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ABSTRACT: Road building requires substantial
investments that go towards repair and construction
of infrastructure. For developing countries, like
India, it can be difficult to save money for new
infrastructural projects. The emphasis is turning
toward the construction of long-term performing
pavement that are built to withstand increased
loads, traffic intensity, or high tire pressure. This
study examines the benefits of using a different
material, concrete  pavements, to replace
bituminous ones. Concrete pavements provide
economic and environmental benefits, as well as
improving traffic safety, due to its higher visibility.

Keywords:Bituminous pavement, Concrete
pavement, Life Cycle Analysis.

I. INTRODUCTION

India has been struggling with expenses
for new road projects. They also lack the necessary
funds for maintenance and repairs of roads, which
often become unusable. Today, we are more
focused on the construction of long lasting
pavements. Most of our roads are made from
bituminous paving material. Bituminous pavement
shows early signs of stiffness due to increasing
loads, intensity of traffic, high tyre pressure, etc.
Common forms of distresses in bituminous paving

materials is rutting, cracking, aging etc. These
distresses get more severe in hot climates like India
as it is highly sensitive to temperature. A concrete
road is better than an asphalt one because it is
heavier, more resistant to cracks and lasts a long
time. White topping consists of applying a cement
mixture over an asphalt one to lengthen the lifespan
of the asphalt (and increase readability as well).
Pavement's life-cycle cost depends on your initial
investment and the amount of maintenance or
rehabilitation you need. Different types of
pavements will require slightly different amounts,
depending on their various benefits. For example, if
your pavement is economically beneficial, you may
want to choose bituminous or concrete at a variety
of prices with low-long term investments.[1]

Il. OBJECTIVES OF STUDY

1. The main objective is to calculate the total cost
of pavement by using Life-Cycle Lost analysis.
This will assist in selecting an appropriate
pavement system.

2. Flexible and Rigid Pavements: Which is the
Cheaper Option.

3. Alternative for the Maintaining and
Rehabilitation ~ Needed in  Bituminous
Pavements.
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1. METHODOLOGY LIFE CYCLE COST ANALYSIS PROCEDURE[Z]

Life Cycle Cost Analysis

'

Initial

construction Agencies
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procurement cost,
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Workets salary
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cost
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operating cost.
Fuel Saving.

Figurel.

The steps involved in the LCCA methodology are
as follows:

1. Estimatetheinitialconstruction cost.

2. Estimatemaintenancecost.

3. Estimateroadusercosts

4. Determinelife-cyclecost.

An investigation on the cost of pavements
found that when life cycle cost analysis was done
through net present value formula, IRC SP-30 was
used.

Agency costs are calculated from the district
scheduleofrates ofPublicWorks Department (PWD)
Puneregion.

The procedures of construction and estimates
werestudiedfromcasestudies

doneonthreedifferentroads.

1) Construction of pavements UTWT and TWT,
MadhubanareaatoldSanghviwardno59, PCMC.

2) ConstructionofPQCpavementroadfromChaphe
karchowktobridgeonPavanaRivertowardsTherg
aon.PCMC

3) Developmentof45.00WwideroadfromPuneAla
ndiroadtoDabhadewastiinPCMCarea.

IV. LIFECYCLECOSTANALYSIS
This story is written in 2020, so we're
going to talk about the future. 20 years from now,
things will be more inflationary and more
expensive, so they'll need to take that into account
when they do this research.
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1. LifeCycleCostofBituminousPavements
1) Construction costofbituminouspavements.
Tablel.ConstructionCost ofBituminousPavements
PavementCrust Length( [ThickneWidth Rate(Rs)
Cost/km m) SS (m)
(mm)
Bituminous 8182.00
Concrete 3,272,800 (1000 40 10 Cum
DenseBitumin
ous 7115.0
Macadam 7,115,000 1000 100 10 Cum
WetMix 1150.00
Macadam 2,875,000 [1000 [250 10 Cum
GranularSub- 1270.00
Base 3,175,000 [1000  [250 10 Cum
1 21.00
PrimeCoat 210,000 1000 Coats (10 Sgm.
2 17.50
TackCoat 350,000 1000 Coats |10 Sgm.
InitialCost 16,997,800
2. Maintenancecostofbituminouspavement

Overlay shall be provided at every 10th year
afterconstruction for strengthening of existing
pavement having a7s5mm DBM layer and 40mm
BC layer. Overlay cost is showninTablell.

According to MoRTH guidelines
25mmBC is to be providedonce in5 years. Cost of
overlaysisshowninTablelll.

Table2.PeriodicResurfacingineveryFiveYears(BC25mm)

Pavement  |Cost/k |Length [Thick(m Width |Rate
Layer m (m) m) (m) (Rs)
Bituminous [2,045,5 (1000 25 10 8182.0/
Concrete 00 Cum
Year Costper Km. InflatedCost@5.50%p.a.
5™Year 2,045,500 2,820,422.96

14™Y ear 2,045,500 4,566,530.66

18™Year 2,045,500 5,657,130.76

Total 6,136,500 13,044,084

Table3.CostofOverlaytobeprovided atevery10th year

Lengt Thick(] Width Rat

OverlayLaye| Cost/km et? g m:ri)( (rlg) (Rasf
r (m)

Bituminous 8182.0
Concrete  [3,272,80 1000 40 10 /Cum

0

Dense

Bitumino 7115.0
usMacad 5,336,25 1000 75 10 /Cum

a

layerof
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am 0
TackCoat 1000 2 10 17.50
OverlayYear |InitialCost(Rs) |InflatedCost@5.50%p.a.
10thYear 8,959,050 16,145,035.95
Total 8,959,050 16,145,036
2) Life Cycle Cost of Concrete PavementConstructioncostofconcretepavements.
Table4.ConstructionCostofConcretePavements
Pavement | Costk | Length | Thick( | Width | Rate
Layer m (m) | mm) | (m) (Rs)
172,23, 57410/
PQC 000 1000 300 10 Cum
DLC 25,96.0 2596.0/
Layer 00 1000 100 10 Cum
31750 12700/
(G5B Layer 00 1000 250 10 Sqm.
2,904,
Initial Cost | 000

MaintenancecostofConcretePavements
JointSealing:50%ofthejointsealantsaretobereplacedi
neverysyear:

Joint  Length: ContractionJoint  lengthperkm.
for10m widecarriageway10000m
LongitudinalJointlengthfor Lkmandtwojointsin10m
width10000m

Length to be replaced every 5 years is 30% of total
lengthContractionjoint=3333.333m
Longitudinaljoint=3333.333m

Costofjointsealsin showninTableV
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Concretespalling: -

Table5. CostoflointSeals(Preformed Seals)perkKm

MaintenanceCostofJointsSealing
Maintenance| MaintenanceC Inflated
Year ost(Rs.) Cost@5.5
0%p.a.
5thYear 833,333 1,149,035.
67
10thYea 833,333 1,501,743.
r 67
15thYea 833,333 1,962,718.
r 92
20thYea 833,333 2,565,195.
r 13
Total 3,333,3 7,178,693
33
350,000 Coats /Sgm.
InitialCost | 8,959,050

0.5%ofJointlength forawidthof500mmin everyl10 years10thyearspallingconcrete=50Sgm
Repairs ofconcretespalling=50*6889.2=Rs 344460

CONCRETE SPALLING
Maintenance ¥ ear hamtsnance Iu_f:lafed .C ost
Cost(Bs.) @3 30% pa
10th Year 344 460 620,748.73
Totzl 344 460 620,740
3) LifeCycleCost ofOverlays

Table6.TotalCostandInflatedCostofConcreteSpalling

Lifecyclecostof bituminousoverlays

BituminousOverlays
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Overlay Initial Cost Inflated cost
Strengthening 8.959.050 16,145,036
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3. LifecyclecostofConcreteoverlays
2) Constructioncostof ThinWhitetoppingoverlay
Table8.ThinWhitetoppingoverlay
Pavement Cost/km Length ([Thick |Width [Rate
Layer (m) (mm)  |(m) (Rs)
ThinWhite
Topping(TWT 5741.0
) 8,6,11,500 [1000 150 10 Cum
53.6/C
Milling 26,775 1000 50 10 um
InitialCost 8,638,300
Rate
It=m Unit (Juantity (Bs.) Cost /Em.
3333333
Contraction Jomt m m 130 00000
Longitudmal 3333333 33333333
Jomt m m 100 3
83333333
Totzl 3
3) ConstructioncostofUltra-ThinWhitetoppingoverlay
Table8.Ultra-ThinWhitetoppingOverlay
PavementLa Length(Thick(m|Width(
yer Cost/km [(m) |m) m) Rate(Rs)
Ultra-
ThinwWhiteTo
pping 5741.0/C
(UTWT) 5,741,000 {1000 [100 10 um
Milling 26,775 1000 {50 10 53.6/Cum
InitialCost 5,767,800
4) Maintenancecostforconcreteoverlayswillbesameasthatofnewconcreteroads.
Table9.MaintenancecostofConcretePavements
Stages Initialcost Inflatedcost
Jointsealing 3,333,333 7,178,693
Concretespalling 344,460 620,749
Total 3,677,793 7,799,442
RoadUserCost. pavements. VOC consists of wear and tear of

1. VehicleOperatingCost(VOC): -

User cost are those that borne by the
vehicles thattravel on the road. These cost comprise
of Vehicle
OperatingCost(VOC),timecostsofpassengerandcom
moditiesintransit and accident cost. In the Present
analysis, only VOC isconsidered, assuming the
other two costs are equal in bothtypes of

vehicle,fuel,lubricants,depreciationandfixedcost.lth
asbeenobserved that a well-constructed bituminous
concrete surfacehas a smooth riding quality with a
roughness index around2000 mm/km but the riding
quality deteriorate with traffic andmay reach value
of roughness of 4000 mm/km in a few yearsand
renewal wearing course is givenat the stage to
improvethe
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ridingquality.Ontheotherhand,initialroughnessofce
ment concrete surface is maintained almost
throughout itslife with very little deterioration, for
comparison of life cyclecost, roughness of
bituminous  surface is taken as 3000
mm/kmandforconcretesurface2000mm/km.

isfoundfromIRCSP:30Manualofeconomicevaluatio
n for transportation projects. Annual growth in
traffic7.5%andinflationrateof7.5%isconsidered.

VOC s
vehicleperday)
*(365)*(VOCRs /km)

calculatedas  VOCperyear=(No.of

CalculationofVOCisshowninTableXI

Traffic volume survey was conducted manually
forthreedays,twelvehoursdaily
andnumberofcommercialvehicles
perdaywereconsidered.

Table10.TrafficVVolumeCount

SiteName ChaphekarChowk  |Dabhadewasti,
Charholi

CVPD CVPD
Day D1 D2 |pP3 D1 P2 P3
Time(9amto 9pm)
9.00- 10.00 58 61 58 58 B9 |63
10.00-11.00 61 58 58 59 B4 61
11.00-12.00 48 51 55 69 67 |64
12.00-01.00 53 55 52 57 61 |59
01.00-02.00 49 47 52 52 48 447
02.00-03.00 55 51 47 45 53 43
03.00-04.00 48 50 49 58 b6 [p5
04.00-05.00 50 48 53 54 bl |59
05.00-06.00 55 53 55 61 B9 |66
06.00-07.00 57 61 60 53 66 |61
07.00-08.00 62 58 56 58 61 |60
08.00-09.00 63 60 65 68 67 |66
Total 659 653 660 692 (712 [704
Average 657.33 702.67

657 703

2. FuelSaving

In USA, a study was made and it was
observed thatthere is fuel saving of 20% on
concrete road as compared
tobituminousroadshavingsameroughnessindex.

In India, central road research institute
(CRRI), NewDelhialsomadesimilarstudyonDelhi-
Agra(NH-2)andfound that there is a fuel saving of
14% on concrete roads ascompared to bituminous
roads forcommercial vehicles. Dueto increase
intraffic onroads and rising inthe fuel prices inthe
international market, the impact of fuel saving has
beenfoundquite
importantascomparedtoextrainitialcostofconcretero
adoverbituminousroad.

A case study on Durable and cost effective
concreteoverlay oncity bituminous roads: White

topping by BinodKumar, Scientist, CRRI also
states that there is 10% -
15%fuelsavingforheavyvehiclesonconcreteroads.
Annualfuelsaving(Rs)=No.ofCVPD*365*14/100*1
14

*58
14/100=14%fuelsaving,1/4=(4kmperlitre),Inflation
rate

-5%indiesel cost

CalculationofFuelsavingisshownin tableXII

V. RESULTS AND DISCUSSION
Lifecyclecostcomparisonofnewbituminousandconcr
etepavementsisshowninTableXI11
LifeCycleCostComparisonofNewBituminousPave
mentsX1V
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V1. CONCLUSION
1) Life cycle cost analysis shows that even if
the initial costof concrete pavements is high the net
present value ofconcrete pavements is Rs 193
lakhs/km (5%) less thanbituminous pavements.
2) Life cycle cost analysis of overlays shows

that the netpresentvalueofultra-
thinwhitetoppingisRs283lakhs/km (7%) less and of
thin white topping is Rs
254lakhs/km(6%)lessthanthecostofbituminousoverl
ays.

3) When the net present value of bituminous
overlays

andconcretewhitetoppingswithoutconsideringvehicl
eoperating cost and fuel saving the total cost of
bituminousoverlaysisRs172lakhsandthatofconcrete
whitetoppings is Rs 107 lakhs for thin white
topping and Rs 78lakhs for ultra-thin white

topping, which is 38% and
55%lesserthanbituminous overlays.
4) LCCAconcludesthatconcretepavementsare

morebeneficialthanbituminouspavementsandconcre
teoverlayscanbeconsideredasbeneficialoptionforreh
abilitationofexistingbituminouspavements.

REFERENCES
[1] Bageshwar Prasad “Life Cycle Cost
Analysis of
CementConcreteRoadsVSBituminousRoads
”(IndianRoadCongress

(IRC)TechnicalPapers2007)

[2] Patel Karan M., Dr. L.B.Zala, Prof.
A.A.Amin “Life
cyclecostanalysisforselectingpavementmaint
enancealternatives, A case study of Kota-
Baran road (NH-
27)”InternationaljournalofAdvanceResearchi
nEngineering,Science&TechnologyVolume3
,Issue7,July-2016

[3] Preethi.S, Radhakrishna, = Raghavendra
Prasad “Life cyclecost analysis of Overlay
for an Urban road in

Bangalore”InternationaljournalofResearchin

[4]

(5]

(6]

[7]

[8]

(9]

[10]

EngineeringandTechnologyelSSN:2319-
1163|pISSN:2321-7308
Mr.AkhaiMudassarMohammedShafi,Mr.Ah
medAfaque  Shakeel, Prof.  Siddesh
Kashinath Pai “Life CycleCost Analysis of
Road Pavements in  Rural  Ares”
IJSTMInternationalJournalofScienceTechnol
ogyand
Management.VVol.No.5,IssueNo.08,August2
016

Purvesh  Raval, Darsh  Belani, P.
Jayeshkumar Pitroda “Aliterature review on
Utw pavements in
IndianContext”(JournalofInternational Acade
micResearchforMultidisciplinarylmpactFact
or1.393,Volumel,Issue9,0ctober2013
VinayHN,SunilS“RehabilitationofLowVolu
meFlexible Pavements by White Topping —
A Case Study”(IJRET: International Journal
of Research in EngineeringandTechnology
D.R.Jundhare,K.C.KhareR.K.Jain*“Ultra-
ThinWhitetopping in  India:  State-of-
Practice” ACEE Int. J.
onTransportationandUrbanDevelopment,Vol
.2,No.1,April 2012

Ankush Kumar Sehgal and S.N. Sachdeva
“A review
ofusingthinwhitetoppingoverlaysforrehabilit
ationofasphaltpavements”(JournalofBasican
dAppliedEngineering Research) Volume
2,Number3;January-March,2015,pp.  182-
187.

D.R.Jundhare ,K.C.KhareR .K.Jain“Ultra-
ThinWhitetopping in  India: State-of-
Practice” ACEE Int. J.
onTransportationandUrbanDevelopment, Vol
.2,No.1,April 2012
MiteshD.Patel,Prof.P.S.Ramanuj,BhavinPar
mar,AkashParmar“WhiteToppingasaRehabil
itationMethod:ACaseStudyofBudhel-
GhoghaRoad”International ~ Journal  of
Advanced Engineering ResearchandStudies.

DOI: 10.35629/5252-040911321143 Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 1139



10& International Journal of Advances in Engineering and Management (IJAEM)

e Volume 4, Issue 9 Sep. 2022, pp: 1132-1143 www.ijaem.net
IJAEM
Tablell.VehicleOperatingCost
VO£
Vehicle ing Cost for Concrefe Pavements Vehicke Operating Cost for Bifuminous Pavements
VD | Voc CVED | VOC
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Tablel2.FuelSaving
FUEL SAVING

Yar | CVPD Days Fue f::}@ ]'fl]f:fg hﬁ:}’i%““,‘ Fxtra Fuel Cost miﬁ”i"
2018 0 0 0 0 0 0 0
07 T3 363 0.14 025 bt 32088785 i
08 15 36 014 025 61 5879521607 i
209 i1 363 0.14 025 2 663631.0014 .64
2020 i 36 014 025 67 T43096.067% 149
2t i) 36 014 025 ! §43342 1867 §46
010 365 014 025 g G405 T4 554
03 108 365 014 025 T8 1077285.482 10.77
04| 1166 385 014 025 i 1213985988 1216
LT B WA 363 0.14 025 Bl 137144184 1373
0 | 1348 363 0.14 025 % 1343239248 1549
T 1448 36 014 025 5 1748726376 1749
M8 | 139 36 014 025 % 1973874.897 1574
0 | 16T 365 014 025 14 0501129 nn
2060 | 1800 365 014 025 109 1314867 744 Bl
M1 | 1933 365 014 025 115 1838636.966 1%
087 | 2080 385 114 025 121 413405 1M
05 | 2% 385 014 025 127 3616666.309 3617
054 | MM 363 0.14 025 133 4082312.096 4082
05 | 1M 363 0.14 025 14 4607308.779 46.08
M3 | 2 36 014 025 147 5201178.163 )|
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Table13.LifeCycleCostComparisonofBituminousandConcretePavements

LIFE CYWCLE COST ANALYSIE LIFE CWCLE COST AMALYSIE

Biteminous Pavemcadta Cancreic Favementa

Ceat @ lzkia Coe Bap'Leicha

_ Conak
Canatr — . J—
N NFY rucEio XNFY .
Yea uc:‘un [:Ir Taez | Croentra | NFV | S . nd& Taez | | Cemnira h?
. Vioic . chan & | Taez | N M Vil | . chan &
£ Mzimic Fucl

Cont ir'm Maines | a F tznan Cont m Maings Tae=
nzncc Caat 1
nancz tc nanc:

T AT
1

. wh | e L e | 120 P TP T

1] 1018 | 1E07 a0 LGRRE ) L] Indg 0. 1.00 1R 12

(=)
[
=

124 . , P . . ; 113 . , L51

f | 201 ez | Tae | T | 0es | o _f" L U ST el B T s
5 | 20m | @z spast | g4 | P 057 T N B o | aome | tres | 2smag | M 057 .52 i

7 | 20m ases | opse | % 0.5 LT - 7| anzz| woo | 3zE0e | CUF 0.5 LT

i | 20m serae | torr | B[ pas | oae s | moo | amens | ¥ 045 | oo

| 104 243,01 11.18 . 0.4 (LR e | 104 | LoD | 43EL2 0.4 (LR

o simoe | aam | B pag pr | 25| | 20zs | moo | sosse

:' 2038 | 1EL.4E 5Ra.51 152k : 0.2 R . U] 103§ | ILII | SE509 0.2 643

F TOE T T T
B geras | 1men | 5| pae pon | *E | | aezt | mon | evsrs [ T ' .
1 PE] 30 15 3B

D 20z T IS P el B ECHN BT U Il NEER IETSEY IS RN Bl ICECRN BT

C | 2o praen | zaze | 5| pa pon | B s seze | moo | sezes | T pam | oame | 4E

P [P I U R R - : FEFIN I N I 0435 | tes - o | =
;| 20| 456 tog7.42 | 258 | TS0 00 B34 1o | 5] ause | oo ) o | o D p

T pz3aag | zase | 96| pes pon | B0 e | aeme | ospg | REREE [ 2RI, 55 2k

£ 56 48

L] 20 peasos | szoe | M| pas pon | B0 or| mesr| woo
7 18 - 0

[ 20m togr | 2627 [ SR nas | oame [ B aaf ses| e T E
| aoma | sest | esage | emmx | M) wxa | ovae | PPN sa| z0me | ame EEN BT
21 20ms vigone | asok | P47 o2 | omo | Y% | mf 2oms| woo paz | osa | 2R

© | 2o psargr | spo1 | P g : 16E. | o,

(=]
(=]
b
[=]
[
3
(=]
I
[y
i
(-3
b

4332 4133
Taml ¥PV LT R Tatal BV L ETR B

DOI: 10.35629/5252-040911321143 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 1142



\_% International Journal of Advances in Engineering and Management (IJAEM)
Volume 4, Issue 9 Sep. 2022, pp: 1132-1143 www.ijaem.net

Tablel14.LifeCycleCost ComparisonofBituminousandConcreteOverlays

MNet Present Value of OVERLAYS

* By . NPV Concrete Overlays (Iies Thin NPV Coocrete Cverlays (Thin White
iy minous 3
NEV Bl Orextays White Topning Thickness - 100mm) Tonping Thickness - 150mm)

Con
stru
i Ext
. ndk | A iGR
Yesr | Mai | VOO | Fual :,:I,_EI

nten Cos | ~
i t
g
cost

B 5

WIE | Gar | GO o LM

Constr Constr
nition uction
Ye & Vo | (111 | NP Ye & Vo | (111
ar | Mhdainte C 2)m v Mzinte C LA
nance (T
cost oot

NPV NFV

(=T ]
S FEH N
(=T -]
=
=

W0 | 5747 | 0 T 1| 2 ggag | O

2 | 2017 LT s | s HE: a2 | ME | 2| 3 ]“'i 082 | Jpi
—1 A P ) — 120 — 1364
3] 018 » 0 588 08D 3 i 080 030 20040

4 | 018 a

5 | 200 Ll 0.64 0 064 5|2 oge | 14

1149

Il s | B 11 BT s 1| 1140 3T o
. ol o 1T T oo | B -] T e | 2

xH 25| 04l 7 s | ) 7 oa1 | 01| peste
g 7 o % Ei I IS I I T o | Lt
ol g 04 o Bt 7 | M | w| 8 n ur | ™% | o

9| 4 040

24 ur | M| 5| % 17 | B aang

i p— Sl EX] P T 20 W6 | e |12 1] 20 6 | oan | 1L
T B sg| 3| B8 1] I oo | M9 sl oo o | B38| sem
o I I TN A 1 20| wyg | 585 | nae | 193] 1] 2 e | 1852
206 | WL | T [ 154 D 28| FE | e | MR a1 s un 032 | 11770
p— @A 03] o T TE | noa | 12| 1] 3 | T

g | 4| o OB | » Tl I A A 0.3 | 7604e
i - T | 7] o 1110 WL | nap | 200 1] 20 e [0
3 | 2 sp| 4| 026 H 5l Ml B A I 038 | sanss
) 54 | T2 oo 1] 10 B | . [ 208 1] 2 [ 2069
g | 2 m| | 0B 3| 2 a3 | 0T w4 0 | 33145
i p— 06, [ B1] oo T 3 T | oan |25 1] 20 — [
5 | 2% wi| 5| ¥ 30 s | WM )9 )s5] % 020 | apan
U I T 0| o | 1205 o | 23] 1| 20 1205 | o.q | 238

N Il Il IR el | BE | s | B e s | e | s | 0P| emm
=], i 5 [ 1] B T3

.; mn3?
061 5 - 16302
0 SlE' nye | 343

B[ 33 433 - 50398

| 20m3 o 5| s

Ll =3 B L = PR PP R Ay [
[E
i
[
o

T 2 EGEN - T2 T | gp5 | 2920
g | 1] BB 3 ase | %2 | o) as6 | %2 | 1o
b %] on 7 50 [ g | [ 2] 50| oo | 287
o | 2 o 3 e el I NN B s | U | bem
2 g | sss a0l 0 | gege | 285 | gq0 | 260] 2| 2 285 | o, | 2603
| | 208 | 20 o 3| | am | MO G| 1| e | e | sm | 01 1o

398 09,
Totsl | 27 Total | good

DOI: 10.35629/5252-040911321143 Impact Factor value 7.429 | 1ISO 9001: 2008 Certified Journal Page 1143



