9.4.3 Stage Construction Methodology

Stage construction is a scheme of initially constructing smatler number of lanes
appropriate for immediate traffic demand, and additionally constructing ultimately
planmed number of lanes when traffic demand grows later time in order to minimize
the initial cost.  This scheme is most effective when the initial traffic demand is small
but it is expected to grow rapidly in the future. A simple summation of construction
costs of the initial stage plus the ultimatc stage will be generally larger than the normal
scheme of consiructing the ultimate number of lanes at the initial stage. In order to
apply a stage construction scheme, therefore, the value of the total (discounted)
benefit over the total (discounted) cost for stage construction should be larger than that
of the normal scheme.

Duc to the traffic characteristics it is cxpected that a stage construction scheme is
considered very effective for K-G and G-M Expressways. The designated staging
scheme will be initially 6 lanes and ultimately 8 lancs for the JUNCTION - Ghaziabad
IC section, and initially 4 lancs and uitimately 6 lanes for the other scctions. The
stage construction for 4 to 6 lanes have basically 2 methods as shown in Figure 9.4.1.
The stage construction from 6 to 8 lanes is basically the same.

Figure 9.4.1: Typical Metheds of Stage Construction
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Method A is more appropriate when the growth of traffic is expected in near future.
The additional con_struction is easier since the embankment is substantially completed
at the initial stage, however, the inilial cost can not be reduced substantially. In this
case bridges are usually constructed for ultimate lanes due to the difficulty of the
additional construction.

Method B is simply better when the timing of additional construction is expected in
far fulure or uncertain in foresceable future since the initial cost can be lower than
Method A.  When the additional construction for the ultimate stage actually happens,
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9.5

9.5.1

(1)

however, it will be more costly since additional cmbankment will be necessary.

The expected timing for widening for ultimate lanes is around year 2021 - 2026 as
discussed in the previous section.  This means that the period of operation with the
initial lanes is more than 20 years. The policy on stage consiruction, therefore,
should focus on minimizing the initial construction cost, rather than minimizing the
additional cost at the time of widening.

With this policy the construction method should be Method B: Inner Initial Lane
Method. ‘The width of initial bridges could be for ultimate lane width, and it could
be better for small bridges, however, the width of major bridges should be for the
initial lanes to minimize the initial construction cost.  This will be discussed more in
detail in the section for construction planning,.

Preliminary Engineering Design
Preliminary Geometric Design
Horizontal Alignment

The horizontal alignment of the proposed optimum route was refined against major
control points within an accuracy of the available information including site
observation and investigation. The topographic survey was performed based on the
designated alignment, and preliminary design was performed on the surveyed
topographic sheets. '

The station (chainage) was set forth from Kundli IC (STA0+600) to Ghaziabad North
JCT (STA41+400) for K-G Expressway, and from Ghaziabad IC (STA00-200) lo
Meerut IC (STA39+750) for G-M Expressway.

A summary of design features for horizontal alignment for the designed routes are
shown in Tablc 9.5.1. A sct of drawings for prcliminary design of K-G and G-M
Expressways are shown in the separate volume. The design was performed in the
scale of 1: 2,500, and the sets of design drawings are prepared for ‘Al size (S=1:
2,500) and A3 size (5=1:5,000). '



Table 9.5.1: Summary of Design Features of Horizontal Alignment of the Projects

ltem Unit K-G Expressway (G-M Expressway
(Kundli IC - JCT) (Ghaziabad 1C-Mecrut IC)
Design Speed km/h 120 120
Expressway Length km 41.2 (including JCT) 40.0
Minimum Radius m 1,500 (K-G Ramp) 2,000
Minimum Curve Length m 485 (K-G Ramp) 1,694
(STA14867 - 3+561)
Maximum Curve Lenglh m 6,000 ' 6,300 )
(STA18+650 - 244622) | {STA26+4887 - 33+187)
. 2,940 - 2,403
M T t Length ’ ’
AT TAnset VR 1 ™| (STAI0+570 - 134510) | (STA144071 - 164474)
Minimum Tangent Length m 2,450 1,175
between Opposite Curves (STA10+570 - 13+510) |  (STA7+107 - 8+282)
Minimum Tangent Length m 1,140 NA
between Same-directional (STAS+000 - 64+140) h
Curves
Maximum Superelevation % 4 (K-G Ramp) ' 3

Source: JICA Study Team

(2) Vertical Alignment

The existing crossing facilities such as roads, rivers, distributary canals and drains,
and railway lines are principal controls for vertical alignment design. At the same
time, both of the expressway stretches are all on embankment structures except bridge
and culvert scctions, and it is critical (o keep the height of the embankment low to
save the construction cost.  Also, the minimum level of embankment height for the
flood prone area should be maintained.

With these considerations, the embankment height at the western side of Yamuna
River is kept to be 5 to 6 m to avoid ihe influence of floods. The eastern side of
Yamuna River and other arca is kept to have an embankment height of 2 to 3 m to
‘save the amount of earthworks. To keep riecessary clearance over the vertical control
points, the vertical ‘alignment will be elevated for the necessary clearance with a
reasonable approach grades. A minimum grade of 0.3 % was maintained where the
vertical alignment can be completely flat to provide minimum drainage gradicnt.

A summary of design features for vertical alignment is shown in Table 9.5.2.
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(D

Table 9.5.2: Summary of Design Features of Vertical Alignment of the Projects )

Item Unit Iéaﬁxprcssxvay G-M Expressway T
(Kundli IC - JCT) | (Ghaziabad IC-Meerut IC)

Design Speed km/h 120 120
Expressway Length km | 41.2 (including JCT) 40.0

Maximum Gradient % 2% 2%

Minimum Vertical Curve

Length {crest) _WT“ 309 300
;“,:3;3;“&;;‘3““' Curve | 15,800 16,700
Minimum Verlical Curve

Length (sag) m 200 _ 200

Minimum Vertical Curve m 9,500 2300

| Radius (sag) ’ ’

Source: JICA Sm(fy Team

Preliminary Design of Interchanges, Toll Plaza and Rest Facilitics

Interchanges

The five interchanges of Kundli, Khekra, Mcerut, Modinagar, Ghaziabad, and

Ghaziabad North Junction are designed based on the result of discussion in Section
9.3.3.

Ghaziabad 1C is nccessary for FNG Expressway, and has been already designed as a
partial-cloverleaf type interchange by the FNG Expressway Study. However, as is
discussed in Seclion 9.3.3, an aiternative rccommendation is to change this
interchange to a double-trumpet type to avoid throughway toll plazas. The designed
Ghaziabad IC, therefore, is an alternative proposal against the FNG Expressway Study,

the cost of which is not included in the K-G or G-M Expressway Projects.

The base case is assuming that FNG will construct Ghaziabad IC by the cloverleal
type, and K-G and G-M Expressway will provide a throughway toll plaza between
Ghaziabad IC and Ghaziabad North Junction, which will be the boundary toll gates for
the expressways. '

The designed number of toll gates at cach intercﬁan'gc and ftoll plaza is com.p'uted by
the following method indicated in Design Guideline-C.

N =VXSm 3600




where, N: Requircd number of toll gate lancs
V: Total number of vehicles using toll gates (vehicle/hour)
Sm: Average transaction lime per vehicle (scconds)

(1) Exit Ramp
Sm= (6.0XVe+88XVpt+12.0XVe)/ 'V

Where, Ve: Estimated number of passenger vehicles with exact change

Vp: Estimated number of passenger vchicles without exact change
Vec: Number of trucks and buses

(2) Entrance Ramp
Sm = 6.0 sec.

The designed number of toll gates are shown in Table 9.5.3 for year 2026 and 2016.

Table 9.5.3: Required Number of Toll Gate Lanes (Year 2026/2016)

. . ADT DHV Ve " Vp Ve v Sm N
Toll Gate Location - -
peufday | peu/hr | vebicles | vehicles | vehicles j vehicles|  sec lanes
i Exit 69,900 5,243 916 1,831 1,389 4,136 925 1063 11
Kundll IC Y [P e SR AT S SE— N S R S SR SR
Entrance 69900 5,243 4,012 6.00; 669 7
Exit 24.300] 1,823 318 637 483 1,438 925 370 4
Kheksa IC
Year Enlrance 24300} 1,823 1,395 600 232 3
2026 Exit 33,840) 2,538 443 887 673] 2002 925 515| 6
Mernut IC -
Enlrance 33,840 2,538 _ 1,942 600 324 4
.. | Exit 23,880 1,791 313 626 475 1,413 925} 3.63] 4
Meodinagar IC e
Enlrance 23,880 1,791 1,371 6.00] 228 3}
Ghaziabad IC Exit 71,580 . 5,369 938{ 1,875 1,423} 4,236 9.25| 10.39] 11
Entrance 71,580 5,369 ) 4,109 600] 685 7
. Exit 47,040} 3,528 6la! 1,232 935] 2,784 925t 7.16] 8
Kundli IC R
Entrance 47,040] 3,528 2,700 600 4500 5§
Khekra1c [EX 14940 1217 96|  391]  297)  s84|  925| 227| 3
Year Enirance 14,240 1,121 858 6.00] 143 2
2016 Exit 18,420 1,382 241 483 366] 1,090 9.25;) 280 3
Mernut IC
Entrance 18,420 1,382 1,057 6.00] 1.76] 2
Modinagar1C|ESL_ | 8600 o8l a5l 226 aml  sul easl 13 2
Entrance 8,640 648 496 6.00] 083 1
Ghaziabad IC Exit 42,840] 3,213 561 1,122 851 2,535 925 652 17
. Entrance 42,840 3,213 2,459 6.00] 4.10; 5§

Axle Truck (19.8%), Multi-Axle Truck (9.2%)

3) K=7.5%, D=60%

Source: JICA Study Team

Note: 1) Ghaziabad IC is oplional against Ghaziabad Toll Plaza
2) Vehicle Composition: Car (52.4%), Mini Bus (3.0%), Large Bus (9.3%), LCV (13.4%), 2-

The design layout and the features for the interchanges are summarized in Figure 9.5.1

(1)~ (5), and the samc for the junction ar¢ summarized in Figure 9.5.2.
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NAME KUNDLY INTERCHANGE
g 14.2 km .
~ Lan]
2
LOCATION PERIPHERAL co*s 3
EXPRESSWAY g g JUNCTION
d— e . O —p
Kundli IC Khekra IC
LAYOUT \ug FOH b o
!' — J /

NATIONAL HIGHWAY NO. 1

NAME
ACCESS ROAD ;
NO. LANES 4 1.LANES DIVIDED
— . —

PERIPHERAL 40,40‘5‘} /,76 w00  KHEKRA I:)ﬁ'l‘;\ot

ON/OEE TRAFFIC IN EXPRESSWAY (24,000 |~ (54,400) (78,400)
2026 (2016) 159,100 57,400
(PCU/DAY) (43,60‘% (34,800)

PANIPAT DELHI 2026; w1-ih Pcn-phcml
NHO1 (2016: with Peripheral)

NO. OF TOLL GATE
LANES FOR 2026 (20106)

ON:7(5) OFF:11(8) TOTAL: 18 (13)

TYPE AND
CHARACTERISTICS

Double Trumpet Type (B-type on the Expressway side)

- Busy interchange between major national hlghway (NOT1) and the
K-G Expressway.

- Since it is a terminal mterchange the ramps are paved only for K-G
Expressway, and the ramps for Peripheral Expressway will not be
paved. (Pavement will be done by Peripheral Expressway Project)

- All ramps are 2 lanes.

Figure 9.5.1: Interchange Layout (1)
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NAME

KHEKRA INTERCHANGE

KG00+600 142 km 40.9 km GM234400

ﬁ..’ X
r r I Modinagar IC

S O
LOCATION | = O 8 CJUNCTION
Kundli IC Khekra IC J
| Ghaziabad IC
KGld‘i'S'UO 34‘4 k['l] L GM00-200
LAYOQUT
+
+
-+
.
+
+
STATE HIGHWAY NOQ. 57
ACCESS ROAD '
2 LANES UNDIVIDED
< - TOTAL
KUNDLI 23’20:\‘ y/l"i.aoo JUNCTION 40,500
ON/OFF TRAFFIC IN (17,400) (7.500) (24,900)
2026 (2016) 24,300 16,200
(PCU/DAY) (12,300) (12,600)
BAGHPAT DELHI
SH57 :

NO. OF TOLL GATE

ON:3(2) OFF:4(3) TOTAL:7(S)

LANES FOR 2026 (2016)
Trumpet Type (A)
- Local interchange for Khekra, Baghpat and Tronica Industrial City.
~ - Since main direction is for Kundli (Expressway side), A-lype is
TYPE AND recommended '
- All ramps are 1 lane,

CHARACTERISTICS

Figure 9.5.1: ‘Interchange Layout (2)




NAME MEERUT INTERCHANGE
16.35 km .
8 2
~ o~
1 +
LOCATION a ’l @ G-M Meerut
JUNCTION ?5 ?5 Extension
4— —(O e —p
Modinagar 1C Mecerut IC
LAYOUT
g +
i
H
x it _
ﬁjs_ : e
N
N +
o NAME STATE HIGHWAY NO. 14
ACCESS ROAD ' :
NO. LANES 2 LANES UNDIVIDED
< s - ‘nmp TOTAL
o | MODINAGAR 56’407)\ ¢ e MUZAFARNAGAR 56,400
ON/OFF TRAFFIC IN (30,700) -~ , (3,0»700)"
2026 (2016) 300 56,100 2026: with Extension
(PCU/DAY) (ZOOl/( (30,500) {(2016: with Extension)
BAGHPAT: MEERUT
SH14

NO. OF TOLL GATE

ON:4(2) OFF:6(3) TOTAL:10(5)

LANES FOR 2026 (2016)
Trumpet Type (B)
- Terminal interchange of G-M Expressway until the Meerut
~ Extension will be implemented. _
TYPE AND - Since it is a terminal interchange, the ramps are paved only for G-M
CHARACTERISTICS Expressway, and the ramps for Mcerut Extension will not be paved

(Pavement will be done by Meerut Extension Project)

- Since SH 14 side traffic is strongly biased to Meerut direction, no
grade separation will be necessary.(at-grade intersection)

- All ramps are 2 lanes.

Figure 9.5.1: Interchange Layout (3)
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MODINAGAR INTERCHANGE

NAME
KG14+800 41.6 km 3. 10:35 km GM39+750
Khekra IC | | "
—O
LLOCATION JUNcnoEbo ® O

""" O- Modinagar IC  Mcerut IC
Ghaziabad IC I |
GM00-200 < 736 km > GM234400

_ NAME NATIONAL HIGHWAY NO. 58
ACCESS ROAD
NO. LANES 4 LANES DIVIDED

€« —» TOTAL

JUNCTION 3335 /6500 MELRUT 39,800

ON/OFF TRAFFIC IN (12,400) | (2,000) (14,400)
2026 (2016) 13,200 26,600
(PCU/DAY) (4,802)/( K(i,ﬁl)ﬂ)

GHAZIABAD — MELRUT
N1IS8

NO. OF TOLL GATE

ON:3(1) OFF:4(2) TOTAL:7(3)

LANES FOR 2026 (2016)
| Trumpet Type (A)
- Local interchange for Modinagar.
o = - Since main direction is for Junction (Expressway side), A-type is
"TYPE AND recommended
CHARACTERISTICS - Ramps for Junction (ON/OFF) will be 2 lancs, and other ramps

will be 1 lane,
- The intersection at NHS8 will be at-grade.

- Figure 9.5.1: Interchange Layout (4)




NAME GHAZIABAD INTERCHANGE (OPTIONAL DESIGN)
« 35.2 km 5, KG144800
ENG t | Khekea IC
EXPRESSWAY O~
LOCATION wor e CJUNCTION
Ghaziabad IC O
GMO0-2 b | Modinagar IC
-200 '« 23.6 km GM23+400
LAYOUT
Jr . -
Y R i
. :
I}~
\
%
NAME NATIONAL HIGHWAY NO. 24
ACCESS ROAD
NO. LANES 4 LANES DIVIDED
D < TOTAL
"FNG ~ T
49,800 % JUNCTION
, EXPRESSWAY (30700 | f§9,soo 119,300
ON/OFF TRAFFIC IN g (40,700) (71,400)
2026 (2016) 41,100 78,200
(PCU/DAY) (31,600) (39,800)
DELHI —— GHAZIABAD
NH24

NO. OF TOLL GATE

ON:7(5) OFF:11(7) TOTAL:18(12)

LANES FOR 2026 (2016)

TYPE AND
CHARACTERISTICS

Double Trumpet Type (A-type on the Expressway side)
- Alternative design against FNG proposal (partial-cloverleaf).
- Busy interchange between major national hlghway (NH24) and -

G-M / ENG Expressway. -
- All ramps are 2 lanes.

Figure 9.5.1: Interchange Layout (5)



GHAZIABAD NORTH JUNCTION

NAME
GMD0-200 8.6 km > < 26.6 km > KG144800 o
| | Khekra 1C
, O—
LOCATION | e O (
Ghaziabad IC JUNCTION O
GMO8+400 | | Modinagar IC
KG414400 150km _~ GM23+400
LAYOUT VA

y

NAME NOT APPLICABLE
ACCESS ROAD
NO. LANES - NOT APPLICABLE
T KUNDLI TOTAL
171,300
ON/OFF TRAFFIC IN 69,300 31,900 (93,500)
2026 (2016) (42,00(0)/4 P\(:LIUO)
(PCU/DAY) < —
<> ,
GHAZIABAD 76,100 MEERUT
(37,400)
NO. OF TOLL GATE '
_ : NOT APPLICABLE
LANES FOR 2026 (2016)
Y (Direct-Fastening) Type
'| - Major directions arc Ghaziabad - Meerut and Ghaziabad - Kundli,
and all the ramps for these conneclions will be 2 lanes.
TYPE AND -- Kundli - Meerut is a minor direction, and the ramps arc both 1 lanc.
CHARACTERISTICS - Junction is designed that K-G is connected to G-M throughway.

- Major direction ramps are designed to satisfy the throughway
geomelric design standard.

Figure 9.5.2_: Junction Layout



(2) Toll Plaza

The term of "Toll Plaza is being used in this study to mean toll gates on the throughway.
The toll plaza should be avoided wherever possible on expressways o create a traffic
bottleneck at peak hours, and the interchanges were designed with trumpet type to
provide the toll gates off the throughway. If FNG Expressway adopis the partial
cloverleaf design for Ghaziabad 1C with NH24, however, a toll plaza (Ghaziabad Toll
Plaza) should be provided as a boundary toll gate with FNG. For the purpose of
identifying the arca, facility and cost, a typical plan drawing is prepared for the toll
plaza design. A recommended location would be around GM06+700, however, the
exact location is not indicated on the plan and profile drawings.

The Ghaziabad Toll Plaza is designed to have the following number of gates. The
computation method is as same as in the interchange toll gate desigp.

Table 9.5.4: Required Number of Toll Plaza Lanes (Year 2026/2016)

; . ADT | DHV Ve ¥p Ve v Sm N
Toll Gate Location e e -
peufday | peu/hr | vehicles | vehicles | vehicles jvehicles|  sec lanes
2026 Ghaziabad [Throughway | 132,300 5,954 1,040 2,080 1,578 4,687 9.25] 12.08] 13
Toll Plaza  [Throughway | 132,300] 5,954] 1,040] 2,080 1,578] 4,687 9.25] 1208] 13
Log|Chaziabad |Throughway | 744001 3348 sS85 1,170}  887| 2642 92| 679} 7
Toll Plaza |Throughway | 74,400 3,34‘581 585 1,170 887 2,642 925 6.79f 7

Note: 1) The computation process is the same as in Table 9.5.3.
2) Vehicle Composition: Car (52.4%), Mini Bus (3.09), Large Bus (9.3%), LCV (13.4%), 2-
Axie Truck (19.8%), Multi-Axle Truck (9.2%)
3} K=7.5%, D=60%
Source: JICA Study Team

(3) Rest Facility

There are different terminology in different countrics for exclusive rest facility on
expressway.  Guideline-C, however, recommend two types of facilitics for Indian
expressways, which are a) Rest Areas, and b) Service Areas. The rest area is
recommended to have about 10,000 m? area with facilitics of benches, tables, shelters,
drihking fountains, telephones and toilets. The service area is a larger in size (about
60,000 to 100,000 m?) and more service facilities of fuel station, service station, work
shop, restaurant, rest facilitics (as above), snack bars, dormitory, motel, telephones and.
tourist information center.

For K-G and G-M Expressways, it is recommended that a rest area be provided on
both of the expressways. Due to the balance of kilometrage, one should be located
belween Khekra IC and Junclion (Rafaul Rest Area) on K-G Expressway, and the
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other should be located between Modinagar IC and Junction (Muradnagar Rest Area)
on G-M Expressway. For the purpose of identifying the area, facility and cost, a
typical plan drawing is prepared for the rest arca design. Recommended locations
would be around KG29+000 (Rataul RA) and GM17+500 (Muradnagar RA), however,

the exact location is not indicated on the plan and profile drawings.

By Guideline-C, the necessary parking lots are computed as follows:
NPS = (AADTXDDFXSFXVRXRF)/R

where, NPS: Number of parking spaces
AADT: Annual average daily traffic (vehicles/day)
DDF: Directional distribution factor (60%)
SF: Seasonal factor (1.25)
R: Rotation ratc
VR: Visitation rate, number of visiting vehicles to traffic volume
RF: Rush factor, number of visiting vehicles to traffic volume

The computation for parking requirements are shown in Table 9.5.5.

Table 9.5,5: Parking Lot Numbers for Rest Area (Year 2026/2016)

' AADT
Name Year Vehicle Total pm']“ ulvch/day VR RF R NPS
Car 53,0307 0.05 0.100 4 50
206 | Bus | 98,100 4660| 005 | 0125 | 4 6
"‘Goods Vehicle 19,760 | 0.06 0.100 3 30
Rataul Car 29,400| 005 | 0100 | 4 | 28
2016 Bus 52,900 2,580 | 0.05 0.125 4 4
Goods Vehicle 10,960 | - 0.06 0.100 3 17
Car 53,450| 005 | 0100 | 4 | 51
2026 Bus 101,300 4,690 0.05 0.125 4 6
Muradnagar Goods Vehicle 19,920 | 0.06 0.100 3 30
Car 26,780 0.05 G.100 4 26
2010 Bus 50,700 2,350 0.05 0.125 4 3
Goods Vehicle | 9,980 | 0.06 0.100 3 15

Source: JICA Study Team
9.5.3 Typical Cross Sections and Right-of-way

Recommended typical cross sections of the Expressways are shown in Figure 9.4.2,
including typical cross sections for interchange ramps. ‘The typical cross section was
prepared for initial inner lane method (Figure 9.5.3 (1)) for stage construction. The
typical cross sections for interchange ramps are shown in Figure 9.5.3 (2).

The lane width will be 3.75 m with a paved outer shoulder of 2.5 m plus a verge.
The fill slopes will have varying grade depending on the height of the embankment.
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9.5.4

(0

The side ditches will be provided for drainage, and the berm will be at least 10 m
width.

It is recommended that the right-of-way be 100 m for normal scction of the entire
expressway corridor, with a minimum width of 90 m in special cases.

Preliminary Earthwork Design
Borrow Pit Materials

The major portion of K-G and G-M Expressways will be in embankment structure.
The necessary earthwork volume will be 12 million m’, To cover this amount of
embankment material, possible borrow arcas have been investigated along the routes
of the both expressway. The location of the proposed borrow areas is shown in Table
9.5.6. The location map is also shown in Appendix 9.1.

Fable 9.5.6: Logajion of Borrow Materials

Name I Location IDcpih (m)i Position
K-G expressway
—-Ilé—%gg::g— 2 km from Kundli IC ;, 22
_. ig’;ﬁ;ﬁ 10 km from Kund!i IC - - :ﬁg
Eggi:gg 14 km from Kundli IC ; g:gﬁ: —
Sapan | omkndiic G
}[E(C}%Eﬁ:gg 34 km from Kundli IC ; gzlr::z:
| G-M cxpressway
gﬁgi:gg 2 km fiom Ghaziabad IC | —— iﬁ%ﬁ
_ g:’dgﬂg 10 km from Ghaziabad IC . =
g—?%ggg%— 14 km from Ghaziabad IC ; E:ﬁﬂ:

Source: JHCA Study Team

Laboratory tests for thesc borrow materials have been conducted to confirm the
quality of the materials. Thesc tests includes specific gravity lests, density tests, -
grain size analysis, compaciion tests and California bearing ratio tests. A summary
of these test resulls are shown in Table 9.5.7.
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‘Fable 9.5.7:  Summary of Test Results for Borrow Materials

I~ Density Compaction CBR
Description

ton/m3 | MDD 1 OMC %

K-GBxpressway S

| KGBA-1/1 | Siltyclay | 167 | 2010 [ 11 | 12
_KGBA-1/2 | Silty sand 1 L73 12 27
KGBA-2/1 | Silty clay 1.90 1.88 13 8
KGBA-2/2 { Silty clay 1.88 13 4
KGBA-3/1 | Silty clay 1.90 1.88 13 8
KGBA-3/2 | Silty clay 1.99 14 4
KGBA-4/1 | Silty clay 1.90 1.99 il 9
KGBA-4/2 | Silty clay 1.78 i4 10
KGBA-5/1 | Silty sand 1.89 2.05 8 16
KGBA-5/2 | Siity sand 1.94 12 12

G-M Expressway . .

GMBA-6/1 | Silty clay 1.90 | 1.88 .13 8
GMBA-6/2 | Silty clay 1.99 14 4
GMBA-7/1 | Silty clay 1.90 1.99 11 9
GMBA-7/2 | Silty clay 1.78 14 10
GMBA-8/1 | Silty clay 1.89 2.05 8 16
GMBA-8/2 | Silty clay 1.94 12 12

Source: JICA Stidy Team

The test results show (hat the borrow arca soils are mostly silty but reasonably in good
quality, and no major construction problem is expected.

Embankment Stabilily

The necessary height of expressway e_mb._ankment are from 2 mto 11 m. The lowest
height of 2 m will happen where no crossing facility is nccessary.  The highest height
of 11 m will happen at the edge of major grade separation bridge abutments. To
confirm the stability of these embankment structures, a stability analysis was
performed for the embankment height of 5,7, 9, 11 m.  The slope of the embankment
is set to be 1:2 (1 vertical to 2 horizontal). The width of embankment is 37 m. The
stability was examined for the embankment stability and the existing ground stability.

The physical propertics of embankment and layers arc cstimated based on the
performed soit investigation data because direct shearing tests were not carried out at

this stage. The estimated physical propertics are shown in Table 9.5.8.
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Table 9.5.8:  Value of soil layers for analyzing embankiment stability

Thickness of | Unit weight Angle of Cohesion Ground water
layer (m) (tonffm3) {internal friction} (tonf/m2) level
{degree)
Embankment | 5,7, 9, 11 1.9 25 2.0 .
Layer-1 5 1.8 20} 20 | -2mfromtop
Layer-2 10 1.9 30 2.0

Source: JICA Study Team

A typical slope failure and ground failure are shown in figurc 9.5.4.

Embankment

|< Width =37 m >l
i H=57911m 7 Slope = 2:1

- ' TR

glt=5m ™o = N

i \
d .
t=10m Groun Layer-2

Y

Figure 9.5.4: A Typical Slope Failure and Ground Failurc

The result of embankment stability calculation are shown in Appendix 9.2.
Minimum safely factor is 1.676 in the case of 11 m height of ground failure. The
compuled safety factors are shown in Table 9.5.9.

Table 9.5.9: Safety Factors

Minimum safety faclor
Embankment | Embankment Ground
height failure failure
LS| 2981 2582
o p 2486 g 2097
9 2168 |\ 1836
1 1.977 1.676

Source: JICA Study Team

The result shows that the embankment structure will not have a major problem in
stability with the designed height.



9.5.5 Preliminary Design of Bridges and Culveris

By frequent site surveys, obscrvations and intervicws with State and National
Government officials, coniractors and consultants, the followings are the assessment
on the conditions of road bridges in the study area in general.

- The superstructure of road bridges are almost all PC or RC girders or PC or RC
box girders,  As far as the Study Team has investigated, there is no steel bridge in
the study arca.

- The foundation of road bridges are almost all caisson type.

- Yamuna River flows have been shifted partially during the last 30 years.

- Erosion is observed al many riverside locations both along Yamuna and Hindan
Rivers.

The basic policies for bridge type selection are as follows:

1) the selected bridge type should be reasonably economical,

2) the materials for constructing the selected type of bridge can be casily procured
near the site,

3) the construction method should be reasonably easy and safe.

The superstructure is recommended to be prestressed concrele composite girder type
for medium span (L. = 20m~~50m) bridges, and reinforced concrete slab girder type
for shorter span (L = 20m or less) bridges. Steel bridges are more costly, the
comparison of which against PC girder bridges would be obviously in favor of PC
girder bridges in the study area.

The foundation should be piles or caissons for all the bridges, except box culverts, due
to the characteristics of the atluvial soil at all over the study arca. The foundation for
river bridges is recommended to be a caisson type. This is because caisson lype is
historically the only accepted foundation for river bridges in the study arca. There is
a possibility that pile foundations will be cconomically competilive against caisson
type, however, they are not usually accepted because of their lower reliability against
local scoring. The foundation for grade scparation bridges is recommended to be a
reverse circulation type cast-in-situ piles,

The pier type is recommended to be wall type or singte column type since these types
are most common, mosl economical and most effective against crosion. The reverse
T type is recommended for abuiment for the same reason.
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For the typical width of the bridges, the longer bridges (L = 100m or more) arc
designed to have no outer shoulder width (2.5m) to save the cost. The shorter
bridges (L. = less than 100m) arc designed to have the same width as that of the
embankment section.

The planned bridges arc categorized as in Table 9.5.10.  The list of the bridges are
shown in Appendix 9.3.

Table 9.5.10: The Number of Bridges and Culverts by Category

Calegory K-G Expressway | G-M Expressway
Major River Bridge 2
Canal/Drain Overpass Bridge 6 9
Highway Overpass Bridge 2 1
Railway Overpass Bridge 1 ---
Village Road Overpass Bridge il 10
Canal/Drain Box Culvert 3 2
Cart Track Box Culvert 36 30

Source: JICA Stiidy Team

The design considerations are described as follows:
Major River Bridges (Yamuna and Hindan River Bridges)

The two major river bridges arc the longest bridges on the cxprcsSway roules.

_ Though the total width of Yamuna River is about 2 km, other existing Yamuna River

bridges arc all about 600 m. The planned Yamuna River Bridge, therefore, is
designed to have 600 m length as same as other bridges with 100-year return period.

Hindan River Bridge is also designed with 100-yecar return period, and it is designed
to be 240 m Iength to accommodate the flood level of the IOO-yéar return period.

The foundation is designated to be a caisson type. The result of the Hydrological
Survey reveals that no scouring is observed at existing Yamuna and Hindan bridge
foundations, the observed tendency is rather sedinientary. - Therefore, the top of the
caisson is designed to be 1 m below the low water levels in the river bed, and 1 m
below the ground level in the no-running water area.

Canal/Drain Overpass Bridges

There are a number of irrigation canals, drains and distributaries along the express-
ways, and overpassing bridges were to be designed.  'The major canals are tried not to
be detoured, and the existing flow lines are maintained as much as possible.

9-42



6)

4

©)

(6)

Overpass Bridges for Existing Major Highways

The major grade separation bridges arc National Highway No. 1 at Kundli and State
Highway No. 57 near Khekra on K-G Expressway, and State Highway No. 14 on G-M
Expressway. The bridge lengths arc designed to consider possible future widening of
the exisling highways.

Railway Overpass Bridge

There is onc railway flyover near Khekra with the Northern Railway.  Although the
future plan for double tracking is unknown, the overpass bridge is designed so that it
can accommodate cither side of double tracking in the future. The bridge type is
presiressed concrete composite girder, and the bridge length is 40 m.

Village Roads Overpass Bridge

The number of bridges overpassing existing village roads are the highest number
among the categories. For local services and their futurc functions, these bridges are
designed to have a 3.75 m lane with 2 X 1.875 m shoulder, which can also
accommodate future lwo-lane roads (2X3.75 m). The bridge type is presiressed
concrete slab type with the all-staging method.

Cart Track Overpass

The cart track is defined as a local service road mostly for non-motorized vehicles and
walking people. The location of these cxisting cart tracks was identificd by the
topographic survey and interviews with local people.  To sccure the {ransportation, 3
mX3 m box culvert is designed for the crossing facilily of this type of road,



9.5.6 Preliminary Design of Pavement
(1) Pavement Typc Analysis

Flexible pavement (asphalt or bituminous pavement) has been widely used for road
pavement in India. Today most of urban or inter-urban highways are paved by
asphall pavement. In recent years, however, there have been efforts to develop rigid
pavement (cement concrete pavement) for major highways in the country. Onc
recent major example around Delhi area is the National Highway No. 2 upgrading
project in Faridabad District in the State of Haryana. It is an ADB loan assistance
project, and adopted 44 km of ccment concrete pavement, which was completed in
May 1997. Another major example is the on-going Mumbai-Pune Expressway
Project in the State of Maharashira, which adopls cement concrele pavement for the
cntire corridor of about 100 km. It is therefore considered nccessary to rationaily
analyze the pavement type between flexible and rigid pavement to recommend which
is more appropriale for these projects.

Sclection of pavement type is generally a controversial issuc. Major characterislics
in selecting the pavement type on expressways can be discussed as follows:

Table 9.5.11: Comparison of Characteristics of Flexible and Rigid Pavements

Item Flexible Pavement Rigid Pavement
Target design period of 10 years, Target desigi period of 20 years.
Design Life The life will be extended by proper
rehabilitation. :
Resistance against | Deformed rutling is likely. Deformation or rutling is unlikely.
Rulling & Wear Wear resistance is large.
Less than rigid pavement. Noise due to joints and vibration due
Noise & Vibralion _ to rough surface somelimes cause
public nuisance B
Brighlness Surface reflection is weak and Brighter in darkness.
inferior. 1
Betler than rigid pavement and Need more sensitive quality control to
Surface Smoothness | provide more comfortable riding achieve acceplable level of surface
condition. smoothness.
Less constraints in construction. The following conslraints should be
Constructing speed is faster. taken into account for continuous
Characleristics in construction since equipment fleet is
Conslruction generally larger than that of flexible
pavement.
1} Subgrade is prepared in smooth
condition.
2) Less bridge/viaduct structures.
Maiatenance Frequent maintenance is required but | Once damage occurs, heavier and
' the method is simple. longer repair is required.
Conslruction Initial stage construction cost is lower | Inilial construction cost is higher than
Economy than rigid pavement. More frequent | flexible pavenient due to longer life.
rehabilitation is necessary. ‘The cost of repair is higher.

Source: JICA Study Teamn
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Pavement should be analyzed by a life cycle cost analysis to evaluate the performance
of total analysis period. AASHTO design guideline® suggests a design method for a
life cycle cost analysis, and it is a recommended design guideline for this purpose.
The following two important terms should be defined for life cycle cost analysis.

- Analysis Period: the length of time for which an economic analysis is made,
- Performance (Design) Period: the period of time that an initial or rehabilitated
pavement structure will last before reaching its terminal serviceability.

This means that an analysis period is a combination of single or multiple performance

periods.  This relationship is shown in Figure 9.5.5.

Figure 9.5.5: Pavement Life Cycle
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e ‘Typical Rigid Pavement + Flexible Overlay Design

«22a0ss Iypical Flexible Pavement + Flexible Overlay Design

Pi = Initial Serviceability Pt = Minimum Allowable Serviceability

The analysis period is designated to be 30 years considcring the expected concession
period.  The performance period combination will be analyzed by design comparison.
A reasonablc compé_risc;n between flexible and rigid pavements can be done by
p_crfo:rniing optimum paVémcht design for the entire analysis period f_or both pavement
typbs, and comparing the net present value of such optimum design combinations.

* AASHTO Guide for Design of Pavement Structures 1993, American Association of State Highway and
Transporiation Officials, Washington, D.C., US.A.
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The comparative design is summarized as follows.
Axle Load Model

The Load Equivalency Factor (ESAL Factor) for 18 kips is computed as in Table
9.5.12 based on the result of the Axle Load Survey data conducted in February 1999,

Table 9.5.12: Load Equivalency Factors by Axle Load Survey

. Average Maxinium Axle Load ESAL Factor
Vehicle ton kips Asphalt? | Concrete ¥
Large Bus 7.53 16.6 0.63 0.61
Lcv?Y 5.27 11.6 0.19 0.18
2-axle Truck 9.85 21.7 2.18 2.34
Multi-axle Truck 10.60 234 0.26 0.44

Note: 1) Light Commexcial Vehicle
2) Pt=2.5, SN=5 (in)
3) Pi=2.5, D=9 (in)

Source: JICA Study Team

Cumaudlative 18-kip ESAL

‘Thel8-kip cquivalent single axle load is computed for the four kinds of vehicles with
the ESAL Factors in Table 9.5.12 based on the traffic demand forecast result. The
cOmputatioﬁ result is summarized in Appendix-9.4. The result shows that 2-axle
trucks are dominant by their volume and their heavy average axle load.

Flexible Pavement Design Computation

Flexible pavemeﬁt input data, computed SN and the pavement layer design are
summarized as follows:

Initial Pavement Eayer Design:
R=0.95, $,=0.45, M=10500, APSI=2.1, W,;=49.0X10° = SN,=5.5
Dl=  15cm: AC Wearing Course + Dense Bituminous Macadam Binder Course  (a,=0.176)

D2= 30cm: Wet Mix Macadam Base Course (a,=0.055
D3=  30cm: Granular Sub-base (2,=0.043)
Total Pavement Thickness = 75 cm (SNy=5.58)

Bituminous Qverlay Design: (SNg;, = SN, — Fro X SN, )

R=0.95, Fy; =0.575, SN,;=Cx X SN=0.85X5.58, W ,=42.0 X 10° — SN =2.6
Di= 15cm: AC Wearing Course + Dense Bituminous Macadam Binder Course  (a,=0.176)

" (SNg=2.64)

Total Overlay Thickness = 15 em

By the computed cumulative ESAL (W), the oplimum overlay plan is expected as
follows: '
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the Ist Overlay:  ilth year,

the 2nd Overlay:  17th year,
the 3rd Overlay:  21st year,
the 4th Overlay:  25th year,
the 5th Overlay:  28th year

The 30yecar analysis period will consist of scven performance periods.  The

compound reliability for this design will be:
Roverarr = (0.95)° = 0.735
Rigid Pavement Design Computation

Rigid pavement input data, computed D,, SN for overlay and the pavement layer
design arc sunmarized as follows:

Initial Pavement Layer Design:
R=0.80, $,=0.35, k=900(Cement-treated Sub-basc), A PSI=2.0, E.=3.6 X 10,
S’c=640, J=3.1, Cd=1.15, \Vts=135-0x 10° — Dy=11.8in — 30cm

Di= 30cm: Pavemen! Quality Concrete (PQC)
D2= 15com: Dry Lean Concrete Sub-base (DLC)

Total Pavement Thickness = 45 cm

Bituminous Overlay Design: (SN, = SN, — Fyy X (2, Dg+SN 1., ))

R=0.92, F;,=0.575, a,,=0.54, SNmﬁ_rp=0.84, W,=108.0X 10% — SNy =1.76

Di= 10cm: AC Wearing Course _ (a,=0.176}
Total Overlay Thickness = 10 cm (SNg,=1.76}

By the computed cumulative ESAL (W), the optimum overlay plan is expected as
follows:

the ist Overlay:  2lst year,

The 30year analysis period will consist of two performance periods. The compound

rcliability for this design will be:

Roveras= 0.80X0.92 = 0.736

Economic Analysis and Pavement Type Selection

Unit prices for cach pavement layer were collected from the NH No. 2 Upgrading
Project, Faridabad as a recent example, and used in this analysis. The pavement

cosls are as follows;
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(Rs./m?)

Flexible Pavement: 05 cm AC Wearing Course 152
10 cm DBM Binder Course 251
30 cm WMM Basc course 300
30 cm Granular Sub-base 122
Total 825
Bituminous Overlay: 15 cm AC W.C. 455
(Rs./m?)
Rigid Pavement: =~ 30 cm PQC 1,365
15 ¢m DLC 288
Total 1,653
Bituminous Overlay: 10 cm AC W.C. 303

The net present values for each design combination are computed by the discount rate
of 12.0% as follows:

NPV (Flexible Pavement): Rs.1,110/m?
NPV (Rigid Pavement): Rs.1,681/m?

The cconomic analysis shows that the flexible pavement has a distinct economical
advantage against the rigid pavement with this level of discount rate.  This is because
the high discount rate makes the initial pavement predominant compared with the
futurc rehabilitation frequency and costs. A sensilivity analysis shows that the rigid
pavement would be economical only if the discount rate were 4.5% or less.

It is therefore recommended that the pavement type for K-G and G-M Expressway
Projects be a flexible pavement. The economic analysis shows an economical
advantage of flexible pavement against rigid pavement at higher discount rate. It
should also be considered that flexible pavement has smooth surface for high speed
traffic, and is casier to be rehabilitated, which are both important factors for
expressway pavement.

Flexible Pavement Desigi «--~ Summary

The flexible pavement layer design is the same as designed in the pavement type
analysis, which is as follows: '

AC Wearing Course -~ - S50cm
Dense Biluminous Macadam Binder Course - 10.0em
Wet Mix Macadam Base Course 30.0cm
Granular Sub-basc 30.0 cm
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9.6

9.6.1

1)

Total Pavement Thickness 150 cm
Pavement Design for Shoulders

Empirical data in Japanese inter-urban expressway opcration suggest that SN=3.5 (in)
or mor¢ is recommendable for shoulder pavement design. Based on that data, the
following layer design is recommended for the inner and outer shoulder pavement:

Dense Bituminous Macadam Binder Course  10.0 cm
Wet Mix Macadam Base Course 30.0cm

Total Pavement Thickness 40.0 cm

It is rccommended that the wearing course not be provided to save the cost, and also to
resirain shoulder driving by setting a rounded gap between the carriageway and the
shoulder.

Construction Pl&inning
Basic Conditions for Construction Planning
Conslruction Segments

The Expressway corridors will be mostly an embankment structure except river
bridges and grade separation structures of bridges, culverts and underpasses. There
are two major river bridges on K-G Expressway, Yamuna River Bridge (L = 600 m)
and Hindan River Bridge (L. = 240 m). On G-M Expressway a major river bridge of
Upper Ganga Canal Bridge (L. = 90 m) will be necessary.

For th¢ purpose of construction planning, the Expressways are divided into five
construction segments shown in Table 9.6.1. The previous engineering analysis and

‘desi'gn' considered that Kundli IC - Ghaziabad N. Junction was designated to be K-G

Expressway, and Ghaziabad IC - Meerut IC was to be G-M Expressway including the
stationing due to en'gineering reasOns'_ and convenience.  The construction
segmentation, howcver; have considered the Junction - Ghaziabad IC section to be an
independent section so that it can be included cither expressway project.  This is
because there is an opinion that the Junciion - Ghaziabad IC section is more desirable
to be constructed as a part of the c1rcumfcrcnl|al network consisting of FNG
Expressway and K-G Expressway
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"Table 9.6.1: Construciion Segments for Preliminary Construction Planning

h]:{xprcssway No. Segment Length Remarks
Segment 1 | Kundhi IC - Yamuna Br. 1230 km { include Yamuna Br.
K-G (KG00+600) (KG12+4900)
Expressway |'cooent2 | YamunaBr. - Ghaziabad N. JCT | 28.50 km | includc Hindan Br.
(KG12+960) (KG39+800)
Segment 3 | Ghaziabad IC - Ghaziabad N. JCT| 820 km
: (GM00-200) (GME+000)
I G-M ) Segment 4 | Ghaziabad N. JCT- Modinagar IC 15.60 km | include Modinagar IC
“xpressway (GM8+000) - (GM23+600) & Junction
Scgment 5 | Modinagar IC - Meernt 1C 16.15 km
(GM23+600) (GM39+750)
Sub-total Total o 80.75 km

“Source: HCA Study Team

(2) Stage Construction

As discussed in Section 9.4 a stage construction scheme should be introduced for K-G
and G-M Expressway projects. The stage construction methodology should be as
follows: '

Initial Stage: The sections of Kundli IC - Ghaziabad North JCT and Ghaziabad
North JCT - Meerut IC will be construcled as a 2 + 2 = 4 lane expressway. The
scclion of Ghaziabad IC - Ghaziabad North JCT will be constructed asa3 + 3 = 6
lane expressway. Initial opening year is estimated to be ycar 2006.

Ultlmate Stage: To accommodate the i mcreasmg trafflc demand the seciions of Kundli
IC - Ghaziabad North JCT and Ghaziabad North JCT - Meerut IC will be widened to 3
+ 3 = 6 lancs, and the section of Ghaziabad IC - Ghaziabad North JCT will be
widencd to 4 + 4 = 8 lanes. The expected time of the widening is year 2021 - 2026.

The embankment structure should be the initial inner lane method as discussed in

| Section 9.4.3.  The bridges should also be conslructed for the initial number of lanes
for the initial stage and should be widened fo the vltimate number of Janes al the time
of wndcmng. This will be achieved by the following method:

TInitial Stage: constructing the substructures of the brldges for the ultimale lancs, and
the superstructure will be for the mmal lanes. ' '

Ultimate Stage: conslruclmg the rcmammg additiohal outer lane superstructure on the
existing substructure.

The right-of-way will be acquired for the ultimate structure, that is, 100 m width for
the throughway.
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9.6.2

9.6.3

Construction Features, Methods and Procedures

The construction works will include hauling, laying and compaction of a large
quantity of embankment, pavement, bridge and other concrete structure works, and
construction and installation of required architectural, mechanical, and clectrical
facilitics for tollway operation.

The existing vertical alignment is quite flat.  The embankment height is designated as
3 - 4 m above the ground level, and raised to be 10 - 11 m in maximum at grade
scparation for crossing facilitics in accordance with the necessary clearance. The
required earthwork volume will be approximately 12 million m®. To minimize the
hauling of borrow materials, a partial supply of the embankment should be from the
side borrow excavation of about 50 cm - 1 m depth within the right-of-way. The rest
of the borrow malerials for embankment is assumed to come from shatlow excavation
of local borrow pils reasonably close to the embankment site along the roadway
within 5 - 10 km hauling distance as shown in Table 9.5.6.

For construction of major river bridge foundations, an open caisson will be uscd. For
other bridge foundations, cast-in-situ piles will be used if necessary. The river bridge

- foundations will be constructed by providing temporary islands in the river during dry

season from October to June, which is roughly 9 months. It is anticipated that the
major rivér bridge construction will be the critical path for construction schedule, and
it is reccommended that the jack down method for forcing the caisson body to sink
down be adopted to minimize the construction time of the foundations. The
prestressed concrete girders will be precast on stable throughway embankment areas.
For the erection of precast prestressed concrete beams the steel erection girder will be
used,

Fine and coarse aggrcgatcs for concrete and paving works will be supplied from the
quarry sites. = The available quarry sites are mostly located at the south of Delhi from
where the hauling distance to the site will be approximately 100 km. These sites are
shown in Appendix 9.5.

Construction Time Schedule

The climate of the study area is basically divided into two seasons, which are a dry

“season (October to June) and a rainy season (July {fo September).  In accordance with

available rainfall data the efficiency of construction works in the study arca is
estimated as in Table 9.6.2,

9-51



9.6.4

‘Table 9.6.2: Estimated Working Efficiency for Construction in the Study Area

ltem Dry Season Rainy Season Afmual
Oct-Jun {9 months) | Jul-Sep (3 months) Figure
1. No. of Rainy Days * 3 days/month 13 days/fmonth 66 days
2. Working, Efficiency 30 % 40 % 20 %
on a Rainy Day B .
3. No. of Holidays 6.0 days/month 5.0 days/month 69 days
4. No. of Working Days | 23.4 days/month 17.2 days/month 262 days
5. Working Efficiency 78 % 57 % 72 %

Source: JICA Study Team

For toll road construction, for which the most of the cost is covered by loan or other
forms of moncy bearing interests, the most desirable schedule is to commence the
construction as late as possible to complete the lotal segments at the same time (the
opening) lo minimize the interests during construction,
assumptions the construction time schedule for each scgment is estimated as follows:

Based on the above

Figure 9.6.1: Overall Construction Time Schedule

st Year 2nd Year 3rd Year 4th Year
Segment AT/ |3/ 4/4 | 174|274 | 3/4 | 474 | 174 | 274 | 3/4 | 474| 14| 2/4 | 3/4 | 474
Segment 1 | | e et
Sogment 2 e e e e e e e e
Segment 3 ' H#%
Segront 4 SRS A N L N N 2
Segment e o e e e

Implementation Schedule

The tolal implementation schedule including the above construction time schedule in
the earliesl case is presented in Figure 9.6.2.

Figure 9.6.2:

Implementation Schedule -

1999 | 2000

2001 | 2002 | 2003

2004

2005 | 2006

Feasibilily Study |

Final Engincering Design

*

Land Acquisition

Construction

Opening to ‘TTaffic
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9.7

9.7.1

Project Cost Estimate

Basic Conditions for Project Cost Estimate

The estimate of the project cost is based on the results of the pretiminary engineering

design and quantity take-off of each work item, a study on construction methods

described in the preceding chapters,

The project cost discussed here consists of the following items (operation and

maintenance cost of the project will be discussed separately with operation and

maintenance plan in the later stage).

1)

Initial Investment Cost

Construction Cost

Land Acquisition and Compensation Cost
Administration Cost

Engineering Cost

Contingency

Additional Investment Cost
Pavement Rehabilitation (Overlay) Cost
Widening Cosl

The basic premises in estimating the project cost is as follows:

1)

2)

3)
4)

5)

6)
7

All the construction works will be executed by contractors 1o be employed by the
toll road development corporation of the expressway projects, whichever form of
the corporation is going to be formed.

“The unit price of each cost component was determined based on the cconomic

conditions prevailing in August 1999,

Contractor’s profit and overhcad are assumed to be 15 % of the direct cost.

For ‘the construction works, the Indian sales tax (5 %) is imposed on the
contracior. '

Engineering cost, consisting of final engincering design and construction
supervision, is assumed to be 10 % of the construction cost. 7
Admi_nislral_i_o_n cost is assumed to be 5 % of the construction cost.

Physical contingency is estimated to be 10 % of the total of the construction cost,
the -land acquisition and compensation costs, the administration cost and the
engineering cost.



9.7.2

(M

@

&)

Boundary Conditions

Since K-G and G-M Expressways are a parl of the NCR Expressway Nelwork, the
boundary conditions for construction should be defined to determine the project
construction cost. The following is the boundary conditions of each terminal
interchange of the expressway.

Kundhi IC

Peripheral Expressway Project is expected to be implemented later than K-G
Iixpressway. The embankment and pavement of the throughway, thercfore, is up to
the edge of the interchange bridge located at KG00+600. The interchange bridge
will not be constructed by K-G Expressway side. The onfoff ramps for K-G
Expressway will be constructed, however, the onfoff ramps for Péri'pheral Expressway
will not be necessary. The embankment of these Peripheral Bxpressway ramps will
be substantially constructed for the embankment balance. The westward portion of
the throughway from KG00+600 including NH No. 1 flyover bridge will not be
constructed by K-G Exprcssway cither.  {A reference should be made to Figure 9.3.2
(1): Kundli IC: Alternative 2)

Meerut I[C

The Extension of G-M Expressway after Mcerut IC is expected to be implemented
later than G-M Expressway. The embankment and pavement of the throughway,
therefore, is up to the edge of the interchange bridge located at GM39+750. The
interchange bridge will not be constructed by G-M Expressway side.  The onfoffl
ramps for G-M Expressway will be consiructed, however, the onfoff ramps for the
Meerut Extension will not be necessary, ‘The embankment of these Meerut
Extension ramps will be substantially consiructed for the embankment balance. The
northward portion of the throughway from GM394750 will not be constructed by G-

- M Expressway either. (A reference should be made to Figure 9.3.2 (2): Meerut IC:

Alternative 1)
Ghaziabad IC

Since FNG Expressway is expected to be constructed earlier than K-G and G-M
Expressways, Ghaziabad IC will be constructed by FNG Expressway side. For
construction cost eslimate, Ghaziabad boundary is set to be at NH No. 24, and the
throughway cost only is included. If FNG Expressway consfructs the Ghaziabad IC
with the partial cloverleaf design, K-G and G-M Expressways will nced a throughway
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tall plaza between Ghaziabad 1IC and Ghaziabad North JCT, which will not be
necessary if FNG Expressway adopts the double trumpet design recommended by us.
The boundary condition of Ghaziabad IC, therefore, is to consider the throughway
from NII No. 24 with the throughway toll plaza. The cost of the optional double

trumpet interchange is independently estimated for the reccommendation.
Estimated Construction Cost
Initial Construction Cost

The estimated initial stage construction cost is Rs.7,322 million for the total segments
as shown in Table 9.7.1.  In the construction cost, pavement (27.0 %), bridge/flyover
construction (27.2 %) and ecmbankment (18.2 %) constitute the dominant portions.

Widening and Overlay Cost

The project expressway will be widened from 4-lane at the initial stage (6-lane for
Ghaziabad IC - Junction) to 6-lane at the ultimate stage development (8-lane for
Ghaziabad IC - Junction) presumed between year 2021 and year 2026 in accordance
with the results of the traffic demand forcast.

For pavement overlay, il is assumed that overlays will be executed five times as
follows in the 30-year concession period of the project as discussed in Scction 9.5.6.

the 1st Overlay:  11th year (2016; for initial number of lanes),
the 2nd Overlay: 17th year (2022; for initial number of lanes),
the 3rd Overlay:  21st year (2026; for ultimate number of lanes),
the 4th Overlay:  25th year (2030; for ultimate number of lanes),
the 5th Overlay:  28th year (2033; for ultimate number of lancs).

The estimated construction cost for the widening and overlay is shown in Table 9.7.2,
Land Acquisition and Compensation Cost

Based on the result of the environmental and social surveys, the land acquisilion cost
in the project area is estimated {0 be Rs.962,000 per ha on average. The required
land area for the right-of—\vay is 916 ha, of which 572 ha is village area, 186 ha is
agriculture area, and 158 ha is vacant land, An additional 30 % of the cost is added
for solatium. '

The compensation costs for private propertics, such as buildings, brick kilms and
orchards, and relocation of temples or schools are estimated as follows:
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Compensation Cost for Buildings: Rs.417,825,000
Brick Kilms; Rs.38,045,000
Orchards: Rs.27,320,000
Relocation Cost for Temples and Schools: Rs.99,225,000
Total Rs.582,415,000

9.7.5 Estimated Project Cost

Based on the result of the construction cost estimate, the initial investment cost for K-

G and G-M Expressways, widening and overlay costs arc estimated as in Table 9.7.3.

‘T'able 9.7.3:

Summary of Investment Costs

K-G Expressway (Segment 1, 2, 3)

G-M Expressway (Segment 4, 5)

Item TOTAL
Local Porlio_n Foreign Portion | Local Portion | Foreign Portion

1. Initiat Construction Cost 4,413,090,000 321,390,000 2,432,769,000 155,282,000 7,322,531,(_)00
2. Land Acquisition and Compensation Cost 1,1799,9] 1,000 0] 449,502,000 0} 1,649,413,000
.;1-._En gineering Coélﬂ(r(l,ﬂ.) x 10%) 474,749,000 118,686,000] 243,003,000 69,750,99? 897,188,000
4. Administration Cost ((1.42.) x 5%) 296,718,000 o| 151,877,000 O] 448,595,000
5. CD-[l;ingel'!C_)‘ ((1.42.43.44.) x 10%) 638,532,000 43,924,000 327,849,600 20,968,000 1,031,273,000
TOTAL INIT{AL INVESTMENT COST 7,023,000,000 4 84,000,00b 3,605,000,000 237,000,000( 11,349,000,000
5. Widening Construction Cost 1,234,501,000 107,348,000| 613,418,000 39,155,600 1,994,422,000
6. Engineering Cost (5. x 10%) 107,347,000 26,838,000 52,205,000 13,052,000 199,442,000
7. Contingency ((5.46.) x 10%) 134,152,000 12,814,000 66,377,000 4,793,000] 218,136,000
TOTAL WIDENING COST 1,476,000,000 147,000,000] 732,000,060 57,000,000L 2,412,000,000
8. Overlay Construction Cost (Initial Width) 383,256,000 42,584,000] -267,239,000 29,694,000 722,773,000
9. Conlingency {10 %) 38,744,00(] 3,416,000 26,761,000 2,306,000 71,227,000
TOTAL OVERLAY (Initial Width) COST 422,000,000 46,000,000 294,000,000 32,000,000] 794,000,000
10. Overlay Construction Cost (Ultimate Widthy | 536,577,000 39,620,000] 347,251,000 38,584,000 982,032,000
11. Contingeacy (10 %) 53,4‘23,(;(_);} 5,38ﬁ,ﬁ60 34,749,000 4,416,000 97,968,000
TOTAL OVERLAY (Ultimate Wid lﬁ) COST 590,000,000 ' 65,000,000| 381,000,000 42,000,000]  1,080,000,000

Source: JICA Study Team

9.7.6 Yearly Cash Flow of the Project Cost

The yearly cash flow of the project is estimated as shown in Table 9;7.4, assunﬁng the

implementation schedule as shown in Figure 9.6.2.
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CHAPTER 10:
EXPRESSWAY OPERATION AND MAINTENANCE PLAN

10.1

10.1.1

(1)

Expressway Operation and Maintenance Works
Scope of Operation and Maintenance Works

The scope of Expressway operation and maintcnance works is broadly divided into
three major components; (1) Expressway Maintenance, (2) Traffic Managemen, and
(3) Toll Collection.

Expressway Maintenance

The basic objeclives of expressway maintenance are to secure traffic safety, smooth
traffic flow and user comfort. The activilies for maintenance can be calegorized as
routine maintenance, periodic maintenance and incidental maintenance by their
frequency and characteristics.

Routine maintenance is based on routine (daily) inspection of the pavement
conditions, embankment slope conditions, drainage, bridges and other structures and
facilities to monitor any defects and damages on them. The resulls of routine
inspection will be promptly reporled to the operation and maintenance office for
follow-up maintenance works as required.

Periodic maintenance is based on detailed inspection to be performed at cerlain time

intervals of wcekly, monthly or yearly depending on the type of facilities, including

checking and testing of the conditions of structures and facilitics. Defects and

‘damages will be reported for repairs or remedies. Periodic maintenance also covers

such works as cleaning of pavement, guardrail and sign boards, mowing and trimming
of landscape plantation, and repair of road marking and painting. -

Incidental maintenance is basically the works to be carricd out fo restore the

- expressway and the related facilities to their normal operating conditions after they are
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substantially damaged by road accidents or natural causes.

Major maintcnance works cxcept inspeclion will be either performed by the
expressway operator, or performed on contract basis.  On contract basis of
maintenance works, the necessary work package will be contracted to contractors by
small tender or appointments depending on the scale of the works.  This is because it
is often economically more reasonable than possessing own performing units by their
frequency. Work ilems can be categorized as follows:

a) Cleaning of pavement

b) Mowing and trimming of plantation

¢) Cleaning of ditches and culverls

d) Pavement repair as patching and resurfacing

e) Repair of expansion joints of bridges and viaducts

f) Repair of embankment slopes

#) Repair of damages on [acilitics caused by tratfic accidents
h) Pavement overlay, road markings and kerb stone repairs.

Traffic Management

Traffic management includes activities of traffic control, towing of disabled cars

- involved in accidents, and furnishing users with expressway and traffic information.

Highway patrol will be performed to find damages on road facilities, traffic accident,
illegal parking, disabled cars and other extraordinary conditions which disturb traffic
safety. Information and report will be dispatched to the operation and maintenance
office through radio communication equipped on patrol cars. Services as rescue,
ambulance and emergency treatment to the injured by accidents, towing of disabled
cars will also be executed.

Traffic control includes general control of speed, overloading and emergency lane use
under unusuval conditions of accidents, abnormal weather and maintenance work
performance. Control and omission of illegally overloaded trucks will be conducted
in cooperation with traffic police. Axle load meters will be installed 'a_t entries of
inlerchangcé for weighing, so that such illegal overloaded trucks can be ‘prcvented
from entering the expressway.

Traffic surveillance including information collection and dissemination is also an
important parl of traffic management cspecmlly when the traflic volume is
approaching the exprcssway ‘capacily. Installation of such f‘acnhues as CCTV radio
broadcast, variable message signs and emcrgency tclephone should be programmcd in

10-2
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10.1.2

(M

the future for belter service for vsers. These higher level of traffic information
services than ordinary highway is required for toll expressway since the users arc
charged for using the facility, and will expect 1o obtain better scrvices.

Tol Collection

Toll levy system can be either flat toll system or proportional toll system from the
system viewpoint. The result of the toll levy system for K-G and G-M Expressways,
however, is more in favor of proportional (distance-based) loll system.

The number of tollgates will depend heavily on whether they are thronghway tollgates
at toll plazas or access tollgates at interchanges. The necessary number of tollgates
will generally depend on traffic amount that the tollgates will manage.  Since the toll
collectors (booth altendants) will handle a large amount of cash on daily basis,
security system for the collector, and for the cash will be critical. '

Maintenance of Roadway, Structures and Facilities
Inspection System

Inspection of road facilities is to recognize and evaluate the physical conditions of the
roadway facilities by obscivations so that the roadway will be maintained in
appropriate conditions for traffic flows, and maintained harmless to general public.
The inspection is a main part of maintenance activilies as well as repair works which
will be done if the inspection finds it nccessary. As same as the maintenance
categorization, inspection activilics are categorized as follows:

Routine (Daily} Inspection: Daily inspection of road conditions and usage by driving
observation.

Periodic Inspection: General inspection of structures in the designated area including
details of structures which cannot be done in routine inspcction.

Incidental Inspection: Special inspection when an evaluation is difficult by routine
and periodic inspections, when an abnormal weather condition is expected, when the
roadway has or expected to have any abnormal conditions,

Table 10.1.1 shows the scope of inspection works for each category of the inspéction
system, - It is recommended that the periodic inspection be broken down into three
different levels for different level of details.
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(2) Repair Works

The inspection system docs nat conclude by itself, but continues to the next step of
further investigation, continuing obscrvation or repair works depending on the
necessity.  Particularly the decision of repair works is an important engineering
decision to be made by the operation and maintenance office.

Figure 10.1.1 shows a flowchart for summarizing a decision making process on repair
works and other alternatives following the inspection result.

| Routine Inspection Periodic Inspection Incidental Inspection

[ . |

[

Necessily NO

E .
mergency Repair of Repair

Necessary

Repaired ‘Temporary

Results

Treatment

Necessily of YES

Permanent Re-inspeclion

Treatment

¥

Enspection

Necessily of
Repair

YES

Investigation

Necessity of
Investigation

NO

Abnormal Normal

Decision of
Repair

* {nvestigation:

a quantitative analysis to be
performed  when the
inspection system alone

Repair Confinuing canno! evaluate the damages
Observation i
= - I » Record

Figure 10.1.1: Flowchart for Inspection and Repair Works
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10.1.3 Traffic Management and Accident Measures

Traffic management oh expressways needs a more sophisticated system than that on
arterial roads. An expressway is an access-controlled, thus a segregated space from
at-grade road network. Once an accident occurs, it may take longer time for
ambulance or police to reach the site than at-grade roads; cven the information of such
accidents may not be transmilted immediately without a systematic (traffic
management system. Yet expressway users expect higher level of service in traftic
management, as well as the physical quality of the facility, because they are paying
money for using the facility.

That is why an cxpressway operation requires a centralized traffic management system.
Figure 10.1.2 shows a diagram for centralized traffic management and accident
mcasures on cxpressway. A centralized traffic management system is to collect all of
traffic information including accident information to the Traffic Control Center, and
the Traffic Control Center will make all the necessary decisions to cope with the
traffic situations on all over the expressway sections they are responsible. In the
normal operational conditions, information on expressway is collected through traffic
patrol cars provided by the tollway operator itself, police patrol cars, engincering
patrol cars for facility inspections, toll gate patrol and roadway cleaning operators.
These people are supposed to have a radio communication device to report any
conditions at the site to the traffic control center. The traffic control center also
colleet information on weather conditions through meteorological observation units,
and information on current traffic volume through automatic traffic counter, both of
which are to be furnished on the roadway.

When an traffic accident occurs, the accident party or general road users should be
able to inform the situation to the Traffic Conirol Center by emergency telephoncs
along the roadway. The emergency telephone is furnished at the road side by a
certain interval, ideally by about 1 km each, so that the users can immediately access
to onc of them when necessary. The accident information is also supposed be
reported by patrol cars and other parties on duty on the expressway. The information
can also be transmilted from the Traffic Control Center to the traffic and police patrol
so that they can be dispatched to the site immediately.

As soon as the Traffic Contro} Center has known the accident situation, it will make
decisions on to what extent the accident should be managed. It will dispatch traffic
police and maintenance clues fo the site, request ambulance for injured persons or fire
slation to dispatch their forces, and request for towing services for the damaged

10-6
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10.1.4

M

vehicles.  The center will also be responsible for the supply of the accident
information to other expressway users, and general public, depending on the necessity.

The facility for the centralized traffic management system may vary depending on the
length of the responsible expressway, and the level of service the operator will plan.
The idea of centralized control, however, should be realized on every access
controlled expressway system,

Toll Collection System
Flat Toll System versus Distance-based Toll System

The deciston on whether the toll expressway adopts the Flat Toll System or Distance-
based Toll System will affect the road user’s usage palterns and (oll revenue. Flat
Toll System is effective and convenient to users for urban expressways, where the
average (rip distance is relatively shorter and the average frequency of usage per user
is higher. Urban expressways arc usually crowded, many users often enter and exit
on daily basis, and the operator handles many similar short trips. In such
circumstances, a flat toll system is preferable because the operator can save the

collection cost, shorten the service time at payment, and the user can easily remember
the toll amount.

Distance-based Toll System, on the other hand, is effective and fair to users for inter-
urban expressways, where the average trip distance is longer, and frequency of usage
per user is less. If the difference in distance between longer trip users and shorter
trip users become large, the distance-based toll creates unfairness. The longer
service time, normally less than ten seconds, is not a major problem when the average
distance is longer. |

Although K-G and G-M Expressways are located near the capital region and the
neighborhood is expected to rapidly urbanized in the future, the nature of the two
expressways are both inter-urban expressways. The average interchange interval
will be 24 km, and the interchange interval varies depending on cach section.
According to our traffic demand forecast, the average trip distance will be 38 km,
The nature of the network is multi-directional with a junclion, which necessitates
complete “issuing at entrance and collecting at exit” type of collection system.

Considering such nature of the expressway system, it is recommended that the toll
system on K-G and G-M Expressways be Distance-based. By adopting the access
tollgate system at interchanges, the system can avoid throughway toll plaza. It will

10-8
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enhance the less-crowded, barricr-free toll road system.
Computerized Toll Collection System

Since K-G and G-M Expressways arc not a single road stretch but constitute part of a
network, a computerized toll collection system is recommended. A single and
simple toll road stretch can be operated by a simple system of issuing a small piece of
paper at the entrance and collecting the necessary toll at the exit. In a network,
however, it needs to identify all of the vchicles on the system.  The system will need
a reliable cash management which enables the complete matching between registered
or computed toll data and actually collected cash amount. Also the system should be
able to acquire complete data of traffic volume and revenue, origin-destination (OD)
data, peak-hour, weekly, monthly and seasonal traffic volume fluctuations for belter
traffic management system.

Figure 10.1.3 shows a schematic diagram for computerized distance-based toll
collection system. When a vchicle entering the expressway receives a ticket, the
ticket should have information such as the serial number, vehicle type, entrance IC
number, date and time of enirance, and the booth attendant’s number, etc. This
information will be used when the vchicle exits the cxpressway; the toll price will be
computéd, payment will be confirmed and the statistical data will be registered. The
number of vehicle passing the gate is also confirmed by automatic vehicle sensors
located in front of the entrance and e¢xit tollbooth. This confirms the complete
matching of registered toll data and actually collected cash amount. Those toll
collecting data will be all registered in the central computer, which enables a reliable
revenue & cash management, and is an interest of not only the operator, but also the
investors to the operating corporation.

The computerized toll collection system has optional functions, which should not
necessarily be adopted at the initial opening stage, bui can be future integraled
services. These optional functions are:

1) Prepaid Card system for quicker payment at the exit gate,

2) Permanent Plate for frequent users for deferred payment, and

3) Automatic Toll Collection (ETC) system ( a system automalically identifying a

~ vehicle at a gate and the toll amount, and deducting the amount from the user’s
~ bank account without stopping the vehicle al the gate).

16-9
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10.2

10.2.1

Organization for Expressway Operation and Maintenance
Basic Organization Hierarchy

For the assumed expressway operation period, the organization for operation and
maintenance should be self-sufficiet. The basic organization structure will be
composed of a head office, an operation and maintenance (O&M) office and tollgate
offices. Figure 10.2.1 shows an example of organization charts for the head office
and the O&M office.

The head office will be directed by a board of directors of the corporation to operate
the tollway. It will be responsible for overall management of the organization
including decision making rclated {o basic policics on opcration and maintenance of
the expressway, budgetary control, short-term financing, etc. The function of the
traffic control center should also directly belong to the head office because of its
importance in-decision making, although it should be located at the O&M office for
better communication. The head office generally has the functions of technical,
administration, operation and accounling. The head office should be able to ensure
smooth and easy access to the related government agencies, financial institutions and
business opportunitics.

The O&M office will be responsible for the actual execution of operation and
maintenance works for the expressway including the supervision of contracted
maintenance works. The tofal length of Ghaziabad - Meerut and Kundli - Ghaziabad
Expressways will be about 80 km. This can be operated by one O&M office il the
two projects arc operated by a single expressway corporation.  If the expressways are
divided into two different projects, it is natural to set up each regional O&M office for
each project by each entily. For the mainlcnance activities, however, it can be
performed by a single O&M office through entrustment of the maintenance of the one
project to the other since this is economically a better solution for both entitics.

The tollgate offices will be provided at every interchange and toll plaza location,
The tollgate offices will be operated for 24 hours, 365 days a year, The toll collector
(booth attendant) will work, in common practice, in three shifts. The tollgate offices
will be responsible for the control of the number of open tollgates depending on the
fluctuation of the traffic volume. When the amount of traffic is srhall,‘ it is better to
operate fewer number of tollgates to save the operation cost.  On the other hand, it
will create a congestion if the amount of traffic is too large compared with the number
of tollgates.
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Figure 10.2.1: Organization Chart of Head Office and Operation & Maintenance Office
10-12




10.2.2

Office Location Plan

The location of the head office depends on several conditions beyond the scope of the
study for K-G and G-M Expressways only. If the expressway corporation is formed
for implementing K-G and G-M Expressways only, for example, it is recommended
that the head office be located together with the O&M office in one of the interchange
areas. ‘This is because the responsible portion of the expressway is the same between
the head office and the O&M officc. On the other hand, if the expressway
corporation is formed for FNG Expressway and K-G, G-M Expressways altogether, it
might be better to locate the head office in the cily of Delhi sceking smoother and
casicr access to the related government agencies, financial institulions and business
opportunities, especially if FNG Expressway and K-G/G-M Expressways has
independent O&M offices.

The location of the O&M office should be in one of the interchange areas since it can
utilize the acquired land area for the operation, and it can have an easy access both to
the expressway and other urban functions outside of the cxpressway area. It is
desirable to reach the farthest point of the expressway approximately within 30
minutes from the office, For K-G and G-M Expressways, it is recommended that the
O&M office be located in the interchange of Ghaziabad. This is because among the
possible five interchanges where the operation and maintenance office can be located,
Khekra IC and Modinagar IC are small and do not have a good access to urban area,
Kundli IC is too far from G-M Expressway, and Mecrut IC is too far from K-G
Expressway at the time of emergency. The O&M office in Ghaziabad could also
function for FNG Expressway if the corporate condition allows because of its ideal
midway location for entire FNG, K-G and G-M Expressway system.

The toligate offices should be located at each of the five inlerchanges at the side of
tollgates. The tollgate offices will manage a lot of cash everyday, and the security
for carrying the cash is strictly important. Hence, the physical distance between the
tollgates and the office should be as short as possible. The tollgate office of

‘Ghaziabad IC can share the space with the O&M office if it is located in the same

* interchange area.

10.3

103.1

Facilities and Equipment for Operation and Maintenance
Operation and Maintenance Office

The facilitics of the O&M office should basically consist of the office space, parking

10-13



lot, clectrical rooms and others. The required office area is approximately around
10,000 to 20,000 m’. The office space includes the spaces for office manager and
other staff, meeling rooms and other necessary facilities. The parking lot space
should be able to accommodate all the necessary vehicles for maintenance. The
clectrical rooms includes a computer room, a power supply and generator room, a
telecommunication control room, and other storage spaces.

The necessary equipment for maintenance activilics arc ordinary sedans and vans,
light and heavy trucks, Iil trucks, water trucks, backhocs, portable generators, chain
saws, clectric welders, air compressors, tampers, concrete mixers, concrete vibraldrs,
and other hand tools, etc. Iniroducing' special types of vehicles such as a road
cleaner should be considered upon necessity. " | - '

10.3.2 'Tollgate Offices

10.4

The tollgate office facilitics should basically consist of the tollbooths, islands and their
roofs, the office space including a cash calculation room, lickel slorage, elecirical
rooms, and others.  Since the office is operated on 24-hour basis, the office facilities
should equip a minimum accommodations for resting and temporary sleeping facilities
for booth attendants and other employees. The required-office area is approximalely
around 3,000 to 5,000 m”  The tollgate office that is located in the interchange where
the O&M office is also located, the two offices can share a space in the interchange.

The tollgate office should be able to observe the gate area well, and if the interchange
design allows, it is desirable to be located at the exit gate side of the tollgate area.
This is to minimize the distance for carrying cash. On K-G and G-M Expressways,
Khekra IC, Modinagar IC can achieve this design; however, Kundli IC, Meerut IC and
Ghaziabad IC locate the tollgate office at the cntrance side due to the ramp design

~ reasons. It would be better, if it is deemed necessary, to provide a direct underground

walking tunnel for carrying cash from the booths to the office.

The tollgates should be equipped with barricades to be able to close all of the gates
when nccessary. Normally these are used when some of the booths are closed, but
they can be used when the operatbr need to conlrol the number of vehicles entering
the expressway on emergency or abnormal traffic saturation, etc.

Operation and Maintenance Cost
The operation and maintenance cost consists of roadway maintenance materials cost,

maintenance equipment and fuel costs, facility and utility running cost, and manpower
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cost. The maintenance materials are for incidental pavement repairs, replacement of
broken facilities and their parts. The equipment consists of the machines and tools
mentioned in Section 10.3.1.  For estimating the nccessary cost, it is assumed that the
equipment necessary for routine and periodic maintenance activities will be owned by
the expressway operator.  The facility and utility running cost is for office buildings,
toll plaza and rest area facilities including lighting and other utilities. The manpower
cost includes all of the necessary personnel for the head office, O&M oflice, and
tollgate offices.

The estimated operation and maintenance cost (1999 prices) for all of K-G and G-M
Expressways (Total O0&M Length = 80.75 km) is as follows:

Table 10.4.1:  Annual Operation and Maintenance Cost

No. Item Annual Cost
1 Maintenance Material Cost Rs. 6,000,000
2. | Maintenance Equipment & Fuel Costs Rs. 6,500,000
3. | Facility and Utility Cost "Rs. 5,700,000
4 Manpower Cost Rs. 14,800,000
Total Annual Cost Rs. 33,000,000

Source: JICA Study Team

Note: Annval cquipment cost is compuled based on the assumption that all
machines and tools will be purchased and depreciated (used up) in ten
years.

For a summary, all of “non-initial project costs,” that means the costs arising after the
initial construction is completed and the expressways arc open to {traffic, are
summarized in Table 10.4.2. These are also all 1999 prices.

Table 10.4.2: Summary of “Non-initial Project Costs” of the Expressways

Htem Cost
Operation and Routine/Periodic Maintenance Cost Rs. 33,000,000 fyear
Pavement (For Initial Number of Lanes}) Rs. 792,000,000 /each
Rehabilitation Cost {For Ultimate Number of Lanes) Rs. 1,078,000,000 feach h
Expressway Widening Cost i Rs. 2,412,000,000

Source: JICA Study Team .
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CHAPTER 11:

ECONOMIC ANALYSIS

11.1  Vehicle Operating Cost and Time Cost
11.1.1  Vehicle Operating Cost{VOC)
(1) Vehicles for the estimation of VOC

When the project is implemented, vebicle speeds will tend to increase, consequently, all
vehicles arc able to enjoy benefit of the saving in vehicle operating costs. Figure 11.1.1
shows 6 kinds of vehicles selected for calculation of VOC; 1) passenger car, 2) small size
bus, 3) large size bus, 4) small size truck, 5) large size truck, and 6) motorcycle.

These 6 kinds of vehicles are grouped into 4 categories in the stage of cconomic
evaluation to match the estimated traffic volume. Slow moving vehicles such as auto

rickshaw, agriculture tractorsftrailers, cycles and cycle-rickshaw are excluded from the

calculation.
| Vehicle Types | Vehicle for VOC | VOC & Traffic |

1 Carfleeps ‘ Passenger cars Passenger cars
2 2-WeelersiMotorcyclel—————|  Meolorgycle Motorcycle
3 3-Weelers{Autorikshaw) - :
4 Van/Mini Buses ——{_ Van/Mini Buses . .
5 Public Large Bus ::_ Buses |
6 Private Large Buses - —|__ Large Buses
7 Light Commercial Vehicles—————  Small - Trucks
8 2-axle Trucks e J——{ Trucks |
9 Multi-axle Trucks —_-l—-[ Large Trucks
10" Agricultural Tractors/Trailess :

- 11_Animal Drawn and Hand

12 Cycles and Cycle-rickshaw

Figure 11.1.1 Vehicle Classification for Vehicle Operating
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(2) Component of Vehicle Operating Cost

Vehicle operation cost (VOC) can be divided into two major components; 1) running
cost and 2) fixed cosl. Vehicle running cost changes in proportion to vehicle running
conditions and vehicle usage conditions. Fixed cost accrues in the purchase of a vehicle
while running cost accrues by driving vehicles. Figure 11.1.2 shows running cost
consisting of 5 items and fixed cost consisting of 4 items.

Data Needed for V. 0. C. Calculation ] Types of V.O.C Kinds of V.0.C.
[(1)FaeT Cost }— R o '
[(Z)Lubricant Cost ™ | _ ‘
[(3)Tyrc Cost | Unit Running |
SN Cost 1
(4)Maintenance || . per Km : - Vehicle
Cosl ' | Operating
Cost
_ . [(5)Depreciation | .}
' “of Vehicles’ © [
Vehicle o . ;
Price
. - | .. [(1)Depreciation ‘
- |__of Vehicle
C Unit Tixed
[(£)Interest Cost | —
per Hour

[(3}Crew Cost

[(3)Overhead

Figure 11.L 2 Diagram of Vehicle Operating Cost Estimation Procedure

(3) Economic Price of Vehicles

~ The price of the vehicle affects VOC greatly. Table 11.1.1 shows the calculation of
financial cost and economic cost of a passenger car. The selected car is the product of
MARUTI UDYOQG TD, which occupies 80% to 85% of matkct'shz‘iré. The average retail
price of the car is estimated at 182,775 Rs. And the ccoﬁdmi_c cost is found to be
140,550Rs, deducting 23% for tax and duties, A

For other vehicles refer to 1) Appcndlx Table 11.1:1 for small bus, 2y Appendlx Table
11.1.2, for large bus, 3) Appendix Table 11.1 3 for smail truck Appcndlx Table 11.1.4
for large suc lruck and Appcnd;x 11 1 5 for molorcycle :
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Table 11.1.1  Calculation of Financial /Economic Price of Vehicles

- The Case of Passenger Car -

Feonomic Cost Financial Cost
Item Calculation Cosl Tax/duly Cumulative

a) CKD & Assembly Costs 135,586 135,586
b) Excise Duty(Include Cess) 14.31% [ 22,642 158,228
c) Whole sale price 158,228
d) Dealer Commission 3.04% 4,964 4,964

<) Retail price 163,192
f)Sales Tax 8% 13,055 176,248
2) Registration Tax % of Item(c) 6,528 182,775
On the road price(Financial Cost) 140,550 - 42,226 182,715
Cost Component % 77 % 23 % 160 %

Note: CKD: Complete Knock Down

Source: Association of India Automobile Manufactures
Prices of Input Items for Vehicle Operating Cost Estimation

Table 11.1.2 shows cost by items by vehicle types. Cost data of items in the table are
obtained through various trade organizations. The items are 1) vehicle price, 2) fuel
price/litter, 3) tyre unit price, 4) lubricant price/litter, 5) maintenance labor cost, 6)
overhead cost, and 7) crew unit cost, Diesel oil price of fuel for vehicles increased from
9.94 Rs/Litter to 11.67 Rs/Litter in October 1999 thus affecting running cost and VOC.

Other items in the table are taken from data of IBRD and AASHTO with consideration to

actual data obtained in study area. Data are also based on the ADDB financed g‘Study for
Updaling Road User Cost Data” preparcd by Dr.L.R.Kadiyali and Associates.
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Table 11.1.2 Input Data for Unit Vehicle Operating Cost at Base Speed

Unit : Rupee
Items Passenger Small Large | Smalt Large Molos-
Car Bus Bus Truck Truck cycle

1) Vehicle Price(Excl Tyres)Fin-Rs. 182,175; 350,328; 449,967i 332,512 572,633 33376
Vehicle Price{excl. Tyres)Econ-Rs. 140,550¢ 227,722% 343,103; 246,119 436,736 28,507
Vehicle Life( Years) 8 9 8 3 8 6
Vehicle Life Km 104,000; 382,500; 320,000i 224,000: 322,500; 90,000
Vehicle Annual Km 13,000  45,000! 40,000 28,000 43,000; 15,000
Vehicle Life Operating Hours 4,000] 12,750; 12,800 9,600 11,250 3,600
Vehicle Annual Opcrating Hours | 500: 1,500 1,600 1,200 1500 600
2Y Fuel Price (in-Rs Jifier) B 7 1391 139] 13.91 139111391
Fuel Price (Econ-Rs.fLiter) 21,72 11.68 11.68 11.68 11.68 11.68
Fuel Consumplion (Liter/Km) 0.13 0.18 0.25 0.27 0.30 0.03
3) Tyre Unit Price (Fin-Rs./Picce) 1,550f 4,800} 10,020; 10,020{ 12,000 480
Tyre Unit Price (Econ-Rs./Picce) 1,054 32641 6814 6,814 8,160 326
Number of Tyres 4 4 6 6 10 2
Tyre Life -Km 40,000 30,000: 40,000 40,000 40,000 30,000
4) Lubricants Price(Fin-Rs./Liter) 75.00 75.00; 7500 75.00 75.00 75.00L
Lubricants Price{Econ-Rs./Liter) 63.00 63.00 63.00 63.00 63.00{ 6300

_ Lubri.OilConsumpt.(Liter/100km) 1.2 20 22 30: 34 0.2
5) Mainicnance Spares/Year (%5) 7 B it & TR 3
MaintenanceLabor(Hour/1000km) 3 15 15 12 15 2
Maintenance LaborCost(Fin-Rs/h) 2388 23.88; 23.88 23388 23.88 23388
Maintenance LaborCost(Econ-Rs., 23.67 2367 23.67 23.67 23.67 23.67
6) Depreciation. Distance Related(%) 60 30 85 70 70 60
Depreciation.Time Related(%) 40 20 15 30 30 40
7) Real Rate of Interest of Capital (% 135 13.5 13.5 135 135 85
| Opportunity Cost of Capital(%) 12 12 12 Ak 12 12
8) Overhead cost(Annum Fin Rs.) 0;  38,095: 38,095¢  38095: 38095 0
Overhead cost{Annum Econ-Rs.) G 38,095: 38,095 38,095 38,095 ]
9) Crew-Number{Driver) 0 i 1 1 1 0
Crew-Number(Assistant) 0 1 1 1 1 0

- Crew Unit Cos! (Fin-Rs./Hour) ¢ 2388 23.38 23.88 2388 0
Crew Unit Cost(Econ-Rs.fHour) 0 2367 23.67 23.67 23.67 0

(5) Estimation Procedure

Vehicle operating costs by vehicle lypeé are cstimated by the following formula by using
the input data of Table 11.1.2 namely:

1) Fuel cost/km: Fuel priceftitter x fuel consumption /km by speed

2) Lubricant cost/km: lubricant price/flitter x lubricant consumption/100km

3) Tyre cost/km: Tyre unit price / tyre life km

4) Maintenance
Spares portion/kin: Vehicle price / vehicle life km X % of maintenance spare
cost /year as % of vehicle price
Labor portion/km: (working hour/1000km x labor cost/hour) 1000
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5) Depreciation
Distance related/km: Vehicte price / vehicle life km x distance Ratio (60%)
Time related/km: Vehicle price / vehicle life hour x time related ratio (40%)
6) Overhead cost/km: Annual labor cost x annual working hour
T) Crew cost/km: Annual crew cost x time cost/hour

(6) Result of Calculation of Running Cost

Running cost of vehicles contain five factors such as 1) fuel cost, 2) lubricant cost, 3) tyre
cost, 4) maintenance cost, and 5) depreciation cost related to running distance. Table
11.1.3 shows the result of the calculation, The share between large and smali bus and
truck is taken from traffic survey.

Table 11.1.3 Summary of Running Cost Per km by Base Speed (Economic Price)
Unit: Rupees/km

Items Bus Truck
Pass, Car|Small Bus; Large Bus{Small FruckiLarge Truck| M.Cycl
c
Fuel Costs 2.82 2.10 2.92 3.15 3.50 035
Lubricant Costs | oos 0.13 0.14 0.19 0217 001
Tyre Cosls 0.11 0.44 1.02 1.02 2.04 0.02
Maintenance Spares Cosls 0.09 0.05 0.11 0.09 0.11 0.01
Maintenance Labor Costs 0.07 0.36 036 028 036: 005
Depreciation Costs 081 0.48 0.91 0.77 095 0.9
Total Running Costs/vehicle-km 3.98 3.54 545 551 117 0.63
[Vehicle Component 100% 33% 67% A8%;  S2%  100%
[Weighted | 308 117 3.65 2.64 3731 063
Running Costsfvehicie-km 3.98 4.82 6.37 0.63

The relationship between running speed and running cost by vehicle types is expressed in

following formulas where Y is running cost, and X is running speed on city road,

1) Passenger car Y =0.000902x% ~0.139788x + 8.440934
2) Bus Y = 0.000984x - 0.123030x + 8.166583
3) Truck Y = 0.001804x? ~ 0.235464x + 12.901529
4) Motorcycle Y =0.000179x% - 0.016251x + 0.996781
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(7) Fixed Cost

There are 5 items in the fixed cost such as 1) depreciation cost related to time consumed,
2) interest cost, 3) overhead cost, 4) crew cost, and 5) Usage cost that is accruing from car
utilization. Details of unit VOC by item is presented in Table 11.1.4,

Table 11.1.4 Summary of Fixed Costs per Km at Base Speed (Economice Price)
Unit: Rupees/km

ltems Bus Truck

| Pass. Car [ gl Bus [,a.[.gc.Bus Small Truck. large.Tmcic M.Cycle
Capital CqslS(Dep_~Timc Relation) | 14.06 3.57 4.02; 769 1165 3.17
Opportunity Cost of Capital B X2 T Y7 TR 2461 1'3&54 5.0
Overhead Cost 0000 2540 2381 3175 2540 0.0
Crew Costs | 000; 4734 4734 4734 4734 0.0
Fixed Costs, Al 3779 9453 100900 11139 11932 8.87
Factor (%) 0.30 0.65 0.65 0.70 0.70! 030
Total Fixed Costs/Vehicle-hour © 1434 61.44 65.59 T1.97 83.53; 2.66
Total Fixed Costs/Vehicle-km 0.32 | 1.37 1.64 1.95 2.09:  0.07
Yehicle Composiﬁon : 100% 33% 67% 418% 52%; 100%
Weighted - ' 0321 045  L100  094 109 007
Fixed Costs/Vehicle-km 0.32 1.55 202 0.07

(8)  Summary of Unit VOC
As shown in Table 5.1.3 and 5.1.4, following is the unit VOC at basnc speed which ranges
from 50km/h for passenger car to 40km/h for other vehicles.

Yehicles: Running Cost Fixed Cost

Passengercar  3.98 Rs./km 0.32 Rs./km
Bus 482Rs/km . 1.55Rs/km
Truck 6.37 Rs/km 2.02 Rs/km

Motorcyele - 0.63 Rs/kin’ 0.07 Rs/km
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11.1.2

(1

)

Travel Time Cost
Wagc Rate Approach

Traveling hours saving of persons as a result of the project is considered as an cconomic
benefit of the expressway. Estimation of travel time cost was done on the basis of wage
rate approach, The wage rate and trip purpose is function of the passenger time value.
Therefore, time value is obtained by the following procedures:

1) Estimation of income per worker by income level;

2 ) Estimation of working time value by vehicle user; and

3) Lstimation of travel time value of passenger by vehicle type.
Income [ evel
Data of Gross Regional Domestic Product (GRDP), population, employce are based on
the socio-economic analysis in Chapter 5. Table 11.1.5 shows the income distribution by
income level. Detail is shown in Appendix Table 11.1.6.
As shown in the table the number of employee in the study area is 7,577,000 in 1999

and the annual average income per employee is 83,962 Rupee for the same year

Table 11.1.5 Distribution of Annual Tncome by Groups of Study Area in 1999

Ttems Lowest | Second | Third | Fourth | Highest | Ave.or Total
Distribution of Employze by Income Level 2004%] 3943% 18.38% 10.75% 11.40% 100%
Number of Employee Year 1999(1000) 1,518 2,937 1,393 814! - 864 7,571
Distribution of Income by Income Level 3845 11.46%| 19.52%| 28.18% 37.01% ©100%
Amount of Income Y_e_ai’_l’???_(Rs) 24406) 72,895] 124,191 l79,26§ N 72375_,*32‘2 o §1§,I§Q
Annual Income pcf Employce(Rs) 16073 24,401} . 89,162 220,120 272,518 83,962

Source: JICA Study Team and Statistical Outline of Indja 1998-99, P214
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(3) Working Time Value

@

Working time value for workers should differ by the level of income. As shown in the
Table 11.1.6, the annual income level of the lowest class, which amounts to 20% of the
lotal workers, is 6.70 Rs /h. Conversely, that of the highest class, approximately 11% of
total workers, is 84.22 Rs/h., which is about 14 times higher than the lowest income
level.

Table 11.1.6 Unit Working Time Value by Income Level (Economic)

Unit: Rupee
Level of Income by Group Lowest Second Third Fourth Highest
Annual Income per Employee 16,073 24,401 89,162 220,120 272,518
‘Tax Liability 0 0 3,300 29,150 70,400
Annual Income after Tax 16,073 24,401 85,862 190,970 202,118
Working Hour fYear . 2,400 21400 ) 2,400 2,400 2,400
Working Time Value/Hour 6.70 10.17 35.78 79.57 84.22

Source: 1)Statistical Outline of India 1998-99, P214

Time Value by Vehicles

It is assumed that the income group lowest and the second lowest income group use bus,
the second and third groups use motorcycle, whilst the fouith and the highest income
groups use passenger car. Occupancy rate of vehicles is adjusted by non-employment
ratio. Table 11.1.7 shows the working time value by vehicle type.

Table 11.1.7 Working Time Value by Type of Vehicle Users

Grouping by Vehicle Bus Passenger M.cycle Pass'enger'Car
No. of Passengers . 450 14 1.60
Adjustment by Non-Employment Ratio (79) 315 0.98 ' 1.04
Time Value fVehicle. Hour (Rs.) 26,':6“1_ ' B :22.51 V 85.17
Time Value fVehicle. Minute 4.43 033 1.42

Source: Occupancy rate of vehicles & Income level of M.cycle by Interview Survey JICA Study Team
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(5) Summary of Travel Time Cost

There is a difference between the working time value and the transportation (trip) time
value. Trips from origin to destination by using project expressway or by using ordinary
streets are not always made for productive purposes. According to the resulls of the traffic
survey, about 20% of trips are for leisure purpose, which is not included in time value
calculation. Business trips are valued at 100% of wage while non-work related trips are

valued at around 50%.

Table 11.1.8 Travel Time Value by the Type of Vehicle User

Unit : Rupee

Usage of Vehicle Trip Purpose Time Productivity TimeValue/minute
Types by Passenger | Work {Nonleisure [Leisure] Work [Non-Leisure|Leisure Total |Working| Trip

A B C D | E=Bx0.50 F {G=D+E| H [=GxH
Passenger Car 35% 45% | 20% | 35% 23% | 0% 58% 1.42 0.82
‘Motorcycle 135% 45% 20% { 35% 23% 0% 58% | 038 0.22
Bus 20% 55% 25% | 20% 28% 0% 48% 4.43 2.10

Source: Interview Survey by JICA Study Team

As Table 11.1.8 shows, the time value estimated by working income is 1.42 Rs/minute in the
casc of passcnger car, but the time value adjusted by non-employment ratio and trip purpose is
0.82 Rs /minute.

The following travel time valuc will be used for the time saving benefit calculation of the

project as follows:

Time value per minute ............. Passenger Car w........... .82 Rs.
Time value per minute ............. Bus ....cviiinninn. . 2.10 Rs.
Time valuc per minute ............. Motorcycle .....cveenennes 0.22Rs.

The increase in time value as a result of the growth of GRDP is not considered because all cost
and benefit are compared at present value by constant price for the calculation of Internal Rate

of Rétu_rn.
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11.2 Network and Cost

11.2.1 Project Network and Cost Components

M

)

Network for Evaluation

A total length of the project expressway network, 80.75 ki, is defined to be the following
groups for economic evalvation namely:

1) Whole Expressway Network _ 7 - 80.75km
2) Scction of Kundli — Ghaziabad Expressway 49.00km
2) Scction of Ghaziabad —~ Mcerut Expressway 39.95 km

Each group is cvaluated separately to determine 1) scale of investment, 2) timing of

investment , and 3) priority of investment using cconomic analysis.

The three alternatives are considered to be construcied initially as 4 lanes with 6 lanes for

the scction between Ghaziabad 1.C and Ghaziabad junction. Alternatives of widening to 6

lanes are considercd when traffic demand reaches the capacily in ycai‘ 2022, 17 ydars after
the opening. The upgrading of paralle! national highways is not considered as an
altcrnaiive. | |

Project Cost

" Table 11.2.1 shows initial investment cost for each section. The cost figurcS in the table

are based on the calculation in Chapter 9, Total investment cost of_ the wh(")l_e' netWork,
K-G and G-M, is 11,350 million Rs. '

Table 11.2.1 Component of Construction Cost of Sectidns
-Unit: Million Rs.

Ttems K-G Section G-M Section” | - (K-GH+(M-G)
Length (km) 49.00ken | . 39.55km - . -80.75km .
Construclion 5,445 3,696 8,422
Land Acquisition 1,384 1,071 11,902
Engincering Services 678 473 1,025

Total 7,507 5,240 11,350
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11.2.2

(D

&)

The investment cost includes physical contingency but docs not include price contingency.
The price is shown in 1999 prices. More details of inilial investment cost by segment are
shown in Appendix Table 11.2.1. The cost of maintenance and cost of widening are shown
in Appendix 11.2.2,

Estimation of Econemic Costs

In the economic analysis of the project, the financial cost, which is cstimated in market
price, was converled lo an economic price. Economic cost expresses the rcal value of
cxpressway investment cost in monctary unit. This economic cost is compared with the
economic benefit to justify the project. The following 6 items cstimated by market price
are converted into economic cost.

Forecign and Local Portion

.Economic cost of the project is cstimated scparately fdr, 1} construction cost, 2)

engineering cost and 3) land acquisition cost. Cost components of forcign and local
portion arc as follows:

1) Foreign portion 2} Local porttion.
1) Construction cost 6% 94%
2) Engincering cost 19% 81%
3) Land acquisition cost 0% 100%

The lecal portion is further divided into following 5 items; 1) tradable goods, 2) non-
tradable goods, 3) skilled labor, 4) non-skilled abor, and 5) tax.

Economic Price of Foreign and Tradable Goods

.. Economic prices of foreign and tradable goods are the same with market price. The price

3).

of those goods shows the real value by the free competitive international market.
Fconomic Price of Non-Tradable Goods

Non-tradable goods used in the project are considered not to show their real value because
of piece distortion. The shadow (real value) exchange cocfficient are calculated by the
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following formula by using data in Table 11.2.2 namely:

(Import + Import Tax)+{Export — Export Tax + Subsidy)
Import + Exporl
= 1.07

Shadow exchange coefficient is calculated as 1.07, which means the price of non-tradable

goods is separated from the international market price as a result of high import duties,

Table 11.2.2 Shadow Exchange Coefficient for Non-Tradable Goods

Unit: Million Rs.
1993-94 199495 199596 1996-97 1997-98 Average
Import (CIF) 731,010 899,710 1,465,420 1,737,530 1,502,670 1,347,268
Import Tax 2,265 27,145 36,066 370,164 400,389 167,206
Export (FOB) 696,558 826,746 1,084,810 1,211,940 1,295,160 1,023,042
Export Tax 660 850 1,080 1,172 1,410 1,034
Subsidy Na. Na, Na. Na. 20 204

Source:1)Statistical Outline of India 1998-99,p114
2) Statistical abstract India 1997, p255,p490

3) Data by Internet, Ministry of Finance
Economic Price of Right of Way

The total cost of land acquisition is estimated at 1,900 million Rs in market price for
required land of 916 ha. Regardless, the land belongs to the governinent or ¢ven if the
government finances total land acquisition cost, the cost should be included in the
economic project cost. Economic cost of right of way is estimated by the productivity of
the land.

The arca produces mainly wheal, rice, cotton, repseed, bajra, gram and sugarcane. Those
productions are estimated by area, by volume, and by amount of production. The amount
of productivily of average agriculture land is oblained at 688,842 Rs. per hectare in 1999
price under the assumption of market interest rate of 10%. Details are shown in Appendix
Table 11.2.3, Land Productivity of the Study Area.
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The right of way consists of 1) village land, 2) agriculture land, and 3) vacant Jand. As
shown in Table 11.2.3, for the amount of land productivity 2 times is applied to village
land and only 10% for vacancy land against agriculture land to get cconomic price.

Shadow rate, which is the conversion factor for economic price is obtained as follows:

Shadow rate of right of way: 927 Million Rs / 1,332 Million Rs = 69.6%

‘Table 11.2.3 Economic Price of Right of Way of the Expressway

Unit:1000Rs.
Kinds of Land for Market Price Economic Price
Land Acquisition |Required Arcaj Total Cost | Adjusted Cost |PresentValucof Productivily | Shadow
(ha) Solatium{-30%)| 688,842/ha |Adjustment Rate

Village Area 372 1,187,954 831,568 394,018 788,035

Agricullure Arca 186 386,293 270,405 128,125 128,125

Vacant land 158 328,141 229,699 108,837 10,884
Tolal 916 1,902,388 1,331,672 630,979 927,043| 69.6%

Economic Price of Labor

Economic price of skilled labor and unskilled labor are different. Skilled labor is assumed

the same with market price and economic price, assuming free competitive condition.

Economic price of unskilled labor is calculated by the comparison belween number of
workable unskilled labor and number of unemployment. Based on the socio-economic
data, the shadow wagg rate is estimated at 72% in this analysis -

Tax and Dulics

Amount of tax included assumed to be 10% in financial cost though there are many kinds
and different levels of taxes, The tax is assumed, as the cost needed for the Government to
operate as country, The figure of 10% is used in normal feasibility studies. These taxes and
duties are removed from financial cost for they are not real costs of the cconomy, but are
only transfer of payments,
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(7) Summary of Economic Cost of the Project

The following overall conversion factors are applied to the financial cost lo estimate the

economic cost namely:

1) Construction cost

2) Engineering cost

3) Land acquisition cost

4) Routine maintcnance cost

5) Periodic maintenance cost

90.5%
88.9%
69.6%
75.3%
83.1%

Table 11.2.4 shows economic costs converled from financial cost of initial investment,.
Calculation in details is found in Appendix Tables 11.2.4, 11.2.5, and 11.2.6. Economic

cost of routine works and widening are shown in Appendix Table 11.2.2.

Table 11.2.4 Summary of Conversion from Financial Costs to Economic Cost
Unit: 1000 Rs.

Classification

K-G&G-M 80.75km

K-G Sectlion 49.00km

G-M Section 39.55km

Financial | Economic | Financial | Economic Financial Economic |

Construction 8,421,751 7,620,656 5,444,845 4,926,920 3,696,084 3,344,505
Enginecring 1,025,358 911,168] 678,238 602,705 . 473,340 420,626
Land Acquisition 1,902,388 1,324,348 1,383,913 963,411 1,071,145 745,678
‘Total 11,349,497 - 9,856,172| 7,506,996 6,493,036] - 5,240,569 4,510,808

(8) Yearly Allocation of the Project Cost

it reacquires 6 years for the construction at the carliest. Table 11.2.5 shows yearly

allocation of investmenl cost by sections. The yearly investment ratio on average is as

follows:

1%

9~ 10%
10~15%
10~ 20%
27~33%
28~35%

for the 1sl year

for the 2nd ycar

for the 3rd year
for the 4th year
for the 5™ year

for the 6™ year
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Table 11.2.5 Ycarly Allocation of Investment Cost (Economic Cost)

Unit: 1000 Rs.

Year K-G &G-M  80.75km K-G Section 49.00km G - M Section 39.55km
Financial %  Ecoromic { Financial %  Fconomic | Financial % Economic

2000 164,484 1% 142,842 108,795 1% 94,100 75,949 1% 65,31
2001 988,916 9% 858,798 702,033 %% 607,210] 530,283 0% 456,440
2002 1,399464 12% 1,215,328 1,112,581 15% 962,306 530,284 10% 456,441
2003 1,841,101 16% 1,598,856] 1,478,838 20% 1,279,093] 500,175 10% 430,525
2004 3,428,602 30% 2,977,479 2,003,208 27% 1,732,637 1,752,777 33% 1,508,699
2005 3,526,930 31% 30628701 2,101,541 28% 1,817,689 1,854,101 35% 1,593,331
Total 11,349,497 100% 9,856,172 7,506,996 100% 6,493,036] 5,240,569 1005% 4,510,808
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11.3

Estimation of Benefit

11.3.1 Users Benefit and Toll Level

(M

@

&)

Economic Benefit and Users Benefit

Economic benefit which is used for project evaluation consists of two groups; (1) benefit
from direct user of expressway by using expressway + city road, (2) benefil from non-

users of cXprcssway by using only city street. Toll is related only to the direct users benefit
of expressway.

Users Benefit and Users Surplus

In the traffic analysis, it is clear that the toll Ievel of 1.5 Rs /PCU-km makes the highest toll
revenue, ‘The highest revenue is the key factor to cover the high cost and quick completion
of expressway by user charge. Therefore, following three items should be clear when
1.5Rs/PCU-km is charged to users:

1) Amount of users benefit
2) Level of benefit users obtained

3) Ratio between toll fee and users surplus

Users Benefit

Table 11.3.1 shows the result of the calculation of financial (not cconomic) user benefit by

42,600-vehicle per day on the expressway in 2006. Result can be summarized as follows:
Total users’ vehicle operating cost saving 3,414,000 Rs

Total time cosl saving 2,884,000 Rs
Total 6,298,000 Rs
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Table 11.3.1 Amount of Financial Users Benelits in 2006

Hems Unit | Passenger Car Bus Truck Total
Without 1000Rs 33,548 1,519 17,010 52,0717
vocC With 1000Rs 31,207 1,451 16,006 48,663
Users Saving Bencfit| 1000Rs 2,341 68 1004 3,414
Without 1000Hr 282 9 ) 362
Travel With 1000Hr 185 7 57 249
Time Cost {Travel Hour Saving | 1000Hr 97.0 2.0 14.0 113.0
Time value/hour Rs 61.2 126.0 0.0
Uscr§_§_aving Benefit| 1000Rs 5,936 252 G 6,188
Total Users Benefit 1000Rs 8,277 320 1,004 9,602

(4) Toll Charge and Surplus

Table 11.3.2 shows rclationship between financial users’ benefit and toll fee, 1.5 Rs per
PCU-km. The convert rate of PCU-km to vehicle-km for passenger car is1.0, bus is 2.7,
and for truck is 1.9, Therefore, when 1.5 Rs per PCU-km is applied to vehicle types,
passenger car is 1.5 Rs/km, bus is 4.0 Rs/km, and truck is 2.8 Rs/km. The result can be
summarized as follows:

1) The level of toll, 1.5 Rs./pcu- km represents a Toll Charge Ratio of 32 % of users’
benefit on average.

2) Users can get 68 % of surplus benefit by using the expressway on avérage.

3) Amount of surplus benefit by vehicle types is passenger car; 77 %, bus; 41 % and
truck; 2 %. A lower surplus of trucks acerued from the negligence of such lime
values of cargoes in the user benefit calculation.

Level of toll must be less than road users’ benefit, Even the case where only vehicle

operatmg cost saving is consuicrcd as the bencfnt toll of 1.5 Rs/pcu-km - account for
90 % of the bencflt but uscrs still receive 10 % of surplus benefit on average.
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Table 11.3.2 Level of Toll and Users Surplus in 2006

Item Passenger Car |, Bus Truck Total
Total User Benefit 8,217 320 1,004 9,602
Total PCU-km(1000) 1,260 126 658 2,044
Users Benefit/PCU-km 0.57 2.54 1.53 47
Toll 1.5Rs/PCU-km 1.5 1.5 1.5 1.5
Total Vehicle-km(1000) 1,260 47 356 1,603
Users Benefit/Vehicle-km 6.57 6.81 2.82 5.8
PCU/Vehicle Covert Ratio 1.0 2.7 1.9
‘toll fVehicle-km 1.5 4.0 2.8
Toll Charge Ratio 23% 59% 98% 32%
Users Surplus to 1.5R8s 17% 41% 2% 68%

11.3.2 Estimation of Economic Benefit

(1) Kinds of Benefit

@

Table 11.3.3 shows the kinds of benefits derived from the construction of expressway.
Benefit Used for Economic Evaluation

The following three major direct users’ benefits are sclected and measured for cconomic
cvaluation of the project:

1)  Benefits of Driving Cost Saving (or Vehicle Operating Cost Saving);
2)  Benefits of Driving Time Saving (or Time Cost Savmg), and
3) Decrease of Traffic Accident

Increase of land productivity and utilization especially in the area located near the
interchanges of the project, is benefit from the project. The qui'c‘k"mcivément of
commoditics cnsures smaller invenlory costs and results in cconomrc operahons Also
there is an investment cosl saving of the parallel highway by 'the construction of the
Expressway. There are other measurable benefits as lisled in the table, such as decrease of
spoiling loss of agricultural products,
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Table 11.3.3 Kinds of Benefit of Expressway Project

1)
2)
3)
4)
5)
6)
7)
8)
9N

1} Benefits of Traveling Cost Saving (or Vehicle Operating Cost Saving)
2) Benefits of Traveling Time Saving (or Time Cost Saving)
3) Decrease of Traffic Accident

4) Other Indirect Benefits

Benefits from Increasc of Land Productivity

Time and Interest Saving by Quick Movement of Commodities
Decrease of Spoiling Loss of Agricultural Products

Investment Cost Saving of Parallel Highway
Enhancement of Utban Development
Strengthening the Function as the Capital City

Decrease of Social Cost by Improvement of Environments

Enhancement of Social Development

Intcgration of the Region

But this amount is relatively small compared with benefits mentioned above and often

there arc many uncertain factors. Therefore, they are not included in the main calculation

as benefit but will be considered in sensitivity analysis,

Estimation of VOC Saving Benefit

Vehicle operating cost saving benefit is estimated to 1) passenger car, 2) bus, 3) truck, and

4) motorcycle. Benefits to moloréyclc are included, though they are not allowed on the

expressway but motorcycles still obtain benefit as indirect beneficiaries. The number of

trips, trip distance, travel speed and VOC of 4 kinds of vehicles are compared with and

without project from the year 2006, opening year, to the year 2033,

Table 11.3.4 shows calculated result of benefit of the vehicle operating cost saving.

Appendix 11.3.1 shows more details.

Table 11.3.4 Benefit of the Vehicle Operating Cost Saving by Vehicle Types

Unit: 1000 Rs/Day

Target ‘;’car Passenger Car Bus Truck Motoreycle | Total (1000Rs/yer)
2006 1,155 . 22 148 414 508,243
2016 3,347 5 922 3,560 - 2,350,192
2026 10,947 299 7879 6,59 7,716037
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Total VOC saving benefit of bus is calculated at —22,000Rs in year 2006, because of the
number of bus-km with project is estimate higher than the case of without project namely:

Without project:  982,000veh-km x 8.0Rs/veh-km(Unit VOC) = 7,846,000Rs/day
With project:  1,004,000veh-km x 7.8 Rsfveh-km(Unit VOC) = 7,868,000Rs/day
Without — with = -22,000Rs/day

Estimation of Time Cost Saving Benelfit

The benefit of time cost saving is calculated by the difference of running speed between
the existing city road and the project road. Beneficiaries of time cost saving are users of
passenger cars, buses and motorcycles. The time saving benefit of trucks is not included

here because it is calculated in running cost benefit as fixed cost saving.

Time benefit is estimated by using the same data used in VOC except the data of unit time

value, Following unit time value is used as presented in the previous section namely:

1) Passcngercar .82 Rs/minute 49.2 Rs/hour
2) Bus 2,10 Rs/minute 126.0 Rs/hour
3) Motorcycle (.22 Rs/minute 13.2 Rs/hour

‘Tables 11.3.5 shows the result of estimation of time cost saving benefit. Details are in

Appendix Table 11.3.2.

Table 11.3.5 Time Cost Saving Benefit of the Project
' Unit: Million Rs/year

Targel Year Passenger car Bus Motorcycle Totat
20006 1,742 189 | 1,267 3,198
2016 4,649 454 293 8,037
2026 8,782 869 6,332 15,984

The amount of benefit from time cost saving is higher than the VOC saving, The main
reason is the project is located in the city and the big effect comes from the time saving of
indirect beneficiaries. '
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1)

2)

Benefit of Traffic Accident Saving
Accident Rate of Expressway

Accidents include death, injury, damage of vehicles and others, Around 60,000 people dic
of road accidents a year recently in India, but there is no data of accident rate in relation
with vehicle kilometer, A comparison of various accident rates on expressways and on all
roads in Japan shows that the death accident rate on expressway is about 1/7™ of the total
road. . Appendix Table 11.3.3 shows the statistical data in the case of Japan. The decrease
of accidents as a result of the expressway is considered as a monetary benefit by applying
the data of Japan.

Cost of Fatal Road Accident -

Decrease of fatal road accident is counted as project benefit. Decrease of injury, loss of
property and of damage of vehicles are not included here since those data are hard to
obtain. The Road User Cost Study in India, financed by Asian Development Bank
undertaken in 1990 estimated the fatal accident cost for 1978,1981 and 1990. Data of
average income of the victim in this study was taken from result of insurance companies.
Table 11.3.6 shows the result of the study.

Table 11.3.6 Estimation of the Cost of A Fatal Road Accident

Unit: Rs
lIiems 1978 1981 1990
Average age of the fatal victim (years) 31 31
Average life expectancy {years) 54 59 59
Curtailment of the earning (years) 28 28
Average income of the victim (Rs/ycar) 4,200 15,720
Present value of the loss of output of the victim 39,220 157,200 171,820
Additional cost of hospital, lawyer and police, elc 10,584 39,300 38,734
Total 49,804 196,500 210,554

Source: RUDS(Study for Updating Road User Cost Data),financed by ADBin 1990.

Based on the study, the fatal accident cost is estimated at 250,000 Rs in 1999 price, under
the following assumptions:
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1) Average age of the fatal victim 31 years old

2) Average life expectancy 60 ycas old
3) Curtailment of the carning 29 years
4) Average income of the victim 20,000 Rs per year

5) Present value of the loss of output after victim 200,000 Rs
{Discounted future income rate at 10%)
6) Additional cost of hospital fee, legal expense and, police expense, ctc (+ 25%)
50,000 Rs
7) Total 250,000Rs

3) Benefit of Fatal Accident
Table 11.3.7 shows the benefit of fatal accident saving by expressway. By applying the
dala taken from the case of Japan, total saving of person’s life is estimated at 540 in year
2006, which is estimated at 125 miilion Rs in monetary term. Details arc shown in

Appendix Table 11.3.4.

Table 11.3.7 Fatal Road Accident Saving of the Project

Target Year Without(Person) With(Person) Saving(Person) Million Rs
2006 617 .77 340 125
2016 1,243 155 1,088 253
2026 1,824 s 228 1,596 : n
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11.4 Economic Evaluation of Project
11.4.1 Base and Altcrnative Network Studies
(1) Cost Benefit Comparison

Table 11.4.1 includes the following costs and benefits comparison of the project namely:

1} Project life: 2000--2033 34 years

2)  Construction period: 6 ycars

3).  Cost component: capital cost, routine maintenance and operation cost, periodic
maintenance cost and widening cost.

4)  Salvage value: 270 million Rs is deducted year 2033 as salvage value of widening
cost which is taken at 48.5% of the widening cost with 30 years depreciation

period.

Table 11.4.1 Cost Benefit Analysis for Investment Justification

K-G &G-M Section 8D.75km Unit: Million Rs
Fconomic Cost Economic Benelits Present Worth
No.| year [ Capital | Routine& | Tofal | Passenger | Vehicle 1 Teallic Total | Discouni[ Cost | Tienelit |
Periodic § Operation Time SavinglYOC Saving Accident Factor

1] 2000 143 143 0.79 113

2] 2001 859 0 859 0.63 538

3| 2062 1L,215 0 1,215 0.50 602

4] 2003 1,599 0 1,599 0.39 627

5| 2004 2977 o 2977 0.31 924

6} 2005 3,063 ¢ 3063 0.25 752

7 2006 (] 25 25 1,599 508 125 2,233 019 5 434

8] 2007 0 25 25 1,762 672 135 2569 015 4 395

9] 2008 (] 25 5 1,940 844 144 29285 012 3 356
10f 2009 1] 25 25 2,133 1,020 155 3307) 010 2 318
11y 2010, o 25 25 2,342 1,200 166 3,708 008 2 282
12 2011 0 25 25 2,568 1,384 178 4,130 005 1 249
13] 20i2 0 25 25 2,814 1,571 191 4,576 005 1 218
14] 2013 0 25 25 3,080 1,761 205 571 04 1 191
15] 2014 0 25 25 3,369 1,955 220 5543 003 1 166
16] 2015 0 25 25 3,681 2,151 236 60681 002 1 143
17} 2016 660 25 685 4,019 2,350 253 66221 002 13 124
18] z017 0 25 25 4,324 2,709 262 7,295] 0.0t 0 108
19} 2018 0 25 25 4,647 3,098 21 80171 001 0 94
200 2m9 0 25 25 4,939 3.521 252 8,191 001 0 82
211 2020 0 25 25 5,350 3,930 292 96221 001 0 (]
2y 2021 0 25 25 5,732 4,478 303 10,514 0.01 0 61
23] 2022 2,840 25 2,865 6,136 5,021 315 11 472§ 000 13 53
24y 2023 0 25 25 6,562 5,611 328 12,501 0.00 0 45
251 2024 0 25 25 7,013 6,253 342 13,607] 000 0 39
261 2025 0 25 25 7,489 6,953 356 14,798] 000 0 KL
21 2026 898 25 923 7,992 716 3N 16079 0.00 2 29
28] 2027 -0 25 25 8,523 8,549 387 17458 000 0 25
29] 2028 0 25 25 9,083 9,458 404 18,945 0.00 0 21
30] 2029 0 25 25 92,674 10,452 422 - 20543} 000 0 18
| 2030 898 25 923 10,298 11,533 442 22218 000 1 16
321 2031 0 25 25 10,957 12,7121 463  24,146| 000 0 13
33 2032 0 25 25 1,651 14029 485 26,165] 000 0 12
34 2033 228 25 .0 253 12,384 - 15,455 508 28347] 000 0 10
0 0] 15380 606 160751 162110 145,563 AT AT | 3637% 3,007 3,607
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1) Passenger time cost saving: 50% to the total is used as berefit.
2) Total economic benefit: of which time saving is 51%, VOC saving 46%, and
accident saving 3%.

(2) Result of Economic Analysis

Total present value of cost and benefit {million Rs.) become equal when discounted at

26.37%, which means economic internal rate of return (EIRR) is 26.37%.

When the Net present value (NPV) and bencfit cost ratio (BC ratio) is calculated,
discountcd at 12% of the opportunity cost of capilal the result is as follows:

1) Net Present Values (NPV):

Benefit 24,549 million Rs — Cost 6,414 million Rs = 18,134 million Rs.
2) Cost Benefit Ratio (B/C):

Benefit 24,549 million Rs / Cost 6,414 million Rs = 3,85

Economic analysis will be made to ensure the level of investment scale, investment of

timing and invesiment priorily of alternalives optimize use of national resources.

EIRR is the discounted rale in which total discounted present value of benefits equals to
the total discounted present value of costs. The higher the internal rate of return is, the
higher is the priority of project. H the inlernal rate of return turns out higher than the
opporlunity cost of capitals, that is 12% in the economic analysis, investment is proved
to be feasible.

26.37% of EIRR is much higher than the opportunity cost of capital. Thefefore project is
judged feasible and proves economically feasible from the national point of view.

(3) Economic Analysis of K-G and G-M Section

Analysis is made for Kundli — Ghaziabad section and for Gaziabad — Meerut section

- separately, Following are the results of the analysis:

Kundli — Ghaziabad section ~ EIRR 27.06% ; and
Gaziabad — Meerut section BIRR 25.29%
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EIRR of both scctions are over 12% of opportunity cost of capital, which means both arc
cconomically feasible. Since the degree of EIRR is similar, project implemenlation does

not need to be conducted by stage. Details are given in Appendix 11.4.1 and 2.

11.4.2 Sensitivity Analysis of Base Case
(1)  Cost increase and Benefit Decrease

Table 11.4.2 shows possible change of EIRR due to future uncertainty in cost increase and
benefit decrease of the project for the base case. Followings are the results of the

sensitivily analysis,
1) Project is feasible even if the cost increases around 20%;
2) Project is feasible even if the benefit decreases around 20%; and

3) Project is feasible cven if benefit decreases 20% and cost increases 20%.

Table 11.4.2 Sensitivity Analysis of the Project

Conditions - Investment Cost Increase
0 10% 15% 20%
Benefit 0 26.37% 25.07% 24.49% 23.93%
Decrease -10% 24.93% 23.68% 23.14% 22.62%
-15% 24.15% 22.97% 2242% 21.91%
-20% 23.38% 22.21% 21.69% 21.20%

(2) Effect of Time Cost

Percentage of lime saving benefit in the total benefits is relatively high. It amounts to 51%
of the total benefit. The economic viability of transport project is sometimes analyzed
excluding time saving costs. In this case the benefils are as follows:

Not including time saving benefit EIRR is 15._97%
EIRR, not including time cost saving benefit is 15.97% which is much less comparable

with the case of the base case, 26.37%. But the project is still economically feasible.
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Effect of FNG

Faridabad — Noida — Ghaziabad expressway (FNG) is considered to be completed by year
2006 in the base case analysis. The case where the FNG is not completed by 2006 is

analyzed, and resulled as follows:

The number of traffic using the project will decrease marginally from 42,497 to 41,823 in
2006. This implies whether FNG exist or not does not affect the feasibilily of the KG GM

Expressway.
Conclusion

Results of the sensitivity analysis proves the project is economically feasible from national
viewpoint, because EIRR is found to be more than the opportunity cost of capital in spite

of many uncerlain conditions. These uncertain conditions are namcly:

1) Cost increase;

2 ) Benefit decrease due {0 toll system and to toll level;

3) Possible improvement of running condition on roads;

4) Change of lime cost during project life; and

5) Traffic increasc reaching to the capacity earlier than eslimation,

There are many other benefits which witl contribute to an increasc in EIRR such as:

1) Benefits from increasc of land productivily, especially utilization near the
interchange area.

2) Enhancement of urban development.

3) Strengthening of the function as the capital cily.

4} Decrease of social costs such as noise and vibration

Those benefits are not included here for EIRR calculation, EIRR is found to be more than
12 %, calculating only measurable benefits. If other benefits are included, EIRR will be
higher. Therefore, it is concluded thal this project is economically feasible and needs to be

implemented as soon as possible.
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