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JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT IN INDIA

Record of Discussion

Number RD-PRR-DP-005

Objection Technical Discussion based on Discussion Paper No. R02 & R03
Date 11 May 2015 15:00~20:30

Venue Meeting Room in DULT

Attendance DULT : Mr. Shamanth K, Mr. Sivasubramaniam J

BDA : Mr. Srinivask, Mr. H.C Ramendra, Mr. B Nagendra , Mr. Ajithkumar S.M

STUP : Mr. TV.Rajeev, Mr. Srivathsa B K
JICA Experts: Mr. T. Tanaka, Mr. N. Kondo, Mr. S. Yamada

Handout -Discussion Paper R02 (Road : Cross Sections, Vertical Alignment)
-Discussion Paper R03 (Road : Junction/Toll Plaza/Rest Area)

Horizontal alignment will be reviewed based on the technical review by JICA Experts on DP R01 which
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(It has to be confirmed by engineer member)

“DISCUSSION PAPER R02 (Road: Cross Sections, Vertical Alignment)”
1. Cross Sections

1.1 General regarding Cross Sections
Typical cross sections were updated in Final DPR with outer shoulder and edge strip but JICA Experts
found that some earlier version of the drawings in DPR still used the old cross sections. STUP informed
that the updated cross sections will be applied in the detailed design.

1.2 Typical Cross Sections of Mainline

1.2.1  Lane Width
It was confirmed that 3.5m of the lane width of BPRR was fixed based on IRC 86 (urban road).

1.2.2  Width of Shoulder and Edge Strip
Width of outer shoulder (min.=2.0m) and edge strip (min.=0.5m) of BPRR was determined based on
IRC SP-89 based on earlier discussions with JICA. JICA Experts understand the basis of the
determination and 0.25m of the narrow edge strip is only at the section with gantry facility of ITS.
Accordingly, no change will be required for the detailed design.

1.2.3 Cross Fall (Camber)
JICA Experts found differences regarding the cross fall between DPR Report (2.0%) and Drawings
(2.5% in some drawings). It was agreed to apply 2.0% of the standard cross fall of BPRR with rigid
pavement. At toll plaza section and its approaches, cross fall/camber can be reduced to 1.7% with
provision of cross drain at toll plaza central location.
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1.3 Typical Cross Sections of Service Road

1.3.1 Cross Sections of Service Road
The lane configuration (i.e. number of lanes) of the service road is not mentioned in DPR. It was
confirmed that the current width of carriageway (W=9.0m) is derived based on available width of 75m
ROW for development of formation with other cross section elements firmed up. In principle, the
number of lanes of the service road is 2-lane with wider shoulder as proposed by JICA Experts in the
Discussion Paper. The final lane configuration will be further discussed and determined during the
detailed design stage with proper lane markings.
(It has to be confirmed by engineer member)

1.3.2  Unnecessary Cross Sectional Bottleneck of Service Road

In DPR, the width of service roads is getting narrower toward the entry/exit of VUP and PUP as pointed
out in the Discussion Paper. It was confirmed by STUP that compliance is already given to JICA 3t
Mission comments that the end of underpass will be flared (6m x 6m at VUP and 3m x 3m at PUP) in
the detailed design stage to get sight distance and also to avoid narrowing of road section at
approaches. Planning appropriate structure considering the turning radius of large-sized vehicles will
be incorporated in the detailed design.

(It has to be confirmed by engineer member)

2. Vertical Alignment of BPRR (Mainline)

2.1 Gradient
It was agreed that application of 4.0% for maximum gradient and 0.3% for minimum gradient would be
considered in accordance with the requirement of IRC SP 23.
BDA/STUP explained the requirement of the railway-crossing which will be based on the results of
discussions with railway authorities providing 2.5% of the maximum gradient.
(It has to be confirmed by engineer member)

2.2 Length of Curve
BDA/STUP explained the length was determined using an abbreviated application table (Table 6) in IRC
SP 23 and JICA Experts confirmed there are not major differences between figures in the table and the
calculated value by formula in IRCs. Accordingly, the length of curves is not necessary to be changed.

2.3 Clearance for Intersections
It was agreed to modify the drawings properly reflecting the required clearance height for the overpass
locations.

2.4 Maximum Height of Retaining Wall
It was basically agreed it would be better to avoid such tall retaining wall concerning the following demerits.
- Stability and future deformation by tall height *need special analysis such as FEM, etc.
- Requirement of high-performance costly material such as steel reinforcement sheet, strictly selected
backfill, etc)
- Less accessibility across BPRR under the retaining wall
- Construction difficulties
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- Time for construction

- Operation and maintenance of huge fill

Limitation of the height and the span layout of bridges will be further discussed in the next structural
meeting on 13 May 2015 (am11:00-).

(It has to be confirmed by engineer member)

2.5 Example of Modification for Vertical Alignment
2.56.1 Modification for VUP

Vertical alignment will be designed as mentioned in 2.3 above during the detailed design stage.
2.56.2  Madification for flat section

Vertical alignment will be designed as mentioned in 2.1 above during the detailed design stage.
2.5.3  Modification for filling (high embankment)

As mentioned in 2.4 above, the height limitation of the retaining wall will be further discussed.
2.5.4  Modification for Toll Plaza

It was agreed to apply 2.0% for the maximum vertical gradient for the toll plaza section.

“DISCUSSION PAPER RO03 (Road : Junction/Toll Plaza/Rest Area)”
1. Design Concept of Ramp Terminal

1.1 Ramp Design Speed
It was agreed to apply 40km/h for the design speed of ramps.
1.2 Design Speed of Acceleration/Deceleration Lanes
Suggestions from JICA Experts will be considered in the detailed design.
1.3 Transition Section of Main Carriageway and Ramp
Suggestions from JICA Experts will be considered in the detailed design.
1.4 Measures enable minimize the accident at section which connecting main carriageway and ramp
Suggestions from JICA Experts will be considered in the detailed design.

STUP informed that the length of acceleration and deceleration lane lengths in the interchange layout

2.1 Alignment of Toll Plaza Area
As discussed by Discussion Paper R02, 2% of the maximum vertical gradient was agreed. Other
suggestions in this section will be considered in the detailed design.

2.2 Toll Island
DULT, BDA , STUP agreed following suggestions from JICA Experts regarding toll plaza area, subject to
no change in centerline of the main road and increase in land requirement beyond what is envisaged by
BDAin land acquisition plan.
- Minimum radius of horizontal curve shall be 200m.
- Minimum radius of vertical curve shall be 700m
- Vertical gradient shall be not more than 2.0%
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- Cross fall shall be between 1.7% to 2.0%

- Crossing drainage system for both side of toll island will be considered in the detail design to protect
toll lane from water immersion

- Unifying width of toll lane width (3.2m) were agreed for considering future increase of ETC usage
ratio.

= Unifying length of toll island (35m) were agreed for the same reason above.

BDA/STUP informed that the toll plaza layout has been revised and the layout drawings at Tumkur end
submitted based on earlier discussion with JICA.

3. RestArea
JICA Experts enquired about provision of rest areas for the Project. BDA informed that the rest area is not
envisaged in the present scope of work.




JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT IN INDIA

Record of Discussion

Number RD-PRR-DP-006

Objection Technical Discussion based on Discussion Paper No. S02

Date 13th May 2015 12:00~17:00

Venue Meeting Room in DULT

Attendance DULT : Mr. Sivasubramaniam J
BDA : Mr. H.C Ramendra, Mr. B Nagendra , Mr. Ajithkumar S.M
STUP : Mr. A.T. Samuel, Mr. K.N. Saravanan, Mr. T.V.Rajeev
JICA Experts: Mr. T. Tanaka, Mr. S. Yamada, Mr. T. Maeda
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1; Structure

1.1 Bridge

1.1.1  Bridge Planning Criteria and Conditions (Additional)

o e g |

1412

142
1:1:231

Pier Locations of VOP/POP
It was confirmed that most of existing Metro lines were constructed by high-elevated structures.

Moreover, maximum gradient of future Metro line on the median of BPRR will be smaller than BPRR
and it is difficult to follow same profile of BPRR at the underpass sections. Therefore, the future Metro
line will be planned by elevated structures at least in the underpass sections of BPRR.

Accordingly, it was confirmed that piers of VOP/POP at the median of BPRR will not be affected to the
planning of future Metro line.

(It has to be confirmed by engineer member)

Maximum Height of Retaining Wall
It was confirmed that geotechnical survey/structural analysis were not conducted in the DPR stage.

DULT, BDA and STUP agreed to reduce the retaining wall height appropriately by setting back the
abutment locations (by extending the bridge length) in this JICA's Technical Review stage.

Final conclusions will be decided in the D/D stage with geotechnical survey/structural analysis results.

(It has to be confirmed by engineer member)

Bridge Planning

Superstructure Type

DULT, BDA and STUP agreed the proposed superstructure type by the JICA Experts.
Notes:

- It was confirmed that other superstructure types such as RC-I Girder, PC Hollow Slab (Pre-tension)
etc. are also common by 20m span length in India.

- JICA Experts recommended applying PC Void Slab at VOPs/POPs to reduce girder height;
however, it was confirmed non-existence of critical profile locations on the main road. Therefore, it
was agreed to apply PC-I Girder at VOPs/POPs for ensuring quality of construction works.

- It was confirmed that PC Box Girder by cast-in-place (CIP) method is appropriate from 40m span
length instead of pre-cast method by reason of non-existence of long bridges in the Project.
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1.1.2.3

1.1.2.4

1.1.2.5

Substructure Type

JICA Experts confirmed appropriateness of substructure types in the Final DPR.

Notes:

- It was confirmed that abutment type at VOP/POP is not MSE Wall but RC Retaining Wall.
- RC Retaining Wall Abutment will be applied authorized types by IRC.

Foundation Type

It was confirmed that CIP RC Bored Pile and Spread Foundation are common types in India.
Note:

- Possible Diameter of Bored Pile: 1.0m, 1.2m, 1.5m and 2.0m (1.0m and 1.2m are common).

- Maximum Pitch between Bored Piles: 3D (for Rock), 2D (for Soil)

Skew Angle

DULT, BDA and STUP agreed to improve bridge skew angles in the D/D stage.
Note:

- Small bridge skew angle is not common in India (exceptional case only).

- Itis necessary to avoid extension of bridge length by improving bridge skew angles.

Bridge Planning

DULT, BDA, STUP and JICA Experts discussed bridge plan based on the proposal by JICA Experts
and agreed it as shown in Attachment 1.

Main Revision Points from the Proposal by JICA Experts:

- According to the opinion by DULT, BDA and STUP, piers on service roads were considered for
applying typical girder types as much as possible.

- According to the past experiences by DULT, BDA and STUP, it was assumed that temporary support
structures inside railway ROW with reduced speed operation would be allowed by railway operator.

- In consideration of high railway embankment, it is difficult to apply temporary support structures
inside railway ROW and 3 spans steel box girder with rapid erection method were planned at
Chennai and Hosur Railway Lines.

(It has to be confirmed by engineer member)
Note:

- DULT, BDA and STUP will discuss with the national highway and railway operators and obtain
approvals about clearance structure type and erection method by them.

- Superstructure plan at Chennai and Hosur Railway Lines may revise to ordinal structure plan in the
D/D stage in case of verifying technical validity and obtaining approval by the railway operator.

- Other superstructure plan may also revise in the D/D stage in case of verifying economical and
technical validity in accordance with geotechnical investigations/structural analysis results.
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1.1.2.6 Bridge Accessory Planning
It was confirmed appropriateness of expansion joint and bearing types in the Final DPR.
- Expansion Joint: Modular Joint
- Bearing: Pot Bearing

1.1.3 Box Culvert

1.1.3.1 VUP

DULT, BDA and STUP explained that box culvert: (2@9m) with widening of both entrances (3m*3m) at
VUP can be ensured turn movement of heavy vehicles. JICA Experts again proposed to modify into
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be able to accommodate possible design changes during the detailed design stage.
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Record of Discussion

Number RD-PRR-DP-007

Objection Technical Discussion based on Discussion Papers
Date 18" May 2015 15:00~19:30

Venue Meeting Room in DULT

Attendance DULT : Mr. Sivasubramaniam J

BDA : Mr. H.C Ramendra, Mr. B Nagendra , Mr. Ajithkumar S.M
STUP : Mr. A.T. Samuel, Mr. T.V.Rajeev , Mr. Srivathsa B K
JICA Experts: Mr. Tanaka, Mr. Kondo, Mr. Maeda, Mr. Oikawa, Mr. Ueno, Mr. Yamada

Handout -Discussion Paper C01 (Cost Estimate)

-Discussion Paper R04 (Road)

-Discussion Paper S03 (Structure)

-Discussion Paper EO1 (Economic/Financial Analysis)

“DISCUSSION PAPER CO01 (Cost Estimate)”

1. Re-confirmation of Conditions of Cost Estimate

1.1 Final Version of Bill of Quantity and Cost Estimate (BOQC)
It was confirmed the final version of the civil works is BOQC Rev R(3). The items except the civil works
was updated in DPR Report R(5).

1.2 Earth Spill out beyond 75 ROW
It was confirmed the design consultant that the marginal earth spill out mentioned in DP C01 is correct.

1.3 RUB Structure at Doddabalapur and Chikkaballapura Railway
It was confirmed the design consultant (temporary relocation of railway tracks) mentioned in BOQC is
correct and the further detailed discussion will be made with the railway authorities during the detailed
Design stage.
(It has to be confirmed by engineer member)

1.4 Box Culvert Structures for BPRR under National Highways
It was confirmed the design condition (temporary diversion of NHs) mentioned in BOQC is correct and the
further detailed discussion will be made with the concerned authorities during the detailed Design stage.
(It has to be confirmed by engineer member)

1.5 Quantity of RE (Reinforced Earth) Wall
It was reported by JICA Experts that there is difference between the quantity calculation by JICA Experts
and the quantity in BOQC on RE wall area. JICA will share the worksheet to STUP. STUP will check the
quantity calculation by JICA Experts and will give feedback later.

2. General Question/Request form JICA Experts
per MORTH (Ministry of Road Transport and Highway) guidelines.
STUP will provide JICA Experts PDFs files of the followings.
1) KPWD SR Bangalore 2014-14
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2) NH SR Bangalore Circle

“DISCUSSION PAPER R04 (Road: JCT Interval, Junction, Toll Gate Facilities)”

1. Maximization of BPRR Use

1.1 JCT intervals
There are three sections having long interval of JCTs more than 10km. JICA Experts recommended to
reconsider the provision of ON/OFF Ramps with only 2-3 lanes of toll gates for each ON/OFF Ramp. BDA
will reconsider the above during the detailed design stage depending on the usage.
(It has to be confirmed by engineer member)

1.2 Cancellation of ROB and VOP for service road
JICA Experts proposed to omit the railway overpass for the service roads. BDA informed the railway
authorities will  not accept at-graded railway crossing by any roads. JICA Experts agreed on this.
(It has to be confirmed by engineer member)

2. Design Concept of Ramp Terminal
2.1 Ramp Design Speed
It was agreed to adopt 40km/h as the design speed for ramps.

2.2 Design Speed from Toll Gate to Nose
It was agreed to adopt 40km/h as the design speed of nose position on taper.

2.3 Required Length for Acceleration/deceleration Lane
DPR is not using IRC:SP99 for design but using IRC:SP:41, since BPRR is not the expressway and these
lengths are satisfying IRC:SP:41. However, to avoid any risk of accident, BDA/STUP will check the
drawings and if extension of length of acceleration/deceleration lane is possible, it will be reconsidered
within ROW during the detailed design stage. As of now, the length of acceleration and deceleration lane
are more than required length given in IRC:SP:41.

2.4 Transition Section of Main Carriageway and Ramp

2.4.1 DPR is using IRC:SP:23 instead of IRC:SP:99, since BPRR is not the expressway. As per IRC:SP:23,
minimum radius of vertical summit curve is 2200m and all vertical summit curves are satisfying
IRC:SP:23. However, to avoid any risk of accident, BDA/STUP will check the drawings and if changing
more moderate curve is possible, it will be reconsidered within ROW during the detailed design stage.

2.4.2 Since length of taper to exit gate of Whitefield JCT, BDA/STUP will reconsider about extension of length
within ROW at D/D stage

3. Weaving

3.1 The weaving length between margining point of ramp and service road to entry toll plaza to Hosur direction
should be longer since driver need to change the lane at least three times. BDA/STUP will reconsider the
above as much as possible within the available land.

4. Toll Gate
4.1 Toll Gate Facilities
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4.1.1 Ladder
JICA Experts pointed out the danger of ladder for toll booth to tunnel and explained Gurugaon toll plaza
adopted steps as an Indian example. However, BDA/STUP said that toll plaza nearby Bengaluru
constructed ladder instead of steps. It was agreed that further discussion would be necessary while
designing tunnel.
(It has to be confirmed by engineer member)

4.1.2 Crash Barrier
JICA Experts proposed no provision of crash barrier for protecting toll booth. BDA/STUP introduced that
there are many accident reported on National Highway toll booths resulting in damage to toll booth and
injuries / fatalities . It was agreed to retain crash barrier.

4.1.3 Canopy
JICA Experts pointed out that canopy is not in same line for oversized lane and cantilever structure for
large sized vehicle lane should be avoided. Figure of IRC:SP:99 has column and avoiding cantilever
structure. BDA/STUP agreed to provide toll canopy in same line throughout the toll plaza but would review
requirement of providing column for oversized lane to avoid cantilever based on the designs.

4.2 Width for Large Sized Vehicle Lane
JICA Experts pointed out that width of large sized vehicle lane should be 4.5m comply with IRC:SP:99.
Adopting 4.5m can have 1m extra space also. BDA, STUP informed that there are vehicles with
consignment  with much wider width  be safe passage at toll plaza area. . It was agreed to retain 5.5m for
large sized vehicle for safety reason under Indian condition.

4.3 Capacity of Toll Lane by Each Systems
JICA Experts mentioned that IRC:SP:99 is shown only 240v/h for manual lane capacity but it is missing
capacity of manual lane for exit gate. In exit gate, there is many more steps compare with entry gate as
followings.
*  Driver passes transit card to toll collector
*  Toll collector check his travel fee
e Driver pays his travel fee to toll collector
JICA Experts recommended 130v/h for the capacity of exit lane.
BDA, STUP informed that the capacity of 240 v/h includes cash transaction and hence the capacity of toll
booth if only token is given will be more than 240 v/h. JICA Experts will do calculation with using both
processing capacity and discuss this issue with BDA, STUP again. JICA, BDA and DULT will discuss and
finalize the toll fee operation strategy at entry and exit.

“DISCUSSION PAPER S03 (Structure)”

1. Structure

1.1 Bridge

1.1.1  Bridge Planning (Additional)

1.1.1.1 Structure of Approach Section at ROBs
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11.3:3

DULT, BDA and STUP agreed to set back the abutment location by 5m height at 2 ROBs (Chennai and
Hosur Railway Lines) to reduce the height of MSE Wall at swamp areas.

However, DULT, BDA and STUP suggested to revised the unit price of approach bridge (PC-I Girder)
from INR80,000/m2 to INR50,000/m2 in consideration of construction prices in India.

JICA Experts agreed revising the unit price and re-estimated the preliminary cost evaluation as follows:
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Final conclusion will be decided in the D/D stage with geotechnical survey/structural analysis results.

(It has to be confirmed by engineer member)

Cross Sections (Bridge Width)

JICA Experts confirmed the bridge width of service road at flyover sections with DULT, BDA and STUP
and it was planned as 8.5m width in the Final DPR.

Accordingly, the bridge plan concluded in the last meeting (S02) was revised as shown in Attachment1.

Cross Sections (Structural Dimension)

JICA Experts confirmed with DULT, BDA and STUP that the detail of bridge cross sections would be
determined in the beginning of D/D stage in accordance with general practices in India.

Therefore, JICA Experts confirmed expected structural dimensions on main points with DULT, BDA and
STUP while referring to relevant project data.

Structural dimensions on main points confirmed during this Technical Discussion are in the fo]lowings:.
Superstructure

PC-| Girder

- Slab Thickness: 22cm

- Girder Height: 1.45m (Span Length = 20m)

PC Box Girder (Constant Height)

- Structure Height: 2.1m (Span Length = 35m), 2.4m (Span Length = 60m)
- Cantilever Length: 3.5 to 4.0m (Bridge Width = 17.75m)

- Web Angle: 47 Degrees (acceptable from 42 to 47 Degrees)

- Width of Bottom Slab: 6m (Bridge Length: 17.75m)

Substructure
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1.2
1.2.1

1522

1.2.3

Wall (Y) Shape Pier
- Column Width at Bottom: 1.85m (Transverse Axis)*2.25m (Bridge Axis) (Bridge Width: 17.75m)

Foundation

CIP RC Bore Pile

- Pile Arrangement: 2 nos. on transverse axis in case of influence to local road
(4 nos. on transverse axis are also acceptable in this Project, if required)
Note:

DULT, BDA and STUP agreed to provide reference drawings as requested by JICA Experts, if required.

Box Culvert

Plan of Box Culvert

JICA Experts confirmed the plan of box culvert with DULT, BDA and STUP.
Accordingly, the following points were revised:

Inner Width of Underpass (Main Road): 16.5m

Inner Width of Underpass (Service Road): 7.5m

Construction Method

DULT, BDA and STUP explained the construction method of underpass as follows:
- 2 RUBs (at Chikkaballapur and Doddaballapur Railwat Lines): Box Pushing

- Other Locations including at NH-7: Open and Cut with Detour Road

Note:

- DULT, BDA and STUP explained that box pushing were applied to many projects in India even
dimension of underpass is larger than BPRR.

- DULT, BDA and STUP explained that box pushing were original developed in the UK (Skanska) and
exported to Thailand (ITD) and it was simplified by IRC.

- DULT, BDA and STUP explained that reduced speed operation of railway would be required during
construction in case of applying box pushing method.

- DULT, BDA and STUP explained that box pushing has no conflict in patent.

- DULT, BDA and STUP explained that underpass structure in case of applying box pushing is same
as standard box culverts.

- DULT, BDA and STUP agreed to provide more technical information as requested by JICA Experts.

(It has to be confirmed by engineer member)

Thickness of Box Culvert

JICA Experts confirmed with DULT, BDA and STUP that the detail of box culvert sections would be
determined in the beginning of D/D stage in accordance with general practices in India.
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Therefore, JICA Experts confirmed expected structural dimensions on main points with DULT, BDA and
STUP while referring to relevant project data.

Structural dimensions on main points confirmed during this Technical Discussion are in the followings:

Thickness of Box Culvert (2@12.5m)

- Upper Slab: 40cm

- Bottom Slab: 45cm

- Outer Wall: 35cm

- Intermediate Wall: 30cm
Note:

DULT, BDA and STUP agreed to provide reference drawings as requested by JICA Experts, if required.

Drainage Pump at Underpass
DULT, BDA and STUP explained general practices of drainage system at underpass in the followings:
- At Plain (i.e. Chennai): Drainage Pump

- At Hilly Area (i.e. Bengaluru): Gravity Drain with plumbing for terminal treatment of drainage water,
manhole: 30m pitch with dia. 1.2m for maintenance works.

Accordingly, the drainage pump was not planned in the Final DPR as natural drainage is facilitated.

“DISCUSSION PAPER E01 (Economic Analysis and Financial Analysis)”

1. Economic Analysis

1.3 Project Cost
JICA Experts mentioned that the project cost for economic analysis have not included the Land Acquisition
Cost.
STUP informed that similar highway projects in India were conducted for an economic evaluation utilizing
the construction cost as a project cost. If a land acquisition cost were included in the project cost, it may not
be feasible in economic point of view. This matter was élready explained to the JICA mission last
December 2014. This project was already approved by the government.

1.4 Economic Benefit
JICA Experts commented that the economic benefit calculated the Vehicle Operation Cost (VOC) only, it
did not calculate the Travel Time Cost (TTC) Saving. STUP explained that the TTC unit was mentioned in
the “Manual on Economic Evaluation of Highway Project in India”. JICA Expert mentioned that the VOC
and TTC as economic evaluation items will be estimated.

1.5 Economic Evaluation Period

JICA Experts recommended that the economic evaluation period will be assumed as 25 years based on
the “Manual on Economic Evaluation of Highway Project in India”.

1.6 Provision of Soft Copy
STUP provided the soft copy of the economic evaluation sheet to the JICA Experts.
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2. Financial Analysis
2.1 Provision of Financial Evaluation Sheet
STUP informed that the financial evaluation sheet will be discussed with BDA before sending it to JICA.

2.2 O&M Operator
Road maintenance for 2 years only will be done by contractors initially. BDA will decide to select contract
type for operation at a later date.

“DISCUSSION PAPER TO1 (Traffic Analysis)”
DP T01 was explained by JICA Experts and STUP will provide necessary information to JICA Experts.

(END)
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1 Cross Sections

1.1 General
Comments on DPR:

Cross sections on the junction drawings have not been updated. Old sections (without
shoulders) are still used in these drawings.

Suggestion from JICA Experts:

Agreed cross sections shall be used properly in the detailed design.

Based on the review by JICA Experts in 2012/13, provision of the shoulders for the
mainline was agreed. Figure 1.1 shows the updated cross section in the drawings of
“Typical Cross Sections” in Final DPR. Main modifications from Draft DPR are listed

below.
»  Provision of “outer shoulder (2.0m)”
»  Provision of “inner shoulder (0.25m) as an edge strip”
> Provision of 0.75m width at inner/outer carriageway for gantry's space
» Reduction of carriageway and footpath width of service road

750 SPACE FOR GANTRY

750 750 SPACE FOR GANTRY
GREEN STRIP
2500 / 250 EDGE STRIP
FOOTPATH (- 2000 I
o 1500 1 PAVED SHOULDER T\
umuTY COVERED DRAIN : 14000
CORRIDOR 9000 ) LEFT CARRIAGEWAY
SERVICE ROAD LANE=1 | LANE-2 | LANE-3 | LANE-4

PEDESTRIAN
GUARD RAIL (TYP.)

ROW

Source: Final DPR, 2014

Figure 1.1 Cross Section in Final DPR

However JICA Experts found the old cross sections (without shoulders) in the
drawings of interchanges and junctions.

15008

ngz_rspi% COUERED DRAN
cum | 11.0060 14,0000 :
TiuTY | SERWCE ROAD LEFT CARRIAGENAT |
SRR AR

Source: Final DPR, 2014

Figure 1.2 Old Cross Section in Draft DPR
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1.2
1.21

1.2.2

JICA Experts would like to request BDA and STUP to conduct the detailed design
using only the agreed cross sections.

Typical Cross Sections of Mainline

Lane Width

The lane width of BPRR is 3.5m based on IRC 86 (design standard of “urban road”).
For reference, the lane width of “expressway” is 3.75m in plain and rolling terrains
and 3.5m only in mountainous terrains.

JICA Experts has no objection on the above after the consensus to apply 80km/h of
the design speed for BPRR (consensus based on DP R01 on 6 May 2015).

Shoulder and Edge Strip Width

Comments on DPR:
Width of the inner shoulder (edge strip) is too narrow for high speed traffic.

Suggestion from JICA Experts:

Provision of 1.5m width for “Outer Shoulder” and 0.756m width for “Edge Strip/Inner
Shoulder”

BPRR is not designed as “expressway” but “urban road” allowing 80km/h high
speeding. BPRR might be defined as “semi-expressway”. Necessity of shoulders is
not mentioned in IRC 86 which specify the design guideline of “urban road”.

Necessity of shoulder was mutually agreed between DULT/BDA/STUP and JICA in
2012/2013. Therefore Guidelines for Expressway (hereinafter IRC-E) has been
referred to finalize the dimension of the shoulders for BPRR.

Table 1.1 presents the required width of edge trips according to IRC-E.
Table 1.1 Width of Edge Strips in IRC

Terrain Width of Edge Strip
Left (outer side) Right (median side)
Plain 0.5m 0.75m
Rolling 0.5m 0.75m

Source: Guidelines for Expressways, IRC, 2010

According to IRC-E, "edge strips should provide lateral support to the carriageway
properly and will also accommodate the edge markings and edge strip shall provided
so as to enhance the delineation effect to drivers and to constitute a part of lateral
clearance for the safety of vehicles”.

The width of edge strip in Final DPR of BPRR is 0.25m only and not fulfill the above
requirement.  Provision of 0.75m width of edge strip (inner shoulder) is
recommended by JICA Experts.
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Table 1.2 presents the required width of shoulders (outer shoulder) according to IRC-

E
Table 1.2 Width of Shoulders in IRC
Terrain Paved Shoulder
Plain 3.0m
Rolling 3.0m

Source: Guidelines for Expressways, IRC, 2010

Provision of the above width is actually quite difficult for BPRR due to the fixed
available land. However the concept of the outer shoulder stipulated in IRC-E shall
be considered as much as technically practical.

IRC-E stated the following important functions regarding the provision of shoulders.

i) Space is provided for stopping of vehicle and make the through traffic lane
free from obstruction because of mechanical difficulty, a flat tyre, or othr
emergency;

i) Space is provided for the occasional driver who is required to stop, to decide

road ramps, service areas, or for other reasons;
iif) Space is provided to escape potential accidents or reduce their severity;

iv) The sense of openness created by shoulders of adequate width contributes
much to driving ease and freedom from strain;

v) Sight distance is improved in cut sections, thereby improving safety;
vi) Space is provided for road maintenance, operation and security.

Accordingly, JICA Experts introduces “Partial Shoulder” concept which is well-known

in other developed countries’ design guidelines (AASHTO, etc) and propose 1.5m
width of the outer shoulder for BPRR.

Although it is desirable that a shoulder be wide enough for a vehicle to be driven completely
off the traveled way, narrower shoulders are better than none at all. For example, when a vehicle
making an emergency stop can pull over onto a narrow shoulder such that it occupies only 0.3 to
1.2m [1 to 4 fi] of the traveled way, the remaining traveled way width can be used by passing
vehicles. Partial shoulders are sometimes used where full shoulders are unduly costly, such as on
long (over 60 m [200 /]) bridges or in mountainous terrain.

Source: A Policy on Geometric Design of Highways and Streets, AASHTO

The concept of the proposal of JICA Experts is shown in Figure 1.3. JICA Experts
propose 1.5m width of the partial outer shoulder.
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(CASE-2a: Emergency Parking "by Large Vehicle” on Outer Shoulder)

Source: JICA Experts

Figure 1.3 Proposed Concept of Partial Outer Shoulder for BPRR
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Figure 1.4 shows the cross sections designed in DPR.

1.75

(Cross Section of Elevated Section)
Source: Draft DPR

Figure 1.4 Cross Sections of Mainline of BPRR (Draft DPR)

JICA Experts propose the definitive cross sections as shown in Figure 1.5. It is noted
that no change has been made to ROW fixed by DPR.

(Lross section or At-grade section)

L.

17.75(17.75)

Note: Figure in parentheses shows the width with gantry pole for ITS.

(Cross Section of Elevated Section)
Source: JICA Experts

Figure 1.5 Cross Sections of Mainline of BPRR (Proposed)
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As stated above.
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1.3  Typical Cross Sections of Service Road
1.3.1 Cross Section of Service Road

| B T

Suggestion from JICA Experts:

Each direction of the service road can accommodate 2-lane with “partial shoulder” and
“edge strip.

Figure 1.6 shows the cross section of the service road designed in DPR.

750

750
GREEN STRIP
2500 7/
FOOTPATH |
cuM 1500 /1\ |
uTLTY COVERED DRAIN |
CORRIDOR 9000

SERVICE ROAD

PEDESTRIAN
GUARD RAIL (TYP.)

ROW

2.0%

Source: Final DPR, 2014

Figure 1.6 Cross Section of Service Road in Final DPR
According to IRC-86, 3-lane roads require 10.5m of the carriageway width.
Therefore 9.0m of the carriageway width for BPRR can accommodate only 2-lane.

Figure 1.7 shows the cross section of the service road designed in DPR. Lane
configuration of the service road is not shown on the drawing.

I

Source: Draft DPR
Figure 1.7 Cross Sections of Mainline of BPRR (Draft DPR)

JICA Experts propose the lane configuration as shown in Figure 1.8.

I

Y.
Source: JICA Experts

Figure 1.8 Cross Sections of Mainline of BPRR (Proposed)

8
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1.3.2 Unnecessary Cross Sectional Bottleneck of Service Road

| CIyuvels Ul DHuyes sllall ve siuuicd niseau Ui DUATUUIVEL LS. J

Figure 1.9 shows the narrowed carriageway of the service roads.

1\'... I

- A\

= _ N\ el S

¢ fTT e TER B B i F ST \
(Bottleneck for VUP) (Bottleneck for PUP)

Source: Final DPR
Figure 1.9 Bottleneck of Carriageway

The narrowed carriageway will induce ftraffic congestion and the width of the
carriageway shall keep the original width (9.0m).

Figure 1.10 present the vehicle motion path of 30 ton truck and semi-trailer on the
proposed VUP of BPRR.

The proposed width of box-culvert cannot manage the traffic flow properly. In order
to secure the minimum turning movement of these vehicle, width of the box culvert
shall be much larger as suggested in Figure 1.10.

The development along the proposed BPRR will be rapidly accelerated after the
completion of the road. Concurrently, traffic volume of heavy vehicles to/from the
newly developed premises/enterprises will be increased.

It is quite essential to consider heavy vehicle’s turning movement into the design of
the VUP.
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(30 ton Truck)

(Semi-trailer)

Source: JICA Experts
Figure 1.10 Vehicle Motion Path at VUP
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2
21

Vertical Alignment of BPRR (Mainline)
Gradient
Comments on DPR:

Minimum gradient of the vertical alignment does not fulfill IRC 23.

Maximum gradient of the vertical alignment is set as 3.33% based on IRC 23.

Suggestion from JICA Experts:
Minimum gradient = 0.3%.

Maximum gradient = 4.0%

According to IRC SP 23-1983, the specified minimum gradient is 0.3% and 3.33% as
maximum gradient. However the vertical alignment of DPR does not fulfill the
requirement of IRC.

JICA Experts reviewed the vertical alignment of DPR based on “IRC 86-1983" and
“IRC-SP 23-1983". IRC 86-1983 also specifies the absolute minimum gradient as
0.3% and 4.0% as a maximum gradient.

JICA Experts have pointed out there are many sections do not fulfill the requirement
for minimum/maximum gradient as summarized in Table 2.1 in the next page.

The modifications of the vertical alignment shall be required at 19 curves as a
respect of minimum gradient and 8 curves as a respect of maximum gradient.

However 8 curves required to modify regarding the maximum gradient might be
canceled in case of applying IRC 86 (max gradient=4.0%).

11
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2.2

Length of Vertical Curve

Comments on DPR:
The minimum length of curve adopted in design is 100m.

Suggestion from JICA Experts:

Length of vertical curves shall be determined by formulae.

In DPR, the minimum length of curve adopted in design is 100m. In the drawings, all
of the length is designed over 100m. But, to keep stopping site distance, JICA
Experts recommend determining length of vertical curves based on formulae.

According to IRC SP 23-1983, length of vertical curves shall be determined as below.

Summit Curve

1) When the length of the curve exceeds the required sight distance

NS2
L=—0

44

S= stopping sight distance in metres (120m for the speed 80km/h)
N=deviation angle, i.e. the algebraic difference between the two grades

2) When the length of the curve is less than the required sight distance

Ly, A
R 7

Valley Curve

1) When the length of the curve exceeds the required sight distance

.
~ 1.5+0.035S

2) When the length of the curve is less than the required sight distance

1.50 + 0.035S

L=25- N

JICA Experts reviewed the drawings based on above formulae. JICA Experts have
pointed out there are many sections do not fulfill the requirement for length of vertical
curves as presented in Table 2.2 in the next page.

13
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2.3  Clearance for intersection
Comments on DPR:
Vertical clearance of 5.5m for vehicular underpasses, 4.5m for pedestrian
underpasses
Suggestion from JICA Experts:
Vertical clearance of 5.5m for vehicular underpasses, 4.5m for pedestrian
Vertical clearance shall be determined as 5.5 m for vehicular underpasses and 4.5m
for pedestrian underpasses in the final DPR. However, several underpasses in the
drawing are not kept the clearance as written in final DPR.
JICA Experts reviewed the drawings based on above standard. JICA Experts have
pointed out there are many sections do not fulfill the requirement for clearance as
presented in the Table 2.3
VIP No. 3 WP No. 8
Chakdna 1550.000 Chainage 3560.000 STRUCTL:IRE 4/1
oy oass  [STRUCRE[ZT ] Love L s g

Source: JICA Experts
Figure 2.1 Insufficient Lateral Clearance for VUP/POP
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Table 2.3 Review on Vertical Clearance of VUP, VOP, PUP and POP (Mainline)

Clearance R8s
Chainage Type m 5.5m vehicular road
| 29+700.000 VOP ' 55 I OK |
| g14420n0nl viip . B& | NK
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It is better to set the limitation of the height of MSE. Otherwise, detailed analysis,
such as FEM analysis, will be required for the tall wall.

Mechanical Stabilized Earth (MSE) Wall is planned in the sections of embankment

slope of mainline and service road including the following high embankment
locations:

> KM43+100 (ROB at Chennai Railway Line): 16m on the centerline
>  KM59+200 (ROB at Hosur Railway Line): 15m on the center line

It is noted that the above height is scaled on the centerline and actual maximum
height of MSE at the both edges of the road might be further increased such as 18m-

AN ool
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Actually there are some cases in the world constructing tall MSE as listed below.
However certain settlement of MSE was observed even using high- performance
filling material (strictly selected granular or soil) and inextensible reinforcement (steel
reinforcement).

May. No. of Year

Location Height(m) ~ Tiers Complete Commenis (Supplier)
Crushing System : 3 :
Expansion, Victor, 32 2001 l:f;ﬁ: w&_i!ﬁllts_:c}g;mmg bridge
Colorado USA i
Route 288, Richmond, 24 2002 High friction (gravel) backfill.
Virginia USA (RECo)

Springfield Interchange, 20 2002 High friction (gravel) backfill.
Virginia USA (RECo)
Hartsfield Airport 20 2003 Maximum total settlement of 600

Runway, Georgia USA

mm during construction. (RECo)

Source: www.reinforcedearth.com

The photo below shows the actual deformation (settlement) of the 6m height MSE
wall in Bangalore.

LEIUHIaUUIT @l IVIioE vvall Ul INCI=7 1 Daliyawie)
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These exceed an experimental standard height (maximum 12m in general); therefore,
structural measures or optional structure type are necessary to be considered.

Source: Final DPR
Figure 1.12 Height of MSE Wall at Chennai Railway Line (KM43+100)

JICA Experts recommend applying the standard height of MSE Wall by setting back
the abutment locations (extending of ROB length) to assure structural aspects.

In case of applying tall MSE Wall, following technical measures are necessary to
assure structural aspects during design life:

- Considering as critical structure during design life,

- Conducting detail geotechnical investigations at the planned locations,

- Conducting stability/deformation analyses by FEM in static/seismic conditions,

- Conducting consolidation analysis in detail,

- Using specific reinforcing such as metallic/geosynthetic reinforcing, etc.

- Conducting deformation and settlement monitoring during construction and
operation periods.

Furthermore, in case of applying high MSE Wall, environmental and social conditions
are significantly changed; therefore, it is necessary to agree with neighborhood.

19
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2.6  Example of modification for vertical alignment
251 VUP

JICA Experts shows an example of modification for drawings including VUP. VUP
shall be revised to keep minimum vertical clearance.

Figure 1.13 Draft Modifications for Vertical Alignment (1)

2.5.2 Flat

Some drawings do not fulfill the requirement for minimum gradient. JICA Experts
shows example of modification as below.

Source: JICA Experts based on Final DPR
Figure 1.14 Draft Modifications for Vertical Alignment (2)

20
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2.5.3 Filling

Filling landscape shall be applied 4 per cent gradient. JICA Experts shows example
that modified from 2.5 per cent to 4 per cent gradient. Therefore, filling can be
minimize than existing drawing as below.

: ' Kmirie:- e gy

Source: JICA Experts based on Final DPR
Figure 1.156 Draft Modifications for Vertical Alignment (3)

2.5.4 Sections of Toll Plaza

IPC-86 does not specify about the limitation of vertical gradient around toll plaza.
Queuing vehicles toward toll booths are sometime stopping on the toll plaza. To
avoid minor accident “face to rear hitting” by stopping vehicle due to unintended
releasing of brake, the vertical gradient on the toll plaza shall be smaller. Japanese
Toll Road Guideline (NEXCO) specifies 2.0% for desirable maximum gradient to
avoid the incidents mentioned above.

JICA Experts propose minor modification of the vertical alignment of BPRR as
introduced below.

Source: JICA Experts based on Final DPR
Figure 1.16 Draft Modifications for Vertical Alignment (4)
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1 Design Concept of Ramp Terminal

1 Ramp Design Speed

B R VT TEGE =T

According to “Manual of Specification and Standard for Expressways” (IRC:SP:99-
2013), ramp speed of BPRR is the range of 60-80 (km/h). JICA Experts recommend
60(km/h) for ramp speed since most of the car need to accelerate from stopping
position at tool booth except ETC.

1.2 Nesinn Sneed of Acceleratinn/decelaratinn lanes

In principle, parallel type is adopted for acceleration lane and taper type is adopted
for deceleration lane. However, BPRR adopt the taper type for both accelerate and
deceleration because of following reasons.

@ Since the design speed of main carriageway is 80km/h, long length for
acceleration lane is not requires.

@ Vehicle can enter main carriageway without too much handling.

(Soure: IRC:SP:99-2013)
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Minimum acceleration/deceleration lengths for exit by IRC:SP:99-2013.are shown
below.(Under the condition of 80km/h for expressway design speed and 60km/h for
ramp design speed.)

Acceleration Length: 65m (Minimum)
UouSicialuvig LTHYyun. ourni vin IIIIIUIIU

1.9 1rdnsiuon secuon or wiain varriageway anda kamp

Even not description of IRC:SP:99-2013, alignment of connecting section of main
carriageway with ramp, need to ensure the driver’s visibility since this accident tends
to occur in this section. To avoid accident in this section, driver need to recognize
interchange from a long distance.

Descriptions below are shown alignment of main carriageway needed to be
considered at connecting section of main carriageway and ramp as per Japanese
manual.

Radius of Horizontal Curve (shall be more than 1100m (800m*))
® Radius of Vertical Curve 4 type (shall be more than 12,000m (6,000m*))

® Radius of Vertical Curve M type (shall be more than 8,000m (4,000m*))

Vertical Gradient (3% (4%%))
* This is the value shall be follow under any conditions.

Many sections of BPRR are violating above. Since additional land acquisition to
follow above values, any possible measures shall be conducted as much as possible.

Besides, operational control for the vehicle speed and recognition of
merging/diverging points toward interchanges shall be taken by proper road sign
board system. DPR does not provide any drawings of traffic control devices
including road signs. This shall be carefully considered in the detailed design.

LT WICHIUITI SHAaWIT HIHTHIIAE LT aLLIUGTIL dl DELLIVIT WIHUH GUTTIEGLINY Hidin
B T T T Tt
A BRI RN R RS R R A Sl O Y UIGIUIIIHQ-

No detail design
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Every measure needs to focus on that improvement of recognition of interchanges for
drivers coming from upstream from a long distance.

@ Improvement of radius of vertical curve (especially at crest section)
@ Expansion of margining/separating length
@ Clear segregation between main carriageway and ramp

(Wide dot marking, Arrow marking, Lettering marking, Colored pavement,
Grooving pavement, Cat eye, etc.)

@ Warning Signs (2km, 1km, 500m)

- MMamsa meatantiam

(Source:IRC:SP:99-2013)

Design Concept of Toll Plaza Area

Alignment of Toll Plaza Area

Suggestion from JICA Experts:

Radius of horizontal curve should be more than 200m and gradient of tool plaza area
should not be more than 2%

To design toll plaza area, followings shall be considered.
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@ Strait line is the best for toll plaza area but if horizontal curve is impossible to
avoid, minimum radius of horizontal curve shall be 200m.

@ Minimum radius of vertical curve shall be 700m

@ Gradient of toll plaza area shall be not more than 2%.

@ Crossfall of toll plaza area shall be not more than 2%
2.2 Toll Island

L R Y T LT L R

As per IRC:SP:99-2013, width of ETC lane is 3.5m and others are 3.2m. However,
considering increasing ETC users in future, width should be unformed as 3.2m.

IRC also described 25m for toll island length and not described about ETC lane length.
ETC lane need longer island than manual lane since ETC lane requires
communication zone between antenna and OBU. Therefore, all lane shall be
30m.(+5m for communication zone)

3 Rest Area

— D L e E e b R P T

| TR J

Total length of peripheral ring road (including NICE) will be 110 km. If some freight
trucks drive from Mysore road to Old Madras road, it will drive about half of entire
stretch. In order to consider driver's mental fatigue, call for nature and refueling
petroleum, having a rest area along the BPRR can improve driver's convenience.

Facilities for rest area are shown below.
@ Parking lots (minimum requirement)
® Toilet (minimum requirement)

® Petroleum stand

® Restaurant
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@ Food court
@ Shopping area

Except parking lots and toilet, tenant fee for other facilities will be additional income
for road administrator.
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1 Structure

1.4 Bridge

1.1.1  Bridge Planning Criteria and Conditions (Additional)
1.1.1.1 Pier Locations of VOP/POP

(1) Comments
Median of BPRR (w=12m) is planned utilizing to BRT or Metro in the future.

However, piers of VOP are planned on the median space in the Final DPR.
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(2) Suggestions

JICA Experts recommend to decide the possibility of pier planning at the median
space of main road in consideration of the following aspects.

vOP

In case of planning piers on the median space, construction cost may be reasonable
by applying shorter span length; however, BRT and Metro should be arranged above
VOP in the future.

Moreover, in case of planning piers on the median space, practical construction
method and procedures including neighboring construction between the piers and
underpass of main road should be carefully studied.

POP

In case of planning piers on the median space, construction cost may be reasonable
by applying typical girders with low girder depth (i.e. PC-l Girder, PC Void Slab);
however, BRT and Metro should be arranged above VOP or beside the piers on the
ground in the future.

(3) Conclusions
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1.1.1.2 Maximum Heiaht of Retainina Wall

Mechanical Stabilized Earth (MSE) Wall is planned in the sections of embankment

Al ~F mmmie - e | - PRSP | T PR | AESCTR | Y Lallaeidaa o | M P T el m i Faaa s

locations:

>  KM43+100 (ROB at Chennai Railway Line): 16m on the centerline
»  KM59+200 (ROB at Hosur Railway Line): 15m on the center line

It is noted that the above height is scaled on the centerline and actual maximum

P o e =

20m height.
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Actually there are some cases in the world constructing tall MSE as listed below.

- RS b b i Rt T A LR TR IR TR PA 2 NI F R LT IV )

filling material (strictly selected granular or soil) and inextensible reinforcement (steel
reinforcement).

_ [ T————

Source: www.reinforcedearth.com

The photo below shows the actual deformation (settlement) of the 6m height MSE
wall in Bangalore.

AT EIGARILE RAL VI ¥ NG WL NI I paliyaiuies )




JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT DISCUSSION PAPER_STRUCTURE_S02_130515

These exceed an experimental standard height (maximum 12m in general); therefore,
structural measures or optional structure type are necessary to be considered.

Side View j

T

Source: Final DPR
Height of MSE Wall at Chennai Railway Line (KM43+100)

JICA Experts recommend applying the standard height of MSE Wall by setting back
the abutment locations (extending of ROB length) to assure structural aspects.

In case of applying tall MSE Wall, following technical measures are necessary to
assure structural aspects during design life:

- Considering as critical structure during design life,

- Conducting detail geotechnical investigations at the planned locations,

- Conducting stability/deformation analyses by FEM in static/seismic conditions,

- Conducting consolidation analysis in detail,

- Using specific reinforcing such as metallic/geosynthetic reinforcing, etc.

- Conducting deformation and settlement monitoring during construction and
operation periods.

Furthermore, in case of applying h|gh MSE Wall, environmental and somal conditions

R L 1L ST | PRI PRSIt [ | Sy S




JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT  DISCUSSION PAPER_STRUCTURE_S02_130515

1.1.2 Bridge Planning
1.1.2.1 Superstructure Type

(1) Comments

Span length is planned from 30m to 70m in the Final DPR; however, superstructure
type is applied Pre-cast PC Box Girder (Constant Height Type) only.

In consideration of economy, reducing girder height and dead load, plural
superstructure types are necessary by span length and erection conditions.

(2) Suggestions

T D T R B R T A T )

In consideration of general practices in Bengaluru City, JICA Experts recommend

APPIYINY UIE IUHUWITY SUPETSUULLULE LYPE 1T UIE T IUjeulL.
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(3) Conclusions
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(1) Comments
Plural type of concrete piers is planned by locations and road width in the Final DPR.

Abutment types are not clearly mentioned in the Final DPR; however, it seems that
MSE Wall Abutment (VOP/POP) and Mixed Abutment (other bridges) are planned.

Image of Piers

[ m.

| Widening: Round Shape Typical: Y Shape
| ST P I
| Road Width=8.5m: Round Shape | Road Width>8.5m: Y Shape |
I I
I
VOP/POP
Oval Shape
Side View Plan View
E
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Pier types in the Final DPR are reasonable by economy and general practices in
Bengaluru City; however, the column width of Y Shape Piers is necessary to analyze
in consideration of the design loads (to be discussed in the next meeting (DP-S03)).

As for the abutment types, JICA Experts recommend applying Inverted T Shape.

- Applying MSE Wall Abutment at cutting location (POP and some VOP) only by
reason of avoiding settlement at bridge structure.

- Applying True MSE Wall Abutment or Modified Mixed Abutment instead of MSE

\2) wuliviusiuls
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1.1.2.3 Foundation Type

(1) Comments
Foundation types are not mentioned in the Final DPR.
It may be not planned in the DPR stage by reason of luck of geotechnical information.

However, variation of foundation type and size will be huge affected to the project
cost in the implementation stage; therefore, it is necessary to plan before the JICA
Appraisal in relation to the existing geotechnical information at/around BPRR.

(2) Suggestions

Existing geotechnical information will be provided through DULT/BDA; therefore, in
this discussion, JICA Experts confirm common foundation types in Bengaluru City.

JICA Experts assume that the following are common foundation types:
- Castin Place RC Bore Pile (to be confirmed common dia. in Bengaluru City)
- Spread Foundation (at shallow depth of bearing layer (i.e. by 5m))

However, in case of applying the above common foundation types, it is necessary to
consider appropriate countermeasures at neighboring construction locations (near
existing houses and structures, etc.).

(3) Conclusions
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1.1.2.4 Skew Angle

(1) Comments

Some bridges are planned with quite small skew angles in the Final DPR.

i~ R L L L T L L I N L S E e LR T L SR R TR TS TITN 2

(2) Suggestions

70 degrees) to avoid torsional force, unsymmetrical earth pressure at abutment.

In case of applying small skew angles (less than 70 degrees), the following technical
issues are necessary to solute in the design stage.

- Considering torsional force in structural design.

Considering unsymmetrical earth pressure in abutment design.

- Applying durable expansion joint to resist displacement along expansion joint

Higye vl Uispiduellenil divily ExXpdision Juirit

Plan View [ Disnlacement of Fxnansion .lnint

(3) Conclusions

10
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1.1.2.5 Bridge Planning

(1) Comments
Bridge planning is not clearly mentioned in the Final DPR.

Variation of bridge type and length will be huge affected to the project cost in the
implementation stage; therefore, it is necessary to plan before the JICA Appraisal in
accordance with Sections 1.1.2.1 to 1.1.2.4 in this Discussion Paper.

(2) Suggestions
JICA Experts conducted the preliminary bridge planning as shown in the next page.

Based on this bridge planning, JICA Experts will discuss and conclude the bridge
planning with DULT/BDA/STUP.

As for the bridges at National Highway and Railways, those are necessary to discuss
and agree with the Operators.

In case of the Operators will request short erection period at cross locations; it shall
be considered applying rapid erection method with steel structures.

(8) Conclusions

11
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1.1.2.6 Bridge Accessory Planning

(1) Comments

Bridge accessories plan is not clearly mentioned in the Drawings, Final DPR;
however, plan of bridge bearings and expansion joint is described in the Main Report.

Bridge Bearings: Pot Bearings
Expansion Joint: Modular Joints
(2) Suggestions

JICA Experts understand that Pot Bearings and Modular Joints are appropriate by
reason of high performance and durability.

(3) Conclusions

13
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1.1.3 Box Culvert
1.1.3.1 VUP

Duggestion Trom JICA EXperts:

e i I r e i R T T

X3

(Bottleneck for VUP) (Bottleneck for PUP)
Source: Final DPR

e ndirowea  carrageway wil o inauce watic congeston and the width of the
carriageway shall keep the original width (9.0m).

Figure in the next page presents the vehicle motion path of 30 ton truck and semi-
trailer on the proposed VUP of BPRR.

THIS MIVRUISU WML U DUATUUIVELL LallliuvL Haliaye uie uding nuw piopeny. i viaen
to secure the minimum turning movement of these vehicle, width of the box culvert
shall be much larger as suggested in the figure in the next page.

The development along the proposed BPRR will be rapidly accelerated after the
completion of the road. Concurrently, traffic volume of heavy vehicles to/from the
newly developed premises/enterprises will be increased.

It is quite essential to consider heavy vehicle's turning movement into the design of
the VUP.

14
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(e 1 1

(30 ton Truck)

(Semi-trailer)

Source: JICA Experts

According to the result of the motion path presented in above figure, size of box-culvert

shall be changed to much larger one.

JICA Experts recommend flyovers or bridges

instead of box culvert for VUP.

15
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1.1

Re-confirmation of Conditions of Cost Estimate

Final Version of “Bill of Quantities and Cost Estimate (BOQC)”

BDA provided JICA “Bill of Quantities and Cost Estimate (BOQC)”, Rev R(3).

JICA Experts obtained from BDA/STUP the Final DPR Report, Rev R(5) on 7 May
2015 and found there were significant differences on fiqures of the estimation

Grand Total for the
Project Construction

Source: BOQC, Rev R(3) and Final DPR, Rev R(5)

3,220 Crores 3,750 Crores

Estimate).

DPR does not explain in detail about the type of retaining wall and the drawings only
indicate RE Wall (Reinforces Earth Retaining Wall = MSE: Mechanically Stabilized
Earthen) wall structure.

On the other hand, BOQC, Rev R(3), stated the following conditions for the cost
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1.3
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(height less than 1.0m) whether the spilled out embankment or cutting is accepted or
not.

RUB Structures at Doddaballapur and Chikkaballapura Railways

DN DIl Af Muimedibi;ma mcedd M aa Mol 0N a0t _ £ m_ ¢

JICA Experts would like to confirm the above condition to BDA. When the track
shifting is not accepted by the railway authority, the alternative construction method
such as “box pushing” will be selected and will induce an certain large additional cost.

Dav Mithravk Chuiinbiiuna oo PAMM G 0o R4 1 102 8
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L Dlian we LUIINNIIEU Ul GUSL BSuUIidie conuaiuon or e construction memod or the
large-sized box culverts to underpass the National Highways.

JICA Experts assume the “open and cut” method is applied in the construction
method for the cost estimation as well as the RUB (See 1.3 above.).

DPR and BOQC does not explain about the above and JICA Experts need to clarify
this issue.
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Source: BOWU, Rev R(3)

JICA Experts independently calculated the quantity based on the available
information. (Please see “EXCEL Sheet” as distributed by e-mail prior to the meeting
on 18 May 2015.).

The quantity calculated by JICA Experts is 339.680 m2 and this figure is

mmmmmsiima mdal. . AAANRS _F A Tamma e -
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Table 1.3 Quantity Differences on RE Wall

Sections DPR (BOQC, Rev (R3)) JICA Experts' Calculation
Section 1 58,957 m2 (100%) 102,157 m?2 (173%)
Qantinn 9 AL ANN wan FAnNnNni F Y NP SN
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Source: BOQC, Rev R(3), JICA Experts
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Figure 1.1 Differences of Quantity?? (Need to be confirmed soon)

JICA Experts would like to confirm the above condition to BDA. It might be
recommended to include the cost of these junctions in the Project cost if the
negotiation is not concluded before the appraisal mission by JICA in July 2015.

AN I LA R LA e L AL AL M L I W e AR LD WD D LaLs

Request 1:

Pease provide us the final “Bill of Quantities and Cost Estimate”.

Request 2:
Please share the source of cost estimate such as below documents.
1) KPWD SR Bangalore2013-14
2) NH SR Bangalore Circle
3) Referred IRC for the cost estimate, if any
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1 Maximization of BPRR Use
1.1 Interval of JCTs and Recommendation of Additional JCTs

———e— = — . e R B = e I e L T P e L T P R VL R IV TPV T

Junct:ons (JCTS} should not be too long in terms of user's convenience and
maximization of toll revenue.

Table 1.1 shows IC interval of three ring roads which are BPRR, Tokyo PRR and
Tokyo ORR. Average radius of Tokyo PRR is around 50km from center of Tokyo, but
none of IC interval exceeds 10km. On the other hands, three section of IC interval of

DM Avrmme~ A AN -
Sdjapu wume Kawaguchi-nigashi
8.83 4.8 3.4
Hosur Iruma Souka
6.0 6.0
Sayamahidaka Misato-nishi
6.8 53
Kenou-tsurugashima Misato-miinami
7.4
Sakato

Tsukuba-ushiku

6.1
Ushilku-ami

5.9
Ami-higashi

6.0
Inashiki

6.0
Inashiki-higashi

4.6
Kanzaki
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Construction of new interchanges for above three sections which have more than
10km interval of JCTs, should be considered in the detail design stage.

The interval between Whitefield JCT and Hoskote-Anekal JCT is more than 15km
distance and Whitefield is one of the most chronically congested area in Bengaluru.

According to “Bengalore Master Plan- 2015 Vision”, Whitefield area is strategically

mrlaatad An Bl Amiatia Mamkae” AamdA Doklia Dos KlaAAY

Source: Bangalore RCDP 2015

Figure 1.1 Bangalore Master Plan

Area of Chansandra will be best location to provide additional ON/OFF Ramps to
ensure accessibility to Whitefield Road.

Similarly, the interval between Hesarghatta JCT and Doddaballapura JCT is also
more than 10km distance. In the master plan, the road between these JCTs is
identified as "Public Bus Node”. It will be recommended to provide additional
ON/OFF Ramps to ensure accessibility to this strategic road.

Furthermore, JICA Experts recommend BDA/DULT to consider an additional ON/OFF

Ramps between Hennur JCT and Old Madras JCT which interval is also more than
10km long.

To construct additional ON/OFF Ramp, 25m vacant spaces along the BPRR could be
utilized for installing 2 or 3 toll gates at both sides.

S Required width of toll gate for 2 lanes

2% (2m+3.2m+2m+4.5m)= 23.4m < 25m
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National Highways by the proposed new bridges in parallel with BPRR mainline.

Such convenient configuration will encourage the usage of the service road without
any toll fee and the toll revenue of BPRR will be reduced.

The road network of the service road shall ensure certain convenience to
premises/enterprises along BPRR but the network shall be strategically minimum.

Otherwise, the road user will chose the service road easily because of no toll change
and the toll revenue of BPRR will be reduced.

In this review study by JICA Experts, several cost increased modification have been
proposed. To absorb these increases of the cost, the cancellation of the overpass
structure for the service road will be effective.

2 Design Concept of Ramp Terminal

According to "Manual of Specification and Standard for Expressways” (IRC:SP:99-
2013), ramp speed of BPRR is the range of 60-80 (km/h). However, AS a result of
discussion among DULT, BDA, STUP and JICA Experts, 40km/h which is a minimum
ramp design speed as per IRC:SP 99-2013, was decided as ramp speed.

In BPRR, only clover leaf type IC has ramps which connecting access toad to service
road. Since speed limit of service road is 30km/h, minimum design speed (40km/h) is
sufficient for ramp.
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decided as per IRC:SP:99-2013. Since the most of the cars except ETC users have
to stop at toll gate, design speed of V' also decided as 40km/h.

Source: IRC SP-99

In last meeting (11" May), JICA Experts proposed minimum length for acceleration

SPECTN RR GIR 1 Fn

Deceleration Length: 80m (Minimum)

However, DULT, BDA, STUP and JICA Experts agreed 40km/h for ramp speed. In
this case, ramp speed will be longer as per IRC:SP:99-2013 as below.

Acceleration Length: 145m (Minimum)

Deceleration Length: 100m (Minimum)
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Source: IRC SP-99
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Figure 2.2 Taper Types in IRC

As minimum acceleration/deceleration length is used for mainline gradient is not
more than 2%. If the gradient of mainline exceeds 2%, JICA Experts recommend to
adopt correction factors are shown table below.

Table 2.1 Correction Factor of Acceleration/deceleration Lane Length by

Gradient

Average gradient of mainline 0<i=2 [2<i=3 | 3<iZ4 | 4<i
Up-grade for acceleration lane 1.00 1.20 1.30 1.40
Down-grade for deceleration lane 1.00 1.10 1.20 1.30

As per above table, minimum ramp length of some interchange will be changes as the

table below.

Table 2.2 Corrected Acceleration/deceleration Length Based on DPR Drawings

IC Name Toward to | Entry/Exit | Gradient (DPR)(%) | Required Gradient
Tumukur | Entry 2.7 145m x 1.2 =174m
Ballary
Hosur Exit 2.7 100m X 1.1 =110m
Hosur Entry 2.6 145m x 1.2 =174m
Hoskote-
Anekal 3
Tumukur Exit -2.6 100m % 1.1 =110m
Hosur Entry 2.9 145m x 1.2 = 174m
Sarjapur
Tumukur | Exit 2.9 100m x 1.1 = 110m
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Even not description of IRC:SP:99-2013, alignment of connecting section of mainline
with ramp, need to ensure the driver’s visibility since this accident tends to occur in
this section. To avoid accident in this section, driver need to recognize interchange
from a long distance.

JICA Experts indicate alignment criteria of “fully access controlled highways for
Tokyo Metropolitan Expressway” for the section which connects mainline and ramp
for merging/diverging below. (Speed of mainline: 80km/h)

@ Radius of Horizontal Curve (shall be more than 500m*)

® Radius of Vertical Curve 1 type (shall be more than 4,500m*)
(]

e

Radius of Vertical Curve [ type (shall be more than 3,000m™)
Vertical Gradient (4%™)

X This is the value shall be follow under any conditions for fully access controlled
highways in Tokyo metropolitan expressways.




JICA Experts have not received Hessarghalla drawing which described entry lo Tumukur and exit to Hosur,
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Sharp crest at chainage 17310 which cause poor visibility for car want to exit toward
to Hosur.

toward to Hosur and exit toward to Tumkur

e mmrmim = m == memsrmaiamy rms memn arwasa mw maaw g

Whitefiald Rd

Sharp crest at chainage 37987 which cause poor visibility for car want to exit toward
to Hosur

Deceleration length of both exits is too short.
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Hoskote-Anekal JCT

toward to Hosur and exit toward to Tumkur

The problem sections which are violating criteria of “radius of vertical curve of crest”
shall be changed to minimum 4500m.

Chennai side, needs to change the lane at least 3 times within short weaving section
(around 200m).

It is easy to assume a large number of vehicles will keep coming since access is a
major road (NH-4) and all drivers coming to entry lane at this IC need to change the
lane maximum 4 times. JICA Experts recommend extending this portion within a limit
of acquired land.
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4 Toll Gate

Tunnel

Tunnel for toll management is required for all toll plazas. JICA Experts confirmed
most of the toll plazas have a plan of tunnels except Whitefield IC and one of
Doodabalapura IC. However, redder has planned for toll booth to tunnel. Redder may
cause inflict injury on staffs working for toll management. Especially toll collector need
to carry cash box from toll booth to cash room and redder will be difficult for up and

down. Gurugaon toll plaza has a toll management tunnel and connecting booth to
+imna I bur mtaivre Aae umsll Aan LhuidAarabad MDD

Figure 4.1 Stairs space of toll booth of Gurugaon toll plaza
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Crash Barrier

Crash barrier is not necessary for protecting toll booth since vehicle runs strait line on

Figure 4.3 Crash barrier deployment plan of BPRR

Without crash barrier, clearance will be wider. Figure below shows an example of
Japanese standard.
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Canopy

Canopy designed for BPRR is not consistent because clearance for large sized
vehicle lane is bigger than other lanes. In addition, canopy for large sized vehicle was
planned as cantilever. Since canopy has to be robust enough to bear overhead traffic

Romes e - .

Figure 4.5 Canopy plan of BPRR

Reduce the width of large sized vehicle lane will generate the space for required facilities
such as canopy column.
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4.3 Capacity of Toll Lane by Each System
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As per IRC:SP:99-2013, capacity of lane of different system are described as below.

® Semi automatic toll lane (Manual money transaction) : 240v/h

® Smart card lane (T&G) : 360v/h

@ ETC lane: 1200v/h

In the case of T&G and ETC, each of processing time of both entry and exit are same.
However, processing time of entry and exit will be different for manual lane. When
manual vehicle come to entry gate, driver receives transit card from toll collector and
leave for mainline. On the other hand, when that vehicle come to exit gate, driver
passes transit card to toll collector and pay his travel fee to toll collector after toll
collector check the amount. Therefore processing time of exit lane takes more time

than entry lane.

The capacity of manual lane which described in IRC:SP:99-2013 is the capacity of
entry lane only since almost equal number (230v/h) is described in Japanese manual.
Capacity of manual exit lane need to be considered and JICE Experts recommend
utilizing 130v/h which normally use for toll plaza planning in Japan. Capacity of each
system for both entry and exit are shown table below.

Table 4.1 Capacity of Entry/exit Lane by Each Systems

Lane Type Manual T&G ETC
Entry 240v/h 360v/h 1200v/h
Exit 130v/h 360v/h 1200v/h

Itis noted that the number of lane increase, the capacity of processing will be more
than the capacity multiply number of lanes by the capacity of one lane, since coming
vehicle can enter any vacant lane.
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1 Structure

1.1 Bridge

1.1.1 Bridge Planning

1.1.1.1 Structure of Approach Section at ROBs

(1) Comments

In the last meeting on 11th May, 2015 (DP-R02), it was concluded that the abutment
locations at 2 ROBs (Chennai and Hosur Railway Lines) would be set back to reduce
the height of MSE Wall (DPR: 15-16m) at swamp areas.

This revision will have an impact to cost increase; therefore, it is necessary to agree
on the revised abutment locations among DULT, BDA, STUP and JICA Experts.

At present, the extent of geotechnical conditions is uncertain by lack of survey data;
therefore, the abutment locations are necessary to decide in safety side to avoid cost
overrun in the implementation stage.

(2) Suggestions

JICA Experts conducted a preliminary cost evaluation at the Chennai Railway Line
(KM43+100) in case of the abutment height is reduced to 5m and 8m.

For avoiding cost overrun in the implementation stage, JICA Experts recommend

applying 5m of abutment height at 2 ROBs in this JICA’s Technical review stage.
Abutment Locations at Chennai Railway Line (KM43+100)

| Side View |
Approach Section . ROB Approach Section ~
ll‘; » rl" T "r‘ N e I
Cross Sections (Final DPR)
AtROB
'—u'IT--- M et Nt
|\ | e
| = \V/ZZ8 Y/ = |
At Approach Sections
e r— : . /mﬂhlmm e : 1mpu&:umr.t\ . ) A Il—
Il b ol A A Gl b O
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Also, from the “Earth Balance (Cut and Fill)" point of view, the volume of the earth
filling in Section 3 shall be reduced.

Below figure indicate the earth balance of each section calculated by JICA Experts.
H_pge _amo_uqt of th_g bo_rrowe_d garlh_ filli_ng s_hgll bp regpired__fqr _Sectio_n 3. On the

l R AR O SR ﬁ- o |

-y

Accum, Earth Volume (Section 3) i

o R RO O 0 SO S

\ @é“;&“_&_@;ﬁ’ﬁﬁﬁﬁ_@ _@&sﬁ“@@ﬁ’@&“&@@@"@ ‘

Source: Calculation by JICA Experts
Earth Balance of Each Section
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1.1.1.2 Cross Sections (Bridge Width)

(1) Comments

In the Final DPR, bridge plan of service road at flyover sections is different location
by location as shown in table in the next page,

(2) Suggestions

JICA Experts will clarify the bridge plan of service road at flyover sections in the
following points in this Technical Discussion (S03).

- Existence or non-existence of bridge on service road at flyovers
- Bridge width of bridge on service road at flyovers

Cross section of service road (road section) is shown below.

($) Lonciusions
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pasly |

way Line

\H-T

Bridge Plan
nce (under BR) Bridge Span Superstructure Erecfion Substruchure Remarks.
il Horizontal | Length2) Amange. Method Abutment Pier
Existing BR | 60m 2@30m PC Truck Crane Mixed Reund Widening of Existing Bridge at Tumkur Road JCT
MainRoad | 46.5m 2@23.25m PCH TruckCrane | RC Retaining Wall Oval Planned Pier on Median of BPRR
c Rail:60m | 185m | 1@60m+3@45m | PC Box (Constant) cP Mixed Main Road: Y Assumed to allow temporary support structure inside railway
§m | Road:40m (Staging) Service Road: Round ROW with reduced spead operation by railway operator
Service Road | 120m 4@30m FCl Track Crane Mixed Y or Allernafives Planned Piers on Median of BFRR
Planned Piers on Service Road
To be confirmed by STUP
sancy ameng Drawings (Plan and Profile DWG: Mentioned, Junction DWG: Not Mentioned)
Main Road | 46.5m 2@23.25m PC- TrackCrane | RC Retaining Wall Oval Planned Piers on Median of BPRR
Senvice Road | 120m 4@30m PCA Track Crane Mixed Round Planned Piers on Median of BPRR.
Planned Piers on Service Road
Main Road | 46.5m 2@23.25m PC-l TrackCrane | RC Retaining Wal Oval Planned Pier on Median of BPRR
Main Road | 46.5m 2@23.25m PCH TrackCrane | RC Retaining Wall Oval Planned Piers on Median of BPRR
NH4:60m | 60m 1@60m PC Box (Constant) | CIP (Staging) Mixed — Assumed to allow temporary support structure inside NH-4
ROW with detour roads by national highway operator
Main Road | 46.5m 2@23.25m PC-l TrackCrane | RC Retaining Wall Oval Planned Piers on Median of BPRR
CrossRoad | 140m | 40m+50m+40m | PC Box (Constant) | CIP (Staging) Mixed Y or Alternatives. Planned Piers on Service Road of Cross Road
S | Rat70m | 150m3) | 40m+70m-+40m Steel Box Rapid Erection Mixed Main Road: Y Planned steel box girder by reason of difficulty for applying
Service Road: Round temporary support structure inside railway ROW.
Main Road | 46.5m 2@23.25m PC-l TrackCrane | RC Retaining Wall Oval Planned Pier on Median of BPRR
CrossRoad | 90m 3@30m PC- Track Crane Mixed Y or Alternatives Planned Piers on Senvice Road of Cross Road
Main Road | 46.5m 2@2325m PC TrackCrane | RC Retaining Wall Oval Planned Pier on Median of BPRR
Service Road | 120m 4@30m PC-l Track Crane Mixed Round Planned Piers on Median of BPRR
Planned Piers on Service Road
> | Rat60m | 130m3)| 35m+60m+35m Steel Box Rapid Erection Mixed Main Road : Y or Allematives | Planned steel box girder by reason of difficulty for applying
Service Road: Round temporary support structure inside railway ROW.
Exising BR | &0m 2@30m PC Truck Crane Mixed Round Widening of Exisfing Bridge at Hosur Road JCT
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1.1.1.3 Cross Sections (Structural Dimension)

(1) Comments

Preliminary study of bridge cross sections is included in the scope of works in the
Contract between JICA and JICA Experts; however, JICA Experts understand that
detail of bridge cross sections will be determined in the beginning of D/D stage.

Therefore, JICA Experts confirm main points of bridge cross sections only in this
Technical Discussion (S-03) based on IRC and general practices in Bengaluru.

(2) Suggestions
JICA Experts prepared inquiries on main points of bridge cross sections in the next page.

JICA Experts would like to ask kind cooperation by DULT/BDA/STUP in providing us
with the answers and relevant materials during this Technical Discussion (S-03).

(3) Conclusions




JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT DISCUSSION PAPER_Structure_s03_180515

PC Box Girder
(Constant Height)

Superstructure | PC-l Girder

No.
1
2
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1.2 Box Culvert
1.2.1 Plan of Box Culvert

(1) Comments

JICA Experts reviewed plan of box culvert based on the drawings of Final DPR.
List of box culvert structure is shown in table in the next page.

(2) Suggestions

JICA Experts will confirm the plan of box culverts with DULT, BDA and STUP in this
Technical Discussion (S03).

(3) Conclusions
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List of Box Culvert
No. Calegory Station Location Cross Objects Length Size Remark
(w*n)
1 Dc KM00+525 Maln Road, Service Road Waterway 75m+Skew 2@(3.0m*2.0m)
2 VUP KM01+550 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
3 Dc KM024215 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
4 PUP KM02+270 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
5 Dc KMO02+643 Main Road, Service Road Walerway 75m+Skew 2@(2.0m*2.0m)
6 vup KM02+850 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
7 oc KM04+593 Main Road, Service Road Waterway 75m+Skew 1@(3.0m*2.0m)
8 PUP KMO04+950 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
9 PUP KMO05+700 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
10 [V KM05+806 Main Road, Service Road Waterway 75m+Skew 2@(2.0m*2.0m)
1" wup KM0B+750 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
12 Dc KMO7+413 | Main Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
13 oc KMO0B+720 Main Road, Service Road Waterway 75m+Skew 1@(2.0m*2.0m)
14 vup KM08+850 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
15 DG KM09+389 | Main Road, Service Road Walerway 75m+Skew | 1@(3.0m*2.0m)
16 oc KM10+223 Main Road, Service Road Walerway 75m-+Skew 1@(2.0m*2.0m)
17 DC KM10+636 | Main Road, Service Road Waterway 75m+Skew | 1@(2.0m*2.0m)
18 VUP KM10+700 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
19 PUP KM11+700 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
20 Vup KM12+550 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
2 Underpass | KM14+435 Main Road Cross Road TBC 2@(14.0m*5.5m) | Doddaballapura JCT (SH-9)
22 RUB KM15+158 Main Road, Service Road Cross Raitway TBC 1@(7.5m*5.5m), | Chikkaballapur Railway
2 RUB Km16+061 Main Road, Service Road Cross Railway TBC 2@(14.0m*5.5m), | Doddaballapur Rallway
1@(7.5m"*5.5m)
24 VUP KM17+310 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
25 oc KM17+786 Main Road, Service Road Waterway 75m 1@(3.0m*2.0m)
26 | Underpass | KM18+651 | MainRoad, Service Road Cross Road TBC 1@(7.5m*5.5m), | Bellary JCT (NH-7)
2@(14.0m"5.5m),
1@(7.5m*5.5m)
27 Vup KM20+260 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
28 PUP KM21+200 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
29 DCc KM22+213 Main Road, Service Road Waterway 75m+Skew 1@(3.0m*2.0m)
0 Underpass KM25+604 Main Road Cross Road TBC 2@(14.0m*5.5m) | Hennur JCT
3 DC KM26+520 | Main Road, Service Road Waterway 75m+Skew | 1@(2.0m*2.0m)
32 VuP KM28+080 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
3 Dc KM29+065 Maln Road, Service Road Walerway T5m+Skew 2@(3.0m*2.0m)
k!] D KM30+883 Main Road, Service Road Waterway T5m+Skew 1@(2.0m*2.0m)
ki VUP KM31+500 Cross Road Maln Road 46.5m 2@(9.0m*5.5m)
36 DC KM31+703 Main Road, Service Road Waterway 75m+Skew 1@(2.0m*2.0m)
k) DC KM32+233 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
38 Dc KM32+480 Main Road, Service Road Waterway T5m+Skew 1@(2.0m*2.0m)
39 DCc KM33+250 Main Road, Service Road Waterway 75m+Skew 2@(3.0m*2.0m)
40 vup KM33+620 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
41 [V KM33+704 Main Road, Service Road Waterway 75m 1(@(3.0m*2.0m)
42 DCc KM34+725 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
43 Dc KM35+732 Maln Road, Service Road Waterway 75m+Skew 1@(2.0m*2.0m)
44 Underpass KM38+769 Cross Road Main Road, Service Road TBC 1@(19.2m*5.5m)
45 DC KM39+644 | Main Road, Service Road Waterway 75m+Skew | 1@(2.0m*2.0m)
46 oc KM39+993 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
47 VUP KM40+080 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
48 oc KM40+884 Main Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
49 oc KM41+060 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
50 PUP KM41+344 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
51 DC KM42+783 | Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)




JICA EXPERTS ON BENGALURU PERIPHERAL RING ROAD PROJECT DISCUSSION PAPER_STRUCTURE_S03_180515

No. Category Station Location Cross Objecls Length Size Remark
(w*h)
52 oc KM43+525 Main Road, Service Road Waterway T5m+Skew 3@(2.0m*2.0m)
53 DC KM44+356 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
54 VUP KMdd+382 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
55 DC KM45+025 Main Road, Service Road Waterway 75m+Skew 1@(2.0m*2.0m)
56 VuP KM45+445 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
57 DC KM46+056 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
58 DC KMd46+304 Main Road, Service Road Walerway TSm+Skew 1@(2.0m*2.0m)
59 DC KM46+719 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
60 VUP KMd46+815 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
61 DC KM46+895 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
82 DC KM47+244 Main Road, Service Road Waterway 75m+Skew 3@(2.0m*2.0m)
63 DC KMd7+832 Main Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
64 DC KM47+997 Main Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
65 VUP KM48+100 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
66 DC KM48+830 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
67 oc KM50+082 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
68 VUP KM50+360 Cross Road Main Road 46.5m 2@(8.0m"5.5m)
69 Dc KM50+539 Maln Road, Service Road Walerway 75m 1@(3.0m*2.0m)
70 MB KM51+165 Maln Road, Service Road Walerway 75m+Skew | 2@(10.0m*5.0m)
m Dc KM51+410 Maln Road, Service Road Walerway 75m 1@(2.0m*2.0m)
72 VuP KM51+430 Cross Road Main Road 46.5m 2@(9.0m*5.5m)
73 Dc KM51+480 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
74 DC KM51+990 Maln Road, Service Road Waterway 75m 1@(2.0m*2.0m)
75 oc KM52+510 | Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
76 Dc KM52+608 Main Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
mw Underpass KM53+221 Cross Road Maln Road, Service Road TBC 1@(19.2m*5.5m) | Hoskole - Anekal JCT
78 Dc KM53+420 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
79 oc KM55+298 Main Road, Service Road Waterway 75m 1@(2.0m*2.0m)
80 MmB KM55+460 Maln Road, Service Road Walerway 75m+Skew | 2@(15.0m*5.0m)
81 M+ KM55+780 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
82 Underpass KM55+911 Main Road Cross Road TBC 2@(14.0m*5.5m) | Barjapur JCT
83 DC KM56+610 Main Road, Service Road Walerway 75m 1@(3.0m*2.0m)
84 Dc KM58+515 Main Road, Service Road Waterway 75m+Skew 1@(2.0m*2.0m)
85 Dc KM59+178 Main Road, Service Road Walerway 75m+Skew 2@(3.0m*2.0m) | Bangalore - Hosur Railway
86 DC KMB0+600 Maln Road, Service Road Walerway 75m+Skew 1@(2.0m*2.0m)
87 PUP KM61+370 Cross Road Main Road 46.5m 1@(10.5m*4.5m)
88 DC KMB14637 | Main Road, Service Road Waterway 75m+Skew | 1@(2.0m*2.0m)
89 DC KMB1+796 Main Road, Service Road Walerway 75m 1@(2.0m*2.0m)
90 vup KM62+300 Cross Road Main Road 48.5m 2@(9.0m*5.5m)
91 DCc KMB4+165 Main Road, Service Road Waterway 75m+Skew 1@(3.0m*2.0m)
92 DC KMB4+578 | Maln Road, Service Road Waterway 75m 2@(2.0m*2.0m)

DC: Drainage Culvert

VUP: Vehicular Underpass
PUP: Pedestrian Underpass
RUB: Railway Under Bridge
MB: Minor Bridge (Box Culvert)

10
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1.2.2 Construction Method

(1) Comments

Construction method of box culvert is not clearly explained in the Final DPR.

At least, it is necessary to clarify at cross locations with national highway and RUBs.
(2) Suggestions

JICA Experts understand that construction method at cross locations with national
highway and RUBs are planned in the followings:

- At Cross Locations with National Highway: Open and Cut Method with Detour
- At 2 RUBs: Box Pushing Method

For box pushing, it is necessary to confirm the following technical background:

- Technical Certification by IRC

- Maximum Pushing Length and Size (Possibility, Past Experience)

- Detail of Construction Method

- Structural Detail of Box Culvert

(3) Conclusions

"
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1.2.3 Thickness of Box Culvert

(1) Comments
Some box culverts are planned as large size in the Final DPR.

It is necessary to confirm the thickness of component of large box culverts based on
IRC or past experiences in this Technical Discussion (S03).

(2) Suggestions

JICA Experts will confirm the thickness of component of box culvert in the followings:

-
o

Size (w*h) Top Slab Bottom Slab | Wall (Outside) Wall
(Intermediate)
(mm) (mm) (mm) (mm)

1@(7.5m*5.5m)

1@(10.5m*4.5m)
1@(19.2m*5.5m)

2@(9m*5.5m)

2@(12m*5.5m)

2@(14m*5.5m)

2@(17.75m"5.5m)

2@(15m*5m): Minor Bridge

O oo~NDO AWM=

2@(10m*5m): Minor Bridge

In case of planned size in a cell is not appropriate, nos. of cell will be reconsidered.

(3) Conclusions

12
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1.2.4 Drainage Pump at Underpass

(1) Comments

It seems that drainage pump at underpass is not planned in the Final DPR.

It is necessary to clarify the plan of drainage pump in this Technical Discussion (S03).
(2) Suggestions

JICA Experts will confirm the capacity, pitch and installation space of drainage pump
at underpass with DULT, BDA and STUP based on IRC and past experiences.

(3) Conclusions

13
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1 Fconomic Analvsis

L T R e I T T R R I L T T L R O T L S L LTI T TIV T R RE Ry V]

utilized for the economic analysis. The Project Construction Cost was 37,500 Million Rs as
shown in Table 9-1. If the land acquisition cost will be included, the Project Cost is 111,500
Million, excluding the ITS cost.

This proposed PPR is a green field project, thus the land acquisition cost should be included
in the Project Cost. The estimated Project cost will be 111,500 Million Rs. The Project Cost

will alsn nindate if the Constriictinn Cnat and/ar ather Cnsts will he channed

PO Rl SIS BRI R LML TR LALS W M R LAR IR P D M S LALIAALE T RE IR LA ARSI T T ] e T

- Without PPR Project Scenario

- With PPR Project Scenario

- Benefit of VOC (a) = VOC of “Without Project Scenario” - VOC of “With Project Scenario”
- Benéfit of TTC (b) = TTC of “Without Project Seenario” - TTC of “With Project Scenario”

- Total Benefits = (a)+ (b)

1.3 Economic Evaluation Period

The economic evaluation period should be written in the report. As shown in the IPC: SP:30-
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2.1

2009 Guidelines, economic evaluation period will be assumed as 25 years (2015-2040). JICA
Expert will estimate the economic cost and benefit for 25 years then evaluate the economic

feasibility.

nanuial mAnary s

Toll Revenue

The toll rate was set as per toll notification issued by the Ministry of Road Transport and
Highways, Government of India in December 2008.

As the Willingness-to-pay (WTP) survey was conducted by JICA Expert, the sensibility study
of toll rate, traffic volume and toll revenue will be studied based on the result of the WTP

survey.
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2 Ranaral Nnmactinn/Rannact fram IICA Evnarte (Ecanamicr Analucic/lBinancial Analieis)

yUU STISLL LIS T HIVALE LUITIpally £ wulivessiviidiie Ul oul-vuliluduL ¢

BO I Scheme’?

mentioned; therefore, its appropriateness is uncertain. Can you provide us with the
financial evaluation sheet?

Thank you for attending the meeting today.
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1 Target year of traffic demand forecast and design traffic volume

1.1 Target year of traffic demand forecast

1.2 Design Traffic volume

2 Method of traffic demand forecast and the input condition

*  LInK tratfic volume (Future)
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2.2 OD Matrix
2.21 Zoning

HUW WOLWWETH LUVIITO LUIAL QIT QiViy 1IN LOopTuwIaily IL 1D W alialiyaS IUWdIS uaiine nuvw

on service road of PRR.
e The zoning area shall be adjusted to planning district or ward area. Because these

| e e L R e e L L L L R R L T R T R = T TN |
ol O gy TR R e S A N e e Dby e s W T e e ST R T S e Ve T G S R Sk e

Figure1.1 Proposed traffic zone
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2.2.3 Generation traffic volume from development

Comments on DPR:

The key plan showing various planning district through which PRR pass is considered to
examine the generation traffic. These plans are based on the revised master plan 2015.

Suggestion from JICA Experts:

e JICA expert follow the idea of DPR referring the district plan and the proposed
layouts in and around PRR. The necessarily information shall be provided from BDA
who is the authority of this kind of the development plan.

e The narameters and assumntions for the conversion from develobment plan to the
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2.2.4 Road network and traffic assignment
Comments on DPR:

The competitive road: The NH207 and NICE road is considered as the competitive road in
the process of the traffic assignment in DPR.

The toll fee of PRR and the value of time were not considered based on technical

based on opinion survey (SP survey) analysis will be considered.

e The SP survey is conducted to passenger car driver and trucker. The 500 samples
will be taken to analyze using the logit model.

Figure 2.2 Road network for the traffic assignment
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2.2.5 PCU factor

L R L R B e L I TR |

Discussion Paper No. T-01

Comments on DPR:

JICA point out the basis of the PCU factor of truck, 3.0 to 4.5, is large in comparison with
the case of Japan or of other country one.

factor in IRC.

Suggestion from JICA Experts:

e JICA expert will make in accordance with the PCU factor in IRC.

e Because we have to follow the consistency between the design capacity and PCU

Table 2.1 PCU Factors Considered

Two Wheeler 0.5 LCV 1.5
Auto Rikiswar 1.0 Truck 3.0
Passenger Car 1.0 Multi Axle Truck 4.5
Bus 3.0 - -

Source: IRC 64-1990
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3 Cases of Analysis

Comments on DPR:
It is estimated the case of “with BPR in the future” only.
It is estimated dividing into 3 sections only.

v Future 2 (with BPRR)
e Future cases are used to the economic and financial analyses.

e Traffic volume on the junctions (ICs) and between junctions of BPRR is estimated.
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