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Sr. No. Description Details
1 Design Speed 60 Kmph
2 Lane Configurations 3+3 Lanes
3 Carriageway Width for 3 Lanes 10.5 m
4 Kerb Shyness 500 mm
5 Crash barrier 500 mm
6 Single Lane width 3.5 m
7 Walkway 750 mm
8 Maximum Vertical Gradient Adopted 4.8 %
9 Maximum Superelevation 5%
10 Minimum Radius of Horizontal Curve Adopted 60 m





Hebbal to Baptist Hospital Entry
Sr. No. Form To Length (m) TCS Type
Hebbal to Baptist Hospital Entry

1 00+000 00+250 250 TCS-1

2 00+250 00+627 377 TCS-2
3 00+627 00+647 20 As per GAD
4 00+647 00+950 303 TCS-2
5 00+950 01+950 1000 TCS-3
6 01+950 02+180 230 TCS-4

Total Length 2180

Baptist Hospital to Hebbal Exit
Sr. No. Form To Length (m) TCS Type

1 00+000 00+250 250 TCS-1A
2 00+250 00+565 315 TCS-2A
3 00+565 00+686 121 TCS-2
4 00+686 00+706 20 As per GAD
5 00+706 01+000 294 TCS-2
6 01+000 02+000 1000 TCS-3
7 02+000 02+228 228 TCS-4

Total Length 2228



















s.no Description Length Amount (A)

1 Entry and Exit open Ramp 3 Lane TCS-1 250.0       37,64,43,542 

2 Entry and Exit open Ramp 3 Lane TCS-1A 250.0       31,46,17,487 

3 Cut and cover 3-Lane TCS-2 1095.0     3,16,21,96,826 

4 Cut and cover 3-Lane TCS-2A 315.0       55,80,99,759 

5 Cut and cover (3-Lane+Median wall+3 Lane)  TCS-3 2000.0     4,28,04,27,022 

6 Open Ramp  (3-Lane+Median wall+3 Lane)  TCS-4 458.0       60,94,20,698 

7 Rail Under Bridge(RUB) 40.0       13,58,22,959 

Sub total  (A) 4408.0     9,43,70,28,292 

8 Other Works

a Instrumentation & Monitoring cost @ 1% of (A)         9,43,70,283 

b Electro- Mechanical Works       54,76,77,102 

c  Tunnel Ventilation & Fire Fighting       12,42,81,490 

d Traffic Signs, Markings , Appurtenances etc.         1,00,19,702 

e
Restoration of Existing Road, Site Clearence, Junction
improvement, Approach Area & Ramps (Road ,Footpath,
Lighting etc.)

      22,78,57,575 

f Miscellaneous (Landscaping on roads and Art Work in 
Tunnel etc.)

        4,53,25,285 

g Control centre etc         1,32,72,880 

Sub total   10,49,98,32,609 

Escalation as per SoR 2023-24         4,80,07,073 

9 Estimated Construction Cost Without GST  =B   10,54,78,39,682 

a Labour Cess @ 1%  (On the Amount of Non SOR items)         1,55,96,307 

b GST @ 18% Payable On Construction Cost Only (On B)     1,89,86,11,143 

10 Construction Cost Including Labour cess & GST   12,46,20,47,131 

11 Contingencies charges  @1% of (B)       10,54,78,397 

12 Planning & designing Charges @ 1% of (B)       10,54,78,397 

13 Construction Supervision Charges @ 2% Of (B)       21,09,56,794 

14 Tunnel Maintenance For 10 Years i.e., @ 0.25% for the 
first 5 years, 0.35% for the next five years  of (B)       31,64,35,190 

15 Land acquisition and rehabilation of building Structures 
at GKVK/Veterinary college premisses  Lump Sum       25,00,00,000 

16 Shifting of utilities Cost Lump Sum       35,00,00,000 

17 Deposit for Indian Railways for supervision Lump Sum         4,50,00,000 

18 Environmental Impact Assessment Charges Lump Sum            75,00,000 

Total Project Cost (10+11+12+13+14+15+16+17+18)   13,85,28,95,909 









Sr. No. Description Details
1 Design Speed 60 Kmph
2 Lane Configurations 3+3 Lanes
3 Carriageway Width for 3 Lanes 10.5 m
4 Kerb Shyness 500 mm
5 Crash barrier 500 mm
6 Single Lane width 3.5 m
7 Walkway 750 mm
8 Maximum Vertical Gradient Adopted 4.8 %
9 Maximum Superelevation 5%
10 Minimum Radius of Horizontal Curve Adopted 60 m











Kempapura, Sahakarnagar, Byatarayanapura, 
Anand Nagar, Bhoopasandra, Kanakanagara, 
Dollars Colony, R.T.Nagar, Ganganagar, 
Gangenahalli,Sanjaynagar, J.C Nagar, 
Sadashivnagar, Yeshwanthapura, 
Malleshwaram, Benson Town, Jayamahal, MLA
Layout etc.

Anand Nagar Main road
CBI main road

5th Main Ganaganagar.
Sanjay Nagar main road.

Binny Mill road
Tarabalau Main road

Jayamahal road
C.V. Raman road





















Sl No. Location Type
1 Mekhri Circle At grade junction and underpass
2 Taralabalu Road Entry & Exit
3 Binny Mills road Entry & Exit
4 Sanjay nagar Main road Entry & Exit
5 Ganganagar 5th main road Entry & Exit
6 CBI road Entry & Exit & Right Turn
7 Anand Nagar ain road Entry & Exit & Right Turn
8 New Ramp from K.R.Puram Newly inaugurated ramp

9
Bhoopasandra main road, Vishwanath 
Nagenahalli Main Road, 4th main Kanakanagar 
main road

All combine traffic coming from 
Service Road

10 Hebbal Interchange All the individual of the interchange 
and at grade outer ring  road
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This chapter describes the various improvement proposals proposed for this project. 



Sr. No. Description Details
1 Design Speed 60 Kmph
2 Lane Configurations 3+3 Lanes
3 Carriageway Width for 3 Lanes 10.5 m
4 Kerb Shyness 500 mm
5 Crash barrier 500 mm
6 Single Lane width 3.5 m
7 Walkway 750 mm
8 Maximum Vertical Gradient Adopted 4.8 %
9 Maximum Superelevation 5%
10 Minimum Radius of Horizontal Curve Adopted 60 m



















Considering the urban environment, the c &c tunnels in this project shall be designed as 
watertight (tanked system) that means ground water is not allowed to drain. Different 
approaches for waterproofing can be proposed during detailed design by contractor. 
However, depending on the construction type the following options would remain viable 

a. Cut & Cover and Ramps All C&C tunnels and Ramps are proposed to have cast in situ 
box/ U structure. Water tightness of structure can be achieved by application of 
waterproofing membrane on the external boundary of structure and/or with addition of 
waterproofing admixture. All construction joints to be treated with water stop bars. 

Project specifications shall be followed for minimum requirement for various waterproofing 
system.

The c&c tunnel drainage system shall cover all sorts of water which may reach the tunnels 
such as road surface spillage, cleaning water, ground water seepage, firefighting or 
rainwater etc. It is important to control the spills at source level, however, tunnels cannot 
be assumed dry at all times. Therefore, continuous drainage shall be provided to collect 
those water and channelize it to the designated sumps from where it can be mechanically 
discharged to nearest municipal drains through the project shaft. A typical arrangement for 
drainage system has been included in the DPR however Contractor shall carry out the 
detailed design to estimate the amount of water for which drainage system shall be designed 
and sizing of each component shall be elaborated. 

The tunnel drainage scheme has following features 

1. Drain and sumps in Open Ramp zone: the entry of surface ground water shall be 
restricted by appropriate measures in at grade highway design so that it does not reach 
the falling grade of ramp area and unnecessarily increase the drainage efforts of tunnel. 
Also, the canopy roof structure shall be installed to minimize the entry of rainwater. 
Still some amount of rain water and ground water seepage can find access to ramp area 
and same shall be collected in the side drain of ramp. A central drain in case required, 
may also be constructed. A sump of suitable size shall be constructed at the interface 
of ramp and cut & cover section and water from this sump can directed to nearest 
municipal drain by pumping. 



Figure 44: Typical drainage arrangement of Ramp area

The main drainage pipes shall remain buried in the base slab of ramp section. However, for 
maintenance purposes manholes at the spacing between 50 to 75m should be planned, the 
manhole opening size of minimum 400mm x 400mm or as designed by the contractor can be 
utilized. All ramp sections of main tunnels and entry/ exits proposed to have drainage 
arrangements of similar kind. 

2. Drainage in Cut & Cover tunnels: The cut & cover section can expect ground water 
seepage and road spillage from cleaning, running vehicles or firefighting. The side 
drainage shall run along the Cut & cover tunnels to collect the water. A central drain 
connecting the surface drain to carry water along the C&C stretch is proposed.  The 
central drain shall be a covered drain which will have connection to sump situated at 
lowest points along the c & c tunnel. Sump shall be equipped with riser pipe and pump 
to drain the accumulated water to the surface. The water from sump shall be drained 
to nearest municipal drain through the shafts.

The pipe and manhole arrangement will remain similar to ramp section that means the 
manhole spacing between 50 to 75m with a size of minimum 400mm x 400mm. The side 
drain should be connected with central drain at every manhole point. 



Figure 45: Typical drainage arrangement of C&C tunnels

The construction of RUB will be done in 2 Stages by box Pushing method. The first stage will 
be done in Tunnel-1 after that the second stage will be done in Tunne-2. A brief description 
of methodology is detailed below.



The box structure near the Hebbal lake will be constructed using the Diaphragm wall to stop the 
water ingress during construction. The brief methodology is elaborated below .









Figure 46: Typical Cross Section C&C Structure (3 LANE)



Figure 47: Typical Cross Section C&C Structure (3+3 LANE)

The relevant building materials, which are concrete and reinforcement steel, confirm the 
specifications given below.

Only thermo-mechanically treated reinforcement bars of grade Fe500D (yield stress of 500 MPa) 
with minimum total elongation of 16% conforming to IS 1786 - 2008 shall be adopted. For flexural 
design, material properties of Fe 500 shall be used but for design of shear stirrups, strength 
parameters of Fe415 shall be considered.

For Underground structural elements in contact with non- aggressive soil 

Sl. No. Structural Components Nominal Cover (mm)
1. Base Slab (Earth face) 75
2. Base Slab (inside face) 50
3. Side wall (Earth face) 75
4. Side wall (inside face) 50
5. Top Slab (Earth face) 75
6. Top Slab (Inside face) 50



Cover means clear cover to outermost reinforcement.

For underground structures 4 hours of fire resistance criteria shall be adopted. Refer to table 
16A IS 456, note that the cover adopted for slab satisfies the provided concrete cover.

All structural concrete elements shall be designed to prevent excessive cracking due to flexure. 
The maximum crack widths shall be as specified below.

Flexural crack width for different structural components is to be checked for all the load 
combinations at service stage except for instantaneous loading like seismic, winds.

The relevant building materials, which are concrete and reinforcement steel, confirm the 
specifications given below.

Unless specified otherwise the design of concrete elements shall conform to IS 456.

For the purpose of computing stresses and deformations, the following minimum load types and 
consequential effects shall be considered as applicable.

The following load factors will be considered in the Design of RAMP Structures:

The Ultimate Load of the structures must be analyzed considering all relevant loads (Dead Loads 
as well as Imposed Loads) with an appropriate load factor.

The Serviceability of the structures will be analyzed considering all relevant loads. Main 
serviceability related aspects include deflections limitation and crack widths limitation.

The applied load cases are listed in the following:



The general format for combinations of actions for the ultimate and serviceability limit states 
are as stated below.

Calculations of ultimate limit state consider the following load combinations:

Calculations of serviceability limit state consider the following load combinations:

The reinforcement summary of two different sections has been given below. Design calculations are 
given in Annexure 1 Structure Design.

Table 52: Summary of Steel Reinforcement C&C Structure (3 lane)

Component of 
C&C Structure

Reinforcement (Soil 
Face)

Reinforcement
(Inside Face)

Shear 
Reinforcement

Base Slab (1000mm 
thk) Main 

Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from 

support & 1-20 mm Dia 
bar at 100mm c/c at span

25 mm Dia bar at 100 mm 
c/c at mid till 2m from 
support and 20 mm Dia 

bar at 100 mm c/c at span 10 mm Dia link @ 
100mm c/c

Base Slab 
Longitudinal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c

Top Slab (1000mm 
thk) Main 

Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from 

support & 1-25 mm Dia 
bar at 100mm c/c at span

25 mm Dia bar at 100 mm 
c/c at mid till 2m from 
supports and 25 mm Dia 

bar at 100 mm c/c at span 10 mm Dia link @ 
100mm c/c

Top Slab 
Longitudinal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c

Side Wall 1000 mm 
thick Vertical 
Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from wall 
edge and 1-25 mm dia bar 

at 100 mm c/c at span

16 mm Dia @ 100 mm c/c
10 mm Dia link @ 
200 mm c/c both 

ways



Component of 
C&C Structure

Reinforcement (Soil 
Face)

Reinforcement
(Inside Face)

Shear 
Reinforcement

Table 53: Summary of Steel Reinforcement C&C Structure (3 lane + median wall + 3 lane)

Component of C&C 
Structure

Reinforcement (Soil 
Face)

Reinforcement
(Inside Face)

Shear 
Reinforcement

Base Slab (1200mm 
thk) Main 

Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from 

support & 1-20 mm Dia 
bar at 100mm c/c at span

25 mm Dia bar at 100 mm 
c/c at mid till 2m from 
support and 20 mm Dia 

bar at 100 mm c/c at span 10 mm Dia link @ 
100mm c/c

Base Slab 
Longitudinal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c

Top Slab (1200mm 
thk) Main 

Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from 

support & 1-25 mm Dia 
bar at 100mm c/c at span

25 mm Dia bar at 100 mm 
c/c at mid till 2m from 
supports and 25 mm Dia 

bar at 100 mm c/c at span 10 mm Dia link @ 
100mm c/c

Top Slab 
Longitudinal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c

Side Wall 1200 mm 
thick Vertical 
Reinforcement

2-25 mm Dia bar at 100 
mm c/c till 2m from wall 
edge and 1-25 mm dia bar 

at 100 mm c/c at span

16 mm Dia @ 100 mm c/c
10 mm Dia link @ 
100 mm c/c both 

waysSide Wall 1200 mm 
thick Horizontal 
Reinforcement

20 mm Dia bar @ 100 mm 
c/c

12 mm Dia bar @ 100 mm 
c/c

Median Wall 1000 
mm thick Vertical 

Reinforcement

1-Layers 25mm Dia bar 
at 100 mm at span 25 mm Dia @ 100 mm c/c

10 mm Dia link @ 
100 mm c/c both 

ways
Median Wall 1000 

mm thick 
Horizontal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c



Figure 48: Typical Cross Section RAMP Structure (3 LANE)

Figure 49: Typical Cross Section RAMP Structure (3 lane + median wall + 3 lane)



Sl. No. Structural Components Nominal Cover (mm)
1. Base Slab (Earth face) 75
2. Base Slab (inside face) 50
3. Side wall (Earth face) 75
4. Side wall (inside face) 50



Dead load (Self Weight) DL
Superimposed Dead loads SIDL
Live loads LL
Seismic Loads EQ
Earth Pressure EP
Surcharge SR
Hydrostatic WP



Table 54: Summary of Steel Reinforcement RAMP Structure (3 lane)

Component of 
C&C Structure

Reinforcement (Soil 
Face)

Reinforcement
(Inside Face)

Shear 
Reinforcement

Base Slab (1000mm 
thk) Main 

Reinforcement 

2-25 mm Dia bar at 100 
mm c/c till 2m from 

support & 1-20 mm Dia 
bar at 100mm c/c at span 

25 mm Dia bar at 100 mm 
c/c at mid till 2m from 
support and 20 mm Dia 

bar at 100 mm c/c at span 10 mm Dia link @ 
100mm c/c 

Base Slab 
Longitudinal 

Reinforcement

16 mm Dia bar @ 100 mm 
c/c

16 mm Dia bar @ 100 mm 
c/c

Side Wall 1000 mm 
thick Vertical 
Reinforcement 

2-25 mm Dia bar at 100 
mm c/c till 2m from wall 
edge and 1-25 mm dia bar 

at 100 mm c/c at span 

16 mm Dia @ 100 mm c/c
10 mm Dia link @ 
200 mm c/c both 

ways 

Table 55: Summary of Steel Reinforcement RAMP Structure (3 lane + median wall + 3 lane)



Table 56 : Geotechnical Parameters for Soil

*Depth 
from 

Strata 
Descriptio

Bulk 
Unit 

Cohesio
n  (c')

Friction 
Angle(Ø')

(E') Ko
Poisson's Permeabili

ty (k)



Surface n Weigh
t

[kN/m
3]

[kPa] [o] [MPa] [-] [m/sec]

0-2 
(7.5)m

Fill 
Material

16 0 25 5
0.5
8

0.3 5x10-5

2-
4(12)m

Silty 
Sand/ 
Sandy silts 
with 
Clayey 
Sand

18 0-3 27-29
EXP(Z+2
.85)/ 
3.15

0.5
2

0.3 1x10-5

4-8m
Residual 
Soil

19 3-5 27-30 100
0.5
2

0.3 1x10-6

Table 57 : Geotechnical Parameters for Rock

Overburd
en (m)

Design Parameters for Rock 
Mass

(General Case) D=0

<30

CW -HW V-IV 23 15 25
40
0

0.4
2

300
0.3
0

0.6 22
1x10-

5

MW* III 25 40 35
46
5

0.3
5

1600
0.2
6

1.8 30
1x10-

6

>30

MW III 25 40 45
50
0

0.3
5

3600
0.2
6

2.7 37
1x10-

7

SW II 26 70 55
50
0

0.2
7

1500
0

0.2
2

5.0 45
1x10-

8

FR I 26 80 75
52
5

0.2
5

3500
0

0.2
0

8.0 50
1x10-

8



Table 58 : Geotechnical Design Parameters for Soil -Deep Excavation

Undrained 
Parameters

Drained Parameters

Depth below 
GL

Strata c E c' E' Ko k

[m] [o] [o]

0.0-7.5 Fill Material 16 0 30 6 0 25 5+1.5Z 0.58
5x10-

7

7.5-12
Silty Sand/ Clayey 
Sand

18 0 30 30 2 25 25 0.58
1x10-

7

Table 59 : Geotechnical Design Parameters for Rock -Deep Excavation

Slope

Depth 
below 

GL
Strata

[m]

12-22
Completely 
to Highly 

Weathered
V-IV 22 25 25 10 0.43 0.3 0.3 0.12 39 1x10-6

22-30
Moderately 
Weathered 

rock
III 25 45 35 16.65 0.33 1.3 0.25 0.25 52 1x10-7

>30
Slightly 

Weathered 
to Fresh Rock

II-I 26 80 55 30.2 0.25 14.4 0.2 1.3 65 1x10-8



Figure 50: Typical Section Detail of Deep Excavation for Shaft & Cut and Cover Zone

Figure 51: General details of Secant piles of 1.0m Diameter



Figure 52: General details of Secant piles of 0.8m Diameter

Table 60 : Properties of M35 grade concrete for Hard Pile.

Parameter Unit Value

Pile Diameter M 0.8 

Grade of Concrete - M35

Characteristic Compressive Strength (28 days) MPa 35

conc)35 MPa 29580

Spacing m 1.3 

Unit weight kN/m3 25

- 0.2

Soft Pile to hard pile overlap [m] 0.15

Rock bolt support measures will consist of fully grouted steel rebar rock bolts. 



Rock bolt support measures

Parameter Unit Value

Grade of Steel - Fe 500D

Type - Fully Grouted (SN)

Design Strength kN 350 / 213 

Diameter mm 32 / 25

Parameter Unit Value

Type - PT Anchor

Design Capacity kN As per design

Anchor Length m Varies

Bond Length m 5

Pretension Force kN Varies

Bond strength* kN/m2 500 As per IS 14448

Hole Dia mm 150

Pullout Capacity* kN/m

i. Dead Loads

ii. Earth Pressure

iii. Water Pressure



iv. Earthquake Load

v. Surcharge Loads

i. Partial Factors of Safety for Materials

Table 64: Partial Factors of Safety for Materials

Material Ultimate (ULS) Serviceability (SLS)

Concrete 1.5 1.0

Reinforcement 1.15 1.0

ii. Factor of Safety



The numerical analysis for complete excavation of Cut and Cover portion has been carried 
out with support system as secant pile walls, ground anchors, rock bolts & Sprayed Concrete 
is carried out in the FEM software RS2. The pile depth will vary as per geological conditions 
along the Cut and Cover or open ramp portion. Analysis has been carried out for 3 cases with 
20 m deep excavation for CNC, 12m deep excavation for CNC & Open Ramp portion and 5m 
deep excavation for Open Ramp portion. The different design cases (excavation depth) are 
representative of major change in excavation and supports. 

The software used for the numerical analysis is the two-dimensional finite element software 
RS2. RS2 is a powerful and user-friendly finite-element (FE) package for 2D analysis of 
deformation and stability in geotechnical engineering and rock mechanics. It is used in 
geotechnical challenges ranging from excavations, embankments, onshore or offshore 
foundations to tunnelling, mining, and reservoir geomechanics.

RS2 employ various constitutive models ranging from simple linear to advanced highly 
nonlinear models that allow accurate simulation of most soil and rock types. The material 
behaviour of the ground is simulated according to material model by Mohr-Coulomb 
considering drained condition.

The 2D plane strain analysis is used to simulate the deep excavation and support sequences. 
The half model representing the symmetrical model is considered with Graded 6node 
triangular element with mesh type. External boundaries of the model are considered far 
from excavation so that they are not influenced by the excavation impact. The external 
boundaries of the model are fixed in the horizontal direction on each side, which means 
that vertical movement is allowed, and the bottom part of the boundary is pinned, so both 
vertical and horizontal movements are fixed. The top surface of the model represents the 
ground surface, and it is free in both directions.

In RS2 secant pile and sprayed concrete lining is modelled as plate element with, properties 
are elastic and isotropic in nature. Secant pile wall is supported with PT anchors at different 
levels along with rock bolts to resist the movement of pile for stable excavation.

The representative cross section consist of encountered stratification is considered for 
numerical analysis. Figures below shows a typical FEM analysis cross section considered for 
20m, 12m and 5m deep excavation case to simulate the excavation and support system.



Figure 53: Typical FEM cross section for 20m Deep Excavation

Figure 54: Typical FEM cross section for 12m Deep Excavation



Figure 55: Typical FEM cross section for 5m Deep Excavation

The excavation and behaviour of deep excavation for shafts / Cut and Cover and Ramp 
portion is simulated as per step-by-step process through numerical analysis. The table below 
show the steps involved in performing FEM analysis for 3 cases (20m,12m & 5m Deep).

Construction

Stage Number
Description of calculation stages

1
Grid setup and initial stress field, reset displacement to zero and set design 

water table of 5.0m BGL

2 Activation of surcharge load of 60 kPa, reset displacement to zero

3 Installation of secant pile of 1m dia, Reset displacement to zero

4 Excavate in soil up to 2m from ground level

5 Installation of 1st level of Support-Anchor @ 1.5m BGL

6 Excavate further 2.0m in soil i.e., upto 4.0m BGL

7
Excavate further 2.0m in soil i.e., upto 6.0m BGL and lowering the water 

table on excavation side up to 1m from excavation level i.e., 7.0 m 
BGL

8 Excavate further 2.0m in soil i.e., upto 8.0m BGL and lowering the water 
table on excavation side up to 1m from excavation level i.e., 9.0 m 



Construction

Stage Number
Description of calculation stages

BGL

9
Excavate further 2.0m i.e., upto 10.0m BGL and lowering the water table on 

excavation side up to 1m from excavation level i.e., 11 m BGL

10 Installation of 2nd level of Support- Anchor @ 8.5m BGL

11
Excavate further 2.0m i.e., upto 12.0m BGL and lowering the water table on 

excavation side up to 1m from excavation level i.e., 13 m BGL

12 Installation of 3rd level of Rock bolt @ 11m BGL

13
Excavate further 2.0m i.e., upto 14.0m BGL and lowering the water table on 

excavation side up to 1m from excavation level i.e., 15 m BGL

14 Installation of 3rd level of Rock bolt @ 13.5m BGL

15
Excavate further 2.0m i.e., upto 16.0m BGL and Maintain zero groundwater 

pressure at rock excavation boundary

16
Excavate further 2.0m i.e., upto 18.0m BGL and Maintain zero groundwater 

pressure at rock excavation boundary

17
Excavate further 2.0m i.e., upto 20.0m BGL and Maintain zero groundwater 

pressure at rock excavation boundary

Construction 

Stage Number
Description of calculation stages

1
Grid setup and initial stress field, reset displacement to zero and set design 

water table of 5.0m BGL

2 Activation of surcharge load of 60 kPa, reset displacement to zero

3 Installation of secant pile of 0.8m dia, Reset displacement to zero

4 Excavate in soil up to 2m from ground level 

5 Installation of 1st level of Support-Anchor @ 1.5m BGL 

6 Excavate further 2.0m in soil i.e., upto 4.0m BGL 

7
Excavate further 2.0m in soil i.e., upto 6.0m BGL and lowering the water 

table on excavation side up to 1m from excavation level i.e., 7.0 m 
BGL

8 Installation of 2nd level of Support- Rock Bolt @ 4.5m BGL

9
Excavate further 2.0m in soil i.e., upto 8.0m BGL and lowering the water 

table on excavation side up to 1m from excavation level i.e., 9.0 m 
BGL

10 Installation of 3rd level of Support- Rock Bolt @ 7.0m BGL

11 Excavate further 2.0m in soil i.e., upto 10.0m BGL and lowering the water 
table on excavation side up to 1m from excavation level i.e., 11 m 



Construction 

Stage Number
Description of calculation stages

BGL

12 Installation of 4th level of Support- Rock Bolt @ 9.5m BGL

13
Excavate further 2.0m in soil i.e., upto 12.0m BGL and lowering the water 

table on excavation side up to 1m from excavation level i.e., 13 m 
BGL

Construction 

Stage Number
Description of calculation stages

1
Grid setup and initial stress field, reset displacement to zero and set design 

water table of 5.0m BGL

2 Activation of surcharge load of 60 kPa, reset displacement to zero

3 Installation of secant pile of 0.8m dia, Reset displacement to zero

4 Excavate in soil up to 2m from ground level 

5 Excavate further 2.0m i.e., upto 4m BGL

6
Excavate further 1.0m i.e., upto 5.0m BGL and lowering the water table on 

excavation side up to 1m from excavation level i.e., 6 m BGL

Excavation

Depth 

Axial Force

(KN/m)

Bending 

Moment (kN-m/m)

Shear Force 

(kN/m)

Horizontal 

Dis. (mm)

20m 591 327 96 7

12m 435 217 66 6

5m 103 42 30 3

Strength reduction factor (SRF) tool of RS2 is adopted to get the factor of safety for slope 
stability analysis. The Factor of Safety is estimated at end of excavation stages. The shear 
strength reduction option performs a finite element slope stability analysis and computes a 
critical strength reduction factor for the model. The critical strength reduction factor is 

value of 1.4 for temporary works at the end of excavation stages.



The following table shows the recommended support system.

The Kinematic analysis is to be performed based on face mapping data during construction 
stage. For DPR stage, the slope support design for rock face has been carried out using stress 
analysis in FEM and found to be safe with the provided support.

Table shows the complete summary of support elements in rock proposed in deep excavation 
design.



The secant pile load carrying capacity is derived in accordance with IRC 78, considering only 
the end bearing in grade III (MW) rockmass for 20m deep excavation and in end bearing in 
grade IV-V (CW-HW) rockmass for 12m/5m deep excavation.

The total axial on the secant pile wall is taken from the pile tip from the analysis output for 
all the pile cases, which is verified against the pile bearing capacity check. Refer Annexure-
2 for bearing capacity calculation of secant pile walls.

A toe stability check is performed for the determination of suitable embedment depth of 
secant pile wall for 20m, 12m and 5m excavation depth with water table at 5.0m BGL using 
the widely accepted method suggested in Euro code- EC7.

In toe stability check minimum required toe embedment is calculated by ensuring FOS=1.4. 
Failure of retaining structure can happen in case pile embedment is not sufficient ensuring 
the FOS in weak ground. For rock socketed pile this phenomenon is however not dominating.  

Refer Annexure 3 for Toe Stability check

The structural design is carried out in accordance with IS 456 with load. As a general 
construction practice, a crack width check is not done for temporary structures, hence no 
check for cracks will be carried out. 

All components of the secant pile and associated elements have been checked for Ultimate 
Limit State only. 

In order to carry out a building impact assessment, buildings adjacent to the proposed 
alignment to be classified in terms of the potential risk of damage based on categories 
proposed by Burland et al. (1977). Boscardin and Cording (1989) showed that these
categories of damage are related to the magnitude of the maximum tensile strain induced 
on the structure. 

The damage classification is presented in Table 73 below shall be used as per widely 



accepted practice for urban tunneling. 

Table 73: Building Damage Classification (After Burland et al, 1977 and Boscardin and 
Cording, 1989)



A staged approach shall be adopted to assess the degree of damage to the buildings due to 
ground movements from the excavation of the tunnel. The various stages of assessment 
based on domestic and international reference are explained as under: 

This stage includes the settlement analysis and preparation of settlement contours along 
the alignment. An empirical approach is used to carry out the analysis. Any structure where 
the predicted settlement is less than 10mm, and the predicted ground slope is less than 
1/500 need not be subject to further assessment. All other structures within the zone of 
influence are subjected to a Stage 2 assessment. For critical/sensitive structures a more 
stringent slope and settlement criteria shall be adopted.

The EBS identified to be having a potential risk as a result of Stage 1 assessment are 
individually assessed using a limiting tensile strain approach. This method of assessment 
takes into account the tensile strains in the ground and uses a simple idealized model of the 
building. 

In stage 2, the settlement calculated for "greenfield" conditions is imposed on buildings, i.e. 
it is assumed that buildings behave completely flexibly and their own stiffness has no 
influence on the settlement behavior (E/G ratio is 2.6 for masonry and 12.5 for Framed 
structure). Conservatively, E/G ratio is taken as 2.6 in the analysis. In addition, the 
deformation due to horizontal ground movement is also taken into account. This is a 
conservative assumption as, in reality, a building's structure and foundations will modify the 
settlement effects and limit the development of horizontal strain, reducing the potential 
for damage. 

All buildings (settlement >10mm) as identified within the influence zone and from stage 1 
analysis are considered for stage 2 assessment. The assessment is based on the limiting 
tensile strain approach by Mair et al. (1996), wherein damage risk would then be carried out 
with reference to the classification of Burland et al. (1977) and Boscardin and Cording 
(1989). Movement and distortion shall be limited such that no individual EBS shall suffer 
damage greater than "Slight" Buildings as per damage classification table. Further structural 
assessment would not be required in case of damage category with slight or better. In the 
Stage 2 assessment, the Greenfield surface ground movement estimated in the stage 1 
assessment above is used to compute the damage risk to the building due to the proposed 
construction. 



Movement and distortion to critical/sensitive structures such as hospitals, bridges, flyovers, 
underpasses/sub-ways, viaducts, heritage structures and protected structures etc. shall be 

existing condition of 
buildings as determined based on the BCS survey is included in the assessment. 

All structures which are placed in Category 3 or above in the "Damage Classification" during 
the second stage assessment, and also all critical/sensitive structures for which a more 
stringent damage classification is required to be adopted, shall be subjected to a further 
settlement/distortion assessment. A detailed structural survey shall be undertaken to 
determine the structural form and condition of all such buildings/structures, followed by an 
analysis of how individual elements of the building/structure would be affected by the 
predicted settlement/distortion. 

As a result of the Stage 3 analysis, the requirement for any protective works shall be 
established and the details of any protective works, including designs and method of 
working, determined. 

According to Burland and Wroth (1974), a building can be idealized as a deep beam with 

roof of the 
building is usually ignored.

Buildings, when affected by a settlement trough, are assumed to follow the deformed 
ground at the foundation level. The settlement trough (Gaussian distribution curve) consists 
of a sagging and a hogging zone, which are delimited by the point of inflection of the trough 
curve. A building can be considered separately at each side of a point of inflexion. 
Therefore, the assessment of building tensile strains can be carried out separately for the 
area of the building within the sagging and the hogging zone respectively.

For the portion of the building in the hogging zone, it is assumed that the restraining effect 
of the foundation will lower down the neutral axis, which can therefore be taken to coincide 
with the lower extreme fibre of the beam. Then, all strains due to bending are tensile. 

For the portion of the building in the sagging zone, however, it is reasonable to assume that 
the neutral axis is located in the middle of the beam. In this case, bending will generate 
both tensile and compressive strains

Maximum bending and diagonal strains are calculated based on the arrangements presented 
in data above. The average horizontal strains for a respective sub-span (sagging or hogging) 
can be calculated by determining the horizontal movements at either end of a building span 
under consideration and the difference between these divided by the span length. The 
horizontal strains can be added directly to the bending strains.

When assessing building damage in the sagging and hogging zones, Lsz (length of the building 
within the sagging zone) and Lhz (length of the building within the hogging zone) should be 
used respectively. The length of the building does not need to be considered beyond the 
limit of the settlement trough, (assumed as 2.5*i for tunnels). 

Structures on piled foundations will not follow the same settlements as the surrounding 
green field and are therefore less prone to differential settlements. Since buildings on piled 
foundations involve also pile caps, transfer beams etc., it is expected that buildings on piled 



foundations will behave stiffer at basement levels than buildings sitting only on shallow 
foundations.

Classification of building damage based on the Burland and Wroth approach is used to 
estimate potential building damage condition.

Figure 56: Flowchart for Building Damage Assessment

In order to carry out a building impact assessment, buildings adjacent to the proposed 
alignment to be classified in terms of the potential risk of damage based on categories 
proposed by Burland et al. (1977). Boscardin and Cording (1989) showed that these
categories of damage are related to the magnitude of the maximum tensile strain induced 



on the structure. 

The damage classification is presented in Table 73 below shall be used as per widely 
accepted practice for urban tunneling/ excavation. 

Considering the urban environment, the c &c tunnels in this project shall be designed as 
watertight (tanked system) that means ground water is not allowed to drain. Different 
approaches for waterproofing can be proposed during detailed design by contractor. 
However, depending on the construction type the following options would remain viable 

b. Cut & Cover and Ramps All C&C tunnels and Ramps are proposed to have cast in situ 
box/ U structure. Water tightness of structure can be achieved by application of 
waterproofing membrane on the external boundary of structure and/or with addition of 
waterproofing admixture. All construction joints to be treated with water stop bars. 

Project specifications shall be followed for minimum requirement for various waterproofing 
system.

The c&c tunnel drainage system shall cover all sorts of water which may reach the tunnels 
such as road surface spillage, cleaning water, ground water seepage, firefighting or 
rainwater etc. It is important to control the spills at source level, however, tunnels cannot 
be assumed dry at all times. Therefore, continuous drainage shall be provided to collect 
those water and channelize it to the designated sumps from where it can be mechanically 
discharged to nearest municipal drains through the project shaft. A typical arrangement for 
drainage system has been included in the DPR however Contractor shall carry out the 
detailed design to estimate the amount of water for which drainage system shall be designed 
and sizing of each component shall be elaborated. 

The tunnel drainage scheme has following features 

3. Drain and sumps in Open Ramp zone: the entry of surface ground water shall be 
restricted by appropriate measures in at grade highway design so that it does not reach 
the falling grade of ramp area and unnecessarily increase the drainage efforts of tunnel. 
Also, the canopy roof structure shall be installed to minimize the entry of rainwater. 
Still some amount of rain water and ground water seepage can find access to ramp area 
and same shall be collected in the side drain of ramp. A central drain in case required, 
may also be constructed. A sump of suitable size shall be constructed at the interface 
of ramp and cut & cover section and water from this sump can directed to nearest 
municipal drain by pumping. 



Figure 57: Typical drainage arrangement of Ramp area

The main drainage pipes shall remain buried in the base slab of ramp section. However, for 
maintenance purposes manholes at the spacing between 50 to 75m should be planned, the 
manhole opening size of minimum 400mm x 400mm or as designed by the contractor can be 
utilized. All ramp sections of main tunnels and entry/ exits proposed to have drainage 
arrangements of similar kind. 

4. Drainage in Cut & Cover tunnels: The cut & cover section can expect ground water 
seepage and road spillage from cleaning, running vehicles or firefighting. The side 
drainage shall run along the Cut & cover tunnels to collect the water. A central drain 
connecting the surface drain to carry water along the C&C stretch is proposed.  The 
central drain shall be a covered drain which will have connection to sump situated at 
lowest points along the c & c tunnel. Sump shall be equipped with riser pipe and pump 
to drain the accumulated water to the surface. The water from sump shall be drained 
to nearest municipal drain through the shafts.

The pipe and manhole arrangement will remain similar to ramp section that means the 
manhole spacing between 50 to 75m with a size of minimum 400mm x 400mm. The side 
drain should be connected with central drain at every manhole point. 



Figure 58: Typical drainage arrangement of C&C tunnels



 



IRC SP91-2019

NFPA 502- 2017

PIARC 2019R02EN

IE Rules-1956, as amended till date

IS/IEC standards.

Conditions of Supply of Electricity of Distribution Licensees in The State of Karnataka 
(KERC)

The preliminary load assessment based on emergency scenario for the Cut and Cover 
Tunnel from Hebbal to Baptist Hospital is estimated to approximately 2.6 MW or 2.9 MVA. 
For this electrical power requirement KERC has classified the voltage as HT supply ,3-
phase, 50 c/s at 33KV. The excerpt of the guideline is appended below: 

However, as the tunnel is being proposed to be fed from both ends, the electrical power 
of the twin tube tunnels will be divided and will fall below 2000 kVA, Therefore, instead 
of seeking 33KV supply at single point, two separate connections one each at Hebbal and 
Baptist side respectively be sought from KERC at 11KV. The power supply shall be provided 
from two independent power sources i.e. two independent HV supply lines brought to each 
end of the tunnel system from two grid networks.

Ring Main Unit (2 no. Load break switch as incomers + 1 no. VCB as outgoing) which will 
further connect to their metering cubicle.

Based on the load assessment in Annexure-I of this report, the total load envisaged for the 
project in both normal and emergency scenario is:

Load of both Tunnels in kW (In Normal Scenario) 1703.86 KW

Load of both Tunnels in kW (In Emergency Scenario) 2633.26 KW



The supply from the KERC metering cubicle will feed into the HV RMU placed in the portal 
substation, where in the LV switchgear and distribution facilities for ventilation and lighting 
loads are located. 

11 KV RMU (at Hebbal and Baptist end) will have the following feeders:

- 1 no. incomers from KERC metering cubicle through 11 KV XLPE cable.

- 2 no. outgoings each feeding to Distribution transformers. 

The cables shall be 3 phase, 11kV, FRLS, XLPE, armoured, Aluminium conductor of the 
capacity according to the system fault MVA.

The substations will comprise of a high voltage room, two transformer rooms and LT Panel 
Room. The Two transformers in each substation will guarantee power supply in case of a 
failure of one transformer or during maintenance works. Each transformer will be capable 
of supplying the whole substation and all systems which are supplied by the substation.

The Main equipments within the substation will generally comprise of the following:

Sl 
No Description of item Unit Qty

1 3 way-11 kV Ring Main Unit (1 no VCB incomer + 2 no. VCB outgoing for 
Transformer feeder) each 1

2 11/0.433 kV Distribution Transformer (Dry Type) w/o OLTC each 2
3 MDB Panel each 1
4 Lighting Panel each 1
5 Ventilation Panel each 4
6 APFCR Panel each 1
7 UPS each 2
8 UPS Incoming Panel each 1
9 UPS Outgoing Panel each 1
10 Fire fighting Panel each 1

Based on the load assessment in Annexure-1, the possible distribution transformer 
configurations at the proposed locations have been described below

Substation Capacity

Substation Capacity

Sl.
No

Description
Qty (in 
Nos.)

Load

(in 
watt)

Substation Location

Hebbal 
Side

Baptist 
Side

1 Jet fans

Hebbal End 32 32000 1024

Baptist End 32 32000 1024

2 Ventilation sensors

Hebbal End( Lot) 1 50000 50

Baptist End(Lot) 1 50000 50

3 Lighting Load



Substation Capacity

Sl.
No

Description
Qty (in 
Nos.)

Load

(in 
watt)

Substation Location

Hebbal 
Side

Baptist 
Side

a Threshold zone

300W 30 300 9

240W 14 240 3.36

180W 4 180 0.72

300W 24 300 7.2

240W 16 240 3.84

180W 4 180 0.72

b Transition Zone

180W 12 180 2.16

80W 24 80 1.92

180W 12 180 2.16

80W 20 80 1.6

c Interior Zone-1

80W 42 80 3.36

80W 42 80 3.36

d Interior zone-2

80W(Night/Normal) 223 80 17.84

80W(Night/Normal) 223 80 17.84

e Exit Zone

180W 10 180 1.8

80W 2 80 0.16

180W 10 180 1.8

80W 2 80 0.16

4 Low Voltage Systems

a
Traffic Management System,
CCTV/Surveillance System.

13.18 13.18

b SOS/ECB System, PA System 1.45 1.45

c SCADA System 4.50 4.50

d Miscellaneous Loads 1.00 1.00

5 Other Loads

a Substation Lighting Loads 10 10

b Maintenance Socket Outlets 3.00 3.00



Substation Capacity

Sl.
No

Description
Qty (in 
Nos.)

Load

(in 
watt)

Substation Location

Hebbal 
Side

Baptist 
Side

c DG Fuel Tank Filling 10 10

d Fire doors 0 0

e External Lighting 10 10

5 Fire Fighting Loads 300

Total Connected Load in KW 1167.5 1465.8

Power factor@0.90 in KVA 1297.2 1628.7

Loading@80% in KVA 1621.5 2035.8

Transformer Size in KVA 2000 2000

No.s(1W+1SB) 2 2

The Distribution transformer will have the minimum parameters as enumerated below:

Voltage (primary side): 11 kV

Voltage (secondary side): 0.433 kV

Nominal frequency: 50 Hz

Cooling: ANAN

Tapping range: +5 %, +2.5 %, ± 0 %, -2.5 %, -5 %

Vector Group: Dyn11

Enclosure: IP 33

Location: At Portal Sub-station

Primary connection: Totally insulated plug-in connector

Secondary connection:
Connection safe to touch with connecting  
lug  and insulating cover

The general power supply of the 415 / 230 Volt-level to the different equipment inside the 
tunnel occurs from the main power supply (Portal Substation) to the E & M Niches in the tunnel 
wall preferably located at LHS of the driver direction/ as applicable and then further to the 
ultimate equipments.

All power and control units shall be installed into distribution panels, all different voltages 
(e.g., main power, UPS power, safety extra-low voltages, different control units and so on) 
shall be placed in separate or compartmentalised distribution panels.

Grounding and protection cables shall be coloured yellow green as per standards compliance.

The inlet of the cables into the distributors generally shall be made from bottom up (raised 
floor) with a degree of protection of IP 54 in EM Niches/Main Tunnel tube and IP 42 in the 
Service Buildings / control room.



The Niches also shall have cable inlets on top. This is necessary to lead the cables from the 
Niche to the cable tray along the tunnel wall.

Switches, push buttons, pilot lamps and measuring instruments shall be installed into the 
distribution panels' front doors.

All electrical equipment, inside distribution panels / boards shall be labelled. Also, the 
distribution panels themselves shall be labelled with a combination of letters and numbers, 
which shall be engraved into an aluminium-plate. Equipment inside the tunnel, measuring 
instruments, etc. shall be labelled with stainless steel-boards.

Each distribution panel shall be provided with a pocket for the drawings, this pocket shall be 

is not allowed). All distribution panels shall be grounded.

Distribution panels shall have surge arrestors to protect all facilities from voltages higher than 
415 V. All distribution panels, situated in the main tunnel tube, as well as in the Accesses 
(tunnel and shaft) shall be equipped with anti-condensation heating.

Circuit breakers and fuses shall be discriminating to each other facilities (discriminating ratio) 
in direction of the power / current flow.

The Main LV boards shall be modular, extendable and shall have maintenance friendly 
construction. It shall be of metal clad sheet steel enclosed cubicle, fully compartmentalized, 
floor mounting type suitable for indoor installations. 

A capacitor bank of suitable capacity for maintaining the power factor of 0.95 at the 415 V 
bus shall be provided.

Following cables will be used:

Cabling for jet fans, tunnel lighting and safety equipment will be Fire resistant cables 
capable of withstanding 950 deg C for 3 hours (CWZ specification).

All other cables entering the open space of the tunnel will be Low Smoke Zero Halogen 
(LSZH) withstanding 250 deg C for 3 hours.

Cables, which are laid outside the tunnel as well as running inside cable trenches, are of 
FRLS Cross Linked Polyethylene (FRLS-XLPE).

Each electrical circuit will have a separate cable.

Only cables with the same voltage will be installed within one conduit/duct.

Accessibility of the cables is given by cable pits and recesses.

Outside the tunnel, extreme geological movement may be experienced between the Portals and 
the facilities building. Therefore, all cables shall be laid in Pre-cast concrete troughs/trenches 
conforming to the standards of the supply authority. 

The troughs shall be composed of reinforced cement mortar.

The trench system shall consist of precast glass reinforced concrete, one piece channel 
sections, and removable cover sections assembled to form a completely enclosed trench on a 
200mm sand bed. The trench shall be 800mm deep overall (including cover), with an interior 



clear width cross 600 mm. its design shall be such that the channel is self-supporting and can 
be set above grade if required.

The one-piece channel designed trench system shall be furnished in standard 1500mm or 
2000mm lengths.

The precast trench covers shall be furnished in sections of the same material as the trough, 
and each shall have slots or internal lugs for lifting tools.

Provision shall be made to allow for the inclusion of 11kV SWA cables and segregation suitable 
for inclusion of both copper and optic control and communications cables within the same 
trough.

All cable covers will bear on both sides the inscription "DANGER - ELECTRIC CABLES".

In the Main Tunnel the LT Power, Control and ELV (Extra Low voltage) cables shall be laid on 
cable trays mounted on both sides of the tunnel wall. The LT cables from substations will be 
carried in ducts/trenches under the tunnel walkway. Cable pull pits shall be provided at regular 
intervals in the tunnel pathways.

The technical parameters of 1.1kV XLPE cables shall be as follows:

Sr. No. Item Details

i. Cable Type A2XFY/ 2XFY

ii. No. of Cores 3/3.5/4

iii. Voltage Level 1.1kV

iv. System Grounding Solidly Grounded

v. Nominal System voltage 400V ±10%

vi. Nominal System Frequency 50Hz ±3%

vii.
Maximum conductor 

temperature at rated current
90oC

viii.
Maximum conductor 

temperature at Short-circuit
250oC

ix. Conductor

Conductor Material Electrolytic grade Copper, Purity > 99.97%

Conductor type
Stranded with number of strands as per IS 

8130 (Part-I) 1984

x.
Insulating material

Cross-Linked-Polyethylene (XLPE) Compound

xi. Core Identification Strips Red, Yellow, Blue & Black (for neutral)

xii. Material of Inner Sheath FRLS, PVC ST-2 Compound

xiii. Armour
Single layer of Galvanized Steel Round Wire 

according to IS-3975

xiv. Outer Sheath
FRLS, PVC ST-2 Compound according to IS-

5831



DG sets shall be sufficiently sized to cater for the tunnel load during emergency conditions 
and/or loss of external supply from the authority.

The DG set shall be based on the following parameters:

Prime Rating

100% backup.

Radiator cooled.

Terminal voltage at 415V. 

Fuel Tank to be sized based on 8 hours of fuel capacity available at full loads.

Located adjacent to technical rooms with fuel tank at portals

The DG set shall be complete with cooling system, fuel system, lubricating system, air 
intake system, exhaust system, governing system, standby system, engine protection safety 
system with microprocessor-based power control command generator set monitoring, 
metering, protection, and control system to meet demands of engine driven generator sets.

The alternator shall be of rated voltage 0.415 kV, power factor 0.8, with voltage regulation 
± 0.5% for all loads between no load to full load conditions of insulation with soundproof 
enclosure, weatherproof enclosure Prime Power Rating (PRP) conforming to ISO 8528 part -
I as per environment noise level norms 75 Db (decibels) as at one meter.

The alternator shall be self-excited, self-regulator, self-ventilated in brushless design 
processed with suitable AVR and shall conform to BS: 2613 or BS:5000 and shall give rated 
output at NTP conditions. 

To ascertain the capacity of the 0.415 kV DG sets a tentative load assessment (refer 
Annexure-I) along with fuel consumption has been carried out below. 

DG Set Sizing

Sl No. Description

Hebbal Side Baptist Side

In Normal 
Scenario 

Load (in KW)

In Worst 
Case 

Scenario 
Load (in kW)

In Normal 
Scenario 

Load (in KW)

In Worst 
Case 

Scenario 
Load (in kW)

DG Set Sizing and Fuel 
Requirement 

(Considering 0.415 kV 
Generation)

a)
Load of half of twin tube 
length in kW-Hebbal side

852 1317

b)
Load of balance half of 
twin tube length in kW-

Baptist Side
852 1317

c) Total kVA pf @ 0.8 1064.9 1645.8 1064.9 1645.8

d) Considering 80%ge loading 1331.1 2057.2 1331.1 2057.2



Sl No. Description

Hebbal Side Baptist Side

In Normal 
Scenario 

Load (in KW)

In Worst 
Case 

Scenario 
Load (in kW)

In Normal 
Scenario 

Load (in KW)

In Worst 
Case 

Scenario 
Load (in kW)

e)
DG set size considered in 

kVA
1010.0 1010.0 1010.0 1010.0

f)
No of 415 V DG sets 

required
1.318 2.037 1.318 2.037

g) Approx nos. 2 2 2 2

h)
Fuel @ 100% loading in 

ltrs/hr/DG
203.8 203.8 203.8 203.8

i)
Assumed Hours of 

operation
8 8 8 8

j)
Fuel @ 100% loading in 8 
hrs continuous running ( 

litres)/DG
1630.4 1630.4 1630.4 1630.4

k) 1st fill in day tank/DG 990 990 990 990

l)
Total litres of 
fuel/day/DG

2620.4 2620.4 2620.4 2620.4

m)
Total litres of fuel/day in 

litres
5240.8 5240.8 5240.8 5240.8

n)

Considering a minimum 
of 1 day storage for 
catering to Normal 
scenario (in Litres)

5240.8 5240.8

o)
Bulk fuel storage tank 

considered
1 x 5 kL 1 x 5 kL

Based on the analysis the recommended configuration of DG sets for the Tunnel are as follows:

Hebbal side

2 x 1010 kVA which will operate under both normal and emergency conditions.

Baptist Side

2 x 1010 kVA which will operate under both normal and emergency conditions.

The installation of Generator sets shall be inside soundproof enclosure to be installed in the 
open area.

To run DG sets at full capacity, adequate capacity of fuel storage shall be required. The 
capacity of fuel storage is computed based on the following conditions:

No Grid supply.

Emergency condition for 8 hours continuously.

2 days storage 



For Exhaust stack, as per the notification by CPCB, DG sets with rating 1000 kVA and above 
will be installed to stand at 30m above the ground.

Uninterrupted Power Supply system shall maintain uninterrupted power to equipment 
continuously and during power failure. UPS shall be provided to supply the following equipment:

Emergency tunnel lighting, exit signages, strobe lights.

Critical loads comprising of:

i. All Computer systems

ii. SCADA System including remote control units, sensors etc

iii. CCTV/surveillance systems

iv. Public Address Systems

v. Motorist Emergency Telephones

vi. Radio rebroadcast System

vii. Traffic lights, Variable Message signs

viii. Fire detection and Alarms systems.

ix. Access control

The UPS shall ensure uninterrupted power for a minimum period of 90 mins using sealed 
maintenance free VRLA battery.

UPS shall be installed at portal substations.

The rating of the different UPS shall be sufficient to supply the connected loads for the 
specified back-up period. The UPS system shall consist of a single UPS module, or the 
appropriate number of UPS modules connected in parallel for operation in capacity or in N+n 
redundancy mode. 

The UPS system will be complete with inverter battery bank, rectifier charging unit, inverter 
units, protective devices, filter circuits, system static transfer switches/bypass switches, 
auxiliary equipments etc.  All the characteristics of UPS (like THD, overload, etc.) shall be 
as per IEC/EN 62040.

The UPS will be fed from the main power supply (415/ 230 V, 50 Hz) and shall supply the 
connected equipment via rectifier, battery, and inverter.

In the event of a main power supply failure the equipment will be fed from the battery and 
inverter system without any interruption.

The UPS shall be equipped inclusive of bypass switch and an interface for Telecontrol 
System/ SCADA.

To ascertain the capacity of the UPS a tentative load assessment based on Annexure-I has 
been carried out below:

UPS Sizing

UPS SIZING (90 mins)

Sl No Description
Load (in KW)

Substation Location



Hebbal 
side

Baptist 
Side

a) Considering interior zone lighting on UPS 18.08 17.6

b)
Low Voltage Systems comprised of Traffic Mgmt. System, CCTV,

SOS, PA, SCADA etc.
20.13 20.13

c) Total kVA pf @ 0.8 47.8 47.2

d) Considering 80%ge loading 59.7 59.0

e) UPS size considered in kVA 60.0 60.0

f) No of UPS sets required 1.000 1.000

g) No of UPS in N+n mode 1+1 1+1

The lightning protection for the equipment buildings outside the tunnel shall be designed in 
accordance with the recommendations of BS: 6651, IE rules and other applicable standards 
in force. The lightning protection system shall convey lightning discharges to ground without 
electrification of structure. The air- termination system shall be connected to down 
conductors. The down conductors shall be bonded to a number of dedicated earth electrodes 
which do not make contact with any part of the structures or building. A bond should be 
mechanically and electrically effective and protected from corrosion in and erosion by the 
operating environment. The system shall have specific test links for periodic testing of 
continuity resistance. The whole of earth termination network should have a combined 
resistance to earth not exceeding the designed value in ohms without taking account of any 
bonding to other services.

All low voltages & communication cables metallic cables entering the services building, 
electrical rooms or control centre shall be protected against over voltage with special surge 
arrestor banks for control cables.

A suitable size of earth conductor/ wire will run throughout the tunnel. All the electrical 
equipment like panels, distributions boards, lighting DB, power DB, Jet fans etc. will be 
connected to the earth conductor. The earth conductor will connect the earth grid provided 
at the portal areas.

The whole installation shall be grounded efficiently, that is the resistance from the ground 
to any point does not exceed the value specified by the operative codes of practice, which 
is less than 1 Ohm of its main protective ground system and less than 10 Ohm for all the 
lightning protection system. The whole installation shall be efficiently bonded.

Normal and emergency lighting system has been considered as per serial no 6.0, Vol-2C of 
Technical Schedule and as per CIE88-2004 guidelines.

The lighting system consists basically of:

Tunnel lighting (entrance lighting, interior lighting)

Emergency lighting.

Night Time lighting



Parting zone lighting

Building lighting in the Service Buildings and in the niches

The tunnel lighting will be fully controlled automatically by the SCADA system according to 
measurements of the light sensors situated outside and inside the tunnel. A manual control 
of the entire lighting system will remain possible at any time.

Refer Relux simulation of the tunnel enclosed as Appendix-1 and Appendix-2 of the report

It is practical to distinguish different zones in the tunnel in order to determine the 
longitudinal lighting level at daytime lighting: the access zone, the threshold zone, the 
transition zone, the interior zone and the exit zone.

In access zone the number of light fixtures is calculated according to the required 
luminance level and design accordingly. It is the part of the open road immediately outside 
(in front of) the tunnel portal, covering the distance over which an approaching driver 
must be able to see into the tunnel. The access zone begins at the stopping distance point 
ahead of the portal and it ends at the portal.

Threshold and transition zone lighting fixtures of the tunnel accommodation sections are 
situated on the roof of the tunnel tube in a line passing over the middle of an access traffic 
lane, the quantity and capacity of the light fitting will be designed as per the detailed 
luminous calculation.

o Lighting fixture specifications. 

o Nominal power of light sources; 

o Execution of the tunnel tube;

o Elevation and lateral location of lighting fixtures inside the tunnel tube;

o Spacing of lighting fixtures;

o Over switching regulation of lighting fixtures.

Very long tunnel's interior zone consists of two different sub zones.

The first sub zone corresponds to the length which is covered in 30 seconds and should be 
illuminated with the "long tunnel " levels. The second sub zone corresponds to the 
remaining length and should be illuminated with the "Very long tunnels" levels. 

Lighting fixtures are situated in the centre line of the tunnel tube on the roof the quantity 
and capacity of the light fitting will be designed as per the detailed luminous calculation.

Luminance values in cd/m2 in the interior zone (long tunnels)



Luminance values in cd/m2 in the interior zone (very long tunnels)

The exit zone lighting provides the visual contact for the driver still in the tunnel with the 
open road beyond the tunnel the quantity and capacity of the light fitting will be designed 
as per the detailed luminous calculation. In exit zone the Lighting is gradually increased 
to 5 times the interior lux.

The emergency lighting is important part of road tunnel technical accessories. It consists of 
an emergency lighting of unprotected escape ways (for lay-bays, emergency exits, SOS 
boxes, FF niches and tunnel sidewalks) and an emergency lighting of escape ways in the 
tunnel complex (for escape tunnel, escape ways in technology buildings and rooms). Power 
supply of all the emergency lighting fixtures must be executed by on-line uninterruptible 
power sources (UPS).

According to CIE 88:2004 for emergency lighting the illuminance values must not fall below 
10 lux.

If the tunnel is on a section of an illuminated road, the quality of the lighting inside the 
tunnel should be at least equal to the level, uniformities and glare of the access road. The 
uniformity at night of tunnels shall fulfil the same requirements as the daytime lighting.

Parting Zone is first part of the open road directly after the exit portal of a tunnel. In case 
the tunnel is part of an unlit road and the speed of driving is higher than 50 km/h, night-
time lighting of the parting zone is recommended:

- if the night-time lighting level in the tunnel is more than 1 cd/m²;

- if different weather conditions are likely to appear at the entrance and at the exit of the 
tunnel.

Road lighting in the parting zone shall be provided over the length of two stopping 
distances with road luminance not lower than 1/3 of the night-time luminance in the 
interior zone of the tunnel.



Conventional lighting according to local standards will be provided in the Service Buildings, 
electrical rooms, emergency call recesses and the Control Centre(s).

The illumination (in lux) for following rooms is:

1. Control room: 500 lux

2. Corridor: 100 lux

3. Distributing room (like server, LV, HV etc.): 150 lux

4. Office room: 400 lux

5. Common room (like kitchen, toilets, etc.): 100 lux

6. Workshop: 150 lux

All the cameras monitoring one traffic direction will be oriented in the same direction. 
The cameras will be mounted on a height of approximately 5 m on one face of the tunnel 
wall at a spacing of approximately 80m. 

Every access door to the cross passage will be monitored by a separate camera, which will 
be installed on the opposite tunnel wall. Also, cameras will be installed in the cross-
passage.

The tunnel video camera network will be completed with pole mounted video cameras 
located outside of the tunnel. These cameras will monitor the traffic on the tunnel access 
road and tunnel access ramps. They will be equipped with pan/ tilt and zoom devices.

All the video pictures from the video cameras will be transmitted in real time to the Tunnel 
Control Centre and continuously recorded on HDD digital recording system.

The video pictures will be transmitted from the video camera to electrical substations via 
single optical fibre and then to the control centre via the main tunnel optical fiber 
network. The main tunnel optical fibre network is designed as a ring for redundancy.

The CCTV network will be connected to the Control Centre, by which the pictures can be 
seen, or cameras can be controlled.

The tunnel CCTV system will be associated with an Automatic Incident Detection system.

The Automatic Incident Detection system will be able to detect and transmit alarms 
concerning:

- Stopped and/or slow vehicles.

- Vehicles travelling in the wrong direction (contra flow)

- Pedestrians in the tunnels

- Traffic congestion and queues

After an alarm is generated by the system, the system will be able to isolate the 
corresponding event on the HDD digital recording system for analyses.

The Video Automatic Incident Detection is connected to the Control Centre, by which the 
pictures can be seen, or cameras can be controlled.



Public address (PA) system shall enable the operator to broadcast evacuation tones and give 
directions to motorists and maintenance staff in the event that the tunnel needs to be 
evacuated. Loudspeakers shall be deployed along the tunnel and in the most critical area or 
technical room, in order to supply information to those who have alighted from their 
vehicles. It shall be mounted on the side walls in the main tunnel at maximum spacing of 
50m.

Zone control switches shall be built into the operator's workstation so that the PA 
announcements can be confined to a selected zone.

The system shall deliver voices clear and audible enough to overcome environmental and 
emergency conditions within the tunnel. PA system shall be designed to withstand rough 
tunnel conditions and cleaning techniques used to clean contents of the tunnel.

The distribution amplifiers shall provide and maintain the necessary signal levels for 
optimum performance. All categories of amplifiers must be dual directional in the frequency 
bands.

The loudspeaker circuits shall be interleaved and overlapped so that alternate loudspeakers 
are supplied from separate amplifiers located in two different equipment racks.

A digital signal processing-based audio management system shall be provided to assist with 
audio quality. PA system shall store messages that can be automatically triggered from the 

An emergency call telephone will be installed at every 100m as per IRC SP 91 2019. 

A dedicated workstation (Emergency Roadside Telephone Workstation) will be in the Tunnel 
Control Centre to allow the operator full control of the system. The architecture of the 
communication network of the emergency roadside telephones will consist in an optical fibre
loop controlled from an emergency roadside telephone network interface located in the 
tunnel technical room. All of the emergency roadside telephone in tube-1 will be connected 
to one branch and all of the emergency roadside telephones in the tube-2 will be connected 
to the other branch. For redundancy, an emergency roadside telephone network interface 
is located at the portal-1 and another at the portal-2. 

Service Telephone System

A telephone network will be installed for the entire tunnel project. The telephone network 
will consist of telephone sets in:

- Tunnel Control Centres

Control Rooms and Technical Rooms

- Service Buildings

At least one telephone

- ESS in tunnel 

In the Technical Rooms

The system will perform the radio transmission for the road traffic areas, the access platform 
areas at Portal P1 and Portal P2 and the cross passages in the tunnel.



The radio system will be used by 

- Fire brigade

- Traffic police

- Ambulance service

- Maintenance staff

- Operation

Every service gets its own channel (one channel for reserve).

The radio transmission will be performed through radio leaky cable mounted below the 
intermediate ceiling of the tunnel. 

The data processing and data transmission will be realized by using a fibre optic cable ring 
(over both tunnel tubes) where the local PLCs at Portal Substation will be connected to the 
fibre optic cable ring by using optical link modules. The use of a ring structure gives 
additional security, due to the fact that in case of a failure or cable break on one side of the 
ring, the data transmission will be done over the other side of the ring. The control of the 
tunnel will be designed in such a way, that the tunnel will operate fully automatic with the 
possibility of manual intervention if needed. In the control centre the supervision and manual 

(automatic/remote/local mode, supervision interface, SCADA-workstations, etc.).

The complete architecture of the data processing and data transmission as well as the SCADA 
system is designed redundant - so the power supply units, the data transmission rings (two 
rings are designed), etc. are designed in such a way, that the breakdown of a PLC, tunnel 
ring, etc. does not result in a breakdown of a part of the system resp. the complete system.

Control Centre (main CC and back-up CC)

The main Control Centre will be situated at the Hebbal side.

The back-up Control Centre will be situated at the Baptist side.

The control centre will include the control rooms for tunnels traffic operation all the 
necessary technical rooms, the operation and maintenance buildings and the administrative 
facilities.

The Tunnel Control Centre is an essential part of the tunnel safety system. It controls the 
traffic flow in the tunnel and co-ordinates the initial interventions in the event of an incident 
or emergency in the tunnel. The necessary rescue equipment and vehicles must be in the 
immediate vicinity of the tunnel portals.

The tunnel control centre will be associated with the following functions:

Monitoring the traffic conditions in the tunnel and its accesses

Monitoring the emergency call systems

Receiving any alarms and alerts associated with the tunnel equipment systems

Receiving and displaying the images transmitted from the CCTV cameras

Supervising the operation of the tunnel ventilation, traffic control and lighting systems and 
other safety equipment



The equipment of the Control Centres includes the supervisor workstation, two traffic 
controller workstations, CCTV monitors, emergency call control equipment, tunnel radio 
control equipment, PA control equipment, etc.

The control room will contain:

The supervisor's workstation

The two traffic controller's workstations

The tunnel CCTV monitors and control boards

The main synoptic panel display

The emergency telephone control station

The radio communication

All other equipment necessary for the tunnel operation

The Technical Specifications and Annexures are provided in sperate volume.











Figure 59: Layout of the proposed underground vehicular tunnel

There are no entry and exit ramps. The tunnel tubes have one entry and one exit separated by 
distance 1.750 km



Figure 60: Underpasss cross-section



Figure 61: Schematic of different types of ventilation systems

Figure 62: An example of ventilation system selection process (Maevski, 2017)

Table 77 : Tunnel General Characteristics



Table 78 : Choice of ventilation system for the proposed vehicular tunnel



As per the PIARC guidelines, the road vehicles are categorised in terms of their function and 
size as follows:

Passenger car (PCU)

Light commercial vehicle (LCV)

Heavy goods vehicle (HGV)

The HGV category consists of the vehicles which are having size over 3.5 tons. These include 
trucks, articulated lorries, buses and coaches.

These vehicle categories can be sub-categorized by fuel, e.g. gasoline (petrol) or diesel such 
as:

PC Gasoline

PC Diesel

LCV Gasoline

LCV Diesel

HGV Diesel

The emission data corresponding to these vehicle types for the year 2018 is available in the 
PIARC which will be used as a base emission data. HGV emissions are also highly dependent 
on vehicle mass and a mass factor will be applied to account for this as per PIARC guidelines. 
For the estimation of emission rate from each vehicle type, the information about the 
number of vehicles of each type in traffic flux is required to be known.



Figure 64: Typical CO emission rate data, PCU



Figure 65: Typical CO emission rate data, LCV

Figure 66: Typical CO emission rate data, HGV

Table 79 : Daily number of vehicles



Car+Taxi 53257

Pvt. Bus 501

Govt. 
Bus

2171

LCV 3167

Truck 644

Table 80 : Vehicular composition

PCU 89.14%

HGV 5.56%

LCV 5.3%

Table 81 : Emission rates (g/h and m2/h) in tunnel  sections between Hebbal to Baptist hospital 



Design values provide a basis for the determination of the required capacity of the tunnel 
ventilation system. Operational values provide the limit levels for the different operating 
states such as normal operations, maintenance operations and closure conditions. PIARC 
2019R02EN provided these values for different pollutants which will be considered are same 
are given as follows

Design values for CO emission:

Table 82 : Design values for CO emissions, (IRC SP 91:2019, PIARC 2019R02EN)

Traffic situation Design value Operation condition
Operation 

limits

Free flowing peak traffic,

50 100 km/h
70 ppm Normal operation < 100 ppm

Daily congested traffic,

stopped on all lanes
70 ppm

Planned maintenance 
work

in a tunnel under 
traffic

20 ppm

Exceptional congested 
traffic,

stopped on all lanes

90 ppm

(100 ppm for IRC SP 91:2019)

Threshold value for

tunnel closure
200 ppm

Design values for NOx:

NO by itself is not considered a harmful pollutant at commonly encountered levels. On the 
other hand, NO2 is noxious and can irritate the lungs and lower the resistance to respiratory 
infections such as influenza. PIARC proposed to permit an average in-tunnel concentration 
of 1.0 ppm NO2 along the length of the tunnel at any one time as the design value. 

Design values for particulate matter (PM):

The presence of particulates leads to reduced visibility inside the tunnel. Therefore, 
visibility criteria are intended to support the ability of a driver to stop safely. The tunnel 
ventilation system must provide visibility levels that exceed the minimum vehicle stopping 
distance at the design speed.

There are two primary sources of PM in a tunnel, exhaust emissions and non-exhaust 
emissions. Exhaust emissions consist of PM emanating from the tailpipe as a result of fuel 
combustion. Non- exhaust PM consists of tyre and brake wear, road surface abrasion and re-
suspended dust.

Table 83 : Design values for visibility based on PM emissions, PIARC 2019R02EN

Visibility condition Extinction coefficient K Length of light beam L with = 20%

Slightly hazy 0.003 m-1 536 m

Hazy 0.007 m-1 230 m

Foggy 0.009 m-1 179 m



Visibility condition Extinction coefficient K Length of light beam L with = 20%

Uncomfortable 0.012 m-1 134 m



Table 84 : Fresh air rates (m3/s) required to dilute the pollutants

Table 85 : Design values for a longitudinal system for the longest section, 3.82 km

Table 86 : Longitudinal System calculations for fan Requirements















Figure 67: Schematic of fire inside the main tunnel

Table 87 : Proposed ventilation systems for entire vehicular passage of underground tunnel

Table 88 : Total fan requirements for whole tunnel ventilation system



Figure 68: Typical cross section with ventilation system and fire-









s.no Description Length Amount (A)

1 Entry and Exit open Ramp 3 Lane TCS-1 250.0       37,64,43,542 

2 Entry and Exit open Ramp 3 Lane TCS-1A 250.0       31,46,17,487 

3 Cut and cover 3-Lane TCS-2 1095.0     3,16,21,96,826 

4 Cut and cover 3-Lane TCS-2A 315.0       55,80,99,759 

5 Cut and cover (3-Lane+Median wall+3 Lane)  TCS-3 2000.0     4,28,04,27,022 

6 Open Ramp  (3-Lane+Median wall+3 Lane)  TCS-4 458.0       60,94,20,698 

7 Rail Under Bridge(RUB) 40.0       13,58,22,959 

Sub total  (A) 4408.0     9,43,70,28,292 

8 Other Works

a Instrumentation & Monitoring cost @ 1% of (A)         9,43,70,283 

b Electro- Mechanical Works       54,76,77,102 

c  Tunnel Ventilation & Fire Fighting       12,42,81,490 



d Traffic Signs, Markings , Appurtenances etc.         1,00,19,702 

e
Restoration of Existing Road, Site Clearence, Junction
improvement, Approach Area & Ramps (Road ,Footpath,
Lighting etc.)

      22,78,57,575 

f
Miscellaneous (Landscaping on roads and Art Work in 
Tunnel etc.)         4,53,25,285 

g Control centre etc         1,32,72,880 

Sub total   10,49,98,32,609 

Escalation as per SoR 2023-24         4,80,07,073 

9 Estimated Construction Cost Without GST  =B   10,54,78,39,682 

a Labour Cess @ 1%  (On the Amount of Non SOR items)         1,55,96,307 

b GST @ 18% Payable On Construction Cost Only (On B)     1,89,86,11,143 

10 Construction Cost Including Labour cess & GST   12,46,20,47,131 

11 Contingencies charges  @1% of (B)       10,54,78,397 

12 Planning & designing Charges @ 1% of (B)       10,54,78,397 

13 Construction Supervision Charges @ 2% Of (B)       21,09,56,794 

14 Tunnel Maintenance For 10 Years i.e., @ 0.25% for the 
first 5 years, 0.35% for the next five years  of (B)       31,64,35,190 

15 Land acquisition and rehabilation of building Structures 
at GKVK/Veterinary college premisses  Lump Sum       25,00,00,000 

16 Shifting of utilities Cost Lump Sum       35,00,00,000 

17 Deposit for Indian Railways for supervision Lump Sum         4,50,00,000 

18 Environmental Impact Assessment Charges Lump Sum            75,00,000 

Total Project Cost (10+11+12+13+14+15+16+17+18)   13,85,28,95,909 








