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WiDThi CF PAVEMENT

The existing width of pavement of all the schemes
considered under the study have two lanes and all the
equations have been developed based on it.

KCUGHNESS CF SURFACE

The project roads have at present a black topped
carriageway. The pavements in most of the reaches are
deficient due to largz axle load repetitions and hence roughness
of the surface is of the order of 6000 mm per kilometre.

VERTICAL PRCFTLE UF THE KOAD

The fuel and tyre costs are dependent ini-r-alia on the
rise and fall of tL2 road. The average ri_e and "all assumed
in the ahalysis for various terrain zonditio»s are as follous:

Terrai. kise & Fall (retres/km)
Flain 3 10
kolling 20
Hilly 10

5

When the roads are improved (w'dening cf carriageway and
or strengthening), the roughness drops down from 6C00 to
200C mm/km immediately aftexr strengthening. However, the
rcughness gvadually increases with the pass.ge of traffic and
time till a renewzl ¢ the surface is carried out. This cycle
adopted for analysis is as detailed in Table 3.

I'ABLE % 10
Year Roughness mm/km
(year of opening
after improvement) 2Cu0
1 2500
2 3C00
’ 4000

4 (year when renewal of surface is done)50C0
5 and so on . 2C00




T-4

THE_TRAEFI > FORECAST

' ¢
An attempt was made to study the various economic and

cons mption characteristics of the regions in which cthe

proje.ts are located. The study encompasses the following

parameters:

- Population
- Motor vehicle registration
—» - Diesel consumption

GNP/GDP
Index of industrial growth

Index of agricultural production

Rate of growth of each of the¢ above parameters established
and are tabulated in Table 4.

o [\ .
¥ Etonemic FAc g
Tnug_ GRrOWTH RAfY *r SELPCTED LCO v* 121, ICATORS 'y
SI. | . Y .
SL. . State Population Motor vehicle  Truck  GNPIGDP IndustPfi Agricultwral  Diesel
population  population Proguctlo, ™ oduction comsumption
1. West Bengal n 10.10 an 2.60 0.7 "66 1060
2. Guj
Gujarat 2.48 11.58 421 417 *.47 21 NA
5. Uttar Pradesh 231 11.70 4.89 2.81 3.76 2.1 "NA
4. Pupj
njab 12 26.13 17.63 5.06 13.29 5.07 “1.40
s H
arysna 2.58 1131 14.25 5.38 8.83 3.36 16.60
6. Maharashtra 2.23 10:12 4.82 551 NA 7.50 NA
7. Andhra Pradesh 2.14
: 12.29 10.
N ; 0.89 3.30 7.80 2.20 NA
. Tamil Nadu 1.61 7.95 7.87 337 6.21 0.80 NA

NO NYEIL“ AN v .
RILANIA ANY VEONIH( v
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(4)
(57

(6)

(7)

(¢)

7

schemes taken up for the present study are:

Construction of new four-lane access controllcd expressway
from Calcutta to Palsit in the State of West Bengal
(Durgapur Expressway)

Construction of a new four lane access controlled
expressway from Ahmedabad to Vadodara in Gujarat State
Copstruction of a new bridge and approaches acress Ganga

at Varanasi on National Highway (Varanasi bypass) in the
State of Uttar Prad-~sh

Widening to 4-lanes of National Highway No. 1 in the section
Khanna to Jallandhar in the Punjab State

Widening to 4 lanes of National Highway Y~ 1 °n the sectlon
Murtnal-Karnal in the State of Haryana ]
Strengthening the existing tvo lanz c~v_ ageway of

National Highway No.3 in Bombay-Nasik cection 'n the State
of Maharashtra '
S*rengthening the ex}sting 3 lane carriageway of

Natioual Highway No.7 in Hyderabad-Kuraocol (km 22 to 120)
and Hyderabad-Nagpur Section (km 39C-4iC) in #ndhra Prade:h.
St._.ngthening the eris.ing two lane carriageway of

Natiinal Highway N-. 45 in Madras-DimdZgul sectiox

(km 2€ to 160) in Tenil Nadu Dindrged

L nep showing the project rcads is at ¥ig.#.3
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ENGINEELING STANDARDS

The design fectures and - ' - 2N
fo~ all the eight projects

'

% _\2
Taneell Seziat NUMBER OF SCHEMES (CORRESP! NDING * O PARA 5.14.5) g
Design features Usit 1 2 $ 3 6 7 ]
Length of Project Km
Terrain : : Flat Flat Flat _ Flat ~  Flat Ble  _Biat B
- . : Clay Silty Silty Silt Rolling] ~ Biack rave'
: . - with clay/ with Hilly - cotton g
fine sandy clay Red B
sand and  Sum )
and fine clay
- . clay saod
Design speed K! PH 120 120 100 86-100 "' 40-100  .0-100  BU-100
Carriageway width metre  2x 7.5 2x7.5 2GIAS: ¢ 2005 2x7.S5 7.0 .0 1.0
Total shoulder width metre  2x3.5 2x3.5 %28 2%x2.8 2x2.5 2x2S8 2x28
Right of way metre .0 90.0 600  60.0 60.0 150  30.045.0 5.0
Pavement Design ‘v S w S oo WE W s
Sub base ~ mm 240 3¢ 178 150 150
Sranular base  omm 37 250 25 428 483 250 13 e ere
LBM /BUSG M : 60 50 50 75 75-1%0 150
Bituminous Macadam mm 100 13 100 100 100 75 00 80 75 75 0* 15 _3S_
Asphaltic concrete mm 40 1 40 40 70 40 40 40 40 40 40 & 0
Width of culverts metres For Full Formation
Width of minor bridges , ~¢11.0  2x11.0 2x7.8  2x1S 1S 7.8 7.3
Width of major bridges 2x11.0 2x11.0 2x7.8 2% 7.8 1S s 1-5

W—Widening
S —Strengthening



ECONOMIC EVALUATION MODEL
1. Road Length
Road length of each section is specified correct wupto
one decimal in km,
2. Terrain

Terrain of each section is specified as under:-

Rise/fall km

Plain 10
Rolling 20
Hilly ) v Lo

3. Present Traffic data

The average daily traffic (ADT) for a specified year
(YP) is given. ADT includes fast and slow mpving vehicles,

The composition of fast traffic is given as under:-

(4 types)
Cars : ADTC
Buses : ADTB
Trueks s ADTT
2 ADTTIW,

2-wheelers
4. Roughness (RG]

The roughness of the present road is assuned-as-6000
mm/km, (RGo). :

The roughness of the new road (RG1 .................Rcs)
will be as under:-

Daies Sl
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6.

I.

Year . Roughness mm/km,
Yea¥ of opening YOP 2000
YOP + 4 3000
YOP + 2 4000 |
YOP + 3 5000
YOP + &4 2000
YOP + 5 3000

]

]

]

' i

1/

and so on repetitively.

Traffic growth rate (r)
| for all vehicle types

1. Can be uniform growth rate/and constant for the full
design period which can be varied for different analysis,

r = 0 t 25
2e Can be varying for each vehicle type, and can vaf&
over the design period,

r.e"'0 to 25

Start of construction

1985

chbdm s e ST
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7. Alternatives to be concicaered

6 alternatives are pos:.itle :

Alternative lio. Specification.
:o o nothing
N, 5trengthening two lanes plus
fonr laning later when found
necessary.
N, Widening to four 1lanes. 1
N3 four lane expressway
N, Two lane expressway
N5 Two lane byepass.
8. Capacity norms (CAP)
ADT
Plain terrain 7500
Rolling 5500
Hilly 2500

If projected traffic of Alt N, exceeds CAP, the widening
of road to four lanes will be taken up in that year.
9. Period of construction (CP) .

Alt N, 3oré4 Yeaf: (1.e. 1985,1986,
' 1987 and 1988) will be
specified.
"W} A N2 4 Years
Alt Ny, N, Ng 5 Years (i.e. 1985,1986,1987,
: 1988 and 1989)

Year of opening to traffic (YOP) is 1985+CP.

oooooooo“/-
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11.

Bxiistdineg speeds

Existing speeds of four categories (cars, buses,
trucks and two wheelers) wiil be specified in wu/hr,
correct up to one cecimal,

Speed-flow Eguaticns.

HV = Hourly volume.
= 0.1 ADT,

Plain-~gerrain -Two lanes (Alternative No. and N,
(N1 till widening to four lanes).

Cars: V_ é 57.88 - 0.0128 HV

Buses : Vg " 56,93 - 0,0132 HV
Trucks: Vg L 49.37 -~ 0.0097 HV.
Plain terrain - “our lene | (A3t, N2 énd N1 after

widening to four lanes)

Ve . " 60.00 - 0.00345 HV

VB - 58.00 - 0.00212 HV

Vg - 50,00 - 0.00152 HV.

Plain Terrain -« Four lane Expressway (Alt, N )

,3
T - : 65.00 - 0.00345 HV
VB " 60,00 - 0,00212 HV
Ve - 55.00 = 0.00152 HV
Pl

00000000005/"

12,



Plain terrain - two=lane Expressway (Alt._ﬂh & NS)

(93 =
VB d
VT =

Rolling Terrain- Two lanes

60.00 = 0.00345 HV
50.00 - 0.00152 HV.

(Alt. No. and Ny ( N, till widening to four lanes ))

Cars VC - 52.40
Buses VB L2 51.38
Trucks VT s 48,73

‘Rolling terrain + Four lane (Alt, N, and

- 0.0098 HV
- 0.01499 HV
- 0.01638 HV

N1 after widening

to four lanes)

v

c - 55400
Ve . 53,00
Vp > 50.00

Hilly, terrain - Two lanes,

(Alt.|Ny and N, ( N,

.

- 0.00212 HV
- 0000152 HV

ti1l widening to four lanes R

c E 35.00 - 0,01 HV
| s - 33.00 - 0.01 HV

00000000006/-,

4
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Hilly Terrain - Four lanes

(A1t Ny ang N4 after widening to four lanes)

v
o - 40 - 0.005 HV
v

Vo 5 35 - 0.005 HV

For all conditions, V

12. Cost of copstruction. (C in Lakh rupees)
C is given for Alt N1, N2. N3, Nh’ and N5

¢ fer NO- 0

Break-up of cost over design period is as under:

s

Year Alt N1 ‘Alt NZ Alt, NB’ Nh and N5
(CP=3)

1985 0.15 C ' 0.05 C 0.05 C

1986 C.40 C 0.20 C 0.15 C

1987 0.45 C 0.35 C 0.25 C

1988 -~ 0.40 C 0.30 C

1689 -- _ 0.25 C

13. Cost of maintenance (in lakh rupees ) per Km,

',000000000007/-
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Year Alt No, Alt Alt N after widen - ALt
N1 till widening Na ing t3 four lanes N3
to four lanes and and N2
.N5

YOP 0.1 0:19 0.2 0.3

YOP+1 0.1 0.15 0.2 0,

YOP+2 .1 0.15 0.2 Lo PR, <

YOP+3 (o iy | 0.15 0.2 03

YOP+4 Il 1«25 2.5 2.6

YOP+5 oy 0. 15 0.2 0.3 .

and so on repetitively.

y '/ Design period

15 years after opening to traffic,

When comparing tw»o alternatives, the same terminal year is

considered, i.e, 2004,

—

All traffic, roughness, speeds, and costs are tobe projected

till the year 2004 and tabulated for each year.

15. Fuel costs (FC is k. lakhs per year )

Cars: (ADIC +ADTTW ) x length x 365 x 3,40
“9 1000 x 100,000

x (10,31 + 1675,52 + 0.0133 V° + 0.0006 RG + 0.180 RF)

Vv

Buses : ADTB x 365 x 280 x length x (14.49 + 3904.64 + 0.0207v2

1,000 x 100,000 | »
+ 0,0012  RG + 0.776 RF)

000000000008/"
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Truck : ADTT x 365 x 2.37 x length 2
x(32.16 + 3904.64 + 0.0207 V + 0.0012 RG + 0.776 RF)

v
To be calculated for each year after YOP till 2004
16 Spare parts cost (SPC) in R. lakhs per year
Cars : SP = =15,86 + 0.0062 RG, subject to a minimum of 3.

SPC = _SP_x (ADTC + ADITW) x length x 365 x 0.6

roo 100 ,000

Buses (1.8753 + 0,007373 RF + 0,0000723 RG)
SP=e

SPC = SP x ALT3 x length x 365 x 1.5 x 0.6
100 ¢ 100,000

Trucks
(1.7119 + 0.0001431 RG)
SP = e '

SPc = SP_ x ADTT x length x 365 x 1.5 x 0.6
we 100,000

Calculate SPC for each year for cars buses and trucks and
add using respective ADTS, and RGs

17. Maintenance Labour cost is Rg_lakhs per year
= SPC of cars x 0,5498 ’
+ SPC of buses x C,4027 + SPC of trucks x 0,3692
Calculate for each year.

18.  Iyre costs (TC) in Rk, lakhs per year

Cars TC = (AUTC + ADITW ) x 365 x length
5
x4 x 70 x 0,727 x 0,54
(47340 - 2,63 RG) x 100,000

’

00000000009/-
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Buses.
4
AUTB _x 365 x length x © % 2100 X 0,78/ X% 0,54
- = 100,000 x (40215 - 361 RF - 1.227 RG)
Trucks
TC = ADTT x 365 x length x 6 x 4200 X 4200 x 0,727 X% 00,54

100,000 (48113 ~ 367.8 RF - 1.016 RG)
Calculate an¢ add

TC of cars, buses and trucks for each year.

19. Fixed costs ( I, lakhs per year)

Buses

rixed'cost = length x AiT3 x 18,94 x 262
VB x 100,000

Trucksg

Fixed cost = length x ADCT Xx LO,69 x 369
VT x 100,000
Calculate and add for each year.

20. Sgmmodity costs ( in &, lakhs per year)
Commodity cost = BET x th x 36
VT x 100,000

Calculate for each year.

21, Crew costs

Buses.,

Crew Costs = 13€ x 1,25 x 365 x length x ADTB
(27.52 + 8,011 Vg) x 100,000

Trucks

Crew costs = 56.x 1,25 x 365 x length x ADIT
(53.59 +5.1637 VT) x 100,000 PR (2




ik ' 19,

= M =

22. LAsRessdathon. costs. g . JaiRs 2er JanuE.

= S

n

u

g

Dep. cost = Q0059 : 3,16,250x0.6 x length x 365 x ADLB
(2752 » $0F1 ) X 365 x G.356 x 100,000

“n

Trueks

—_—

Dept. cost = 0,056 = 2.50,00. x 0,6 x lenzgth x 365 x ADIT
(53.°% + 5.16% V.) x 365 x 0,624 x 100,000
adé for buses :nd truc . ;nd calculate for each year.

23. iravel time cos: f pass::gers in R, lakhs per annum,

B X 365 , _8.21 < 4.5 x ADIC + 4,49 x 43 x ADTB

zZ
100,500 v v

& B

+ 3421 X 1.5 X ADITW

24, Congestion effect

n

e AP = 1.0 cs
spare parvs cost and << intenar:e labour in each year by

il

city, multiply fuel cost, tyre cost,

Cars 1 A4
buses 1328
Trucks T

25. Caleulation of Iin

Assume Giscount riic of % per cent per annum. Discount
all highw: ccsts ( -Ve) and all benefits (Difference between
user costs .- 1 .z two aiternat:-cs) to the base year (1985).

-
i Bo> C<>

take discount rate 5 + 1 and proceed in the same way with
iner.uents of 1 % till

Be £ (Co

|

1/=

se0000 000 9



7

-1 -

Suppose the discount rate then is d.
Take a discount rate of (d-1) + 0.1

If Bo > Co, take a discount rate of (d-1) + 0.2 and proceed
in the same way with increments of 0.1 % till
Bo < Co

1

Let the decimal value then be d1

(for example d4 = 0.8)

Then IoRoRo = (d"1) + d1 - 0.05

Calculate IRR for two casses: 1. All road user costs -

2. All road user costs

except bus passenger time
savings.

26. Marginal analysis

Let the first set of alternatives considered be N, and Ni}
Tabulate the stream of costs and benefits for each year. Tabulate
the stream of costs and benefits of the alternatives Noand NJ

for each year. Take the difference between the costs and benefits
of the two streams for each year. Calculate I.R.R.

27. First year Rate of Return

Total the highway costs of the two alternatives Ny and Ni,
till the YOP. Find the difference in user costs (benefits)
in the year YOP. The ratioc of first year benefits to the
costs is F.Y.R. expressed as a percentage.

28. Tabulation and print outs

(1) give print - out: of stream of discounted costs
and benefits for (d-1) + dq and (d + 1) + ( 4, 0.1) in
the following forms:

- ! 000000000000012/-
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Costs benefits.,
r

1985

1986

L2 B B AE BN BX BN AR I NN )

2004

Total

(2) Tabulate annual benefits without discounting for each
analysis as follows:= ‘

1985 1986 cooooooooo'voo00000,00000,.’200&°
Component
1. Fuei

2. Spare parts

3. Maintenance Labour ;
4, Tyres

5. Fixed costs

6. Crew costs

7. Commodity cost

8. Depreciation,

Total of 1 - 8

9« Travel time
of puassenger

Total 1-9.

21.
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7. Hyderzbad-Bangalore
Section 19.4 hie 2 18: 1 l1.5
Hyderabad-llagpur
Sa2ction 14,9 s 1723 £3:9
8, Madras-Dinduqgul
Section )
Ks 27/8-67 40.4 §5¢7
K4 67-152 287.7 . ' 3852
KM 152-160 41,2 . N 54¢.2
Alternative 1 - Do nothing ; Al s
Altzrnative 2 - SFrengthening 2 lage . iiEZEQZEiX: Z e ; i;:;
zavsznt nowhandtw1ggyn1ng Al sainative 3 = 2 lane
dgq-ngqes WhER Troee. Alternative 6 = 4 line
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KRR EXCLULING TRAVEL TIME SAVINGS \}IRL’ INMCLUDING TRAVEL TIME SAVINGS

1

&

2

¥ &

3

1

e wly s sleRalL sl 2 X X
: : f1ta3l1eafieslias

1

D o, o, Yo, I, Yk, Yo,

2

X
X
X

3

= P >

4

X

il e N

8

2

3 1 &b 1

ik

1.

4.

Se

Durgapur EXpress way

Ahmedabad - Vadodara
=xXpress way -1

4 laning existing
road Km,20 - 102

Varanasi bye-pass

Widening to 4 lanes
Khanna=Jullundur
Section,

Widening to 4 lane
Murthal - Karnal
Section KM 50 - 87
KM 87-130 e

40.1

67,1

76. S
56,5

20,7

43,2

29,0 19,9

2%, 67 p
" 21,8

48,6

87,1

96,3
72.7

28..3 39,2

95.0

24,8

37,64

-
27,4

A ~ 4 lane bridge (without cycle track Jand 4 lane bye=pass
b - 4 lane bridge (with cycle track Jand 4 lane bye=pass,
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