





THE ISLAMIC REPUBLIC OF PAKISTAN

DETAILED DESIGN STUDY
0N
- WEST WHARF
| -'THERMAL POWER PLANT PROJECT |

FIN AL REPORT-I
VOLUME 9

o § JIGA LiBRARY

| % (IilJIl!ll!lM!ilniﬂ‘lﬁIlll N

1080154[6]

| > o35
 JANUARY 1990

JAPAN INTERNATIONAL COOPERATION AGENCY



BB 7 F3K




WEST WHARF THERMAL POWER PLANT PROJECT
DETAILED DESIGN STUDY

DRAFT FINAL REPORT - I

VOLUME 1

SECTION 1. INTRODUCTION
I-1  PREFACE
I-2  OUTLINE OF THE PROJECT
I-3  SITE CONDITION AND DESIGN CONDITION

SECTION 2. GENERAL
GP-1 PLANT PERFbRMANCE
GP-2  HEAT BALANCE FOR TURBINE
GP-3  OPTIMUM STEAM CONDITION
GP-4  OPTIMUM CONDENSER VAGCUUM

GP-5 NUMBER OF FEEDWATER HEATERS

SECTION 3. MECHANTCAL
M-1 BOILER
M-2 BOTLER AUXILIARIES
M-3 TURBINE

_M-4 TURBINE AUXILIARIES

M-5 CONDENSER AND CIRCULATING WATER SYSTEM
M-6 CONDENSER ‘TUBE MATERTALS

.M~7 FEEDWATER HEATING SYSTEM
M-8 TYPE AND NﬂMBER OF BOILER FEED PUMP
M-9 BEARING COOLING WATER SYSTEM

M-10 MAIN STEAM AND REHEAT STEAM PIPELINE ROUTE






M-11

M-12

SECTION 4.
c-1
-2
G-3
C-4
c-5
C-6
-7
C-8
G-9

€-10

SECTION 5.
E-1
E-2
E-3
E-4
E-5

E-6

E-7
E-8
E-9
B-10

E-11

SIZING OF PIPELINES

OUTDOOR PIPING

COMMON AUXILIARIES

FUEL OIL SYSTEM

FUEL OIL HEATING SYSTEM

NATURAL GAS SYSTEM FOR AUXTLIARY FUEL
'PLANT SERVICE WATER SYSTEM °

WASTE WATER TREATMENT SYSTEM
CHEMICAL FEED SYSTEM

CHLORINATION SYSTEM

CONDENSER PROTECTION SYSTEM

MAINTENANCE FACILITIES FOR SCREEN AND CWP PIT AREA

FIRE PROTECTION SYSTEM

ELECTRICAL
CAPACITY OF AUXILIARY TRANSFORMER
CAPACITY OF STARTING TRANSFORMER
IMPEDANCE OF AUXILIARY TRANSFORMER
IMPEDANCE OF STARTING TRANSFORMER
CAPACITY OF BATTERY AND BATTERY CHARGER

CAPACITY AND DESIGN CRITERIA OF EMERGENCY DIESEL
ENGINE GENERATOR

CAPACITY OF GENERATOR NGR TRANSFORMER
MINIMUM CAPACITY OF GENERATOR SURGE ABSORBER
SHORT CIRCUIT CAPACITY OF IPB

BUS VOLTAGE OF ELECTRIC CIRCUIT

REQUIRED GROUNDING RESTSTANCE VALUE

- ii -






E-12 DESIGN CRITRIA OF SUBSTATION

E-13 BASIC REQUIREMENT OF LIGHTING SYSTEM

SECTION 6. PLANT INTERLOCK AND GONTROL
PIC-1  PLANT INTERLOCK
'PIC-2  CONCEPT OF PLANT CONTROL SYSTEM
PIC-3  TURBINE BYPASS SYSTEM
PIC-4 APPLICATION OF COMPUTER SYSTEM FOR POWER PLANT
PIC-5 BOILER CONTROL SYSTEM
PIC-6 BURNER CONTROL SYSTEM

PIC-7 TURBINE GOVERNING SYSTEM

SECTION 7. ENVIRONMENTAL. PROTECTION
EP-1 STUDY OF SOx AND NOx CONCENTRATION
EP-2 STUDY OF WASTE WATER TREATMENT

EP-3 NOISE CONTRCL

SECTION 8., PROJECT IMPLEMENTATION
PR-1 CONSTRUCTION SCHEDULE

PR-2 CONSTRUCTION COST
ATTACHMENT:

1. STUDY.TEAM MEMBERS AND THEIR ARFAS OF SPECTALTY

2. SITE SURVEY REGORDS

- 1ii -

e






WEST WHARF THERMAL POWER PLANT PROJECT
DETAILED DESIGN STUDY
DRAFT FINAL REPORT - I

VOLUME 2

TRANSMISSION LINE AND GRID STATION

TLG-1  OVER HEAD TRANSMISSION LINE
TLG-2  UNDERGROUND CABLE
TLG-3  CABLE CHANNEL

TLG-4 GRID STATION FACILITIES






WEST WHARF THERMAL POWER PLANT PROJECT
DETAILED DESIGN STUDY
DRAFT FINAL PROJECT - I

VOLUME 3

SECTION 1. ARCHITECTURAL AND STRUGTURAL

AR~1  STRUCTURAL CALCULATION SHEETS FOR MAIN POWERHOUSE
SUPERSTRUCTURE

AR-2  STRUCTURAL CALCULATION SHEETS FOR MAIN POWERHOUSE
SUBSTRUCTURE

AR-3 STRUCTURAL CALCULATION SHEETS FOR STACK

AR-4  STRUCTURAL CALCULATION SHEETS FOR ADMINISTRATION BUILDING

AR-5  STRUCTURAL CALCULATION SHEETS FOR AUXILIARY BUILDINGS

AR-6  STRUCTURAL CALCULATION SHEETS FOR OUTDOOR EQUIPMENT

FOUNDATIONS

AR-7 CALQULATIdN SHEETS FOR ATR-CONDITIONING AND VENTILATION SYSTEM
FOR MAIN POWERHOUSE

AR-8  CALCULATION SHEETS FOR AIR-CONDITTIONING AND VENTILATION SYSTEM
FOR ADMINISTRATION BUILDING

SECTION 2. GIVIL WORKS
CV-1  CIVIL DESIGN CONDITION

CV-2  THE BASIC DATA FROM THE STUDY OF HYDRAULICS AT THE
COOLING WATER WAY

cv-3 HYDROGRAPHICiCALCULATION

CV-4  STRUCTURAL CALCULATION OF INTAKE OPEN CHANNEL

V-5  STRUCTURAL CALCULATION OF PUMP PIT

CV-6  STRUCTURAL CALCULATION OF DISCHARGE TUNNEL

CV-7  STRUCTURAL CALCULATION OF QUTLET

¢v-8 STRUCTURAL CALCULATION OF RETAINING WALL












TLG-1

OVER HEAD TRANSMISSION LINE






NG

TLG-1

OVER HEAD TRANSMISSION LINE

INTRODUGTION i ittt v vt asnassasessensosnsaesssassacasnsassnns
1.1 General

1.2 Summary of Design

TRANSMISSION LINE ROUTE AND TOWER HEIGHT .......cevevveun

CONDUCTOR ¢ ovvinrestnrnrenveanessassssranassotanssnrnnans

3.1 Characteristics of Conductor
3.2 Current Capacity

3.3 Sub-conductor Spacing per Phase

GROUND WIRE . ivirvrrnnenvnvnmrrennnsrsansanns

4.1 Characteristics of Ground Wire

4.2  Temperature of Ground Wire

INSULATOR STRING ........ T R

5.1 HNumber of Insulator Discs per String

5.2 Arcing Horn

INSULATION CLEARANCE ... .iiiisunvvintecnrrnansiaerssnnens

TOWER DESIGN . .vviniiirrnirvasonastnnrttossvsstonnsnens

7.1 Design Conception
7.2 Cable Connection Point

7.3 Preliminary Tower Design

CAUTION FOR TOWER MATERIAL AGAINST CORROSION .....vovv...

8.1 Genéral

8.2 Protection Process

TLG-1-1

TL6-1-3

TLG-1-4

TLG~1-10

TLG-1-15

TLG-1-18

TLE-1-21

TLG-1-111






k4

8.3 Details of Each Process

9. INSTRUCTION FOR MAINTENANCE WORK ... .civvasrnnsnsanaenes TLG-1-115
9.1 Maintenance Work for Satisfactory Operation
9.2 Care for Durability of Tower Life

9.3 Measurement of Contamination on Insulator Disc

10, TOWER FOUNDATIONS ..ivvveeniunnritnrrssensssnsarnsssasenes TLG-1-128
1 10.1 Geological profile
10.2 Tower Structure
10.2.1 prer Types
10.2.2 Loads
10.3 Geological Conditions
10.3.1 Qutline
10.3.2 Soil Consistency
10.3.3 Groundwater
10.4 Foundation Types
10.5 Piles
10.6 Comparative Study on Tower Foundations
10.6.1 Results of Comparative Study
10.6.2 Comments on Foundation Types for Each Tower Type
10.7 Detailed Design
1Q.7.1 Design Flowchart
10.7.2 Design Calculation Formulas

10.7.3 Foundation Design
11. LEDGER FOR INDIVIDUAL TOWER ............ teerecvenscanaenes TLG-1-248

12, DRAWINGS .......... trreeessasrererrtesnsraresranerassessas TLG-1-252

- ii -






1. TINTRODUCTION
1.1 General

The transmission line between the West Wharf Thermal Power Plant
and the Baldia Grid Station haé been studied, surveyed and checked,

with the decisions.planned as follows,

o Between the subétation of the West Wharf Thermsl Power Station
and the site of téwer Né. l.of exisiing 66 kV Baldia line and
$.I.T.E. line (1.15 km) |

220 kv.undergfound O.f. cable in ﬁunnel

o Between tower No. 1 and tower No. 5 of existing 66 kV liné {1
km)

Overhead iine of composiﬁexﬁowers éonsistﬁ.of 2 circuifs of
220 kV line and 2 cireuits of 132 kV line

¢ Between tower No. 5 of existing 66 kV line and the Baldia Grid

Station (22.9 km)

Overhead line of 2 circuits of 220 kV line

The area where the transmission line will be constructed is
situated in a tropical zone exhibiting high temperature, high

humidity and extremely low precipitation.

Alsé, as the area is situated nearby the sea, it has bheen concluded
that the facilities shall be provided with effective measures

against corrosion.

TLG-1-1



1.2 Summary of Design

ITEM DESCRIPTION
Nominal voltage 220 kV 132 kv
Route length 23.8 km 1.0 km
Number of circuits 'z ect

2 cet

Supporter Latice steel tower Latice steel composite
tower
Conductor ACSR/AS 330 mm® 2

X 2

ACSR/AS 680 mm

Ground wire

OPGW 190/90 mm®

-

Insulator

Suspension string

Tension string

Fog type suspension
insulator $254 wm

22 pc.[string

23 pe./fstring

Fog type suspension
insulator $#254 mm

14 pc./string

15 pc./fstring

Fregquency

50 H=z

50 H=z
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TRANSMISSION LINE ROUTE AND TOWER HEIGET

As a result of the site survey and the discussion with KESGC's
engineers and concerned authorities relating to the route of 220 kV
transmission line, the optimum route was studied and selected faking
into account the future extension plan of tﬁe transmission system,
physical aspects of the tower site conditions, avéilability of land
acquisition, ease of construction and maintenancé; and the detour

route around the Air Force Base.

The proposed route of the 220 kV transmission line is as shown in

DWG. No. WLT-1001.

The limitations of tower heights are divided into three classes, 33
m, 45 m and 66 m so as not to interfere with the taking-off or
landing of aircraft. Sections to be applied to each height

limitation are as shown in DWG. No. WLT-1001.
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3. CONDUCTOR

3.1 Characteristics of Conductor

(1) ACSR/AS 330 mm

(aS

(b)

(c)

2

Composite wire
Sectional area
Construction

Al

AS
Minimum ultimate tensile strength
Overall diameter
Weight per km
oC resistance.ﬁt 20%C
Aluminum-wire
Diameter
Minimum temsile sgrength
Minimum elongatien in 250 mm
Minimum conductivity at 20%
Aluminum-clad steel core wire
Diameter
Minimum tensile strength
Minimum elongation in 250 mm
Minimum conductivity at 20°¢C
Minimum stress at 1I extension

Minimum number of twisting
before stranding

TLG-1-4

379.6 mm?

26/4.0 mm

7!3.1 mm

- 10,950 kg

25.3 mn
1.239 kg

0.0835 ohm/km

4.0 mm
16.17 kg/mm®
1.92

617

3.1 mm

130 kg/mm®

1.52

232

110 kg/mm?

20 times



2

(2). ACSR/AS 680 mm

(a} Composite wire
Sectional area 766.8 mm>
Construction

Al 54/4.0 mm
AS 7/4.0 mm

Minimum'ultiﬁaté tenéile strength 20,180 kg
Oversll diameter 36.0 mm
Weight per km 2;446 ke
D.C. resistance at 20°¢ ' 0.0408 ohm/km

(b)  Aluminum wire |
biéméter 4.6 mm

o Minimum'teﬁsile strength 16.17 kg/mm®

Minimum eiongation_in 250 mm :i.QZ
Minimum conductivity at 20°¢ 612

{e) Aluminpum-clad steel core wire
Diameter 4.0 mm
Minimum tensile strength 130 kgimm2
Minimum elongation in 250 mm 1.52
Minimum conductivi£y at 20°C 232
Minimum stress at iZ extension 110 kglmm2
Minimum number of twisting
before stranding 20 times

3,2 Current Carrying Capacity

The concept for the conductor is to have enough capacity in

cohtiﬁuous operation.for full load in one circuit. Consequently,

TLG-1-5 .



the capacity is calculated on the basis of a 400 MW load for 220 kV
and a 165 MVA load for 132 kV line, and were determined by power

flow analysis and KESC instructions.
Required current capacity;

220 kV: I = L - 400 MY - 1,235 (A)
Y3 V cosd /3 x 220 x 0.85

P _165_MVA
VIV V3 x 132

132 kV: I =

= 722 (A}

According to the calculation results shown in Table 3.1, ACSR/AS
330 mm? has 526A and 655A of capacity at 80°C and 90°C of
conductor temperature, respectively, and AGCSRfAS 680 mm2 has 7974
and 1010A of capacity at 80°C and 90°% respectively, with these

values deemed to have sufficient current capacity.
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3.3 Bub-conductor Spacing in Phase

Nominal spacing distance 400 mm

Configuration Horizontal

The nominal spacing distance of ACSR/AS 330 mgz twin conductor

shall be 400 mm based on the following.

(a)

(b)

(c)

(d)

(e)

The larger the nominal spacing distance becomes, the smaller
the inductance becomes. However, the mode has a tendency of

saturation.

The larger the nominal spacing distance becomes, the larger
the capacitance becomes. However, the mode has a tendency of

gaturation.

Corona noise iével is miniﬁﬁm'whén the spacing_distanée is
equal to fhe ;ength of about ten times the conductor dismeter.
In the range of a spacing distance smaller than the above, it
increases sharply, while for larger spacing distance, it

increases slowly.

The smaller the nominal spacing distance is, the greater the
effect of wind pressure reduction. However, should the
distance be excessively small, both subconductors are prone to

be irregularly moved, stuck or distorted due to wind pressufe.

It is not desivable to frequently change the voltdge drbp of
transmission line or corona voltage due to irregular dhanging

of the spacing distance of subconductors andfor wind pressure.

TLG-1-8



Therefore, the nominal spacing distance shall be selected so
that the curve indicating electrical characteristics, such aé
the relationship between change of inductancé and
electrostatic capacity, corona voltage and that of nominal

spacing distance, is as flat as possible.

(£) In addition to electrical and mechanical characteristics,
coordination with,ﬁhe désign of insulatér stfings.éqd_
stringing work, particularly the design §£ *vehicle for mid-
air performance" for mounting spacers as well as the_w?ight of
workers mounting the wvehicle, shall be taken into account in

deciding the nominal spacing distance.

Based on the above, the nominal spacing distancé shall be 400 mm.

TLG-1-9 -



4, GROUND WIRE

4.1 Characteristics of Ground Wire

(1) OPGW 190/90 mm®
Construction 1/5.2 pm OP unit + 7/4.0 mm AS
+ 12/4.47 mm HAL
Overall diameter 22.2 mm
Cross sectionél aféa
Nominal 283.59 mm?
Minimum ultimate tensile . |
. strength 10,500 kg
Weight per km 1,136 kg
DC resistance at 20°C 0.12% ohm/km
Maximum continuous |
operating temperature 150°¢C
Maximum one second
operating temperature 300°¢
System fault current 40,000 A x 1 sec.
(2) Optical cable
Optical fiber type Single mode
Kumber of optical fiber 5
Optical attenuation at
wave length 1.3 um Max. 0.5 dB/km
(3) Aluminum-clad steel wire
Diameter .40 mm
Minimum ultimate tensile
strength 116 kg[mmz
Minimum elongation in 250 mm 1.52
Minimum conductivity at 20°¢ 20.32

TLG-1-10



Minimum stress at 1I extension 125 kglmm2

Hinimum aluminum thickness 0.22 mm

4.2 Temperature of Ground Wire

From the viewpoint of the mechanical strength of the ground wire
and characteristic of the optical fiber, the temperature of ground
wire shall be lower than 150°C under normal operation and lower

than 300°C at the time of one line fault of which the duration is

not more than one second. ' ' ' g,oog
a -
(1) Under normal operation: — o I o I2
Conductor temperature affected = '
Q.
by electro megnetic induced w .
; +—— © I3 o i
current shall be lower than . :
o
150°¢. =
O
Assuming the conductor 0'1—- o iq o i‘_-;
: . g
arrangement is as shown in <
Fig. 4.1, induced current . ' .
& T~ 014 - 0 I4
will be calculated as follows. = 10,000 |
S f =
o~
G.L.
Vo . P
Fig. 4.1

Mutual inductance will be as follows.

.. B -, 2V2 - \
= ! - 0,15 + == + h
Mij [2 log, X di 1 lfls 3 K (hi i
- = 22 K (hi + hj) }] x 1074 (H/rm)
2 3 - 4

TLG-1-11



K= J4H0m x 10‘M

dij = ﬁijz + (hi - )2 (cm)
Self inductance will be,

, 2 4z . . si
Li = 2 log, —== - 0.1544 4+ == 4+ s
{ ge Kri 3 Khi P

-3l ﬁgi Khi) } x 1074 (H/km)

Mutual and self impedance will be,

Zii = ri + j[l)Li (QIIQ]])

Induced current in the ground wire will be,

- _ - L) . _1 » - - -
Where;
o : Electric conductivity of earth (m /m)

hi : Conductor height (cm)
Dij: Horizontal distance between conductors (cm)
ri : Equivalent radius of conductor (cm)

Mgi: Specific permeability of conductor

Now, assuming that o = 100 m vfm, psi = 5 and the current of

each phase is 1200 A, the induced current will be,

I = I,

-122.4 + § 21.48 (A)

LI = I, = 124.3 (&)

TLG-1-12
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According to the calculation result given below, the
temperature of the OPGW will be lower than 54°C, théreby

satisfying the requirements,

® Allowable Current

ond. Name : OPGW 190/80 Sec.Area = 188.3 mm2 Dia = 22.2 mm
gc Res.at 20deg= .129 /km Max Temp.= 64 deg. Amb.Temp.z= _48 deg. _
Solar Radiatlon= .1 W/em2 Rad.HRatio= .9 Wind ¥. = .5 misecd.
DC Res.at Max.T= 0.1517/km X =0.63003 Beta =1.00097 K - = 1.01616
Hv = 0.0013307 ' Hr = 0.0008081 “Ia = 139.10-A

(2) At one line Ffault

Conductor temperature must be lower than 300°C at the fault of

line.

The fault current carrying capacity of overhead ground wires

is generally calculated by the following formula.

o G-ln (Bratl) A) -
I n x:j pa— (A)
Yhere,

I : Fault current (A)
o : Temperature coefficient of resistance_(ﬂjoc)
Ro: Electrical resistance at initial condition (Q/cm)

t ¢+ Duration time {sec.)

[&]

Heat capacity (Jfcm, °cy
'0 1 'Temperature rise (OC)

n : Number of ground wires

The temperature rise under the following conditions is

obtained as described hereunder.

TLG-1-13



To = 65°C : Initial conductor temperature
a = 0.0038)°C
C = 7.72 Jjem®C

t = 1.0 sec.

Ro = 0.129 x 107> x { 1 + 0.0038 {65 - 20)} = 0.151 x 10™° (R/cm)

1.2
(=)} x a x Rox t
k¢
X =
c
20,0002 x 0.0038 x 0.151 x 1072 x 1
- ~ - 0.207
7.72
X1 e0.297 _
0= = = 91°C
a  0.0038"

Therefore, the temperature of the ground wire will be, -

Te =To + 6= 65 + 91 = 156 < 300°C

TLG-1-14



5.

INSULATOR STRING

5.1 Number of Insulator Discs per String

Insulator disks shall be 254 mm diameter fog type suspension

insulators.

Insulator string 220 kv ‘132 kv
Suspension insulator string 22 discs 14 discs
Tensieon insulator string 23 discs 15 discs -

The.reason why tﬁe teﬁsion string has onermore disc £ha§ tﬁe.
suépensién string is tﬁat the increase in fhe 1éngth of striné has
little effect on the tower height. Also, from the viewpoinﬁ of
maintenance, it is more difficult to exchange an insulator disc on

a tension string than on a suspension string.

The nuﬁber of insulator discs shall be designed_sc that no
£lashover égainst switching surge impuise dcéu;s. The design shall
also take into consideration the effecté of salt coﬁtaminatiun..
The required number of disﬁé for switching surge shall be 11 and 7
discs for 220 kV aﬁd 132 kv iines; réépectifeiy. Minimum flashover
voltage under contamination on 254 mm normal suspension insulator

disc shall be calculated by using the following formula.

vt = 28_k (kV)

W ,1/5 1/3 , 4 5
(57 AL 4 2) + 2 K)

Vt: Minimum flashover voltage of 254 mm normal suspension
.insulator disc (kV)

w : Salt deposit density on cuter surface in lower face of

TLG-1-15



disc (mglcmz)
K : Soil deposit density = 0.1 (mg/cm?)
k : Correction factor

k = L.15 for effective ground system

k = 1.25 for non-effective ground system

As the transmission line route is located in a coastal area, it is
predicted that salt contamination will be considerably heavy.
Therefore, assuming the salt deposit density as 0.5 mg!cmz, minimum
flashover voltage shall be calculated as 6.2 kV and 6.7 kV for 220
kV and 132 kV, respectivelf. For fég type insulator, it shall be

multiplied by 1.3 to become 8.0 kV and 8.7 kV.

Required withstand voltsge shall be,

1,15 _ 1
V = yn x 2233
nExTy A

Vn: Nominal voltage (kV)
§ ¢+ Voltage build-up rate at fault

1.3 for effective ground system

q

q /3 for hon»effective ground system

220 kY line;

. 1.15 1.3
= EE 1-3 = 3 kv
v 220 x 1.1 x 75" 17 (kV)

[

73
.0

Required number of discs : M = = 21.6 - 22

(o]

132 kV line:

1.'15 " 3
L3 —_—t =z kY
Y 132 x 11 x 7§ 138 (kV)

TLG-1-16



5.2

. 138

Required number of discs 1 N 5 = 15,4 » 16

The existing i32 kV line has only 12 discs per string. . Also,
considering that the longer the insulator string becomes, the
higher the tower'height,'lh discs will be adopted for the proposed
132 kV line, so as to handle the density of 0.3 mglcm2 of salt

deposit,

Arcing Horn

fheré are three main purposés of the a;cing,horn. One is ﬁo avoid
flashover on the surface of insulator disés hy.cﬁnt;ining it
between hbfns when lightning surge impulse occurs. Another is to
shift the surface arc to the horn at the time insulators become
contaﬁiﬁéﬁed so“assto ﬁinimize daﬁage.to:insulator discs. The
other is to restrain corona discharge from insulator discs and/or

hardware.

it is understood that the probability of occurrence of lightning
surge is ﬁegiigible in thé proposed area. Also, as the insulator
strings will be considerably long in view.of salt contamination, it
is not a practical technique to make dischargé between the horns,

as this requires extending their length.

Consequently, it is ad#éntageous to allow the-flashover to occur at
the tower body in the rare case of a lightning attack. Moreover,
the horns shéll be designed to lighten the share voltage of discs
located at thg charged end as well as countermeasures égainst

surface arc.

TLG-1-17



INSULATION CLEARANCE

(1)

{2)

Standard insulation clearance

The standard insulation clearance will be 10X ldrger than the
arcing horn gap so as to allow flashover between horns.
However, in the case of this project, as flashover will be
allowed to discharge to the tower body, the clearance shall be
determined by taking into account the horn gap in normal cases
anhd BIL, or Basic Insulation Level, of the substation.
Consequently, 1,600 mm for the 220 kV line and 1,059 mm for 132

kV line will be appropriate.

Minimum insulation clearance

This clearance shall withstand the switching surge imnpulse.

For 220 kV:

Maximum circuit voltage

220 x 22 = 240 (kV)

1.

Jun

Switching surge voltage

V2

240 x ﬁx 2.8 = 549 _(RV) .

Y2 : Ratio of absolute value of sine wave to crest
value

V3 Voltage ratio of phase-to-ground to phase-to-

phase

2.8

Multiple factor of switching surge”
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Minimum clearance (bar gap)
549 x 1.2 = 658 (kV) =+ 1,400 mm
1.2: Deterioration factor of insulation by ground

level and others

For 132 kV:

Maximum circuit voltage

132 x 22 = 144 (kW)
1.1

Switching surge voltage

144 x 7‘%: x 3.3 = 388 (kW)

3.3: Multiple factor of "switching surge
Minimum clearance (bar gap)

388 x 1.2 = 466 (kV) — 500 mm

TLG-1-19



(3)

Clearance diagram
unit: mm
Description 220 kv - 132 kv Remarks
A Standard clearance 1,600 1,050
D Minimum clearance 1,400 9¢0
Cs Normal clearance 2,000 1,680 Cs = AtK+B
for suspension tower
Cj Normal clearance 1,650 1,100 Cj = A+K
for tension tower
E Abnormal clearance 1,550 1,070 E = DL
J Depth of jumper 3,000 2,000
K Consideration for 50 50
tension member of
Cross arm
B Consideration for ' 350 . 580 Note 1
angle of catenarby - :
L Consideration for : 150 170
step bolt and post
member
Note 1:
220 kV: 1,000 x tan 15° + 2,600 (sec 15° - 1) = 324 350 mm
132 kVv: 2,000 x tan 150 + 1,050 (sec 150 - 1) = 573 580 mm

Where: 1,000, 2,000: Distance between hanging members of
Cross arm

15°: Angle of catenary of conductor
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7. TOWER DESIGN

7.1 Design Conception

(1)

(2)

(3)

(%)

Standard

Tower design, in principle, shall be in accordance with JEC -

127 (1965), or equivalent.

Conductor

Twin conductor of ACSR/AS 330 mn? for 220 kV line and single
conductor of ACSR/AS 680 mm® for 132 kv line shall be applied.
Maximum tension of conductors shall be 4,000 kg for ACSR/AS

330 mm% and 6,000 kg for ACSR/AS 680 mmZ.

Ground wire

Two OPGW 190/90 mm® with 3,800 kg maximom tension shall be

applied. Shield angle shall be less than 30°.
Unbalance tension on tower .

{a) Normal condition

6 Suspension and angle towers
No unbalance tension will be applied.

o Dead-end towers
Full tension of all conductors and ground wire in the
same span shall be applied. |

0o Section towers
éﬁé;thirdrbf maximﬁm.teﬁsién.éf all ébndﬁétor% énd |

groun& &iré in the same span shall be épplied.

TLG-1-21. -



(5}

(6)

(b}

Abnormal condition

Unbalance tension and torsional force caused by breakage
of any one conductor or two conductors in one phasé in
case of bundle conductors or ground wire shall be sdded
to the normal condition.

Unbalﬁnce tension on suspension tower may be de#reased
but shall not be lower than.6oz of assumed tension of
conductor. This deduction shall not be applied on ground

wire.

Safety factor

Safety factor shall be more than 1.8 for normal condition and

more than 1.2 for abnormal condition based on yield strength

or buckling strength.

Standard span -

Standard span shall be 400 m. The standard span has been

decided based on the following study.

(a)
(b)

{c)

(d}

Type, size and number of conductor

Type and construction of supporter

Topographic and climatic conditions in the area along the
transmission line route

Applicable standards for safety based on those applied in

Japan

Generally, the standard span of supporter is decided by

carrying out a comparative study on the estimated total

TLG-1-22
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construction cost after designing several types of towsrs
corresponding to their span. The spans considered to be

justifiable are based on the experience ‘of the consultant

in the past. These spans are as follows.

Type of supporters . Standard span (m)
Wooden pole 75 - 120
Steel pole | - 150 - 200
Steel tower for transmission o 200 - 300

line of up to 77 kV

Steel tower for 154 kV line 250 -~ 350
Steel tower for 275 kV line 300 - 400
Steel tower for 500 kV,Line‘ . 350 ~ 450

' {(7) Wind pressure

On tower:
Tower héigﬁt'léés'than 4b m 280'kglm2.
Towerkheight less than 50 m . 300 kglmz
Tower height less than 60 m 320 kg!m?
Tower height leés than 70 m 340 kg]m2
Tower height less than 80 m ' 360 kglm2
Tower height less than 90 m 380 kg/m?
Tower height less.than 100 m 400 kglm2

On conductor:

Single conductor , 9Q kglm?
Twin conductor 81 kg]mz
On insulator string: 126 kgfmz



- {Wind velocity v = 136 km/h = 37.8 m/sec.)
. . 27.
P = =p0oCV
2 o
. o2 2
= 0.5 x 0.125 x C x 37.8 {kg/m“)

air density (kg.seczlmq)

Ne)

C: Coefficient of air resistance
C = 1.0 for single conductor
€ = 0.9 for twin conductor

C = 1.4 for insulator string

(8) BSag calculstion

Ambient temperature Max. 48°C
Min. 0%
Conductor temperature Max. 80°C

In no case shall ice on the conductor be considered. ED3

condition shall be 259 temperatdre with no wind.

Results of calculation are as shown in the attached Tables

7.1, 7.2 and 7.3.
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(9) Distance between conductors

(a) 220 kV line
(i) Exberienced distance

Horizontal distance:

C. = 1.5 —— s = ]
h X " 25 g (m)

Vertical distance:

(i1) Transverse swing by wind

Cp 2 (D-c) SB=8 4 3 (d41) sind + € + 2r
Sm . _

= (4 - 0.84) QQQEEEEQQ + 2 (12.9 + 4.3) sin 12.17°

+ 0.84 + (0.4 + 0.0253) = 9.6  (m)

-3
-1 Wu -1 10.6 x 25.3 x 19 o
Q= = =t = 12.
tan Ho an 1259 17
where;
D : distance between busbars of outdoor
substation (m)
¢ : power-frequency flashover distance (m)

Sm: maximum span length (m)

S s .applied SPaﬁ length (m)

d : sag at 55%C (m)

I : insulator string 1engtﬁ (m)

& : swinged angle of conductor (deg.)
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r + radius of conductor {(m)

We: weight of conductor (kg/m)

Ww: wind pressure on conductor at wind velocity

of 13 mfsec. (kg/m) |
(iii) Statistical method

Generally, the swing of conductors will not be '
simﬁltaﬁeous at Sli.instances. The p}obability of
conductor being staiﬂ within tﬁe standard deviation
(cg.from the mean swing angle fﬁj is 68,264 and
within 20 is 95.447. Taking into accouﬁt to close
conductbrs with 20 , the required diéﬁéﬁée-ﬁetween'
conductors shbuld be more thén 6;2 m.horizontally

according te the following formula. Refer to Fig.

7.1
o - 43.5n°p/WV + d-s
Y 13
By - (f;'rg
o =¥ .84d°S
g 15

- - 2
2 5y, 8d%s

=- av &)
8 (1 + cos™ ¥} 15

Y = (aﬁ"zsiné + wecosB ) % d 8

vl 2 +_2 - _8
15kS  3(k$)°  (ks)*  (ks)®

2efks‘ 2
+ L (14— )2
(xs)4 XS
’ w
k = ko —
v
ko = 0.335
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oo [T
o

where;
h : cos®
d : sag (m)
5 i span (m)

wind pressure on conductpr (kgim) = aﬁz

Ll

w : weight of conductor (kg/m)
g  gravitational acceleration 9.8 m/sec,?
(iv) Conclusion |
Horizontal distance: more thap 9.6 m
Vertical distance: more than 5.4 m
(b) i32 kV line

(i) Experienced distance

Horizontal distance:

132
C. = 1.5 + —=2%— = 6,3 {(m
h 1.1 x 25 (m)
Vertical distance:
132
c, =1.0 4+ ———— = 3.7
v 1.1 x 45 (m)

{ii) Transverse swing by wind

550 - 400

+ 2 (14.9 + 3) sin 8.84°
350 2 (14.9 ) sin

Cp > (3 - 0.504)

+ 0.504 + 0,036 = 6.72 (m)
(iii) Statistical method
Refer to Fig. 7.2
{iv) Conclusion

Horizontal distance: more than 6.8 m
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Fig. 7.1 CONDUCTOR SWING BY WIND
(STATISTICAL METHOD)

wnn (ISR UIBRARR ) # s

()
16
o T
g
S
2 -
L
z B _
3 E S =
a =] [ Ay 1 =
o BI’-H e i 13
= T L )
.-'-“%-“#'- !
{ A h
J o Ee T T !
! SN
(8 A e - '
@ &0 - 8 (m
e aal K REEE ——
Horizontal Distance
- Conductor % 8 ACSR/AS 330 % 2
{ Tmax ) 4000 (kg)
Voltage = E 220 (KV)
Required it B2 3 Ba V=20m/sec 1612.65 mm
Clearance , _ ¥y > 20mfsec 752.656 mm
Applied Span % , B 450 (m)
Ruling Span LZmEM ' 400 (m)
Wind Conductor: Loading ‘ Swinged Standard
Verochty Temperature Factor Sag Tensign_ . Anglg. Deviation.
A BREE ANEEK mE KN 0 KERA BERESR
(m/s) . (*C) (m) (kg) e ) g (")
16.0. . 66,0 _ 1.0000 16,32 1922 14.5 - 2.2
20.0 55.0. 1.0000. 16,32 1922 24.7 3.5
25.0" - 55.0 1.0000 16,32 = 1922 35.7 4.4
30.0 . 6.0 ¢ 1.0000 - 16.32 ~ 1922 . 46.0 4.7
35.0 55.0: 1.0000  16.32° 1922 54.6 4.5
4.0

40.0 55.0 1.0000 . 16.32 1922 61.4
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Fig. 7.2 CONDUCTOR SWING BY WIND
(STATISTICAL HETHOD)

f@?&.?ﬂi&-ﬁi 4 £ By
i

, w45 {(TRTHR I HT b3 IR T 45
(m)-
10
o T
|
a
v
u -
5
A —
— %‘i R
g £ =1
o e
ghm 5
Ll - L
K A
-, 1'-“-':1
-' A ’"_.’
{ =
B P, - 0 (m)
ACEERE -
Horizontal Distance
 Conductor = @ . ACSR/AS 680 * 1
f ( Tmax ) : 6000 {(kg}
Voltage = e 132 (KV) =
" Required o= VS 20m/sec 918 mm
Clearance V> 20m/sec 348 mm
Applied Span 2 i 450 (m)
. Ruling Span % 2R E 400 (m)
Wind Conductor Loading ' - Swinged - Standard -
Verocity - Temperature  Factor Sag . Tension Angle. . ' Deviation
BiE BREE ANRKRYE BE 0 BS 0 KELE BRESR
(m/s) (°C) : (m) (kg) 7 ) o (*)
15.0 §55.0 1.0000 18.86 3283 1.7 2 _1‘ )
20.90 55.0 1.0000 18.86 3283 20. 2 3.4
25.0Q §6.0 1.0000° 18.86 - 3283 29.9 4.5
30.0 56.0 1.0000 18.86 " 3283 39.6 6.1 ¢
35.0 55.0 1.0000 18.86 3283 48.4 5.2
40.0 65.0 1.0000 18.86 3283 65.8 4.9
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Vertical distance: more than 3.7 m

{¢) Vertical distance between 220 kV line and 132 kV line

Unit: m
Description rower pre A B c D
Suspension insulator 2.9 3.0 3.0 3.8
string or jumper
Normal cléarance . z.b 1.65 _1.65 1.65
Height of.perSOnnel 1.8 1.8 1.8 1.8
Working space OfS 0.5 0.5 0.5

Total 7.2 6.95 6.95 7.75
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(10} Tower type

Circuit Deviation Wind :
Type number angle span Weipht span
AS 2 39 250 m 300 m
A 2 3° 400 500
AL -2 30 500 - 550
B 2 15° 200 300
c 2 359 350 400
D P 0°,60° 300 300
DR 2  90° 300 350
FYA 4 3¢ 350 400
D& 4 o° 250 300
DR4 4 75¢ 350 350

Configurations of each tower type are as shown in DWG. NOS. WLT-
1101 to WLT-1103, and the clearance diagrams are as shown in DWG.

NOS. WLT-1151 to WLT-1153.

(11) Clearance from land or obstacles
Minimum clearance {(m)

Particulars 220 kv 132 kv
Normal ground, open and agricultural 7.75 7.75
land
Main road 9.20 9.20
Trees _ 4.00 3.20
Railway 12.00 - 12.00
Residential building 5.00 4.50
Telecommunication line . 4.00 3.20
Shield wire of power line 4.00 - 3.20
Iron bridges, etc. 4,00 3.20
Highest water level of large river 15.00 i15.00
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(12)

Accessories

(a}

(b)

(c)

(d)

Spacer

The spacer for the bundle conductor shall be fitted in.

the mid-span and in the jumper connections.

Vibration damper

The vibra£ion damper shall be double torsional damper

ha#ing the following weight.

2

AGSR/AS 330 mm 14 1b
| AGSR/AS 680 mm? 18 16
OPGW 190/90 mm® 12 1b
Armor rod

The preformed armor rod shall be fitted in suspension

strings{

Connection of conductor

Dead-end clamp and mid-span joint sleevegs shall be of the

compression type.

7.2 Cable Connection Point

Due to space limitation at the site of tower No. 1, connection of

the overhead lines to the underground cables shall be made at every

circuit aligned in series, and shall be as shown in DWG. NO. WLT-

1104, DWG. NO. WLT-1105 ﬁnd DWG. NO. WLT-1106. Cables shall be

laid in the tunnel to be constructed for extending the cable tunnel

from the W.W. P.P. along the centerline of tower No. 1 and the

gantries.
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7.3 Preliminary Tower Design

(1)

(2)

General

The tower design presented heféin Aims ét oﬁtainiﬁg a general
idea of the ﬁower welght, ﬁéacgion force fot its foundation,
and estimation of the budget of the project. Design is ﬁased
on DWG. No. TLT-01 ﬁo WDG. No., TLT-09. 'Design fesﬁlts given
in this report are considefed to be higﬁly adequgt§ in spite of
some design conditions which are slightly differeﬁt from those

of actual towers.
Design Condition

Tower designs presented hereunder are in accordance with JEC-
127 (1965), except where otherwise stipulated.'

(a) Tower type

Tower Circuit Deviation Wind Cﬁefficient of
type number angle span - vertical load
AS 2 30 250 0.03

A 2 3° 400 . 0.05

AL 2 3° 500 0.03

B 2 15° Y 0.03

c 2 359 350 6.63

D 2 60° 300 d;os

DR 2 90° 300 0.0

Al s 3° 350 | ~0.03

Db B 60° 250 0.03

DR& 4 75° 350 | 0.63
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{b) Conductor

Name Max., tension Weight Diameter
kg kg fm mm
OPGW 190790 3,800 1.136 22.2
' AbSR;As 330 4,000 1.239 25.30
ACSR/AS 680 6,000 2,446 36.00

(c) Insulatbr stfiﬁg
Insulator strings are as shown in DWG. No. WLT-1201 to
DWG. No. WLT-1209. Insulator disks are as shown in DWG.
No. WLT-1210.
220 kv suspension string
Weight : 7.3 x 22x 2+ 78 =399.2 400 kg/support
Wind pressure s (0.027 x 22 x-2 + 0.35) x 126 = 191.3
| 200 kg/support
220 kV double tension string
Weight : 7.3 x 23 x 2x 2+ 116 = 787.6 790 kg/support
Wind pressure : {0.027 x 23 x (1+0.3) x 2 + 0.47} x 126 = 262.7
270 kg/support
132 kV double suspension string
Weight : 7.3 x 16 x 2+ 75 =308.6 310 kg/support
Wind pressure : {0.027 x 16 x (1+0.3) + 0.33} x 126 = 112.3
| 120 kg/support
132 kV double tension string
| Weight i 7.3 x 17 x 2 x 2 +-119 = 615.4 620 kg/support
Wind pressure ;. {0.027 x 17 x (1+0.3) x 2 + 0747} x 126 = 209.6
| 210 kg/support
{d) Safety factor

Normal conditibn 1.8
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Abnormal condition 1.2
{e) Slenderness ratio
(i) Less than 200 for main posts and main members of
CrOSSALIMS
(ii) Less than 220 for compression members other than (i)

(1ii) Less than 250 for redundant members used for
reinforcing compression members

(f) Effective buckling length ratio

Main post : - 1.0
Bracing 0.9
(g) Weight ratio of plates and bolts - Suspension Tension
tower tower
Upper side of waist ) 0.3 0.3
Lower side.of ﬁaist | 0.15 0.15
Crossarm 0.3 0.35

(3) Calculation Results
Calculation results are as shown in the papes listed hereunder.

AS TLG-1-39 to TLG-1-44

A H TLG-1-45 to TLG-1-50

AL TLG-1-51 to TLG-1-56

-

B :+ . TLG-1-57  to TLG-1-62
c : TLG-1~63 to TLG-1-68
D : TLG-1-69 to TLG-1-75
DR : TLG-1-76. to TLG-1-82
Ab TLG-1-83 to TLG-1-91 .
D4 TLG-%-QZ to TLG-1-109

DR4 TLG-1-101 to TLG-1-110
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TOWER TYPE AS

Item Calculation Load (kg)
Wind G.W. 22.2 x 90 x 250 x 1073 500
Pressure
(HC) . :
C1.3 25.30 x 2 x 81 x 250 x 107>
Ins. 200 1,225
Horizontal G.W. 3,800 x sin 1.5% x 2 199
Transverse S
Component E : )
of Tension | Cy 1 4,000 x sin 1.5% x 2 x 2 419
(Ha) : . :
Conductor G.W. 1.136 x 250 284
and
Insulator ‘
Weight Ci.3 1.239 x 2 x 250
(We) : :
Ins 400 1,020
Effect of G.W. 3,800 x 0.03 114
Vertical
Angles _ :
(Va) 01_3 4,0000%x 2 x 0.03 240
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L.OAD FOR FOUNDATION

(AS)

No. DESIGN STRESS MAX WT No.
NML A.NML DIAG.WIND  (Ul)
C 27184 25426 29630 29630
T 17374 18854 19820 19820 _ -
9  Qf 3672 4252 2337 0 15,443 9
Qs 3031 4627 1018 0
QBf 1052 2497 695 0
QBs 564 2813 228 o
C 29318 26749 32131 32131
T 19084 19892 21898 21898
10 Qf 3813 3998 2478 0 16,291 10
Qs 3172 4372 1102 0
QBf 961 2087 673 . 0
GBs 568 2342 252 0
c 31673 28169 34880 34880
T 20682 20872 23989 23989
11 Qf 3994 3826 2659 0 17,606 11
Qs 3353 4200 . 1211 0 '
QBf 910 1759 681 0
QBs 597 1962 287 )
C 34053 29758 38015 38015
T 22171 21797 26133 26133
12 Qf 4242 3753 2906 0 19,586 12
Qs 3601 4128 1360 0
QBf 918 1526 736 0
QBs 670 1687 345 0
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TOWER TYPE A

Item Calculation Load (kg)
Wind G.W. 22.2 x 90 x 400 x 1073 799
Pressure - ) i
(HC) : .
Cy_3 25.30 x 2 x 81 x 400 x 1073
Ins. 200 1,839
Horizontal | G.W. 3,800 x sin 1.5%° x 2 199
Transverse ' '
Component ‘ _
of Tension Ci_3 4,000 x sin 1.5° x 2 x 2 419
(Ha) '
Gonductor G.W. 1.136 x 400 454
and :
Insulator
Weight i3 1.239 x 2 x 400
(We) _ '
Ins. 400 1,391
Effect of G.W. 3,800 x 0.05 190
Vertical -
Angles .
(Va) 01-3 4,000 x 2 x 0.05 500
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LOAD FOR FOUNDATION

(&)
No. DESIGN STRESS MAX wT No. -
. NML. A.NML DIAG.WIND (1)1)
c 34928 30599 36278 36278
T 24179 23397 . 25529 ~ 25529
g Qf 4814 5013 3203 0 15, 481 9
Qs 3294 4799 1104 0 :
QBf 1328 2678 908 0
QBs 585 2822 237 0
C 37514 32212 39150 39150
T 26340 24725 27976 - 27976 .
10 Qf 4965 4764 3354 0 16,330 10
Qs 3445 4550 1195 0
QBf 1189 2235 852 0
QBs 592 2350 264 0
C 40216 33922 42299 42299
T 28318 25950 30401 30401 :
11 Qf 5170 4607 3559 0 17,778 11
Qs 3650 4393 1318 0
QBf 1109 © 1887 841 0
QBs 634 1979 308 0
C 43219 35851 45978 45978
T 30214 27138 32974 32874
12 @f 5461 4558 3850 0 19,991 12
Qs 3941 4344 . 1493 0
QBf 1101 1637 890 0
QBs 728 1710 379 0
C 46690 38111 50415 50416
T 32050 28302 35774 35774
13 Qf 5870 4639 4259 0 23,263 13
Qs 4350 4425 1738 0
QB{ 1186 1501 1020 0
QBs 893 1558 491 0
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TOWER TYPE AL

Item

Calculation ~Load (kg)
Wind G.W. 22.2 x 90 % 500 x 2073 999
Pressure -
{HGC) . 3
Cq.3 25,30 x 2 x 81 x 500 x 10°
Ins. 200 2,249
Horizontal | G.W. 3,800 x sin 1.5° x 2 199
Transverse ' :
Component '
of Tension | Cy_g 4,000 x sin 1.5° x 2 x 2 419
(Ha) : '
Conductor G.W. 1.136 x© 560 568
and S -
Insulator . : o g
Weight Cy.3 1.239 x 2 x 300
(We) : L . :
_ Ins. 490 1,639
Effect of | G.W. 3,800 x 0.03 114
Vertical -
Angles :
{Va) 01_3 4,000 x 2 x 0.03 240
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LLOAD FOR FOUNDATION

(aL)
NG. DESIGN STRESS MAX WwT No.
NML A.NML DIAG.WIND (U1)
c 40264 34148 = 40657 40657
T 28778 26452 29171 26171
5 Qf 5571 5459 3781 0 16,653 9
Qs 3336 4766 1130 0
QBf 1475 2716 1027 0
QBs 582 2738 240 0
C 43556 36220 44246 = 44246
T 31483 28131 32173 32173
10 Qf 5760 5205 3970 0 17,829 10
Qs 3525 4511 1243 0
QBf 1297 2214 948 0
QBs 601 2231 275 0
C 46811 38296 48005 48006
T 33819 29592 35012 35012 _
11 Qf 6012 5076 4222 0 19,665 11
Qs 3777 43838 1394 0 ;
QBf 1206 18556 934 0
QBs 664 1869 332 0
C 50290 40546 52251 52251
T 35968 30950 37930 37930 _
12 Qf 6353 5071 4563 0 22,324 12
Qs 4118 4378 1599 0
QBf 1203 1621 991 0
QBs 781 1631 - 417 0
C 54354 43206 57412 57412
T 37923 32197 40982 40982 B
13 Qf 6820 5204 5031 0 26,642 13
Qs 4586 4511 1878 0 - . .
QBf 1302 1507 1137 0
QBs 973 1515 T 544 0
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TOWER TYPE B

Item Calculation Load (kg)
Wind G.W. 22.2 x 90 x 300 x 1073 599
Pressure ' '
{(HC) 3
Ci 3 25,30 x 2 x 81 x 300 x 107
Ins 270 1,500
Horizontal G.W. '3;800 x gsin 7.5°_x'2 992
Transverse
Component S o _ :
of Tension Cy.3 4,000 x sin 7.5 x 2 x 2 2,088
(Ha) : . ) .
Conductor G;w. 1.136 x 300 341
and S :
Insulator _
{(We}
Ins. 790 1,533
Effect of G.W. 3,800 x 0.03 114
Vertical '
Angles
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LOAD FOR FOUNDATION

Wt

No. DESIGN STRESS MAX No.
NML ANML DIAG.WIRD (U1)
C 39129 34964 40115 40115
T 30078 28900 31064 31064 _
8 Qf 7128 6703 2809 0 12,326 8
Qs 2292 4803 881 0
QBf 2164 3377 875 0
QBs 489 3294 218 0
o 43219 37767 44495 44495
T 33439 31214 34715 34715 _
9 Qf 7332 . 6389 3013 0 13,784 9
Qs 2496 4489 11003 0
- QBf 1814 2691 826 0
QBs 531 2628 261 0
C 47109 40421 48876 48876
T 36173 33094 37941 37941 .
10 @f 7616 6232 3297 0 16,095 10
Qs 2780 4332 1174 0 ‘
QBf 1605 2205 850 0
QBs 623 2157 330 0
C 51310 43274 53855 53855
T 38485 34681 41030 41030
11 Qf 8016 6228 3697 0 19,875 11
Qs 3180 4328 1414 0
QBf 1521 1876 948 0
QBs 776 1840 432 0
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TOWER TYPE C

Ttem Calculation Load (kg)
Wind G.W. 22.2 % 90 x 350 x 10”%. 699
Pressure
{HC) : : - -
Cy.5 25.30 x 2 x 81 x 350 x 1073
Ins. 270 1,705
Horizontal | G.W. 3,800 x sin 17.5% x 2 2,285
| Transverse . 5 ] : -
Component
of Tension | C;_ 4,000 x sin 17.5%° x 2 x 2 4,811
(Ha) : '
Conductor G.W. 1.136 x 350 398
and ‘ '
Insulator- o
Weight Ci.3 1.23% x 2 x 350
(e u _
Ins. 790 1,657
Effect of | G.W. 3,800 x 0.03 114
Vertical
angles . L _ R
(Va) Gy_3 4,000 x 2 x 0.03 240
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LLOAD FOR FOUNDATION

MAX

Na. DESIGN STRESS WT ND .
NML © A.NML DIAG.WIND (U1)
C 67077 54056 68521 68521
T 55512 46308 56955 56955
10 Qf 12379 10435 3224 0 16,927 10
Qs . 28867 5402 1074 0 -
QB{ 3452 4454 936 0
QBs 555 3553 246 0
¢ 73317 58214 76104 = 75104
T 60829 49847 62616 62616
11 Qf 12599 10081 3443 0 18,772 11
Qs 3087 5048 1206 0
QB{ 2813 3525 885 ]
QBs 594 2835 289 0
¢ 78954 61973 81299 81299
T 65053 ~ 52659 67388 67398 _
12 Qf 12909 9904 3753 0 21,598 12
Qs 3396 4871 1392 0
QBf 2390 28586 914 0
QBs 691 2328 364 0
C 84679 65794 87896 87896
T 68531 54975 71748 71748
13 Qf 13352 9898 4197 0 26,093 13
Qs 3840 4865 - 1658 0
QBf 2149 2392 1030 0
QBs 861 1992 0

478
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TOWER TYPE D

Calculation

Item Load (kg)
Wind G.W. 22.2 x 90 x 300 x 1073 599
Pressure :
(HC) | |
;.3 | 25.30 x 2 x 81 x 300 x 10°3
Ins. 270 1,500
Horizontal | G.W.- 3,800 x sin 30° x 2 3,800
Transverse - )
Component -
of Tension | Cy.a 4,000 x sin 30° x 2 x 2 8,000
(Ha)
Conductor - G.W. 1.136 x 300 341
and : '
Insulator _ _
Height Ci_3 1.239 x. 2 x 300
{We) ; : '
Ins. 790 1,533
Effect of G.W. 3,800 x 0.03 114
Vertical :
Angles _
(Va) .3 4,000 x 2 x 0.03 240
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LOAD FOR FOUNDAT I ON

)
No.- DESIGN STRESS HMAX B/ O
NML  A.NML DIAG.WIND (1)

c 93073 71682 94640 94640

T 81984 64253 . 83552 83552
10 Qf 17618 13584 3028 0 16,402 10

Qs 2513 4803 1013 0 '

QBf 1067 2494. 264 0

QBs 155 2844 78 0

c 95712 72748 97578 97578

T 83473 64548 85335 85339 _
11 Qf 17871 13219 3281 0 18,703 11

Qs 2766 4439 1164 0 :

QB{ 923 1864 3565 0

QBs 285 2109 161 0

C 99066 74490 101539 101539

T 84399 64663 86872 86872 -
12 of 18276 13106 3686 0 23,560 12

Qs 3171 4325 1407 0
QB 918 1476 525 0
QBs 477 1645 279 0
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TOWER TYPE DR

Ttem Calculation Load (kg)
Wind G.W. ,22.2 x 90 x 300 x 1073 599
Pressure
{HC)
Cy_4 25.30 x 2 x 81 x 300 x 1073
Ins. 270 1,500
Horizontal G.W. 3,800 x sin 45° x 2 5,374
Transverse
Component
of Tension Ci.3 4,000 x sin 45° x 2 x 2 11,314
(Ha) C
Conductor G.W. 1.136 x 300 341
and
Insulator
Weight Ci_3 1.239 x 2 x 300
{(¥c)
Ins 790 1,533
Effect of G.W. 3,800 = 0.03 114
Vertical
Angles . :
{Va} Ci.3 4,000 x 2 x 0.03 240
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LOAD FOR FOUNDATION

(DR}
No. DESIGN STRESS MAX W Mo .
NML  A.NML DIAG.WIND (U1)
C 122462 91373 124316 124316
T 110255 83194 112109 112109
10 Qf 23478 17510 3130 0 18,640 = 10
Qs 2631 4882 1078 0
QB# 1395 2718 266 0
QBs 172 2856 86 0
C 125711 02848 127881 127881
T 112166 83772 114336 114336
11 af 23733 17147 3384 0 21,316 1t
Qs 2885 4519 1230 0
QBf 1155 2019 364 0
QBs 299 2118 . 167 0
¢ 120592 04042 132382 132382
T 113313 84035 116102 116102
12 Qf 24139 17034 3790 0 26,783 12
Qs 3291 4408 1474 0 :
QBf 1078 1583 532 0
QBs 487 1651 284 0 -
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TOWER TYPE A4

ITtem Calculation Load (kg)
G.W. 22.2 x 90 x 350 x 1073 699
Cy.3 25.30 x 2 x 81 x 350 x 107>
Wind
Pressure
(HC) Ins 200 1,635
Cost 36.00 x 90 X 350 x 107>
Ins.: 120 1,254
Horizontal . .G.W. 3,800 x sin 1.5° 2 199
Transverse
Component
of Tension | C;_s 4,000 x sin 1.5% x 2 x 2 419
 {Ha) _
Cyog 6,000 x sin 1.5° x 2 314
G.¥. 1.136 x 350 398
‘Conductorn Ci_a 1.239 x 2 x 350
and )
‘Insulator. . :
Weight Ins. 400 1,267
(We)
Ins. 310 1,166
Effect of | G.W. '3,800.%x 0.03 114
Vertical . ' :
Angles i
(Va) Cy_3 4,000 x 2 x 0.03 240
oot 6,000 x 0.03 180
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LLOAD FOR FOUNDATION

(A4)
No. DESIGN STRESS MAX T Nu .
NML ANML DIAG.WIND (Ui).
C 78193 63170 86536 ‘86536
T 59351 50546 67694 67694 _
16 Qf 8399 6785 4466 0 28,613 16
Qs 6369 6229 . 2402 0
QBf 2094 2561 660 0
QBs 1083 1929 652 0
¢ 83282 66214 92648 92648
T 63130 52713 72497 72497
17 Qf 8753 6827 4821 0 31,231 17
Qs 6723 6271 2615 0
QB{ 2034 2326 843 0
QBs 1195 1800 636 0
¢ 88589 69470 99288 99288
T 66751 54839 77451 77451 :
18 Qf 9212 6974 5280 0 34,603 18
Qs 7182 6418 2891 0
QBf 2077 2194 1085 0
QBs 1378 17566 759 0
c 94702 73314 107157 107157
T 70259 56937 82714 82714 ,
19 - Qf 9797 7231 5865 0 39,814 19
. Qs 7767 6675 3241 0 -
QBf 2213 2149 1388 0
QBs 1632 1786 823 0
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TOWER TYPE D4

Item Calculation Load (kg)
G.W. 22.2 x 90 x 250 x 10°2 500
Wind C1.3 25.30 x 2 x 81 x 250 x 107
Pressure
(He)
Ins. 270 1,295
Chot 36.00 x 90 x 250 x 107>
Ins. 210 1,020
Horizontal G.Y. 3,800 x sin 30° x 2 _ 3,800
Transverse ' :
Component . _ .
of Tension Cy.3 4,000 x sin 30° x 2 x 2 8,000
(Ha) '
Chog 6,000 x sin 30° x 2 | 6,000
G.W. 1.136 x 250 284
Conductor Cq.3 1.239 x 2 x 250
and .
Insulator .
Weight Ins. 790 _ : ' 1,410
(We) .
Ins. 620 1,232
Effect of G.W. 3,800 x 0,03 - : 114
Vertical : .
Angles
(Va) Ci.3 4,000 x 2 x 0.03 240
Cy 6,000 x 0.03 : 180
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LOAD FOR FOUNDATION

| (D4)
No . DESIGN STRESS MAX WT No .
NML  A.NML DIAG.WIND (U1)
C 212338 150787 221616 221616
T 186396 133406 195674 195674
17 Qf 30131 20921 5052 0 42,303 17
Qs 6073 5606 2699 0
QBf 0 0 0 0
QBs 0 812 0 0
C 203618 143708 213261 213261
T 174091 123925 183735 183735 .
18 Qf 30648 21067 5569 0 49,472 18
Qs 6590 5742 3010 0
QBf 0 0 0 0
QBs 230 826 66 0
c 200208 140509 210904 210904
T 164550 116618 1765246 175246
19 Qf 31481 21459 6402 0 61,734 19
Qs 7423 6144 3509 0
QBf 0 0 136 0
QBs 746 971 397 0
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TOWER TYPE DR4

Item Calculation Load (kg)
G.W. 22:2 x 90 x 350 x 1073 699
Cy_g 25.30 % 2 x 81 x 350 x 107°
Wind
Pressure 5
(HC) Ins. 270 1,705
Cat 36.00 x 90 x 350 x 1073
Ins. 210 1,344
Horizontal G.W. 3,800 x sin 37.5° x 2 4,627
Transverse : :
Component - '
of Tension | €p_3 4,000 x sin 37.5° x 2 x 2 9,740
- (Ha) .
Chos 6,000 x sin 37.5° x 2 7,305
G.V. 1.136 x 350 398
Conductor Cy_3 1.239 x 2 x 350
and :
Insulator ~ n
Weight Ins. 790 1,657
{(We)
C4-s 2.446 x 350
‘Ins. 620 1,476
Effect of G.YW. 3,800 x 0.03 114
Vertical ' ' , . '
Angles :
(Va) Cy.3 4,000 x 2 x 0.03 240
Chl6 6,000 x 0.03 180
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LOAD FOR FOUNDATION

(DR4)
No DESIGN STRESS MAX WT No .
NML. ANML DIAG.WIND (U 1)
C 257252 180880 265341 265341
T 227954 161250 236043 236043
17 Qf 36527 25207 5807 0 - 47,425 17
Qs = 6176 5675 2802 0
QBf 0 0 0 0
QBs 0 768 0 0
c 245879 172024 - 254391 254391
T 213000 149995 221512 221512
18 Qf 37054 25349 6333 -0 54,587 18
Qs - 6703 5818 - 3118 . 0
QBf 0 0 0 0
@QBs 189 799 . 39 0
C 242780 168442 251791 251791
T 206451 145102 215462 215462
19 Qf 37687 25687 6966 Q61,486 19
Qs 7336 6156 3498 0 :
QBf 0 0 0 0
QBs 687 1022 350 0
C 241795 168372 251579 251579
T 200804 140908 210589 210589 -
20 Qf 38413 26103 7692 0 70,809 20
Qs 8062 6572 3933 0
QBf 0 0 373 0
QBs 1187 1267 660 -0
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