G.3. 3 Fmings
All fimngs shalf be malleable iron hot dnp galvamzﬁd or copper a!loy

Suspension and tension clamps shall be as light as possible and of approved types. All
clamps shall be designed to avoid any possibility of deforming the stranded conductors and
separating the individual strands. Tension clamps shall be bolted type except compression
type for conductors of connecting circuits, and shall not permit sllppmg off or damage to
conductors or any part thereof. Suspension clamps shall be frec (6 pwot in the vcmcal plane
contammg the conductor.

Ciamps shall not exhrbxt excessive heating by magnet:zmg or other n.asons

uU- volls ball hcoks ‘socket- -eyes and other necessary fittmgs required for the above
lnsu!ators and clamps shall be provided. :

G.3.4 Tests

The following tests shall be carried out before shipment:-

(1)  Withstand voltage and flashover voltage test of insulator set.
(2) Elcctro mechanical strength test,

3 Dimensions of insulators and ﬁmngs

4) Galvqmzmg test. '

G.4 STEEL STRUCTURES AND TOWERS

G.4.1  General & -~

The contractor shall furmsh all stcel structurcs and steel framework of switchgear
equipment excluding framework of ciecuit breaker in main teansformer yard, 138 kV
switchgear yard at Severino and 138 kV swuchgear yard at Daule Peripa, and one steel
: ‘tower for 138 w connechng lme

| Erecuon work at sue shalll bc camed out by the Contractor, but the foundation work will be
performed by other Contractor

The post s!ructures and I‘rameworks shall bc located in accordance with the layout shown on
the altached drawing. The outline of frameworks may be varied slightly in accordance with
the specnﬁcauons of swntchgear cqunpmcnt

One tower for connccnng cucmt belween tmm lranaformer yard and 138 kv swnchgear yard
at Severino shall also be supplied as shown on (he attached drawing,
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All complete foundation drawings which other contractor can easily perform thc foundanon
works for (hem shall be submitted for approval of the Engineer. - s .

Tho slecl structures and framework shall bc dcsrgnod m accordance with lhe followmg \

G.4. 2. Details of Dcsr'gn'

requrroments -

{1

(2)

(3

4)
(5)

Vertical Loading

The weight of conductors, groundwues. msuhlor stnngs, and structures and towcr
themselves shall be considered.

Wind Load

(@) On conduclors and groundwire
65 kg/mZ on projected area,

(b) On insulators and all other circular section
130 kg/m2 on projected area.

(c) On lattice structures or beam struciure |
195 kg/m2 on the exposed area of one face.

Working Tensions of Conductor and Ground wire

(a) Conduclors ... e 400 kg for 138 kV bus and slack spans in

both Severino and Daule Peripa.
2,400 kg for connecnng lme and 138 1
' transmrssmn hne CoT

Overhead ground wire ....... ... 300 kg msndo 138 kv swrtchgear yard
1,750 kg for connecting Ime and 138 kV
: !ransrmss:on lmc : . _

Scnsmxc cocl' I1c1em ................... e 0. ng in honzomal dlrecnon

' Unbahnced Loading forConnectmg LmoTower o

For the connechng line tower, 100% of lhe maximum workmg eonsron of conductors
and ground wire shall bc apphcd as longrludmal Ioadmg N o
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(6)  Factor of Safety

The structures shall be designed so that no failure or permanent distortion shall occur
when the load equivalent to 1.5 times the maximum simultaneous working loads are

applied.
(7)  Ratio of Slenderness "

The ratio of slenderness shall not exceed 200 for main and 220 for web members
and 250 for nominal members as compression member and 400 for tension member,

(8) Member Size

‘No leg members Iess than 5 mm in thlckness and 60 mmin w:dlh of ﬂange for main,
~and 3 mm in thickness and 45 mm in width of flange for web and nomlnal members
shall be used.

(é) | Bolts and Nuts

- All the members shatl be connected by bolts and nuts. The size of the connection
bolts shall be niore than 16 mm for leg member and 12 mm for web member. The
suitable anchor bolts shall be provided. The size of step bolts shall be 16 num.

The Contractor shall submit full detaits and drawings for the steel structures to the Enginece
for approval prior to cormencing fabrication. .

G.4.3 Foundation

The concrete foundation for switchyard equipment, structures and connection tower will be
placed by the other Contractor under the Contractor’s supervision, and the Contractor shatl
submit the necessary design drawings with calcutation for foundation for approval

The Contractor shall also submit the installation drawing giving fult erection pamculars for
approval of the Engineer.

Safety factor of concrete for uplifting force shall not be less than 2,0. The allowable bearing
capacity of earth shall be assumed to be 20 t/sq meter for main transformer yard, 60 t/sq.nim
for 138 KV interconnection tower and 40 t/sq.meter for 138 kV switchgear yard at both
Severino and Daule Peripa. The weaghl of carth shall be assumed to be 1.8 ton/cu.meter and
‘welghl of concrete to be 2.4 ton/cu. meler with remforccmenl

The angle of repose will be reckoned as 30, 20 and 10 dcgrees for 60, 40 andz() Usq meter
beanng c':pacuy of earth respectively.

The seismic coefficient shall be taken as under the Clause G.4.2 (4).
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G. 4.4 | 'M:atei'ia'ls

All steel employed for the structures and tower shall have high yicld point and high ultimate

tensile strcngth and shall be subjeci to the approval of the Engineer.

G.4.5 ?w‘orkméﬁsmp

The cutting, drilling, punchmg and bending of all fabricated steel work -shalt be in

accordance with the best practice for the materials being used and subject to the approval of
the Engineer. Dxametcr of bolt holes shall not be more than 1; 5 mii larger lhan thc diameter
of the bolts. P A : . -

All members shail be hot dip ga!vamzed after hbncauon Bolts and nuts shall also be
gaivamzcd .

Alt members shall be stamped or marked in an appro\'ed manner with numbers andlor letters
corresponding to numbcr andior leticrs on dramngs or matenal hst approved by the
Engineer. ' - : ST

The erection marks shall be stamped before galvamzmg and qhall be clearly leguble after

galvamzmg

G.4.6 Tests

The following tests shalt be carried out before shipment.

(1) Mechanical strength of materials.
(2)  Galvanizing test. '
(3)  Shop assembly.

G.5 OTHER MATERIALS

All construction matcnals such as condult pipes, anglc steel channel steel, stéel plate, cable
supporting brackets, wooden cleats, bolts, nuis and other items requared for putting the plant
~ into operation shall be provided whithout exira charge and shall comply highest grade

specified in the relevant standard. Coloured phase mark p]ates to be fitted each beam of 138
kV steel structun:s shali be also provided. _
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G.6 ERECTION

The Contractor shall be responsible for the crection works stated hereunder.

(1)  Cabling and connecting the power cables, control cables and insulated wires with
machinerics, equipment, cubicles, control swilchboards and panels, water level
indicators, etc.

(2) Stringing the conductors and insulators. _

(3) Connecting all equipments supplied under this Contracl with grounding system.

4 A_ssemblmg the steel structures, tower and frameworks.

(5) Other works associated with the miscellaneous materials.

(6)  Painting and finishing.
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SUBSECTION - I

- 13.8 'KV DISTRIBUTION LINE -

H.1 GE_NERAL

' II 1.1 Scope

This Subsectton covers the dcslgn, manufaclurc lcstmg before shlpmem tfansportatxon {0

the Site, installation and erection, commnss;omng and performance tests at the Site of the
following:

(1) 13.8 kV line from the pumpmg station to 138 kV swilchgear yard approxlmately 80
m,single circuit, ACSR 58 mm?Z (Al 6/3.5, St 1/3.5). -

@ 1. 8 kV line from the pumping station to Base camp, approx:matcly 500 m, single

' cntcuﬂ ACSR 58 mnf2 (Al 6!3 5 St II3 3).
3) Receiving substation at;

(@ 13.8kV switchgear yard
(b) Base camp site

H.2 DISTRIBUTION LINE MATERIALS
H.2.i Power Conductor and Ground Wire
Power conductor shall be aluminium conductor steel reinforced (ACSR) and the overhead

ground wire shall be galvanized steel wire (GSW). They shall comply with the following
requirements and characteristics.

L | ACSR GSW
Size (sqam) ' : 58 22
* Stranding (mm) Al 6/3.5, St 1/3.5 7/2.0
~ Ultimate strength not less than (kg) , - 1,980 1,820
. ResxstanceatQO"’C(Ohm/kg) S 10497 -
_ Minimum ¢oating of zinc (g/m?) ' - - 200

Thc power conductor and ground wire shall be wound on a stout woodcn drum. The !cnglh
of conductor and ground wire shall bc l 000 m per deum.
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H.2.2 Joints and Connectors . : .:

Midspan joints shall be of compression type and shall be free from slipping off, damage to
or faiture of the conductor, ground wire or any parts thereof at a load less than 95% of the
ultimate strength of the power conductor or ground wire.

The electrical conductivily and current carrying capacity of joints for power conductor shall

not be less than thosc of equivalent length of the conductor.
Connectors for conductor shall be of bolted type, with grooves and alloy bolts completc

with compound for connectors to prevent brcakmg out of oxndc film on the conductors
surfacc . .

H 2.3 Tasulators
Insulators shall be of brown coloured porcelain, and both line post and tension insulator sels
of disc insulator units for 3.8 kV line. Insulators disc shall be of ball-socket fype and the

dimension of socket and pins shall comply with the JIS standard C-3817, "pin and socket"
or equivalent.

"Their sizes and characteristics shall be as follows:-

Line Post Insulator Tension  Insulator Set

{Disc) (Steing)
Withstand Voltage o
Power frequency, wet (kV) : = 40 TP 30 88
Impulse kV) : 100 100 200
Cantilever strength kg) : 2500 .-
Tension strength (kg) : - 10,000 4,000

H.2.4 VFitlings for Insulators

The line post insulator shall have a suitable clamp to support the power conductor on the top
of the insulator. :

lnsulalor set for tension support shall consist of wo msulator discs and tenswn slrmg :

assembly including a tension clamp shaped as shown on lhc Drawmgs for Tender, No 31
020. _

All bolts, nuts and cotter pins shall be not les‘s'\{h'ah 16 mm in“d'i'alilét'er'

The tension clamp shall be of wedge type and made of bronze casting or malleable iron and |

be free from slipping off, damage to or f1|lure of the complete conductors at a load less than
800 kg.

"H2
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H 2, 5 httlng for Overhcad Ground Wires

The overhead ground wires of 22 mm2 shall be suppoﬂed by a parallel hook hung on the
top of the support at straight section and by double V-hangers with wire clips at angle and
strain section respectively. These fitting assemblies are shown on the Drawings for Tender,
No. 3-1-020.

.2, 6 Supports

Supports shall be local made precast concrcle poles complete with galvamzed steel arms,
stcp bolts, anchor logs 'md guy wire sels where necessary :

Concrete poles shall bc of round section. 'l he dlameter of top section shall be not less than
18 cm. L

'Lme conductors shall be arrangcd in honzontal on one cross arm and ovorhead ground wire
shall be ﬁxed on the lop of the support

Thc standard typcs of SUppoits are as follows:-

Type-A - : Straight line and light angle support up to 5 dcgrecs with line post insulators on a
’ * single cross arny. :

Type-B : Heavy angle support up to 30 degrees with double line post insulators on a
double cross arm.

Type-C Termmal and heavy angle support up to 60 d,greos wilh tension insulator sets
and juniper line posts on a double cross arm.

Type-D : Heavy angle support up t0 90 degrees with tension insulator sets and jumper line
posts on two double cross arms fitted rectangularly.

Type A shall be designed to be used without guy wires. Other types shall be r
einforced with necessary guy wires. '

Type A suppont will not be used for 10 conlmuous sections.
_ The standard desrgn span shall be 50 meters

The helght of the Iowest arm from the ground level, spacmg of conductors and olhcr
dimensions shali be as given on the Drawings for Tender, Nos. 3-1-018 and 3-1-019.

Note: (1) For the section from pumping siiitson to 138 kV switohgear yard Type As,

Cs and Ds poles for double circuit showa on the Drawings for Tender No.
3- l 019 shall be provaded :
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(2) Type-Cpoleshall be desngned to be uscd as a terminal pole at pumiping station
to be provided wnh 3 llghlmng arresters and cablc cnds of 13.8 kV 3-core _ %
cable: . _

H.2.7 Design Conditions of Poles

All supports and a'rms'shal] withstand the following loads:-

(1)  Vesticalloads ........... . a) -~ Weight of supports, conductors, ground wires,
o ' S~ communication cable, insulators, ete. The weight span
.. shall be laken as 150% of the standard span.
b)  Vertical load cavsed by installation of the guy wu'es
¢}  Weight of worker 200kg. : §

(2)  Transverse loads ........ a) Wind prcssurc at right angle to the kine and support on
S - - the whole projected area,
b) Transverse component of angle ef fect due to thc ‘
maximum workmg lensnon of conductors and ground
wires. :

(3) ' Longitudinal toads ...... ~ 100% of the maximum working tension of conductors,
ground wire and communication cable for type C and D. %

- Wind loads shail be assumed as follows:- -
(1 On conductor, ground wire and commumc'mon cable
reierearire 50 kg!m on projected area at -5°C.
60 kg/m2 on projected area at +60°C.

(2)  Onconcretepole ........ 50 kg/m? on projected area at -5°C. . .
- 60 kg/m2 on projected area at +60°C. - -

(3)  Onarm, insulator set, etc. AT
.............. 100 kg/m? on projected area at -5°C.
130 Lg!m2 on pro_]ccted area at +60°C

(No wind pressure may be consmercd for guy w:rcs and jumper conductors )

The temperature shall be assumcd o vary w:lhm lhc range 60°C maximuns and -5°C
minimom. : P _ e

The maximum working tension shall be as follows:-

Line conductors .......vnl .. - 350 kg e : :
Ground WIres ....ocoevviivaninns 290kg - AR . o gj
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~ In design of support for 13.8 kV lines, consideration shall bc gwcn on the fo!lowmg
communication cable to be hung on the supports, g .

1 x CPEV-SS 30P, 0.9 mm; Pump Station to Base Camp.

The design calculation and drawmgs of suppoﬂs shall be submitted by the Conlractor for
approval, _ :

H.2.8 Guy Wire Assembly

A guy wire assembly shall cons1st ofa steel band with a thimble and preformed grips, a guy
insulator with preformed grips, steel guy wire and a screw type anchor with a thimble and a
preformed grip as shown on the Drawings for Tender, No. 3-1-020. All items shatl be
galvanized and the guy wire may be so designed as to withstand the load of the angle effect
and conductor tension with a factor of safety of more than 2.5. The desiga calculation and
drawings of guy wires shall be submitted by the Contractor for approval.

H.2.9  Grounding Materials
Grounding rods shall be made of copper clad steel rods and provided with copper lead
wires. The lead wire shall be 20 mm2 in size of 1.5 min length. The sizc of rod shall be 16
mm in diameter and 1.8 min length.

Insulated grounding wire of 20 mm?2 copper wire shall also be supplied to connect the
overhead grounding wires and other metal pait to the grounding rods. -

- Grounding wire will also be connected to the lead wire.

H.2.10  Arm, Bands and Others

Galvanized stect arms with arm ties shall be as shown on the Drawings for Tender, No. 3-1-
020. '

Polc bands for ﬁxmg arms, arm ties and pole anchors shall also be supplied. All bands shall
“be made ef ga‘lvamzcd stecl as shown on thc above memtoned drawmgs

}.2.11 Foundatlons
_Th'c_' sét‘l‘i‘n'é dépth shall he_'so'des'igned that the 6anurnfng ioad may bc sup;ﬁoﬁ’ed with a
factor of safety of not less than 2.0, but in no case shall be less than 1/6 of total length of the
pole. : ‘
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“The properties of soil for design of supports shall be éssumed as follows:-

Ultimate soil bearing capacity ~ - 1 20Um?e

Weight of soil © L8 um3

Angle of inverted pyramid of soil acling : L :
against uplift force of stay anchor plate  : 10 degrees from the direction of anchor

Where required, support foundations shall be remforced with concrete logs or by wrappmg

concrete around the concrete poles.

“The design calcutation and drawmgs for lhe foundatron shall be submmed by lhe Contnc{or
tothe Bn; glneer for approval.

"H.3 RECEIVING:FACILITIES
H.3.1 General

The substation facilities to receive the power from Pump Station are constructed at the
following two sites.

(1) 138KV switchgear yard.
(2)  Base campsite.

Each substation shall consist of the following equipment:- |

(1)  One (1) set of transformcr 3 phase 13.8 kWZZO 127 V mstalled on the concrete
foundation.

{2) One (1) set of 13.8 kV disconnecting fuse switch and 13 8 kv Ilghlmng arresters
fitted on the pole. -

(3)© Terminal pole with fittings and stay guy wires etc.

(4)  Connecting conductors and grounding system,

(5) ~ Complete guard fence with accessories.

These substation facilities shall be of outdoor type-alid shall be ‘surl_'c;u‘h'dedf by metal net -
guard fence with door providing sufficient space for operation, which shall also be provided

under this contract,

The single line diagram and arrangemenl of lhc eqmpmenl of these slatmns are shown on lhv -

memgs for Tender, No. 3 l021
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The erection work including land formation and foundation works shall be carried out by the
contraclor.

11.3.2 Transformers

(1}  Generl

Transformers for the substation facilitics shall be of oil immerscd, natural cooled,
outdoor stationary type with vollage ratio of 13.8 kV to 220- 127 V, connected in
deita-star. _ ‘ _

Quantity and capacity of transformers shall be as follows:-

(@) One (1) set of three phase S0 kVA transformer for 138 kV sw;tchgear yard.
{b) : One (l) set of thrce phase lOO kVA lransformer for Base camp sxle

(2) . Voltage Ratio

Al transformers shall havé a no-load voltage tap changer for the ratio of F14.5-
R13.8-FI3.1 kV/220-127 V. '

5(3) _‘Bushmgs |

All bushmgs on both 13.8 kV and low lcnswn side shall be of solid type with bolt
type clamp.

ii.3 .3 Parliculars of 13.8 kV Apparalus
Pasticulars of the main component of the 13.8 kV apparatus shall be as given hereunder:-
(1) 138KV Disconnecting Fuse Switch
The disconnecting fusc'.s‘witch shall be of eutdoor, three pole, single throw hook rod

operated type with detachable fuse holdes and other nccessary accessories and
ratings shail be as follows:-

Rated voltage : 155kV

Rated current 1 400 A

Fuse (geneeal purpose) : S A for 138 kV switchgear yard
| © 10 A for Base camp site
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(2) - 138 kV Lightning Arvester

The lightning atrester shall be of outdoor use, pote mounted type, providéd with a
clamp type terminal and grounding terminal.

Rating shall be as follows:

Rated voltage 1 ISkV
Rated frequency -~ - -+ =1 60Hz
Nominal discharge curent - 3 10KA™

Max. discharge voltage (Peak) 10kA  : 63.4kV

(3) Other Materials

| "Regardmg conduclors msulators, supporls. groundmg matenals, etc., the
specification required for the distribution linc shall be applied as far as applicable

The fence and entrance door surroundlng the lransformer shall be fabricated of steel
framing and wire nct fence, o the sizes and dimensions as shown on the Drawmg
No. 3-1-021. _

The steel framings and wire nel fencc are painted with oil paint. The wire net shall

be of vinyl coated material. The fence shall be grounded to the any grounding rods.
- All materials and tools to install the above fence af site shall be proyldcd .

H.4  TEST

Before shipment, the eqmpmcm spemﬁcd in thls Subsectlon shall be tested on thé ltcms
mentioned below. :

H.4.1 Receiving Fransformers

The following tests shall be carried out at the manufacturer's shop,

' Dimension check
Ratio and polarity
Impedance and load loss test
No load loss test
Measurement of insulation remslance
High voltage test
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H.4.2 Switchgears
'The 13.8 kV switchgears shall bé tested on the foltowing items.

(1)  Disconnecting Fuse Switches

High voltage test
Operation test

(2)  Lighting Arresters

Measurement of insulation resistance
Power frequency sparkover voltage test
Impulse sparkover voltage test

H.4.3  Spare Parts
The following .itcms shall be furnished and quoted as spafes:-
{H For Receiving Transformers
(a) One lot of necessary spares secommended by the manufacturer
(2)  For Switchgears

(a) 15 pes. of fuse clement for disconnecting fuse switches
(b) One lot of necessary spares recommended by the manufacturer

H.4.4  Test at Site

After complete installation at site, the equipment shall be tested on the following items:-

1)) Insulation resistance. _
~{2)  Withstand test voliage test.
(3)  Operation test.

-H.8§ ERECTION
The contractor shall perfoﬁn,th& ereclion work in order to complete the power supply system

according to the construction schedule approved by the Employer. The distribution line
shall be erected to be in conformity with the appropriate standards.
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SUBSECTION - 1

138 KV TRANSMISSION LINE

1.1 CONDUCTORS, OVERHEAD EARTHWIRE AND FITTINGS

1.1.1  Conductors and Overhead Earthwire

The power conductors shall be Aluminium Conductor Steel Reinforced (ACSR) ."ORIOLE"
and shalt comply wnlh AST M B232-92, except where otherwnse speclﬁed or approvcd

The overhead earlhwnre shall be Galvamzed Steel Wirc Strands (GSW) and shall comply
with JIS G-3537 Grade 90 kg}mm , Except where otherwise specified or approved.

The outmost la'yer of the conductors and earthwire shall be right~handéd (Z-lay);
The atuminium shall be of the highest purity commercially obtainable, which shall not be

less than 99.5 percent. The technical particulars of the conductors and earthwire shall be
summarized below.

(I) Conductor

L Particulars . , A_C_SR-_ORIOLB
Nominal Section (mm?2) ' : 170
Calculated Séctiqn ;- Aluminium (mm?) : - 170.5
' : L _ Steel (mmz) o S 39.8 _
Conductor S(randmg (Al + Steel in noslmm) : 302,69 + 71269
* Outside Diameter (nim) T s 18.83
Unit Weight of Conductor (kg/km) : : 737.0 approximatery
* Ultimate Tensile Strength (kg) o _ 7.590 _ '
- DCResistance at 20°C (ohnvkm) | S 0.1579 or less
Approxlmatc curmnt Cmrymg : ‘ o IR
~ Capacily (A) o B - 490.0
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(2) Earthwire C
Puticlass  Galvanized Stecl Stranded Wire

Nominal Section (mm?2) - B 55
Stranding (nos/mm _ : 713.2
Calculated Section (min2) : - 56.29
Outside Diameter ¢om) -~~~ r . 9.60 '
Unit Weight of Conductor (kg/m) : 0446

Ultimate Tensile Strengthkg) -~~~ ¢ .1 . 4660

The conductors and earthware shall be supplled on 1mpregnated drums of approved matenals
constructed so as to enable the conductors and earthwire to run smoothly, and those as spare

materials shail be supplicd on stee! drums of approved matenals for slorage for long.

duration.

- Length of conductors and eanhwnre oh one drum shall preferably be more than 2 000 meters :

but aot less than 2,000 meters.

I.1.2 Joints and Repair Sleeves

Tension joints of the conductors and carthwire shall be of compression type and shall be free
from slipping off, damage to or failure of the complete conductors, earthwire or any parts
thereof al toad less than 95 percent of the ultimate breaking strength of the conductors and
carthwire. D o

Electrical conductivity and current carrying Ca'pziéiiy of the tension joints for the powes
conduc{ors shall not be less than those of equwalent length of lhe conductors '

* The cut eads of steel wires and steel component inside the ]oml shail be prolected from lhe N

weather in an effective and permanent manner.

Alumlmum steeves shall have plug holes for lnjectmg filling compound

All tension joints shali be supplied with aluminiom fooi prcof gauges or anu dlsplacemcnt
pins for correct positioning, adequate quantity of ﬁllmg compound m mjeclors and
atuminivm collars for gap filling. - :
Full details of the joints, including an iflusteation of practices for filling the air gap between
sleeves, method of correct positioning of steel sleeves, gauges for ascertaining the
compressed size, ete. shall be submitted with the Tender. _ :

Repair sleeves for the power conductors shall be of compression type and the conditions
stated above for the tension joints shall apply to the repair sleeves where applicable.
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1.1.3 Vibration Dampers

Vibration dampers shall be of Stockbridge type (or both of conductors and earthwire. The
dampers shall be designed to be attached to the conductors and earthwire in a manner which
will prevent damage thereto and free drop of the weight in service. Clamping bolts shall be
provided with domed self-tocking nuts designed to prevent corrosion to the thread.

The nominal weight of damper shall be 10 pounds (4.5 kg) for the conductors and 4 pounds
(1.81 kg) for the earthwire. o S R

I.1.4  Armour Rods

Preformed armour rods shall be applied to all suspension points of the power conductors
except jumper suspension points. ' o

| I.1.5 Corona and Radio Interference

The design of all line conductor filtings, vibration dampers, etc., shall avoid sharp comer or
projections which would produce high electrical stress in normal working. The design of
adjacent metal parts and matching surfaces shall be such as to maintain good electrical
contact under service conditions. Particular care shalt be taken during manufacture of
conductors and fittings sand during subsequent handling to ensure smooth surfaces free
from abrasion. '

I.1.6 Inspection and Test

The following tests shall be carried out at the manufacturer’s work. Unless otherwise
specified in this Contract, selection of test samples, number of specimen and acceptance of
the results shall be in accordance with the terms of the relevant IEC 209 or as instructed by
the Engincer for the conductor and earthwire. ' S

Where no applicable terms, the Engincer is to instruct details in advance of the inspections

- and tests in response to request of the Contractor,

(1) Conductor :
(@ Aluminium wire
i) Outside view and consiruction
i)  Tensile strength, clongation and twist
iii)  Resistivity
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(b} Steel wire
i) Outside view and conslmcnon
_ u) Tens:le strength, elongauon and twist
i) - Galvanizing (quantity and wrapping)

(c)- Stranded conductor _
i) Outside view and constmchon
il) Resistivity
i) Tensile strength
iv) Weight

'O\"crhé:‘a'd éanhwix‘e:

(a) Steel wire
i) Outside view and construction
i} Tensile strength, elongation and twist
m) Ga!vamzmg (quanl:ly and wrappmg)
i
(b)' Stranded eanhwue :
1) Quiside view and constmcﬂon
ii)  Tensile strength '
i) Weight

Joints:
{a} Conduclor joint
i) Qutside view and construction -
i) Compressnon and tensile =strengt‘h -
iii) Electrical resistance :
iv) Galvamzsng (quantity of zin¢ on steel slecve)

(b} Earthwire joint
i) Outside view and construction
i) Tensile strength

i) Galvanizing (quantity of zinc) o

Repair steeve:
i) OQuiside view and consiruction
i) Electrical resistance
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(5) Vibration dam';')em:
' i) Outside view and construction
ii) Weight of dampers
iii) Galvanizing (quantity of zin¢)

(6) 'Armourrods :
#  Outside view and construction
i) Tchsi_!e strength
iij) Assembly on the conductor

‘1.2 INSULATORS AND FITTINGS

1.2.1  Insulators

Suspension and tension insulator seis shall consist of the porcelain (preferable) or toughened
glass insulator unils of the cap and pin type with ball and socket clevis, couplings and shall
comply with IEC 305 in all respect.

The colour of the insulator units shall be brown and glazed suiface shall be free from
bulges, hair line cracks and other defects, The glaze shall be uniform throughout the
surface. S '

The dimension of insulator unit shall be 254 mm in diameter and 146 mm in spacing. The
dimension of ball and socket shail comply with the IEC Recommendation, Publication 120,
16 mm ball and socket. : :

Electrical and mechanical characteristics of each unit shall be as under-mentioned.

@) - Wilhsland voltage :

i}  Power frequency, Dry 70kV

.. ii) . Powerfrequency, Wet _ 40kV
i) Impulse, 1.2 x 50 micro-sec. . ~ 110kV

(b) Puncture voltagé : _. 110kV
(c) Combined mechanical & electrical strength 12,000 kg

Retaining pins shall be of stainless stecl or phosphor bronze and so made and shaped that
when set and under any condition of handling and service nothing but extreme deformation
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of the relaining pin shall atlow separation of insulator units or fittings or shall cause any risk
of the retaining pins being displaced. The design shall be such as to allow easy removal for @
replacing of insulator units or fittings. -

1.2.2 Iusulator Sets

Suspension and tension insulator sets shall consist of single strmg of insulator units as
mentioned below: .

No. of s'ﬁ'ing No. of discs

Suspension insulator sel 9
Tension insulator set 1 . 10
Jumper insulator set 1 9

~ The composition of the above insulator scls are shown on'the dra\vfﬁg' No."3—'1~026.

All msulator sets shall have the following clectrical and mechanical charactcnstscs when
assembled wnh the spemﬁed insulator units and qrcmg horns:

@ 'Elecmcal charactcnsucs (except jumper suspension sel)

Power frequency wilhstand voltage (wet) - 300kV for suspenswn set %
S ' _ - 330kV fortensionset . '
Impulse, 1.2 x 50 ji-sec. (wet) ;- 530 kY for suspension set

- 5§75 kV for tension sel

{b) Mechanical characleristics (_eXcéPt clamp)
Minimum breaking strength |
- Suspension set 7,000 kg
- Tensionset S 7,000 kg '

The insulator sets shall be demgned $0 as to withstand a long service in an arca subject to
intense lightning storms. :

The manufacturer shall guarantee characlensuos of msulator slnngs to be proposed in the
Technical Particulars of Schedule VIl of Volume 11 '

1.2.3 Fittings

All fittings to make each insulator set comp!ete for bcneﬁcnary use shall be supphcd and
included in the rate for each insulator set. Such bolts, nuts, washers, cotter pms and %
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retaining pins with necessary spares as may be necessary for Ihe use of cremon shall be
deamed to be included in the appropriate items.

All feirous fittings shall bc made of steel, ductile iron or matleable iron hot dip galvanized,
and shall have sufficient strength for abrasion and weariness produced by repeated
vibration. Cotter pins shall be made of ROR- ferrous metal or slamless steel and designed as

: the self -locking lypc

megs fot the tension msulator sels shall be so designed as to apply to mvertcd tension
insulatof sets accordmg to replaccment of tension clamps and anchor shackles in reverse.

(l) Suspenslon clamps for conductors

Suspension clamps of trunnion type shall be as hght as possible and shall be of

aluminium alloy, and shall be designed to avoid any possibility of deforming the

stranded conductors and of separating the individuat strands, and shall be free to pivot
“-inthe vemcal plane conlammg the conductor, :

‘ Suspensnon clamps except jumper suspcnsmn seis shall havc a su;lablc d:mensnon for
clamping the conductor with preformed armour rods and shall not permit the complete
conductor with armour rods to slip at load less than 2,400 kg for ACSR ORIOLE.
Particular attention shali be pa:d to !he elnnmallon of corona emission from all parts of

: the clamps : :

(2) Tension clamps for conductors

.-Tension clamps shall be of compression type and ¢ach clamps shall consist of a

. galvanized steel sleeve with clevis or eye ead, an aluminium deadend body and an
aluminium jumper socket of the compression type with bolted connection between the
jumper sockel and the deadcnd body

- .T he condmons slated in Clause 112 (Jomts and Repair Slecves) for the tension joints
of conductors shall apply to the tension clamps where applicable.

(3) - Accing horﬁs

Arcing homs shall be fitted at both the ling and earth end of the insulator sets except
- the § jumper insutator sets. The design of lift and shape of the arcing horns are to be
* such as to obviate damagc to clamps and conduc:ors and lo prevent flashover
ascadmg ovcr lhe insulator units. ' : :

“The arcmg homs shall be ﬁued to the altachmenl fittmgs with two or more bolts or
with carriage bolts or other approved means.
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1.2.4 0vcrliead Earthwlré Sets |

gégf;

(l) E:uth wnrc suspcnszon sets

: An carthwire suspenswn set shall consnsl of a suspensmn clamp, ﬁttmgs and a
bonding wire and to be hung on the top of towers. The suspension clamps of free-
center type shatl be made of galvanized malleable iron, ductile iron or drop-forged

. stecl, and shall not permit the earthwire to slip at a load less than 1,750 kg for GSW
55 mmf‘2 The conditions staled in Clause 1.2.3 (Fittings) (1) for suspension clamps
of conductors shall also be applied to the suspensmn clamps for the earthwire.

The bondmg wires shall be copper stranded wires and shall be desngned to ground the
suspensnon ciamps to the tower steel works. : _

) "Eanhwne tension scl :
An eaithwire tension set shall consist of two (ens:on clamps and a Jumper clamp as
- shown on the Drawings for Tender, No. 3-1-026. The tension clamps shall be
~*atlached to the tension plate on the tower by means of shacktcs, and the j Jumper clamp
"shal! be fixed on the top oftowers : U

The tension clamps shall be of bolted type sunable for. GSW 55 mm2 and shait be
made of galvanized malleable iron, ductile iron or drop-forged steel.  The jumper
ctamp shall be so designed lhat one (1) number of ju mper earthwites can be securely .
bonded to the tower. - _ . . _ :

" Fach carthwire tension clamp to be fitted to substation structure shall consist of a
tension clamp and an insulator disc as shown on the Drawmgs for Tender, No. 3-1-
026. : :

The minimum breaking strength of the earthwire tension set shall be not less than 5%

of the ultimate breaking steength of the earthwire and its minimum slipping load shatl
be not fess than 50% of the ultimate breaking steength of the earthwire. . '

I.2.5 Extension Rod
Extension rods shall be l'urmshed in case lhat enough clearance can not be obtalned between

the arcing horn and the tower cross-arm members in honzonml plane. Use of lhc exlensmn
rods shall not be allowed for the tower type SS. - '

1.2.6 Enterchangeabllity of Fittings
In spite of the specified mechanical strength in Clause 1.2.2 (lnsutatdr Sets), all similar . %)

fittings such as shackles, ball-eyes, ball-clevises, socket-clevises, etc.: shall be -
interchangeable for suspenswn jumper and tension insulator sets as far as practicable.
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1.2.7 Inspéclion and Test -

Unless otherwise specificd in this Contract, selection of fest samples, numbers of specimen
and acceptance of the results shall be in accordance with the terms of the relevant standard
where apphcablc

(1) Tests of Insulator's

The m!eé of JEC publications 383 (1976) shall be applied for the tests of insutators.
The test results shall comply with the requirement of Clause 1.2.1 (Insulators)

(@) Type test :
- The Tenderer shall include with their offers the test cetificates including thermal
mechanical performance carried out in accordance with 1EC publication 575
‘which.are issued by an approved internationally acknowledged reputable
independent tesling laboratory. This means that thic laboratory can prove that it
has pesformed testing services for known insulator manufacturer from all over
the world and this laboratory shall be outside the country of manufactuncr

The Engmecr may call for type tests (o be carned out at the Manufacturer's
works. Such tests would be conducted to randem samples at the discretion of
the Engineer and failure to meet the conditions of test could result in the rejection
of the complete batch insulators. :

When such tests are called for they will comprise the following:
i) - Impulse withstand voltage test.
i) One minute dry power frequency withstand voltage tesi
iil} . Wet power frequency withstand voltage tes!,
: (b) Sample test
The insulators for the sample test shall be selected at random from the batch.

~ The number of test pieces shatl be p, or the nearest whole number greater than p
gwcn by the following formulae:

P 4, when n<500
p = 4+1.50/1,000, when 500 £ n < 20,000
p = 19 +0.75 w/1,000, when 1t > 20,000 .

Where, n = the aumber of insulators in the batch.

After having passed the routine tests dc’scribed ifi (c) hereunder, the test pieces
of insulators shall be subject to the following tests:
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Verification of dimensions
Temperature cycle test
Puncture test

Porosity test .

‘Galvanizing test

(Verification of the mass of zine per unit surface)

Re-test Procedure:

1)

In only ofic insulator or metal part falls to comply with any of the sample

tests, a riew qurantity equal to twice the quantity ongmally submitted to

that test shall be subject tore- tesung

lf two or more insulator or metal parts fail to comply with any of the
sample tests, or if any failure occurs on insulators or metal parts subject
to re-testing, the complete batch will be considered as not complymg

_ wnh the specnﬁcalsons and w:ll be rejecled

() Routine test:

Visual examination

' Mechanical routinc fest

* Electsical routine test
Thermal shock routine test (for loughcned glass pasts Only)

These tests shall be carried out at the manufacturer's factory.

Factory test

The following tests shall be carricd out at Manufacturer's factory before shipment.

(a) Insulator sets:

1)

- ii)
iii)
iv)

Assembly

-Mechanical loading and brcakmg test

Withstand voltage (Power frequency and :mpulse)
50% impulse flashover voltage (Positive and negative)

(b) suspension clamps:

Outside view and construction
Slipping load
Ultimate breakmg strengah

Galvanizing (quantity of z_mc) o
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(¢} - Tension ctamps:
i)  Outside view and construction
. i) Electrical resistance measurement
iii) Tensile streagth
“iv)  Galvanizing (quantity of zinc)

(d) Other fittings:
i) Outside view and construction
ii) Loadtest '
iii) - Galvamzmg (quantaty of unc)

1.3 TOWERS

I.3.1 General
All lowers Sh‘i“ be of 'scl'l’-suppéﬁi"n'g broad base latticed steel conslruclion.

“The towers shall be designed so as to be suitable for supporting single circuit of ACSR
ORIOLE conductors in vertical formation and a GSW 55 mm2 earlhwlrc as shown on the
Drawmgs for Tender, No. 3-1-025.

"’I owers shall be prowded with body extensmns from minus 3 to plus 9 meters in 3 meters

interval. In addition to body extensions, each type of towers shall be designed with hillside
extensions of plus 1, 2 and 3 meters.

.3.2 'lypc of 'l‘owers .
The standard types of tower shall be as follows:

(a) Type-SS : Usc at tangential posilions or angle points up to 2 degrees of
: horizontal deviation, provided with suspension type insulator sets.

® TypeLA : Useat posiiions of Tight angle up to 15 degrees of horizontal angle
: deviation with tension type insulator sets.

c).. Type-MA - Use at positions of medium angle up to 30 degrees of horizontal angle
deviation with tension insulator sets.

(d) Type:HA i ' Use at positions of heavy angle up to 45 degrees of horizontal angle
: deviation with tension type insulator sets.
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() Type-TA : Useat positions of line termination or 60 degrecs of horizontal angle
deviation with tension type insulator sets, . ﬁ

In case a special type of tower is required, the tower shalf be dcsngned by the Contractor
according to the instruction of the Engineer. The cost of the special tower including dcs;gn '
charge shall be adjustcd by rate of additional steel works, in the Price Schedule.

1.3.3 Design Criteria -
The towers shall be designed for the folioyﬁing wind:and weight spans

Type of tower 8§ iA MA HA  TA -
Wind span (m) ' : _ _
* - normal working condition - 500 500 450 450 450
- broken wire condition 400 400 350 350 350
Weight span  (m) ‘ o _ .
- normat worklng condition 700  1.000- 300 600 600
- broken wire condition 400 . 700 700 350 350
- uplift weight forcross-arms 300 800 300 300 300

The tcrm wind span : shal! mean half lhe sum of adjacent honzontal span lenglhs supported
on any one tower.

The term weight span shall mean the equivalent lcngth of the conductor or eaﬂhwnre weight
supported atany cme tower at mmmwm tempcralure in shll air. .

~ Spans for the broken wire condition shall be apphcd only for a conductor or an earth wire
considered broken. Intact conductors or eanhwnre shall be loaded with Normal working
condition,

The height of botlom conductor cross arm shall be detcrminédl i;n ihé fol'low'i:n'g: way: o

H = Gc+Sg+Li+2Hc+Hg

where, H = - - total hieight of tower

Ge = necessary-ground clearance of powef conductors abovc ground or
other objectives ' '

Sg = maximum conductor sag

i = length of a suspension insulator set, but nil for a tension type towers

He = vertical spacing of upper and loweér conduclor cross-arm spacing -

Hg = vertical spacing beiween upper conductor Cross-arm and overhvad

&nrlhwue AR : _ . %)
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For all the towers the clearance of the conductors, arcing horns, jumper toops and all live
metals to the tower steet work shall not be less than those speel ificd hereunder, under sull air
conditions and al assusned swing of the insulator sets and jumper loops.

(a) Minimu_m clearance in still air and at
20 degrees transverse swing of insulator - -
sets and jumper loops 1,300 mm for suspension set
1,400 mm for jumper loops
(b) Minimum clearance at 40 degrees {ransverse : :
'swmg of j Jumper loops - 900 mm
{c) Minimum clearance at 60 dcgrees transverse L
swmg of j ]umper loops _ 350 mm
(@) Jumper loop droops to be assumed | 1,700 mm
1.3.4 Normal 'Workin-g. Loads |
() The followmg loads shall be taken into cons;dcmtlon in calculation of stresses on the
membess: -
(a) - Vertical loadings

S

©

b

)

The weight of the insutators and all other fittings, tower members and thc actual
dead welght of specified zenglh of conductors and carthwire. '

Transverse loadmgs

Wind pressure at right angle to the line on the whole projected area of the
conductors and earthwire, tower members, insulators and alt other fittings, and
lhe transverse horizontal component of maximum conductor and earlhwnre

) tens:ons due to honzonhl angie dcvnahon of the line. -

Section loadings

Type MA towers will also be used as section towers under the conditions of no
angle deviation but unbalanced longitudinal loading of 25 percent of maxnmum
working tensions of conductors and earthwire shall be considered. '

Lccenlnc Ioadmgs caused by unbalanccd arrangement of conductors shal! be
considered for towers.

;Tower crection loading

| ‘Adequale margms of strength for unbalanccd erectton loadings shall be

considered in designs. Tenderer shail indicate the pomls on the supports on
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3

Tender drawings to which he’ proposos to usc tower back-siays when slnngmg
conductors : : .

() Teeminal tower

Type TA tower will be used as termmal tower and the fol!owmg cmena shall
- alsobe apphed L

' f-l) The angle betwccn the main cross- -arm and the center line of the

tmnsnuss;on line up to 60 degrees.

f-2) Unbalanccd longuudmat loading to be 100 pe'rcen‘t of the maximum
workmg tension of the conductors and oarihwnro

{-3) .Maxmmm tension of the conductors for the s!ack span to be 500 kg
f-4) ' .Maxlmum tension of the earthwm, for the slaok span tobe 3{)0 kg
f-S) Numbers of earthwire in the slack span to be two (2)
- Wind loads are as follows:
(@) Onconductor and canhw.ire : 39kg/m? on projeoled a_reo - |
(b) ~ On stecl tower : 80 kg/m2 on the exposed area of front face only
© On iﬁéﬁlogor sel. .._. 80 kg/m? on projected arca * |
Maximum working tensions of the conductor and e'anlhwigo \}.;'il_! :boos fo!lows:,

(a) Conductor . ;2,400 kg

(b) . Bauthwire . 1 LI50kg

Those tensions shall bo conﬂrmed or amended by the Tendcrer in accordance with the

requirement mentioned in Clause 1.5.9 (Sags of Power Conductor and Ovorhoad _

Earthwire).

1.3.5  Loading Under Brokén Wire Condition

Under the broken wire condition, any one conductor or an carthwnre is assumed to be

breken for both suspension type and tension type towers in addmon to loadmgs spec;ﬁcd in
the above Clause 1.3.4 (Normal Working Loadmg)

In case of powcr conductor or overhead carthwire breakage, the teasion on the suspension
type tower is assumed to be reduced to 70 pereent of the specified maxnuum workmg :
tens:on Thls reduction shall nolboassumod for the | tensnon lypo towera o :
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1.3.6 Design of Towers

Each type of towers shall be designed so that no failure or permanent distortion shall occur
when tested with applied force equivatent to 2.0 times the maxinium simultancous working
loadings specified in the Clause 1.3.4 (Normal Working Loading) and also equivalent to-
1.25 times (1.5 times for crossarms) the maximum simultancous working loadings resulting
from the assumed broken wite condition specified in Ciause 1.3.5 (Loading Under Broken
Wire Condition). Design calculations and stress tables for towers shall be subinitted for
Approval of the Engineer as required in Clause GS.2.1 (ﬂ(Schedulc for Submission of
Drawmgs) of General Spccnﬁcauon ‘ _

The ulnmate design stress, obtained from the workmg stress mulnpl;ed by thc factor of
safcly of 2.0 under the normal condition and 1.25 under the broken wire condition, in
tension members shall not exceed the yield point of materials. The ultimate design stress,
obtained from the working stress multiplied by the above mentioned factor of safety, in
compression members shall not exceed a figure obtained from an approved formula to be
cntercd in Tender bascd on the yxeld point of materials.

No member of 2 tower shalt be less than 3 mm in lhlckness and 40 mmn in width of ﬂange
for leg members of towers and main members of the cross-arm, and 3 mm and 45 mm for
the web and nominal members respectively.

The slendemess ratio shall not exceed 150 for the leg and arni mémbers, 200 for the web
members and 250 for the nominal members as compressnon member and 350 for all as
tension member. -

1.3._7 | Ma!erials and Fabncalion -

T he towers shall be hbncated wnlh mlld and/or high tcnsnlc steel of lhc finest thly or olher
approved materials, of which mechanical properties shall comply with Grade Fe 430 and Fe
510 specified in ISO 630-1980 or equivaleat.

All the connection shall be made by mild and/or high tensile steel bolts and nuts. No bolt
shall be less than 12 mm in dlamcter Alt bolts and auts shali be prov:ded with ﬂpproved_
spring washers.

Bolt holes shall not be more than 1.5 mm larger in diameter than the comresponding diameter
of bolts. Holes shall be drilled for the members not less than 13 mm in thickness. For the

members having thtckness betow 13 mm, holes may be drilled or punched, but the former is
preferred

—‘All burrs shall be removed comp!eleiy by reaming and smoolhmg bcfore ga]vanmng
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1.3.8 Rectangular and Auxiliary Cross Arm

The type HA and TA towers may be provided with rectangular arms whcre honzontal anglc
exceeds 45 degree.

The prices of the rcclangular_ arm set shall be inctuded in the pricés for the towers.

1.3.9 ' Hillslde Ex(cns:on

The towers situated at undulaled area may havc hu!lsade exlcnsxon of plus I, 2 or 3 mcters
according to the site configuration. Every type of towers shall be designed to be provided
with such h:llsnde cxtcns:on . '

Cost of such htllsndc extcnsnon shall be ad;ustcd by the rate of addmonal steel work quoted
in the price schedule. For making adjustment of cost, detailed calculation of additional stee]

work due to such hillside extension shall be submltted to the Engmeer for apptoval andto -
the Employer simultancously. o : . .

In addition to the abovementioned requirement, detailed calculation of additional stee! work
for each shipment shall be submitted together with application for delivery to the Engineer. -

1.3.10 - Foundation Slubs'

Length and size of the foundanon stubs shall be proposed by the Tenderer based on hlS
foundation design. :

Consideration shall be preferably given so that same foundation stubs are to be applicable
various type of concrete foundation by adjusting stub length. Bolt holes for cleats shall be

provided on the stubs of each Iype of foundauon All cleals shall have a bolt holc for fixing.
agroundmgrod R - - s

[.3.11  Sectting Templates

Set(mg tcmphtes for each lype of towet will be rt,qmred for seumg foundatlon slubs in
correct positions. :

1,3.12 - Attachmeuts for lnsulator Sels and Overhead harthwlre Fittings

Towers shall be provided with ﬁxmg steel plates with necessary bolt holes for the'
suspension and tension insulator sets of the conductors and tension sets and suspension
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clamps of the earthwire. Tcnswn plates shait be bent downward or upward whcre
required, - : : . L . :

" Bent angles of tension plates shall be obtained from the Profile and Plan of the iransmission
line.

1.3.13  Anti-climbing Devices and Climbing Steps
Each tower shall bé fitted with an dpproved anti-climbing device with a gate as indicated on
the Drawings for Terider, No. 3-1-027. The height of the anti-climbing device shall be

between 3 m and 4.5 m above the ground.  Where hillside extensions are applied, the height
shall be measured from lhe highest ground. Gates should be secured with bolts and nuts of

sl'unless steel |
Each tower shall be prowded wuh step bolls on duagonai legs

Step-bolts shall start from 2 meters above the ground and continue to the mp of thc towcr at
astep interval not more than 450 mm.

The pn‘ces of step bolts shall be deemed to be included in the price for the towers.

1.3.14 Danger and Number Plates
A dangef plate and a number plate shall be provided with éach tower,
The details of these plates are shown on the Drawings for Tender, No. 3-1-027.,

~ Albplatés shall be of aluminium or aluminium alloy. On all plates the colour shall be
permanent and free from fading. . .

1.3.15 Tower Grounding Materials
Grdhnding angles and counterpoise wires to ground the tower shall be supplied.

A set of grounding angles shall consist of 4 pieces of galvanized steel angle having a cross
section of 50 mm x 50 mm x 4 mm and a iength of 1,000 mm, each provided with a lead
wire made of an annealed copper wire strand of 22 mm2 connected to the angle, complete
with a copper terminal on both ends and bolts and auts of 12 mm in diameter. The details of
the groundmg angle set are shown onthe Dxawmgs for Tender, No 3-1-027.

A set of counterpoise wire shall compnse two 50 meters lcnglh of galvamze‘d iron wire

strand of 38 mm#, complete with compressed tcrmmal at bolh ends of lhe wire and bolls and
nuts of 12 mm indiameter.
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Holes of 14 mm in diameter for connecting grounding angle and counterpoise wice shall bc g
provided on each leg and cleat member of the towers, : : -

1.3.16 Foundations
(A) Genem!

~ Concrete pad and chimngy type foundations will be applied to most of the towers.
" The design of the concrete foundations of the towers shall be performed based on the
‘tequirements and assumptions set ot below, and the details of the design and

* - drawings for each type of foundations shall be submitted with the Tender,

~ Such design of foundations for the towers are subject to modifications to suit the site
condilions as indicated in writing by the Engineer during execution of the Contract
without any price adjustment of the ilems of the foundation stubs. '

(B) Concrete Block.Foundalion

The types of the concrefe foundations and natures of earth to be considered shall be as
follows. :

Type of concrete foundation L M H @
Assumed natures of earth '
uliimate bearing capacity: -

- Vertical - owmd . 60 40 20

- Laerl  (Um?) 30 20 0
Mass . (kg/md L6000 - 1,500 - - 1,400
Angle of frustum '(degree) 30 200 10

Concrete may be seinforced with steel bars. Deformed steel bars are preferable for the
reinforcement. o .

The abbreviations L, M and H of the concrete foundatioﬁ types shall mean as follows:

L~ :  Lightconcrete foundation

M :  Mediumconcrete foundation

'H  :. Heavy concrete foundation .
The angle of frustum of earth shall mean the angle to vertical of earth frustum to resist
“the uphift force. . i e : '

@

Natures of conerete to be considered shalt be as follows:
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Assumed natures of concrete

Allowable strength: L | |
- Compressive - (kg/cm?) 60.0
- Tensile o Gg/em?) - 6.0
* Shearing - Ckglem?y 6.0
Mass: - D Cee . |
- Concrele w:thout remforccment (kg/n13) - 2,300
- Concrete with reinforcement. (kg/m3) 2,400
 Allowable adhesive strength on: T
- Galvanized steel action (kglcm?) . .36
- Round rcmforcmgbars A . (kglcmz) 1.2
. Deformed remforcmg bars. kgfem?) 120

Each type of foun_dalions shall be designed bascd on the folloWing formulas: -

(1) Against compression load
CgF2{(C+G+ Ws)IA

Wihere, q _ Ultimate bearing capac;tyof ear{h (t/mz)

F : Factor of safety

- ¢ ¢ . Compressive load (t)
G Weight of concrete (t) -
Ws Weight of earth above foundation pad (t)
A . Area of foundation pad (m?)

 {2)- Against uplifiload- .
o G +Ws'F2T

Where, T : Upliftload )
- Ws' Weight of earth in frustum (1)

(3) Against lateral load
o (q' X A')IFE Q .

Wherc.. Q | Horizontal load «©

q’ Yicld lateral bearing capacity of carth (Vm?)

A Projected area of foundation chimney and pad (m2)
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The factor of safety shall not be less than 2.5 under the normal working conditions
and 1.5 under the broken wire conditions. L

The upper surfaces of the foundation pads unless reinforced shall be either stoped
within 45 degrees to the horizontal or flattened providing the difference of a width
between the pad and chimney shall be not more than twice a thickness of the pad. The
minimum thickness of the cdges of base bad shall be not less than 300 mm.

“The frustum shall be assumed to start from the top edges of the pad.. Where frustums

overlap each other, allowance shall be made for loss of uplift resistance.

* Concrele shal} cover any patt' of the stectwork at least 100 mm and shall extend above

the ground for the minimum height of 250 mm.’ The upper surface of chimney shall
be slaped to ensuce drainage water. L R

The cleats shall be attached at the base of each éiub_to aéfsist iiri"lr:'msfér of leg load to
the foundation pad as shown on the Drawings for Tender, No. 3-1-027. Minimumn
portion of stub loads in the dcs';gn’ of cleal\s_sha’ll be assumed at 50 percent_.

Special Foundation

Besides the abovementioned concrete foundations, such special foundations as raft
type foundation, piled foundation or others may be requiced. Final type of foundation
to be applied for each tower shall be determined in accordance with results of soil
investigation performed by the Conlractor during execution of the Contract.

For the purpose of tendering, basic designs shall be submitted with the tender under |
the following assumptions, and prices for the special foundations shall be quoted
based on the design. _ : :
(1} Ralt ly.pe foundation
The foundation shall be designed under ultimate bearing capacity to be 10
ton/m2, weight of soil to be 1.4 t/cu.m and no angle of frustum of soil. Weights
of reinforced concrete and soil shall be taken as entirely submerged.
Other design conditions specified in this subscction will be applied.
(2) Piled foundation

Piles used for the foundation shall be either precasted concrete pile or in-situ
concrele pile. - '

i) - Piledata -

Pilediamctéf, - S .: 300 mam
Pite depth below ground level 12mo

Ratio of ultimate bearing/uplifi capacity of pile 251
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& | i) Uplift

~The mass density of coricrete below ground level shall be assumed as
1,600 kg/m3 to allow for hydrostatic effects and similarly soil as
960 kg!m?’ Additional weight of concrete shall be included as
necessary to provide the specified resistance to uprooting under any

" condition. Where bored or driven piles are proposed having no specially
‘made bulb of enlacged concrete foot to provide having positive uplift
“resistance but relying on skin friction alone, at least 75% of the net
working uplift force, and 50% of the net broken wire uplift force shall be
provided in dead weight of concrete, whichever is the greater. The cost

of such concnele shall be mcludcd in the plled foundauon rate.

'iii) Compressnon

Mass densnly of concrete shall be assumed as 2,300 l\g/m3 on their
technical acceptability and cast.

Contractors must justify assumptions of equal performance of their -
piling system with that proposed. No extra payment shall be made for
access tracks necessary for heavy piling rigs. _

Piles shall be embedded in a reinforced concrete cap of adequate
dimensions and the caps tied with nominal reinforced concrete beams of
a minimum size of 460 mm deep by 300 mm wide with at least cight
19 mm drameter main reinforcing bars pcr beams.

Piting shall be camed out using an approvcd procedurc throughout. The
actual tength and numbers of piles required at any given location shall be
* approved by the Engineer on the basis of the final ageeed design data.

(D) Olhcr Foundauons

Wheie special ground COndmons exist which do not atlow for any of the above
~ designs in an original or modified, special types of foundations may be employed.
" They will be paid for on basis of schedule variation rates for concrete, steel and

excavanons applymg lhroughout 1rrespccnve of special condmons :

Foundauon prices shall cover for all costs not covered by special scheduled rates where

admissible including the provision of access tracks and standings for piling equipment or
' b'uildir_;g of bund for th_e _Contract()_r's convenience m pa'ddy fields or ather flooded arcas.
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1.3.17 Inspection and Test

The following tests shall be carried out al the manufacturer's work Un!ess otherwxse
specified in this Contract, selection of test samples, number of specimen and acceptance of
the results shall be in accordance with the terms of the relevant IEC, ESO and cther standards
approved or instructed by the Engmccr

Where no apphcabic terms in the above standards, lhc anmeer is to mstruct details in
~ advance of the mspccuons and tests in response to request of the contractor. '

(1)

(2):

3

Matenal test

Pulling, bcndmg and galvamzmg of spec;men taken from ang!e steel materials for
towers, and pulling and galvanizing of bolis and counlerpoise wires shalt be carried

out for each shipment and in accordance with ISO or equivalent.

Asscmbly test

_ One of each type of tower shall be assemb!ed before galvamzmg and the followmg

shall be checked

Major dimension of structure
Size of member
Number and size of bolts .

Loading test

The tower of towers selected by the Engineer shall be s'ubjeét to the loading test being
assembled vertically on a rigid foundation at the manufacturer’s work. ‘The tower
shall then be loaded in accordance with IEC 652 to prove compliance with the factor of

“safety stated in clause 1.3.6 (Design of Towers) and maintained for five minutes

without showing signs of failure or permanent dlslorllon in any pan

When the toading test would not be completed by the faUlls of lhc matiufat‘::lu.rer, the

test shali be repeated after necessary improvements at 1he Conuactor‘s expense.

The tower which has completed lhe loading test sausfactonly shall hc carefully
inspecled after dismantling to ensure that no part has been damaged Such tower
members shall be marked in an approved manner and bundled scparate from normal
tower members for shrpmem - o :

The rate for the tower Ioad test quotcd in the Pnce Schedu!e shall lnclude all nccess'try
costs to perform the tests, but shall not include cost for tower materials. The expenses

for assembling and disassembling of the test tower for load tests is deemed to be

included in lhe cost for the tower load tests.

R K7
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1.4 TOOLS, APPLIANCE AND MATERIALS FOR MAINTENANCE USE
1.4.1 General

The toois and appliance for maintenance use specified hereunder shall be adequate for the
line specified In this Contract and comply with the under-mentioned requirements. The
Contractor shall supply additional tools as may be required by the Engineer, at agreed rates.

The tools, apphancc and matenals spec:ﬁed hercunder shall be clearly marked with their size
- and/oritem and shall be packed in- approprzate boxes with three copies of operanon and
mamtenancc mstrucuons . . S

1.4.2  Tower Eré_ctioit Tools
) Groundngcmslance Tester

The Tester shall bc uscd to measure the AC groundmg resistance of towers and other

‘structures. The tester shall be handy and dry-cells operated covering the range of 0 to
- 1,000 ohms in three operating ranges and shall be provided with a carrying case and

necessary acccssones such as a pair of test electrodes and test leads for cach tester.

(2) Torque Wrench

- .Torque wrenchcs shall be of a spnng lever type with an indicator and shall be capable
to meastre the torque mentioned below. Each wrench shall bc provided wuh aset of
iwo sockets adequate for bolts specified below

Torque. . - o 2,800 - 4,200
“Maximum torque 2,800 kg-cm 4,200 kg-cm
 Minimumscale 50kg-cm 100 kg-cm
Bolt sizes forsocket ~ 16&20mm 22&24mm

1.4.3 i'S‘lli'in:_g'i»ng‘_-'i‘les"and‘Api)liance o

(1) - Steel WireRope =
The steel wire rope shall be so constructed as to be suitable for paying out of the
-conductors and earthwire. The rope shall be composed of the galvamzed stee] wires
“and hemp wires and shall be with the right-hand (!) regular lay. -
The nomlnal dmneter and ulhmaie breaking tensr!e strcngih of lhe rope shall be 14 mm
and more than 9,000 kg. Steel wm: rope shall be packed in couls containing 200 m
cach. _



)
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Wire Clips > R . . » ‘ .
The wire clip shall be of bolt type and suuablc t'or connectmg (hc slccl wire ropes of
4 num diameter. :

- Wire Connector

The wire connector shall be of shackle type and smtablo for conncctmg !he steel wire

* ‘rope of 14 mm diameter.

Stringing Clamp Set _

‘The stringing clamps shall be suniablo to Joml a conductor or carthw:re to strin gmg
yoke during paying out of conductors and earthwire. Clamps shall be a braid type for
conductors and wedge type for earth wire and so designed that no slipping off shall
occur at the load less than twice the maximum working tension of the conductors and
earthwire mentioned in Clause 1.3.4 (Normal Workmg Loads)

Allowable Tensile Strength
Braid type of ACSR ORIOLE ' ~ 4.0ton

- chg‘c typéforGSW 55 mm2 7 g o :3.0'1011 o

(5)

(6)

- Five sparc wedges and a devncc for driving and extractmg out wedge Sh’ill be supplied
- for each wedge type clamp.

Come-along Clamps

The come-along clamp shall be ofa wedge type and so desi gned that no shppmg off or
damagc to the conductors and carth wire shall occur at the load less than twice the-
maximum working tension of conductor and earlhwnrc menhoned in Clause 1.3.4
(Normal Working Loads).

One set of the wcdgc of conductors and carthwire shall be suppl:ed for each coine-

~-along.

‘ Each wedge shall be clearly marked with dic for smlable snze of conductors and

earthwire,

Tumbuckles

Tusmnbuckles shall be of the hook type and shall be composed of a pair of hooks and a_
body with a reversible ratchet handte. Hooks shall be made of a forged steel. ‘

The allowable pulling capacny and adjustable slroke shall be as t‘ollows

3.5ton rating ¢ 1.8 ton } | o 924 nim to 1,530 mm
7.0tonrating  : 3.2ton : 1,120 mm to 1,872 mm
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Hanging Hook

The hanging hook shall be suuable to hold a conductor or carthw:re when shlfung
them from a pulley to a suspension ctamp. The hook shall be so designed that no
damages to lhe conducto: or carthwnrc shall occur.

Conductor Groundmg Devices

‘(a)_

()

" The following two lypes of grounding dewce shall be suppllcd

Rollertype = - :

The roller type devices shall be suitable to ground the running wire rope and
conductors during the erection work, two type of the devices, one is to ground
the wire ropes and conductors at the pulling side of stringing pulley and the
other between the fisst tower and stringing tensioner, shall be supphed The

- device shall be provided with rolless suitable for wire ropes and ACSR

ORIOLE, groungding lead wire, grounding terminal clamps and other neccssary

accessories.

Rod type -

~ The rod type devnce are uscd for mamtenance or repamng works of the linc.

Each set of device shall consist of an insulation rod, an insulated grounding
wire, clamps, etc. and shall be applicable to ACSR ORIOLE,

Insulation resistance tester
- Insulation resistance testers shall be of all transistor type and the rated voltage shall be
: 1 000 V.. : : :

Linemen's Hand Tools
Linemen's hand tools shalt consist of the followmg

@

Safety belt set -

~ Safety belt Sét. shall consist of a free size belt and an adjustable safety rope witha

o fixing clip.

(b)

Tool belt sets

_ Tool belt set shal! consnst of a belt. a 1eather sack for the fol!owmg electrician’s

. tools and a canvas sack.
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{c) Electrician's tools

“Adjustable angle wrench ;- The suitable bolt smes be bclwccn 6 mm mand
- 16 mm in diameter.
Double offset wrenchset @ The suitable bolt sizcs shall be confonnable
| with all bolts employed in this Contedct. -
Side cutting plier SRR Insulated type of 175 mm in length -

© Screw driver + Through-out type of § mm in with and 1 mm
' ~ in thickness of a blade size.. '

1.5, ERECTION =

'1.5.%  Access to Site

The Employer wnll prowde lhe followmg facnhlses ﬁee charge to the Contractor

(@)  Such sight of access along the lme route as the anmeer agrccs is necessary to enab]e
the Contractor to proceed with setting out, check survey of lhe line and the
investigation of foundation conditions,

(b) The right of consiruction and use of a reasonable width of lrack along lhe ime route for

the transport of tools and materials and carrying out of erection operations, except
where the route crosses buildings, sugar canc plantations, paddy fields, orchards,

gardens or any other ground over Whlch lhe Bngmccr decxdcs that such a track is not

reasonably practicable.

Provision of the above-mentioned facilities is subject to official procedures and is depend on
check suryey progress. The Employer does not bind himself to provide the facilities in such
a manner as would enable the Contractor to work continuously from one end of the line to
the other end (though efforts will be made to do so wherever feasible.) and the Comractor
shall make appropriate allowance in his programme.

The Contractor shall at an carly stage of the Contract examine the lme route and prcpare
access maps showing his proposed entry route to all parts of the line and thé type of plant or
transport intended to traverse the route. The maps shall indicate the places where it is
proposed to use existing roads or construct new tracks, New tracks shall be located as far
as possible within the right of way of the line, and the number of new tracks between
existing roads and the traces shall be kept to a minimum. The access maps shall be
submitted to the Engineer who will arrange for the proposed routes to be examined jointly
feasibility and to agree any necessary adjustments, following which lhc access maps will be
approved.

Once the access maps have been approved, the Contractor shall not make use of any olher
routes withoul the prior approval of the Engineer.
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It is emphasized that the procedure of negotiating with land owners, elc. may be lengthy,
and the Contractor must submit access maps as early as possible to avoid delay. The
‘approved maps shall finally be submrlted to the bmploycr for information and record
purposes .

Where the Contractor has approval to use exlstmg roads wmch are riot mamt'uned by lhe
Govcmment or other statutory authon(lcs, he shall at his own expense ¢ither:

 {a) ncgouate and pay a toll {0 Ihe pcrsons or organlzauon normally responsrblc for
maintaining the road to compcnsate for addluonal wear and tear durlng line
- construchon, or ' .

b undeﬂa}.e to maintain the road hlmself dunng hne conslrucuon o such a standard that

© - - its'use by the customary traffic is not impeded in any way and then restore the road to
a condition at least equal to that existing before the start of line construction. Such
restoration shall be completcd before the issues of the Total Provisional Reception.

The Employer will assist the Contractor in negoteatmg wrth the persons or orgamzﬂllon
nonnaﬂy fes ponsrble for mamtammg the road :

Whereé the Contractor has approval to construct new tracks (hey shall bc located in
accordance with the approved maps and in such a manner that the security of supports and
foundations is not jeopardized, and shall be adequate for use by such construction vehicles
as ar¢ agreed by the Engineer to be necessary. The new tracks shall be designed and made
in such a way as to minimize damage to property, land, crops and vegetation; shall be
adequate drained to prevent washouts or soil erosion; and shall be provided at tow points
with bridges or culverts sufficient to prevent retention of flood waters upstream of the
‘tracks. If the Employer requires improvement of any or all such tracks for his own use in
future, the Engineer shall direct the Conteactor to undertake such works as are necessary for
‘the improvement at rates to be agreed. Notwithstanding the foregoing, if in the opinion of
the Engineér, use by the Contractor. of the tracks is unreasonably damaging propetty, the
Contractor shall forthwith and at his own expense restore the tracks to remedy such damage
" or damage on any associated drainage channel, etc. :

Responsibility for damage, compensation, ¢tc. is defined in Clause 1.5.3. Al other costs of

providing and maintaining entry routes for line construction shall be born by the contractor.

‘Should it be necessary to manhandle materials and equipment to erection points, or should

~ the Contractor opt to use helicopters for this purpose, the costs shall be deemed to have been

allowed for within the several rates entered in the schedule of prices and the Contractor shall
not be entitled to extra payment for such manhandling.

" Should permission to use helicopter not be obtained, it must be clearly understood that the
Employer will not, under any circuinstances, reimburse the Contractor for any extra cost
- occasioned by the necessrty to use other forms of lransport to delwer matenals or labour to
tower sites. :

f__Wherc itis agrced that vchrcular access tracks will be provrded thcsc shall be 2. 5 m wrde
unYess otherwise approved by the Engincer. :
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1.5.2  Wayleaves

‘Wayleaves shall be provided by the Employer to cnable the: Contractor (o catry out the
works. In order to provide wayleaves, the Employer has to obtain approvals from the
Government and other statutory authorities, and also consents from owners and occupiers of
property which will be affected by the line, - T o :

The p’rocedufe for obtaining approvals and conscnté is dcpehdént on the check su'rvey', as
described below: -~ DR LT : : L
(a) Representatives of the Employer will, with landowners and 6céupiérs, estabhsh rights
of entry for survey and agreement to limited culting of vegetation as specified.
(b) Upon approval by the Engineer of the check survey', the Eh'ipllbye_:r will initiate
- procedures for oblaining waylcaves, and when necessary approvals and consents have

© been granted, the Employer will arrange for tree, etc. to be cleared from the line teace
as specified. 7 - ' : -

(c) Upon approval by the Engineer of td{ver' center pegs, the Contractor shall S.l.ibmil méps

as specified and the Employer will obtain the necessary rights of construction of -

- access for the Contractor..

(d) Wayleaves procedures as described above will take place concurrently with the check

survey, approval of center pegs, etc. The Contractor shall allow in his programme for

“a period of up to 4 months from approval of the check survey to grant of right of
access forits construction. . < o i

(¢) When, in the opinion of the Engincer, right of access has been granted for a sufficient
portion of any line route, he shall notify the Contractor to that effect and the Contractor
shall forthwith commence preparation for erection of the tine. Should the Engincer not
so notily, the Contractor by the date indicated in the approved programme then shall
te-arrange the programme to the Engineer's satisfaction and in such a manner that
erection is commenced inslead on another section of line route where the notification
has been given. ' B ‘

(f) - The Contractor shall ascertain the period of nqticé_ to be given to landowners and
occupiers before eatry for erection of the line, and shall make appropriate allowance in

his programme. Before commencing work on any property, the Contractor shall be -

responsible for obtaining from the Engineer a- Wayleave Schedule giving details of any

special requirements, and shall give landowaers and/or occupiers the necessary notice

prior to entering.

1.5.3  Damages to Crops and Properly

“The Contractor shall take all prccauti_on‘s' to avoid dahlagc lb_ land, property, crops, clc. .a}n_d‘ '

shall ensure that the work is adequately supervised so that damage is reduced to the
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minimum. All surplos materials shall be removed after erection and (he site shallbeleftina
clean and ndy condmon to the satisfaction of the Bngmeer o

: Where the condractor consxders that d'\mage can nol be avoided 1f the work is to procecd
normally, he shall notify the Engineer accordingly. If the Engincer confirms that such
damage occurred unavoidably, then the Employer will be responsible for compensation in
-~ respect of it and the Contractor shall proceed with the works within the limits indicated by
‘the Engincer. In the event of such notification not being received within fourteen (14) days
from the date when the damage is caused, the Employer may at his discretion refuse to
cons:der any subsequcnt claims by the Contmctor for compensation rcsulimg therefrom, .

Where the. Contractor causes damqge beyond the mdlcated limits or to a dcgree whlch the
Engineer considers excessive, then the Conteactor shall be responsible for reinstatement
and/or compensahon If in such circumstances the Contractor fails to scttle compensation to
the extent that, in the Engineer’s opinion, the progress of the works is likely to suffer, the
-Employer shall negotiate and seule lhe matter and the cost shall be deductcd from moneys
due to thc Contractor : : - L

1.5.4 ._ Removal of Obsiructions

_ Where it lS agreed that obslmctlons such as telecommunications lines, power lines or pipes
ar¢ tobe pcnnanently removed or relocaied to allow erection of the lines, the Employer will
initiate procedures to obtain necessary consents and secure removal upon receipt of
sufficient notice through the Engineer from the Centractor of his planned date for
commencing work at the places affected. The Contractor shall be rcspons:blc for

ascertaining the pcnods of notice required and shail make appropriate allowance in his
programme.

Immediately after completion of the check survey, the Contractor shall provide sketches
showing the relative positions of the line and obstructions.

Where temporary removal of hedge, wall or similar obstacle is necessary for the purpose of
- foundation installation or tower erection, the cost of removal and subsequent reinstatement
- shall be dee¢med to be included in the Contract rates for foundations and tower erection.

1.5.5  Crossing of Public Services

Where public services are not to be permanently removed, the Employer will obtain
* necessary.approvals for crossings on the basis of sketches to be provided by the Contracior
- immediately after completion of the check survcy The shetches shall show the relative
E posmons of the imes and the services. : .

Where the Contractor is about to erect conduclors along or across power lines,

telecommunications lines, raitways, public roads or waterways, he shall be responsible for
ascertaining and giving requisite notice to the appropriate authorities of the date and time at
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“which the work is to be carried out. Bxisting low voltage lines (4157230V) will generally be
switched off during working (daylight) hours while conductor erection is in progress at
crossing points. The Contractor shall provide scaffolds to protect the existing lings from
physical dmlage and to’ maimam adequatc clearance agal nst accidential contact with lines.

For cxisting lines at the voltagcs exceeding 240/120V, extended outage will not be possnble

and the Contractor shall provide live line scaffolds such that conductor erection can proceed
in safcty over eénergized lines. The Employer may arcange outages for erection and removal
of live scaffolds upon rcce;pt from the Contractor of requisite notice (which the Contractor
shall ascertain and allow for in his programme), but the duration of such outage. will be the
minimum necessary for the work to be completed. Where essential supplies are affected, it

ihay be possible to provide outages only at weekends or public holidays. T he Engineer shall
inform the Contiactor the existing lines which are sub}ect to such-restriction and the -

' Comractor shall arrange hlS programme accordmgly

Whére it is necessaty to provide scaffo!dmg over roads rallways or telecommumcahons
lines in order not to interfere with the passage of traffic, etc., this shall be carried out by the
Contractor at such times as may be convenient to the authority concerned. Flagmen and
approved types of danger or warning notices shall be provadcd by the Contractor to ensure
safety of the public. :

Scaffolding and decking shall be erected in a safe manner to the approval of the bngmecr
and the time taken 1o effect the crossing and remove the temporary work shall be kept to a
minimum. The Coniractor shall provide with his tender drawmgs showmg h1s scaffoldmg
proposals..

The cost of all scaffoldmg (mcludmg live line scaffo!ds for power lines up to 34.5 k‘v’)
waming signs notices and other necessary prccauttons shall be deemed (0 be mcluded in the
Contract rates for stringing.

I.5.6 Other Crossing

The Contractor shall at his own expense, make the necessary arrangemems and lake any
necessary precautions where the route crosses other obstacles or ground over which erection
can not be carried out in the normal manner.

1.5.7 Livestock

- Adequate provision shall be made by the contractor o prevent the straying of or damage to

livestock duririg the execution of the Contract works and until the permanent reinstatement
of fences, walls, hedges, gates and the like is completed.” The Contractor shall be held
responsible for any Ioss or damage to hveslock due to failure to comply wuh the above
naqum:mcnt . S _ :
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I.5.8 Check Survey

The line route has been established, and all tower positions have been peggéd out by the
Employer. The profile and plan drawings along the whole line routc will be gwen to the
Contractor by the Engineer at the time of contract.

The drawings gwen to the Contractor are prcpared in the scale of l 12009 in horizontal
d:recuon and I: 500 in vertical dizection. o

The Contractor shali survey the line route from thc Daula Peripa hydropower station to
Severino pumping station for checking the straightness, profile and horizontal distance
“belween terminal and angle points or angle points an the given line route. H the Contractor
will find any discrepancy between the drawing and results of his check survey, he shall
immediately inform it the Engincer and shall correct the drawings if necessary. In case the
Contrdctor has, during his check survey, his alternative. for more economical tower
application to those selected by the Employer, he shall propose the Engineer the alternative
of the positions and tower types showing those modifications on the drawings.

The Contractor shall submit his profite and plan along the whole line route to the Engincer
for its approval immcdiately after completion of the survey, even in each section, The
drawings shall show each tower position, its tower type and tower height to be applied by
the Contractor.

The drawings shall mcludc such features as continuous longiludmal distances, ground line
salient levels, ground line, ground clearance line, line of the lowest conductor al maximum
sag, indication of side slopes where these affect ground clearances (below the outer
conduclor phases, due account being taken of swing of conductors under wind loading),
and where appropriate side slope which coutd effect clearance of conductor to vertical or
other steep slopes, buildings, streams and rivers, roads and railways, power and
telecommunications lines crossed or to be crossed or to be devialed, sections unsuitable for
support positions, vegemlon and any other features affecung the line construction.

- The sag template. and an angie-span chart shall be submmed by the Contractor for the
Engineer's approval for determining the tower type and tower height to be applied at each
posilion. The sag templaté shall be prepared under the conditions specified in Subsection
1.5.9. A complete set of the approved sag templates shall be submitted by the Contractor to
lhc Engineer for lhe Engincen’s use.

Tower helghts shall be determined in consideration of the following minimum cléarances of
- the lowest conductor{s) over the ground or other obslrucuons to be maintained at the
maxmmm sag of the conduclors :

. (a) gcneral (eﬁa_iﬁ R 6;9’ m
(b) mmaingoads ¢ i .9.0m
(¢) second roads ':_ 78 m
{d) other power line o 40m
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(e) telcphone line ¢ 40m
() railway | : 90111

After the Lngmeers approval on the profile and plan, the Contractor sh'rll be entrreiy
sesponsible for the tower positions, tower types and tower heights. - -

Tenderers shall enter a rate for the check survey which shall cover for all operations above-
mentioned on average rate per route kilometer. He shall not be catitled to claim extra
payment for realignment or re- cleanng necessary to provide a lrue strarght line betwccn the
given mgle pomts

“The Contractor may be requested by the Engmeer a proﬁle survey ina newly estabhshed
section of the ling route. The survey shall be carricd out in the sanie wanner as those

specified for the check survey but including the line ahgnment of the secuon ‘Tendeter shall
_entera rat¢ for such profile survey inthe Pnce schedu!e :

'1.5,9 ' Sags of Power Conductor and Overhcad Earlhwirc_ L

The sags shall be computed under the following eoud-itioné, _'

Basic design span length | ¢ 350m _

Maximum wind pressure on conductor and eanhwrre G 39 lc_'g/s_qﬁm" S o @
 Assumed maximum conductor temperatare @ 60deg.C R

- Assumed conduetorcveryday temperature ;25 dcg.C 3

Assumed minimum conductor temperatire : ¢ 5degC

Assumicd maximum eathwire temperatare ¢+ 40degC

Assumed earthwire everyday temperatere = . 25 deg C _

Assumed minimum eacthwire temperature & SdegC

Most severe desrgn condition : _ " : _Maxrmum wind pressure under

18°C conduclor temperature

Maximum sags of the conductor and earthwrre shall be computed under the condruons of
still air at the assumed maximum temperature for them. Maximum working tensions of the
conductor and earthwire will be generated under the condition of maximum wind pressure
on them at the conductor temperature of 18 degrec centigrade respectively assumed for them.

Factor of safety of the maximum working tension of the conductor and earthwrre shall be
more than 2.5 against their ultimate tensile strengths, and the conductor's every stress shall
be less than 25% of its ultimate (ensile strength. Sag of the earthwire in (he still air condition
at the minimum temperature shail be less ﬂnn 80% of that of the conductor at the same

condition. P S _ . @
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Standard height of cach type of towers shall be determined in consideration of the maximum
conductor sag thus computed. Minimum sag shall be applied for determining weight span to

'each tower..

Sag templates shall be fabncated of transparent and stout perspex or snmlar material based
on the r'mge of equivalents spans fequired and show the maximum and minimum sags of the

conductor in the scales of 1/2000 horizontal and 1/500 vertical. Each template shall be

“clearly ehdorsed with the deSIgn loadmg conditions, pamculars of conduclor, equwalcnt

- $pah and the scales. _ .

i 5 10 Routc Clearing

Clearing of all trees and scrubs shall be carried out in the widths of 20 meters cach s:dc of
the centerline of the line route along the whole route.

Trees and bushes sha!l be cut down lo a height not exceedmg 0.3 m above ground lc\ e}, and
fallen trees and bushes shall not project more than 0.5 m above ground level. In addition,
(all trees outside the cleared area, of such height that they could fall within 4.5 m of
conductors (called as danger trees) shall be cut after the Contractor has obtained the
necessary permission from owners. The Contractor shall take effective measures to
-minimize growth of trce stubs other than application of such chemlcals as to impair
environment. - :

Attention shail be drawn to the necessily of avoiding damage to lines when tree fell. The
- Contractor shall be responsible for ensuring that the line and other existing facilitics in the
' _ vncsmly are not damaged by fallmg teecs during route clearing operations.

-Immcdmlely before issue of the To{al Provnsloml Reception Certificate for the line, the
Contractor shall have re-cleared the line route to the standacd spemﬁed The rate for route
clearing shall mclude all the works above- mentioned.

- Payment for carrying out tree cuning, mme clearmg, grubbing up of stumps, 'grading,
- danger trees cutting, reclearing and any other included work necessary to comply with this
 clavse shall be made at a basic average unit rate per kilometer of line, which shall be deemed
to include all of the operations described above irrespective of the actual amount of work in
any given area.  Certification of the routc clearing will be made in equivalent amount to 80%
of the cleared distance for the initial clearing in momhly statements and amount of the
remammg 20% for re- cleanng in the hsl monihly statement,

"1.5.11  Foundations
(1) - Soil Investigation

" The Contractor shall make tests of subsoil conditions at every tower sﬂe by means of
an approved sxmplc hand-operated borer (sampling} and sounding (ool and indicate.
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resulis on the approved soil test sheets together with ground waler levels and proposed
foundation type to be applied at the tower posmon o

The contractor shall obtain the Engineer's approval for the foundation type in advance

of the foundation works at each tower site. Particular note is to be made where any
‘poor ground is encountered likely to require special foundations. The test resuits shall

show firm evidences to prove reasons why the proposed type of foundation is sclected

- from the specified foundation types. The cost of the sub-soil tests is deemied included

in the rate for foundation work. The Engineer may request the Contractor additional
sub-s0il tests at the bottom of excavaled pits, if the Engincer judges its necessity for
further confirmation on the proposed foundation types. The sub-soil tests shall be
done at the earliest stage of the field works to the urgency of having tower stubs and
templates on site in order that foundahon works can procecd with a minimum of delay

Excavatlon and Backfilling

~ Where anglc towers are fitted with snequal length crossarms at each side of lhe tower,
the tower center shall ‘be offset to ensure that the conductors are located as near as
' posssble cqmdis(ant cnher side of (he route’ centerlme in adjaccnt spans e

The Conrractor shall ensure that excavations are made to the correct depth and wrdth

~ If excavations are taken deeper than the designed drmensron the excess depth shall be

backfilled with concrete at the Contractor's expense.  If excavations are made wider
than the designed dimension, such modifications to the design as the Engineer may
require shall be made at lhe Comr'rclor 3 expense

For uplift foundations, undercutnng or othes approved method shall be apphed as far
as possible for allowing upward bearing of the foundation pad against undisturbed soil
for a minimum width of 250 mm all around. Alternatively the concrete pad shall be
cast to by adhesion to the original ground. In cases where the concrete block is cast in
underculting, the easth frustum assumed to resist uplift shall be considered to start
from the bottom of vertical edges of the block.  Otherwise, the fmstum shall be
assumed to start from the upper top of the block edges

The backfill of all lypes of foundations sha!l be lhoroughly rammed wrth mechamcal

rammers, and the tamming shall be carried out at inteérvals of not greater than 300 mm

to Chsure lhorough consolidation of the b‘nckﬁll as the Engmecr requrros

In no circcumstances shall peat or equrvalent materrals be used as hackﬁll for
foundations. Where excavations arc made in peat’ ground, backfilling to-the
foundations shall be made with a suitable soil or hardcore from an approved source at
the Contractor's expense. Backfill shali be finished in such a way that the original

ground contours are restored as nearly as possible, and any subsidence of back(ill -

shall be made good before the issue of the Total Psovisional Receplron
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Stub Seumg

Stubs for tower foundauons shall only be lnslallcd with the use of templates or by use
of the lower sections of the tower with the suitable temporary bracings to ensure
correct spacing. The stub setting templates shatl be of approved type with sufficient
rigidity to ensure correct setting of the stubs, The method selected shall be such that
al! four stubs are supported and interconnected by a rigid steel framework. The main

“members of the templates must be in the position by the template while the concrete is
© placed. - The templates are not to be removed until at least 48 hours after thc

e l‘oundauons have lx:en compieted and backﬁlled

)

The templates shall bc manufactured l‘ rom mild stccl anglc or channel ora combmatlon

| of both, of approved and adequate cross-section, and shall be equipped with central
- alignment notches or holes, corer braces, riser-braces, and stub angle bolting legs to
permit the accurate setting of stubs in respect of the following requirements:

(i) longitudinal centerline -
(i)  tower latesal centedine
(iii) - stub elevations (with refereace to datum)
(iv)  stubleveting '
) inéiinali'_on of stubs
| _(.vi) . stub hip bevelé
(vii} ’ ‘spacmg bclwecn stubs

No concrehng shall be started before the stubs are conl" rmcd to be in the design
positions.

Concrete Work -

(@) concrete for concrete foundation and pile shall have the minimum required
breaking strengths as specified in the technical schedules.

(b) Cement used shall be of Portland or other approved composition obtained from

an approved maker. Portland cement shall conform in all respects to BS-12, or
equwalent

Q) Aggregatcs shall be clean and free from dust, eanhy or organic maiter or sali.

- Coarse aggregate shall be approved grading to be retained on a mesh not less
than 5 mm square, and of a maximum size to pass a mesh not more than 40 mm
square. Where specially approved in writing by the Engincer, coarse aggregate

" of uniform size not larger than will pass a 25 mm mesh may be used throughout.

‘Fine aggregate shall be river sand and shall be coarse, sharp, clean and fiee from

- dust, salt, clay, vegetable maiter or other impurity and shall be screened through

a'mesh not more than 5 mm in the clear. It shatl be a well graded mixture of

“coarse and fine grams l‘rom S mm g*\ugc dowanrds :
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(2)
(h) -
(1)

)

(k)

Water shalt be clean and free from all earth, vegetable or organic malter, salt,
soil, o:l acld and 1lk'1|me substanccs elther in solunon orin suspcns:ons

At lcast four wccks beforc commencmg any- concrehng work thc Comractor
shall make trial mixes using samplcs of cement and fing and coarse aggregates.
The test specimens for the trial mixes shall be of cube type. Prelumnary test
spcmmcns shall be hken from the proposed mixes as follows. _

For cach proposed mix a set of 6 specmlcns shall be nnde from each of 3

conseculive batches. Three from each set if six shall be fesled at an age of seven

(7) days and three (3) at an age of 28 days The test shall be c'lrned outina
laboratory approved S

" Neither the mix proportiona nor lhe source of supply of matenals shall be altered

without the prior approval of the Bngincer éxcept that the Contractor shall ad}usl
the proportions of the mix as required, to take account of permitted variations in
the materials, such approval shall be subject to the execution, to the Engineer's
satisfaction, of trial mix procedures set out herein.

where dirccted by the Engineer concrete cubes are to be taken and tested to
verify the concrete strength during site concreting works. The Contractor shall
provide the cube molds at site for the purpose, accordmgly The test specimens
shall be 150 mm cube and the mold shail be of metal with inrier faces accurately
machiricd in order that opposite sides of the specimen are plane and paraliel.

Each mold shall be provided with the metal base having a smooth machined

surface. The interior surfaces of the mold and base should be l:ghtly oiled

before concrete is placed in the mold.

Cube steeagths for 1:2:4 c:oncrete are to be not less than 130 kglﬁd'.chfwilh 7

days after mixing and 210 kgfsq.cm within 28 days aftér mixing.

The cost of concrete testing shqll be dccmcd o be mcluded in lhc Contractors

gcncral schedule rates.

Requlrements for testing concrete samples dunng conslrucuon are set oul in
Clause 1.5.15. . :

The concrete shall be thoroughly wetted before backﬁllmg commences Where
shulters are 1o be struck and backfilling of the excavation is not to take place
immediately, the concrete shall be kept conlmuously moist to avond rapxd drying
of the concrete. L : :

In the evcnt tha! the Comrac:or proposes to use ready mlxed concrete for

“foundation work, approval must first be oblained from the Enginéer, who will
inspect the batching plant and cement, sand and gravel used for conciete. No -
ready mixed concrete shall be used in foundation work if it has been mixing in

~ the lorry during its journey for more than 45 minutes. - At the discretion of the

Engineer, ready mlxed concrele may be used in found'mons in excess of 45
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minutes journey, if the cement is added o the drum at site and is thoroughly
mixed prior to placing; or alternatively if the ready mixing lorry carries its own
water drim and water may be added to the cement and aggregate in the mnxmg
drus during the lorry’s journey and not mixed for more than 45 minutes prior 1o
placing. The Engincer's decision to rejcct any of the above methods ol'
supplying ready mixed conctetc shall be final.

T hroughoul the line route, the Conlractor shall at rcgular mtewals and at the time

-of survey, obtain samples of subsoit and ground water, which he shall have
analyzed to ascertain if any agents be present which may have an advesse effect
on coricrete tads with normal Pontland cemient. The analysis shall be forwarded
to the Engineer without delay together with any recommendations for the use of
special cement. The Engineer’s decision as to the type of cement to be used will
- be final. The cost of obtaining soil and ground water samples is deemed to be
included in the Contract Price. The cost of any special cement used will be paid
~atan appropriate rate to be agreed with the Engmeer -

() Concrete shatl be placed immediately after mixing. - All concrete shall be

thoroughly compacted by vibration during the operation of placing, and shall be

free from honeycombing and other defects. The upper surface of the concrete

for all types of foundations shall be finished smooth and sloped in an approved

manner to preveat accumulation of waler. -A concrete additive of a type
'- approved by lhc Engmecr may be used

: Plhng and Other specml Works

Piling shali be carried out using an approved procedure throughout. The actual leagth

and numibers of piles required at any location will be approved by the Engineer on the

" basis of the final agreed design data and payment made for departures from the
‘assumed tender design quantities on the basis of the difference of quantities times the

schedule variation rates. Tender Prices shall include for all necessary casings,
pumpmg, deprccnallon of pllmg machmes matenais transportatlon and others.

" Where spccml ground COndllthS exist which do not allow for any of the designs in an

original or modified form special types of foundations may be employed which will be
paid for on the basis of schedule rates where applicable. To this extent the schedule
variation rates for concrete, stecl and excavations shall appl:.r throughout irrespective
of special conditions. -

. Piles shall be tested in accordance with Clause 1.5.15.

52 Ercction of Towers

. Where tower members arrive on site with slight distortions due to handling in teansit, they
shall be straightened by the Contractor using an approved means and offered (o the Engineer
for inspection and acceptance or rejection before erection commences.

1-37



_In general, towers shall be assembled and erected wrth botts ﬁnger ught only Final
tightening of bolts shall only take place when all members are in place. As far as
praeucable bolts shall be inserted with the nuts facmg outwards or downwards.

Whenever wire shngs OF ropes are hable to abrade tower members, the. members shall be
suttabiy protected by heavy Hessian bags or strips, or by some other approved means.

'The Contractor shall make use of temporary struts on panels prtor to hﬂmg, :f in the. oprmon
of the Enginicer, there is a likelihood of damage occurring to that panel during lifting.- where .
dericks are used for lifting panels they shall be seeurely guycd and shall, be supported only
at approved 10catrons on the legs. _ ey )

All towers shall be vertical under the stesses st up by the compteted overhcad hne to the
satisfaction of the Engmeer The maxrmum acceptable deviation from vemcal shall normally
be 1%. . . . _

Proper precauuons shall be take to ensur¢ that no parts of the towers or supports are unduly
stressed or damaged in any way during erection. antrng shall not be allowed

Smtable Iadders shall be used whenevcr necessary dunng ereclron but such ladders and
removal step bolts shall be removed when ereetron work is not in progress

Before assembly of members, joints shall be free of all eanh or any other substances which
might prevent the correct alignment of members. After erection, atl matenals shall be
cleaned of all forelgn matter or surplus paint.

Spanners used durmg erectron shall be well sh'tped and fit closely on the nut to avord
damaging nuts and bolt heads. After erection, all bolts from ground level up to the bottom
crossarm shall have the threads smashed in an approved manner to prevent unauthorlzed
removal.: , . _

Damage to the galvamzed surfaces of bolts tower stcelwork or smashed bo]ts shall be
reparred using zinc rich paint or smn?ar and lhe cost of such repalr is deemed tobe mcluded
in the 'tppropnotc rates. : : o

i“he contractor must ensure that tower erectron, steel handhng and operahon of equrpment '
shall be such as to ensure the maximum safety of ati personnel assocnatcd w:th the pro;ect as
well as the public.

Lower parts of towers erected in the submerged area durmg wet seasons shali be protected
from corrosion with an approved paint as ordered by the Engrnecr The cost for the painting
shall be quoted in the Price Schedule.

¥
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1. 5 13 Groundlng of Towers '

: Before phcmg foundation concrete, grounding angles rods spcc:ﬁcd in 1hc prwmus Clausc
1.3.15 shall be erected to each foundation cteats. Measurement of footing resistances of all
towers shall be carried out with an dpproved instrument before stringing of an overhead
carthwire. A target value of the resistance is less than 11 ohms. The Contractor shall report
the measured value in an approved form to the Engineer. The Engineer will instruct
necessitate of installation of counterpoises to the Contractor who shall then provide the
counterpoises as specified in the Clause 1.3.15 to the instructed towers and measure the
resistances for reporting the Engineer. In case the resistance is still high, the Engmeer may
order the Contractor to instalt addmonal counterpolscs

All the groundmg works shall be comp!eted before commencement of operanon to the
_'overhead carthwnre erection, S

1.5.14  Erection of Conductor and _Overhead Earthwire

{a) - The fullest possible use shall be made of the maximum conductor lengths in order to

. reduce the number of joints to the minimum. The number and location of conductor

. and overhead earthwire tension joints shall be approved. Tensnon joints shall not be
less than 15 m from the nearest clamp.

‘(b)‘ | Unle:s the Engmecr agrecs to the comra:y, nndapan joints shall be not used

(i) atlocations which would allow less than 3 clear spans between mid-span
. joints on a given conductor and wire

(i) in spans crossmg over power lmes. lclecommumcatlons lines, public
~ roads or buildings, and .

(iti) insingle span sections.

(e) Conductor repair sleeves shall not be used wuhout the permtss:on of the Engmeer
. which will be granted only in excepuonal circumstances.

(8). Conductor and earlhwue slnngmg shall be camed out entirely by tension stringing
~ methods and Contractor shall submit for approval full details of the precise method of
. tension stringing and of the stringing equipment which he intends to use. Conductors
_shall be kept off the ground at all times when the conductor is in motion. The method
of tension stringing sequired to install all conduc{ors and earhwire shall be

- continuousty controlled..

.:_(_c) | _;_The conductor and earthwnre tensxon dunng stnngmg operauon shall be cht as low as
- _poss:b!e, consistent with keepmg the conductor and carthwire clear of the ground
whilst in monon At no time wﬂl the tensions be allowed to cxceed 75% of the final

© tension.
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_(m)

All stringing equipment shall be properly anchored and sha!l be posmoned in such a
way that struclures, 1nsulators and ﬁumgs will not be averloaded. :

. Conductor and eaﬁhw;re drums shall be securely anchored dunng stnngmg opcranon

and drum jacks shall be of the self braking type to prevent conductor and earthwire
over nn: . : : :

Conductor and carthwnre pullmg eqmpment shail be such as well ensure a
continuously steady pull. ‘Bvery precaution is to be taken o prevent damage to the
conductor and earthwire. Clanips and other devices used for handling conductor and
earthwire during erection shall allow no slippage or relative movement of strands or

Jayers and shali not pinch or deform the conductor and earthwire. Grooves of sheaves - -

and tensioners shall be lined with ‘neoprene or rubber, Sheaves shall have an electrical
conducting path between their suspension points and the conductor supported within

- them and shall run with minimum friction.

Conduclor and earthwire shall be effectively earthied in an approved manner during
running out and at all places where men are worklng on them

At least three months before stnngmg commences, the Conlrac!or shall give due
consideration (o alt the factors invotved and submit to the Engineer for approval a fully
detailed stringing schedule stating locations of conductor and earthwire drums winch
operation for stnngmg and the proposcd positions of mid-span joints, togelher with
temporary staymg wires of towers and all other relevait information.

Conductor and earthwire drums shalt be closely examined before conductor pulling
commences and all nails and other things which could damage the conductors and
earthwires shall be removed. During stringing, the conductor and earthwire drums are
to be supemsed at all times and the conductor and earthwire shall be inspected for
defects while it is being pulted off the drums. Any damage caused to conductors or
earthwires shall be reported to the Engineer whose dems;on to replace or repair w:ll be

final.

Conductors and earthwires shall be carefully regulated to the correct préstress and
initial tensions by a measurerient of sags. Ambient temperature shalt be measused by
a thermometer suspended on the tower at the sag measurement position. Making for
and application of anchor clamps shall foltow regulauon (o initial tension without
delay. Immediately afler regulation and clamping has been completed in a section, the
sag of conductors and earthwire shall not depart from the correct value by mare than

"+- 1.5%. Suspension insulator sets shall be mstatied s0 lhat clamps are within
20 nim of their correct position on the conductor.

lnsu!ators shall be cleaned and inspected before assembly, Any dcfecnve insulator
shall be renioved from site forthwith. Insulators when completely asseinbled shall
have all security clips, cotter pins and other locking devices fully in place and shall be
erected in a manner avoiding damage to the discs, fittings or leckmg devlces
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(n)

(o)

()

'(q)'

' -Suspension clamps shall be fitted with due regard to offsets where appropriate, and
lhe conductor and eanhwnre shall be cleaned before the clamps is assembled

(r)

Where requircd by the Engineer, the Contractor shall check prior to the issue of the
Total Provisienal Reccptton Certificate that the sags of conductors and earthwire in

~ selected spans are within the specified tolcrancc, and shall make any 1djusunent
- necess:ary to ensure comphance . _ :

Joints, clamps, etc. shall be applled using the approved tools and in such a manner
that no bird-caging, over-tensioning of individual wires or layers or other deformation

~or damage to the conductor and earthwire occurs. Cutling of layers of conductors

shall be carried out with tools designed to prevent damage to undertying strands. -

Compress:on fittings shall be applied only by linemen approved by the Engineer,

"usmg approved methods. The outer surfaces of conductors and carthwires and the

interiors of compression sleeves shall be scratch brushed unmedlately before
assembly

After conductors have been made off and landed, stringing sheaves shall be removed
and suspension clamps and vibration dampers shall be fitted with minimum delay.

The Comrac(or shall keep a record of all sagging showmg details of the section, the
sagging and checking spans, ambient terperature, pre-stress, initial and final sags, the
date of sagging and clipping-in offset, etc. This record shall forin part of the final
records for the line and shall be handed over to the Engineer prior to the issue of the

" Total Provisional Reception Certificaté. ‘The records shall be waﬂable for anspecuon

at any time.

15,15 Test at Site

-

General . N

Following investigations and tests shatl be carried out by the Contractor, when

ordered by the Engineer.

Those mvesﬂgatnons and tests as menuoned in the Price schedute wilt be paid for at the

- rates entered, Other mvesugahons and tests not scheduled in the Price Schedute shall

(2)

be deemed to be included in the prices of the mlalwe items of the Works.

Ground Prove Tests

X Tesis by means of an approved type of penetrometer or other approved means shall be
- carricd out during the check survey as provided for in Clause 1.5.11. Results of these

tests shall be submilted o the Engincer on an approvcd form giving a preliminary
indjcation of the ground bearing properties and water levels, ete. Bore penetration

o shalt be at least 9 m betow ground level in poor ground.
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* Laboratory Soil Tests

~ Where ordered by the Enginecr,' the Contractor shall obtain soil sa-mplcs and submit

these for tests to an approved laboratory to determine the necessary propertics of the
soils for the purpose of foundation designs. Such infornation shall be detailed in an
approved manner and conclusions given as to the recommended bearing pressures to

be adopted. A

Ground Bearing Tests

Where ordered by the Engineer, the Contractor shall carry out ground bearing tc’sl__s.to_

determine the ground bearing capacity, by means of loading a 300 mni square plate in

an approved manner. Tests shall be carried out generally in the manrier described in

BS-5930, or equivalent. : '
Pile Bearing and Uplift Tests '~ -

Where ordered by the Engineer, the Contractor shall carr'y out pilé beér_ing and uplift

tests for all types of pile generally in accordance with the method given in the BS CP-

2004 or equivalent. Such tests shall be carried out to determine the ultimate uplift and
bearing values. S : : : ST

Foundation Loading Tests -

Where ordered by the Engineer, fbu‘ndalibn désigln‘ tests Shéi“ be c_afried pﬁ( in full |

scaled individual footings.
Records of Sile Investigation Tests

Al} records of site invesligation tests shall be detailed in an ap'p}ovcd manner. Sample
log sheets, charts, etc. shall be subimilted to the Engineer for approval before any
investigation commences. All site investigation data, charts, ete. shall be handed over

issue of Tolal Provisional Réception Cedtificate.”

_ to the Engineer in triplicate upon satisfactory conclusion of the tests, and before the

Where the Conitractor carried out other tests at his own expense, not ordered by the
Engineer, such information shall be submitted to CRM to the contracy, where the
Employer had independent tests made along the route of the line, such information

shall be made available to the Contractor.

Concrete Tests

The Contractor shall carry out fests on sample of concrete from the foundation works,

as required by the Engineer as specified in Clause 1.5.11. The test specimens shall be
" stored at the site at a place free from vibration, under damp sacks for 24 hours, They

shall be then removed fromi the moulds, marked and stored in water at a temperatuce
between 10 deg.C and 21 deg.C until the testing date. Specinieas which are to be sent

to a laboratory for testing shall be packed for transit in a damp sand, or other suitable
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damp materials, and shall be brought in the laboratory at least 24 hours before test.
On arrival at the laboratory. lhey shall be snmllarly stored in water until the time of the

' tcst

&)

“The rcsulls shall be handed in lrlpllcatc to the Engmcer as soon as possrble after

testing.

support Footing Resistance

The resistance to carth of the complete foundation of individual siructures shall be
measured in an approved manner before the stringing operation of overhead earthwire,

as specific in Clause 1.5.13. The placing of test electrodes shall normally be along the

0

center line of the route in such direction as to ensure that the lowest resistance to earth

. is recorded, and a note shall be made of the direction in the time of the test.

Additionat Footing Resistance Tests

| lf in thc opmlon of the Engmccr, itis necessary to reduce the tow er fooung resistance

by means of counterpoises, the Contractor shall make further measurement after the

“counterpoises have been carried out and before the stringing operation of the overhead
~carthwire. Any further measurement shall be carried out as necessary without extra

' ~ charge.

(n

Measurement of Galvanizing Thickness

The contractor shall have on site an instrument suitable for accurate checking of
galvanizing thickness for the Engineer's use. The gauge shail be avaitable from time

o time of arrival of the first consignment of steel work until the issue of Total

(12)

Provisional Reception Certificate. The cost of the § gauge and other operating expenses
shalt be deemed to be included in the contract price and the gauge shall remain the

- propesty of the Contractor.

Testing of Rock Anchors

o “L‘v;'hé'ré rbék'anéhdr foundations are used in hatd rock, as provided for by the

' Engmeers order, the Contractor shall tést individual anchors by tensile test loading to

failure for oblaining design data of the foundations. The test shall be considered

 satisfactory if the steel bar fails by yielding of the bar at or above its ultimate strength.

"Anchor for the testing shall be installed away from permanent foundation anchors but

in the same rock. The frequency of the test shall depend upon the different types of

* . hard rock encountered and the number of tests performed shall be such as to give

_confidence in the employmenl of rock anchor foundations and experience of the type

of rock suitable fos their use. The frequency of tests shall, in lhc case of dispute, be
reasonably determmed by the Engincer.

The cost of rock anchor test shatl be included in the relevant schedule rates.
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(1‘%) Tests on Complonon

The line shall be energlzed at full workmg voltagc bcfore handmg over, and the
arrangement for this and such other test as the Employer or the Engineer shall desire to

" 1hake on the completed line shall be assisted by the Contractor who shall provide such
labour, transpost and other assistance as required without extra charge.

1.5.16 - Payment for Erected Woi'k

The gencral method of payment is set out in Clause II. 1.5 of lhe Draﬂ Conlract Followmg
are pracucal invoicing method for the local transpon and erecuon works o

Invoicing of inland lransporl and crected work shall be submltted separately inan approved
form.

The Contractor shall submlt to the Engineer for a dmft blank prmlcd Form of Measuroment
Certificate Wthh in a complete form must accompany ali mvonces o

All measurements for the purpose of paymcnts shall be made ]omlly by representatives of
the Contractor and the Engineer. Completed Measurement forims shatl signed by both the
Contractor and the Engineer and shall accompany each monthly statement. Payrment will hot
be authorized without the completed Measurement Fonm 4 .

Measurements for the purpose of payments for inland transport and works erecled shall be _

made on the following basis:

_(i)" check survey. and profile survey if ordered: for the honzomal distance .

involved, measured atong the route center lme

(i) Foundations: at the unit rates for the approvcd numbers of each foundation
lype for each tower type. _ : :

The rate for a special found'allon shall be the most app1opnate unit foundation
rate adjusted for additional or reduced quantmes of ¢xcavation, reinforcement
and concrete in accordance with the vamllon rates prowdcd in the schedule

(iit) Towers: - for each standard height tower and standard extension, at
appropriate schedule rates which are to inctude for all number plales, danger
plates, anliclimbing dev:ce step boits msulators, ete.

Giv) Conductors and ovcrhead eanhwnre for the honzonlal' dislance jnvolved,

measured along the route center line wuhout allowance for sag, scrap or
jumpers. Rates include for mid- spfm jomts .
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The rates in the Schedule of Prices for the standard towers, extensions and foundations shall

include all works irrespective of access conditions, slope of ground, nature of the subsoil
and the presence of water. '

No extra payments shall be made for:

(_a)

(b)
©)
(d)
(e}
(]

Excavation necessary solely for the installation of stub setting templates or extra
excavation necessary for seting foundations deeper in sloping ground.

Exira encasing concrete necessary where foundations are set deeper in sloping ground.

- Close timbering rei]uired.

Puniping out of normal overnight seepage or avoidable accumulation of water.

Tower erection methods employed by the Contractor.

Additional costs of transport of materials to the working site.

Earth is defined as material which can be remioved in the aid of shovels and pick-axes. Rock
is defined as material for the removal of which the aid of wedges, sledge-hammers and
crowbars, or drilling and/or blasting is necessary but which can not be removed with
shovels and pick-axes. -
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SUBSECTION -}

POWER LINE CARRIER TELEPHONE SYSTEM

J.1 GENERAL
J.1.1 Scope

“This Subsection covers the design, manufacture, tesling before shipmen, transportation to
the Site, installation and erection, commissioning and performance tests at the Site of the
following : ) ' '

(1)  Daunte Pcripa power station

(a) One (l) set of one channel PLC lcnmml cqu:pment
(b) One () tine traps (LT)
(c} One (1) coupling capacitor potennal devices (CCPD)
“(d): - One (1) coupling filter (CF). _
€§ (e}  One(1)set of surge proteclive device
) One (1) lot of coaxial cable and cord
(g) - One (1) set of power supply unit :
(h)y  One(l)lotof equipment and malenals for automatlc lelephonc sets
)] One (1) lot of miscellaneous _matcnals

2 Sé_v_cringi pu'mping station

@  One(l) sét of one channel PLC terminal equipment
(b)  One (1) line traps (LT)

() One (i) coupling capacitor potential devices (CCPD)
(d) . One (.l.) coupling filter (CF} :

@ O:ne {0 Sﬂkge protective device

() ~ One(l) lot of coaxial cable and cord
(g)  Onc(1)set of power supply unit
(h)  One(l) lot of equipment and materials for aulomatlc lelcphone sets
(i) One (l) lot of nuscdlaneous materials

- The power line carrier telephone system over 138 kV (ransnussnon lmc is shown on the
@ * Drawings of Tender, No. 3-1:014. This PLC telephone system is not required to connect -
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" to a PLC telephone system at the Daule Peripa power slation which has been planned or
prepared for the electric power transmission systen. ﬁ

J.1.2  Frequency Allocation

" Frequency altocation will be informed by the Employer in an carly stage of the Contract.
However, the following frequency are temporally altocated for Tender purpose. "

Sending Recewmg
 Daule Peripa power stalion .. 196: .. 204 kHz .
- Severino pumping station ) 204 196 kHz

J.1.3 Transmission Line

Principal features of the transmission line from the Daule Peripa power station to the
Severino pumping station are as follows: " | - : _

(1) Linelength: approx. 34 km (Daul.c Peripa HP.S.- Severino P.S.)
(2) Nominal line voltage :138kV " E e _
(3) Number of circuit © Singlecircuit ' AR %}

(4) Power conductor : ACSR 170 2 1AL l’?_l),sz'n2 +5t. ’3_9,8mm2
S ‘ . Aluminium (nos.fmm) : 30/2.69

: ‘Steel (nos./mm) - 1 7/2.69

(5) Overhead carthwire @ Galvanized steel wire :~55 mm? (7/3.2 mm)
(6) Conductor arrangement B -:"l_riahgula{fonh:atiOn
(7) Supportof conductors . .. . :‘single_circ'uit type steel

... towers |
(8) Equivalent spacing - . _ :_'5,5 m
(9) Average height of conductor S s iksm :
(10) Grounding system _ S soiidly gropndiné Syslem

J.1.4  Coupling with Transmission Line

Coupling method with transmission line shall be phase-to-ground coupling system, using
the middle conductor of three phase line. ' '
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& ]2 POWER LINE CARRIER TERMINAL EQUIPMENT
J.2.1 Géneral ; | |

_The power line carrier (PLC) terminal equipment shail be fully transistorized and the
major circuit units shalt use printed-circuit modutes of plug-in type. The terminal

“equipment shall be contained in a steel cabinet of dustproof construction to be installed on
the floor and shall be designed to suit back-to-back or side-by-side alignment. The front
door shall be furnished on the cabinct. Entry holes for power supply and multi-core cables
shall be provided both at top and bottom of the cabinet. No live parts shall be exposed on
the surface of the cabinet. S '

J.2.2°  Technical Requirements
The PLC equipmeni shall satisfy the following requirements.
(@ Transmission and C‘Ommuh_i_cﬁlioﬂ System

The carrier equipment shall be of amplitude modulated, single side band with
carrier suppressed and duplex operation. The equipment shall be apply to
out-of-band frequency shift signaling system with basic carrier band of 4

* kHz, voice frequency of 300 to 3,400 kHz.

(b} Output Level of Transmitter

The transmilter shall be designed to transmit simaltancously the following
signals measured at the output terminals of the equipment .

~ Speech (test tone level) o +27 dBm
Telephone signaling .  +17dBm

(¢) Input Level of Receciver

The receiver shall be so designed as to compensate the following line loss at
the carrier frequency @
‘Maximum line loss _
~ Speech {test tone level) ' 27dBm
Worst value 37dBm

(@) Carrier anuency Sy'néhr‘onization_

Carvier frequency synchronization shall be of pcfféci Syn'chrdnaiigtibn system.
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{e)

'(D

Lineanly

The lincarity shall not diffes by more than £0.3 dB fsorn the ovcrall loss at 0
dBmO for any input level between -10 dBm0 and 0 ¢BmO. - ;

Audio Frequency Level
o 'Nommal input and oulpul ﬂudlo frcqucncy levels for lho test tone shall bo as .-
i follows s
D 2Wransmitlevel 'oa_B_r
4-W Transmit level o ~ Oto-17dBr
ii) 2-W Receive level - -8 dBr
4-W Receive level o s <35t0+8dBr
Equipment Noise .

(g)

__ "

@

o

(k)

Equipment noise power mcludmg carrier leak at the pomt of 4-wire output
shall be less than -50 dBm without compandorb

A, G C Charactensuos

Vanauon in audlo output level shall be compressed to be wuhm the range of '

-3dB 1o +2 dB against input level variation within the range of -15 dBm to
+10dBm. _ B o

Impedance Characteristics . -

Impedance characteristics shall be as follows :

i) Carrier circuit . -150hms,
unbalanced o o

ii) Voice circuit | _ : 600 ohms,
balanced o ST

Level Adjustable Arrahgemcm’

Canier frequcncy tcansmmmg and carrier frequency recewmg levels shall bo

adjustable.

_bevel Stability

Test jack points of the canrier frequcucy level and (ho voice frequenoy level-

shall be provided at main testing circuit in the carsier equipment. ‘ Variation of

level at each test point shall be not more than +l dB when vamnon of power
source voltage is within +l0% : :
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{(m).

Voicc_ Distortion Factor

Voice distortion factor shall be better than 30 ¢B for a standard test tone level

~of 800 Hz.

.Spurious Emission

" Maximum level of spusious emission outside 4 kHz frequency band shall be

(n)

within the permitied level shown on Figure 3 of IEC-495.

Pulse Distortion

- pulse distortion of the sighalling channel shall be within +5 dB and -3 mitli-

(0)

o

seconds when measured with a standard impulse of 10 IPS (Impulse/Second)
dial speed and 33% make ratio under the input level variation of within +3.5
dB. ' : _

Group Delay Distortion

The group detay distortion shall be less than 0.5 ms/1.0 - 2.6 kHz band.

’ Conipandbr |

The compandor, whose compression and expansion ratios are respectively
1/2 and 2, shall be provided for telephone channel. Tenderers shall state in
details the characteristics of the compandor.

‘Repeater Unit

.. .. The repeater umt shall be equipped for speech channel. The internally

eqmpped repealer unit shall be applied to any magnet, common battery or

" automatic exchange by simply ch'mgmg the terminal connection through the

3 easy means

()

S;ngzng Margnr;

- " ‘The singing margin shall be mere than 12 dB when the 2-wire terminal of

both power line carsier telephone terminal equipment are terminated with a
400 ochms pure resistance.
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J.2.3 Alarming and Testing Apparatus

(a) Alarming Apparatus

The carrier cquipmenl shall be provided with an alarm bell and a visual
indicator that give necessary waming in the following cases :
1) when the transmitter cutput level decrease
. i) when the received signalling level falls outside the AGC response range
iii) whenthe power source fuse breaks down

(b) Testing Apparatus

The foi!owmg test panels of the plug -in typc shall be equtpped wuh 1he carner

eqmpmcm
1) Testpancl
i)  Audio frequency test oscillator; . .
- Load resistance 600 ohms 7
- Oscillaing =~ - Six (6) points
- Frequencyrange - between 300 Hz and4000 Hz
Maximum output More than +5dBm at 600 ohms
- Adjustment of output -~ Variable . _
Distortion factor ~ 'Mo're‘ihan'z_s dB at +5 dBm output

i) ILevel meter: _
- Measuring frequency 300 Hz to 50 kHz and 50 kHz to

range .  450kHz -
- iMeasuﬁhg level ~ 60 dBm to +30 dBmm 1dB step
- Inputimpedance (high . More than 10 kilo- -ohms and 600 .
and low impedance) ohms in the frequency range of
' 300 Hz to 50 kHz.

~ More than 1 kilo-ohm and 75
‘ohms in the frequency range of 50
kHz to 450 kHz. - '

2)  Test Telephone Panel and Monitoring speaker

- 16



J.2.4 Accessories

The following accessories shall be supplicd for each PLC telephone terminal equipment @

(@) Testcords S o : 1 kit
(b} Extension sheet and cord s ; | _ Cobkit
(© _'.Termmanat:on plug (600 and 75 ohms) ' } kit
(d) Maintenance tools _ B -
(€) ‘Testtelephone handset :  lset
) - Automatic dial telephoneset . - = 1 - S 2sets
.1(8) Power supply cables, groundmg wires, (14 mm2), L
| wiring materials, ctc. 1t
(h) Channel base (50 mm in height) and other |
materials for instalfation o 1 lot

(i} . Other accessories essential to the correct erection,
operation and maintenance of the equipment I lot

J.2.5 = Spare Parts
The following spare parts shall be supplied for each station:
(a) One spare module of power line carrier tenmnal equlpment of each type.
(b) Spare parts such as crystal resonators, thermistors, plugs (600 and 75 ohms),
test cords, relays, lamps, fuses and vacuum tube ateesler, etc. required for 5
years operation. (Items and quantitics shall be recommended by the
Contractor). |
J.2.6  Mecasuring Instruments

The following measuring instruments shall be supplied:

(3) One (1) set of portable type test set

- Oscillator ' - 100 Hzto 500 kHz

. bcvel-melcr .’ .60dBmto +30dBm
- Attenuator Max. 61 dB
. Switches " For measuring

. (b) One (1) sel of'_u-ni'v'e'rsal éircil:i't'tésté'rz'('digilal‘ type) |
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J.3 LINE TRAPS

J.3.1  General

The line traps‘ shall be of outdoor use, filter (band tunes) type and shall be mounted on the
top of the coupling capacitor potential device (CCPD) specified hereinafier.

The line trap shall be conform to IEC Re"c_:ommeﬁdhtioﬁ. Publication '35"3'(197;1)' as far as
applicable. : . - S SR

* The line traps shall be provided with a lighting arcester for protection of tuning device -
~ against surge voltage on the transmission line and shall be equipped with a bird-barrier to
prevent bird nesting, and shall alse be attached with a' clamp type high-tension terminal on
both sides to fit the line conductors. ' | S '

J.3.2

Rating

The rating of the line trap shall be as follows :

@) Type band filter type
(b) Line voltage 138 kV ,
(c) System frequency 60 Hz @
(d) Rated continuous current 600 A
(¢) Rated frequency range 50-450kHz
() Inductance of main coil . - 0.2mH |
{(®) lm_pcdancé within the speeified =
frequency range more than 400 ohms
(h) Tapping loss within the specified
frequency range lessthan2.5dB |
(i)  Short circuit current steength - 25 KA for one second

J.3.3 Accessories

The following acchsorie_s Shall_ be Supplied:

(@) Name plates
(b) Bird barrier _ o
{¢) Necessary terminal cogn.necﬁc’)n with clamp type termi_rial for ACSR {70 mm?

()

Mounting bolis and nuts
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{¢) Mounting base plate |
() Other acces_so_ries recommended by the manufacturer

| J.3.4 Spare Paris

The spare pasts shall be supplicd:

(a) Lightning arvester o 'l‘.w_e 2 units
(b) Tuning unit ' - One(l)eachiype
J.4 COUPLING CAPACITOR POTENTIAL DEVICE

J.4.1  General

Couphng capacitor for phase-to-ground coupling shall be eqmpped with potential device for
measurement of transnuss:on line voltage as “couphng capac;tor potential device (CCPD).

CCPD shall be of self-supporting type to be erected on galvanized steel structure and shall
be so designed as to mount a line trap on the top. Grounding switch and sufge protective

f§ device which are connected to the ¢arth side of coupling capacitor shall be provided in a
sealed metal box eqmpped under lhe couplmg capacnor :

The sealed metal box shail contain a potenual dmdmg capacnor and a transformer for -
potential device andfor a coupling filter specified in Clause J.5.2.

J.4.2 Rating
_The rating of the CCPD shall be as follows :

* (a) “Potential device

) Rated voltage 138kV
- (i) - Rated frequency 60 Hz
i)  Voltage ratio 138 kVA3 : 11543
(iv). Burden 400 VA
(v)  Accuracy class 0.6 ZZ
i) Impulse level - 650kV
C(vil) Power frequency test voltage o 275 kV for one min.
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' J.4.3

Coupling capacitor
(i) Frequency range 50 kHz to 450 kHz
(iiy  Capacitance 4,400 pF
(i) Rated voltage ) 138kV. -
-(iv)  Rated frequency C60Hz
(v) Impulselevel - 650 kV
(vi)  Power frequency test voltage 275 kV for one min.

Accessories

The following accessories shalt be supplied :

(@ .
(b)

(<)
()

- (e}
)
@

J.5

JoScl

Name plates

Terminal for primary conducior - _

Secondary terminal for potential device

Grounding terminals - o

Lifting lugs ' |

Cable conduit : _
Supporlmg slmclures with foundauon bo]ls and nuts

COUPLING DEVICE

Scope

The coupling device specified hereunder shall mcludc couphng ﬁlter, surge protec!we devzce
and feeder cables, etc. necessary to connect the PLC telephone terminal equlpment to 138
kV line coupled with CCPD.

J.5.2

(a)

Coupling  Filter

General
Couphng ﬁlter shall be con!amed totally in the sealed metal box equipped under

the CCPD specified in Clause J.4. Arrangement shall be provided for
termination of the coaxial cable. :

)10



(b} Rating

The rating of the coupling filter shall be as follows :

i)y Type - : Band-passfilter type
i) '~ Frequencyrange  : Referto Clause 6J.3
C - (50 to 450 kHz)
i) Impedance : | 7 7
- Line side : 400 ohms for phase-to-ground coupling
- Equipment side : 75 ohms '
iv) lﬁsulatioh strengih o I
. - Primary - : A.C.6KkV for one minute
- Secondary : A.C.3kV for onc minute

V) Secondary side arrester
Type ¢ Air gap
- Voltage :AC10to L3 kY
- Discharge current : AC.10A

J.5.3  Surge Protective Device

Surge protective devsce shall be provided between coupling filter and PLC telephone
terminal equipment to protect the PLC telephone terminal equipment from surge voltage and
cureent transferred from the power line system,

The rating of surge protective device shall be as follows :

(a} Rated voltage : AC. 100V
(b) Rated cureent : Al C 2A
©) _.Shor( t:me rated current A C 10 A for one mmutc
(@) Power frequcncy wnthstand voltage .
- Primary -+ AL.6KkV for one minute
- Secondary : AC. 3KV for onc minute

* (e) lmpulse withstand voltage : 6 kV (1.2 x 50ms), positive and negative, 5 limes



J.5.4  Feeder Cable and Cord

(@ General
Feeder cable connoctlog the oouphng filter to the PLC tclephone terminal
_equipment shall be high frequcncy comal cable, but coaxial cord may be used
for mdoor portion..

All necessary terminals and connectors shall also be provided herein.

(b) Rating
The ratings of the coaxial cable shall be as follows
i)  Nominal impedance _ “i975 ohms
ii) - Attenuation loss at 300 kHz . :lessthan 3.7 dB/km
it} Insulation 'Slreng’lh . - S
- Between conduclofs .+ :AC3,000 V for one min.
- Between outer conductor and sheath : A_C 6,000 V for one min.

(¢} Spare Parts

The following spare parts shall be supplied for each carrier cquipmeht :

i) One (1) connector of each cable and cord to surge protec{we device

ii)  One (1) connector of cord to carrier eqmpmcnt ’ '
_iii) . One (1) connector of the cable to coupling equipment

J.6 POWER SUPPLY UNIT .

J.6.1 General

One (1) power supply unit consisting of storage battery and battery charger shall be
provided for PLC equipment at €ach stauon The power supply unit shall be operated
normally in floating condition. :

(a) Batteries _
The storage battery shall be of Ni-Cd alkaline, enclosed type and shall have a
sufficient capacity to operate the PLC telephone terminal equipment for a time

of not less than one hour at full load without chasging. The rated voltage of the
battery shall be 48 volts.
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(b) Battery chasger

The charger shall be desigricd to give a stable floating charge with avtomatic -

equalizer. D.C. output voltage from the charger shall be maintaincd at 48 V

+10% for rapid power source variation of +10% of A.C. 220/127 V, 3 phase-

4 wire, 60 Hz, and for rapid load variation of no load to 30% load, 70% load
- to fu!l lo1d and vice versa. Silicon dropper shall be provided with the charger

T he charger shall be so desngned that equalizing chargmg can be performed
manually when required, and shall be returned to the floating charging
automaucally after the preset time has elapsed. The battery and charger shall be
housed in a self-standing cubicle and shall be equipped with necessary
proteclive relays, switches, meters, terminals and lamps. -

J.6.2 Accessorics

The following accessories for cach unit Sh;ll“ be suppl jed :

(a) Voltmeter o 1pe.
(b) Themometer 3 pes.
() Tools l “11lot
@ (d) Other accessories recommended by the '
“manufacturer

J.6.3 Spare Parls

The following spare paﬁs for each umt shall be supplled

(3) Electrolyte . 20% of all cells

) Distilled water o ' | 20% of all cells

(c} Slgnal lamps, fusc elcmcnt etc. 300% c}f actual use
J.7 TE LEPHONF WIRF

Indoor use telephone wire shall be of twin PVC insulated copper w:th 0.8 mm diameter. All
necessary wiring materials shall be supplied.

SR 8 I
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'J's.

- TESTS

Test Befofe Shipmc'nt

- The l‘ollowmg tests before shnpment shall bc camed out at thc manufacturer $ planz

Test report w:th ccmﬁcate of typc tcsl may bc acocptable for the test items marked with
: astensk (*) heremafter - . Lo . ‘

: (1) - PLC tclephone temunal cquzpmcm

'_(a)'

(b)

Test on PLC term_mal unit

(i)  Construction check
(ii) Impulse withstand voltage test(*)
(iii) Power frequency withstand voltage test(*) -
(iv)" DC withstand voltage tesi(*)
(v}  Insulation resistance measurement
(vi) Carrier frcqugncy stability test
(vii) Carrier f_(cquéncy output level test
(viii) Retumn losstest(*) | |
(ix) Outband insertion loss test(*) S L _ %}
(x)  Spurious emission test(*) o
{xi) Power consumption measurement(*)
Overall system test . ot R
(i)  Testonlevelseiting _
(ii) Teston lransmmmglrecewmg frcquency dlfference between mput voice

fn,qucncy and other side output voice frequency(*) '
(iii) Test on variation with frcquency of the overall loss of a pair of

transmilting and receiving PLC termma!s(*)
(iv) Linearity characteristics test of voice levcl
(v)  Automatic gain control test C e
(vi) Measurement of noise gcncm(ed wnhm the lcnmnals
(vii) Group delay distortion test’ R '
(viii) Voice distortion test(*)
(ix) Crosstalk attenuation test
(x)  Return loss test in voice frequency side(*)
(xi) Speech check a _ "
(xii) Ringer signal (pulse) distortion test ' - éi
(xiii) Alarm and indication check "

14



(xiv) Other tests if the Engineer requests |

2 Line trap

~ (1)  Construction check
(ii)) Temperature rise tcs((*)
- (ii)) Impulse withstand voltage of mam co:l and lumng dcvncc without
~ lightoing arrester(*) _
(iv) Power frequency withstand vohagc test o
(v)  Short-time cut rcnt test(*) '
(vi) Main _cml inductance méasurement(*) -
{(vii) Impedance measurcnent
(viii) Tapping loss measurement
(ix) Impulse spark-over voltage test of llghlnmg ancslcr
(x) Measurement of insulating resistance

(3) - Coupling capacitor potential device (CCPD)

(i) -~ Construction check

(i) Impulse voltage withstand test(*)

(iii) Power frequency voltage wilhstand test
(iv) Polaﬁ(y test

{v) Induced potential test(*)

(vi) Ferro-resonance tcst(*)

(vii) Accuracy test of potenlnl dcwcc

(viii) ngh frcqucncy test

(ix) Transient response test(*)

(x)  Measurement of capacnancc and tangcnl cf loss angle
(xi} ~-Temperature nise test

(xii) Sphere gap spark-over voltage test

(xiii) Radio noise test |

4) _Cou.p]ing Device

(a) Coupling filter
(i} Construction chcck
_ (it) . Impulse withstand vc!tagc tcsl{*)
@ (i) Power frequency withstand voltage test -
~(iv) Temperature rise test(*) '
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(v) Discharge gap sparkover characteristic test -
(vi) Composite loss test
{vii) Retumn loss test

{b) Linc protective device
(i)  Construction of device -
(ii)' | Impulse withstand ?.'olta‘ge(*)
(i) Power frequency withstand voltage
(iv) AC voltage protcction characteristics test

(v)  Impulse voltage protection characteristics test

(vi) Atienuation loss

- (¢) Coaxial cable o
| (i) Construction check
(i)  Withstand voltage test(*)
(iiiy Measurement of insulation resistance -
(iv) lmpedancé fest
(v)  Attenuation test

(5)  Power supply unit

(i)  Consteuction check _
(i)  Floating and equalizing charge fniction test
(iiiy  Efficiency test of charges(*} B
(iv) Noise voltage test(*)
(v)  Protective retay test _
- For baltery maximum voltage
- For baltery minimum voltage
(vii) Voltage regulation test
(vi) Withstand voltage test(*)
(viii) Meter calibration check(¥)
(ix) Temperature rise test of charger(*')
(x)  Drooping current test
(xi) Battery capacity test
(xii) Measurement of insulation resistance-
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J.8.2 " Test at Siie

“The following tests at site shall be carried out by the Contractor in the presense of the
Engincer : :

(1)  PLC telephone terminal equipmicnt

(@ Measurement of transmission loss

(b) Test on PLC terminal unit

: (i)  Transmitt i'ng and receiving level measurement
(i) - Automatic gain control characterislics |
(iii) General noise and crosstatk
(iv) Frequency stability :
(v)  Signal distortion
(vi) Overall frequency characterislics
(viil) Overload charcteristics
{viii} Test specch check
(ix) Alamm indication check
(x} Leveldiagram

(2) 138 kV coupling capacitor potential device

(i)  Polarity check
(ii) Voltage ratio

(3)  Power supply unil

(@) Battery
{i)  Specific gravity of elecrolyle
(i) Level of electrolyte
(iii} Check of voltage at each celt

- (b} Battery charger
(i)  Construction check _
(i)  Charging voltages (floating and equalizing)
(iii) Secquence test '
(iv)  Alarm operation
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SUBSECTION ¢+ K

INTAKE TRASH RACKS AND RAKE

K.1 GENERAL
K. 1' 1 Séope o
This Subsection covers the design, mamzfacturc, testing before shipment, lransponatlon to

the site, mstallauonlerecuon commissioning and performance tests at the site of the
following: :

(1) Six (6) sets of fixed trash rack, -
(2) One (1) set of ra_k(:';md six ©) sets of its gui_de frame.

K.I 2 _Trash Racks

Six (6) sets of the fixed type trash rack shall be provided for suction side openings of main
pumps of the pumping station. The trash racks shall be designed lo prevent maiter,
injurious to the pumps, from entering the suction pit and to adequately withstand the impact
forces, static load and vibration phenomena which are likely to occur due to flow of water

passing lhrough the trash racks in 3.2 m3lsec per one opening.  The trash rack shall be
6,000 millimeters wide by 7,300 millimeters high and the arsangement of the trash racks
shall be as shown on the Drawings for Tender, Nos. 3-1-005 and 3 1-028.

K.1.3 Rake and Guide Frames

One (1) set of rake and six (6) sets of its guide frame shall be provided to assure positive
femoval of trash and debris from the faces of the trash racks. Dug attachments shalt be
provided to connect the rake to the wire ropes of gantry crane déscribed in Clause L.1.4 for
oper'xtmg the rake. The rake shall be provided with main and side rollers to guide the rake
in the guide frames described in Clause K.4. Such rolless shall be located and sized to
ensure that the rake is positioned for complete cleaning of the bar elemient surfaces of the
trash racks.

The rake shall be operated by thc gantry crane descnbed in Clause L.14. The arrangement
of the rake and ns gulde framas shall bc as shown on the Drawmgs for Tender, No. 3- l-
028



K.2 DESIGN LOADS AND STRESSES S
K.2.1 ‘Design Loads nnd Conditions
(1}  Trash Racks

(a) Bar Elements

iy T he water load ona b1r clement shall be 2. 25 kllograms pcr centimeter of

tength applied on the edge of the bar element,
u) The trash rack shall be frce from v1brauon under the gwen dessgn condmons

(b) Suppomng Beams

The following loads shall be considered.

i) 'The reaction load due to water force on the bar elements. -
ii} The load due to self-weight,
iii) The impact toad due to rake operation.

2) Rakc

The rake shall be dosngned to wnhstand the dead: wc:ghl and dcs1gn load due to .
~ -heaping full trashes of 2,000 kgs./6.0 m wide assuming a density equal to water.

- The rake shall also be designed o withstand all forces that may be imposed by
trashes being wedged between the ‘bucket and the trash rack, and to withstand all
possible loads due to lifting force resulting from the maximum lorque of tho honst
motor of the gantry crane.

K.2.2 Design Stresses

The allowable stresses for steel members and conc;ete sircsses shall conform to thc
requirements of Clause GS.6.1 of Part-1 General Spoc:ﬁcatlons except that the bar elements
shall incet the following rcqmremems : :

The stress in 1he bar clemems shall not excced the followmg cnucal strcss

Critical allowable stress = 0.6 X yielding slrcss (1.23 - 0.0153 T)

where; L Latemlly suppoxted lcnglh of bar element in cen'lmeter L < ’IOt : _
t : Thickness of the bar in cenumcter (not considering corrosion allowancc) 3 %ﬂ



The thickness of the bar element shall be increased by 2.0 mllhmeters as coreosion
allowancc to lhe calcu!aled thwkness _

The fnchona! forces to be considered shall be those rosulung from lhe fnclloml coefficient
- specified in Clause 1.2.1. :

K.3 DETAILED REQUIRFM]&NTS FOR TRASH RACKS

'-K 3, l Genera!

Each trash rack shall consist of bar elements, supporting beams, and all other necessary
components. The details of the construction of the trash racks not specified herein, will be
left to the Contractor, but subject to approval of the Engineer. The trash rack panels shall be
fixed on the supporting beams by using the stainlcss steel bolts, nuts and washers.

K.3.2 Bar Elements

The bar clements of the trash racks shall be of rectangular section, and minimum thickness
of the bars shall not be less than 12 millimeters. The center-to-center distaice of the bar .
elements (pitch) shall be kept in 75 millimeters plus or minus 2 millimeters by distance
picces. All bars shall be formed in to several panels by tic rods made of stainless steel to
suit to the stainless steel fixing bolts, nuts and washers, and then fixed on the suppoiting
beams forcnbly to pmvcnt vlbrahon ' »

K.3.3 Supporiing Beams

The supporting beams shall be of H-beam or built-up steel construction, and all or both ends
of beams shall be embedded in the concrete. The maximum deﬂecuon of the suppomng
beams shall be !css than 1I600 of lhc clear span

K. 4 DFTA]LED REQUIREMENTS }‘OR RAKE

T he rakmg and dumpmg operanon modcs shall bc capa‘olc of performmg mechamcally and
- controlled independently and/or jointly in combination with main and auxiliary hoisting
" equipment, so that such provisions shall be designed to be compatible with the facitities of
the gantry crane of Clause L.1.4.

The rake bucket shall have rake prongs which shall pro;cct in between the trash rack bars,
“but shatl adequately keep clearance between the distance picces or transverse members of the
~trash racks, Sufficient clearance shall be provided to accommodate deﬂecuon of the rake
and any deformalion of the prongs.



Thc rake bucket sh'ull havc amplc space (o accommodate and hold lhe collccted trash and
debris during the raising and transfer operation, The bucket shall be so constructed as to
easily tilt and dump with a reasonable operation speed, and. complctely dlscharge the
contents onto truck, ete. T

All sheaves and rotating joints shall have sle-lubricatcd bronze bushing and washers.
The guide frames shall bé prowded on each side of the concrcte picrs {o guide the rake. Thc‘
guides shall be securely anchored to the cdncrete structure. The guiding surfaces shalt be

accurately installed so that the variation from the theoretical true plane shall not be greater:
th'm plus or minus 2 milhmeters lhroughout every d:stance in 2 0 mcters '

K.5 SPARE PARTS =

Spare parts specified in Schedule - I A and those to be rccommended in Schedu!c 1 B in
Volume 11 shall be furnished by the Contractor duly.

K.6 SHOP ASSEMBLY AND TEST
K.6.1 lrash Racks
The trash racks shall be shop assembled and checked for dlmcnsmns, lolcranccs and

accuracy of alignment in accordance with the finally approved drawings. Any €rror of
misalignment discovered shall be promptly corrected.

K.6.2 Rake

The rakc shaH be complelely assembled in the Contractor s shop, in phcc on lhe crane of _

Clause L.1.3 and shall be operated to_ensure that the rake operates with the gantry, and in

accordance with the design pasticulass. The operational test shall be wnmcsscd by the
Engineer and the equnpmenl shall be subject to hls approval

If any defect or lmpropcr opcnuon is drscovered it shall be corrected and !he entlre test
shall be rcpcatcd . 3 SN _




K.7 INSTALLATION

K.,7.1 Trash Racks

The supporting beams shall be installed in their blockouts in accordance with the finally
approved drawings, brought to line and grade within the erection tolerance specified and
firmly secured in place. Alignment bolis or other necessary devices shall be used to instalt
the supporting beams accurately. Placement of concrete in blockouts shall not proceed until
the supporting beams have been completely installed and secured. '

The trash racks shall be installed in accordance with the details shown on the finally

approved drawings and the Engincer's instructions. Sampling inspection shall be made
against the pitch of the bars in advance of instalfation. :

K.7.2 Rake

The rake shall be operated at site to demonstrate that it conforms to the design particulars
based on these specifications.






SUBSECTION - L

- INTAKE GATES AND GANTRY CRANE

L.1 GENERAL

L.1.1 Scope

This Subsecuon covers the design, manufacture, testing before shipment, transporiation to
the site, installation/erection, commnssmmng and performance tests at the site of the
following:

(N Two '(2) sets of intake gates, and one (1) 'set 61‘ ganalry crane émd Iiftihg beam.'
(2) Six (6) sels of guide frame.

1..1.2 Iutake Gatcs

Two (2) set of vertical lift, fixed wheel gate in 6.0 m wide by 3.0 m high shall be provided
at the suction intake of the pump station to close the suction intake openings for inspection
and maintenance purposes of pump and structures. The Contractor shall exercise special
care in the design of the gates to avoid any water leakage under closed condition. The
arrangement of the intake gates shall be as shown on the Drawings for Tender, Nos. 3-1-005
and 3-1-029.

5.1.3 (\_‘,Aui_('i‘_é 'I;‘r_ani(:s;

Six (6) sets of guide feame shall be provided for the intake gate by the Contractor. The
arrangement of the guide frames shall be as shown on the Drawings for Tcnder, No.3-1-
029.

L.1.4 Gantry Crane -

" Cne (1) set of conventional type gantry crane shall be provided on the intake structure to
~ handle the intake gates of Clause L.1.2 and to operate the trash rack rake of Subsection - K.
The crane will traverse along the intake structure slab at EL. 70.0 m, and shall have a
modern, pleasing and functional outline, which shall subject to approval of the Engincer.
- The arrangement of the crane shall be as shown on the Drawings for Tender, Nos. 3-1-005
and 3- I 030 :



1..1.5 Litting Beam |

One (1) set of lifting beam shall be provided to assist for handling one of the intake gates by
the gantry crane of Clause L.1.4. The lifting beam shall be designed to have two-point
engagement and lifting hooks for picking up or releasing the intake gate under the
submerged water condition,

The lifting b_éam shall be capable of traveling within the same guide frames for the intake
gate described in Clause L.1.2 by the gantzy crane. _ k

L2 DESIGN LOADS AND STRESSES

L.2.1 .Design Loads and (;.:m(_lili(_msE

M Gaes S o
The gates shall be designed for the follou:.rin'g coﬁdilions._ '

(a) Water Load

- Flood water at elevation (FWL) _ 69.000 i_n_c;érs-
© Sill beam at efevation 42,100 meters

{b) ~ Raising and Lowering

The gates shall be capable of raising at 3.0 metess of the unbalanced head condition
between up-and downstream side of the gate even though each suction pipe can be
filled water by using balance pipe and valve provided inside the pump station,
whereas the gates shall be lowered under the fully balanced héad condition after duc
pump be completely stopped. L :

(b) Other Loads

Reaction due to its own weight. - All loads imposed during starting, raising or -

lowering the gate.

(d)  Overload Condition

All loads imposed during raising o lowering the gaté,- due to the ové'rload Iic}i_sl or

gate jammed conditions.: - | - . RN

(2)  Guide Frames -

The loading on the guide frames shall be the wheel and seat loads and 'othér'lbadé
due to the most adverse operation of the gate and crane. The guide frames and



(3

)

anchors shall be capable of transferring all loads form the main rollcrs. seals, side

" and front rolleis of the gate to the conerete structure.

Gantry Crane

The design of the crane shall be such that all movements take place smoothly and
positively. No slipping or creeping of the loads shall occur at any time.

The cranc shall be designed to hoist and trave! with the heaviest load imposed by the

| _:_llflmg beam with lhe intake gate or the rake attached. The hoist shall be capable of
stating and lifting the heaviest unit overwhelming the friction forces for which all

units have been designed as described in Clause L.2.1 (1) and Subsection -

~ K.2.1(2). For the purpose of designing the hoists, the starting and rolling friction of

the * Oiles " bearings shall not be less than 0.2 and 0.1 respectively; the rolling
friction of antifriction bearings shall not be less than 0.05, and the starting and

sliding friction of the rubber seals on steel shall be 1.50 and 0.75 respectively, and

those of steel on bronze, stecl or stainless steel shall be 0.50 and 0.25 respectwely

" _'The auxiliary hoist shall have sufﬁc;ent capacnty lo tilt the rake for dumpmg
operation.. _

‘The crane shall be statically stable by itself under any operating condition, without
temporary ballasting or rail clamping. It shall be designed for a wind pressure of
300 kllograms per square meter, acting on the honronlally projecled surface of the
crane in any direction at the rest position and/or not in operation condition. The
crane shall be stable with a wind pressure of 40 kilogtams per square meter, acting
on the horizontaily projected surface of the crane and the fully raised gate or rake in
any dircction during hoisting and/or traveling operation.

The crane shall be designed to move under the rated foads and wind pressure at the

following speeds within plus or minus 10 percent, .

I)-Mainhoist @ = 1mefer per minutes

2) - Auxiliary hoist : A rea_sonabic speed for rake tilting operation
3) - Trolley travel : 10 meters per minute
o '4) G'mtry Iravel E - 10 meters per minute

The bottom he;ght of the gate maximum raised shall mean at least 0.5 m above the
deck EL.70.0 m, while those for the rake being suitable for dumping the trashes
onto 4.0 tons class long body truck. The traveling length of the gantry cranc shall be

‘more than an area to cover handling operation of the gate and/or rake mentioned
above, Including those for crane rest position and crane assembly yard.

Lifling Beam

* The lifting beani'shall be designed to Jift the dead-weight of, plus all frictional foad
“due to the gate, The lifting beam shall withstand all loads imparted to the beam

under the condition that it becomes jammed in one of the guide frames.



The lifting beam shall be de_signed as the stro'n_gésl mémber in tiw !iﬁing assembly.

L.2.2 . Design Stresses

(H

Structural Steel Members |

" The ﬂlowablc strcsscs for normal loadmg of structuml steel’ membcrs and concrete

@

(c)

2)

(a)

stresses shall conform to the reqmremems of Clause GS 6 1 in Part l Gencral'
Specifications, prowded that : :

For allowable stress in case e of platc thickness exceedmg 4{) mm. 1t should be

reduced by 0.92 time.

(b) o The allow*&ble stresses in case of overloadsng condltu:m and/ot the combmcd stress
- resulnng from combmahon of biaxial stress or triaxaial principal stress may be

increased by 50 percent than those for normal loading condition. In no case,
however, shall any stresses exceed 90 percent of the yield point sirength and/or
minimum clasnc fimit of the steet material used

The combmed stress shall be calculated with thc follownng fommla as deve!(}pcd by

Mises Hencky Huber: _
fg? = fx? + fy’ -fx.'fy.'!-3fq_2 .

where,
' - fg + combined stress (kgflcm ) - .
fx : direct stress (lens;on is considered as posuwc) (kgflcm )
My : direct stress acting perpcndlcular to axis of fx (lcnsnon is
_ conssdercd as posnwc) (kgffcm ) o
fq : sheanng slress (kgf/cm )
The minimum thickness of major slrucluml sleel members shall bc of 8 mllhmcters
The critical slenderness ratio of major and secondary compresston members shali be
less than 120 and 150 respechvcly . : - .

Machine Paﬁs

The allowable slresscs for all mechamcal parts of lhe galc and ho:st subjecnng to

normal toading condition or rated capacity loading condition shall conform to the
requireients of Clause GS.6.1 in Pan 1 General Specifications, provided that:

The allowable tensile of gray iron castings and bronzc castings shall have factors of
safety of ten (IO) and eight (8) respeclwely 1g*unsl the ulumale slrenglhs

2



(b)  Unit steess shall not exceed nmety {90) per cent of yicld sirengih of the materials to
be used under loading condllion resulting I‘rom the maximum lorque of the hoist

IllOlOl'

L.3  PETAILED REQUIREMENTS FOR GATES

3.1 General

" The gates shall consist of skin p!atc. main beams, wheel assembhes, scals, side rollers,

front rollers and all other necessary components. The gate shall be of fixed-wheel gate type
and of all welded construction, except that the high-strengih friction grip bolts and reamer
bolls shall be used for all ficld connections other than the skin plates splices. All cuitings,
chamfenng and other neeessary preparations of each segment for field connections shall be
done in the shop. Adequate temporary bolts and nuts shall be provided to hold sub-
assemblies rigidly and in proper alignment during ficld erection. The openings for the gate
shall be 6.0 meters wide by 3.0 meters high. The details of construction of the gates, not
specified herein wilt be left to the Contractor, but subject to approval of the Engincer.

I..3.2 Skin Plates

The skin plates shall be located at the pump side of the gate. The thickness of skin plates
shall include a corrosion allowance of 1.0 millimeter at both sides (duc to not always
submerged condition) and shall be not less than 14.0 millimeters. :

L. 3' | MainBeams |

The main horszontal beams shall be of H beam or bmlt -up platc girder construction. The
defleciion of the main beams shall be less than 1/1,000 of the supporting span of the gate
under full toad condition.

L.J.4 Wheel Assemblles

The wheel assembhes shall consist of wheel, shal‘l bushing and all other necessary
components, -The wheel shall be cast steel or other approved malerials. The wheel bushings
shall be of "Qiles" metal type. To provide a true alignment of the whole wheel treads, the
journal surface of the axle shall be eccentrically located with respect to its end supporis, 50
that all wheels will contact umformly on and distribute the water loads safely to the track

" frames. The wheels shall be machine-finished and hardened to the value rather lower than

the Bnnell Hardness Numbers of track frame susface of the guide fmmes

L-35



L. 3 5 Seals

Scals shall be made of mtural or synthcllc rubber sun!able for the temperature ranges and
conditions at the Site and shall be of a malerial that has proven successful in similar
applications. Seal materials shall have the following physical properties as determined by

g

the tests made in accordance with the relevant Standard (s):

Tensile Strength

. 210 l-cgflcnf2 minumum

e))

(2) - Uliimate Elongation : 450 percent minimum

3) rDuronmtétHardnes"s P 60 to ?0

' (Shore, Type A) R

(4). - Specific Gravity . . : ‘,11:013 |

(5) Watér Absorption . -5 percent nnx:mum by

_ o ”(70 Cfor 48 hours) o _iwelght

6) '. Compress:on Set ' : '30 percent n_ia;tirhpm
(as a percent of total ongmal '
deflection) . L

(7 Tensile Strength after oxygen : 80 percent minimum of
bomb aging for 48 hours at 70° C

tensile before aging

(8) - Adhesion of mc_:lél i.nserl'lo rubber
- Shear test |

. : ‘I6 kgflcmz
- tenstion test (90 ° Cto axts)

2 kgflcm2

The gate seals shall be of the molded rubber shapes clamped to the pump side face of the
gate by means of steel bars and corrosion-resisting steel bolts, nuts and washers. The seals
shall be spliced at the corners by shop vulcanizing to provide a single continuous seal. The
tensile strength of all shop slices shall be not less than 50 per cent of the tensnle slrength of
the unspliced material. o

The side and top seals shall be of music note or other shape achvated by the upslream water
pressure. The bottom seal shall be a plain bar of rubber which shall bear on the sitl beam.
The weight of the gate shall be transmitted to the sill beam through the skin plate. .,

L.3.6 Sidc Rollcrs

Two side rol!crs shall be provided on éach side of the gale. to lnmt the lateral movement of
the gate. The rollers shall be prowded with "Oiles" metal bushing and washers. If the
rollers are flanged to resirain the gaté from moving in horizontal direction, the bushing
inserted in the rollers shall have an integral thrust shoulder to transmit the résulting load.

Each roller and pin shall be designed to resist the imposed load due to the gate becoming
jammed in the guide frames.

L6



1..3.7 Frout Rollers

“The gate shall be fitted with two front rollers on each side of suciion pondage side of the
- gate for complete waterlight under balanced head condition at fully c!oscd position.

..3.8 Lifting Attachments

The gate shall be fitted with two hﬂmg lugs centered on the top of the gate. The attachment
shall be desngncd to ensure thaf the linkage mcchamsm of lifting beam can catch and release

on lhe pms oflll’ung Iugs

L.3.9 Tolerances o

Tolerances for the alignment of roller and for roller paths and sealing surfaces shall be
selected to prevent overstressing of the gate parts and to effect watertight seal. Tolerances
for machined and fitted parts shall comply with the requirements of these Specifications, All
tolerances and nieans of adjustment shall be defined on the Coniractor's drawings, but
subject to the Engineer's approval. - :

1.4 DETAILED REQUIREMENTS FOR GUIDE FRAMES

L.4.1 General

Each of six (6) guide frames shall consist of sealing frames, lintel beam, sill beam, track
frames, side guide frames, front guide frames and all other necessary components. The
gmde frames shall include two (2) sets of dogging device for supporting the gates at the top

of the guide frame at EL. 69.0 m. The bottom of guide frames shall form so as not to heap
wnh s;lt or sand $0 that the mmkc gate ¢an make complete watemghlncss smooihly '

The details of construction of the gulde frames not specified herein, will be left to the
Contractor but subject to approval of the Engineer,

L 4.2 Seallng Frames

- The sealing frames shall consist of corrosion- remsting slecl platcs allached lo the lwo szde
guide frames, lintel béam and sn!l beam



When the guide frames have been assembled, the sealing surfaces shall be straight, true and
in the same plane, within a tolcrance of plus or minus 1.0 millimeter per 3.0 meters. ‘The
minimum thickness of the sealing plates shall be 6 millimeters.

L.4.3 Llntel Beam

The lintel beam shall be true to form and frt,e from twist and w*xrps to provide a watertight
seal with the gate top scal.

L.4.4 Sil Beams: -~

The sili beam shall be straight and true prowdmg a close ﬁt with the bottom of thc gale 'md;
to carry the weight of the gate. The sili beam shall be conservatively designed to be ableto
teansfer all loads applied on it to the concrete structures, without any deftection.

L.4.5 Track Frames

The track frames shall be capable of transmitting the water load from the fixed main rollers
of gate to the concrete structures. The upstream sugface of track frames shall be true and
fiat. The deviation of the surface from the theoretical plane shall not exceed plus or minus
0.5 millimetess in any 3 meters length throughout the distance up to EL. 50.6 m from the
sitf. Both paths shall deviate in the same direction to maintain paralIel paths Thc surface
shall be suitably machined and hardened to prevent excessive wear, ‘

1..4.6 Sidc Guide Frames

The side gmde frames shall extend up to the embcddcd frames of granngs whltc up toRL. -
69.0 m for Nos. 1 and 4 units, and have ample steength to resist the load from the side
tollers of the gate. The variation from the theoretical true planc shall not be greater than plus
or minus 2 miltimeters throughout the total length in order to guide the gate properly dunng
operation, No offset shall exist at each joint. - . o _

L.4.7 Front Guide Frameces

The front guide frames shall extend up to EL. 50.6 m and have ample strength to rcs;st the
load form the front rolters of the gate. The variation from the theoretical te plane shall not
be greater than plus or minus 2.0 millimeters throughou% the total length i in orderto guide ! the
gate properly during operation. No offsct shall exist at each joint.

ll '-8
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