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Abstract - Economic aspects play an important role in
deciding the appropriate pavement options. In this ceaseless
flux, towns have grown into cities, cities have transformed into
metros and metros into megalopolises. In India most of the
roads are black topped. The reason behind this is low initial
cost of flexible pavement. It is difficult to generalize which
option will give largest economic returns as it varies from case
to case. So it becomes a necessity to analyze flexible pavements
and rigid pavements options to check the economic viability
and best pavement choice. For this various pavement options
are designed with different database and their costs are
computed. Many important design parameters thatgovern the
pavement design are Traffic, Design CBR, vehicle damage
factor, Lane configuration, growth rate, design life, modulus of
elasticity, grade of concrete and temperature differential.
Using the common input parameters, proper designs would be
chosen for the given traffic and soil strength. All the
pavements are designed and their costs are computed with the
help of Economic design and costing (EDC) software developed
on Microsoft.net framework. To compare the cost of two types
of pavements, it is necessary to make sure that they are
designed for the same traffic loading. The costs include the
initial construction cost, fixed maintenance cost and a life
cycle cost. For a particular set of data a mathematical
equations are also developed to relate the cost of pavements
with soil CBR and traffic in msa. Line separating pavement
option is identified

Key Words: Soil CBR, Traffic loading, initial cost,
Construction cost, Life cycle cost, Pavements etc.

1. INTRODUCTION

Nowadays, the most dynamic and expensive componentofa
highway is the pavement structure. Since the concept are
continually changing as new data become available. The
common perception among Engineers and Decision makers
is that Concrete Pavements are costly to build. While this
might have been true in the past, when bitumen was
available at cheap rates, the cost equation has drastically
changed in recent times with the steep rise in bitumen price.
In this paper to compare the cost of concrete and flexible
pavement an user friendly EDC software is developed in
Microsoft .net framework to analyze the different database
according to our choice. It is possible to generate the design
based on the requirement. This also helps to compute the
fatigue life consumed with the axle load of different

categories and optimize the thickness. It includes common
input parameters such as average trafficc modulus of
subgrade reaction, growth rate, design life, lane
configuration, modulus of elasticity, grade of concrete and
temperature differential for rigid pavement whereas the
type of terrain, design CBR, vehicle damage factor, lane
distribution factor etc for flexible pavement. The two
pavements also differ in their ages. The life of flexible
pavementsis 15 to 20 years, while concrete pavements have
an analysis period of 30 years. The software implements
design and computation of costs with the mentioned
database and automatically generates the outputs report.
These designs are mainly based on IRC: 58:2002 for concrete
pavement and IRC: 37:2001 for flexible pavement. The two
most important design parameters in pavement design are
subgrade soil strength and traffic loading. This brings them
into the same platform making it possible to compare their
costs. So the flexible and rigid pavements are designed for
similar soil CBR and traffic conditions and their costs are
compared. The present paper examines how various
pavement option offer an alternative and to choose the best
with the lowest life cycle cost. In other words, the study is
made to find out the critical combinations of soil and traffic
conditions to shift the choice of pavements from one to the
other.

2. LITERATURE REVIEW

Veeraragavan & Devasena (2001) investigated about the
performance and life cycle costs of pavements overlaid with
and without Geosynthetics. Mechanistic-empirical models
are used to relate traffic loading and environment and
concluded that overlays with Geosynthetics have longer life
and retard the reflection cracking. Patankar and Kumar
(2004) discussed life cycle cost analysis model and
highlighted economic benefits of pavements. Sreenivasulu
and Singh (2004) concluded that economics of flexible and
rigid pavements options for a national highway section using
HDM-4 model to take decision on whether a project should
be taken up and how to invest. Sabnis (2004) discussed the
long-term economic viability of pavement types using the
service life of concretized roads is 5 to 6 times longer.
Ramanajee (2004) describes that concrete pavements are
most appropriate and discussed the suitability of concrete as
a material for airfield pavements especially on touchdown
portions. Naidu et al. (2004) presented some experiences to
combine the life cycle cost aspects of different pavements as
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outlined in HDM-4 and concluded that they had lower
maintenance cost and a low roughness progression
coefficient when compared with flexible pavements. Pandey
etal. (2004) dealt with innovative designs for determination
of thickness of concrete pavement so that lower thickness
are required for the same axle loads. Prasad (2007) dealt
with the long term viability of pavement types using present
worth method of analysis. It considered the life cycle cost
which includes the discounted maintenance and overlay
costs that are incurred during the design life of the
pavement. Besides the maintenance costs of pavement,
Vehicle operating costs (VOC) and Fuel saving on rigid
pavement compared to Flexible pavement should also be
considered which may not effect to the construction agency
but certainly effect to the user and the nation. Bezabih &
Chandra (2010) considered two parameters that govern
pavement design are soil sub-grade and traffic loading. The
cost comparison of two types of pavement was observed and
astudy was also done to convert the traffic load given in msa
into ALD and vice versa from individual vehicle count. Chand
etal. (2011) presented a scientific approach for the design of
Plain jointed rigid pavements and used a finite element
method based on computer program for the computations of
stresses in concrete pavements due to edge loading for
single as well as tandem axles.

3. OBJECTIVES
The objectives of this study are:

3.1 To prepare input database for selection of type of
pavement.

3.2 To develop a software in c# language with the help of
Microsoft visual studio 2008.

3.3 To generate various designs based on prepared database
in the Microsoft.net environment.

3.4 To compare costs of various options.

3.5 To identify the most cost effective and economic
pavement option.

3.6 To trace the array of soil and traffic conditions for use in
flexible and rigid pavement database.

4. DEVELOPMENT OF DATABASE

In order to prepare an array of costs itis necessary to build a
strong database, preferably in computer environment. The
database considered in this study are traffic, Traffic growth
rate per annum, design life, modulus of subgrade reaction,
grade of concrete, elastic modulus of concrete, Thermal
coefficient of expansion, Load safety factor, Temperature
differential Zone, Type of terrain, Design CBR, Vehicle
damage Factor Lane Configuration and Distribution Factor,
Inflation rate during Analysis Period and discount rate. The
mostimportant aspect of the database is variation in the cost

of pavements designed with varying soil and traffic
conditions resultsin an array. Nine subgrade soil conditions
(CBR2%to 10 %) and ten designed lane traffic conditions (1
msa to 150 msa) including traffic growth rate of 7.5%, 5%
inflation and 12% of discounted rate has been considered in
this study. The thickness of layers would vary with CBR of
soil and it would affect the cost of the pavement. These
ranges of soil and traffic values are assumed to cover almost
all possible combinations of soil CBR and traffic loading.

5. DEVELOPMENT OF EDC SOFTWARE

This is a software which gives initial & life cycle costs of
flexible & rigid pavement. For preparation of EDC software
following steps are involved:

STEP 1: Various input data and formulas are included in SQL
server database window of Microsoft visual studio 2008
using ¢ # language as a platform. Various forms were
prepared and databases are entered manually in MS Access
2007, this helps to obtain the EDC software for the
pavements.

STEP 2: To start with using the software, “login box” is
appeared in which username and password is entered.

STEP 3: The input data mentioned in section 4 is included in
SQL server database window then an input database sheet s
prepared. It is used for entering the data required for
designing the pavement as shown in Fig 1.

Input database sheet consists of 5 windows:

5.1 Design of concrete pavement.

5.2 Axle load spectrum.

5.3 Estimation of thickness.
5.4 Design of bituminous pavement.
55 Estimation of costs.

5.1 DESIGN OF CONCRETE PAVEMENT: It is prepared
for input data required for designing of concrete pavement
as shown in Fig. 3.In this window, while entering data, the
dropdown box appears to choose the lane Configuration
option shown in Fig. 2. This window also facilitate for
designing dowel bar and tie bar as shown by screen shots in
Fig. 4.

5.2 AXLE LOAD SPECTRUM: The axle load spectrum
data are entered in prescribed format and is given in Fig.5.

53 ESTIMATION OF THICKNESS: Window given in Fig.
6 shows the computation of stresses, stress ratio, fatigue life
and fatigue life consumed. Finally it will give thickness of
concrete pavement.
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5.4 DESIGN OF BITUMINOUS PAVEMENT: In this
window, various layer thicknesses will be generated. The
same is shown in Fig. 7.The input data for this are average
traffic, type of terrain, design life and lane configuration.

5.4 ESTIMATION OF COSTS: In this cost of concrete and
flexible pavement were calculated separately using 2011
PWD schedule of rates (SoR) for road and bridge works for
Indore city.

The costs include the initial construction cost, fixed
maintenance cost and a life cycle cost. The life cycle cost of
concrete and bituminous pavement is calculated separately
in the Microsoft excel 2007 by the net present value method.
The same is shown in Fig. 8.

STEP 4: Output sheets for flexible and rigid pavement are
obtained. The screen shot of output and their after report is
shown in Fig. 9.

STEP 5: Conclusion window will give best option depending
upon initial and life cycle cost amongst two pavements.
Fig.10 shows the same.

6. ANALYSIS OF COSTS & DEVELOPMENT OF
EQUATIONS

A typical pavement composition and its cost for a two lane
NH road have been adopted for the assessment. Life cycle
cost of flexible pavement for different msa and soil CBR are
obtained. The same is tabulated in Table 1. Equation 1 shows
the relation between the cost of flexible pavement and soil
CBR conditions and traffic loading. The equation has an R
value of 0.93.

Flexible pavement Cost

= 140.47 X (CBR)™™*" x (msa)™% |

Life cycle cost of rigid pavement for different msa and soil
CBR are also obtained. The same is tabulated in Table 2.
Equation 2 shows the relation between the cost of rigid
pavement and soil CBR conditions and traffic loading in msa
for a particular set of data. The equation has an R value of
0.99.

Rigid pavement Cost
= 118.86 X (CBR)"**? X (msa) 0% )

The initial aim of this study is to determine the critical values
of CBR and msa beyond which one of the pavements
becomes economical in its life cycle cost. The points of equal
cost on the Cost versus Soil CBR graph were determined
using equation 1 and 2 and these points are plotted in Fig 11.
Rigid pavements are found to be economical in the lower
portion of the graph and flexible pavements are economical

in the upper portion of the graph. Straight line separating
pavement option of equal costs is obtained.

7. CONCLUSIONS

From this study the following conclusions have been drawn:

. Computer software namely “Economic design and
costing” (EDC) is developed in Microsoft .net environment
for different input parameter for various pavement options.

. The EDC software will give best pavement option
depending upon initial and life cycle cost.

. Flexible pavements show wider range of variation in
cost with respect to design parameters of traffic and soil
CBR, while the overall variation in cost of rigid pavements is
comparatively small.

. It is observed that flexible pavements are more
economical for lesser volume of traffic.

. For a particular set of condition mathematical
equations are developed for rigid and flexible pavement
showing the relation between the cost of pavements with
different Soil CBR conditions and traffic loading in msa.

. The line separating pavement option of equal costs
(fig 11.) signifies the region for choosing the type of
pavement option. The points of equal costs on the Costs
Versus Soil CBR graph were determined. For a particular set
of condition mathematical equation shows:

Life cycle cost = 7.473*CBR+125.6, on this line both
pavements will have the same cost

It is found that flexible pavements are economical in the
upper region of the graph, whereas rigid pavements are
economical on the lower portion of graph.
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Fig - 1: Input Database sheet Windows

Design of concrete pavement  Axle load spectrum | Estimation of thickness | Design Of Bituminous Pavement | Estimation of costs

Lane Configuration Two Lane Single carriageway (7) ~ Elastic Modulus of Concrete (E) 300000
Average Traffic 3000 Poission Ratio  0.15
Design Traffic 28305586 Coefficient of thermal Expansion  0.00001
Vehicle Damage factor 4.5 Tyre Pressure 8
Traffic Growth Rate Per Annum (%) 0.075 Length of Road in KMs 1000
Design Life 30 Width of Slab 350
Design CBR Spacing of contraction joint 450

Modulus of Subgrade Reaction (K) (9.7 Dowel bar dia cms 32

Location of Pavement Zone 1 SRSERg Detiesti e domet Nats -y

Grade of Concrete M40 Tie bar diacms 12

Modulus of Ruputure (fcr) Distance between to tyres 31

12 Design Thickness 31
DLC Thickness 150 «

Load Safety factor

98% axle load 16 GSB Thickness 150
Cumulative No. Of Axles inyrs 113222346 Comer Stress  20.3549 Total Edge Stress  34.194

Temperature Stress 17064 855  Edge Stress due to axle load 17.13
| Design of Design of

| Dowel Bar Tie Bar

1020M |

D
%O

Four Lane Single carriageway (14)
Duale Two Lane Single carriagewa
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Fig - 3: Design of Concrete Pavement Window

Design of concrete pavement

Lane Configuration Two Lane Single carriageway (7) Elastic Modulus of Concrete (E) 300000

Average Traffic 3000 Poission Ratio  0.15
Design Traffic 28305586 Coefficient of thermal Expansion 0.00001
Vehicle Damage factor 4.5 Tyre Pressure 8
Traffic Growth Rate Per Annum (%) 0.075 Length of Road in KMs 1000
Design Life 30 Width of Slab 350

Design CBR Spacing of contraction joint 450
32
Spacing between the dowel bars 25

Modulus of Subgrade Reaction (K) (9.7 +| Dowel bar dia cms

Location of Pavement Zone 1

Grade of Concrete Tie bardiacms 12

Modulus of Ruputure (fcr) Distance between to tyres 31

Load Safety factor 12 Design Thickness 31

DLC Thickness 150
98% axle load 16 GSB Thickness 150
Cumulative No. Of Axles inyrs 113222346 Comer Stress  20.3549 Total Edge Stress ~ 34.194

Temperature Stress 17064 855 Edge Stress due to axle load 17.13

Design of Design of
Dowel Bar Tie Bar

Fig -4: Screen shots of Designing dowel bar and tie bar

= oo o o T o T

Design wheel load i— Characterstic compressible strength(fck). Kg/cm2 400
Percentage of load transfer% 40 Distance ofthe 1st dowel bar from the edge ofthe slab  150cm
Slab thickness 31 Modulus of dowel/concrete interaction k (kg/cm3) 41500
Jointwidth, z 20 Spacing between the dowel bars 25
Radius of relative stifiness .| 94.14 Modulus of Elasticitye 2000000

Diameter ofdowelbarb 32

Permissible bearing stress in concrete (Fs) 292.28

No of dowel bars participatingin 5 dowels
load transfer when wheel load is just
over the dowel bar close to the

Assuming that the load transferred by the first 2344 edge ofthe slab are .say

dowel is Pt and assuming that the load on dowel
ata distance of | from the first dowel to be zero, the
total load transferred by dowel bar system is, Ptx

Total load carried by dowel bar system 1365 Calculate ‘

Check for Bearing stress :

Moment of inertia of dowel 5.15

Relative stifiness of dowel bar embedded in concrete, b  0.238

Bearing stress in dowel bar 25252
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Slab thickness &l = Allowable tensile stress in plain bars.Kg/cm2 s
Lane width. b ! Allowable tensile stress in deformed bars.Kg/cm2
Coefficient of friction, f ! Allowable bond stress for plain bars.Kg/cm2
Density of concrete. Kg/m3 Allowable bond stress for deformed tie bars.Kg/cm2

Diameter of tie bar.d

1. Spacing of plain tie bar 2. Spacing of deformed tie bar

3. Length of the plain tie bar 4. Length of the deformed tie bar

Calculate

ER
47418.62.__.
5927328 ..
130401.2.__.
1422558
76225 .44
2845117....
1896745 ...
1778198._._.
35563.96...
35563.96...
7112793
213383.8._
177819.8___
5927328
237093_1___

ORIN|O A WIN

Fig -6 :Window showing Estimation of thickness

Estimation of Thickness

Strx ER FL FLC
47419 762000 0.06
59273 14335000 0
130401 Infinity
1422559 Infinity
76225 Infinity
2845118 Infinity
1896745 Infinity
1778198 Infinity
35564 05
35564 0.07
71128 0
213384 Infinity
177820 Infimty
59273 Infinity
237093 Infinity

[=l[=M=ll=]l=1E]l[=][=]l=]]=]]=][=] [=]}]=}

SREERRERRRERRLR

Design is Safe... 0.64
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Fig -7: Design of Bituminous Pavement Window

Design Of Bituminous Pavement

Average Traffic 3000 Two lane single carmageway -~

Type of Terrain Rolling/Plain Distribution factor 0.75

Design Life 15 Cummulative No. of Axles  msa (N) 96.5 Calculate

tthick BCUnit DBM

955 ?

Fig - 8 : Estimation of Costs Window

Estimation of costis

Estimate of concreie pavement
ID Description Unit Number Length Breadth Thick Quantity Rate Cost
Providing, la cum 1 1000 14 76 5 380 500 3690
| Constructio | cum |1 | 1000 |14 .06 15 9 900 1898
1
3

2103 1514

| Constructio |cum (1 | 1000 17.2 |
33 4008 9258

Constructio cum 1 1000 7

Initial Construction Costin lakhs 163.61 Annual Maintenance Costin lakhs 1.37 Life Cycle costin lakhs 186.89
Estimate of bituminous pavement
ID Description Unit Number Length Breadth Thick Quantity Rate Cost
p | Constructio |cum |1 | 1000 |19 0.385 _lM(Sb l‘:)()() ‘TSI 18
Constructio cum 1 1000 14 0.75 10500 ‘S)U() {S?—‘.{)()
| Providing, 1a... [cum |1 | 1000 0.25 | 2000 [867 [1734
| Providing an... | sqm 1 |1 1000 10 10 128
Providing an... | sqm 1 1000 0 0

Providing an cum 1 1000 0 0 4628
Providing an cum 1 1000 004 280 15818 16

Initial Construction Costin lakhs. 159 32 Annual Maintenance Cost.in lakhs 558 ] Life Cycle costin lakhs 23828 ‘7

Output Conclusion

Fig -9: Screen shot of output and report

Economics of Concrete and Flexible Pavement

1. Lane Configuration Two Lane Single camriageway
Traffic. CVPD 3000
EraikcCrowstRats Ber AR () 0075  Design Composition as per IRC:58-2002 Design Composition as per IRC:37-2001
Jesign CBR 2
5. Vehicle damage Factor (VDF) 45 Design Life 30 Design Life 15
5. Length of Road in kms 1000 1. Cement concrete 0.31 1. PMC/SDBC/BC 0.05
7. Grade of Concrete M40 2. Dry Lean Concrete (DLC) 0.15 2. BM/DBM 02
3. Granular Sub Base (GSB) 0.15 3. WMM/WEBM 0.25

4. Modified subgrade 050 4. GSB 0.46
Flexural Strength of Concrete kgfcm2

Fatigue Life Consumed
Temperature Stress_kg/cm2

Edge Stress due to Axle Load kg/cm2

Cost Computations

Total Edge Stress (Temp + Load).kg/cm2

f. Comer Stress. kgfcm2
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1.Lane Configuration Two Lane Single carriageway |
2_Traffic CVPD 3000 Design Composition as per IRC:58-2002
3. Traffic Growth Rate Per Annum (%) 0.075 f
4. Design CBR 2 1. Cement concrete 0.31
5. Vehicle damage Factor (WDF) 4.5 2. Dry Lean Concrete (DLC) 0.15
6. Length of Road in kms 1000 3. Granular Sub Base (GSB) 01
7. Grade of Concrete M40 4. Modified subgrade 0.5
a Concrete kg/cm2 44 27 Design Composition as per IRC:58-2002
= A4 0.64 > ] 1=
= 17.064 1. PMC/SDBC/BC 0.05
<gfem2 17.13 2 BM/DBM 02
e m2 BN 3. WMMAWBM 0.25
20.35 4 GSB 0.46
Cost Computations Rigid Pavement Flexible Pavement
1. Life Cycle Cost. Rs Lakhs 186.89 g
2. Initail Construction cost, Rs Lakhs
3. Annualized Maintenance Cost. Rs Lakhs

Fig -10: Screen shot of conclusion window

s Conclusion

Conclusion

-A Concrete Road is costly in Initial Construction Cost

-A Concrete Road is cheaper in Life Cycle Cost.

COST COMPARISON
CONCRETE FLEXIBLE Status

1.INITIAL COST 163.61 159.32 Costly...

2. LIFE CYCLE COST 186.89 238.28 Cheaper..

Fig -11: Line separating pavement option

Line separating pavement option

250
w
o
i 200
-—
£
-E 150
— =l
v
S COSTS= 7|473*CBR + 125.6
@ '9° R? = 0.970
I
—
o,
D
-
|

o
o] 2 q (<] 8 10 12
Soil CBR in 26
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Table 1: Life cycle Cost of Flexible Pavements (in lakh) for Different Combinations of Soil and Traffic in msa

Traffic Load (msa)

Soil CBR (%) 1 2 3 5 10 20 30 50 100 150
2 119.72 | 137.31 | 142.53 | 128.23 | 175.61 | 190.28 | 197.04 | 209.57 | 223.03 | 231.96
3 119.36 | 133.01 | 138.23 | 122.94 | 168.31 | 181.17 | 189.75 | 198.32 | 211.78 | 226.08
4 112.60 | 130.38 | 132.68 | 121.06 | 161.69 | 175.01 | 182.45 | 196.44 | 205.62 | 214.19
5 110.72 | 128.50 | 130.80 | 119.79 | 156.28 | 169.59 | 177.81 | 186.74 | 197.04 | 204.49
6 108.86 | 126.65 | 128.94 | 117.62 | 152.63 | 163.45 | 169.88 | 178.80 | 189.77 | 198.34
7 108.30 | 125.71 | 127.81 | 11650 | 149.36 | 162.32 | 170.89 | 179.82 | 190.79 | 199.71
8 108.30 | 125.71 | 127.44 | 11537 | 148.23 | 159.05 | 165.48 | 174.40 | 187.52 | 196.09
9 108.30 | 125.71 | 127.44 | 115.37 | 143.94 | 156.80 | 163.34 | 171.91 | 185.37 | 194.30
10 108.30 | 125.71 | 127.44 | 11537 | 143.94 | 154.66 | 161.19 | 170.12 | 183.58 | 192.15

Table 2: Life cycle Cost of Rigid Pavements (in lakh)for Different Combinations of Soil and Traffic in msa

Traffic Load (msa)
Soil CBR (%) 5 10 20 30 50 100 150
2 137.53 140.79 140.83 144.14 157.47 168.7 165.53
3 136.27 139.53 139.57 139.57 155.02 160.57 157.37
4 136.27 139.5 139.53 139.53 163.88 163.94 157.34
5 135.09 138.31 138.34 138.34 155.99 162.68 148.55
6 136.19 136.08 139.42 139.42 157.11 160.41 153.80
7 142.89 146.12 146.12 146.12 160.38 160.41 160.50
8 142.89 146.12 146.12 146.12 163.73 163.73 165.13
9 149.60 152.84 152.84 152.84 163.76 163.76 160.47
10 152.95 156.20 156.19 156.19 163.76 163.76 160.47
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