre of SAIF
at IIT, Bombay by X-Ray Flourescence test (XRF). Table 4 below
represents the elemental composition of Powai soil.
Table 4: Elemental composition of Powai soil
Constituent
(%)
Al
4.869
Si
13.346
K
0.354
Ca
2.316
Ti
1.610
Fe
8.643
Ni
49.561 ppm
Zn
127.312 ppm
Na
0.753
Mg
0.619
P
0.048
V
412.350 ppm
Cr
183.889 ppm
Mn
0.162
Sr
67.075 ppm
Cu
116.842 ppm

Table 5: CHNS Analysis of Nano material
Constituent
Percentage (%)
Carbon
64.173
Hydrogen
9.669
Nitrogen
3.945
Sulphur
Losses on Ignition
22.213

2.3.1 Chemical Interaction of soil with nano material
When the nano material mixed with water reacts with the soil,
hydrolysis reaction takes place. Nano siliconizes the surfaces i.e.
coats the soil particle with silicon by converting water absorbing
silanol groups to water repellent alkyl siloxane surfaces. Hence due
to the further affinity towards oxygen more and more siloxane (=
Si-O-Si=) bonds containing long alkyl chains are formed which
form a thin hydrophobic film at the molecular level treated surfaces
[29]. This thin hydrophobic film formed on the surface of the soil
represents water repelling alkyl siloxane bond which makes the soil
impermeable and water proofs it thereby causing a significant
improvement in its geotechnical properties including CBR and
plasticity indices.

2.3 Nano material

3. Sample Preparation and Methodology

Nano material, basically an organo silane compound, was obtained
from Zydex Industries, Vadodara, Gujarat, India. The material used
here is designated as ‘nano material’.
The commercial name of the nano material has been quarantined
ensuring the furtiveness of the product. The nano material is a pale
yellowish viscous liquid which can be dissolved in water. Nano
material is basically an Organo silane compound, nonfunctional
organic R (alkyl) group and tri alkoxy groups. RnSi(OR)4-n is the
basic structure of organosilanes with "R" being an alkyl, aryl, or
organofunctional group and "OR" being a methoxy, ethoxy, or
acetoxy group. The compound on reacting with water i.e.
hydrolysis forms silanol (Si-OH) groups. These silanol groups have
a greater affinity towards oxygen and can form siloxane (= Si-OSi=) bonds with the surface silanol groups of silica containing
substrates like soil, stone, aggregate etc. [39]. Figure 6 below
depicts the nano material sample used in the study.

Oven dried fly ash was mixed to the soil in increasing proportions
by 0%,10%,20%,30%,40% and 50% by dry weight of the soil.
Further each sample was treated with nano solution (nano material
diluted in water) in four different dilution ratios of (1:100), (1:225),
(1:400) and (1:600) by volume. The laboratory tests included grain
size sieve analysis, modified proctor compaction tests, modified
California bearing ratio tests, liquid limit (LL), plastic limit (PL)
and falling head permeability tests. Table 6 below represents the
proposed test variations considered in the testing program.

Fig. 6. Nano material sample
The Carbon-Hydrogen-Nitrogen-Sulphur analysis was carried out
in the Department of SAIF, IIT Bombay. Table 5 below represents
the CHNS analysis of nano material.
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Table 6: Test variations considered in the testing program
Series
Sample details
Series I
90% PS + 10% FA
90% PS + 10% FA + (1:100) nano solution
90% PS + 10% FA + (1:225) nano solution
90% PS + 10% FA + (1:400) nano solution
90% PS + 10% FA + (1:600) nano solution
Series II
80% PS + 20% FA
80% PS + 20% FA + (1:100) nano solution
80% PS + 20% FA + (1:225) nano solution
80% PS + 20% FA + (1:400) nano solution
80% PS + 20% FA + (1:600) nano solution
Series III
70% PS + 30% FA
70% PS + 30% FA + (1:100) nano solution
70% PS + 30% FA + (1:225) nano solution
70% PS + 30% FA + (1:400) nano solution
70% PS + 30% FA + (1:600) nano solution
Series IV
60% PS+ 40% FA
60% PS + 40% FA + (1:100) nano solution
60% PS + 40% FA + (1:225) nano solution
60% PS + 40% FA + (1:400) nano solution
60% PS + 40% FA + (1:600) nano solution
Series V
50% PS+50% FA
50% PS + 50% FA + (1:100) nano solution
50% PS + 50% FA + (1:225) nano solution
50% PS + 50% FA + (1:400) nano solution
50% PS + 50% FA + (1:600) nano solution

Kulkarni and Mandal

3.1 Test methodology: Modified proctor compaction
Modified proctor densities (simulating the heavy compaction in
field) were established initially as a prerequisite for conducting the
modified CBR tests. The densities were obtained by mixing soil
with increasing proportions of fly ash i.e. 90% soil with 10% fly
ash, 80% soil with 20% fly ash, 70% soil with 30% fly ash, 60%
soil with 40% fly ash and 50% soil with 50% fly ash by dry weight
of soil. Further each proportion was treated with nano solution
(nano material diluted in water) with four different dilution ratios
of (1:100), (1:225), (1:400) and (1:600) by volume. The water
treated with nano material i.e nano solution was used to conduct the
modified proctor tests for all variations. The tests were carried out
in accordance with [40].

3.2 Test methodology: Modified California Bearing
Ratio Test
The modified proctor compaction tests were initially conducted on
all the test variations as an imperative requirement for all the
successive tests and the respective dry densities and optimum
moisture contents were determined. The samples were placed on a
polythene sheet, covered and left about 8 hours to interact with the
nano solution. The CBR moulds were compacted to the respective
modified proctor densities and then were left to air dry for four
days. The unsoaked CBR tests were performed after 4 days of air
drying. The moulds were then submerged in water for four days.
The soaked CBR tests were then conducted after four days of
submergence in water. Load was applied by means of a load cell
mounted on the top of the frame with its lower end attached to the
plunger. Penetrations up to 10 mm were measured by dial gauge
fitted to the frame resting on the annular weight placed on the top
of the mould. The load was measured by a digital output configured
with the load cell. The samples were tested for Modified California
bearing ratio in accordance with [41]. Figure 7 below depicts the
Modified CBR set up in the laboratory.

Fig. 7. Modified CBR test set up

3.3 Test methodology: Liquid Limit and plastic limit
The samples were prepared in the same manner as that of modified
CBR tests as discussed above. Treated samples with nano solution
were then covered in a polythene sheet were left to interact with the
soil for 8 hours. After the interaction time the samples were then

oven dried and the liquid limit and plastic limit tests were
conducted on all the test variations in accordance with [42].

3.4 Test methodology: Falling head permeability test
The samples were prepared in the same manner as that of modified
CBR tests as discussed above. Treated samples with nano solution
were then covered in a polythene sheet were left to interact with the
soil for 8 hours. The samples were then oven dried and the falling
head permeability tests were conducted only on the optimized
proportions of fly ash and nano solutions based on the modified
CBR results. The tests were conducted in accordance with [43].

4. Results and Discussions
4.1 Modified Proctor compaction tests
Table 7 below represents the modified proctor compaction test
results.
Table 7: Modified Proctor compaction test results
Sample details
MDD
OMC
(gm/c
(%)
m3)
PS (neat soil)
1.72
19
90% PS + 10% FA

1.715

18.5

90% PS + 10% FA + (1:100) nano solution

1.725

18.7

90% PS + 10% FA + (1:225) nano solution

1.723

18.6

90% PS + 10% FA + (1:400) nano solution

1.710

18.8

90% PS + 10% FA + (1:600) nano solution

1.705

18.7

80% PS + 20% FA

1.70

18.1

80% PS + 20% FA + (1:100) nano solution

1.718

18.0

80% PS + 20% FA + (1:225) nano solution

1.713

17.9

80% PS + 20% FA + (1:400) nano solution

1.697

18.2

80% PS + 20% FA + (1:600) nano solution

1.695

18.3

70% PS + 30% FA

1.68

19

70% PS + 30% FA + (1:100) nano solution

1.695

18.1

70% PS + 30% FA + (1:225) nano solution

1.69

18.4

70% PS + 30% FA + (1:400) nano solution

1.683

18.6

70% PS + 30% FA + (1:600) nano solution

1.675

18.7

60% PS+ 40% FA

1.65

18.5

60% PS + 40% FA + (1:100) nano solution

1.664

18.3

60% PS + 40% FA + (1:225) nano solution

1.66

18.4

60% PS + 40% FA + (1:400) nano solution

1.64

18.6

60% PS + 40% FA + (1:600) nano solution

1.63

18.7

50% PS+50% FA

1.602

19.1

50% PS + 50% FA + (1:100) nano solution

1.615

18.8

50% PS + 50% FA + (1:225) nano solution

1.610

18.9

50% PS + 50% FA + (1:400) nano solution

1.605

19.0

50% PS + 50% FA + (1:600) nano solution

1.596

19.2

It is observed that soil becomes lighter on account of addition of fly
ash. Since the specific gravity of fly ash is less than that of the soil,
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the mix so formed is light in weight. The dry densities were
therefore observed to be decreased with increase in the percentage
of fly ash. Similar results were reported in earlier research [14].
However, there is a little variation seen in the optimum moisture
contents. On treating the soil with nano solution the maximum dry
densities are observed to be slightly increased with a little decrease
in moisture content. The densities were observed to be slightly
greater in samples treated with dilution ratios of (1:100) and (1:225)
i.e. (more concentrated samples) as compared to the samples treated
with dilution ratios of (1:400) and (1:600) (less concentrated
samples). This can be attributed to the formation of siloxane bonds
which start imparting hydrophobicity to the soil on reacting with
nano material and rearrangement of its molecules under the heavy
compaction effort. However, since the proctor compaction tests
were immediately carried out after mixing the soil with nano
solution there was hardly any reaction time available for the nano
material to react with the soil. Hence the densities were not seen to
be changed much. (Ref: Table 6 Series I to V)

from 14.07% to 24.1% thus improving the value by 1.71 times
respectively.

Fig. 10. Stress penetration curves of Unsoaked CBR samples of
series III

4.2 Modified California Bearing Ratio (CBR) tests
Both un-soaked and soaked modified CBR tests were conducted on
all the test variations considered in the program to ascertain the
improvement in the CBR properties of soil treated with fly ash and
nano solution and to check its suitability for the construction of
subgrade and subbases in pavement related applications.
Figures 8 to 12 represent the Stress penetration curves for unsoaked
CBR samples for Series I to V.

Fig. 8. Stress penetration curves of Unsoaked CBR samples of
series I

Fig. 9. Stress penetration curves of Unsoaked CBR samples f
series II
For all the stress penetration curves the soaked CBR values were
observed to be lesser as compared to the unsoaked values on
account of submergence of soil in water for four days. Both
unsoaked and soaked CBR values were observed to be increased
with the addition of fly ash to the soil. The CBR values were
observed to be improved up to addition of 30% of fly ash to the soil.
On adding 30% of fly ash the un-soaked CBR value of soil
increases from 33.36% to 37.22 % thereby indicating an increase of
1.11 times in the value. Similarly, the soaked CBR value increases

40

Fig. 11. Stress penetration curves of Unsoaked CBR samples
of series IV

Fig. 12. Stress penetration curves of Unsoaked CBR samples of
series V
Further the CBR values were observed to be decreased beyond 30%
addition of fly ash. The increase in CBR values may be attributed
due to the increase in silica percentage due to increase in fly ash
content up to 30%. Beyond addition of 30% of fly ash it can be
interpreted that the blend tends to become more cohesionless and
the soil-fly ash mix thereby starts losing its cohesion due to addition
of more fly ash i.e. (>30%). As a result, the CBR values beyond
30% of addition of fly ash were observed to be decreased.
Figures 13 to 17 represent the Stress penetration curves for soaked
CBR samples for Series I to V.
On further treating the samples with nano solution in four different
dilutions of (1:100), (1:225), (1:400) and (1:600) the CBR values
were observed to be significantly improved. The CBR values of
both unsoaked and soaked tests are seen to be higher for the dilution
ratios of (1:100) and (1:225) (higher in concentration) as compared
to the dilution ratios of (1:400) and (1:600) (lesser in
concentration). Maximum improvements were observed in samples
of (70% PS + 30% fly ash) and nano solution with dilution ratios of
(1:100) and (1:225). For the dilution ration of (1:100) the un-soaked
CBR values were observed to be increased from 37.22% to 87.22%
thereby indicating an increase of 2.34 times and for dilution ratio
of (1:225) the unsoaked CBR values were observed to be increased
from 37.22 % to 81.57% indicating an increase by 2.19 times.
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Fig. 13. Stress penetration curves of soaked CBR
samples of series I

Fig. 14. Stress penetration curves of soaked CBR
samples of series II

Fig. 15. Stress penetration curves of soaked CBR samples of
series III

Similarly, the soaked CBR values with the dilution ratio of (1:100)
were drastically improved from 24.1% to 66.52% thereby
improving the value by 2.76 times and that for the dilution ration of
(1:225) the soaked CBR values were improved from 24.1% to
65.37% thus indicating an improvement by 2.71 times when
compared with (70% PS + 30% fly ash) sample. Hence in all the
samples of tests series I to V it was observed that the dilution ratio
of the nano solution played a vital role in improvement of CBR
values. All the samples recorded maximum CBR values for both
dilution ratios of (1:100) and (1:225). It was also observed that there
was an insignificant difference in the CBR values of samples
treated with dilution ratios of (1:100) and (1:225). A parallel
improvement was seen in the samples treated with both these
dilution ratios. Table 8 summarizes both unsoaked and soaked CBR
values for test series I to V. The results were similar to the earlier
studies conducted on soils [29]. Fig. 18 depicts the graphical
representation of both unsoaked and soaked CBR values for all test
series I to V.
The drastic improvement in CBR values can be attributed to the
formation of strong siloxane (Si-O-Si) bonds when the soils come
in contact with the nano solution. The stronger long chain (Si-O-Si)
bonds are formed as the Si-OH bonds are broken on hydrolysis.
Since silica has more affinity towards oxygen it attracts all the
electrons present on Oxygen, as a result of which the electron
density on oxygen decreases. It therefore causes the proton (H+) to
be acidic in nature which easily breaks and detaches the (OH) group
from Silica. This breaking of (OH) group from silica makes the
Oxygen molecules to acquire negative charge. Now again due to
the affinity of silica towards the oxygen more and more Si-O-Si
bonds are formed which will become stronger and stronger thereby
making the soil denser and imparting a good hydrophobicity to the
soil surface. Also, as the Class ‘F’ fly ash being used in this research
is very rich in silica (62.79%) (Referred in Table 7), the soil- fly
ash- nano solution mixture makes more silica available for reaction
with the silanol groups present in the nano solution. Hence there is
more formation of Si-O-Si bonds within the soil mass thereby
forming water repelling zone in the form of a thin film above the
surface of soil. The film so formed is the water repelling alkyl
siloxane bond which makes the soil impermeable and water proofs
it thereby attributing significant improvement in its CBR
properties.

4.3 Liquid Limit and Plastic limit tests

Fig. 16. Stress penetration curves of soaked CBR samples of
series IV

Fig. 17. Stress penetration curves of soaked CBR samples of
series V

There is a significant decrease observed in the liquid limit and
plastic limit values on treating the soil with fly ash. It was observed
that the liquid limit and plastic limit values drop down to 1.69 times
and 1.65 times respectively on treating the soil with 30% fly ash
when compared with the neat soil. Further the reduction in LL and
PL values was observed to be comparatively less beyond addition
of 30% of fly ash. On treating the soil further with nano solution in
four different dilutions of (1:100), (1:225), (1:400) and (1:600) the
LL, PL and PI values were observed to be reduced consistently. It
was observed that the LL value for (70% PS+30% FA) sample
reduces by 1.67 times when treated with (1:100) dilution ratio and
reduces by 1.58 times when treated with (1:225) dilution ratio.
Similarly, the plastic limit values were observed to be reduced by
1.88 times on treating with a dilution ratio of (1:100) and were
reduced by 1.79 times on treating the samples with (1:225) dilution
ratio. Maximum reduction in the values of LL and PL were
observed with the dilution ratios of (1:100).

41

Journal of Geotechnical and Transportation Engineering - 2017 vol. 3 (2)

Table 8: Unsoaked and soaked CBR results for test series I to V.
Sample
no

Series II

PS (neat soil)
90% PS + 10% FA
90% PS + 10% FA + (1:100) nano solution
90% PS + 10% FA + (1:225) nano solution
90% PS + 10% FA + (1:400) nano solution
90% PS + 10% FA + (1:600) nano solution
80% PS + 20% FA

33.36
34.31
65.94
64.01
57.45
53.21
36.24

Soaked CBR
(%)
14.07
16.58
48.2
45.11
39.14
36.24
19.27

Series III

80% PS + 20% FA + (1:100) nano solution
80% PS + 20% FA + (1:225) nano solution
80% PS + 20% FA + (1:400) nano solution
80% PS + 20% FA + (1:600) nano solution
70% PS + 30% FA

76.35
74.04
67.1
62.28
37.22

57.45
56.11
51.1
49.35
24.1

Series IV

70% PS + 30% FA + (1:100) nano solution
70% PS + 30% FA + (1:225) nano solution
70% PS + 30% FA + (1:400) nano solution
70% PS + 30% FA + (1:600) nano solution
60% PS+ 40% FA

82.72
81.57
75.4
66.71
33.94

66.52
65.37
59.58
53.21
13.88

Series V

60% PS + 40% FA + (1:100) nano solution
60% PS + 40% FA + (1:225) nano solution
60% PS + 40% FA + (1:400) nano solution
60% PS + 40% FA + (1:600) nano solution
50% PS+50% FA

74.04
72.31
67.1
61.12
31.24

59.58
54.18
48.4
43.2
12.92

50% PS + 50% FA + (1:100) nano solution
50% PS + 50% FA + (1:225) nano solution
50% PS + 50% FA + (1:400) nano solution
50% PS + 50% FA + (1:600) nano solution

68.07
66.14
55.15
48.4

50.14
48.21
41.07
33.35

Series I

Sample details

Unsoaked CBR (%)

Fig. 18. Graphical representation of Un-soaked and Soaked CBR samples of test series I to V
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Parallel improvements in the reduction of LL, PL and PI values
were observed with both the dilution ratios of (1:100) and (1:225).
The value reductions were observed to be lesser in the samples
treated with lesser concentrations i.e (1:400) and (1:600) dilution
ratios which thereby clearly help to validate the significance of
dilution of nano material in water. Table 9 summarizes the liquid
limit and plastic limit results for test series I to V.
The improvement in plasticity of soils can be attributed to the
formation of strong siloxane (Si-O-Si) bonds when the soils come
in contact with nano solution. The advantage of rich siliceous
content of fly ash clearly demonstrates the additional availability of
silica for the reaction with the silanol groups of the nano solution.
The stronger long chain (Si-O-Si) bonds are formed as the Si-OH
bonds are broken on hydrolysis thereby imparting hydrophobicity
to the soil and making it more water repelling. The new siloxane
bonds so formed neutralize the net negative charge on the silt and
clay particles [29] thereby reducing the plasticity of soil. As a
result, the plasticity indices also are seen to be reduced which
enable the soil in reducing the plasticity characteristics to a great
extent, thereby making it more compatible to be handled on site.
Thus, the treated soil used in the study was observed to be
transformed from ‘silts and clays of medium compressibility’ (LL
between 35%-50%) to ‘silts and clays of low compressibility’ (LL
less than 35%) [44] pertaining to the Indian sub-continent
conditions.

4.4 Falling head Permeability tests
Table 10 summarizes the results of falling head permeability tests.
Based on the above results of modified CBR tests and plasticity

Sample no
Series I

Series II

Series III

Series IV

Series V

tests it was observed that optimum results could be obtained
adopting 30% of fly ash and nano solution ratios of (1:100) and
(1:225). It was observed that when soil was mixed with 30% of fly
ash the permeability was reduced by 7.25 times as compared to the
neat soil. Further on treating with nano solution ratio of (1:100) the
permeability value was observed to be decreased by 137.31 times.
Also on treating with nano solution ratio of (1:225) the permeability
value was decreased by 139.49 times.
The drastic reduction in permeability values can be attributed to the
formation of strong siloxane (Si-O-Si) bonds when the soils come
in contact with the nano solution. The stronger long chain (Si-O-Si)
bonds are formed as the Si-OH bonds are broken on hydrolysis.
Since silica has more affinity towards oxygen it attracts all the
electrons present on Oxygen, as a result of which the electron
density on oxygen decreases. It therefore causes the proton (H+) to
be acidic in nature which easily breaks and detaches the (OH) group
from Silica. This breaking of (OH) group from silica makes the
Oxygen molecules to acquire negative charge. Now again due to
the affinity of silica towards the oxygen more and more Si-O-Si
bonds are formed which will become stronger and stronger thus
counterbalancing the negative charge of silt and clay particles
thereby making the soil denser and imparting a good
hydrophobicity to the soil surface. The soil- fly ash- nano solution
mixture makes more silica available for reaction with the silanol
groups present in the nano solution. Hence there is more formation
of Si-O-Si bonds within the soil mass by forming thin water
repelling zone above the surface of soil, thereby making the soil
more impervious in nature and contributing to a significant
reduction in the permeability values.

Table 9: Liquid Limit and Plastic Limit results for test series I to V
Sample details
LL (%)
% decrease
PL
(%)
PS (neat soil)
45.4
30.7
90% PS + 10% FA
34.3
24.4
22.9
90% PS + 10% FA +(1:100) nano solution
30.5
32.8
18.6
90% PS + 10% FA + (1:225) nano solution
31.6
30.4
19.3
90% PS + 10% FA + (1:400) nano solution
33.7
25.8
20.6
90% PS + 10% FA + (1:600) nano solution
34
25.1
21.8
80% PS + 20% FA
29.7
34.6
20.5
80% PS + 20% FA + (1:100) nano solution
22.9
49.6
15.6
80% PS + 20% FA + (1:225) nano solution
23.4
48.5
16.7
80% PS + 20% FA + (1:400) nano solution
25.6
43.6
18.4
80% PS + 20% FA + (1:600) nano solution
26.5
41.6
19.1
70% PS + 30% FA
26.8
41.0
18.5
70% PS + 30% FA + (1:100) nano solution
16.0
64.8
9.8
70% PS + 30% FA + (1:225) nano solution
16.9
62.8
10.3
70% PS + 30% FA + (1:400) nano solution
19.3
57.5
13.7
70% PS + 30% FA + (1:600) nano solution
22.1
51.3
16.4
60% PS+ 40% FA
25.9
43.0
17.7
60% PS + 40% FA + (1:100) nano solution
18.4
59.5
12.3
60% PS + 40% FA + (1:225) nano solution
19.2
57.7
13.1
60% PS + 40% FA + (1:400) nano solution
21.4
52.9
14.6
60% PS + 40% FA + (1:600) nano solution
23.1
49.1
16.2
50% PS+50% FA
25.8
43.2
17.5
50% PS + 50% FA + (1:100) nano solution
20.1
55.7
12.3
50% PS + 50% FA + (1:225) nano solution
20.7
54.4
12.9
50% PS + 50% FA + (1:400) nano solution
23.6
48.0
15.2
50% PS + 50% FA + (1:600) nano solution
24.3
46.5
16.1

%
decrease
25.4
39.4
37.1
32.9
29.0
33.2
49.1
45.6
40.0
37.7
39.7
68.1
66.4
55.4
46.6
42.3
59.9
57.3
52.4
47.2
43.0
59.9
58.0
50.5
47.6

PI (Ip)
(%)
14.7
11.4
11.9
12.3
13.1
12.2
9.2
7.3
6.7
7.2
7.4
8.3
6.2
6.6
5.6
5.7
8.2
6.1
6.1
6.8
6.9
8.3
7.8
7.8
8.4
8.2
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Table 10: Falling head permeability test results
Sample details
Coefficient of
Permeability ‘k’
(cm/sec)
PS (neat soil)
3.457 x 10-5

--

70% PS + 30% FA

4.765 x 10-6

86.21

70% PS + 30% FA + (1:100) nano solution

3.470 x 10-8

99.89

70% PS + 30% FA + (1:225) nano solution

3.416 x 10-8

99.90

70% PS + 30% FA + (1:400) nano solution

9.876 x 10-7

97.14

70% PS + 30% FA + (1:600) nano solution

7.766 x 10-6

77.53

4.5 Suitability as a good subgrade / subbase material
The soil when treated with fly ash and nano material is seen to
improve its CBR properties to a great extent
thereby satisfying the criteria for ‘good subgrade’ and ‘subbase’ in
the design of flexible pavements pertaining to the Indian
subcontinent.
As per IRC: 37-2012 specifications “good subgrade” should
possess a soaked CBR of 8% [45]. Also, the sub base should
possess a soaked CBR of 15% with liquid limit and plasticity index
not exceeding 25% and 6 respectively. [46]. It also satisfies the
criteria of a “good subbase” of having a CBR of 20% for cumulative
traffic up to 2msa and CBR of 30% for cumulative traffic exceeding
2 msa. [47- 48]. The stabilized soil with fly ash and nano material
thus satisfies the required criteria for a ‘good subgrade and sub
base’ in the design of flexible pavements.

5. Conclusions
An experimental study was carried out to investigate the effect of
addition of fly ash and organo silane nano material on soil
properties including Modified California bearing Ratio tests, liquid
limit, plastic limit tests and falling head permeability tests. Tests
were conducted on silty sand mixed with increasing percentages of
fly ash from 0 to 50% with four different nano solution ratios of
(1:100), (1:225), (1:400) and (1:600). The quantitative results
obtained from the modified CBR tests are based on laboratory CBR
values which can be helpful in giving a proper direction to achieve
the desired degree of CBR in the field by adopting suitable
proportions optimized in the present study.
The following conclusions can be drawn from the present study.
1. The dry density of soil goes on decreasing with the increase in
fly ash content with less variation in the optimum moisture
contents. The densities slightly increase with a little decrease in
optimum moisture contents on the addition of nano material. The
variation is slightly higher for nano solution dilution ratios of
(1:100) and (1:225).
2. The unsoaked as well as soaked CBR values increase with the
increase in fly ash content. Maximum values are observed on
adding 30% of fly ash. The CBR values are observed to be
decreased beyond 30% of addition of fly ash. The soaked CBR is
improved by 1.71 times with addition of 30% of fly ash to the soil.
Thus, proportion of 30% fly ash is optimized in the study which
envisages successful usage of 30% of fly ash to be adopted in
subgrades and subbase courses in flexible pavements.
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% decrease

3. The CBR values were observed to be further enhanced on
treating the soil with nano solution. Soaked CBR values with the
dilution ratio of (1:100) were drastically improved from 24.1% to
66.52% thereby improving the value by 2.76 times and that for the
dilution ration of (1:225) the soaked CBR values were improved
from 24.1% to 65.37% thus indicating an improvement by 2.71
times when compared with (70% PS + 30% fly ash).
4. All the test variations reported higher unsoaked as well as soaked
CBR values for dilution ratios of (1:100) and (1:225) i.e. (higher
concentrated samples) as compared to dilution ratios of (1:400) and
(1:600) i.e. (lesser concentrated samples). The dilution role of nano
material in water plays a significant role in improving the CBR
properties.
5. It was observed that the liquid limit and plastic limit values drop
down to 1.69 times and 1.65 times respectively on treating the soil
with 30% fly ash when compared with the neat soil. On treating the
soil further with nano solution in four different dilutions of (1:100),
(1:225), (1:400) and (1:600) the LL, PL and PI values were
observed to be reduced consistently. The LL value for (70%
PS+30% FA) sample reduces by 1.67 times when treated with
(1:100) dilution ratio. Similarly, the plastic limit values were
observed to be reduced by 1.88 times on treating with a dilution
ratio of (1:100) thus transforming the soil as silts and clays of
medium compressibility to silt and clays of low compressibility
[44].
6. It was observed that when soil was mixed with 30% of fly ash
the permeability was reduced by 86%. Further on treating with nano
solution ratio of (1:100) the permeability value was observed to be
decreased by 99.89%.
7. The stabilized soil with fly ash and nano material satisfies the
criteria for ‘good subgrade’ and ‘subbase’ in the design of flexible
pavements conforming to the codes pertaining to the Indian subcontinent.
The research work reported emphasizes on relevance of wastes
such as fly ash and nano technology to be adopted as basic
construction materials for the construction of subgrade and subbase
in pavement related applications. Despite the fact that the present
study presumes the laboratory based analysis it emboldens the use
of waste fly ash to improvise the geotechnical parameters as a
whole, thereby indubitably contributing the nation towards the
problem of its relinquishment and utility. However, the results need
to be extrapolated on the field before adopting suitable proportions
of the considered mixes in the laboratory testing. The research is
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an attempt made for the first time by combining soil with waste fly
ash in conjunction with the innovative nano technological approach
that promises an engineered solution predicated by applied sciences
that has acquired significance globally.
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Abstract
Grouting is essential to enhance the integrity and ensure stability
of the foundation rock by filling of all the discontinuities with the
cementitious material. Trial grouting work is carried out to specify
all relevant parameters required for grouting operation and finalize
the most appropriate method. During trial grouting work both
methods were adequately exercised and focused to thoroughly
undertake the operations appropriately. To evaluate the effective
grouting method between conventional and GIN grouting methods
in term of time taking, grout take volume and cost effectiveness,
two panels are set for drilling and grouting in the foundation area
of Unit 17 Powerhouse. Trial grouting work analysis showed that
both methods are effective for foundation treatment. However, the
application of GIN grouting method reveals that it is more
effective in the perspective of foundation treatment, economical
and time-saving, which are of due concerns for project
management and early completion of mega projects.

Keywords: Grouting; GIN; Conventional; grout takes volume;
parameters; Drilling; Foundation

1. Introduction
The term grouting is utilized in the field of foundation engineering
for the process of injection of setting fluid through pressure into
cracks, voids, fissures and cavities during the construction of
tunnels, shafts and dams in order to reduce the permeability and
increase the mechanical stability of soil or rock [1,2,3]. In the
early days, the conventional grouting method was mostly
commonly used, in which pressure could be decreased by
increasing thickness of grout mix in addition to unstable grout mix
[4, 5]. The new concepts in the grouting methods were introduced
by Lombardi and Deere [4]as Grouting Intensity Number (GIN)
grouting method by the combination of the grouting pressure and
the injected grout volume (P·V). This method involves grout mix
which is stable and pressure is progressively decreased with
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constant cohesion. This research is conducted in the foundation
area of Unit-17 during construction of Tarbela 4th hydropower

project in order to conclude that which grouting method is more
effective and economical for this project.

Fig. 1. (a) Geological map of Tarbela dam site and the study area (after Calkin et al., 1975). (b) The local geology of units 17 foundation
and square boxes shows layout of two trial grouting panels (C-G-1 & G-G-1).
Before commencing the actual grouting, work field trial
exercise was conducted to evaluate different parameters and
choose better method between conventional grouting and GIN. It
is prudent to identify and carry out two trials Panel of CG-1 and
GG-1 within the foundation of unit-17 which consisted of
homogenous rock unit i.e. chloritic schist (Fig. 1). Trial design
pattern consisted of a hole drilled at each corner of the equilateral
rectangle. An inspection hole within the centre of each panel also
drilled and grouted. All the boreholes are vertical. The spacing
between each hole is 4 meters. The drilling was done through
pneumatic drilling rig. Grout holes drilled, washed and Lugeon
test carried out for the determination of permeability before
grouting. All the holes in CG-1 and GG-1 panel grouted

through conventional grouting and GIN methods
respectively. In order to analyze the effectiveness of the
two-grouting panel area, the inspection holes of each panel
is conducted to measure the groutability.

2. Geological Setting
Geologically, the Tarbela and the surrounding areas are laying in
the northeastern part of Peshawar basin. The country rock
comprises meta-sedimentary sequence with different units of
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schist’s of Salkhala formation [6]. The Pre-Cambrian Salkhala
formation spread all over the project area and mainly consists of
graphitic schist, carbonaceous schist, chloritic schist, marble,
limestone and gypsum with the intrusion of dolerite dyke of
Tarbela Alkaline Complex [7]. Tectonically, Tarbela dam is
bounded by seismically active regional faults along with local
Darband fault that passes through the Main Embankment of dam
which has impact on the study area by developing complex
geological structure as a consequence of intense faulting, shearing
and folding (Fig1), [8]. A number of discontinuities have been
identified (during geological mapping) which facilitates water
ingress and can be the cause of foundation subsidence. Filling in
the discontinuities and improving the integrity of foundation rocks
with impact on preferential reduction in water ingress various
sorts of foundation treatments are done (1, 9]. Pressure grouting
with the cementitious material is an ultimate approach for
foundation treatment to form a monolithic unit beneath a structure
[2]. Grouting is done to consolidate the bed rock and improve the
mechanical characteristics of the near surface rocks [1].

3. Trial Grouting

Shahzad et al.

3. 1. The Borehole’s Plan and Drilling Operation
For trial grouting two panels of 4m*4m equilateral rectangle
shape area is prepared and four vertical boreholes of each panel at
angular points having dia. 76mm drilled through non-coring
pneumatic drilling rig into the bed rock up to design depth of 12.0
m (fig. 2). Inspection holes are drilled in the center of each panel
to check the groutability work of the foundation.
The three stages are shown in the following fig. 3. Boreholes
drilled up to 12.0m and grouting carried out with ascending order.
The top stage is 2m and the other two stages are 5m long.
Hydraulic pneumatic packer of diameter 56 and 72mm are used in
grouting operation. Pressure and flow rate monitored as per set
parameters and recorded in real time during trial grouting
operation.

In the study area, lugeon tests have been carried out at 0–2.0, 2.0–
7.0 and 7–12.0 m depth. Results from the water pressure test
(WPT) summarize in fig. 4.

Fig. 4. A graph showing the water pressure test results in eight
primary holes in two grouting panels, CG-1 and GG-1.

3.3. Conventional Grouting Method

Fig. 2. Two Grouting Panels, C-G-1 and G-G-1 having primary
holes and centered inspection hole in each four.

The conventional grouting method is most commonly used in
many ground engineering projects. In conventional grouting
method water-cement ratio is changed from thin to thick to meet
the needs of small cracks initially & large and open cracks
respectively. The current criterion is achieved by decreasing the
water cement ratio from 2:1 to 0.5:1 in the trial. The grouting
pressure for each section is determined on the basis of Thumb rule
i.e., 22.63 kilo Pascal/meter (kPa/m) and the condition of the rock.
The inspection borehole (C-1-1) drilled in order to check the
effectiveness of the grouting method.
The stopping criteria for grouting operation as:
When grouting pressure reached up to the design value, and
injection rate is not more than 1 decimetre3/minute (dm3/min)
holding on for 5minutes, upon achieving this criterion grouting
operation is stopped.

3.4. GIN method

Fig. 3. Plan of borehole to be drilled and grouted in three stages in
ascending order.

3.2. Water pressure test
Water pressure tests (Lugeon test) are helpful to judge the
hydraulic conductivity/ permeability of the rock mass before the
execution of the grouting works.

The GIN represents a set of limitation on volume, pressure and the
product of both to avoid the opening up of fractures due to an
addition of extra energy into the discontinuities (Lombardi, 1993).
The GIN parameter values are being designed based on the
mathematically, experimental or observation and consideration
[5]. In the GIN method, the single water cement ratio and stable
slurry are used. In the trial grouting stable grout mix (bleeding
<3%, Marsh flow 29-35 seconds) having 0.70:1 Water: Cement
ratio with 3.0% of bentonite, 1.5% of Sikament® NN and 1.5% of
Intraplast®-Z by the weight of cement is used. The proposed GIN
value
comprising
50
Mega
Pascal*decimetre3/metre
(MPa*dm3/m), with maximum allowable pressure (Pmax) 500
kilopascal (kPa) and volume (Vmax) 500dm3/m (Fig 5). The whole
grouting operation (groutability vs. time, flow vs. time) monitored
through real-time by PC in order to avoid bursting pressure and
lose of extra energy and volume [10,11,12, 13). In order to check
the efficiency and quantity of grouting, the inspection borehole
(G-I-1) is drilled in the centre of GG-1 Panel.
The stopping criteria for GIN are as following limitations are
achieved
1. When the grouting path hit the selected GIN hyperbolic curve
or
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2. When the grouting path hit the maximum pressure (Pmax)
limiting curve or
3. The injected volume per metre reached maximum volume
(Vmax) limiting curve.

methods are effective and can fulfill the need of foundation
treatment.

Fig. 7. A graph shows the comparison of average time taken to
inject the grout in the primary holes of CG-1 panel through
conventional method with GG-1 panel through GIN method.
Fig.5. GIN parameters adopted for G-G-1 trial grouting panel in
the unit 17 foundation.

3.5. Results of Trial Grouting
The total grout slurry injections in the conventional grouting
method are 1953.7 dm3in which 1396.0kg is cement. The average
grout injection of boreholes remained is 40.7dm3/m (29.0kg/m).
While total grout slurry injection of GIN remained 530.25 dm3
which contains 495.3kg with 11 dm3/m average grout injection
(10.3 kg/m is cement). The average grout injection in both
inspection holes C-I-1 and G-I-1 is 2.03dm3/m (0.86kg/m) and 2.6
dm3/m (1.1kg/m) respectively (Table 1; Fig. 6). The grout
injection quantity per square metre in the CC-1 is 122.10 dm3/m2
(87.25 kg/m2) which is more than CG-1 having 33.14 dm3/m2
(30.9kg/m2).

Fig. 6. Comparison of average grout volume injection in C-G-1
and C-1-1 through conventional method with G-G-1 and G-1-1
through GIN method respectively.
Comparing both grouting methods with respect to primary holes,
in the conventional grouting method, the grout injection volume is
3.6 times and time is taken for the grout injection is 1.5 times
more than the GIN method (Fig. 7). The results of Inspection
holes of GIN and conventional grouting panel show that both
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4. Discussion and Conclusion
The grouting assignment is considered as rather difficult since all
the fractures within the subsurface may not take grout properly
and completely due to subsurface unforeseen geological condition,
therefore an accurate and precise method is required to be chosen
for design and execution of grouting work. Two trial grouting
methods applied in the foundation of Unit 17 Powerhouse with
emphasis on computation of consumption unit cements and
recording of elapse time of each process in real time (Fig. 1).
Compared with injected slurry; in conventional grouting method,
different types of volumetric composition (with cohesion
increases) of water cement ratio (2:1, 1:1 and up to 0.5:1) of grout
mix is used while in the GIN method slurry is single, dense and
stable water cement ratio (0.7:1) is consumed. Dense and stable
grout mix has strong cohesive forces deem necessary for the
penetration into the fractures and joint of the rock mass. Single
water cement ratio in the GIN method being uniform and does not
necessitate to change in the ratio/mix design as the timeconsuming process that usually take place in the conventional
grouting process when takes exceed beyond certain limits. The
real-time graph path determines the subsurface condition and
grout take volume based on the set parameters. Refusal criteria for
the GIN remain fixed, set in accordance with limiting curves
(Pmax, Vmax and GIN Value). Conversely, refusal of conventional
method is based on grout absorption rate when becomes less than
a design value and continue to grout for 10-20 minutes. Regarding
injection quantity in the both methods shown in comparative
analysis in fig. 6, it is obvious that unit consumption of cement
slurry in the GIN is less than conventional as it can lead some
quantity to loss in the operation.
Based on the above observations the critical disadvantages of
conventional grouting are complex grouting process and operation
which come up with slurry segregation, excessive grout lose,
causes of frequent incident and damages in terms of hydrofracturing and hydrojacking to the foundation and high project
cost based on grout take volume. Consequently, it is preferred to
adopt the GIN method as it is more efficient, quantity control,
time-saving and reduce the cost of the project and enhanced the
productivity along with ensuring the quality of grouting work.
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Abstract
Soil liquefaction during earthquakes is a common phenomenon.
Liquefaction occurs when waterlogged sediments are agitated by
earthquake shaking. Liquefaction is the mixing of sandy soils and
groundwater during the shaking of a moderate or strong earthquake.
If liquefaction occurs under a building, it may start to lean, tip over,
or sink several feet. Liquefaction earthquake hazard occurs in areas
that have low groundwater level and consist of sandy soil strata.
2001 Bhuj Earthquake produced major liquefaction in Great &
Little Rann of Kutch, Banni plains, Kandla, and Gulf of Kutch; and
these areas contained low-lying salt flats, estuaries, intertidal zones,
and young alluvial deposits typically known for high susceptibility
zones of liquefaction due to earthquake. Severe damage of many
bridges, ports, buildings, embankment dams was reported in Kutch
region due to liquefaction of underneath soils. The present study
aims to conduct an extensive experimental investigation of soils
from Kutch region to access liquefaction susceptibility and
liquefaction potential of the region. Basic geotechnical
characterization of soils from the region was carried out to evaluate
its vulnerability to liquefaction. In the current research, 32 soil
samples from 10 locations, including 5 major dams, at different
depths were collected from the region to conduct a detailed
geotechnical investigation. Most soils in the region were found to
be cohesionless loose soil and classified as silty-sand. Results from
geotechnical investigation were connected to liquefaction aspects
of the region. Liquefaction vulnerability was related to grain size
parameters and indices. Variation of grain size index (IGS) with
fines content & d50 of Kutch soils exhibited high susceptibility to
liquefaction. Shear strength parameters of soils in the region
exhibited low friction angle (average 31 deg). Low shear strength
parameters combined with the large settlement during saturation &
shearing indicated the contractive behaviour of Kutch soils leading
to large pore pressure evolution during earthquake shaking
resulting to liquefaction in the region. Most soil samples from
various locations of Kutch region exhibited lower FOS values
indicating soils prone to liquefaction. Results from the current
experimental investigation showed high susceptibility of soils in
the Kutch region to liquefaction. Soil behaviour and performance
of structures during 2001 Bhuj earthquake were in agreement with
the conclusions made in the current study.
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1. Introduction
Over the past four decades, liquefaction of saturated sands has been
the topic of extensive research using field techniques to study the
liquefaction potential of susceptible soil deposits post-earthquake.
Liquefaction and related failures include all the phenomenon
involving excessive deformation of saturated cohesionless soil
deposits. Deformation may result from static as well as cyclic
loading. Liquefaction under static loading may manifest in the form
of strain softening under undrained loading resulting in either
limited or flow liquefaction, depending upon the material state of
the soil. Behavior under undrained cyclic loading may be exhibited
either in the form of strain softening or cyclic mobility.
Liquefaction under earthquake loading has been the focus of both
in-situ testing as well as numerical simulations. Earthquakeinduced liquefaction has resulted in catastrophic damages all
around the world. Some of the well-documented case histories of
liquefaction include 1964 Niigata Earthquake, 1966 Aberfan Wales
landslide, 1971 Lower San Fernando Dam, 1938 Fort Peck
Dam,1979 Imperial Valley Earthquake, 1983 Nerleck Berm, 1995
Kobe Earthquake, 1999 Chi-Chi earthquake, 2001 Bhuj
Earthquake, 2011 Christchurch Earthquake & many others. In all
the mentioned events, except 1966 Aberfan Wales landslide,
seismic waves in one way or the other were observed to lead to
significant damages with varied intensity. Earthquake liquefaction
events in the western part of the globe have been well documented
and a number of post-liquefaction studies were carried out.
2001 Bhuj Earthquake struck the Indian state of Gujarat on 26th of
Jan. With a magnitude of 7.7Mw, it created havoc within a radius of
400 km from the epicenter, Bhuj. Extensive liquefaction was
reported resulting in damage to dams, embankments, ports, bridges,
buildings, and pipelines. Most of the dams damaged were within a
radius of 150 km from the epicenter with peak ground acceleration,
amax, reaching as high as 0.5g at Chang Dam and Shivlakha Dam,
Singh et al. [1]. Liquefaction and liquefaction-related damage such
as widespread liquefaction in the form of lateral spreading, water
spouts and ground cracks were reported by various researchers
(Mistry et al. [2]; Sitharam et al. [3]; Srivastav [4]; Jain et al. [5]).
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In spite of several evidences of soil liquefaction & related damage
reported in the region, an extensive experimental work focused on
soils at various locations of Kutch region is yet to be explored.
Sitharam et al. [6] , Ravishankar et al. [7] & Sitharam et al. [8]
performed extensive research work on soil collected from a location
near the epicenter of the Bhuj Earthquake. The extensive
experimental research work was performed in the above studies to
evaluate the cyclic undrained response and dynamic properties of
liquefied soil to evaluate shear modulus and damping ratio at large
strains. The effect of fines, density, the amplitude of cyclic shear
stress, and drainage condition on the post-liquefaction undrained
response of sand-silt mixtures was also studied for soil collected
from the epicenter of Bhuj Earthquake. Little has been done to carry
out an extensive study of the region. This motivated the authors to
perform an extensive experimental work on various soils collected
from different locations of Kutch region, which had experienced
liquefaction in the past. In the current research, soil samples were
collected from the locations, where liquefaction was reported
during 2001 Bhuj Earthquake. 32 soil samples from 10 locations,
including 5 major dams, at different depths were collected from
Kutch region, and detailed geotechnical investigation of all soil
samples was carried out. While soil sample collection, In-situ
density & In-situ water content of all the soil samples were
determined at the soil site itself along with the measurement of the
depth of ground water table. 32 samples at different depths from 10
selected locations cover the spatial variability, both horizontal and
vertical, of the soils in the region. Soils in the region have great
variability in terms of gradations and index properties. Fines
content which affects liquefaction behavior of soils to great extent
varies significantly with depth and horizontal distance. Spiral auger

was used to drill boreholes and to collect disturbed representative
soil samples. Boreholes were drilled up to different depths and
samples retrieved from the helical lift of the spiral auger. The
liquefaction susceptibility of these soil samples in the region was
evaluated with various geotechnical properties of soils like grain
size distribution, consistency limits, shear strength parameters
along with liquefaction potential evaluation using SPT N.

2. Sample collection & Experimental Program
Based on the published literature and reconnaissance surveys
conducted after 2001 seismic event, [5], a total of 10 locations were
identified including 5 major dams. Fig. 1 shows the details of the
study area and the epicenter, Bhuj Earthquake 2001. Disturbed
representative soil samples from each location were collected from
a depth of 0.5m, 1.5m & 2.5m using auger boring. Major dams
covered include Chang Dam, Fatehgarh Dam, Suvai Dam, Tappar
Dam and Shivlakha Dam with the remaining five locations being
Chobari, Budharmora, Kharoi, Khadir, & Banniari. The depth of
sample collection varied at few locations, as mentioned in Table 1.
Samples were collected during Jan-Feb 2015, which might give a
more relevant picture of the water table and moisture content as the
seismic event struck around the same time of the year in 2001. Fig.
2 shows sample collection at 4 of the 10 selected locations of Kutch
region. In-situ density and in-situ water content were determined
during the sample collection along with latitude & longitude of the
locations using Garmin GPS etrex10. GWT depth was also
measured, wherever it was within 2.5m from the ground surface.

Fig.1. Study area showing sample collection locations experienced liquefaction in Bhuj Earthquake 2001
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Fig.2. Sample collection at different locations of Kutch Region.
(a) Chobari, (b) Suvai Dam, (c) Kharoi, (d) Tappar Dam

3. Geotechnical Characterization of the soils in
Kutch Region
Basic geotechnical properties of the soils collected from Kutch
region were determined as per Bureau of Indian Standards (BIS). It
includes GSD, specific gravity (Gs), Atterberg Limits (wherever
applicable). The geotechnical properties of all the soil samples (32
samples) collected from Kutch region are listed in Table 1. 20 soil
samples were classified silty sand (SM), 3 poorly graded silty sand
(SP-SM), 3 clayey sand (SC), 3 low compressibility clay (CL), 2
high compressibility clay (CH) & 1 low compressibility silt (ML).
Silty sand (SM) is the predominant soil found in Kutch region at 10
selected locations. SM class of soils is highly susceptible to
liquefaction, provided the material state and loading conditions lead
to the development of high excess pore water pressures indicating
liquefaction issue in the region during an earthquake.

4. Results and Discussion
Geotechnical behavior of 32 soil samples from Kutch region from
10 different locations was evaluated by performing various series
of grain size, consistency limits, shear strength & liquefaction
potential evaluation using SPTN values. Liquefaction susceptibility
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of these soils was then evaluated using above testing data and other
analysis with respect to various geotechnical parameters.

4.1. Liquefaction Susceptibility Analysis of soils in
Kutch Region using Grain Size Index & Mean
Grain Diameter

Grain size distribution (GSD) of soils greatly affects the soils
behavior, and so is the case with liquefaction. Tsuchida [9]
provided two ranges of grain size distribution (GSD) for liquefiable
soils: a) Range A: Boundaries for most liquefiable soils, b) Range
B: Boundaries for potentially liquefiable soils. This demarcation
was based purely on an observational summary of the sieve analysis
data from the alluvial and diluvial soils that were known to be
liquefied or not liquefied during the past earthquakes. GSD of soils
susceptible to liquefaction is confined within these two ranges. On
the same lines, GSD of the 32 soils from 10 locations at a depth
varying from 0.5m to 2.5m from ground level was analyzed,
Hussain & Sachan [10]. Fig. 3 shows the GSD of all the 32 soils
along with the boundaries for Range A and Range B. GSD of 25
soils were found to fall in the Range B for most of their part, while
GSD of 22 soils was found to exist in the Range A.

Hussain and Sachan
Table 1: Geotechnical properties of soils in Kutch region
GSD
Soil Name
Chang Dam
S1 (L1)
S2 (L2)
S3 (L2)
Kharoi
S4
S5
S6
Suvai Dam
S7
S8
S9
Fatehgarh Dam
S10
S11
S12
Chobari
S13
S14
S15
Khadir
S16
S17
S18
Tappar Dam
S19
S20
S21
Budhar mora
S22
S23
S24
Banniari
S25
S26
S27
S28
Shivlakha Dam
S29
S30
S31
S32

D
(m)
0.5
0.5
1.5
0.5
1.5
2.5
0.5
1
1.5
0.5
1.5
2.5
0.5
1.5
2.5
0.5
1.5
2.5
0.5
1.5
2.5
0.5
1.5
2.5
0.5
1.5
2
2.5
0.5
1.5
2
2.5

γdi
kN/m3

(Gs)

23ᴼ27.591' N
15
2.67
15.69
2.66
15.70
2.68
23ᴼ28.367' N
16.01
2.67
16.90
2.67
16.00
2.67
23ᴼ36.428' N
17.03
2.67
14.37
2.66
13.55
2.66
23ᴼ41.369' N
17.17
2.72
15.53
2.67
15.45
2.69
23ᴼ30.722' N
17.51
2.7
16.96
2.71
17.57
2.7
23ᴼ50.82' N
15.94
2.66
16.82
2.66
16.96
2.66
23ᴼ15.017' N
17.36
2.67
16.39
2.66
17.67
2.68
23ᴼ20.634' N
17.71
2.68
14.27
2.71
12.26
2.7
23ᴼ24.299' N
13.37
2.74
14.59
2.75
16.26
2.68
17.60
2.69
23ᴼ24.659' N
14.43
2.69
14.88
2.7
16.37
2.69
13.40
2.68

(e)

G
%

0.75
0.66
0.67

6
0
5

0.64
0.55
0.64
0.54
0.82
0.93
0.55
0.69
0.71
0.51
0.57
0.51
0.64
0.55
0.54
0.51
0.59
0.49
0.48
0.86
1.16
1.01
0.85
0.62
0.50
0.83
0.78
0.61
0.96

S
%

M
%

70ᴼ24.408' E
78
11
82
15
75
17
70ᴼ23.330' E
0
82
13
5
84
9
1
86
11
70ᴼ29.821' E
1
72
21
2
74
19
1
82
14
70ᴼ48.057' E
0
1
61
1
54
42
0
78
20
70ᴼ20.881' E
0
56
42
0
51
42
1
59
36
70ᴼ14.39' E
2
79
17
1
74
22
2
88
9
70ᴼ07.586' E
0
57
24
5
66
14
4
72
14
70ᴼ11.501' E
2
69
21
1
34
46
2
18
57
70ᴼ09.910' E
0
17
81
0
4
68
0
68
26
1
78
13
70ᴼ35.128' E
0
71
25
1
88
9
1
74
18
0
27
50

Given the nature of gradation of soils of the Kutch Region, the
region was observed to be highly susceptible to liquefaction
provided other important conditions like high value of saturation &
sufficient seismic excitation experienced by given soil strata. Lee
& Fitton [11] proposed a term “liquefaction difficulty ratio”. It was
reported to be dependent on mean grain diameter (d50) and was
proposed for preliminary liquefaction potential investigation. Sands

C
%

FC
%

Atterberg
Limits

LL
%

PL
%

LL/PI
ratio

Soil
Class

6
3
2

16
18
19

NA
NA
NA

NA
NA
NA

-

SM
SM
SM

5
3
2

18
12
14

NA
NA
NA

NA
NA
NA

-

SM
SP-SM
SM

7
5
3

28
24
17

NA
NA
NA

NA
NA
NA

-

SM
SM
SM

37
3
1

99
45
22

54
NA
NA

19
NA
NA

1.54
-

CH
SM
SM

2
7
4

44
49
41

NA
NA
NA

NA
NA
NA

-

SM
SM
SM

2
3
2

19
25
11

NA
NA
NA

NA
NA
NA

-

SM
SM
SP-SM

18
15
10

42
28
24

34
31
22

11
10
11

1.48
1.48
2.00

SC
SC
SC

8
19
23

29
65
80

NA
44
66

NA
16
27

1.57
1.7

SM
CL
CH

2
27
6
8

83
95
32
21

NA
42
NA
NA

NA
19
NA
NA

1.83
-

ML
CL
SM
SM

4
2
7
22

29
11
25
72

NA
NA
NA
39

NA
NA
NA
15

1.62

SM
SP-SM
SM
CL

with d50 in the range of 0.06-0.5mm and Cu < 5 were reported to be
more susceptible to liquefaction. As such d50 for the soils from
Kutch region are plotted in Fig. 4. Except for S10, S23, S24.S25,
S26 & S32, d50 of other Kutch soils was found to be in the range of
0.06-0.5mm indicating a high potential for liquefaction.
Effective grain diameter, d10 is also an indicator of GSD of soil.
Soils rich in fines, many times d10 can’t be determined from
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conventional sieve analysis. For S10, S19, S20, S23, S24,
S26&S32, d10 couldn’t be determined because of higher fines
content which is dominated by the clay-sized particle. These soils
were observed to lie outside & to the left of Range B for liquefiable
soils. This led to the conclusion that soils with d50 ranging between
0.06-0.5mm i.e. fine sands were more susceptible to liquefaction
because of the impeded drainage, while soils with lower or
undetermined d10 exhibited better liquefaction resistance due to
strength contribution from cohesion. A number of parameters are
there to study and understand the effect of particle shape, size, and
distribution on engineering behavior of soils. While Cu & Cc are
extensively and successfully used to classify soil, however, they
can’t be used directly to understand the mechanical behavior of
soils including liquefaction behavior. A new parameter Grain Size
Index, (IGS) defined in Eq. (1).
IGS = AC/AT

(1)

where AC represents area under GSD curve & AT is total area
encompassed between 0.001-75mm, extreme particle size, Erguler
[12].
IGS was calculated for the soils in Kutch region and the results
indicated that IGS values were observed to be scattered in a very
narrow range with an average value of 0.592 and standard deviation
of 0.0194. IGS for the boundary curves proposed by [9] was also
calculated. Range A is bounded by IGS values of 0.62 & 0.43
whereas as Range B is bounded by IGS values of 0.74 & 0.34.
Fig. 5a shows the variation of IGS with fines content for Kutch soils
and the boundary GSD curves, as proposed by [10]. Out of 32 soil
samples from Kutch region, 24 soil samples were found to be within
the zone of Range A, 30 soil samples were found within Range B,
and only 2 soils did not fall in any Range. These two soils were S10
& S26 with fines content of 99% & 95%, which were hence
expected not to liquefy. In Fig. 5a, Range A is bounded between
horizontal lines ‘b’ & ‘c’ and Range B between ‘a’ & ‘d’. Fig. 5b
shows the relationship between IGS & d50 indicating the significant
decrease in d50 with the decrease in IGS. It made these soils more
resistant to liquefaction with both higher and lower d50.

Fig.3. Liquefaction susceptibility of soils in Kutch region using Grain size distribution curves

Fig. 4. Variation of d50 of soils in Kutch region and range of d50 for high potential liquefiable soils.
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(a)

(b)

Fig.5. Liquefaction susceptibility of soils in Kutch region using grain size index (IGS). (a) IGS & fines content, (b) IGS & d50

4.2. Liquefaction Susceptibility Analysis of soils in
Kutch Region using Index Properties
LL & PL could be obtained for 8 soils out of which 3 classified as
SC, 3 as CL & 2 as CH. Soil behaviour during liquefaction depends
on fines content & type of fines: Non-plastic & Plastic. Soils with
significant plasticity are known to have better liquefaction
resistance. Fines content for the soils in Kutch region varied over a
wide range with a minimum of 11% & maximum of 99%. Plastic
and non-plastic fines have an altogether different effect on the
liquefaction behavior of soils. The soils with high plastic fine
content exhibit low liquefaction potential as compared to soils with
non-plastic fines. In the present study, LL & PL could be
determined for 8 soils and ratio of LL & PI values were obtained
for these 8 soils from the Kutch region (Table1). These soils
contained higher plastic fines as compared to others; hence they
showed better liquefaction resistance. Two soils with LL > 50%
classified as CH and rest of the 6 soils with LL < 50% classified as
clayey sand and low compressibility clay (3 each). A significant
portion of GSD of these soils was observed to exist outside the
Range B at its left side (Fig. 3). As the soils lying outside Range B
considered not to be prone to liquefaction, thus these soils were
expected not to liquefy primarily because of high plastic fines
content. Seed & Idriss [13] defined criteria known as Chinese
Criteria, which was reported to be the function of clay content, LL
& natural moisture content to confirm a soil to be non-liquefiable.
A soil could be liquefiable, only if all the three conditions were met:
i) clay content less than 15%, ii) LL less than 35%, and iii) Natural
moisture content greater than 0.9*LL. With this criterion in place
and the assumption that water content > 0.9*LL were observed to
meet in case of dam locations. The soils below GWT (S10, S23,
S24, S26 & S32) were observed to have low susceptibility to
liquefaction; whereas (S19, S20 &S21) were observed to be highly
prone to liquefaction.

4.3. Liquefaction Potential of soils in Kutch Region
using SPTN Simplified Procedure
Simplified Procedure Youd et al. [14] was used for evaluating
liquefaction potential of soil samples collected from different
locations of Kutch region for 7.5M & 8.5M earthquake magnitudes.
Factor of Safety (FOS) against liquefaction was determined as the
ratio of CRR (Cyclic Resistance Ratio) and CSR (Cyclic Stress
Ratio) using SPT-N values. FOS of Kutch soil samples collected
from different locations & different depths were calculated for
7.5M & 8.5M earthquake magnitudes considering no static shear

stress near the soil strata. 0.36g of peak ground acceleration (amax)
was used in liquefaction potential analysis of Kutch region (seismic
zone V). The FOS values of all soil samples for 7.5M & 8.5M
earthquake magnitudes are listed in Table 2. High liquefaction
potential (low FOS) was observed for all the locations for 7.5M
earthquake magnitude. Liquefaction susceptibility of soil strata at
1.5m was observed to be increased with increase in earthquake
magnitude from 7.5M to 8.5M. For 7.5M earthquake magnitude,
most of the Kutch soil strata were observed to be susceptible to
liquefaction, except Chobari (S13 & S15) and Banniari 2.5m (S28).
Soils with loose to medium density were found to be more
susceptible to liquefaction such as Khadir, Kharoi, Suvai Dam. FOS
values for 8.5M magnitude of earthquake were found to be
decreased at a given location indicating more susceptibility to
liquefaction as compared to 7.5M magnitude of earthquake. Dam
locations (Chang Dam, Fatehgarh Dam, Suvai Dam, Tappar Dam
and Shivlakha Dam) were observed to be more susceptible to
liquefaction as compared to non-dam locations (Chobari,
Budharmora, Kharoi, Khadir, & Banniari) in the Kutch region.

4.4. Shear Strength Behavior of Kutch soils & their
Relationships with Liquefaction Susceptibility
Shear strength parameters for the soils in Kutch region were
determined by performing Direct Shear Tests (DST) as per IS 272013 [18]. For each soil, three tests were performed simulating
overburden pressure of 50kPa, 100kPa &150kPa. All the samples
were sheared at 0.25mm/min of deformation rate. The tests were
performed in inundated/flooded conditions under each vertical
load. Shear strength parameters obtained from the DST are listed in
Table 2. From the DST data, shear strength parameters (c & f) were
obtained for all the soils of the Kutch region. f values were
observed to be in the range of 25-36 degrees with an average value
of 31 degrees and standard deviation of 2.88 degrees, excluding S10
from the analysis. S10 has f value of 15 degrees and cohesion value
of 104 kPa.
S10 was observed to have low potential to liquefaction as can be
seen from the GSD and high plasticity with the plastic fine content
of 37%. Only 7 soils were found to exhibit significant cohesion of
5 kPa or greater. Three soils; Fatehgarh Dam 0.5m (S10), Chobari
1.5m(S14) & Banniari 1.5m(S26); exhibited cohesion of 104 kPa,
15kPa & 12kPa respectively. These soils were observed not to be
susceptible to liquefaction as per their GSD, while S10 & S26 found
outside Range B and S14 in the Range A. S14 had high fines
content of 49% with 42% silt fraction. With shear strength
parameters of Kutch soil lying in the range that is typical of loose
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Table 2: Liquefaction potential and shear strength of soils in Kutch region
Soil Name
Chang Dam
S1(L1)
S2 (L2)
S3 (L2)
Kharoi
S4
S5
S6
Suvai Dam
S7
S8
S9
Fatehgarh Dam
S10
S11
S12
Chobari
S13
S14
S15
Khadir
S16
S17
S18
Tappar Dam
S19
S20
S21
Budharmora
S22
S23
S24
Banniari
S25
S26
S27
S28
Shivlakha Dam
S29
S30
S31
S32

Depth (m)

SPT N

c (kPa)

f (degree)

FOS
7.5M

FOS
8.5M

0.5
0.5
1.5

14
10
16

5
0
0

31
30
32

0.42
0.66
1.02

0.33
0.51
0.78

0.5
1.5
2.5

16
4
6

0
3
0

32
28
29

1.03
0.35
0.44

0.79
0.27
0.34

0.5
1
1.5

16
14
1

0
2
1

32
31
25

0.48
0.40
0.14

0.37
0.31
0.11

0.5
1.5
2.5

NA
23
16

101
0
0

15
34
32

NA
1.22
0.49

NA
0.94
0.38

0.5
1.5
2.5

30
NA
30

0
15
0

36
28
36

2.57
NA
2.30

1.98
NA
1.77

0.5
1.5
2.5

10
2
4

0
0
1

30
27
28

0.74
0.35
0.38

0.57
0.27
0.29

0.5
1.5
2.5

14
16
27

1
1
0

31
32
35

0.64
0.53
1.35

0.49
0.40
1.04

0.5
1.5
2.5

14
16
2

7
0
4

31
32
27

1.20
1.21
1.16

0.92
0.93
0.90

0.5
1.5
2
2.5

2
NA
14
27

5
12
0
0

27
26
31
35

0.34
NA
1.08
2.37

0.26
NA
0.84
1.82

0.5
1.5
2
2.5

14
23
23
16

4
0
0
5

31
34
34
32

0.67
0.92
1.15
0.63

0.51
0.71
0.89
0.48

& medium dense soils. The soils in Kutch Region, in general, have
the low load carrying capacity with little resistance to liquefaction.
Peak shear stress during shearing of soils under vertical loads of 50
kPa, 100 kPa & 150 kPa is shown in Fig. 6a. Peak stress for all soils
was found in a close range except for S10, Fatehgarh Dam soil at
0.5m depth. The reason could be attributed due to the high fines
content of 99% with 37% being clay-sized fraction. The range of
peak stress under each vertical load was observed to fall in a narrow
range with a mean equivalent to that of a soil of f equal to 31
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Shear strength parameters

degrees. Horizontal deformation at peak under different vertical
loads did not show any regular trend but the values were on higher
side typical to that of loose & medium dense sands. With increased
deformation, shear stress either remained constant or increased
slowly due to the increase in density as a result of the settlement.
While performing the DST, settlements of varying magnitude were
observed during flooding and shear deformation stages. Fig. 6b
shows the resulting settlements during the flooding of each soil
under different vertical loads. Large settlement resulting from the

Hussain and Sachan
remaining soils showed contractive behavior under all vertical
loads applied to the specimens. Soils with comparatively higher
settlements contributed to the generation of higher excess pore
water pressure to make the soils more susceptible to liquefaction.

flooding of the specimens indicated the tendency to densify. This
tendency of soil under undrained loading conditions contributed to
liquefaction during an earthquake due to large pore water pressure
evolution within the soil mass. Fig. 6c shows the resulting
settlements during shear deformation stage. Except for S10,
(a)

(b)

(c)

Fig.6. Shear behavior of Kutch soils under different over burden pressures. (a) Peak shear stress, (b) Settlement during saturation, (c)
Settlement during shear deformation
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5. Conclusions
An extensive experimental study was performed on soils of various
locations of Kutch region. Ten locations were chosen to perform
the experimental investigation based on the liquefaction damage
experienced by the soil sites during past earthquake, as per the
reports published in post-earthquake survey of the region. Evident
& widespread liquefaction during the 2001 Bhuj earthquake were
reported including damage in dams, ports, embankments, pipeline
etc. 32 soil samples were collected from 10 identified locations of
Kutch Region, including 5 dam locations. The following
conclusions can be drawn from the present study:
1.

2.

3.

4.

Soils in Kutch region were mostly determined to be SM type.
Grain size index (IGS) & mean grain diameter (d50) of Kutch
soils were observed to lie in the narrow ranges of these
parameters, typical to those of liquefaction prone soils.
FOS against liquefaction of Kutch soils for 7.5M & 8.5M
magnitude earthquakes were obtained to be low (FOS <1 for
most soils) indicating susceptibility of the soils to liquefaction
in the region.
Shear strength behavior of Kutch soils showed behavior typical
to those of loose-medium dense soils. Friction angle values
were obtained to be in the range of 25-36 deg with an average
value of 31 deg. Low peak stress accompanied with large
settlement during saturation and shearing implied that
liquefaction might happen under earthquake loading conditions
in the region.
Liquefaction potential of soils at dam locations was observed
to be higher as compared to non-dam locations indicating dam
locations at more risk of liquefaction hazard as compared to
non-dam locations during future earthquakes.
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Notations
Mw
g
amax
GWT
GSD
Gs
d50
d10
Cu
Cc
IGS
LL
PL
PI
c
f
DST
e
G
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Moment Magnitude
Acceleration due to gravity, 9.81m/s2
Peak ground acceleration
Ground Water Table
Grain Size Distribution
Specific Gravity
Mean Grain Diameter
Effective Grain Diameter
Coeffiecient of uniformity
Coeffiecitne of curvature
Grain Size Index
Liquid Limit
Plastc Limit
Plasticity Index
Cohesion
Friction angle
Direct Shear Test
Void Ratio
Gravel

S
M
C
FOS
wi
γdi
FC

Sand
Silt
Clay
Factor of Safety
In-situ water content
In-situ dry density
Fines Content
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Abstract
Iran is a developing country whereby traffic accidents are one of
the main causes of death, following the primary health-related
cause of disease [1]. Highly vulnerable individuals that are most
prone to traffic accidents are cyclists and pedestrians; they suffer
the highest rate of disability and death in Iran. Researchers usually
suggest that traffic incidents are the cause of careless and unsafe
pedestrian or driver behavior. Most common among these
behaviours are running, slow walking while crossing, crossing at
unmarked zones, using cell phones or otherwise being distracted
while crossing, crossing diagonally, crossing when the pedestrian
light indicates it would be unsafe to do so, not looking left or right
before crossing, disregarding traffic signals, and so on [2]. Apart
from these, several other factors influence pedestrians and are
evident in the behavior and attitude of the individuals. Previous
studies have successfully influenced the role of pedestrian behavior
and attitude in the traffic environment [3]. The reference to the
attitude in traffic safety literature has a particular meaning that
Jalilian defined in a specific way. Attitude is considered a
prediction factor of human behavior and plays a major role in
determining individual behavior that will cause and/or affect traffic
accidents [1].
This paper highlights the innovative way of pedestrian education
which held by the author and support of Qazvin municipality in
Iran. The results prove the significant importance of Field Training
of Pedestrian (FTP) in cities like Qazvin through the cost-benefit
method.
Keywords: Pedestrian, Accident, Cost-benefit, Behavior, Traffic
Safety, Mid-size City

1. Introduction
According to Crowe, it is believed that when responsible authorities
try to make rational decisions regarding the development of
societies, the first concept or requirement is associated with
individuals’ security and safety [4]. This understanding of safety
can be social, physical, and/or cultural, but in any form, it is a key
influential factor in a developing society. I propose that such
influence and therefore, effectiveness, can be measured by the
satisfaction of the inhabitants of any given urban area. Satisfaction
and behavioral change are essential for safety on roads to reduce
the accidents [5]. The safety on roads, highways, and transportation
systems is one of the most significant indicators used to measure
the level of overall safety in different regions or societies. Other
common public safety indicators include but are not limited to,
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crime rates, educational level, household income, infrastructure
development, and access to healthcare among others. The mobility,
accessibility, and performance of the users of a transportation
system is highly associated with traffic safety and the growth and
development of a city [2]
According to Banister, traffic safety is one of the development
factors underpinning the quality of life or standard of living for
inhabitants through improved transportation systems [6]. Among
transportation system problems, traffic safety is the leading primary
cause of inefficiencies and dissatisfaction. Previously,
transportation was an inexpensive factor because safety was not a
significant consideration. Now, however, transportation has
become safer and more functional, but also more expensive.
Nevertheless, it is crucial that different regions develop new
policies that encourage and promote traffic safety. In recent
decades, urban regions have become crowded, causing numerous
other problems for city management that include heavy traffic
congestion and an increased number and type of accidents [7]. Past
traffic safety literature has observed that these problems are
prolonging travel time and increasing costs. In some cases, such
problems have also caused a disincentive to individuals to use the
public transportation facilities; this is especially true in Iran [8].
Over the past few decades, many municipalities in Iran tried to
construct more routes, bridges, intersections, and highways in order
to solve the problem of traffic congestion [9]. These municipalities
also applied intelligent transportation systems (ITS) to manage the
infrastructure of cities effectively. Azarmi et al recognized in their
study that the development of infrastructure alone provided shortterm solutions for reducing traffic congestion. Their effectiveness
in the long run could not be achieved without appropriate planning
to reduce road accidents, pedestrian injuries and fatalities. Even
though ITS was applied post-construction, attention to
transportation system users, all of which are pedestrians at some
point during their commute, was mostly neglected during the
planning procedure.
According to different studies and United Nations reports, there
continue to be high numbers of pedestrian injuries and fatalities in
Iran [3]. There are several high population areas, like Tehran, which
have congestion and accident problems [8]. These challenges are
not limited to Tehran but also are found in smaller, mid-size cities
like Qazvin. This congestion and the resulting high frequency of
accidents cause more delays, increases in costs, and a decreased
desire to use public transportation [10].
In such circumstances, the use of public transportation is not
considered an effective way to reduce congestion and accidents,
due to the lack of training and awareness of traffic rules that
currently exist in Iran [8]. At this stage, it is essential to develop the
field training and education in order to improve traffic safety within
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the region. This can be done by introducing new training methods,
which remain the major consideration in the current paper. The
porpuse of reducing the number of accidents involving pedestrians
will only be achieved if the city and regional management takes
proactive measures to provide specific and targeted traffic safety
education.
In the 1980s, the development of telecommunication and electronic
systems in different regions was considered the best method of
controlling the traffic conditions [8]. Cultural methods that depend
on the beliefs of individuals, in contrast, remained complicated
methods to resolve traffic safety problems, even though high
technology features like ITS were applied. As an example, during
the 1990’s, the method of “field education for people” was
introduced to pedestrians to explain how traffic safety is important
for them and society. For instance, this important method was tested
in Northern Kosovo and resulted in fewer traffic accidents [11].
Additionally, common ethical principles in teaching other methods
of safety training for drivers and individuals were used, which when
applied, improved traffic safety and decreased the number and
intensity of accidents [9].
Therefore, the advantages of field training for pedestrians (FTP) is
considered unique despite the associated budgetary challenges that
require the consent of local and regional decision makers in order
to proceed with implementation of FTP. Even though FTP provided
short-term advantages and gains in the field, it was unknown to
what extent this method could be effective in improving traffic
safety levels. Thus, the major questions of this paper are associated
with the effectiveness of FTP in changing behavior to result in a
reduction of the number of accidents while also increasing the
satisfaction and confidence of residents in the city’s transportation
system. This paper analyses and assesses these questions based on
the implementation of FTP in Qazvin, Iran. This assessment
includes a focus on the implementation costs relative to the
advantages of traffic safety education and training, with specific
attention on FTP.
The purpose of the paper is to assess the effectiveness of FTP on
the behavior and satisfaction of inhabitants by increasing their
awareness of traffic safety under specific guidance and education,
with special attention given to the development of a model for cost
and benefit analysis for mid-size cities in Iran. The study aims to
assist in determining whether FTP is economically feasible and
relevant as a best practice among traffic safety strategies for the
purposes of the Ministry of Transportation and National
Organization of Municipalities in Iran. This assessment also aims
to transcend the inherent cultural conflicts found within mid-size
cities in Iran, specifically that of Qazvin, in proposing the objective
benefits and merits possible through the implementation of FTP.
This study was purely conducted in the city of Qazvin, which is a
city of Iran with a population of approximately 382,000 residents.
Qazvin is known as a medium sized city of Iran located 150
kilometers to the Northwest of Tehran. Within this city, citizens
belong to different ethnic groups, including Turkish, Gilaki, Kurd,
Tat, and Fars. As it is both an industrial and agricultural city,
Qazvin has an immense working population with a relatively low
unemployment rate. Due to a growing population and most
importantly increasing the budget for transportation system in
Qazvin, however, the rate of car and pedestrian accidents within the
city is on the rise as well. Figure 1 presents the increase rate in
transportation system budget in Qazvin from 2004 to 2012. The
budget was basically used to prepare better transportation
infrastructures such as new streets, ITS, bridges and improving
geometric design of the existing network. Qazvin transportation
system is using 44.4 Km of highways, 62.8 Km of arterial, and
120.2 Km of collector roads.
In order to improve traffic safety in cities, and to promote guidance

for pedestrian and bicyclist safety, several social organizations
have recently been established. In these organizations – such as the
National Cooperative Highway Research Program (NCHRP),
Centers for Disease Control and Prevention (CDC), American
Association of State Highway and Transportation Officials
(AASHTO), National Highway Traffic Safety Administration
(NHTSA), and Transportation Research Board (TRB) – standing
committees on pedestrian and bicyclist safety are included [8].
Similarly, in Qazvin (a city with more than 20 kilometers of
designated bicycle roads), a shared bicycle program was started to
deal with traffic accidents and health issues. In this, the
Transportation Organization of Qazvin Municipality is responsible
for advertising and programming bicyclist safety, which is costly.
At the same time, implementing pedestrian safety programs in the
city for the purpose of changing its culture was an initiative that
cost more for the organizations if there is no government
intervention. By contrast, if the government intervenes it will save
money, despite employment costs for traffic safety teachers and
advertisement costs, such as developing brochures and using social
media platforms. This implies that the financial responsibility of
such traffic safety projects rests with the government rather than
with residents of the regions.

Figure 1. Transportation system budget in Qazvin, 2004-2012
Although individuals believe that traffic safety is a need that must
be highly prioritized by the government, many authorities disagree
with this perspective on traffic safety programs due to the currently
increasing financial loss incurred.
However, the implementation of FTP will serve as a strong
reminder to citizens that traffic safety is not only a governmental
issue; it affects the city financially, as following the specific
guidance has the potential to reduce the costs of accidents paid by
individuals themselves. In this regard, traffic safety projects favor
persuading the population’s attitude to be more active concerning
traffic safety [12].
As explained by Steg & Gifford, this not only reduces the financial
cost imposed on a city’s population, but such engagement also
compensates government since individuals are able to perform to
their highest potential and contribute to the growth of a county’s
GDP. Considering this fact, several researchers have stated that
traffic safety projects have had a positive financial impact on both
governments and populations in the long-term. For instance, a
project called "Immediate Actions" was implemented in the United
States and costed $70,000, the funding of which was raised through
various cost centers in 2013 for the transportation services
operating budget.
Peak hours of accidents in Qazvin occur in two times during 24
hours. The first peak time is 12:00-14:00 during the day, and the
second time is at night 21:00-22:00. First peak time happens during
the closing time for schools and government and public service
jobs. Second peak time happens when families finishing their
family time in the city. Figure 4 shows the area with high risk of
accidents in Qazvin for the year of 2010. Intensity of the accidents
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and number of accidents in area shown are more than other parts of
the city.
Due to the high injury and fatality rates in pedestrian accidents in
Qazvin, this paper intends to look at the possible causes of this
problem and propose a viable solution. In addition, this paper
intends to make a cost-benefit analysis model to analyze the
effectiveness of FTP on the overall development of pedestrian
culture, behavior, and knowledge pertaining to traffic rules in
Qazvin. The identified research aims to create public awareness
about the dangers or risks of disobeying traffic rules and guidelines.
Educational systems and methods like FTP are essential in order to
support, transform, and improve the city’s transportation network.
This paper intends to promote improved traffic safety by providing
the best field training programs for passing pedestrians (FTP),
which is designed by the author to yield improvements in the city’s
crossroads and junctions. This research intends to develop an
appropriate and comprehensive model in order to assess the
educational influence on traffic culture that is essential to improve
safety.
Subsequently, before and after the implementation of FTP, the
evaluation of its effectiveness will complete through this research
study. In the final step, a comparison between costs and benefits
will present in order to ensure that FTP is demonstrated to be
financially feasible for any given city in Iran, specifically Qazvin.
In general, the questions that we are going to address in this paper
are:
1.
Can FTP reduce the number of accidents and increase
safety?
2.
Can the cost-benefit model economically justify the use
of FTP?
3.
Can FTP reduce the number of accidents and increase
safety?
Considered the aims and objectives of this paper, the following
key hypotheses are made:
HA1: Implementation of FTP is increasing the public’s
awareness, attitude, and willingness to follow traffic rules in Iran,
specifically in Qazvin.
H01: Implementation of FTP is not increasing the public’s
awareness, attitude, and willingness to follow traffic rules in Iran,
specifically in Qazvin.
HA2: The cost-benefit model can justify the use of FTP with
regards to financial considerations.
H02: The cost-benefit model cannot justify the use of FTP with
regards to financial considerations.
HA3: FTP can reduce the number of accidents and as a result,
increase safety.
H03: FTP cannot reduce the number of accidents and as a result,
increase safety.
HA4: FTP can satisfy inhabitants regarding to increasing their
knowledge and awareness about traffic safety.
H04: FTP cannot satisfy inhabitants regarding to increasing their
knowledge and awareness about traffic safety.
HA5: FTP can increase the traffic safety knowledge of
pedestrians.
H05: FTP cannot increase the traffic safety knowledge of
pedestrians.

1.1. Innovation in research
Based on some past studies presented by Abbaszadegan &
Babapoor, Azemati, Bagheri, Hosseini, & Maleki, and Kaparias, et
al. [13, 9, 14], and the needs of current research, it is identified that
lack of research which can help to decrease pedestrian accidents
may continue into the future, if additional and appropriate research
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is not conducted. Therefore, this study is conducted by considering
cultural, behavioral, and financial aspects that might be effective
and/or ineffective during the application of FTP. In this context, the
following research was carried out 2012 and 2013 in Qazvin, Iran,
where the rate of pedestrian accidents and fatalities was relatively
high prior to FTP. This research took a total of six months to
complete, in two separate phases, and entailed the participation and
education of hundreds of pedestrians in nine congested
intersections of Qazvin. Transportation is known as one of the
major driving forces for economic development, as it creates
prosperity for individuals around the world and is essential for
modern development. For a city such as Qazvin, the transportation
principles of FTP further help the city to flourish and prosper by
reducing the costs and financial burdens associated with pedestrian
and car accidents.
The present paper investigates the effects of FTP in improving
traffic safety in Qazvin. The influence of education pertaining to
traffic safety on pedestrians has been evaluated through
questionnaires and statistical analysis of data. In order to estimate
the financial influence of FTP, a cost-benefit assessment of the
implementation of FTP will take place.
Traffic safety is one of the highest costs associated with
transportation systems, surpassing, for example, the costs of road
maintenance and urban furniture in Iran including Qazvin [15].
Therefore, this research focuses on innovating a new method for
Qazvin and other mid-size cities in Iran, in order to optimize the
congestion and turbulence present in intersections, while also
decreasing pedestrian accidents that diminish the level of service in
Qazvin’s transportation system.
The improvement in standards of living in different regions of the
world, including Iran, is partially dependent on managing the costs
of transportation systems [16]. The key innovative idea introduced
in this paper is that many of these costs can be reduced through the
implementation of FTP, as it improves pedestrian movement at
intersections and decreases the number of pedestrian fatalities. The
reduction of pedestrian fatalities is the most important concept
asserted in this paper, and due to the high benefits of FTP in
comparison with the costs of implementation, FTP is introduced as
an innovative solution to address the problems referred to by the
study conducted in Qazvin.
In fact, FTP has two different sides which this paper covers both of
them. First side is its’ influence on traffic safety by reducing the
number of accidents. Second side is increasing the knowledge,
awareness and satisfaction of pedestrians and inhabitants.

2. Methodology
In many ways, it is incredible to be talking about traffic safety at
all. A human being has been using roads and other transport modes
for thousands of years; however, safety was always an issue. The
quality of vehicles, roads, and driving, as well as traffic safety
culture, are the most important aspects in the differences between
developed countries and developing countries. For over a decade,
the United Nations tried to point out traffic safety as an important
issue for most. Traffic safety remained in UN agendas, aspirations
and discussions, while over time traffic engineers, city managers,
urban planners and health departments found themselves
increasingly isolated on this issue, especially in their respective
hemisphere. Even as they reestablished relations and regulations
with management systems, their lack of cooperation in the
implementation of traffic safety persisted. Furthermore, the inertia
and defiance of people who did not pay enough attention to traffic
safety was another factor in the unsuccessful changes.
Recognizing this reality, FTP determined to re-examine our
approach to educate people at an equal level, with the same quality,
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Photo 1. Pedestrian Misbehaviour in Qazvin, Iran, before
application of FTP

amongst them. The model is determined by a simplified and
structured design that contributes in defining complex situations
and highlights the educational aspects with an economic
perspective. Economic models typically utilize mathematical
approaches; however, it is dependent on the topic and is not always
necessary to use the mathematical technique for addressing the
issue. For example, in transportation system management, the
mathematical method is not preferred as leadership styles are found
more effective to deal with management issues [6].
As this study is focused on utilizing FTP as a method for improving
traffic safety in Qazvin through its influence on pedestrian
behavior, analyzing the economic factors in this context refers to
the evaluation of financial aspects of traffic safety within the city
scale. Enhancing traffic safety education and field training to
passing pedestrians is a crucial matter, and underscores the
importance of assessing the economic aspects of such education,
and specifically FTP, for individual residents and for the society atlarge.

2.4. Cost-benefit Analysis of the Economic Model of
FTP

Photo 2. Pedestrian Misbehaviour in Qazvin, Iran, before
application of FTP

Photo 3. Pedestrian Misbehavior in Qazvin, Iran, before
application of FTP

2.2. Data Collection
In this paper, the collected data is broken down into three
categories. The first kind is referred to as accident data. Accident
data was collected from the Office of Traffic Police in Qazvin city,
Iran and the validity was approved by them. The second category
of data is costs associated with accident, which is collected from
the Ministry of Transportation and the National Statistical
Organization. For the questionnaire, the data was collected through
a field survey data collection method, which entailed sharing the
survey documents at the pilot intersections.

2.3. Economic model of FTP
For the concerned region in this study, the research identifies the
economic model of FTP. The reason for defining an economic
model is to indicate a theoretical platform that would depict
different economic processes through the identifcation of a
particular set of variables and representing their relationships

Based on the definition of the economic model of FTP as defined
above, it is necessary to identify the cost-benefit analysis (CBA).
CBA contributes a systematic technique for properly defining
strengths and weaknesses that are associated with traffic safety and
the transportation system. This includes the defining of a specific
set of activities for assessing FTP, which could include any
activities that may have an economic impact in Qazvin and are
operational business costs associated with FTP.
Utilizing CBA identifies the economic feasibility of FTP. This
refers to identifying the initial costs for the factors that are involved
in this context, such as those associated with studying and those
anticipated for the planning process. Further, this study defines the
implementation costs, which includes personnel, overhead, and
advertisement costs. Advertisement costs are comprised of the
installation of signs, utilization of social media platforms,
distribution of flyers, the placing of banners, and using other such
means. Benefits in this context refer to the reduction in financial
damages.
By employing such techniques, FTP yields a decrease in the number
of accidents while also decreasing the financial damages that are
associated with pedestrian accidents during the year. This also
translates to a decrease in fatalities as a result of fewer number of
accidents. It means that the major benefit is a decrease in the
number of fatalities and a reduced number of individuals that are
either injured or killed on-site or in the hospital. By having fewer
accidents, it is also understood that there would be a decrease in the
number of injuries as well. Therefore, this research concludes that
the application of FTP in a proper manner is likely beneficial, per
the above-mentioned characteristics. To prove this conclusion, this
research selected the CBA for analyzing the financial influence of
FTP. Considering the general goals, specific steps are selected as
the key steps for application of FTP in Qazvin city, Iran. Figure 5
shows the steps and the flowchart of FTP based on CBA.
The flowchart of the economic model of FTP in Qazvin based on
CBA is presented below Figure 5. The initial step, according to this
flowchart after the implementation of FTP, is to identify the
benefits that would occur. The second step is based on the
comparison of the cost of FTP. This would allow foreseeing the
influence of FTP in future years through the use of software such
as Microsoft Excel.
FTP to reduce total number of accidents, intensity of the accidents
improving pedestrian behavior.
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Step 1: Six major goals in traffic safety are:
•
Safety Improvement
•
Mobility Improvement
•
Workability Improvement
•
Efficiency Incensement
•
Energy Consumption Improvement
•
Satisfaction Factor Improvement
Step 2: Step two is based on determining the target year defines the
number of years whereby FTP would be applied.
Step 3: Step three is divided into two steps whereby cost-benefit
analysis would be taken by separately evaluating the cost and
benefit.
Step 4: Step four is based on the analyses of when the Breakeven
Point would be obtained
Steps 5 and 6: The effect will be determined after the introduction
of FTP, on the basis of appropriate criterions related to each goal
presented.
To calculate the benefits and the costs, it is necessary to define what
are the costs and benefits. Costs for FTP are the financial aspects to
run the FTP in the city. Benefits are the type of financial costs must
be paid by that if the FTP was not applied to the city. Section below
calculates the benefits, however because it will be more
understandable as a kind of cost nature benefit it called B-Cost.
Table 1 shows the goals and influences that FTP potentially caries
itself. The implementation method may cause various results in
different cities and cultures. However, in this paper we are studying
a multi-cultural city like Qazvin.
The B-Cost considered in this research are divided into two parts,
direct B-Cost and indirect B-Cost. The list of direct and indirect
costs is presented in Table 2 and Table 3.

• Satisfaction Factor Improvement: The questionnaire will use
the field survey method to know about the people willingness
before and after the application of FTP.
Table 1. how FTP can be effective
Specific FTP Goals
- Supervisory Incensement in public
transportation
- Decrease in number of disabled drivers
- Incensement in drivers’ workability
Reduction in total
level
number of the
- Incensement in control on the vehicle for
accidents
the drivers
- Traffic rules improvement helping the
traffic safety
- Traffic flow calming
- Incensement in drivers’ workability
Reduction in
level
intensity of the
- Incensement in control on the vehicle for
accidents (death,
the drivers
injury, and
- Urgent services quality increase
liability)
- Incensement in supporting the
passengers
Reduction in total - Improvement of the personal and public
number of the
transportation safety
accidents
Criteria

1
2
3
4

Table 2. Direct B-Cost
Direct B-Costs
Machinery and damaged tools
Injuries costs – permanent disabilities are not included
Wasted time in accidents and wasted work hours of injured
Official costs (Courts, Police, Insurance)

Table 3. In-Direct B-Cost
Indirect B-Costs
1 Death Cost
2 Permanent Disability
3 Sadness, mental injuries, indirect cultural and social costs
for families

3. Results
According to the section 2 , it is needed to have the traffic
and accident information as the input for the analysis.
Pedestrian fatalities, injuries, compensation are the three
types of accidents considered in this research. The data
received from Traffic Police in Qazvin city for a year before
and the year after application of FTP, Table 4 and Table 5.

Figure 5. Flowchart of FTP based on CBA
Considering the general goals, specific goals within these
categories are selected as the key goals for application of FTP in
Qazvin city, Iran. FTP goals are:
• Safety Improvement: The indexes selected for SI are the
decrease of accidents and reduction of reaction time for relief.
• Efficiency Incensement: EI strategies entail the Cost Decrease
for transportation system and Improvement of Transportation
Management
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Table Error! No text of specified style in document.. Pedestrian
accidents in Qazvin, 2012 - source traffic police headquarter
Type of Accidents
Number of Accidents
Percentage
Fatality
18
0.159%
Injuries
512
57%
Compensation
607
43%

Based on the traffic police data set, total number of
pedestrian fatalities in car accidents for 2012 was 18 that 3
of them killed in bicycle accident, the remain was between
pedestrian and cars. The number of 15 fatalities will be used
in this chapter as the number of fatalities for the year 2012.
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Table 5. Pedestrian accidents in Qazvin, 2013 - source traffic
police headquarter
Type of Accidents
Number of Accidents
Percentage
Fatality
2
0.237%
Injuries
483
56.65%
Compensation
363
43.11%

One of the biggest problems in developing countries, such
as Iran, is lack of a centralized information management
system. Because of this reason, in some cases, there is a
difference between the accident reports provided by the
traffic police and the health department. For Qazvin, the fact
check has been done between health department and the
traffic police statistical department and this problem solved.

3.1. FTP implementation cost

Qazvin city. In patient records of Rajai Hospital in Qazvin
city, the minimum amount of payment for each patient is
$15.84 and the maximum is $871.365 in 2013.
The total B-Cost of injuries is $116,000.40. According to the
researches have been done by Ayati the average death costs
in accidents is 19 times more than the injuries cost [18]. This
ratio includes the death on accident location, hospital and
during the transfer to hospital. Also, injuries cost is 111 times
more than the compensation costs.

1
2
3
4

Implementation cost has great influence on cost-benefit
analysis, because in most projects the main cost of the
project is implementation cost. Table 6 presents the costs of
implementation, installation and running the FTP in Qazvin.
Teachers and executive costs are based on the contract value
that traffic organization of Qazvin municipality signed with
the contractor to handle the FTP. The total amount for two
contracts is 2000 million Rials which is equal to $57000.00.
Furthermore, advertisement cost is also presented in Table 6.
Table 6. FTP implementation costs
Item

Cost of installation (USD)

Period

Advertisement

$10,230.00

1

Teachers
Study and research

$46,365.00
$9,900.00

1
1

Total

$66,495.00

3.2. Cost-Benefit Analysis on FTP
To calculate the benefits and the costs, it is necessary to
define what are the costs and benefits. Costs for FTP are the
financial aspects to run the FTP in the city. Benefits are the
type of financial costs must be paid by that if the FTP was
not applied to the city. Section below calculates the benefits,
however because it will be more understandable as a kind of
cost nature benefit it called B-Cost.
The B-Cost considered in this research are divided into two
parts, direct B-Cost and indirect B-Cost. The list of direct
and indirect costs are presented in Table 7 and Table 8.
3.2.1. Injuries B-cost
There are two major parts in this section that they are needed
to explore more. The intensity of the injuries is the first part
that needs more attention. Distribution of the intensity and
its’ costs need to be considered in different categories. The
second part of this section is treatment costs for each
category of the first part.
Rajai hospital is the only hospital that all the injured and
fatalities of accidents are receiving treatment and services in

1
2
3

Table 7. Direct B-Cost
Direct B-Costs
Machinery and damaged tools
Injuries costs – permanent disabilities are not included
Wasted time in accidents and wasted work hours of
injured
Official costs (Courts, Police, Insurance)
Table 8. Indirect B-Cost
Indirect B-Costs
Death Cost
Permanent Disability
Sadness, mental injuries, indirect cultural and social
costs for families

3.2.2. Value of one hour wasted time
To assess the value of one hour wasted time, direct and
indirect income of a family has to be considered as a
reference. These two types of income are named monetary
and non-monetary income. In Table 9, the monetary and
non-monetary income of the families in Qazvin city are
presented. The financial year of 2012-2013 is the reference
of the numbers below.
Calculation of other types of costs is presented in
Shabaniverki et al paper [17], so here the paper presents the
total B-Cost. In the Table 10 each cost and the total B-cost
of accidents in Qazvin are presented. Based on calculations
and the total direct B-Cost the total deducted cost of
accidents in Qazvin city in the study year is $11,997,337.96.
To address these questions, it is necessary to apply the
method of benefit over cost ratio to see the influence of FTP
on economy of Qazvin.
According to table 10 the total deducted cost in Qazvin
because of the application of FTP is $642,806.48 and cost of
implementation is $66,495.00. As a result, the benefit-cost
ratio for Qazvin city is 9.67 which is more than one. The ratio
of 9.67 describes the benefits of FTP are significantly more
than the costs. As a matter of the fact, research questions 1,
3 and 4 are proved by this ration. Moreover, cost over benefit
ratio of 10.3 shows, if accidents at least drop by 10.3 percent
at the year of application, the FTP is feasible economically
and the costs and benefits are equal.
In order to address research question regarding the influence
of FTP on accident numbers, number of fatalities deducted
by 16, injuries number deducted by 29, and number of
compensation dropped by 244.
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Table Error! No text of specified style in document.9. Monetary
and Non-Monetary income of families in Qazvin
Income reference
Monetary Income
Non-Monetary
Income
Salary base jobs
$1,085.44
$181.94
Self-Employment
$662.01
$5.86
Non categorized
$976.50
$1,453.59
TOTAL
$2,723.95
$1,641.39
Table 10. Total indirect B-Cost
Type
Cost
Injuries Treatment
$116,000.40
Wasted Time of Injuries
$927.56
Temporary Disabilities
$18,345.85
Wasted time value for
$14,795.64
those were not involved
directly
Deaths, permanent
$321,428.25
disability, sadness,
mental illness
Equipment and
$159,357.00
destroyed tools
Official costs
$11,951.78
Total
$642,806.48

Percentage
18.05%
0.14%
2.85%
2.30
50.00%
24.79%
1.86%
100%

4. Conclusion
To provide for the possibility that FTP could be perceived
and measured as a significant component of traffic safety in
mid-size cities in Iran, it was important to develop a model
with the ability to apply in most of the similar cities with the
same characteristics encompassing the costs and benefits of
such new method for them.
FTP was suggested by the author to city council and after
budget approval, transportation deputy of Qazvin
municipality run the project. FTP teachers, Aber Yar,
participated in educational classes in order to have the same
level of knowledge regarding the traffic safety issues in
Qazvin, specially about pedestrians. The total FTP duration
per year was two months, which held into two peak months
of traffic.
The relative degree of importance of field training of
pedestrian, FTP, as rated by Qazvin inhabitants determined
in response to research problems. One of the main problems
that FTP could overcome was the number of pedestrian
accidents in Qazvin.
Cost-benefit analysis on FTP application in Qazvin included
different aspects of accident costs. Calculation of fatalities
cost, injuries cost, compensation cost and indirect cost are
some of them. According to the results the total deducted
cost in Qazvin because of the application of FTP is
$642,806.48 and cost of implementation is $66,495.00. As a
result, the benefit-cost ratio for Qazvin city is 9.67 which is
greatly more than one.
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5. Recommendations
The following recommendations are offered for related
research for developing FTP in similar cities in Iran or other
developing countries.
1. Given the changing standards of road design, urban
planning and technology, a chain of studies, based on this
paper, would document a series of cities changing their
pedestrians’ behavior. Thereby the potential that decisions
regarding the changes in traffic rules, laws in cities would be
relatively current and less exposed to personal or local bias.
2. While the current method, FTP, changes the pedestrian’s
behavior and reduce the pedestrians’ accidents costs, another
research can also study about influence of FTP on drivers.
During the application of FTP it was observed that drivers
feel less stress at intersections and they are more satisfied of
new experience as a driver. Measuring the stress factor at
intersections before and after FTP for drivers can be a topic
of research.
3. Cultural and behavioral change happens gradually during
the time, hereby the author recommends the researchers to
research about different criteria of cultural and behavioral
changes that can influence on traffic safety in developing
countries. Given that this study provides a basis for
concluding that FTP is a pedestrian organizer which can help
the city managers to manage their city in a safe manner. For
sure, there is cost of implementation for most of the studies
and pilots, meanwhile the benefits in long time are
remarkable as results of this paper prove.
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