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ABSTRACT

This thesis discusses the design and installation of underground power sysfem
by using computer. ' In-designing- Visual Basic will-be employed to determine the
distance between manholes, as well as show a shop drawing, using table pulling
tension as a reference value. -The design standard conforms to ANSI/IEEE std 525-1987

and MEA’S Requirements.
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(UNDERGROUND SYSTEM COMPONENT)

2.1 viasagae WA lasu (DUCTS OR DUCT BANK)

v
o/ ¥

Tunnsrieadreaneliiinldnin iednanszualiin ol azfeanaaiold
anelaifin 1A FasFendn Cable Thialaonfeseainiedns wazuifa Cable 109
FeiRadesnaietasane Cable udl#luria (DUCT BANK) fsl3liAu vdal4d
Uannne

#iipuasviasaganalnlilalany (DUCTS OR DUCT BANK)

'
=

e lgniunann

q

ASBESTOS CEMENT (AC.), HIGH DENSITY POLYETHYLENE (HDPE.), POLYVINYL

Isnwnizduvianasnielunaas FIBER“; CONCRETE |,
CHLORIDE. (PYC) Wag RIGID STEEL “ad slefanmalidiildmuilily nvu. fvana
dsznn ue HDPE. i AC. siawmén (RIGID STEEL), via-PVC. (faqifwanliuda
ileaannhinuseaniasaadendig ) Lwl"ﬁ‘l‘%muiﬂﬂﬁzﬁﬂgi 2 47n Aa vl AC uazvie
HDPE. vi¥adgnelidinldmuia Aasazmusinlg LL@ZiZJLﬁmﬂiﬁ?ﬂﬂ%ﬁ%’mmﬁLL@:?‘VI’MTNW’]
%&@m@m“ﬁm@m@ﬁmmm ANMNIALEALE AIA9T 2.1

A5199 2.1 aselFeuL e ne uasRaiaEinsing

FIBER WSBES#Q9”| CONCRETE | STEEL
CEMENT
Co-efficient of Friction to Cable 0.25-0.30 0.40- 0.60 0.35-0.55 0.55
Resistance to Corrosion Good Excellent Excellent Good
Resistance to Electric Arc. Fair Excellent Excellent Good
Heat Dissipation Fair Good Good Excellent
Principal Advantage Light Weight Durable Durable Flesible&
Strong
Principal Disadvantage Envelope Envelope Heavy Magnetic
Expensive Expensive




ASBESTOS CEMENT DUCT (AC)
dwialaudy Andsauanndaunanaastudiiud wazlaiiu fpuge Yeay
4.00 m. Tagiallazansudedudaneuninaiumin andnezaasie AC. wanaldns

As9R 2.2

d e o ;
MNTIEV 2.2 ANTIARANTILEIDING AC.

ASBESTOS CEMENT DUCT

CODENO. | D(NOTE2) g D L WEIGHT
mm M KGS
563-100 100 5 112 4.00 18.0
563-115 115 6 127 400 20.0
563-140 140 7 154 400 29.1

paesie. A/C Rldasfinwadurogudnasnaly (D.) Aa.100 mm., (s
Taan NETWORK Husl 100. mm. WAz 115 mm. %enain1ed 89 KV.CABLE) duvie
2w1a 140 mm. (D.) wuview nviwldunnngn
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2. fuaminuinngn

HIGH DENSITY POLYETHYLENE DUCT (HDPE)

viluvia PE. (POLYETHYLENE) %‘qiﬁﬁwmlﬁmﬁi@@mmmmé’@uﬁm"1 TRun
fiviu vie HDPE. & wiveenils 2 CLASS Aa CLASS | uaz CLASS Il fedvavie
TiniiAeasnsndavguiazialilainands wseazimranisinazanslaslaifed]

ABUNIANNTM wAgIANUUgINd e AC,
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PNAUD9na HDPE. ﬁl‘ﬁ%ﬁmmmé’um@uﬁnmamﬂu@n (OD.) Faws 90 mm.,
d} = dl 9 o All o
125 mm. Waz 160 mm. T9wa 140 mm. Huawen niuldisnngannanee
9a9via HDPE. wanslumnsian 2.3

A19197 2.3 ANTIUAAIANAN T IB9Yia HDPE

SIDE HDPE CONDUIT CLASS HDPE CONDUIT CLASSI Lc
DIMATION | 1D To |WEIGHT | 1D To | WEIGHT | (mm)
(MM) (mm) (mm) (KT/M) (mm) (mm) (KT/M)
50 42 | 29 0.45 4610 20 0.32 6
63 55.8 /A5 0.70 58.2 04 0.48 6
75 sshy| —43 0.99 69.2 29 0.69 6
o0 | 796 |7 54 141 83.0 33 0.99 6
110 074 2 241 /b 1orB a2 145\ | 6 10
125 MTs Y, N7 R X b Y s ra7\\| & 10
140 122.0. | L1810 380014200~ |54 586 || 6,10
160 ||l181.8 [ 29 ey < 1% Al 309/ || 6, 10

FLEXIBLE CORRUGATED PIPE
Wusefinamnann HARD POLYETHYLENE fidnsounilugniln Asanunsalds,
seldde detu lunisrudeasinuuiugn Tae 1 9a aziafadenalszanne 50 vise

100 m.
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aunreeie  CORRUGATED  #ildazfinwinreadushaudnarsnnaludous 80
mm., 125mm. G99ua 125 mm. (ID.) duawan nviuldunhgenuinenrasie
FLEXIBLE uanslunissh 2.4

AN9I99 2.4 ANTNUAAIANAN U IBIYe FLEXIBLE

Terminail Outer Inner Wall Weight tor Standard Standard OD
Diameter Diameter Diameter Thickness Reference Length per And height of
Mm About mm About mm About mm Kg/m Coil Coil m
30 40 30 2.0 10 0.25 1.2%0.55
40 54 40 2.0 13 0.3 1.6x0.6
50 85 50 2.0 17 0.4 1.6x0.65
65 85 65 2.0 21 0.6 1.7x0.7
80 108 80 2.5 25 0.85 1.8x0.7
100 . 130 100 25 32 1.2 2.0x0.75
125 160 125 28 40 1.5 1.7x1.1
150 180 160 3.0 47 241 1.8x1.2
200 250 200 4.5 62 8.6 2.3x1.2

22 vaninggldAiany (MANHOLE AND HANDHOLE)
darnangliinliay Wineurimedunan dedauluazronsisedlffiaaun 3
1N1999719589THIVUEFIN, ] Fenzdeadutimingeanld 18  fu (TON) nifafiuuen
seterndauunayiatay isznufsanuliiasndd 40 cm. Uevinaziidaln (MANHOLE
FRAME AND COQVER) -faatyan fiEndastenasiasin SUMP z%wé“uzgmﬁwa@ﬂ

Wialaasiieuludewn dnenaesnissaniinsi@eiedn Tuetiunimnaieniay
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ATARAR LL@OWLﬂ%U@WﬂﬂI%W@IV@J "ﬂ’]Lﬂuﬁ]@ﬁﬂ@Zﬁﬁ"]ﬂi‘u“ﬂ‘ﬂ@zlaﬁﬁ(]uLWﬁ‘”]ﬁu’muﬂi}JWﬂ

alnsailsznavwasiannangliwtlanu
1. PULLING IRON flugindaaluntsann CABLE fidnmosy ﬁqgﬂ'ﬁ 2.1
2. ARCHOR BOLT lusfafin CABLE RACK fidnzaizmazmsinsedagiiil 2.2
3. MANHOLE ENTRANCE STEP Wlufdsagnuaninuazainiunisasly
Ufjmanulutiedn ﬁ“ﬂiﬂmmmzmsﬁm%ﬂﬁqgﬂﬁ 2.3
4. DIRVE HOOK #idnmuzilunzaefseduunaiuteiilidaaanuazaanly

NN9NN9N



PULLING IRON
(CODE NO.043-812 - SEE OWG. NO.UG-8-012)

28 RN
—t
g 22 MaL
I Py
|
TOP VIEY SIDE VIEW

(R=3025MM)

|-EXTRA BAR @ 15 MM.
36" LONG TIE TO

a\/{ PULLING IRON

ISOMETRIC VIEW

PULLING IRON ==Lolo \

25

L ANHOUE' OR_HANDHOLE WINDOW

FiG.l UPPER PULLING IRON

YOTES: . DUAENSIONS ARE IN CH. UNLESS OTHERWISE SPECIFIED.
2 PULLING IROM SHALL BE HOT-0DIP GALVAMIZED AFTER FORMMING.
THE THICKNESS OF ZINC COATING SHALL HOT Gf LESS THAN 120 MICRONS.
3. LOCATION OF PULLING 1ROM 1t MANHOLE SHALL DE IELIMNE WITH 0PPOSITE DUCT BANK CENTER LINE.

51l%12.1_Pulling lron




MANHOLE WALL

ANCHOR BOLT, 5/8"x 6"
WITH ROUND WASHER
AND NUT (CODE NO.QI6-506 )

g

<7 {0l

M

THREAD LENGTH 17

(B g oLE T )

MANHOLE WALL

FI1G.1: ANCHOR BOLT INSTALLATION

EXPANSION BOLT
3/8"x 3 PROJECTING TYPE
WITH ROUND WASHER AND NUT
( CODE NO. 575-050))

FI1G.2 EXPANSION BOLT INSTALLATION

U7 2.2 Archor Bolt



MANHOLE ENTRANCE
/(SEE OWG. NO.UG-2-250 8 UG-2- 2

_— MANHOLE ENTRANCEZ STE?

( SEE DETAIL 'A")

e

A ' i A
|
110} 20 80 .20 |10
e ] r |
PLAN
MANHOLE ENTRANCE WITHOUT COVER
STREET SIDE : PROPERTY SIDE

% 20

90 ,

SECTION A=A

65 HULLS,
o [ DIMENSIONS ARE 1N CM.
5 MANHOVE -ENTRANCE SHALL HAVE AT LEAST
3R ONE MANHOLE ENTRANCE STEP AS SHOWN
.9 STEEL IN DRAWING.
: N CASE OF RESURFACING OF STREET SURFACE,
| ~3n i THE HIGHER RECONSTRUCTED MANHCOLE ENTRAN
SHALL HAVE MANHOLE ENTRANCE STEP EVERY
/ b 40 CM. INTERVAL.
37 MAMHOLE EMTRANCE STEP SHALL BE HOT-DIP
GALVANIZEDO AFTER FORMING, THE THCKNESS OF ZINC
DETAIL A" COATING SHALL MOT BE LESS THAN 120 MICRONS

b

if

;;‘ﬂﬁ 2.3 Manhole Entrance Step

10



5. GROUND ROD iflusaiilddmiusie SHIELLD 989 Cable asRuiean
Sunmeiitesannaunulaii ﬁummﬂugﬂﬁ 2.4
%dmmmiﬂu@ﬂn?ﬂiﬂizn@ﬁ;%ﬁmﬁmgﬂﬂw’é@mﬁumﬁﬁ@m%’ﬁmﬂﬁﬂ
ainsnifldlunisinns CABLE 12kV., 24 kV.
1. CABLE RACK huiafifisfafuntinie feaviienguinsnl Faauulsznay
gUiauardnsnizans CABLE RACK oﬁ”@umqiéfﬁagﬂﬁ 2.5
2. CABLE SUPPORT fia#aanninangueaae GALVANIZE Wieadniu CABLE
RACK Feinwihiilugasessy PILLOW INSULATOR %ummlﬁﬁagﬁ’i DI
3. PILLOW INSULATOR Sénsasiluauanfinunain PORCELAIN dsazgnanvag
L1 GABLE SUPPORT srsithiiiliuffasasfus CABLE 12KV.. 24 kv uandlugiiil 2.5 dau
5“1_]*7{ 2.6 \higneasrrnsfinds CABLE 12, 24 kv. Tneldainsalifanann
@ﬂmmm"ﬂumﬁmm CABLE 69 KV, 115 KV.
. CONCRETE RACKING POLE #ansniafieg) CONCRETE @m”m’mmmu
wazRutienn \ileRas Midlusiat ntes HANGER vﬁ“mmmﬂugﬂw 2.7
2. HANGER F‘;‘OR SUPPORTING CABLE aggnéinfiaatliy CONCRETE RACKING
POLE ﬁﬁﬂﬁmmﬂm;ﬂuﬁlu@@ﬂm igsnsiu PILLOW INSULATOR %ﬁmﬁlﬁ'\mmﬂ
WS eL A dansd (ZINC-COATING) _ansnsnsnuuniaiily 2 dnwoe Ao
- HANGER #1511 CABLE Geagldift CABLE 912450048 800 mm” feudns
lugﬂ‘?i 2.8
- HANGER $195y SPLICING CABLE @+alifu CABLE SPICED 91419 500
mm’ uaza1A 800 mm”
3. PILLOW INSULATOR *Eagﬂ?il%ﬁﬁqmmn PORCELAN deazgnanetun HANGER
Pt uga5995 CABLE 69KV, 115 kV. @xnsauenifidy 2 dnwoss e
- ¥& w50 CABLE Faayldifu CABLE aw1m 500° mm uaz 800" mm fauanslu
2171 2.9 (FIG.1)
- Wd 30 SPLICING CABLE deazliu CABLE SPLICED 214 500 uA 800

mm’ Fawanalugl® 2.9 (FIG.2)

11



donuluguil 2.10 hufaetnennsiinga CABLE 69 kV., 115 kV. 2w 800mm” n1e
lutiafinane Ineldatnanisiangn

4. MANHOLE FRAME Lﬂw?mv‘*iﬁqmmn SEMI-STEEL ¥ise CAST IRON #iwidind
\Tusfa8950 MANHOLE COVER 39 MANHOLE FRAME i %ﬁmc-?mg.ﬂiu?xqmsﬁmmm%-

o

aanTedLian (MANHOLE ENTRANGE) uansldsgi 2.11
5. MANHOLE COVER fluelila (COVER) daamaiin-aan aastiawnnixnain
CASTIRON ginsuazmszasien uansldiogli 2,15
6. WATER SEAL STREET MANHOLE ENTRANCE Lﬂuqﬂnmﬁl%’ﬂ@qﬁuﬁqmﬁ
Wil luiesinanadadssnetidas - INNER COVER | RUBBER GASKET, PRESS SCREW
YOKE waz PRESS SCREW AND HAND WHEEL gﬂmmzﬁnwmzmsﬁmﬁq MANHOLE
FRAME, COVER Wz WATER SEAL meléﬁagﬂ?{ 2.13
winfrasiadnlif
1. Menuazaniaasiasnt (Cable splice) lagaanldansnsaainangeanann
Cable trench 1/ Riser 1 (NadifisvelemAsmssannndn 150,000 WA9)
2. 4lunnsnssangzis Grounding Aavdusyuttless (12,24 kV.) uaznia CROSS-
BONDING ddusziiudnadd (69, 115, 230 kV.)
3. lﬂumﬂﬂ?{ﬂwfi@Lmﬂ%mwm DUCT BANK (Lﬁum&,mﬂ%/u RISER %32
wenliidhaeavisanu)
4. \iletaelunnsann Cabls Wiasaanuanaein
aflprasdannans innilanu
1. S¥AULIAU 69-115 kV. tevnaudag MH(MANHOLE) TYPE A-4/1, A-4/2,
B3/15%, B-3/2, L-1/1, T-3/1 uag T-5/1 Jaugmarantns gl 2.14
0. gyFUNsIsu 12-24 KV, gnsnsaueneanidly 2 dnsou Ae
- HH. (HANDHOLE) @sils¥navdaa TYPE G, C-1, C2-/1 ua% C-3
-MH. (MANHOLE) %qﬂszﬂ@ué’fm TYPE A-1/1, A-1/2, A-2/1, A—3/1: B-4/1,
B-4/2, L-2/1, L-2/2 uag T-4/1
* e wtiesiiafiay (S=SPECIAL) dsazflegfaafunanadnenizndu
_ D (DEEP) tpafiniiazilnatiednninng (Unf = 65 CM)

- W (WIDE) tiagiatiaziaainndtenandng

12
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b HAMDHCLE WALl

1
¥ h=;.5 ) No\alLL 8z RE-INSULATED
|
N 7 WITH SELF-BONDING TAPE
{ITEM NO.9)
,I \
1

VW = /= dl o8

S \
11: SN W [LALERT T <
[\\ <1 AN ¢ ‘1’?] / —MANHCLE OR HANOHCLE
Q\‘\ o{ {6 - _ /
i

G S g—=ancrHcR (EoUr
"M G e
N

- 2 20 |

DET;}.H’_“B“ DET_A[LHCH

en Ho, | CooE mo. | CESTRIPTITH.. Py
! 250 — Ol4 |  ACK, UNDERGHIUNG CABLE, iS-HOLE
" = [2hp— 023 |  SUrPORT, UNDERSADUND TAILE, 3-MSULATOR . 3l
R P TR e e e e
T3 [201— 023 | CONDUCIOR, FVC, BISULATED TYSE A, 28 MME ag

3 20| ~ G40 CCHOUCTOR, PAL. BISULATED T2SA , 3O MM

B tReE GROLHD [ROO, 5/0" x A4' coPegn CLAD STael

7 0027020

CLAMP, GRCUND 1200 979"

[— S DTz Lo BT, SPLIE SIZE- A3 0=0R T A T S O e e
S e el AFC, SEL7-BONOWS, 3/e” x 200 LRI IM 8O.23) |

gﬁi 2.4 Ground Rod
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/- TOP MOUNTING HOLE,d 17 M\

__i

5

pﬁ,léﬁ_p_%?ﬁ |8 a7 |
1515L5L55]

SIDT VIEW

38

700

ey
e #C‘l

700

38

15

PILLOW INSULATOR
( CODE 1O, 6145-258-0240-3 )

=—SEaPEAN SLOT

t

= TF?
%I =
; @ ; L] M. THICK,, STEEL
s} } [:’ }:—) Lo BOTTON " :OUNTING SLOT
mf o
e i+
) 1ife, mr ”
L A i
S%SEE FETAlma == §
545
: ‘ 4857 28%
; = e
|4- HOLE W@ CABEE RACK
( CODZNO. 6145-263-014040~SEENOTE 4.) Sestalla”
\! UNDZR530UND CABLE SUPRGRT
LAXIMUAL
. LERGTH I L)
ELGy cooz MO NUMBER OF| T
! INSULATORS b
’r—~—L——~{ | A 6145-263-0210- | 1 bl IT53
- o gt & oec s /2R 3A0F 20-0 2 ‘ 350
mliE At % é@ =N L d ) g S {72 P2 0-9 4 525
C A
r—‘l’ l ==
Ga SE Jief f Vg" Qli
&
mec [ S —
Hlee ik il N Sy
- B ’
UNDERGROUMD CABILE SUPFORT
(SEE D'NG. MO.1JG-9-CI3)
NOTES. | DIMSNSIONS ARE IN MM. UMLESS OTHERWISE SPECIFITD.

2. AETER FABRICATION, THE STESL UG CABLE RACK N SUPPONT SHaLL G2 GALVANIZED G'f 1107-D172

PRCCESS. THE THICKNESS OF ZINC COATING SHALL 1OT GZ LESS THAMN 120 MICTONS.
3 EEF COMPLETE INSTALEATION O -SH I MNO. 3
4, STE DVW/G. MO. UG-93-0Il FOR MORE DT TAILS OF UG CAOLT RACH.

51l 2.5 Cable Rack, Cable Support and Pillow Insulator
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MANHOLE waLL

57997:151: Al

~—ANCHOR 80LT O/ E.(PANSION BOLT ( SEE SH.NO. 1)

SEE COMDUCTOR GROUNDING

UG.CABLE OR SPLICING
IN DWG. MO. UG-2-200 »

PILLOYY INSULATOR
( CODE NQ 268-024) °*

UG. CABLE SUPPCRT
( CODE NQ 268_—023)

UG~CAgLE RACK [0l 4 HOLE
(lcoBs NG 268-01<)

L

SO

[
8

[

’\(/—\ GROUNDIMG  CONDUCTOR ( SEE DWG. NO. UG -2-200)

jMB]]}—— ANCHOR BOLT OR EXPANSION BOLT (SEE SH.MO.!)

i 2y
i A
19
B r .
B
S SR 2
el T e
¥ o .
. V.
o ’
i
e 4
1 ./,
w4
- q 1
1
1 4
e
= .
e |
-9
1
S
i -\‘.
1 '_
i "
=l ‘ I.
I.'_‘ it
1 Ay
- ['
vy i
'lll YR |
DR e
At

TYPICAL INSTALLATION OF UG.CABLE ON UG.CABLE RACK

51l71 2.6 wanan1sFiest Pillow Insulator
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STEEL RIVET

A-‘—l .
i A 9 M. 00. x 40
(it SEE DETAIL"D i
e CAST IRON €5 MM.DIA.
8 =
o "o ERA
g L TOLERANCE 3 MM.
= L CAST IRON 65 MM. CO.
P
;q‘; ([ IJ—— sEe DETAIL " 1 O
X1 1 " =
ol 0 SEE DETAL "A =— Il THREAD PER INCH.
5 %
9 ‘;% 48 MiL PITCH DIA.
i‘% (INTERNAL THREAD)
o f P
SSRGS i O,
e “ 1 /9 e

SECTION A-A

F——— REINFORCED CONCRETE

STEEL PIPE 49 M#.OD.

i
N\

SECTION B-8B

Sl el

C C —_ STEEL @ GMM, SEE DETAIL™M

STEEL @ 3.2 MM. (@ 15 CH.

“_"TL {1 STEEL END CAP,
NT 1.6 MM. THICK

69

RS

ASSEMBLY DETAILS ]»————6—3————-{

SECTION G-G

9117 2.7 Concrete Racking Pole
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SEE DETAIL™G”

—_ SEE DETAIL F™
Fﬂ & MM. SHEET STEEL
fe] . et
2 | / "
oo
gl 250 _|ls
il R 3] 124 113
[—JO(NTED BY WELDING \ = 1 r3
- .] o e

=

6 MM, SHEET\STEEL
|
|

1

DETAIL “F

—— THREAD

( — HEX. NUT
ROUHD WASHER

DETAIL'G" U-BOLT

(WITHOUT U-8OLT)

NOTES
DIMENSIONS ARE IN MM, UNLESS OTHERWISE SPECIFIED

2. AFTER FABRICATION, THE MATERWLS SHALL BE GALVANIZED BY POT~-0iP _PROCESS,THE

THICKNESS OF ZINC-COATING SHALL MOT O LESS THAH 120 MICRONS.

3. COOE NO.OF JHIS TYPE OF HANGCR 15 274 =300
9171 2.8 Hanger 31 Cable 2W1n 500 sq.mm. ka2 800 sq.mm.

17



g’

103

- 6§+2 \ {

F16,/1 PILLOW {NSULATOR
( CODE NO.274 =328 ~SEE NOTEZ)

i/——~ 1222

130.£10

FiGg2 PILLOW INSULATOR
( CODE NO. 274 ~338 -SEE NOTE D)

NOTES |. DIMENSIONS ARE IN MM,
2
2 FIG.| IS USED FOR SUPPORTING 500 AND 800 MM.  CABLE.
3 F1G.2 IS USED FOR SUPPORTING 300 AND 800 MM.2 SPLICING CABLE.

51071 2.9 Pillow Insulator #1131 Cable. Splice Cable
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0 (u:'iﬂy
I,

2 -~_/~

e MA‘NHOL_E WALf.. MANHOLE CEILING
Ll e /-

Pt

2
e CABLE 80O MM. WT. 35 KG. (APPROX.)

plLLOW tNSULATOR (C00E NO. 274-328)
HANGER FOR CASLE ( CODE NO. 274-308)

20 GHM.

R CABLE 8CO MM.Z WT. 35 KG.(APPROX.)

30 CM
Q
@
Q
=

2
Ty CABLE 800 MM. WT. 35 KG. (APPROX.)

=
®)
=
[a?)
= ——STRAIGHT JOINT gurH CABLE
(2.5 M.x 8BCO M) 120 KG. (APPROX.)
i C_E B |
= ' L__%, PILLOW INSULATQR (CCOZ NO. 274-338)
A | 23 Ci, J\HANGEF’. FOR CABLE SPLIGING(COGE NO. 274 -318)
[
e STRAIGHT JOINT WITH CASLE WT. 120 KG.(4PPROX.)
= (L“_
%) — k/
R g
b e STRAIGHT. JOINT WITH CASLE. WT 120 KG.(4PPROX)
. #V—d{g L
3 [
o M
"

CONCRETT RACKING POLE ( CODE NO. 274-038)
e SEE SH.NQ, | 8 2 FOR MOHE DETAILS

& e ! \
\ e { MANHOLE FLOOA

P

30-50 CM. AS REQUIRED

MANHOLE wall

51l#12.10 n13RncY Cable 69 kV., 115 KV. 1110 800 sg.mm.

)
TaBN AN 71

31
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rasrummmfwo\cwm
"] B THIS SPACE THUS, 9-83 WITH [3 &4

: /f FIGURES IN 3 MM, BAS-RELIEF, FLUSH
! / L WITH SURFACE

FALLOWABLE VARIATION ] i
s

YMBOL| OVER | UNDER
e L5 MM |15 MM, MANHOLE FRAME
(COD= NC. 6536-318)

! S05¢ i
b 849G (TQ2) e
,( g4l C(20TIOM) i
o
Z S
A
s ____,g,__,,K/////] iy
Q o 13R % e
“L_.L +
) :
Q m | - q97 o i
e - 8395 ELH
— 892 |
! 936 {
1099 |

SECTION A-A

‘g‘ﬂﬁ 2.11 Manhole Frame

20



¢ BOSSES SEE DETAL "A" DSTREBUTED ON THE WHOLE SURFRCE
3 4. STANOING OUT OF THE SURFACE

L= —~CORED HOLE 25 %M. DIA. R
CAST LETTERS MEA" | &)
O O O SOMAL HIGH 40 MM. =
e o"@ ® WICE SZEEMM AND |
S OAO 3 A#d.OUT OF THE =
S SURFACE <
010 6100 =
00000 =
SR e HOHON @) o
SleEc (oo < @l
sllelie ©e |
00000 -
Showe e o ‘%? ‘
ohelc ot = B
I -
e o¢—o O % EhodEl
0 QA0 Q . e
e : & e Ej =2 |
S ey CAST MONTH AHD YEAR OF B Y, AEhaEn
. A

MAMURACTURE [N THIS SPACE TRUS,
983 WITH 25 #M1. FIGURES 1N 3 M4l

EAS-RELIEF, FLUSH WITH SURFACE SECTION B-B

A
J

ALLOWASLE \RRIATION
'semzoc]-over [ UNDER
Gy } LSMM. | 15MM |

MANHOLE COVER

(#€CQPE 1O. 626-310)

BOTTQOM VIEW

I. OIMENSIONS ARE (M M.

2. THE COVER SHALL BE EVENLY PLACED ON ITS FRAME WITHOUT MINOR ROCKING,
[ CASE OF UNEVENLY SEATING OR MINOR Rocxmo,szmwc SURFACE MUST BEZ MACHINED.

3. MATERIAL. CAST IRON., REFERENCE . DWG MO, 1OA1-0019.

4. TO 85 CONTINUED OMN SH.NO.3

FRAMZ AND COVER SHALL BE JONTED BY DUTT WELDNG AT FCUR JOINTS, EACH CF 2.

5 CMdL LONG.

.(,\

‘gﬁﬁ 2.12 Manhole Cover

21



' [L 839 o4

t

MANHO{E COVER W e A A
(SEE SH.NQ.2 83)

} 8S< |

PRESS SCREW

(SEE SH.NO.7)
PRESS SCREW YOKE S E g B
(SEE SH.NO.6) '
PRESS SCREVW LOCK NUT it}
( SEE SH.NO.7) 3 - 3 850 ]
- : oy T
INNER COVER W@/M;@?@/ﬂm R
( SEE SH. NO.%)
: - 8§21 -
82l
- | |
~ RUBBER GASKET - : 1
(SEE SH.NO.5) ‘
| |
| .
‘ , 504 C.(TOP) -~
= A - ==
L 900 C(80TTOM ) 1;
MANHOLE FRAME
( SEE SH. NO.1)
! 7sr
,t 825
e T e
132

NOLE S

I DIMENSIONG ARE IN MM,
2, SEE ALLOWABLE VARIATION (C) OM SH. NO. I

gﬂ‘?}l 2.13 Pscrew and Hand Wheel
22




[25] 3590.5 | °s 13251 823 [3s5l2s|
ol ! ) ! I [
Eaihota ol i)
PULLING IRON ( SEE NOTE 3.2 ) l 5 il
SHALL BE IN LINE WITH Bxtini ot
ST~ OPPOSITE DUCT BANK TR T
2. CENTER LINE S . a4
,\_
= : 228 s '
8 DUCT BANK | f e S HOOK,7/15'x 5 =
(SEE NOTE 3.8t , } | \ =
= &3.9) [ |
N a =
bEk L g_l_ 2 T Y;u T
@ N Mook, v/iglx 5 ! b
: \— GROUND ROD ~
A = i [ A
A il ‘T
2P 2|
s < Bl =
fos) L r
5 CASLE RACK
L e, ( SEENOTE 3.3,3.4835 ) -
i .
o ; GROUND ROO .
© e l N
St ! 2 i XIQT : A%
¥
of \
41. ’
¢ gdl ! = | XS HOQK 715 % 5 :
23, 6§03.8 298
iy ] !
PLAN 2
}Eﬁ 120 | 363 8 | 120 125]
MANHOLE ENTRANCE—\‘ - eio | -~ ’o L
SEE NOTE 3.683.7 : p_l___JS 10 0|15 TR o e
¢ ) —E = foan teve on i ;

e SIDE WAUK SURFACE
o .
¥ 2 1) J J
i 20 1
o 0100
o s
Q PULLING IRONM Sl
o ( SEE NOTE 3.2)
eiloio e
SLOPE 1/1Q0 qu-@
of : -
z e [”—‘%-
o ;

2-GROUND ROO o

(SCE MOTE 3.1}
SECTION A-A

517 2.14(a)_Manhole Type L-1/1
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222.3

[iLeRiEe120)

(5]

i_g”ﬁ‘ 80 951 }_o

P

MANROLE ENTRANCE
(SEE NOTE 3.6 & 3.7)

ROAD LEVEL OR SIDE WALK SURFACE

o—-r—é TETRYTIIOR [ - e e
<= [T _—]’J
e i g
Liiei 5 DUCT BARK
A 88 (SEE NOTE 3.8 83.9)
< C\JI
T _obl iR \jj
o
< O LU DME Sy |
N '/.'
) Opee @@ ZJ_‘i
' PULLING (RON—I
(SEE NOTE32) Z
. i v"x
Slch ] (le} Y Vi 7
fes) =Y Wi A‘?
o b= j ] j
[ |

*—' 2-GROUND ROD (SEE NOTE 3.1)

254 40,25
] |

SIS

APPLICATIONS
| " MANHOLE TYPES L-! AND L-1/l ARE 2- ENTRANCE CORNER MANHOLES THAT ARE GENERALLY USED FOR 69 KV.

UNOERGROUND CONSTRUCTION AND MAY HAVE 12 OR 24 KV. UNDERGROUND CONSTRUCTION WITHIN.
MANHOLE TYPE L-1/1 IS DEVELOPED FROM MANHOLE TYPE L-I AND CAN BE CONSTRUCTED AT LOCATIONS

WHERE IT IS SUBJECTED TO I8 TONS MAX. TRUCK LOAD.

i

9117 2.14(b) Manhole Type L-1/1
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PULIANS (RO (SEE NMOTE 3.2)
SHALL BE ® LINE WITH
OPPOSITE DUCT BANK

@
-

RACK (SEE MOTE 33,34 g 3.5

E
60 o

CENTER LWNE { /r—-HOOK,'I/XG x5
=[ /
«)
a2
—— ¢
- e
i J

i

L :
%) B PO o
(e @]

»—\‘ I

L) |
2 uE
-+ A
™ ¥
i (e
=0
~
g_

AL [40.5[ 50 LZO{ s 120, QU L‘#O.S,
IW| 60 ; 3386 ) 80 ,W}
I I i [ 51
el Pdy. AR WALL THICKNESS
(SEE NOTE 2.2}
| { ] |
il l_’_)_ [is 80 115} e 10} (15 80 115} [10. 1Y
[ l { b A4 i iP“' [l ‘

Vrevl wrtedil ROADLEVEL OR
STOE WALK SURFA

= e ot ed
= OT AT

Q= 1

<= :

o i

iF

> ,

APPROX.

— PULLING 1RO
( SEE MOTE 3.2)

) MANHOLE EMTRAMNCE
(SEE NOTE 36 8 37)

DUCT BANK
\(SEE NOTE 3.8

L9}
ol

SymMpe
SLOPE 1/100 )

e %

o |l ¥ 7 i
s :
.ol

s % "‘ 2 - GROUNO ROO ( SEE MOTE 3.1)
~:7ﬁ]55§ THICKNESS N !
(SEE NOTE 2.3) ;j

SeCTION A-A

91l712.14(c) Mannole Type B-3/1
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wal L THICKMESS
( SEE NOTE 2.2 )

bl
1

MAMHOLE ENTRANCE
( SEE NOTE 36 &83.7)

: e ROAD LEVEL OR SDE VALK SURFACE
LT

135.9 |

50
APBROX.
YT

22,

€ 0as o d) A s
X T 2
00 .0 O

107.8

LI | o

gl a8 | &
rSLO / J

40
MIN,

Ve i R
<—FLOOR THICKNESS L{[_

{ Sce#NOTE 2.80) - g
l‘i/:qo WI

) ]

SeNOUAT/B

APPLICATIONS

[

MANHOLE TYPES B-3/14aND B-3/2 ARE 2-ENTRANCE STRAIGHT MARHOLES THAT ARS GEMERALLY USED FOR 69 KV.
UNDERGROUND CONSTRUCTION AND MAY HAVE 12 OR 24 KV, UNDERGROUND CONSTRUCTION WITHIN.

MANHOLE TYPE B-3/2 1S DEVELOPED FROM MANHOLE TYPE 8-3/1 FOR THE REQUIREMENT OF PRECAST PROCESS.
BOTH TYPES OF MANHOLE CAN BE CONSTRUCTED AT LOCATIONS WHERE THEY ARE SUBJECTED TO 18 TONS MAX TRUCK

LOaD.

210 2.14(d) Manhole Type B-3/1
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WV
2.3 mﬂMﬁﬂmmu (UNDERGROUND CABLE)
a wa Z’/ = v ' v ' <A

anenaalgAuiuiidaunnsnsliainganalueania  luanun1sauey nanaas ane
ialasugacldsunisauaunieliin  (Blectrical Insulation) iileane iiieflaariusi
mndufatufn  vWiedasmagaauen (External Shield) 99tangLALTALDS 1aNANIL

[ o/ o O aan =l r_‘ll dl [~ o/ ]
awandigasilasiuiainainuamiana Ufienedl uaznansznudu ) Miudunaene

a

o o e o o q wal o < 4 A [y ~
MUY ANUU LHUBUNITRUIUN ﬂ@ﬁﬁ“y’lﬂ‘ﬁmﬁQ’]NﬂJ%ﬂﬂNm'mm]@ﬂ@imuﬂ’lﬂm’m@’mmm@

185055 anevadla Tnevaldanunsoussld 3 dsznnae

szinnaasang lninllamu
1 =y “J
1 RN auasaUunlEd

angiadalfAunldmnunuegliiagdu dnansoudaanalgniuauinld 2 @ia

=De

N

n. melLﬂLﬁmmunsxmwmigé’qaﬁiﬂﬁu (Paper: Insulated, oil-Fukked
Cable) Taaildimaginanldfussundasaiigs 230 kV. Tudunasauaiuingaansyans
quﬁﬁﬁu (Impregnated Paper) LL@:;%@@u?jﬂmwmz-‘namLi@lu%uﬁmiwmﬂwﬁmw
gasiavnsis (O Duct) &Tﬁﬁiﬁ@%@’i’w,l,&mqlugﬂﬁ 2.15

0 seAidaeaueeeds (Solid Dielectiic Cable) Taenialulaztinun 9y
STUUAI R ERrALIus I8 60 KV: UAZ 115 KV, sitaligrtusssuliunang 12 kv,
22 kV., 24 kV. Wa% 83 kopenV. LASTELIIRA TN Eus A dat Mg uinnnann
astwiies  (Polymer) ailealdiuedaunsnatafine pepdAIT INAeATAY  (Cross-
Linked Polyethylene : XLPE) ﬁﬂﬁim‘m%"\amaﬂugﬂﬂ 2.16 wiaselainy ﬂ@@qﬁui
anmaisananre il Tamuazinun danluszuudausaiugsuds

A, GAS FILLED CABLE 'Zurenefilenswilu INERT GAS 1w N, SF,
tandls LOWMEDIUM, HIGH PRESSURE duwidgnfumnan OIL  uazuaniluPIPE

TYPE vi%a SELF CONTAINING
1 (%4 v
2. BUAMTNANBULNG bEITY

A DIRECT BURIAD CABLE ifugnananinnslinulaensaine ARG

La3a¥i ARMOUR 151 MACHANICAL PROTECTION visaanqayld CONCRETE SLAB

27



riaunan

AUIUNTIAIB TN TINTNLUYG

aninduemniua (nasuaa)

o o oas e
ta3aaaanuaiun

aud um:mb"qum‘iu

tnFadtaInuanan

Yagnazn

mdﬁu

iU lanziasa

b 1
X

et

Waanuan PE wia PVC

9171 2.15_gnealaauaunsyanpussafaningy

28



-

&

N
L

A0

st
¢

e

maumﬁaa:gﬁnﬁun

pilal.
L

Ky

I"‘}
peptt

AUIUNTEAN L

TERINNTIURA

- WL =
(nIadadnuaiin

AU KLRE

P 4
in3astavnuanan

<

Fanalranaannd

vﬁaa:gmﬁuu

mdvfm
i, wa’«‘?ﬁ_”"};/
Ry T
o et
75
wWaanuan

PE w3a PVC

91071 2.16_In99a51398987 2L ARUIUTIBINI

29




9
=

[~ él' o a 2.// v % = = A a Zx v
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9. CONDUIT 3#8 DUCT CABLE \fuanemldfndantluiadmiufasanalunns

v = v oA A

v IS =2 v ¥ ] < =
IFHRINNNTAIAIN TATNAT1IUDIANLFARINUABNITAIAN IR RER RIGERR

See

Al
1%

IR

1. A19wn FAULT el

FANINENIN

@ Do

Alanaweneszuubedne

=k
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LEiEl

1. AnAsAaYugaEn

A. SUBMARINE CABEL igenldnafslumetnutaii. Sadeway lunza
Shamananafdl ARMOUR  dafasfuussield -uazdesnusenianniay eneiiniiasd
Putaeanegnanin Jafaudanunly ROLL mmmmﬁwﬁ”&ﬂm&maﬁm‘lu ROLL ay
nagaanyn asiauanlnssnlusn viseFauny LA lAndaae

4. AIRIAL CABLE 1ihgnei immunuanaides 1umﬂ°ﬁ§ﬁ§ymgﬁlmﬁmmz
daande , Antgadesan 7 Gedauniiaziulify MESSENGER WIRE vieangn:in
fU  MESSENGER ~ WIRE " mawas el svinniasgaeiunuiinnn | Auindunen
ALUMINIUM CONDUCTOR

a. PIPE TYPE “CABEL luatewaniifiosin METALLIC /SHEATH sfaRsian
METAL flaziinifly SHEATH arsimiluviewszanainy DUCT Mnsniauazid e
Ferinetnen WelilFilsnsinan sauTsnmus sl 7 14 wdaannTALeNANe
75 INSULATION #auazil INSULATION SHIELD anmudnld SleGausenfiaziin

INSULATION OIL %i3a GAS wnltuazsinaausulildasudunaiuniun

3. WiemuuaL CONDUCTOR #iftaglu CABLE usiazidu

n. CABLE SINGLE CORE (1/C) wunafleane CABLE 7ifl CONDUCTOR w3au
INSULATOR agilea 1 iy uazldinuanellfifies 1 e

2. CABLE TWO CORE (2/C) manefsng CABLE il CONDUCTOR wia
INSULATOR agifies 2 1§ uazanunsaldiiuanldmiusyunly SINGLE PHASE

. CABLE THREE CORE (3/C) nuneifaanel CABLE #iil CONDUCTOR w3au
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INSULATOR agifies 2 1 wazanansaldamluszoul 3 wiald
3. CABLE FOUR CORE (4/C) Wisaunnnadnfidwdeaiuiinaraun Inaaniznan
wnndn 4/C daunnnagldlilfanluszuudandeaulain - usevlfeuiusnanugu

visaanafyyn

-7 o\
TAs9d5192 29818 LALLA
= 9 d‘o [ o [ ° o o =
ananaialEAuiivhuaanuiuusesunn uesduliunans uasusanugs aziilas
a¥afilsznaudaadnuiutis (Layers) WAnseme uazusazduiazininnfisy  41usu
v 3 Qs lﬂl =Y 1 1 qﬁ// AI v s
nsldnituaasues  GeaiunmmfiansangdoutlsnaylunsazdulagEumuaindudnans

IasaneaLla e aasatlsl

711 (Conductor)

o © =y =} 9 .all o p L7 a‘/' o/ © ‘;IY:/

fatndnainnasas | autadlunaasnnssis. eseaidaasiallaasiainayii
i IO - -] 4w o - o o i,
Angfadiaed auRIRNALNALN  FeRrRaENNUE (segments) auiuansALanid

1 | = o/ © c:ll 7 <4 a o ©
duanautiaansal afaRIwnuAea  (signle-core cable) wFednaLAllafun 3 WNw
(three-core cable) it ualunislfiRaesnnsiifiuamans azManazanaadafan
HARAINNEAILAY . LaZluTTlnunaEn - nssdar neduatiina Narunsninnszua liga
nd1fatinegiiiiey
ey b, i i ' N r ] :

IanBAanssuTieAlsvna uf fean s fias fasiassnitiinnung  deldun ANy

o i % P =4 ' L
taanfie sAmNnzad (economic) Aansmenals (Reliability) AaNEaney (flexibility)

N (% =N %:/ <] o = o

nsldany  (operation) nistleadunnsiinde nnstiigednen  sneazidaadenivuanis
RTZHIAT WIMTTIU Y NIWUATIAT NAAMY HANIDT annaunsie nsasng
AUAAR  ANNNANENY (aessthetic consideration) @emng1all 2.5 flumnsanisifFey

a i o © o QQI/ a ] cl'
Weawnadaffifmiiniuniainneamazegiitilianwiaangan €aunn3en 2.6 LaTanI
# 27  JumnsauaninmuautinIenIanIn  WAZANIINUNSZUAANIIATIBINGIUAS

1
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PEATIBEA NRILO agiliy
Density kg/Cu.dm. at 20 °c 8.89 2.68
Melting point ( °c) 1082.8 657.8
Specific heat J/kg-"c (at 25°¢) 385.19 946.22
Linear coeficient of thermal per e
( at room temperature * 0.000001") 16.6 23.0
Thermal conductivity Cal/sg.mm./Hr/%c at 20°¢c 3.62 2.02
Electrical resistivity. Onm*sa.mmy/m.-at 20°¢c 0.018 0.029
Electrical conductivity m/Ohm*sg.mm./ at 20°¢ 56 35
Ultimate Strenght - Hard N/sg.mm. 379.2 186.1
- SoftN/sa.mm. 220.6 276

Elongétion - Hard 6% in 2 inch. 1.5% in 10 inch.

% --Soft 55% in-2inch. 23% in 10 inch.
Modulus of Elasticity N/sg.mm. 147 w3 6.890
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(Polyethylene : PE) & wiunialuzeanlden urepfienadindiuazgita (Aluminium Foil)
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3.2 ANENNNTOIUNITAATANENA R IRIEN L ALIA bAAY
gmsunisdanazananadlnfnseanemdalang aziildfunianyiiinans

123075 bfNuATIaae ?ﬁarom34mmmlumaﬁqnsmw‘?@wKﬂlﬂﬁwmmmmﬁ@lﬁﬁuﬁlﬁ

dhignatleulussuuamiiauazatadeluszuugs Buandlumaed 3.1 wazAnsed

3.2 ANUATAL

=l o o va a o’
A157197 3-1 Aonud1snga AT nszLanasna s iTnassaneileulsnu (@aflaulanuan

i luviefasanaialia)

guneasdnaiatialin ansanunsnlunisinnszuauazndseulii
AN aILAIRUIUA9Y NITUA 12 kV 22 kV. 24 kV 33 kV
XLPE (A) (MVA) (MVA) (MVA) (MVA)
35 mm” CuXLPE 161 3.3 6.1 6.6 9.2
70 mm”Cu XLPE 235 48 9.0 9.7 13.4
240 mm” Cu XLPE 478 9.9 18.2 19.8 273
400 mm” Cu XLPE 614 12.7 23.4 255 5.1

o o’ WA © 1 ya d’ ch ¥ -=$II o 1
dmiudayanisiinszuazesaiaddliny AInNAN3NT Az flulddnsaqnananess
UEFu LA sAuliTsnuouasasundy - awn ilnasanfing (derating) nnstinszua
PRI AILANT9AIAE FRata dnetalla 69 KV, audufisnsesdiindeniian 7
- 4 = = ] (7 1Y T =
dlurefesaaadaiies 1 aees annsorinszudls 898 A wsdnviefenanaiaialy
[ ket o = cxl =1 o ] ' o =
LuNAEat W ApaneaneaLialidily 3 99as ATy AN UEILAR IR TUNNTTLARALIAD

709 A
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ANTNN 3-2 AU N TEInas e o dslaan

iaraaada | mrdesiioia | dmaweer | anumumnlemrdendann i
(KV) NIV vaeaodali | 1 x 800 mm- 1x 1200 mm’
WAEIw | (A) | (MVA) | (A) | (MVA)
69 XLPE Duct Bank 1 8938 107 = =
| 2 770 g2 - :
3 709 85 = -
Direct Bunal 1 Cnijuag 110 e -
2 860 103 = -
1I9KLPE Dict Bank 1 870 173 N\ | -
A 741 148 - -
i/ 3 631 136 = -
115 Oil-Filled Trench 1 1293 | 258 - -
% 1202 239 T B
3 112447224 -~ I -
230 Qil-Filled Duct Bank 1 a = 260 382
2 = - 754 300
Trough 1 862 343 = =
2 774 308 - -
230 XLPE Duct Bank 1 ~ = N.A. N.A.
2 = - N.A. NA
3 k d: 753 300
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unyn 4

o 1 o & a Ya
m‘a‘mmmmumsmmmuﬂma"lmmu

~R
4.1 w399 (TENSION)
Tunshsfaaneadaty  lidiazfuanelure  siseluniaanaiedaiayiaed
Wi limading 7 lunisinds 1B AussAegege, Awssnaumaldisduilesanmids

: 3 = o ~
Sidewall pressure) , Clearance Way Jamming FIALABIUININANTUN

Pa9na  (
‘z a 1’»41 ' a = a 23 = a
WINANU  NTAAFIRYM | LT Angtla R aiAugeluenid  Aaziinisiiaes e

= 9;/ ] =l
nsAnsauAnsnsaentilan

pnrasipaiunnsmnduiingune iR EAIMIIA Clearance,
Jamming ‘and Fil dauAussrafisensylfazgnimunainAtusaiegeganeaniuls
gasunmsanglnsafld  lneussdls - (TensionT) . lunsnsmeiaialuviertugn
o g &£ = o ' =& 4:4‘ o v v £ 4 © =<
AuanadathunFamienduausngegaieesild  dusRmeiinishne

a ' ' - = o (% 3 9 © o P " pr-) o 9
idlasnnndaAlasRegage Neeusuls  efasfaninmaAnaiienn Anusanslual i
9/ ' 1 = d‘ o v = an/ a =l v [ % -d‘
taanindussnsgagantaniuld fesiusaaiaetaandemald  uarndsanniie
o o f A v £ ° 1 f§ |
RnrsAeMNALIA s RNzl | 1naFBeAnInian Side wall - pressures

1% s ) I ORI b0 - @ DO 9 ‘v =

(SP) fine FrntIuFudounitenealnsead1arnesneinldn TRz AaIa N ATONUTURIIAY
TnatsAanaaaiaenie. nelddesld Metaliic Shielding, -Tapes %sa Armor 31

e

FaNIAUARINTUANNT

m = W99AIIBIALNN (pounds)

S = ANANLAAINAN39T 4.1 (pounds/cmil)
i é/ all 4 o/ o © N

A = ATNENMUIAAIRIAIUY (Cmil)

N = R UIUFAN

' << nll [ % a
= Aussagegaieanivldrasanaimia (pounds)

cable

T Ll -
= Anusemegegaieaniulfaasginenl (pounds)

device

— =

= AULIIA Feausulafteandndn T, Wi T
= Ausensgaganaeniuldnideandndn T, 2
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@1919%14.1 Maximum Allowable Conductor Stress (S)

Material g Ib/cmil
Copper 0.008
Aluminum 0.006

4.1 NTAIBIDILTIAT

1.Single Conductor

T 75”5 A (pounds)

-
[
—

fathen 1
Power cable,single conductor 4/0 AWG alumninum

T = (0.006)*(211,600) pounds

cable

Iy = 1,269.0 pounds

cable
2.Multiple Conductors

-Three or less conductors
oo = Wk Sfpounds)
< ] CJ
Sy 2
Power cable,two single conductor 4/0-AWG aluminum
= (2)7(1,260.6}

=2,539.2 paunds

oy
A1agn 3
Power cable,three conductor 4/0 AWG aluminum

T ={3)*(1,269.6)

cable

= 3,308.8 pounds
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-More than three conductors

T

cable

= (0.8)*N*T, pounds A A

et 1 A

A8 IN 4

Control Cable ,four conductor 6 AWG Copper
IMFNM7T (4.1)

T, =5
= (0.008)*(26,240)
=210 pounds
Mgums (4.3)
Teable = (0:8)*N B
= (0.8)7(4)*(210)
=672 pounds

gl inm sl amadInsed

N S AwTadsluna. (pounds)

L - mumﬁaﬁlcﬁmﬁaaaﬂm (pounds)

‘ IR

w = ﬁdﬂi:nauﬁwﬁ'ﬂﬁgﬂﬁaa =

;‘1 = fn e aa Ny

W= hminsnpasmoaida ( pounds/foot)
L = 8379D712103M9a79

0 = umawionsIInuMITIL (radians)

g s lill”llaoﬁﬂ?ﬁ (radians)

R = 3zuzvaaieainialas

e =2.718

a) udineasslsuuiTu (Horizontal Straight Section)

T, = wiWL 4T, - (4.9)
b.) uTa@alurialdosuniag (Inclined and Vertical Straight Section)
a & g :
- UT9G9IUN19a Ty (Pulling Up a Straight Section)
T,, = WL(sin0+ wucos0) + T, i (4 )
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- URAIAINIAT (Pulling down a Straight Section )
T, = —WL(sin8— wucos@) + T, - (4.6)

"=
c.) unadalurialdaunamy (Horizontal Bend Section )

T, = T, (coshwud) + (sinh wid) * /T2 + (WR)® 4.7)

] Y § ) :
d) undalurialdsiuluuniag (Vertical Concave Up Bend )

- ursdstulurialds (Pulling Up Through a Bend )

T,, = k'*[2wusind — (1— (wi)?) *(e™ - cosd)] . ...(4.8)
4 S\
o __k'=Tee _—_—"H(Wu)z

- wsafanalunialdy (Pulling dewn Through a Bend )

T =k *[2wpe™ sind + (1= (wi)?) * (1—e™ cosd)] -.(4.9)

o

WR

A wid
O | g R | e 1),
A T+ (wu)”

e) unataluralfdaaluumiay (Vertical Concave Dawn Bend')

WX S
- wraieulnrialds (Pulling Up Through a Bend.)

T, = k" [2wiie" sing+(1=(wp) Jx (1- €™ cos$)] ..(4.10)

Wl ke =T g™ *-——————WR
e e

- unadaaslunialAy (Pulling down Through a Bend )

T = k"*[2wusing — (1 - (W) (e™ —cosd)] .. (4.11)

oul

A WR
a k'=T e"™+4+—
in 1+ (Wp)2
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£) Aundadszinmlurialds (Commonly Used Approximation for Bend )
e R LR
ﬂ’mﬂﬂdﬂinnmlﬂ61%%:1ﬁ§®1ﬂ1LLNﬁJlJT:u’lmuuﬂum"na\‘JmT‘muN

P v v P
daluvialdavasanniin 4.8,4.9,4.10 uas 4.111dlan
el e g WHb - (4.12)

srssdulinfanudsan (1) sniudildanmmnmoiada
duriedasfiannufiarwiemeiurain. anailefifife [ iwes ddulszing
amuEsan s inanEnulnmsdnnanseds  wassnlinianuidsaniua:
fisnszniie 0.1- 1.0 iImzmumnadaulEinfanuiEsamuIn a7 4.2 MIAd
muluﬂ'aa:ﬁaoﬁuﬂmﬁUﬂﬂmz‘lmqaﬁaL‘%'mTulmJ rizthAaudaEaain i
aTmJj:%ﬂﬁfﬂ'n'uL?mﬂmulwnm:ﬁv\q@u,a”dL‘%luﬁﬂwﬂffﬁﬁwg‘fandﬂﬁﬂé’mﬂ?:‘&ﬂfﬂawuL‘&'m

=la ot o v A o &
MNIVNAITIANN U'Jﬂ'llﬁﬂ']'f@\]ﬂ']ll']ﬂ’ﬂu

a131971 4.2 Typical Cosfficients of Dynamic Friction (1)

Adequate Cable Lubrication During Pull

Type of Conduit ‘
Cable Exterior M PVC FI8 ASB

\
PVC-Polyvinyl Chloride 0.4 0.35 0.5 0.5
PE-Low Dencity HMW O3 3 0.35 0.5 0.5
Polyethylene
CHPE-Hypalon 075 0.5 0.7 0.6
XLPE-Crosslinked PE G 5 0135 @5 0.5
Nylon 0.4 Q30 Q:5 0.5
CPE 0.5 0.5 Q:7 0.6
nin ULV]@IZ

M = metallic , steel or aluminum

PVC = polyvinyl chloride,thin wall or heavy schedule 40

FIB = fiber conduit-Orangeburg or Nocrete
ASB

asbestos cemente-Transite or Korduct
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4.1.1 lanrhaansaemidaadiiuas Three Single Conductor
lanmeansaemidaraniuasamaiadasiia Three Single Conductor
hm'm:m'lﬁmné'ﬂﬁémmaoLs?umuguzfnmwamaﬁ’uLa?umuﬂuﬁnmoﬁﬂﬂé'mﬁq
yavauiallia (D/d ratio) ,
mynameluriauny Cradied flazlfiilamuadiawuy Three Single
Conductor s D/d ratio MAnIIvIalyinny 2.5 wasn13319uuY Triangular aldiflame

a &~ o A £ ' 4 -
ualuY 3 @A D/d ratio waunin 2.5 ﬂd&ﬁﬂdh&zﬂﬂ 4.1

Cradled Triangular ¢
Die ofb D <25
G d

U7 4.1 Tavehean #nen13aannaaniiuad Three Single Conductor

Tnwinmynssesmoiada (uaasligun 4.2) sunspribifenans:-
nudaussfsvasmglddnianinuacng (w) fgndestzldlumunisundsimiunans:
nuil LLa:ﬁﬂfmiﬂéhﬂS:nauﬁgnﬁaoa:m‘lﬁmnaumﬁaf{ |

1 Cable (signle).
w G (¢ fd 18]

3 Cable (triangular)

w o= .. (4.14)
3 Cable (cradled)
4:[ . d T
= 4= — s (415
w =+ 3 LD—d ( )
4 Cable or more (complex)
wo =14 .. (4.16)
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mﬂ::namhvmnmungnmaa

oY

[a5)
O
wooo

Wurhgudnannisluria

"

Lﬁumg{uzfnmamuuanmaamu

0P 6 &

Single Dual Cradled Triangular Complex

gﬂﬁ 4.2 lasmammerssamsiada

4.1.2 Sidewall pressure (SP)

' ~ & s o ) ~ = ]
-~\',7«]:Lﬂv,ﬂ'lll‘50ﬂﬂuum WRAVBLUDIITINHUING  TIWINAWNNTAIEIEHTY

] -v * _ ;Y o 9 -~ ~t 1
raldidn Sidewall pressure i sambinoiiannu&omels

jﬂﬁl 4.3 Sidewall Pressure Factors

- . - A v ' lr
A1 Sidewall pressure ITTIUITOATUN m“l@muﬂnmmwmau

1. @11 Single conductor wTaananualil Jacket vfm'mnu

L i (4.17)
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“ o v
2. UMW UALIINY 3 I&WUUY cradled

T
QP = (3} {418
3. Mm@ 3 WULDY tiangular
orl
SP—wi—— .. (4.19)

#AS¢

e T = ussdeRiaesanuianialaa (pounds )
(gﬂﬁmnmﬂoﬁ 4.5 gmTUTa sweep elbows )
R =73curinduadrialas ( feet )
W
SP

i

- r < (%
gaysznamimunigneas

Sidewall Pressure ( pounds/feet )

: & \& P :

#1 maximum sidewall pressure uﬂ:aglu‘ma 300-500 pounds €8 feet
A v P
feazenuing lénn a1 4.3

A15797 4.3 Recommended Maximum Sidewall Pressures \

Cable Type | (& P Ibsyit
600 V nonshielded : | 300
600 V & 1 KV nonshieded 500
5-15kV 500
25-35 kV 300
Interlocked armored cable (All Voltage Classes) 300

4.1.3 Clearagce
Clear-ance a:Li‘Jm:u:mo?:m'wfhuuuqmaammmﬂahﬁaﬁumuuu
qmaaﬁuﬁdmuluﬁa Fafntzpzvinailazaasiinn lieonin 10% poITWIALEHENAUS
naamoluranda 1 1 EmTumoadasnalng
N1IHIUIUNIAN Clearance a:mmmm‘lﬁmnaumﬁwmai
1.Single Cable
CL=D-d .. (4.20)
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2. Three Cable,Triplexed or Triangular

e .. (4.21)

Cl= 1—2)—— 1.366d +

3. Three Cable,Cradled

D H o e T '

e d =dudhugudnaimonanyesmataila (inches)

O ' <« ' .
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4.1.4 Jamming
= e =S $ 0 :; =
Jamming Wwisauasaeaidani 3 mowissannindagndsnaly
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ra, aaTEIRUaINITae ( jam ratio ) faniiudandaasduhaudnanmulusea
Audwiguinaumonenzeaiaidas (d) log
D

4. (4.23)

Jam Ratio = —
d
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AUzl uEa NIy Jamming LLamhgﬂﬂ 4.4
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4.1.5 Conduit Fill
i’ . o a maer- | . P "
Conduit Fill uJu,nJaﬁ‘nmf'uaowunmulu'ﬂaﬂgnn'i:ﬂﬂﬂumu TIAVZW

leanauns

d 2
I"illz“:B}- -N-100 percent . (4.24)
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La?umﬂuzfﬂmamUu,an'uaammmﬁa (inches)

v [} « ' .
Wurhugudnananigluria (inches)

d
D
N = 3w npasasaila

A13797 4.4 Riged Conduit Information

Trade Area 40% Area  53% Area ID oD

Size Sq.in. Sq. In. Sq. In. (n. In.
12 0.30 012 0.16 0.622 0.84
3/4 0.53 g.21 0.28 0.824 1.05

1 0.86 0.34 0.46 1.049 1.8
1-1/4 1.50 0.60 0.80 1.380 1.66
1-1/2 2.04 0.82 1.08 1.610 1.90
2 s} £ 1.34 1.78 2.067 gy
9-1/2 4.79 1.92 2,54 2.469 2.87
3 7.38 2.95 3.91 3.068 3.50
3-1/2 9.90 3.96 e 3.548 4.00
4 12.72 5.09 6.74 4.026 4.50
, 5 x0.00%J 8.00 10.60 5.047 5.56
‘1 6 28:89 " | 11.60 15.80 6.065 6.62

a;ﬂifumaumsmﬁmmm parameter Tumsfanmotadameluia

1. axdaadonmnariafieainiianid 39/ 1amm  Required Fill,Clearance Uaz
Jamming

2. l@anaaniutiianairia, aammﬂﬁwawiaLLa:fhé{”uﬂs:%ﬂ%mwm%mmm
I a7t 4.5 wdudayaiaiinoluvasvia rigid steel conduit sweep elbows

3. piminuaseeada (W ) 310 data sheets PIE N f 8T

4. INWIUNIAT weight correction factor (w )

5. ﬁwmmmmumﬁaqaqﬂﬁuau%’u‘lﬂ“

6. mu’mmmtmﬁqm'ﬁ( T ) uas Sidewall pressure ( SP )19 Segment
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