
RAJASTHAN RAJYA VIDYUT PRASARAN NIGAM LIMITED
OFFICE OF THE SUPTDG. ENGINEER (Contracts-I)

Corporate Identity Number(CIN): U 40109RJ2000SGC016485
Regd.Office: MM Building of RVPN, Old Power House Premises (Back Side),Near
Ram Mandir, Bani Park,Jaipur-302006

NO. RVPN / SE (Contracts-I) / XEN-l (C)/ ICB-9 / D. ~ ~ 4 Dated

M/S .

Sub: Construction of 400 KV D/C Quad Moose Transmission line from Korna
Jaisalmer-II against bid Enquiry No. RVPN/ADB/Tranch-2/ICB-9

Dear Sir(s),

The following amendment is hereby made in the bidding document upto the extent
indicated hereunder:

1. The design of towers and foundations is included in the scope of the
contractor. As such clause No. 1.1.2 (ii) and (v) of Sub-Section -1 i.e.
Technical Specifications of Vol-II of the bidding Document are modified as
under.

(ii) Design, Proto Type Testing, Fabrication, proto inspection, galvanizing and
inspection & testing, supply of 400 kV double circuit transmission line
towers and their required body extensions as per CBIP- 3223 (2014 with
latest amendment) and IS-802 (2015 with latest amendment), including
bolts, nuts and washers, anti-theft type bolts & nuts, hangers, D-shackles,
U-Bolts, bird guards and all types of tower accessories like phase plates,
number plates, danger plates, circuit plates, anti-climbing devices for all
types of towers & their body extensions, design & supply of extensions
and special tower.

(v) Design of foundations for different types of towers and, casting of
foundation for tower footings as per approved design, including special
towers for different type of soil condition,

2. Chapter 2 "Tower and Accessories" (Vol-II) of the bidding document is
replaced as enclosed herewith.

3. In BOQ 1 to BOQ 4, the items appearing at No. 1.00 (Tower) and 1.20
(Supply of bolts and nuts for tower and stubs including step bolts and



nuts & antitheft bolts & nuts) are hereby deleted. The BOQ for these
items is modified as per Annexure - I to III.

The bidder is required to quote the price of item No. 1.00 to
item No. 1.20 in enclosed BOQ at Annexure I to III, in PDF Format
and upload the same with the Latter of Price Bid. The contract Price
for the remaining items from 2.00 onwords shall be quoted in the
respective BOQs only. For arriving at the total contract price, the
prices quoted in Annexure I to III shall be added with the prices quoted
in respective BOQ Schedule.

4. Similarly in BOQ 5, the items appearing at No. 3.00, 5.00, 6.00, 7.00,
8.00, 9.00 and 10.00 are hereby deleted. The BOQ for these items is
modified as per Annexure IV.

The bidder is required to quote the price of these items in BOQ
enclosed at Annexure IV, in PDF Format and upload the same with
the Latter of Price Bid. The unit Price for the remaining items shall
be quoted in the respective BOQ 5 only. For arriving at the total
contract price, the prices quoted in Annexure IV shall be added with
the prices quoted in BOQ 5 Schedule.

5. Annexure B1 to B3 of Excel Sheets are hereby deleted from the
bidding document.

6. The relevant part of clause no. 2.4.2 (b) "Experience in Key Activities"
of Section 3 "Evaluation and Qualification Criteria" is modified as
under:

Bidder shall have executed Turnkey
contracts involving design (tower &
foundation),tower foundation,
erection and stringing and shall
have executed, minimum 2 Nos. of . t t : t t l t.. . . mus mee :mus mee no
transmission lines of 400 kV voltage all all a licable
class each of route length not less pprequirement requirementthan 60 kms with or without supply
of conductor, within last five years
prior to 7 days from the original bid
submission dead line.

not 'Form
applicable EXP- 2(b

The remaining text of the bidding document shall remain unchanged.
Enclosed:

1. Chapter 2 "Tower and Accessories"
2. Annexure-I to IV

(R. N. Panwar)
Superintending Engineer (Contracts-1)

RVPN, Jaipur
~



Name of Work: Construction of 400 KV DIC Quad Moose Transmission line from
Korna-Jaisalmer-II

Annexure-I

Schedule BOQ1- Plant & Equipment (including Mandatory Spare Parts Supply from Abroad
S. Item Description Quantity Units Quoted Unit Price Country of Total Price in
No. Currency CIP Origin Foreign

in INRI Currency
Other
Currency

Tower
1.00 Fabrication,

galvanizing and
supply of various
types of towers
(including special
towers), & its
body I leg (equal
& unequal)
extensions
(complete)
including
hangers, D-
shackles, Bird
Guard, U-Bolt,
Packwasher etc.

1.01 DA+OM 200 Sets
1.02 DA+3M 35 Sets
1.03 DA+6M 25 Sets
1.04 DA+9M 15 Sets
1.05 DB+OM 30 Sets
1.06 DB+3M 7 Sets
1.07 DB+6M 5 Sets
1.08 DB+9M 3 Sets
1.09 DC+OM 20 Sets
1.10 DC+3M 5 Sets
1.11 DC+6M 3 Sets
1.12 DC+9M 2 Sets
1.13 DD+OM 18 Sets
1.14 DD+3M 4 Sets
1.15 DD+6M 3 Sets
1.16 DD+9M 3 Sets
1.17 DD+18M 1 Sets
1.18 DD+25M 1 Sets
1.19 Special Tower 2 Sets



1.2 Fabrication,
galvanizing &
supply of stubs &
cleats for various
types of tower,
tower(complete)
with pack
washers including
supply of bolts &
nuts etc ..

1.21 DA(up to +9m 275 Sets
exten)

1.22 DB(up to +9m 45 Sets
extent

1.23 DC(up to +9m 30 Sets
exten)

1.24 DD(up to +9m 28 Sets
exten)

1.25 DD(up to +18/25m 2 Sets
exten)

1.26 Special Tower 2 Sets



Annexure-II

Schedule BOQ 2- Supply- Plant & Equipment (including mandatory Spare Parts) Supplied from within,the Employer s country
S. Item Description Quantity Units Quoted EXW Taxes & Total Ex Total Price
No. Currency unit Duties works

in INRI Price Price
Other
Currency

Tower
1.00 Fabrication,

galvanising and
supply of various
types of towers

(including
special towers),
& its body 1 leg

(equal & unequal)
extensions
(complete)
including

hangers, D-
shackles, Bird
Guard, U-Bolt,

Pack washer etc.

1.01 DA+OM 200 Sets
1.02 DA+3M 35 Sets
1.03 DA+6M 25 Sets
1.04 DA+9M 15 Sets
1.05 DB+OM 30 Sets
1.06 DB+3M 7 Sets
1.07 DB+6M 5 Sets
1.08 DB+9M 3 Sets
1.09 DC+OM 20 Sets
1.10 DC+3M 5 Sets
1.11 DC+6M 3 Sets
1.12 DC+9M 2 Sets
1.13 DD+OM 18 Sets
1.14 DD+3M 4 Sets
1.15 DD+6M 3 Sets
1.16 DD+9M 3 Sets
1.17 DD+18M 1 Sets
1.18 DD+25M 1 Sets
1.19 Special Tower 2 Sets

------------------------------------------------------------------------------------------------ -- ---- - - .



1.2 Fabrication, Sets
galvanizing &
supply of stubs &
cleats for various
types of tower,
tower(complete)
with pack
washers
including supply
of bolts & nuts
etc ..

1.21 DA(up to +9m 275 Sets
exten)

1.22 DB(up to +9m 45 Sets
exten)

1.23 DC(up to +9m 30 Sets
exten)

1.24 DD(up to +9m 28 Sets
exten)

1.25 DD(up to +18/25m 2 Sets
exten)

1.26 Special Tower 2 Sets



Annexure-III

Schedule BOQ 4 - Local Transportation, Insurance and Other Incidental Services applicable for
Supply of Plant & Equipment within India Only.

S. No. Item Description Quantity units Unit Price (INR) Total Price
(lNR)

1.00 Tower
1.00 Fabrication, galvanising

and supply of various
types of towers
(including special
towers), & its body I leg
(equal & unequal)
extensions (complete)
including hangers, D-
shackles, Bird Guard,
U-Bolt, Pack washer
etc.

1.01 DA+OM 200 Sets
1.02 DA+3M 35 Sets
1.03 DA+6M 25 Sets
1.04 DA+9M 15 Sets
1.05 DB+OM 30 Sets
1.06 DB+3M 7 Sets
1.07 DB+6M 5 Sets
1.08 DB+9M 3 Sets
1.09 DC+OM 20 Sets
1.10 DC+3M 5 Sets
1.11 DC+6M 3 Sets
1.12 DC+9M 2 Sets
1.13 DD+OM 18 Sets
1.14 DD+3M 4 Sets
1.15 DD+6M 3 Sets
1.16 DD+9M 3 Sets
1.17 DD+18M 1 Sets
1.18 DD+25M 1 Sets
1.19 Special Tower 2 Sets
1.2 Fabrication, galvanizing

& supply of stubs &
cleats for various types
of tower,
tower( com plete) with
pack washers including
supply of bolts & nuts
etc ..

1.21 DA(up to +9m exten) 275 Sets
1.22 DB(up to +9m exten) 45 Sets
1.23 DC(up to +9m exten) 30 Sets
1.24 DD(up to +9m exten) 28 Sets
1.25 DD(up to +18/25m exten) 2 Sets
1.26 Special Tower 2 Sets



Annexure-IV

Schedule BOQ 5 -Installation and Other Services
S. No. Item Description Quantity units Unit Price(INR) Total Price

(lNR)

4.00 Design & Installation of
foundation including all
works as specified in
Vol-II. section-II of TS
upto 3.5 m foundation
depth

4.01 DA Tower(+O M Exten)
4.02 DRY 40 Per Loc
4.03 WET 5 Per Loc
4.04 WBC 5 PerLoc
4.05 DFR 70 PerLoc
4.06 DFR(SANDY) 70 Per Loc
4.07 WFR 5 PerLoc
4.08 SFR 5 Per Loc

DA Tower(3 M EXTEN TO
+9 m EXTEN)

4.09 DRY 16 Per Loc
4.10 WET 2 Per Loc
4.11 WBC 1 Per Loc
4.12 DFR 25 Per Loc
4.13 DFR(SANDY) 25 Per Loc
4.14 WFR 1 Per Loc
4.15 SFR 5 PerLoc

DB Tower(+O M Exten)
4.16 DRY 6 Per Loc
4.17 WET 1 Per Loc
4.18 FS-BCIWBC 1 Per Loc
4.19 DFR 10 Per Loc
4.20 WFR 1 Per Loc
4.21 DFR(SANDY) 10 Per Loc
4.22 SFR 1 Per Loc

DB Tower(3 M EXTEN TO
+9 m EXTEN)

4.23 DRY 2 PerLoc
4.24 WET 1 PerLoc
4.25 FS-BCIWBC 1 PerLoc
4.26 DFR 5 PerLoc
4.27 WFR 1 PerLoc
4.28 DFR(SANDY) 4 PerLoc
4.29 SFR 1 PerLoc

DC Tower(+O M Exten)
4.30 DRY 4 PerLoc
4.31 WET 1 Per Loc
4.32 FS-BCIWBC 1 PerLoc
4.33 DFR 6 Per Loc
4.34 DFR(SANDY) 6 Per Loc
4.35 WFR 1 PerLoc



4.36 SFR 1 Per lac
DC Tower(3 M EXTEN TO
+9 m EXTEN)

4.37 DRY 1 Per lac
4.38 FS-BCIWBC 1 Per lac
4.39 DFR 3 Per lac
4.40 DFR(SANDY) 3 Per lac
4.41 WFR 1 Per lac
4.42 SFR 1 Per lac

DD Tower(+O M Exten)
4.43 DRY 2 Per lac
4.44 WET 1 Per lac
4.45 WBC 1 Per lac
4.46 DFR 6 Per lac
4.47 DFR(SANDY) 6 Per lac
4.48 WFR 1 Per lac
4.49 SFR 1 Per lac

DD Tower(3 M EXTEN TO
+9 m EXTEN)

4.50 DRY 1 Per lac
4.51 WBC 1 Per lac
4.52 DFR 3 Per lac
4.53 DFR(SANDY) 3 Per lac
4.54 WFR 1 Per lac
4.55 SFR 1 Per lac

DD Tower (+18/25 M
EXTEN)

4.56 DFR 1 Per lac
4.57 DFR (SANDY) 1 Per lac

Special Tower
4.58 DFR 1 Per lac
4.49 DFR (SANDY) 1 Per lac
10.00 Erection of various type of

towers,tower parts and
tower extension (complete)
with bolts and nuts,
including tack welding and
supply and application of
zinc rich paint

10.01 DA+OM 200 Per lac
10.02 DA+3M 35 Per lac
10.03 DA+6M 25 Per lac
10.04 DA+9M 15 Per lac
10.05 DB+OM 30 Per lac
10.06 DB+3M 7 Per lac
10.07 DB+6M 5 Per lac
10.08 DB+9M 3 Per lac
10.09 DC+OM 20 Per lac
10.10 DC+3M 5 Per lac
10.11 DC+6M 3 Per lac
10.12 DC+9M 2 Per loc
10.13 DD+OM 18 Per lac
10.14 DD+3M 4 Per lac
10.15 DD+6M 3 Per lac



10.16 DD+9M 3 Per Lac
10.17 DD+18M 1 Per Lac
10.18 DD+2SM 1 Per Lac
10.19 Special Tower 2 Per Lac



CHAPTER· 2

2.1 SCOPE OF WORK

TOWERS AND ACCESSORIES

2.1.1 This specification covers

2.2

2.2.1

2.2.1.1

2.2.1.2

2.2.1.3

(I) Detailed Survey, including route alignment, profiling, tower optimization & spotting
soil resistivity measurement & geotechnical investigation and check survey,

(ii) Design ,Proto Type Testing(Bidder design), Fabrication, proto inspection,
galvanizing and inspection & testing, supply of 400 kV double circuit transmission
line towers and their required body extensions as per CBIP-3223 (2014 with latest
amendment) and IS-802 (2015 with latest amendment), including bolts, nuts and
washers, anti theft type bolts & nuts, hangers, D-shackles, U-Bolts, bird guards and
all types of tower accessories like phase plates, number plates, danger plates,
circuit plates, anti-climbing devices for all types of towers & their body extensions,
design & supply of extensions and special tower.

(iii) Type testing of all line material as per requirement given in related chapters,

(iv) supply of Disc/long road insulators, GSS Earth wire, 24 Fiber (DWSM) OPGW fibre
optic cable, Joint box (24 Fibre), Hardware set for 24 Fibre OPGW Fibre Optic
cabling including all cable fittings & accessories, Hardware fittings for conductor,
Earth wire, ACSR Moose Conductor and other line accessories,

(v) Design of foundation for different types of towers and casting of foundation for tower
footings as per approved design, including special towers for different type of soil
condition,

(vi) erection of towers, tack welding of bolts and nuts including supply and application of
zinc rich primer and enamel paint, tower earthing, fixing of insulator strings,
stringing of conductor, earth wire and OPGW fiber optic cable along with all
necessary line accessories,

(vii) design, manufacturing, testing, supply and erection of aviation items including
painting for day & night visual aids,

(viii) testing and commissioning of erected transmission line

(ix) other items not specified above but required to complete the work.

Transmission Tower

General Description of the Tower

The towers shall be self-supporting, hot dip galvanised, latticed steel type & designed to
carry the line conductors with necessary insulators, earth wires and all fittings under all
loading conditions. Outline diagram of double circuit towers are enclosed with the
Specification.

The tower shall be fully galvanised using mild steel or/and high tensile steel sections as
specified in Technical specification. Bolts and nuts with spring washer are to be used for
connections.

The towers shall be of the following types:

A) Double Circuit towers (DA, DB, DC & DD/DDE)

B) Special towers.

2.2.2 Classification of Towers

1
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2.2.2.1 The towers for 400 kV Lines are classified as given below:

Type of Deviation Typical Use
Tower Limit

DA o deg i) To be used as tangent tower.

DB o deg - 15 deg i) Angle towers with tension insulator string.

ii) Also to be used for uplift force resulting from an uplift span upto 200
m under broken wire condition.

iii) Also to be used for Anti Cascading Condition.

DB o deg i) To be used as Section Tower.

DC 15 deg-30 deg i) Angle tower with tension insulator string.

ii) Also to be used for uplift forces resulting from an uplift span upto
200 m under broken wire condition.

iii) Also to be used for anti cascading condition.

DC o deg i) To be used as section tower.

DD 30 deg-60 deg i) Angle tower with tension insulator string.

ii) Also to be used for uplift forces resulting from
an uplift span upto 300 m under broken wire condition.

iii) for river crossing anchoring with longer wind span & 0 deg.
Deviation on crossing span side and 0 deg. To 30 deg. Deviation on
other side.

DD o deg. i) Dead end with 0 deg. To 15 deg. Deviation both on line side and
sub-station side ( slack span)

i) All above towers can also be used for longer span with smaller angle of
deviations without infringement of ground clearance.

ii) The above table provides indicative classification of Towers. Tower spotting
data for various towers to be used in the transmission lines shall be given by the
contractor during execution stage.

2.2.2.2 Towers for Major Crossings

2.2.2.3

The above towers (DB, DC & DD) shall also be used with suitable modifications for very
long spans (spans more than given above) which can not be crossed by normal tower with
extensions like valley and river crossings etc. These Towers shall be developed by
strengthening the above DB, DC and DD type towers as per the site requirement.

Extensions

2.2.2.3.1 The Double Circuit towers shall be designed with following Extensions.

Tower type Their extensions.
Tower type DA + 3 M, + 6M and +9 M
Tower type DB + 3 M, + 6M and +9 M
Tower type DC + 3 M, + 6M and +9 M
Tower type DD/DE + 3 M, + 6M, +9 M, +18 M and +25 M
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2.2.2.3.2 The provision for addition of +18/+25M body extension to tower types DA and DD is also to
be kept. For Power Line Crossing or any other obstacle, tower types DA and DD can be
used with 18/25 M extensions depending, upon the merit of the prevailing site condition.
The maximum reduced spans for DA, DB, DC and DD type towers shall be mentioned in
the tower spotting data prepared by contractor based on design. However this shall, in no
case be less than 250 meters.

2.2.2.3.3 The towers shall be designed for providing unequal leg extensions with maximum
difference between the shortest and the longest leg of 3M for DB, DC, and DD towers.
These unequal leg extensions to be provided in the design shall be used during tower
spotting / execution stage to optimize the benching / revetment requirement.

2.2.2.3.4 In situations where difference in leg differential does not suit the standard unequal leg
extension provisions on the towers mentioned above, suitable chimney extensions shall be
provided to reduce benching/revetment requirement.

2.2.2.3.5 The leg extensions, unequal leg extensions, chimney extensions and / or a combination of
these suitable for a tower location shall be selected on the basis of techno-economics
evaluation.

2.2.2.3.6 All above body / leg extension provisions to towers shall be treated as part of normal tower
only.

2.2.2.3.7 The payment for leg extensions and any additional structure shall be paid on pro rata basis
derived from the quoted price and final approved weight of DA+OMTower.

2.2.3 Spans

2.2.3.1 Design Span or Normal Span

The Design Span or Normal Ruling Span of the line is 400m for 400 KV transmission line.

2.2.3.2 Wind Span

The wind span is the sum of the two half spans adjacent to the tower under consideration.
For normal horizontal spans this equals to normal ruling span.

2.2.3.3 Weight span

The weight span is the horizontal distance between the lowest point of the conductors on the
two spans adjacent to the tower. For spotting of structures, the span limits are given in Table
1.3.1 below

WEIGHT SPANS FOR 400 KV
Tower Type Normal Condition Broken wire condition

Maximum (rn) Minimum (rn) Maximum (m) Minimum (rn)

DA 600 200 360 100

DB,DC 600 0 360 -200
DD 600 0 360 -300

2.2.3.4 In case at certain locations where actual spotting spans exceed the design spans and cross
arms and certain members of towers are required to be modified/ reinforced, in that case
design, structural & shop drawings for the modified/ reinforced towers will be prepared by
the Contractor as per requirement on basis of approved line diagram without any additional
financial implications to the Employer for the design and drawings.

2.2.4

2.2.4.1

Electrical Clearances

Ground Clearance

3



2.2.4.2

2.2.4.3

2.2.4.4

2.2.4.5

2.2.4.6

The minimum ground clearance from the bottom conductor shall not be less than 8840 mm
for 400 kV at the maximum sag conditions i.e at 85°C and still air.

a) An allowance of 150mm shall be provided to account for errors in stringing.

b) Conductor creep shall be compensated by over tensioning the conductor at a
temperature of 26°C, lower than the stringing temperature for ACSR "MOOSE" for
400 kV transmission lines.

Power Line Crossing

Minimum clearance between power lines to power line crossing in metres should be as
follows

51. No. Nominal System Voltage 110-132KV 220KV 400KV 765KV
1. 110-132KV 3.05

4.58

5.49

4.58 5.49

5.49

5.49

7.94

2. 220KV

400KV

765KV

4.58

5.49

7.94

3. 7.94

7.944. 7.94 7.94 7.94

Live Metal Clearance

The minimum live metal clearance to be provided between the live parts and steel work of
superstructure shall be as given in Table 1.2.

TABLE-1.2
400 KV

For Single Suspension Insulator Strings
1. 0°-22° Swing 3050 mm
2. 22°-44° Swing 1860 mm
For Jumpers in tension insulator strings

1. 0°-20° Swing 3050 mm

The pilot insulator strings are to be used for DO/DE towers only.

The bidder is permitted to adopt separate cross arm for 'DO' type towers under dead end
conditions provided adequate live metal clearance is available with at least 15° angle on
both line side and slack span side, and also provided that all the specified conditions of
the specifications are fulfilled.

Bidder shall adopt same cross arm design where jumper is projecting outside of cross-arm
for DO type tower, used as dead end and angle tower.

For computing the live metal clearances the dimensions of, Double Suspension, Single
Suspension Pilot, Single Tension and Quad tension, strings shall be taken as given in
enclosed drawings. The design of the tower shall be such that it should satisfy all the
above conditions when clearances are measured from any live point of the strings.

Cross arm projections for Dead end towers shall be fixed in such a way that it can
accommodate a condition of 15 degree deviation of conductors towards tower at both Left
and Right side cross arms on slack span side and 0-15 degrees deviation on line side.
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2.2.4.7 Angle of Shielding

The angle of shielding is defined as the angle formed by the line joining the centre lines of
the earthwire/OPGW and outer power conductor in still air at tower supports, to the vertical
line through the centre line of the earthwire. Bidders shall design the tower in such a way
that the angle of shielding does not exceed 20° for 400 KV. The drop of the earthwire
clamp equal to 150 mm should be considered while calculating the minimum angle of
protection.

2.2.4.8 Mid Span Clearance

The minimum vertical mid span clearance between the earthwire and the nearest power
conductor shall not be less than 9000 mm for 400 KV, which shall mean the vertical
clearance between earthwire and the nearest conductor under all temperatures and still air
condition in the normal ruling span. Further, the tensions of the eathwire/ OPGW and
power conductor, shall be so co-ordinated that the sag of earthwire shall be at least 10%
less than that of power conductors under all temperature loading conditions.

2.2.5 Tower Loading Conditions:

The design of towers shall be carried out by the Contractor as per IS 802 (Part 1/section-
1) 2015 considering wind zone 4.

b) Terrain category shall be considered as 2
c) Reliability level shall be considered as 1 for 400 kV lines.

2.2.5.1 Design Temperatures

The following temperature range for the conductors and ground wires shall be adopted for
line design:

i) Minimum Temperature o deg.C

32 deg.Cii) Every day temperature of conductor

iii) Max. temperature of

a) Conductor

b) Earthwire exposed to sun

85 deg.C

53 deg.C

2.2.5.2 Phase Configuration

For double circuit towers the three phases shall be in vertical formation. The phase to
phase spacing for conductors shall be not less than 8000 mm for 400 kV vertically.

2.2.5.3 BOLTS AND NUTS

2.2.5.3.1 The minimum bolt spacing and rolled edge distance and sheared edge distance from the
centers of bolt holes to be maintained are given in Table 1.3

Diameter of
Bolt

(mm)

Hole
Diameter
(mm)

TABLE 1.3

Min. Bolt
Spacing
(mm)

Min. Rolled
Distance
(mm)

Min. Sheared
Edge Distance
(mm)
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16 17.5 40 20 23

24 25.5 60 33 38

Bolts sizes mentioned above shall only be used. The minimum width of the flanges without
bolt holes shall be 30 mm

2.2.5.3.2 For the purpose of calculating shearing stress and bearing stress for bolts clause 5.4 of
IS: 802 (Part-1/Sec 2):1992 shall be referred.

2.2.6 Design Calculation and Drawings

2.2.6.1 The following design calculation and drawings are required to be furnished to the
Employer in case of new proposed design:

A) Along with the bid:

i) Detailed design calculations and drawings for DA type tower of anyone wind zone
applicable for each of the package quoted by the Bidder

ii) Line diagram of all the tower types indicating live metal clearances, ground
clearance, mid span clearance, shielding angle etc. as applicable in the package.

iii) Typical foundation sketches adopted for various types of soil. Bidder has to
furnish along with the bid one sample calculation for one type of foundation for
Towers at A i) above.

The above are for assessing the present design capability of the Bidder and should not
be construed as review /approval of correctness of drawings/designs by the
Employer. Subsequent to the award, successful Bidder shall have to comply to the
technical specifications irrespective of the designs/ submitted at the bidding stage
without any financial implication to the Employer.

B) After award of contract:

The Contractor shall submit detailed design of tower & extension along with stress
diagram / computer output together with sample calculations for few critical members
etc., stub templates and loading / rigging arrangement of tower testing to enable the
Employer to make a preliminary check regarding structural stability of tower (before)
tests.

2.2.6.2 After successful testing of tower and subsequent approval of design, drawings and bill of
materials, the Contractor shall furnish the following in ten (10) copies to the Employer for
necessary distribution with in fifteen (15) days after approval of drawings:

a) Detailed design calculation and drawing for towers and foundations.

b) Detailed structural drawings indicating section size, length of members, sizes of
plates along with hole to hole distance & joint details etc.

2.2.6.3

c) Bill of materials, indicating cutting and bending details against each member.

d) Shop drawings showing all details relevant to fabrication.

e) All the drawings for the tower accessories.

The Contractor is required to submit four copies of the drawings for Employer's approval.
While submitting the designs, structural drawings bill of materials and any other drawing

6



2.2.6.4

2.2.6.5

2.2.6.6

2.2.6.7

pertaining to the subject transmission line, the Contractor shall clearly indicate on each
drawing Specification No., Name of the transmission line and project, letter reference No.
and date on which the submission are made. The same practice is also to be followed
while submitting distribution copies.

The design and drawings as covered in clause above shall be approved / commented by
the Employer as the case may be within twenty eight (28) days of receipt of design /
drawings in Employer office. If the design / drawings are commented by the Employer, the
Contractor shall submit revised designs / drawings with in fifteen (15) days of date of issue
of comments.

The Contractor is required to furnish the progress of submissions and approvals of designs
and drawings on twenty fifth day of every month till the completion of all the design
activities ..

The details shall include description of design / drawing, schedule date of submission,
actual date of submission schedule date of approval ,actual date of approval, schedule
date of submission of distribution copies, actual date of submission of distribution copies,
schedule date of tower test, actual date of tower test and 'Remarks' column. Provision of
six additional columns shall also be made in the above progress report to indicate date of
comments issued by the Employer and details of submission of revised designs /
drawings.

The tower accessories drawings like name plate, danger plate, phase plate, circuit plate,
anticlimbing device, step bolt, D-shackle etc. shall also be prepared by the Contractor and
shall be submitted to the Employer, in three copies, along with one reproducible, for
record. These drawings shall be prepared in A4 size only.

All the drawings shall have a proper name plate clearly displaying the name of Employer on
right hand bottom corner. The approval for exact format of the nameplate shall be obtained
by the successful bidder from the Employer for adopting the same on all the drawings. Also
all the drawings shall carry the following statement and shall be displayed conspicuously on
the drawing:

WARNING: THIS IS PROPRIETORY ITEM AND DESIGN RIGHT IS STRICTLY RESERVED WITH
EMPLOYER. UNDER NO CIRCUMSTANCES THIS DRAWING SHALL BE USED BY ANYBODY
WITHOUT PRIOR PERMISSION FROM NEA IN WRITING.

2.2.7. Joints shall be so designed so as to avoid eccentricity. The use of gusset plates for jointing
tower member shall be avoided as far as possible. However, where connections are such
that the elimination of the gusset plates would result in eccentric joints then gussets plates
and spacer plates may be used in conformity with modern practices. The thickness of the
gusset plate, required to transmit stress, shall not be less than that of the thinnest of
connected member but not less than 5 mm in any case.

2.2.8 TOWER STEEL SECTIONS

2.2.8.1 Steel Sections for towers to be used in towers, extensions, special towers, stubs and stub
setting templates shall be of tested quality conforming to IS-2062: 2006 of grade E 250 & yield
strength 2550 kg/cm2 for mild steel and IS-2062: 2006 of grade E 350/BSEN 10025 grade 355
JR & yield strength 3565 kg/cm2 for high tensile steel.

2.2.8.3 THICKNESS OF MEMBERS
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The minimum thickness of angle sections used in the design of towers shall not be less than
the following values:

(a) Leg members and all members of cross- arm. - 5 mm
(b) For all other members. - 4 mm

2.2.8.4 PERMISSIBLE STRESSES

2.2.8.5 AXIAL STRESS IN TENSION

The estimated tensile stresses on the net effective sectional area in various members
multiplied by appropriate factor of safety shall not exceed minimum guaranteed yield stress of
the material.

2.2.8.6 AXIAL STRESS IN COMPRESSION

Axial stresses in compression in various members shall be computed in accordance with
Clause NO.9.2of IS 802 (Part-I) .

2.2.8.7 STRESS IN BOLTS

2.2.8.7.1 The estimated stresses in bolts multiplied by the appropriate factor of safety shall not exceed
the value given below:
Nature of Stress Permissible Stress for Bolts of

Property Class 5.6 (MPa)
Shear Stress on gross area of bolts 310
Bearing Stress on gross diameter of bolts. 620
Tension Axial tensile stress 250

2.2.8.7.2 High strength bolts used shall conform property class 8.8 of IS:3757, where higher strength
bolts are used with the material of lower grade, the bearing strength of bolt shall be limited to
the bearing strength of lower grade material.

2.2.8.8 SLENDERNESS RATIOS

2.2.8.8.1 Compression Members - The slenderness ratios of compression members shall be
determined as follows:

TYPE OF MEMBERS VALUE OF
KLlr

(a) Leg sections or joints members bolted in both faces at connections Llr
for 0< Llr S120.

(b) Members with concentric loading at both ends of the unsupported Llr
panel connections for 0< Llr <120.

(c) Members with concentric loading at one end and normal framing 30+0.75 Llr
eccentricity at the other end of the unsupported panel for 0< Llr
<120

(d) Members with normal framing eccentricities at both ends of the 60+0.50 Llr
unsupported panel for 0< Llr <120.

(e) Members unrestrained against rotation at both ends of the Llr
unsupported panel for 120< Llr S200.

(f) Members partially restrained against rotation at one end of the 28.6+0.762 Llr
unsupported panel for 120S Ur S225.

(g) Members partially restrained against rotation at both ends of the 46.2+0.615 Llr
unsupported panel for 120S Ur S250.
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I (h) Redundant Members for 0< Llr <250 Lir

2.2.8.8.2 A single bolt connection shall not be considered as offering restraint against rotation. A
multiple- bolt connection properly detailed to minimize eccentricities shall be considered to
offer partial restraint if connection is made to a member having adequate flexural strength to
resist rotation of the joint. Points of intermediate support shall not be considered as offering
restraint to rotation unless they meet the criteria outlined above.

2.2.8.8.3 In the design of members, the length L shall be from centre to centre of intersection of CG
line as shown in the line diagram of tower at each end of the member.

2.2.8.8.4 The limiting value of KLlr shall be as follow:

Leg members and lower members of the cross arms in compression
Other members carrying computed stresses
Redundant members and those carrying nominal stresses.

120
200
250

2.2.8.8.5 Secondary members shall be checked for axial compressive load of 2.5% of the ultimate load
of member to which it connects. Also the slenderness ratio shall be limited to 250 as normally
followed for secondary members.

2.2.8.9 TENSION MEMBERS

The Slenderness ratio of a member carrying axial tension only shall not exceed 400.

2.2.9 GROUNDING OF TOWERS

2.2.9.1 Grounding of towers shall be done in accordance with IS: 5613(Part 3/Section 2).

2.2.9.2 The angle of shielding is defined as the angle formed by the line joining the center lines of the
ground -wire and power conductor/outer power conductor, in still air, at tower, to the vertical
line through the center line of the ground -wire. The angle of shielding to be maintained for the
design of transmission lines under the project has been specified in Sub-Section I. The drop of
150 mm on account of ground wire suspension assembly shall be considered while calculating
the minimum angle of shielding.

2.2.9.3 Two 17.5 mm dia holes shall be drilled about 50mm apart of all stubs such that the lower hole
is about 150 mm above the ground level, clear of the concrete muffing, for connecting the earth
strip.

2.2.9.4 The Bidder shall quote for the supply of grounding materials complete with galvanised mild
steel strip, necessary bolts, nuts and washers required for connecting the strip to pipe and the
tower.

2.2.9.5 Counterpoise earth, where necessary shall be provided by the Contractor in accordance with
IS: 5613(Part 3/Section2).

2.2.9.6 The Bidder shall quote unit rates for the pipe type and counterpoise earthing.

2.2.9.7 Additional earthing shall be provided on every 7 to 8 kms distance at tension tower (exact
quantity & location to be decided by Site In-charge) for direct earthing of both shield wires
(earhwire/OPGW) .Indicative drawing of shield wire earthing arrangement is enclosed at
relevant section (Drawing) of technical specification. The scope of work shall inter-alia include
supply & installation of PG clamp & down lead clamps and supply & installation of
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additional earthing (pipe type or counter poise type) depending upon soil resistivity. Additional
earthwire bits required for down leads connecting shield wires with the earthing shall be either
supplied by Owner separetly (as Owner supplied material) or shall be supplied by contractor
(payable as per unit rate of GS Earthwire under the contract),as may be decided by Site In
charge

2.2.10 STEP BOLTS AND LADDERS

Two of the diagonally opposite legs shall be provided with step-bolts which shall conform to the
provisions of IS: 5613 (Part 3/Section 2). Each step bolt shall be provided with two nuts on one
end and a button head at the other to prevent slipping of feet. The step-bolts shall be capable
of withstanding a vertical load of not less than 150 kg. assumed as a distributed load acting
over 175 mm length of the bolt from the button head end. Each tower shall be provided with
step bolts conforming to 15:10238 of not less than 16 mm dia., 50 mm head and 175 mm long,
spaced about 3.0 mtr. above the ground level to the top of the tower.

2.2.10.2 In the case of special structures, if the height of superstructure exceeds 60 metres,
ladder alongwith protection rings of approved design shall be provided in continuation of the
step-bolts on the longitudinal face of the tower. from 60 metres above ground level to the top
of the special structure. Suitable platforms using flats and chequered plates not less than 6mm
thick alongwith suitable railing for access from step-bolts to the ladder and from the ladder to
each cross-arm and the ground wire support shall also be provided.

2.2.11 NUMBER PLATES, DANGER PLATES, CIRCUIT PLATES & PHASE PLATES AND BIRD
GUARD

a) Each tower shall be fitted with a number plate, phase plate, circuit plates & danger plate.
All towers should have the provision of fixing these accessories on the transverse face.
The arrangement for fixing these accessories shall not be more than 4.5 m above the
ground level.

b) The letters, figures and the conventional skull and bones of danger plates shall conform
to IS: 2551 and shall be in a signal red on the front of the plate.

c) The corners of the number and danger plate shall be rounded off to remove sharp
edges.

d) The letters of number and circuit plates shall be red enameled with white enameled
background.

f) Six Nos. Saw tooth type bird guards should be provided for each tower type DA,
conforming to IS: 5613 (part-2, Sec-1).

2.2.12 ANTI·CLlMBING DEVICE

2.2.12.1 Towers shall be fitted with anti-climbing devices of spike type and conform to IS: 5613 (Part
3/Section 1). The height of the anti-climbing device shall be provided approximately 2.5 to 3.5
meter above ground level.

2.2.12.2 Necessary holes shall be provided on the tower members for installation of the anti-climbing
device.

2.2.12.3 The Bidder shall quote unit rate for anti- climbing device inclusive of structure and bolts and
nuts.
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2.2.13 Quantities and weights

2.2.13.1 The provisional quantity of towers & extensions are mentioned in the respective Schedule of
Prices. Final quantities shall be determined after completion and approval of the tower spotting
& check survey. The final quantities of tower shall be confirmed by the Employer based on the
required quantities of various towers & extensions furnished by the Contractor after completion
of final tower spotting & check survey. Hence, it will be responsibility of the Contractor to
intimate the exact requirements of all towers and various line materials required for line
immediately after the tower spotting & check survey.

2.2.13.2 The Employer reserves the right to order the final quantities including reasonable quantities of
spares for which the rates quoted in the Bid shall be valid. Regarding quantity variation, the
provisions of relevant clauses of SCC shall apply.

2.2.13.3 The weight of tower shall mean the weight of tower calculated by using the black sectional (i.e.
un galvanized) weight of steel members of the size indicated in the approved fabrication
drawings and bill of materials, without taking into consideration the reduction in weights due to
holes, notches and bevel cuts etc. but taking into consideration the weight of the anticlimbing
devices, 0 shackles, hangers, strain plates, pack plates, gusset plates and pack washers etc.
The weight of gusset plates shall mean the weight of its circumscribing rectangle, without
taking into consideration the reduction in weights due to holes, notches etc.. For bolts and
nuts along with spring washers and step bolts, the weight per tower shall be calculated from
the bolt schedule applicable to each type of towers, stubs and leg extensions as approved by
the Employer. The rate quoted by the bidder for supply of tower / tower parts is deemed to be
inclusive of galvanizing charges including the cost of zinc.

2.2.13.4 The weights of double circuit towers and their extensions (to be provided by bidder) are to be
given in Schedules and the same shall be treated as ceiling weights for payment purposes.
However, the weight of each type of tower extensions (to be designed by the bidder) shall also
be given by the bidder, if required in the Schedules of Prices and the same shall be treated as
the ceiling weight for payment purposes.

2.2.14 Galvanizing

2.2.14.1 Fabricated Tower Parts & Stubs

The tower parts, stubs and pack washers shall be hot dip galvanized .The galvanization shall
be done as per requirements of IS: 4759 after all fabrication work is completed. The
contractor shall also take guidelines from the recommended practices for hot dip galvanizing
laid down in IS 2629 while deciding and implementing galvanizing procedure. The mandatory
requirements however, are specified herein.

Unless otherwise specified the fabricated tower parts and stubs shall have a minimum overall
Zinc coating of 610 gms per sq. m of surface except for plates below 5mm which shall have
Zinc coating of 460 gms per sq. m of surface. The average zinc coating for sections 5mm &
above shall be maintained as 87 microns and that for sections below 5mm shall be
maintained as 65 microns.

The zinc coating shall be adherent, reasonably uniform, smooth, continuous and free from
imperfections such as black bare spots, ash rust stains, bulky white deposits / wet storage
stains and blisters.

The surface preparation for fabricated tower parts and stubs for hot dip galvanizing shall be
carried out as indicated herein below:
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(i) Degreasing & Cleaning of Surface: Degreasing and cleaning of surface, wherever
required, shall be carried out in accordance with clause 4.1 of IS 2629-1985. After
degreasing the article shall be thoroughly rinsed. However, if acidic degreasers are used
rinsing is not required.

(ii) Pickling: Pickling shall be done using either hydrochloric or sulfuric acid as
recommended at clause 4.3 of IS 2629 -1985. The actual concentration of the acids and
the time duration of immersion shall be determined by the Contractor depending on the
nature of material to be pickled. Suitable inhibitors also shall be used with the acids to
avoid over pickling. The acid concentration, inhibitors used, and maximum allowable iron
content shall form part of plant standard to be formulated and submitted to Purchaser
along with Quality Assurance Program.

(iii) Rinsing: After pickling, the material shall be rinsed, preferably in running water to remove
acid traces, iron particles or any other impurities from the surface. Two rinse tanks are
preferable, with water cascading from the second tank to the first to ensure thorough
cleaning. Wherever single tank is employed, the water shall be periodically changed to
avoid acid contamination, and removal of other residue from the tank.

(iv) Fluxing: The rinsed article shall be dipped in a solution of Zinc ammonium chloride. The
concentration and temperature of the flux solution shall be standardized by the contractor
depending on the article to be galvanized and individual circumstances. These shall form
part of plant standard to be formulated and submitted to Purchaser along with Quality
Assurance Program. The specific gravity of the flux solution shall be periodically
monitored and controlled by adding required quantity of flux crystals to compensate for
drag-out losses. Free acid content of the flux solution also shall be periodically checked
and when it is more than two (2) grams of free acid per litre of the solution, it shall be
neutralized. Alternatively, Ph value should be monitored periodically and maintained
between 5 to 5.5

(v) Drying: When dry galvanizing is adopted the article shall be thoroughly dried after fluxing.
For the purpose of drying, the contractor may use hot plate, air oven or any other proven
method ensuring complete drying of the article after fluxing and prior to dipping in the
molten zinc bath. The drying process shall be such that the article shall not attain a
temperature at which the flux shall get decomposed. The article thus dried shall be
galvanized before the flux coating picks up moisture from the atmosphere or the flux
layer gets damaged or removed from the surface. The drying procedure, time duration,
temperature limits, time lag between fluxing, drying, galvanizing etc shall form part of
plant standard to be formulated and submitted to Purchaser along with Quality Assurance
Program.

(vi) Quality of Zinc: Anyone or combination of the grades of zinc specified in IS 209 or IS
13229 or other comparable international standard shall be used for galvanizing. The
contractor shall declare the grade(s) of zinc proposed to be used by them for galvanizing.
The molten metal in the zinc bath shall contain minimum 98.5 % zinc by mass. It shall be
periodically measured and recorded. Zinc aluminum alloy shall be added as per IS 2629.

(vii) Dipping Process: The temperature of the galvanizing bath shall be continuously
monitored and controlled. The working temperature of the galvanizing bath shall be
maintained at 450+/ - 10 degree C .The article should be immersed in the bath as rapidly
as possible without compromising on safety aspects. The galvanizing bath temperature,
immersion angle & time, time duration of immersion, rate of withdrawal etc shall be
monitored and controlled depending upon the size , shape, thickness and chemical
composition of the article such that the mass of zinc coating and its uniformity meets the
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specified requirements and the galvanized surface is free from imperfections and
galvanizing defects.

(viii) Post Treatment: The article shall be quenched in water. The quench water is to be
changed / drained periodically to prevent corrosive salts from accumulating in it. If water
quenching is not done then necessary cooling arrangements should be made. The
galvanized articles shall be dipped in chromating solution containing sodium dichromate
and sulfuric acid or chromic acid base additive at a predetermined concentration and kept
at room temperature to retard white rust attack. The temperature of the chromate solution
shall not exceed 65 degree C. The articles shall not be stacked immediately after
quenching and dichromating. It shall be ensured that the articles are dry before any
further handling operation.

(ix) Storing, Packing and Handling: In order to prevent white rust formation sufficient care
should be exercised while storing handling and transporting galvanized products. The
articles shall be stored in an adequately ventilated area. The articles shall be stored with
spacers in between them and kept at an inclination to facilitate easy drainage of any
water collected on the articles. Similar care is to be taken while transporting and storing
the articles at site.

The Contractor shall prepare a detailed galvanizing procedure including Flow Chart with
control parameters and all plant standards as required above and submit to Employer for
approval as part of Quality Assurance Plan.

2.3 Tower Load Tests (As applicable)

2.3.1 Testing of Tower

A Galvanized tower of each type complete with 9 M extension for 400 KV shall be
subjected to design and destruction tests by first applying test loads applied in a manner
approved by the Employer. The tower shall withstand these tests without showing any
sign of failure or permanent distortion in any part. Thereafter the tower shall be
subjected to destruction by increasing the loads further in an approved manner till it fails.
The tower shall be tested for all the conditions considered for the design of tower. The
Contractor shall submit to the Employer, for approval, the detailed programme and
proposal for testing the towers showing the methods of carrying out the tests and
manner of applying the loads. After the Employer has approved the test procedures and
programmes the Contractors will intimate the Employer about carrying out the tests at
least 30 days in advance of the scheduled date of tests during which the Employer will
arrange to depute his representative to be present at the time of carrying out the tests.
Six copies of the test reports shall be submitted. The Contractor shall submit one set of
shop drawings alongwith the bill of materials at the time of prototype tower testing for
checking the tower material. Further at the time of submitting test report, the contractor
has to submit the final drawings of shop drawings and Bill of materials for Employer's
reference and record. The type testing charges shall be released only after approval of
test report, structural drawings, bill of material and shop drawings of tower.

2.3.2 In case of premature failure the tower shall be retested and steel already used in the
earlier test shall not be used again. However, in case of minor failures, the contractor
can replace the members with higher section and carry out the testing. The Contractor
shall provide facilities to the Employer or their representatives for inspection of materials
during manufacturing stage and also during testing of the same.

2.3.3 In case of any premature failure even during waiting period, the tower is to be retested
with rectified members. However, if the failures are major in nature and considerable
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2.3.4

2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11

2.3.2

2.3.2.1

2.3.2.1.1

2.3.2.1.2

2.3.3.1.3

2.3.3.2

portion of tower is to be re-erected, in such cases all the tests which has been carried out
earlier are required to be re-conducted again in compliance with Specification.

No part of any tower subject to test shall be allowed to be used on the line. The price for
the tower tests will be quoted after allowing rebate for the scrap value of the tower
material which will be retained by the Contractor.

The Contractor shall ensure that the specification of materials and workmanship of all
towers actually supplied conform strictly to the towers which have successfully under
gone the tests. In case any deviation is detected, the Contractor shall replace such
defective towers free of cost to the Employer. All expenditure incurred in erection, to and
fro transportation and any other expenditure or losses incurred by Employer on this
account shall be full born by the Contractor. No extension in delivery time shall be
allowed on this account.

Each type of tower to be tested shall be a full scale prototype galvanized tower and shall
be erected vertically on rigid foundation of the stub protruding above ground level as
provided in the design/drawing between ground level and concrete level. This portion of
the stub shall be kept un-braced while testing. The tower erected on test bed shall not be
out of plumb by more than 1 in 360.

All the measuring instruments shall be calibrated in systematic / approved manner with
the help of standard weight / device. Calibration shall be done before commencing the
test of each tower up to the maximum anticipated loads to be applied during testing.

The suspension tower is to be tested with an arrangement similar to 'I' string. The
tension tower is to be tested with strain plate as per approved design / drawings.

The sequence of testing shall be decided by the Employer at the time of approving the
rigging chart / test data sheet.

The Employer may decide to carry out the tensile test, bend test etc. as per the relevant
IS on few members of the test tower after completion of the test or in case of any
premature failure. The Contractor shall make suitable arrangement for the same without
any extra cost to the Employer.

Prefix 'T' shall be marked on all members of test tower in addition to the Mark No.
already provided.

Tower Testing
The Bidder shall submit the documentary evidence of carrying out Tower testing for 400 kV
or above duly approved by the client.

Method of Load Application

Loads shall be applied according to the approved rigging arrangement through normal
wire attachments angles on bent plates.

The various types of loads, transverse, vertical and longitudinal shall be applied in such a
way that there is no impact loading on the tower due to jerks from the winches.

All the loads shall be measured through a suitable arrangement of strain devices or by
using weights. Positioning of the strain devices shall be such that the effect of pulley
friction is eliminated. In case the pulley friction cannot be avoided, the same will be
measured by means of standards weights and accounted for in the test loads.

Tower Testing Procedure
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