RAJASTHAN METRO RAIL CORPORATION

ADDENDUM -06

Name of Work: ICB-2C-03: Desigh and Construction of Elevated Viaduct and 11 Elevated Stations (including Architectural finishing) viz. B2
Bypass Circle, Durgapura, Gopalpura, Gandhinagar, Nehru Place, Ram Bagh Circle, Narayan Circle, SMS Hospital, Ashok Marg, Government
Hostel and Khasa Kothi (Phase-II), Architectural Finishing works of 10 Stations viz. Prahladpura, Manpura, Bilwa Kalan, Bilwa, Goner Mod,
Sitapura, JECC, Kumbha Marg, Haldighati Gate and Pinjrapole Gaushala; modification of part operational corridor of Phase-1 and constructing
Khasa Kothi (Phase-1) station under Jaipur Metro Phase- II MRTS

Addendum- 06
Summary Sheet

S. | Section / Part Document Name Page Clause No. / Item Addendum / Corrigendum Remarks
N. No. No.
1 | PART-II, Section- | Outline Design Page No. | Clause 5.2 Clause 5.2 has been modified. Page no. 3 of Outline Design
6: Outline Design | Specification, 3 PRESTRESSING STEEL Specification, Chapter-2 for
Specification Chapter-2 for Viaduct FOR TENDONS Viaduct (Page No. 609 of Section
6-part 1 previously revised under
Addendum -02) has been further
revised & replaced
2 | PART-II, Section- | Outline Design Page No. | Clause 6.4.5 Clause 6.4.5 has been modified. Page no. 8 to 10 of Outline
6: Outline Design | Specification, 8 Centrifugal Forces Due Design Specification, Chapter-2
Specification Chapter-2 for Viaduct to Curvature of for Viaduct (Page No. 614 to 616
Superstructure of Section 6-part 1) have been
revised & replaced
3 | PART-II, Section- | Outline Design Page No. | Clause 6.5 Clause 6.5.1, 6.5.2 have been
6: Outline Design | Specification, 8to 10 TEMPERATURE modified.
Specification Chapter-2 for Viaduct EFFECTS
4 | PART-II, Section- | Outline Design Page No. | Clause 6.6 WIND Clause 6.6 has been Modified to Page no. 11 of Outline Design
6: Outline Design | Specification, 11 LOAD (WL) correct wind loading factor. Specification, Chapter-2 for

Specification

Chapter-2 for Viaduct

Viaduct (Page No. 617 of Section
6-part 1, previously revised under
Addendum -04) has been further
revised & replaced
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Name of Work: ICB-2C-03: Desigh and Construction of Elevated Viaduct and 11 Elevated Stations (including Architectural finishing) viz. B2
Bypass Circle, Durgapura, Gopalpura, Gandhinagar, Nehru Place, Ram Bagh Circle, Narayan Circle, SMS Hospital, Ashok Marg, Government
Hostel and Khasa Kothi (Phase-II), Architectural Finishing works of 10 Stations viz. Prahladpura, Manpura, Bilwa Kalan, Bilwa, Goner Mod,
Sitapura, JECC, Kumbha Marg, Haldighati Gate and Pinjrapole Gaushala; modification of part operational corridor of Phase-1 and constructing
Khasa Kothi (Phase-1) station under Jaipur Metro Phase- II MRTS

Addendum- 06

Summary Sheet
S. | Section / Part Document Name Page Clause No. / Item Addendum / Corrigendum Remarks
N. No. No.
5 | PART-II, Section- | Outline Design Page No. | Clause 12 DESIGN “Clause 12.5 Reserve Structural Page no. 27 of Outline Design
6: Outline Design | Specification, 27 METHODOLOGY Capacity in Viaduct Structures” has | Specification, Chapter-2 for
Specification Chapter-2 for Viaduct been introduced vide Addendum - | Viaduct (Page No. 633 of Section
02 has been deleted. 6-part 1 previously revised under
Addendum -02) has been further
revised & replaced
6 | PART-II, Section- | Outline Design Page No. | Clause 2.7.5 WIND Clause 2.7.5 has been Modified to Page no. 10 of Outline Design
6: Outline Design | Specification, 10 LOAD (WL) correct wind loading factor. . Specification, Chapter-3 for
Specification Chapter-3 for Elevated stations (Page No. 644
Elevated stations of Section 6-part 1 previously
revised under Addendum -04) has
been further revised & replaced
7 | PART-II, Section- | Outline Design Page No. | Clause 2 DESIGN Clause 2.13 Reserve Structural Page no. 16 of Outline Design
6: Outline Design | Specification, 16 SPECIFICATION Capacity in Elevated Station has Specification, Chapter-3 for

Specification

Chapter-3 for
Elevated stations

been introduced vide Addendum -
02 has been deleted.

Elevated stations (Page No. 650
of Section 6-part 1 previously
revised under Addendum -02) has
been further revised & replaced
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REVISED (R2)

II. Grade of Concrete & Cover

Minimum grade of concrete should be as per clause-5.4.4 of IRS-CBC. For exposure
condition referred in Clause-5.4.1 of IRS-CBC. The cover should be as per clause
15.9.2 of IRS-CBC.

In case of foundation, cover shall be taken as 75mm for all conditions of exposure.
III. Cement

As per Clause 4.1 of IRS-CBC.

The minimum cementitious material content shall be as per clause-5.4.5 & Table-4
(c) of IRS-CBC.

The maximum water-cement ratio shall be as per clause 5.4.3 & Table-4(a) of IRS-
CBC. The total chloride content by weight of cement shall be as per Clause 5.4.6 of
IRS-CBC.

1v. Density
Density of concrete shall be 25 kN/m3 for PSC and RCC, 24 25 kN/m3? for Plain
cement concrete and 26 kN/ m3 for Wet concrete.

V. Poisson's Ratio
Poisson's ratio for all grades of concrete shall be 0.15.

VI Thermal Expansion Coefficient
Coefficient of thermal expansion (a) has been considered as 11.7

x106 ©°C in accordance with Clause-2.6.2 of IRS-Bridge Rules.

VII. Time-Dependent Characteristics of Materials

i) Long-term losses should be calculated in accordance with Clause-16.8.2 of
IRS- CBC.

ii) The design shall be done according to construction sequence to be adopted
in site.

PRESTRESSING STEEL FOR TENDONS

Prestressing steel shall be as per clause 4.6 of IRS-CBC. Characteristic strength of
prestressing tendons shall be as per clause 16.2.4.3 of IRS-CBC.

i) Prestressing Units (as per Table-2, €lass-H_Strand Designation 15.2 -1860-P of IS 14268)

: cbonl ik chall o Af N/ cdpmmde dngan (Namaimal  dinma ko
All Prestressmg Ste&r unitS Snan 0€ 07 U0 Suanas type (wominar Giameter

=152mm;, Area=148-mm%)- should be diameter 15.2 mm of C/S area 139 mm2.

i) Breaking Strength & Breaking Stress (as per Table-1, Class-II of IS 14268)
Breaking strength of strand = 266:7 259 kN
0.2% Proof Load = 234:6 228 kN
0.1% proof Load (85% of UTS) = 22176 220.15 kN

Minimum breaking stress = 1860 MPa



6.4.4

6.4.5

6.4.6

6.5

6.5.1

REVISED

will not be critical for any design except the parapet. The parapet will be designed for this
loading.

Longitudinal Force

Braking load is taken as 18% of the unfactored Axle load.
Traction load is taken as 20% of the unfactored Axle load.

Since both the tracks are supported by a single girder, hence tractive force of one track and
braking force of another track will be taken in the same direction to produce worst condition
of loading.

As per Clause-2.8.5 of IRS-Bridge Rules, in transverse / longitudinal seismic condition, only
50% of gross tractive effort/braking force will be considered.

Dispersion of longitudinal forces is not allowed as per Clause-2.8.3.4 of IRS Bridge Rules except
during checking of Rail stress.

Centrifugal Forces Due to Curvature of Superstructure

The horizontal centrifugal force due to moving load in curved superstructure is to be considered
as per clause 2.5 of IRS: BR.

Cc= Wv

127R
Where W is Live load reaction & C is Centrifugal force (unit of C & W shall be same), v is

maximum design speed in km/h and R is radius of curvature in m. This force is assumed to act at
a height of 1.830 m above rail top level on safer side.

Design Speed of Live load of 95- 90 km/h will be considered for computation of centrifugal force
for curvature up to 450m radius. For sharper curves, speed restrictions as per SOD shall be followed.

Racking Force

The horizontal transverse loading due to racking specified in IRS-Bridge Rules Clause-2.9 is applicable
to design of lateral bracing.

TEMPERATURE EFFECTS

A) Overall Temperature (OT)

The loads shall be considered as per Clause-2.6 of IRS-Bridge Rules and Clause-215 of IRC:

6. Temperature variation-of + 36°C will be considered details of which-are givan below
Maximum Temperature considered as per Annex. F of IRC 6: +49°C

Minimum Temperature considered as per Annex. F of IRC 6: -2.2°C

Temperature variation-as-per clause 2152 of IRC & will be ={40-(-2 N/2L10=14 35 £C ecav

36°cC,



REVISED

B) Differential Temperature (DT)

The provision given in clause 215.4 of IRC 6, shall be considered to compute effect of
differential temperature gradient in absence of any provisions in IRS code. Thedifferential
gradient of temperature along-depth of superstructure has been reproduced below for ready
reference.-Short term modulus of elasticity as per Table given under clause 5.1 of DBR shall
be used to calculate the effects.
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Positive Temperature Difference
h1=0.3h<0.15m
h2=0.3h>0.1m

<0.25m
h3=0.3h <0.15m

Note: For Purpose of these calculations no reduction shall be made for presence of track

plinths.

Negative Temperature Difference
hi1=hs=0.2h <0.25m
h2=h3=0.25h<0.25m

Temperature Difference for Concrete Bridge Decks

T1

hi

V4

Positive Temperature Difference

hi =0.6h
h2 =0.4m
H(m) T1°%
0.2 18
0.3 20.5

T1

Negative Temperature Difference

hi h

H(m) T1°
0.2 44
0.3 6.8

Temperature Difference across Steel and Composite Sections

Note: For Purpose of these calculations no reduction shall be made for presence of track

plinths.
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6.5.3

REVISED

Resistance to Movement of Elastomeric Bearings (BS)

Elastomeric bearing will resist movement/deformation of superstructure other than applied load
i.e. due to variation of temperature/creep strain/shrinkage strain etc. The bearing resistance
shall be calculated as per Clause-211.5.1.3 of IRC: 6.

The bearing resistance will produce lateral force on the substructure and foundation. The
bearing resistance shall be calculated as (Vi _/i_- Vr Ir), where V. and Vr are the
shear rating of the left and right elastomeric bearings respectively and I and Ir are
the deck movement at elastomeric bearing location. The above force will be zero
when both side spans & supporting bearings are identical, in such case 10% of
Vi shall be considered for design of substructure and foundation.

Rail Structure Interaction (LWR Forces)

Guidelines vide BS Report No. 119 "RDSO Guidelines for carrying out Rail-Structure Interaction
studies on Metro System (version-2)” shall be followed.

A rail structure interaction [RSI] analysis is required because the continuously welded running
rails are continuous- over the deck expansion joints. The interaction occurs because the rails
are directly connected to the decks by fastening system.

1. Rail structure interaction studies shall be done as per provisions of "RDSO Guidelines for carrying
out Rail-Structure Interaction studies on Metro System (version-2)”. The following shall be
adhered to:

a) Track resistance in loaded and unloaded conditions shall be obtained from cl. 3.2.6
Track Stiffness of "RDSO Guidelines for carrying out Rail-Structure Interaction studies
on Metro System (version-2)". As per the clause, the recommended values for track stiffness
for ballasted tracks are 60kN/m and 20kN/m for loaded and unloaded track respectively and
recommended values of track stiffness for ballast less tracks are 60kN/m and 40kN/m
for loaded and unloaded tracks respectively. The elastic limit is 2 mm for ballasted
tracks and 0.5 mm for ballast less tracks. No change in track stiffness is permitted on
account of actual track behavior.

b) The temperature variations, to be used for analysis, shall be taken as per provisions
of cl. 3.2.8 Temperature Variations of "RDSO Guidelines for carrying out Rail- Structure
Interaction studies on Metro System (version-2)”. The following shall be used for
analysis:

-The temperature of the bridge does not deviate from the reference temperature by
more than + 35 °C

-The temperature of the rail does not deviate by more than + 50°C.
-The difference in temperature between deck and track does not exceed + 20°C.

-The reference temperature is the temperature of the deck and the rail when the rail
is fixed.

c) Maximum additional stresses in rail in tension as well as compression on account of
rail-structure interaction shall be within the permissible limits as prescribed in cl.
3.3.1 Additional Stresses in Rails of "RDSO Guidelines for carrying out Rail-Structure



6.6
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Interaction studies on Metro System (version-2)". The limit prescribed in the document shall
be used as it is and no benefit on account of lesser axle load of actual rolling stock shall be
permitted.

d) The provisions of cl. 3.3.2 Displacements of Bridge Elements of “RDSO Guidelines for
carrying out Rail-Structure Interaction studies on Metro System (version-2)” shall be
adhered to.

e) Checks must be performed for break in rail continuity due to unusual conditions such
as fractures or for maintenance purposes. The provisions of cl. 4.8 “Rail Gap Analysis
of RDSO Guidelines for carrying out Rail-Structure Interaction studies on Metro System
(version-2)" shall be followed.

f) Minimum (unfactored) LWR force of 1.6t/m of span length shall be considered for
design irrespective of number of tracks.

2. Software and general methodology to be used for carrying out Rail Structure interaction analysis
must be validated before adopting the same. A well-established document such as UIC 774-3R
may be used for validation.

3. Representative stretches must be chosen for carrying out Rail-Structure interaction which
shall include special spans. The same shall be got approved from the engineer.

4. LWR forces shall be considered in appropriate load combinations as specified in cl. 7.0 Load
Combinations (Ground IIIb) of the DBR.

WIND LOAD (WL)

The wind load shall be calculated as per clause 2.11 of IRS: BR and IS: 875 (Part
3). As per clause 5.3 of IS: 875 (Part 3)

Design Wind Speed, Vz = Vp.ki.ka.k3.ks
Where

Vp = Basic wind speed = 47 m/s for Jaipur Zone (as per National Building code).

Ki = +68-1.07 for class IV type structure (§ table 1 of IS: 875 (Part

3)) for 100 Years mean Probable Life

k, = 1.07 for category 2 (§ table 2 of IS: 875 (Part 3)) for 20m Height.

k, = 1.12 for category 2 (§ table 2 of IS: 875 (Part 3)) for 30m Height

ks = 1.0 (§ 6.3.3.1 of IS: 875 (Part 3)).

K4=1.0 (for non-cyclonic zone as per clause 6.3.4)
However, a bridge shall not be considered to be carrying any live load when the wind pressure
at deck level exceeds 150kg/m? as per clause 2.11.2 of IRS Bridge rule, however as it is a long viaduct
therefore there is fair possibility that once wind pressure exceeds 150kg/m?2 train may be
standing static over viaduct due to close of operation therefore in case of wind pressure above
150kg/m?, train will be considered as static load i.e. no longitudinal loads or impact loads.

Wind load on train in transverse direction will be calculated based on exposed surface &
intensity as per above given values& reference. These are computed for length of train as
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c) Pile cap shall be designed based on clause 15.8.3.1 of IRS —-CBC 1997. No support
from soil below pile cap shall be considered.

d) The thickness of the pile cap shall be kept minimum 1.5 times diameter of the piles for
multiple-pile group as per IRC 78.

e) The structural design of the pile cap shall be carried out as per clause 10.2.2 & clause15.4 and
clause 15.8.3 of IRS CBC. Crack width shall be checked for load combination 1 as per
clause 15.9.8.2 IRS CBC.

f)  Minimum reinforcement in pile caps at top shall be at least 0.12% in each direction in
case of compression and in case of tension, it shall not be less than 0.2%.

Soil Structure Analysis

When designing element forces or estimating displacements the soil stiffness and other
parameters shall be assessed based on clause 5.7 of the DBR considering the design ground
water table as per clause 5.5 of the DBR.

Well Foundation & Open foundation

Well Foundation & Open foundation shall be designed as per IRS Bridge Substructure & Foundation
Code/ IRC: 78.
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CODAL PREFERENCE

The IRS Codes shall be followed in principle. Although main clauses have been mentioned in the DBR,
the other relevant clauses as available in the IRS codes shall also be followed, whenever applicable.
If provisions are not available in IRS, the order of preference shall be as follows, unless specified otherwise:

For railway loading related issues:

i. UIC Codes

ii. Euro Codes

iii. Any other code, which covers railway loading.
For other Design/ detailing related issues:

i. IS

i. IRC

ii. EURO

iv. AASHTO

v. Any international code with approval of RMRC.
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ii) For other structures as per IS: 4326
2.7.5  Wind Loads (WL)
Wind Loads (longitudinal & transverse) shall be calculated as stated in IS 875: Part 3.

Wind loads will be calculated in accordance with IS 875: Part 3.

Design wind speed Vz (m/s) = Vo*Ki*K2*Ks*Ky

Vp (basic wind speed in m/s) = 47 m / sec (As per NBC)

K, (risk coefficient) _ —1 08 1.07 (for 100 years mean probable design life) & 1.00 (For 50 Years

mean probable design life), Table-1

K> = as per table2 based on terrain
category and structure height

1.0, as per CL.6.3.3.1

K3 (Topography factor)
K4 = 1.0 for Non cyclonic zone as per C1.6.3.4
Based on the above, Design wind pressure at height z, (P,)= 0.6 x V,xV, CI. 7.2
Design wind pressure, Pq = P, * K4 * Ka * K¢
K4 = wind directionality factor = 0.9 for buildings
K. =  areaaveraging factor = 0.8 Table 4 (for contributory area > 100 m?)
Kc = combination factor = 0.9

2.7.6  Construction and Erection Loads (ER)

The weight of all temporary and permanent materials together with all other forces and
effects which can operate on any part of structure during erection shall be taken into
account. Allowances shall be made in the permanent design for any locked in stresses
caused in any member during erection.

2.777  Temperature Load (TL)

As per Cl. 19.5 of IS: 456. Temperature gradient shall be considered as per CL. 215 of IRC-
6, if applicable.



2.12

REVISED

being high in the area, horizontal pressure due to it shall also be considered. Stability of
water tank shall be checked against buoyancy and foundation raft shall be designed for the
worst of buoyant force and soil pressure. The tank shall also be designed for surcharge
loading if any. Water proofing treatment shall be done on the external surface as well as in
the internal surface.

MASONRY WALLS

All Masonry walls shall be treated as non-structural infill panels and shall be treated as one
way / two way slab panels spanning between adjoining beams and columns to check
structural safety. Masonry walls shall be designed as un-reinforced masonry as per IS: 1905 and
IS: 4326. Shear connector reinforcement between walls & upper beams and walls & sides
of columns shall be provided for external walls, while the internal partition walls shall be
connected with roof slabs/beams wusing dry packing mortar between top of walls and soffit
of slab / beam.
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1) Structural Design Verification: An additional design margin of 10% shall b/

conside>ed~(n all applicable structural verifications, including bl;t/not limited
to, ULS cMMoment, Shear, Torsion, bond etc.), SLS checks (stress,
cracks, deﬂection,\vi‘b{ation etc.) and Equilibrium check (Mverturning, uplifting
etc.).

2) Geotechnical Design Verification:. An additional design margin of 10%
shall be considered in all applicathnical verifications, including but not
limited SBC, vertical load on pile, oyeftfrnMding checks, lateral deflection at pile,

etc.
3) Bearing Design Verification: An additional desig@ +10% shall be

considered for bea;ianﬁesign with respect to design loads and nMents. The
verification sjla'l‘l/be carried out for all governing load combination}'mgluding but
not linM to maximum vertical and maximum horizontal loads, maxi

vgv@l and minimum horizontal loads, minimum vertical and maximum horizontal

loads etc.

CODAL PREFERENCE

The design shall be carried out as per provision of these design
specifications. Reference shall be made to the following codes for any additional
information:

Order of preferences of codes shall be as follows:

i. IS
ii. IRS
iii. IRC
iv.  BS or Euro Codes
v. AASHTO

vi.  Any international code with approval of RMRC.



