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igpifnapniia]fisnmwhenm AC 84 DC (HimswnagEnaNanG
fanangamanigiiyw a4 isighymimiywdgs nahig@unaiipinsugnatg
ARNRANIGNT tmgﬁu@@ﬁmﬁﬁjmgjﬁ @sinnen conductor Yssgstipmeisnpi
GI]SﬁiIIﬁﬁfjﬁﬁuig:“l 'gﬁﬁufms: ¢1g)usmunndushandnnnisg puedn g IEC, AC:
maid sisgﬁﬁimmihmﬁ IEC (International Electrotechnical Commission) jEnANIg;
A UTA])§ AN 2 AC 4 gins:pimsnwhnmntimy

IﬂiBﬁuﬂﬂﬂmﬁiﬁﬁmﬂﬁﬁ UﬂnﬁﬂiﬁmUG’HS iuﬂi’ﬂ'SEﬂSﬁﬁuﬂimiUﬁﬂimﬁi
LﬁHLﬁfﬂ ISjuﬁ]Imi M [Umﬂﬂﬂiﬁﬁﬁ i[ljjﬁ mSﬂﬂﬂIUﬁﬁmﬁﬁjﬁﬁﬂﬂﬂimjﬁﬁ

IEC (mntffsis§ufiju) usgannignfh Ac

Function label Color, IEC Color, old IEC
Protective earth PE green-yellow green-yellow
Neutral N blue blue

Line, single phase L brown brown or black
Line, 3-phase L1 brown brown or black
Line, 3-phase L2 black brown or black
Line, 3-phase L3 grey brown or black

UK, AC: B{pinsiig R gjiissifmuineninninis) IEC AC 9 mahiimy
NwuMgins: jphywihinesinihphaormituiunba opnomiviguigigh
nAngistiggifunan o ais SNt ajuiBng Cook 4

e fENANig Al AC IUGTinnERIRA

Function label Color, IEC Old UK color
Protective earth PE green-yellow green-yellow
Neutral N blue black

Line, single phase L brown red

Line, 3-phase L1 brown red

Line, 3-phase L2 black yellow

a
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Line, 3-phase L3 grey blue

US, AC: iigfiaR RMBisaanigmisTaf andinnan e uis:) oo
igping Suedinneis nahivay ynahivanicumsgannninhmgnoimims o
i umIANaaniGig)s nfjﬁi’mﬁi’ﬁgﬁms:mﬁﬁjimusmﬁﬁmmfﬁ’ajtﬁm nenisugpi
MeHENMMIHSIHINHUS i SUNMIsighmna iy

igl (e i8]t it 208 VAC Sun 4 nahiga §nppe Shinglh (it
1fiu{nt 480 VAC 41 igj6ghfithi #6 AWG moiiinsinigl ilwipinsfennnigl
UGN

ienananigf AC IriNIgIMIET

Function label Color, common alternatic\:/zlor,
round Protective PG Jellow bare, green, or green- green
Neutral N white grey
Line, single L black or red (2nd
phase hot)
Line, 3-phase L1 black brown
Line, 3-phase L2 red orange
Line, 3-phase L3 blue yellow

[UIg UMM s IGJANIVAIM AMM{HIN SHUHNIN W CEC (Canadian
Electric Code)9 ajuiimnigiiigmu igjimsnanivavynanivanidumsganan
injlu4 iggannfnanas iggmamsnanigl Sanahipununinidhanyd i %8juﬁmﬁi
At 1gl {8 |

iueganahisif AC UGS amAMh

Function label Color, common
Protective ground PG green or green-yellow
Neutral N white

Line, single phase L black or red (2nd hot)
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Line, 3-phase L1 red
Line, 3-phase L2 black

Line, 3-phase L3 blue

IEC, DC2 MIGigthun DC Mgnnian aisnungin:ming Shuguanm
GgSwhnyér fmiunimananidan§muagmi AC 1 aiiiminh IEC w{nvig)
BN DC imsnwpimnneime inuinuguimnng 2 Cook 4
iuenananigyfy IEC DC
Function label Color
Protective earth PE green-yellow
2-wire unearthed DC Power System
Positive L+ brown
Negative L- grey

2-wire earthed DC Power System

Positive (of a negative earthed) circuit L+ brown
Negative (of a negative earthed) circuit M blue
Positive (of a positive earthed) circuit M blue
Negative (of a positive earthed) circuit L- grey

3-wire earthed DC Power System

Positive L+ brown
Mid-wire M blue
Negative L- grey

AU DC VR NIgMIvTR: IUeHiHR S MBIUUIgMIETN (U[NT
§it AC §4 DC) finntimigiinmi My SISASNBNUMSNANA YNANY
1529 ig5Annhivay ynahiuan-iniagsg iggmannomannigiig)s uininminsis
1829 i uhiamAinw mmsligjgutzh (mugnpaifnEiSanius) Aumuig)
e Sywmsnanigl Sh§hngiminne Hgﬁﬂﬁjétmtﬁmnﬁémmﬁﬁtmm Wiles
y/ mﬁﬁsmsgm'jﬁs,mmémLmﬁnnhLﬁﬁgmﬁnmiﬁmﬁémsqm@3“1 miiim e

a

wiAnignitusamn mitigihiphvimguammedaSphamimangay Sheapnny afae  §6li ob



< 1

wigmsymuhspimsibndndnamomiimns i :iiamAthw nan{pny (+)

N

Suigl () igmunaniswAsymsigizhmni g

uigmigTnmsinnsiiueginaniapgy e

Function label Color
Protective ground PG bare, green, or green-
yellow
2-wire ungrounded DC Power System
Positive L+ no recommendation (red)
Negative L T no recommendation
2-wire grounded DC Power System
Positive (of a negative grounded) L+ red
circuit
Negative (of a negative grounded) N white
circuit
Positive (of a positive grounded) N white
circuit
Negative (of a positive grounded) L. black
circuit
3-wire grounded DC Power System
Positive L+ red
Mid-wire (center tap) N white
Negative L- black
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850538 8isH .91
1. IEC (muifsis§udiju) irenananigifh Ac
Function label Color, IEC Color, old IEC
Protective earth
Neutral
Line, single phase
Line, 3-phase
Line, 3-phase
Line, 3-phase
2. iusHEnAnigifl AC IAIIIgIMAMEN
Function label Color, common
Protective ground
Neutral
Line, single phase
Line, 3-phase
Line, 3-phase

Line, 3-phase

a
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seBesE; &.10.9-

1. IEC (muifFsis§udiiu) iuaninanignfih Ac

9

Function label Color, IEC Color, old IEC
Protective earth PE green-yellow green-yellow
Neutral N blue blue

Line, single phase L brown brown or black
Line, 3-phase L1 brown brown or black
Line, 3-phase L2 black brown or black
Line, 3-phase L3 grey brown or black

2. uefinAnigpfn AC UGS AaMAMEn

Function label Color, common
Protective ground PG green or green-yellow
Neutral N white

Line, single phase L black or red (2nd hot)
Line, 3-phase L1 red

Line, 3-phase L2 black

Line, 3-phase L3 blue

a
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Building Information Modeling (BIM)
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ELEVATION SECTION
Common
Brick ok | T Same as plan views
Face
With note telling kind of brick
(Common, face, etc.) Firebrick
As —
l 0o -
s % Wis g
Concrete B or e
block o ST T .0 |
TELLL AU (R MLES lov  %°|
QGV\D
....... R
©zz2% chmn
Cut stone Rubble Cut gmne
Stone HH P OERIACRNIDOR;
Cast stone
= (Concrete) Cast stone Rubble or
Cutstone  Rubble (Concrete) cut stone
7
.
Glass | or
# HMH
Small scale Large scale

a
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g 3
Plaster Stud, lath, and plaster
e . 3
Solid plaster walll
Fl left blank V
oor areas are left blank;
Wood note indicates kind of é
wood used. Ends of boards CLA
except trim Trim
- AVAVAVAVAVAVAVAVAVAY:
Loose fill or batts
Insulation -50;0;0;0;0;’;0;’;’;’;’;5’;’3. Same as plan views
Board and quilt
RiiRaaRaRamRRmRARRaRARARRRig
Solid and cork
Sheet metal Occasionally
flashing indicated by note
Metals . Cast iron
other than mdfﬁ:\ts: tl;ysr;;}z Same as elevation 2
flashing Small Bronze
scale r brass
sor —— @ IITIIITITC
- Reinforcing bars
Structural Indicated by note or
steel or drawn to scale ar LI L z
L-angles, I-beams, etc.
Small scale  Large scale
ELEVATION VIEWS FROM OUTSIDE
. ; ; Points to side of
Drip cap Mesting I sash with hinges
m m
Mullion
Sill Qutside casing
OPENINGS IN A FRAME WALL
Mullion
PATAN
Double hung Outswinging
window casement window L
Inswinging
casement window
ELEVATION VIEWS FROM OUTSIDE
\ ﬁl

p=A
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OPENINGS IN 8 in. (203 mm) BRICK WALL

A

Double hung Outswinging Horizontal Jalousie
window casement window sliding window window Door

Wall not plastered Plaster line

OPENINGS IN BRICK VENEER WALL ELEVATIONS SIMILARTO BRICK WALL

Double hung
window

DH Fixed glass DH
window window

Inswinging
casement window

ELEVATIONS SIMILAR TO BRICK WALL

Double hung Awning Double hung Awning
window window window window Door
OPENINGS IN A BRICK CAVITY WALL OPENINGS IN AN SCR BRICK WALL

OPENINGS IN INTERIOR PARTITIONS

{
I~
! T~a o
Jr:l\/: - ] —— alalaels m—
i Plastered arch
et Double-action Folding door Sliding door aslered arc

door door (accordion)

jumng 1-1 8BpeoEnynianunjhy
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Plumbing Plumbing (continued) Pipe Fittings (continued)
Comer Bathiub.. K I Drinking Fountain (Projecting Type).™ L] - o—
:::m. ~~~~~~ D et wak @ ::w-ungﬁm.._.. . F:'
T | waser Hoatec ® L S — ?‘
Shower Stal. B Mose Rack. - B:"—' : s L
i ot k| Hose oen T -
Overhoad Gang Shower.............. IO @@ | o o - 'T'
~—TTT T Single Swoep 108 o
Pedestal Lavatory... oo [ | VaCUUM Outlot - - Doutle Sweep Tee.......—... | *T*
Viall Lavatory.. = | o= [;] Roducing EBOw........—.... (‘ ."
Comer Lavatory.. Groase Sepanmior. ... e Yee.. % 1
g i s oL
'E— ¥ I el = ot haCad
Handcapped Lavalony. e Clasncust - Too=Outet Down. O+|e0e
Dental Lavatory. o o Side Outet Teem
: L W Dran Qj— Outot lm._..........._........._ '-é-‘
Stanciaed Kitchen Sinlc.. ..o ... -U- — i e -
Kitchen Sev. A & L Orain Board..... XM | . Y Outtot Down..——o. ... > %
Kitchen S, L H Drain Board..... i : (®) S I
Combinasion Sirk & Dishwasher_..... Piping PR 4 !
m&t&uMyTuy..._-m- Sal and Waste, Above Grade... s D (e
Sot ana3 Wase, Eccentric Aeducer... . i lahg
Service S ‘@' P T T —
Viash Sink (Wall-Type)...... oo T VO e e e V
Wash Sink. = (o L L — Expansion Joirt ... > le—o
Mot Wiater - -
Laundry Tray (Snge). ... oo ¥ = M L R Valves
MWM__ ....... - w Fire Line. e — Vel rvem
Water Closet (TanksType).....—....... ?’ :wm oo GO VANG.. oo | =D 000
mm&m__,,_,_ - -
Wiater Closet (Insogral Tank)......... -U-' Driniing Water Return. ... ==«sm=es (€1 TR S N——— R S P
Vacuum Cleaning.....co e —_———
Vier Closet (Fhsh Valve, Floor Outied). 0 Compressed M. ... =t | Angje Gicbe\ahe.........o... P' L’
Angle Gate Valhve............... 4"“
Pipe Fittings
Vianer Closet (Flush Valve, Wall-Hung) .. U - — CHOC VM. | o |
Urinal (Wall-HUG). .o [T P —— Angde Chack VaNe. ... ... {f ¢
Urinal (Stal) v 1 - S — w0 | ale
R sl B I Doy
Urinal (TroughType)—...ce e TR *
o e { { Quick-Opening Vahe.. ... | DRy 3‘,5..
ks (Recessed)..— —[1— | Ebow-TunedUp.._...._. O—+|0o| Foatvahe... o | i | ]
mmm-&- Ebow=Tuned Down...........| 3=+ |(3-0-| Motor-Operated Gase Vahve.... _°=_
jumng 1-2 88xamaghinicoinouim GodGn fhag:beidn
sgidnpigadaosamn mitidaiawivinguamariclganmimdngay Shanpuing agad ¢ O

a



Blank Off. adjustable

Damper automatic

DN

Damper deflecting

Damper deflecting up

Damper deflecting down

Damper volume

r =
! ]
[ =]

PLAN

o

ELEVATION

Duct flow direction

Duct inclined drop

e |

Duct inclined rise

Duct section exhaust, return

riser to Ist floor

Duct section supply

——

riser to 2nd floor

—]

riser to Ist floor

Duct section notation

type
exhoust
place
kitchen

[

o A
ol R
| : '
|

da L

Fan flexible connection

il

Vanes

[r

Louver 8 screen air intake

-

Ventilator, cowl

7
\

Ventilator, gooseneck

\ /
/ \

Ventilator, rainproof

Ventilator, standard

O

wgiAnignituyamn miigikiiivimaguam

PLAN PLAN @
PLAN PLAN
ELEVATION ELEVATION ELEVATION ELEVATION
SINGLE LINE REPRESENTATION
Supply Return Damper 8 retractor Anchor
S R PA
Hanger Expansion joint Louver opening Register or grille
_%T_ I ] L
=—
al a o o 1o (=]
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ir 7§ BLUEPRINT SYMBOLS

s QUICK-CARDS™® . uwour osccatrenevce oune

ELECTRICAL

GENERAL OUTLETS

Builder’s Book, Inc.
POOKSTORE *

8001 Canaps Averne
300-273-7375 *

waw babderidook com

CONVENIENCE RECEPTACLES

PUBLESNEA
anegs Purk, CA 91304

1- 818-887-7828

74T

N

SYMBOL NAME SYMBOL NAME SYMBOL NAME

() |ceneral Outiet mounted inthe wan || Singlo Receptacio > BN e

() | cenersi Outer - wat Mountes = Duplex Rocoptacie (+) | singie Foor Recoptacie
i oy Duplex Receptache N :

(} Genecal Outiet - Cailng Mounted = in Floot £) | Single Floor Recoptacie
'\ g Ungrounded Duplex &)( Duplex Fioor Receptacie
_J | Recessed Fixture Receptacie 7% Dot Pl

._@ End ¢f Run iz Receptacie

(3) _ | duncton gox o @D | S SpeciakPupase

(8) |8ianked Ouser ), | owplex Receptacie - GFCi Saphu —

(R) |Recessos Futuro A}, | Switeh and Recoptacie : Receptects

CF) Fan Outiet (), | weatherproot Receptacie ®.. Ostwasher

@ Pull Switch Outiet = Rango Recoptacio @. Heat Pumg

’ Specal-Purpose

(€) |ctock outet ) Triplox Recoptacio A, Ciothes Dryer
: \ v Special-Purpose

(D) Orop Cord Outtet ! Triplex Recoptadio ®a¢ Air ConaRIONer

@) | spocianPurpose Outiet (D) | Quasnpiex Receptacie A Range Hood

= Spit-Wirod Duplex /] Specal-Purpose
@ Special-Purpose Floor Outiet -@ Receptatio ‘Q.. Garbago Disposal
SYMBOL NAME SYMBOL NAME SYMBOL NAME
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O | " teooran || ® Recessed Light Fixture 00| |incandescont Track Lighting
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o e Ll { Y+ ) | ousgoor Pole - Mounted Fixture
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5 g Lighting Fodture ®)« X Exit Light Ousiot Arcas Denote faces)
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Single Receptacle Outlet

Duplex Receptacle Outlet

Double Duplex Receptacle
Outlet (Quad)

Waterproof Receptacle Outlet

Ground-Fault Circuit Interrupte
Receptacle Outlet

Triplex Receptacle Outiet

Clothes Dryer Outlet

Range Outlet

Special-Purpose Outlet
Letter indicates use;
W=dishwasher)

Floor Outlet

Clock Outlet

Fan Outlet

Floor Duplex Receptacle Outlet
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W
e UL

Branch Circuit (Number indicates
number of circuits and arrow
indicates home run to panel)

Three wires in cable or raceway
Four wires in cable or raceway, etc.
Wiring concealed in wall or ceiling
Wiring concealed in floor

Exposed wiring

Wiring turned up

Wiring turned down

Switch leg, connects outlets
with control points

Thermostat

Television Outlet

Telephone Jack

Electrical Panel

Battery
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1. fiIS8Ham:
e Single receptacle outlet?
e Television outlet?
e Floor duplex receptacle outlet?

e Telephone jack?
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e— Single Receptacle Qutlet

TV Television Outlet

@ Floor Duplex Receptacle Outlet

|< Telephone Jack
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Polarity tester

SANS164-2 (Type N) plug socket compatible
Ready-board compatible

LED wiring integrity indication

Faulty Earth Detector (LCD)/Live on earth
ELCB Tester (10-35mA)

e Includes SANS 164-1: 16A - 3 PIN adapter plug
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MUBISMUIN: joists YATUIRINIG]H

RACEWAY SYMBOLS

Conduit concealed in finished
areas, exposed in unfinished
areas.

Conduit concealed in or under
floor slab.

- Nonrigid raceway system.

M =Mormal

NorE E=Emergency circuit.

Underfloor telecommunications
raceway.

Underfloor raceway for power
and telecommunications.

------- §---mm-- Underfloor signal raceway.

______ PTD----- Underfloor raceway for power,
telephone, and data.

______ UCP----- Undercarpet flat conductor
cable (FCC) wiring system, power.

______ UGT----- Undercarpet flat conductor cable
(FCC) wiring system, telephone.

Undercarpet flat conductor cable
(FCC) wiring system, data.
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RACEWAY INDICATOR SYMBOLS

1] Conduit stub. Terminate with
1 bushing or cap it underground.
O Conduit turning up.

L ] Conduit turning down.

S 2C, 41 &1#6GND.
L]
57 53cm, 4#1&146GMND.

Indicates trade size 2" or 53 mm
conduit with (4) 1 AWG and
(1) 6 AWG ground.

(2)SZ 2C , 4#1&146GND.
OR
(2)SZ 53cm, 4414 146GND.

Indicates (2) trade size 2" or

53 mm conduits with (4) 1 AWG
and (1) 6 AWG ground
conduclors in each conduil.

L211-1,3

Nt

Homerun to panelboard.
Mumber of arrows indicates
number of circuits.
(Example: Homerun to panel
L211 CKTS. #1 and #3.)

VAN

Flexible connection to equipment.

Direct connection to equipment.

Branch circuit, full hashes
indicate ungrounded—"hot" (or
switch-leg)—circuit conductors.
Half hashes indicate grounded
neutral circuit conductors. (No
hashes indicates 1 hot and 1
neutral.) Dots indicate grounding
conductors. Equipment bond
size U.N.O. “IG" indicates an
isolated grounding conductor.
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LUMINAIRE (LIGHTING FIXTURE) SYMBOLS

Luminaire: (drawn to approximate

O /\ shape and to scale or large
enough for clarity).

| | Luminaire strip type
{length drawn to scalg).

I: Fluorescent strip luminaire.
Oq Fixture—double- or single-head
spotlight or floodlight.

Exit luminaire fixture. Arrows and

a exit face as indicated on drawings
T®_| - {mounting heights to be

determined by job specifications).

Light track. Length as indicated on
the drawings, with number of

NLONON fixtures as indicated on drawings,
and indicated in the fixture

schedule.

Emergency battery remote
luminaire heads.

tr Emergency battery unit with
luminaire heads.

Single-luminaire pole-mounted
site luminaire fixture.

. Twin-luminaire pole-mounted
site luminaire fixture.

o= Roadway luminaire—cobra head.

Bollard-type site luminaire.

Outdoor wallpack.

TN

Jumng 2-4 §8HION Luminaire (SURIANGH)
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LUMINAIRE (LIGHTING FIXTURE) BASIC AND EXTENDED
MODIFIERS

| | Surface-mounted fixture.

—/—/ Recessed fixiure.

‘Wall-mounted fixtune.

EI Suspended, pendant, chain, stem,
or cable-hung fixture.

I;' Pole mountad with arm.

@[-0| ® [CO|Q]|O
{

El Pole mounted an top.

In-ground or floor mounted.
(Box around symbol.)

=
o

Accent/directional armmow, with or

;l without tail. (Drawn from photometric
center in direction of optics or

photometric orientation.)

O

Directional aiming line. (Drawn from
photometric center and may be
exiended to actual aiming point if
resquired.)

Track mounted: length, luminaine
_e_a«_ types and guantities as shown.

(Track length drawn to scale.)

Luminaire providing emergency
G li Hlluminaticn. (Filled in.)

Standard designations for all
luminaire fixturas.

A A ML W = Fixture type. rafer to fixture
O —J chesie

2 ML = Unswitched night light
“2" = Gircuit number

“a" = Switch control

}—O +48" Mounting height.

FE |

E Recessed, amergency fixture.

NOTE: Maodifiers are shown with specific base symbols for clarity.
Each modifier can be used with any of the base symbols.
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OUTLET AND RECEPTACLE SYMBOLS AND NOTATIONS

PREFERRED SYMBOL DESCRIPTION PREFERRED SYMBOL DESCRIPTION

Multioutlet assembly with outlets on
centers as indicated on the drawings

F Floor duplex receptacle. = == mm e ] - it o
- a8 A and in the specifications, mounted &
@ R e above counter or at height as directed.
A—indicates type.
@: Duplex convenience receptacle. 1 Multioutlet assembly, devices
20A 125V, as indicated.
Special receptacle—typical notation:
EP-2 CKTA Duplex convenience receptacle on

panelboard and circuit. 2= A J V. _Pola. Wira, NEMA
“a= A,/ V. _Pole, Wire, NEMA

Clock hanger outlet recessed mounted

9 1—indicates example
6: emergency/standby circuit. Specify @ OR “1"=_A,_/_V, _Pols, Wire, NEMA

Single convenience receptacle. @_4 8'-0" AFF or 8" below ceiling as
appropriate and as directed.
EP-2 CKT3 Single convenience receptacle on Flush-mounted floor box, adjustable,
e_ emergency/standby circuit. Specify Em F with both power and voice/data
panelboard and circuit. - receptacles.
: Duplex receptacle ceiling mounted
@: Double duplex convenience receptacle. 15 or 20A 195V,
EP-2 CKT5 Double duplex convenience receptacle -
@: on emergency/standby circuit. Specify & izul:lltzguplex rocaptac eiling
panelboard and circuit. - :

jumng 2-6 REG{AIEN SHasNANKNT Outlet and receptacle
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SWITCHES AND SENZ0R SYMBOLS

SwS Sangle-pole swilch,

Sz or 55 Double-pale switch.

53 or 55 Three-way swilch

S 0r Sy Four-way swibch,
Switch control ef luminaire of

.05, oullsl {lowarcase lefier).

Sca or Sep Cireuit-breaker switch,

For or Spr Eangle-poleldoubie-throw swilch.
Glow swilch oggie, glows

$e or S i off position.
Horizentally mauried—with

31 or Sy on posiion bo the ki,

g O Sy Kiy-operated switeh.
Key-cperated switch with pilet light

$wp OF Sye on when switch is on.

Sy or Syy Liew-vallage swilch.

S O Sy Lew-vallage masier swilch,

S o Sy Mamentary conlact seieh.

Swilch with pilet Bght an
$eor Sp when swileh is on_

Spor 5 Timer switch.

S or Spp Weatherprool single-pale swilch.

Dimrner swilch rabed 10000,
urlags olberwise ndicaled.

$p o Sp LV = low vaollage

“FL" = fluorescent

&l

mounbed with off-aulo
owerride swilch.
Decupancy sensor—oeding
@ maunied. "Fr—indicales mullipe
P awilches wired in parallel.

Malorized projecton soreen
rasseower swilch.
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MOTORIZED AND HVAC EQUIPMENT—CONTROLS,
SYMBOLS

s ‘:I_| Disconnect switch, unfused type, size as Indicated
on drawings. “xxA' indicates amperage.
WxAF Disconnect switch, fused type, size as indicated on drawings.
yyAT “AF" indicates frame size. “yyAT" indicates fuse rating.
¥xAF Enclosad circuit breaker, 2ize as indicated. “xxAF” indicates
yyAT frame siza. “yyAT" indicates trip slza.
Magnetic contactor; size as indicated on drawings.
RV E Magnetic motor starter. “RV" indicates reduced voltage.

NEMA x Starfer size as indicated.

F
E—' Combination magnetic starter and disconnect switch. Starter
MEMA x | cizg and fuse rating as indicated.

=

Automatc tempearature control panel.

%)
e

DEEEREEEECRORERER(H R

Equipmeant control panal.

Relay.

Aguastan

Firestal.

Hurmidistat.

Line voltage tharmostat.

Low-voltage themmostat.

Thermostal.

Solenokd valve.

oo

Time switch.

Airflow switch.

Electric/pneumatic switch.

Flowe switch.

Irrigation contral.

Lirnit switch.

Praumatic/alectric switch.

Photo call or photo control.

Prazsure switch.

a L4 "

n§ 2-8 uirugn fulERasnauninng & 81 HVAC
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MOTORIZED AND HVAC EQUIPMENT SYMBOLS

Motor “3” —indicates horsepower.

@/ Motorized damper.
I

BEH Baseboard heater.
@ Baseboard heater with
O receptacle (on different circuit).
—> Unit-type heater.

Ceiling exhaust fan.

@
>I< Paddle fan.

() Wall fan.

@ Water heater.

jumng 2-9 88neummauniangsi 84 HVAC
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POWER DISTRIBUTION EQUIPMENT SYMBOLS

Lighting or power panel,
recessed.

\
:
N

Lighting or power panel, surface.

Distribution panel.

Lighting or power panel on
normal/generator feeder.

h

'-
?
~

Distribution panel on normal/
generator feeder.

MCC

Motor control center.

‘j]

T45-
LIFMH HUMBER

Dry-type transformer, refer to
transformer schedule, “T45"
—indicates transformer type floor
mounted. Unless otherwise
indicated, “W"—indicates wall, and
"5"—indicates suspended.
“R"—indicates K rating.

[

Transformer—pad mount.

Current transformer cabinet.

Generator. Size as noted.

Meter—single.

Meter and socket.

TS

Transfer switch. “TS"” = manual
transfer switch. “ATS" = automatic
transfer switch.

jumng 2-10 88frugneuRIANisHO WHEN N
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PREFERRED SYMBOL DESCRIPTION
——————— U] posscoos Underground feeder.
------- Un======= Underground telephone.
------- EASEESEs Underground fire alarm.
——————— utv------- Underground television (CATV).
—@— Manhaole.
—@— Handhole.
Combination prefabricated
_i E manholes for power and tel/data
T systems. “E" = denotes power,
“T" = denotes tel/data.
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Neutral Point

Conductor

——

Neutral conductor

Neutral

Point

G No neutral point
Neutral

Conductor
Not a neutral

conductor

Neutral Point

_) O = _] '_ r— =l
‘b
>
» » Neutral conductor =
> . -
'p J\ \ & =¢ : Lt
o \d
C—
Prs = |2
Neutral conductor Equipment grounding conductor normally carries
normally carries current current only during abnormal conditions
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Duplex convenience receptacle. 20A 125V

Duplex convenience receptacle on emergency/standby circuit. Specify panelboard and circuit.
Key-operated switch with pilot light on when switch is on.

Paddle fan.

Single-pole switch.

Disconnect switch, unfused type, size as indicated on drawings. “xxA” indicates amperage.

Bollard-type site luminaire.
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1. Tian{ag Lumen

THan{agIs I SIRIUTIGHTEIN: MIKANS) Photometrical BumanGsifagnumi
AANINENHHY IEYHRANHGSSATUTS luminaires I ipimnEgjuiinmitHidun s
NIBJINWIG lumen IHhHSIHIUBSEENNIMY: §SSaUIUIS luminaires (N) H{PIGIRM
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Example 1
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550 x 9x8

= 3700x09%08 _ [+86
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1. Room Index: this includes
% Room dimensions:
e (i) Length (a)
e (ii) Width (b)
e (iii) Height (h)
% Useful Height - Hk.
This can be calculated as:
e hk=h-hdorhk=h-hd-hv.......... (1)
where:
hk = useful height
h = room height
hd = height of working area, usually taken as: 0.85 m
hv = height of illumination unit hanging from the ceiling, measured in (m).

a.b

Room Index(k) =———
h,(a+b)

2. Utilisation factor
mNY -1 FUSIHMITIM A UF i 0fQ ) iiasis o SN 40w inwts
Siaquithy prismatic diffusero011 mm mLmi'jﬁ%gaﬁj;@%swﬁm%sm:gzﬁgnﬁﬁgﬁ
MIGUMANMe mig:ugafnga w mig:uminims i 3
(0.5, 0.5, 0.2) mmmsmgwsnmim SHANSIN 1.50 UUHA UF = 0.52
Table -1

&

Utilisation factor for fluorescent luminare with single 40W lamp and prismatic diffuser
1300 mm length.

Room Reflection Room Index

C w F .75 1.00 1256 150 2.00 250 3.00 4.00 5.00
70 50 20 44 50 56 80| 65 69 72 75 77
.30 .38 44 50 54 60 B4 68 72 74
10 33 40 46 50 56 61 64 69 .72
50 50 20 39 44 49 52" 57 60 62 65 67

.30 34 40 44 48 53 56 59 62 .64
.10 30 36 41 44 50 53 56 60 .62
30 50 20 34 39 42 45 49 51 53 55 57

30 30 .35 39 42 46 49 51 53 55
10 27 32 36 39 44 47 49 52 54
700 00 00 227 26 29 31 34 36 38 40 41
wgidaplgi . L L oo 5 VP e——————  fifiee



MNH -2 BURMIS A WNTINGIRM IIsugH

mnd -2 AMis s

Room classification | Lamp maintenance | Maintenance Total
factor factor for dirty | maintenance
lamp factor
very clean 0.09 0.85 0.85-0.9
clean 0.9 0.9 0.8
average 0.9 0.8 0.7
dirty 0.9 0.7 0.6
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e Pout=<2.2 kW, use Direct-On-Line (DOL) starter, “ |
e Pout > 2.2 kW, use reduced voltage starters, such : 1 :
as Star-Delta and Auto- Transformer starters. I 1
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Meter Board

Meter Board (MB) 8183
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e a service MCB (a four-pole MCB), which controls the availability of supply to the
unit, and
e a 3-phase kWh meter to monitor the electrical consumption.

9

Boii UM SUANHAgNIU Meter Board S1giishn wHsnu{pinSifiginhugtnia
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e

tnneginennys
AAGaNGgIalY t"snﬂtsgmﬁmﬁﬁéﬁ@immigm@ﬁgﬁﬁijs':m?tmn‘itﬁigﬁm%
o« GANGAI{NU fax machine, 8% |
. ﬁﬂﬂﬁﬁj‘[ﬁ‘lﬁ computer internet access.
yogmenavipinsmmsiiavio iddinposgipdgianfn
MIFANUSH
ﬁgﬁmgﬁmimﬁamymﬁgﬁgﬁ}madjimQSﬂ AU MI§AIE U TN WRYHRIHR
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lighting point — minimum of 50 W per point,
fan point — minimum of 100 W per point,
13 A SSO — minimum of 500 W per point,

air-conditioner — as per given details, and
e machines — as per output/rated power given.

thaamfinw iwsfugniswingisugnlywa pimsgaigjugnonnifigmia aly
I 15% 191 20% %svgﬁ%ﬁmﬁ‘mﬁmﬁﬁiw mugmpinsviguigiugnian
mSﬁ@fjqutﬁﬁjgﬁgﬁﬁmigﬁi}%gﬁmtnmﬁmﬁﬁﬂ |
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NEE | |

Total Power For Single-Phase Load = Power for lighting, fan points and 13 A
SSO.

since P = V3 VI cos 8,

P

hence Total Current for Single-Phase Load, | = ————
V3V cos 6

where V is the voltage at 400 V, and 0 is the overall p.f.
o uugniima minaN AU TUSHTIASRINSNW NNIMY4

a
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Ao sitmssmigiz 461 1 no 8 kw MYWEHUIAIGMAN 88% SURMBIBAN (p.f.) I8
0.85 1

Hence Pout / Prated = 8 KW n = 88 % p.f=0.85
tapag)fomipmwnsunigisaunuomayeigigd  ihwdsdniminduiitm
ifinigihg u

t Pout

: P
Since | = P"—“ therefore, P, = -
in

and generally Pin = V3 Vin lin cos 6,

where Vinis 400 V for 3-phase supply, and cos 0 is the p.f. of the machine.
Pin

Therefore, I;, = m

AITINUGISUSHAIIU MIBAN W SHENNI{MYS

Total Connected Load Current = Total Current for Single-Phase Load and Three-
Phase

Total Estimated Load Current (It) = Total Connected Load Current + Spare

After the total load current (I1) is determined:

e select the type of incoming accessories set-up:

*

% Figure 11-5 — for the incoming current less than 100 A, i.e. <100 A

% Figure 11-6 — for the incoming current more than 100 Amp, but less than 300 A,
i.e. 100 A<I+<300A, and

% Figure 11-7 - for the incoming current more than 300 Amp, i.e. It> 300 A.

e select the suitable incoming cable size with the aid of CP : 5 Table 4D1A ;

0,

% select the correct column, based on the method of cable installation and the
type of supply (1-ph or 3-ph), where the cables for industrial units are
contained in trunking or conduits, and

% select the cable that has higher current carrying capacity than the accessories’

ratings.

Cable Rating > Accessories Rating

For incoming set-up as per Figure 11-5;
select the suitable rating of protective devices ; It
% RCCB rating > It

There are standard ratings of RCCB available in the industry, i.e 40 A, 63 A and
100A, 125 A etc. For an industrial unit, select the RCCB of 100 mA or higher

a
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sensitivity, for safety reason while preventing regular tripping during normal
operation.

% Isolation MCB rating > Ir
Normally, the rating of MCB is similar as the RCCB, to ensure compatibility.
However, the isolation MCB is of three-pole (3P) and of Type B, as it would

provide discrimination.

X/
°e

Isolator > Ir
The isolator switch acts as a mean for the user to cut-off the electricity supply for
maintenance purposes. And again, the rating of Isolator, MCB and RCCB are
similar, to ensure compatibility.
% Service MCB > Ir
The kWh meter and service MCB are provided by the supply authority. The rating
of the service MCB is similar as the other accessories, but of Type C, for

discrimination reason.

| | | I N I [

SWITCHBOARD BUSBARS

___ A 4P RCCB mA SENSIVITY

___ A TP ISOLATION MCB TYPE B

S
|

| | A ISOLATOR SWITCH

L :

|

I Kwh :

|
|

} | A TPN SERVICE CB TYPE ©

I |

o
- 4% __ SQ MM PVC/PVC CABLES + __ SQ MM PVYC CPC

Figure 11-5 Incoming accessories when It < 100A
For incoming set-up as per Figure 11-6;
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Figure 11-6 — Incoming accessories when 100 A < It <300 A
For incoming set-up as per Figure 10-7,
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Figure 11-7 — Incoming accessories when It > 300 A

RCCB Sensitivity Application

30mA

100mA

300mA

Tripping current designed for additional protection against direct contact, or
where specially required by the CP5 wiring regulations, the 30 mA RCCB
protects against leakage currents and indirect contact with earth loop
impedance up to 1667 Ohms; for use as additional protection against direct
contact, residual tripping current must not exceed 30 mA.

Tripping current is suitable for protection against indirect contact and
leakage currents for larger installations; the 100 mA RCCB's operate within
30 ms, but do not provide the same level of personal protection as the 30
mA units; the 100 mA RCCB protects against leakage currents and indirect
contact with earth loop impedance up to 500 ohms.

A less sensitive protection suitable for large installations having high levels
of leakage current; 300 mA RCCB's protect against leakage current and

indirect contact up to 167 ohms earth loop impedance.

Single-Line Diagram

ighnuomoyd Shminanadus NIV Single-Line ismidiginnfiaSnims
i §a1a apimesinmiiag) oM wagnss

lighting points,
13 A SSO points,
15 A SSO points,
machines, and

e future extensions (spare MCB).
Final Circuit MCB Ratings and Cable Sizes

wimumidigiinhamiantigl sulisguninhmims Shigypimsiimuashmigoinn
meinngiigifh CP: 5 (RIMSNWHNMNYG 11-1 QNS

Final circuit Fuse / MCB rating PVC cable size
Lighting final circuit 5A / 6A 1.5 mm?
13A SSO radial circuit 20A (floor area <= 50 2.5 mm?
m?2)
13A SSO ring circuit 30A / 32A 2.5 mm?
min 10A TPN min 2.5 mm?
Air-conditioner (via 15 A SSO or Cable rating > MCB
isolator) rating
Machines 2 X lin min 2.5 mm?

a
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min 10 A TPN Cable rating > MCB

rating

Table 11-1 — Final Circuit MCB Ratings and Cable Sizes

HENUNBNIGUIHUJUINA{IU Circuit Protective Conductor (CPC) §GM SN
NkE

_ Minimum cross-sectional area
Cross-sectional area of phase conductor — S '
of corresponding CPC — Sp
(mm?)
(mm?)
S<16 S
16 <S=<35 16
S
S>35
2

Table 11-2 — CPC Cable Sizes

i:hnamfinw mudnivapinsioiamugniia)ioimwssnngmes

lighting circuits — 1.5 mm2CPC size,
power circuits (13 A, 15 A and appliances) - 2.5 mm? CPC size, which phase
conductor is also 2.5 mm?2,

Grouping
When grouping is planned for a final circuit, the designer ought to have prior knowledge

on the electrical wiring system. The factors to be considered are for:

Lighting/Fan circuits — both lighting and fan points could be grouped in the same
final circuit, with the maximum number to 10 points to one MCB. With 3-phase
supply, the zone for different phases is marked out clearly to ensure that the
switches of different phases are located 2 m apart.

13 A SSO circuits —the SSO could be wired in radial mode (maximum of 4 SSO
point to one MCB) while ring connection (maximum of 10 SSO points to one
MCB) is advisable. The nearby SSO points are looped together to form one final
circuit.

15 A SSO point — one MCB is dedicated to one 15 A SSO, it cannot be shared
with other 13 A or 15 A SSO.

Air-conditioner — it is connected to the consumer unit via isolator, and the MCB
is dedicated to one air-conditioner compressor.

Machines — one TPN MCB serves one 3-phase machine, and they are connected
to the consumer unit via isolator and suitable motor starters.

Example

A garment factory is installed with the following loadings in the respective areas:

Production area
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- twenty-nine lighting points,

- nine ceiling-mounted fan points,

- ten 13 A SSO for general maintenance (wall-mounted),

- two 1.5 kW, 90 % efficiency, 0.85 power factor cutting machine (in the cutting area),
- six 13 A SSO for hemming machines (near the machines).,

- three 4.5 kW, 85 % efficiency, 0.85 power factor packing machine, and

- eighteen 13 A SSO for sewing machines (near the machines).

Display/tailoring area

- three lighting points,
- one ceiling-mounted fan point,
- six 13A switched socket outlets,
- one consumer unit.
Office area
- four lighting points,
- eight 13A switched socket outlets,
-one 1.6 kW, 75 % efficiency. 0.85 power factor air-conditioner compressor,
- four telecommunication points.
Washroom
- four lighting points,
- one 13A switched socket outlet for hand dryer (installed in ceiling space).
Ouside the Front Gate

- one Meterboard.
The following assumption were made by the LEW in-charge of the installation:
* one lighting point is to take 50 W,
* one fan point is to take 100 W,
* one 13A switched socket outlet is to take 500W,
* no diversity is allowed for the air-conditioner,
* each lighting final supplies 10 points,
* each radial final circuit (20A) supplies 4 points,
* each ring final circuit (32A) supplies 10 points,
* one spare is required for lighting and power (13 A SSO) final circuit,
* 10% allowance is included in the load calculation for the incoming cable,

* select appropriate lighting switches to suit the users’ requirement.
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Draw an electrical layout, calculate the total loading and a single-line diagram for the
factory. The floor plan is as shown.
Refer to Table 4D1A of CP 5 for the selection of the size of single-core PVC insulated
cable.
The single-line diagram should include:
** the size of the final circuits and incoming cables used ; and
** the rating of the isolator, and
** the suitable incoming accessories for the installation.
Take 0.85 as the overall power factor of the installation.
Available circuit breaker sizes are:
6A 10A 16A 20A 32A 40A 63A 80A 100A 125A 150A 175A 200A 250A 300A
400A 500A
Available residual current circuit breaker sizes (if required) are:
4-P 25A 300mA (sensitivity)
4-P 40A 100mA (sensitivity)
4-P 40A 300mA (sensitivity)
4-P 63A 100mA (sensitivity)
4-P 63A 300mA (sensitivity)
4-P 80A 300mA (sensitivity)
4-P 100A 300mA (sensitivity)
Solution:

Electrical Layout
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Electrical Layout
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Figure 11-8 - Floor Plan of Garment Factory
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Figure 11-9 - Divided Floor Area for Lighting Points
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Figure 11-10 - Lighting Layout for Garment Factory
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Figure 11-11 - Fan points for Garment Factory
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Figure 11-12 — Power Layout for Garment Factory
Solution :
Load calculation
Machines
_ S 13 A Input
Location Lighting Fan Input Sub-
SSO Type Curren | Qty
Power total
t
Cutting
1667 W | 2.83A 2 5.66 A
Production 29 x 50W | 9 x 100W | 34 x 500W | m/c
Area =1450W | =900 W =17 000 W | Packing
5294 W | 8.99A 3 26.97 A
m/c
Display / 3 x 50W 1x 100W | 6 x 500W )
o Air-con 2133 W | 3.62A 1 3.62 A
tailoring area =150 W =100 W = 3000 W
_ 4 x 50W 8 x 500W
Office area - - - - - -
=200 W = 4000 W
4 x 50W 1 x 500W
Washroom - - - - - -
=200 W =500 W
o AnigATGsamn m:ﬁt@jﬁ§ﬁLUﬁU§mﬁnmmn@H§m§ghﬁmimn‘hgﬁg Shampuiny Afad &1 OC




Sub-total 2000 W 1000 W 24500 W - - - - 36.25 A

Total power for single- = 2000 + 1000 + 24 500
phase load =27 500 W
27 500

= —— Total current for
V/3x 400 x 0.85 A ace load =36.25 A
4669 A three-phase loa

Total current for single-

phase load

Total Connected Load Current = 46.69 + 36.25 = 82.94 A
Total Estimated Load Current (including 10% allowance) = 82.94x (1+0.1) =91.23 A

Based on the TOTAL LOAD CURRENT:

e 4P RCCB rating is A, sensitivity of mA,

e TP Isolation MCB rating is A Type

e TP Isolator Switch rating is A,

e TPN Service CB is A, Type .
From Table 4D1A of CP 5,

e The incoming cable size is 4 x mm? PVC/PVC insulated cables.

e The CPC cable for the incoming is mm? PVC/PVC insulated cables.
Solution:

Partial Single-Line Diagram
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1. MipimsiajigiaidgiofugimnAis dul 6 x 8 x 2.85 m 161 iluminance (E) 18 400 Ix
1SInBAIUHMAGNATUTEN D MIVENAMSTMINIGUHHUIRRIEUNSTAdnYmA
fluorescent 1050 mm 40 W Myt &# 8 gHIATH 3200 lumens YW RHYAIRSIANN:
nenes 84 diffuser HIAJS prismatic (UF ITAAHIN SFUIGIGHMNY -2) 1 fanfiGgss
pruininuipimiggnomibginisasiinuitmn MF 3 O.7liﬂiﬁ§1"l IHANG UG

2 (C=0.70, W= 0.3, F=0.2) |
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Solution
From the room dimension we can calculate the room index (k)
assuming the working table height is 0.85 m. Hence,
hk = 2.85-0.85 = 2m

Room Index(k) = —%2
h,(a+b)

6x8

=" =171
2x(6+8)

From Table -1, UF = 0.57

lumen required x Area(m?®)
lamp lumen xU.F x M .F

N = No. of luminaires =

_ 400x48
3200 x0.7 x0.57

Since 15 luminaire are large number that can be installed in the ceiling, so we suggest to use
luminare with 2x40 W fluorescent lamps with prismatic diffuser. Hence, the number of
luminaires required will be,

=14.58 =15

15 s 2 =7.5 = 8 luminaires

Luminaires distribution:
Distance between two adjacent luminaire s is
Room length 8

= ————— =-=2m
No.of luminaire in a single row 4

Distance between the luminaire and its adjacent wall = (% to '5) x (room height):

or 2'2£ =1425=150m

Note: Usually we take the factor %2 when the dimensions of the room are such that the ratio of the
length to the width is less than 1.6, otherwise we take the factor of '3 . The distribution of the
luminaires are shown in Fig.A
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Fig.A Luminaires distribution on room ceiling
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The value of 1.732 is the square root of 3 ... 13. Using a calculator to find 13, we find
1.732050808. To be practical, the electrical industry uses 1.732, although some may shorten this
to 1.73.
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9

suRIANUIMNE S1a)§ane14 iGag 220.40 ishARMUARRIYAINUMIBANDUSH
USHE UM SHANSIS feeder ﬁiﬁjﬁﬁSLijiﬁﬁmﬁﬁﬂjtgﬁ%StigﬁiS"liEﬁifd:]ijﬁﬂm%ﬁm'
m"sgﬁgfz goinumnsinnfinwigng 1 IsHRusIS: U@ﬁﬁﬁt‘j\ﬁ@fmﬁﬁmmﬁﬁsjﬁ
NSIBUHINSHYMATNW IGAT 1Y IV UREHNWIGH V (HiN SHSH
MIBANDUSHITNUURIANMIH SIUING oM MUgURINNTN A SHMA
s Slays ﬁwﬁjsﬁﬁﬁﬁ §hammh@mﬁmﬁmimsgmﬁusmgﬁﬁﬁﬁgiﬁjmsjmm
gi‘] NEC ajuiBUMN NEC 220.3 iuiifim 8is: |
| goiduidnfundg migrfadgisipnmimsmumangrymgisiginsma
GREINUS immﬁimgmﬁﬁﬁﬁﬁmm:mm 3 1thi gifsmuig: 1 idgjuiniminging
tm%siaﬁﬁﬁnﬂmﬁwi}aﬁﬁmhigﬁm aURTANGIINTA]§ SaminmuagnsRamA
fusible frBRMNUIZHESHRGMY 125% %sagﬁﬁgujimsmﬁmnﬁﬁjﬁ‘igﬁmﬁgﬁ%ﬁm

BUSY (HIBUMNIANI MBI UMIHSIAGNUIS:

Continuous Noncontinuous

Component NEC Section Load Load
Branch-circuit 210.19 125% 100%
conductor (A)(1)(a)

Branch-circuit 270.20(A) 125% 100%
overcurrent

device

Feeder 215.2 125% 100%
conductor (A)(1)(a)

Feeder 215.3 125% 100%
overcurrent

device

Service 230.42(A)(1) 125% 100%
conductors
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inusgumsiwimnhighinniueiglibguninh 4 inhimfugnimnuisufiong
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mif{maT Drugstore 1S1fMHRUSIS sENRIANgMINIAN RYiHis§RTE NS 80
i suiNm |

- ypitumsaansogalapinsifiigionfishnuitunignginnume
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NEC TABLE 220.12 J%
Table 220.12 General Lighting Loads by
Occupancy.

Unit Load

Volt-Amperes/ Volt-Amperes/
m? ft?

Type of Occupancy
Armories and auditoriums 1 1
Banks 39° 3P
Barber shops and beauty 33 3
parlors
Churches n 1
Clubs 22 2
Court rooms 22 2
Dwelling units® 33 3
Garages — commercial 6 L
(storage)
Hospitals 22 2
Hotels and motels, including 22 2

apartment houses without
provision for cooking by
tenants®

Industrial commercial (loft) 22 2
buildings
Lodge rooms 17 1%
Office buildings 39° 3
Restaurants 22 2
Schools 33 3
Stores 33 3
Warehouses (storage) 3 Va

In any of the preceding
occupa except

one-fam wellings and

individual dwelling units of

two-family and multifamily

dwellings:

Assembly halls and 1 1
auditoriums

Halls, corridors, closets, 6 1
stairways
Storage spaces 3 Ya
#See 220.14(J).
BSee 220.14(K).
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Receptacle Outlets
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UgﬁthﬁﬁmLmﬁﬁigﬁgﬁmqﬁﬁgs 21 ‘ﬁfg:ﬁ @ 180 VA = 3780 VA |
Receptacle for Servicing AC Equipment
whsQpiaEiganisingngomnigiShguninh HVAC Shphsiiw 25 i (7.56
31 %SiLﬁjﬁﬁi@i 1§t NEC 210.63 41
NEC 210.8(B)(3) 16 5118]8UNIANG§UHINSMIMI GFCI 1 SSMSMIHSIM AT
UgﬁLgimsiﬁﬁiLmﬁ 180 VA fIl NEC 220.14()) 181 mingimamufiidgimwyningh

[BRIGM 1 WTNUUIE HVAC @ 1500 VA figw{il = 1500 VA
Sign Outlet
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1 sign outlet @ 1200 VA fiigj outlet = 1200 VA 1
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FIGURE 8-2 Minimum receptacle outlet allowance.

Receptacle Loads

Receptacle loads f §1§18S{RHIMSHAGARINUSIS N [MINGURTANGGIUR
p{ntUgRMAMATEUUSIsIHhngmi9 ugnitumsHANIs 180 VA (pimsif
U gURINNIN W UtRoughidumuihwig) fhidhn
UgHtgiY

A specific allowance is provided for

« cash registers,

* electric door operators,

* copy machine,

* exhaust fans,

* water heater,

* unit heater for storage space, and

» receptacles for servicing HVAC equipment
HVAC Equipment
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220.51 1
Feeder Requirements

ﬁLgimsggmmmﬁmﬁnﬂﬁétﬁmf&ﬁﬁ &1 feeder BISISIGH NEC 215.2(A)(1)
i§nIsms,

(1) 1919 winiadippinsagindshomanpimamigagivgnigsiiuns
nanpuignd m, v, 81 vismm 220 1 igjumsipimséul ﬁj[,ﬁ‘lﬁéﬁfisﬁﬁmﬁétﬁ
fiis (ﬁ)"g (2) 9 ,, |

(fi) 1STINAUTE U feeder RHGHUSHUS UMIFBUMUMISUSHUS 80 Ssug §ulis
feeder HUJUIN{RINS ampacity I§UMGHS MMM SEeRothhugndsug ynsi 125

MATGISUSHUS

(b) éltﬁﬁh§5ﬁﬂhﬁﬁjﬁim1§im3ﬁ§ﬁﬁﬁg@ﬁﬁsﬁﬁmﬁﬁgﬁﬁﬁmmi’ﬁmLtjimLﬁ
uulimiEgIgRmina Qs ginngga |

mulinugnidumn s Uia)§anfiignd 1 ismm 220 [pims]y
U [UIS”Iﬁﬁmit%ﬂﬂEﬂ feeder 181516 3 iMwHANudisiusRighminnisinh NEC
220.40 %mﬁ@imsmmﬁs@m SUMAISIahigng 1 ismym 220 gHGﬁlﬂﬁj’[}ﬂﬁIﬁ
WiF vinSin gifaod §ﬁﬁ1ﬁsmgﬁﬂuﬁ@ﬁgiﬁﬁmﬁﬁﬁﬁ i) wadsusigdimumi
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mmLmHis:ﬁmlmmﬁﬁﬁgﬁ%SﬁﬁjimmLmﬁﬁnnﬁétﬁ conductor feeder

« feeder [ffiNtNS ampacity BSHHMUGHUYATS volt-amperes ISUFAIUMIS
18])§ an B U GRENIN U feeder i’ﬁmujimsmﬁﬁgmimmﬁgwﬁ@im:“} QENENY
NEC 91{ WO it V4

- AmAEIMIHInSHgMasIganiinitum Siffi auifes waIsiGhSsésim
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mémmimgmﬁh 81 220.44 ﬁj@i’jﬁ@ﬁ@immmﬁﬁgﬁggmﬂ
. mé%ﬁﬁgﬁﬁmhﬁi&m: (Ugﬁiﬁmésﬁmﬁsﬁtﬁh:mighmmﬁnmmgg B

el Sipma §ﬁﬁ‘i|ﬁ‘l) IRRUEIhL U ajHIE U NEC 220.60 « $NIg] NEC 220,61
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1.2. THHN / THWN / THWN-2

THHN THWN THWN-2
T = Thermoplastic T = Thermoplastic T = Thermoplastic
HH = High Heat H = Heat and H = Heat and
Resistance W = Water Resistance W = Water Resistance
N = Nylon Coated N = Nylon Coated N = Nylon Coated
Temp Rating: 90° C in Temp Rating: 90° C indry ~ Temp Rating: 90° C in
dry locations locations and 75° C in wet both dry and wet locations
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" CABLE RATING TABLE

Cable Cross | Typical Current | Recommended

| Sectional :  Rating + Circuit Breaker
. Area(mm?) | (amps) | Rating (amps)
F 1.5 mm? 79-159A ) 8A '
' 28 mm 1 180-22A | 1A -
| 4 mm? i\ 22 -30A 20A
: 6mm® ¢ 30-39A | 30A

10 mm* | 39-54A T 40A
, 16 mm 54 - 72A | 60A
» 25mm’ 1 71-93A  +  80A |
50 mm® I - 147 Y T {28AT
L 70 mm* [ 147 -180A |  150A
, 95 mm' 1180 -216A ¢  200A
'+ 120 mm’ 1 216 - 250A° 1 225A |
© 150 mm* [ 250 - 287A . 275A ¢
, 185 mm’ | 287 - 334A |  300A |

. 240 mm’ | 334 - 400A | 3504
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ELECTRICAL WIRING COLOR CODES ( NEC & IEC ) 1 & 3 PHASE (AC)
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(120,208 & 240V) | (277 &480V)
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Electrical installations in buildings - Part 5-52) IEC standard governing cable sizing ‘1

Circuit Voltage drop (V,)
In volts In %
- ' 100V
g m —un V., = \/§Ib(Rc05go+ Xsing)L 36
¥ 1000 Vi
_ 21, (Rcosp+ X sing)L 100V,
RITNUTENS9 —UN V, =-—0° Ny
L L > o d.1¢ 1000 Vn
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~ gemiig) Sud g S Aguia1c x3x1.5mm? /Cu/PVC/MCB(IP -10A)

~ yamiig] S8 S1unUMUGIgA1C x3x 2.5mm? /Cu/ PVC /RCB(1P — 20A)

~ YBMAIZJICx3x4mm? /Cu/PVC/MCB (1P -204) BhGaydicupmuguninnfiimiGna

~ yemnig] Bugag S1eum B AGSMARLC «3x2.5mm* / Cu/ PVC / MCB(LP - 20A)

— gemiiig] fhBah S tEmBImai8YWwI1C x3x6mm? /Cu/ PVC / MCB(2P — 32A)
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122.28 kVA m?mﬁmmﬁmﬁmﬁamﬁ%aﬁma 70mm? Multi-Core  Cables Having Xlpe
Insulation, Non-Armoured (Copper Conductor) ﬁmnﬁaamﬁ‘ia}tma

v \/§Ib(Rc05(p+Xsin(p)L
Muivyl: 39 —
v 1000
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Sew _ 129.77x10°

- —188A
V J3x 400

moigugnidime 1, =

w J3x188x (0.59x 0.98+0.13x 0.20) x 10
gnaazi) V) Vs, = 1000

=1.96V

sAndagh) ve) VYo% = \%xloo = %xloo =0.49%
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Circuit Voltage drop (V)
In volts In %
e ' 100V
pNUUEgM —un Vs = ﬁlb(RCOjéoOBX sing)L . 3
L 21, (Rcosp+ Xsinp)L 100V,
ANUWAS9 —un Vi = v 14800 ¢) -
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I.D. (Inside
(CLR Diameter)
Center
Line O.D.
Radius ‘ : = (Outside

Diameter)

Tangent
Point

| Wall
—>€—Thickness

Calculating Wall Thickness

ISO 161-1 uses the following formula to calculate the wall thickness of pipe:

Ys =PN. (da-s/20.s)=PN.S

¥s = hoop stress (N/mm2) | PN = normal pressure (bar) | da = external pipe diameter
(mm)

s = wall thickness (mm) | S = pipe serial (-)

Calculating Standard Dimension Ratio
INwiFEsifeil vnmpin{Hgdni (SDR) ISTNAMGHINSHANDEE
192
SDR = da/s

Minimum Long-Term
Cold Bending Radius

HDPE Pipe SDR




9 or less 20x pipe OD

11,135 25x pipe OD
15.5, 17, 21 27x pipe OD
26 34x pipe OD
32.5 42x pipe OD
41 52x pipe OD

With fitting or flange
present in bend

Calculating CLR (Center Line Radius) for Bend Angle
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n(2r) or D

1 (pi) = 3.1416

For example, if your die creates a 2.2” radius, and you need to create a 35° bend, your
calculations would look something like this:

to calculate one degree of bend
3.1416(2x2.2) = 13.823/360 = 0.0384

100x pipe OD

to calculate CLR of 35° bend
0.0384 x 35 =1.344”
Offset Bend Calculation
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3-Point Saddle Bend Calculation

Center

Bend (
N
C &
A
a\ | (d
B B
4-Point Saddle Bend Calculation
C &
A A
d) (d
B B
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Sine Calculation

Sine(d) = A/C

A =sine(d) xC
C = Alsine(d)

Cosine Calculation
Cos(d) =B/C

B =cos(d)xC

C = B/cos(d)

Tangent Calculation
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Tan(d) = A/B
A=tan(d) xB
B = A/tan(d)
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3. GAHTRATH (RMC)

4. GpdtanR{BHRENY IMC)

5. Liquid-tight Flexible metal Conduit (LMC)
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5.Conduit termination
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% Cable tray
What is Tray Cable?
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. straight section

. horizontal elbow

. horizontal tee

. horizontal cross

. flexible riser

. reducer

. splice connector

. horizontal splice connector
. vertical splice connector
10. flexible horizontal elbow
11. barrier strip

12. blind end

13. reduction splice connector
14. straight flat cover

15. heavy duty cover clamp
16. universal cover clamp
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17. drop out plate
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13A BS 1363 © Socket Qutlets to
s Socket Qu:tet 6) 8S 54_6.
(7)) U o) Use wuh fuses ® © Use with fuse to
) to BS 1362 l BS 646 when
= 323 X © necessary.
\ —

wingsw fhmtsignmmulipsuivipinssguapUit usigjumumidigh
RS N Uial) §ad v

Plugs end sockat outiota for low vollega clrculls

Typa of plug and socket outlet Rating (amperas) Apglicabla
Standard

Fused plugs and shuniored socket outlets, 13 55 145 (fuses

2-pola end eah, for a.c. o S5 167)

Plugs, tused or non-tused, and socke? cutets, 2.5.15,30 BS 545 (tusos, if

2-pola and eacth any, 1o BS 646)

Plugs, fused or non-lused, and socket cutets, 5,15,30 BS 106

protecied type. 2-pola with earthing conizst

Plugs and socket oudels (thoalre typel 15 BS 5550,
Subsoction 7.3.1

Plugs and socket outets (industrial tyoa) 16,22,63,125 BS 4343

MI{UinF ELY) fiwimadsnsauamavmuisinamisigisui g
RN CIG U |
ISin TR TR U SY WU N SNENT QRAHARSSU[M Sunjutiin: U
WUjuBsMEmMUISIniig N nmS1g
imﬁ%‘gh%ﬁm@ﬁmg@mmé sumps pringinpinsguguisinguiubnBams y
igmans gigeina Shiginumoviivsmsitumonnsudsginssgummigoas
wMRGAGNINUUMU YRngw
ﬁﬁjimsgﬁjﬁs‘ﬁﬂﬁ;émﬁgﬁ'ﬁésssmmm%sgwﬁmggwﬁmgimufmqﬁﬁﬁ 150 il
A{ERmSyigmini
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o DIUSIMINAHRNE - FUOIRNUGISHINSNAVMNUANHIMNNGATIIMIIA

(=}

iduEgIMBMY BS 3052 yisighiuguigjhiimivguén Ampinsiniungiang
MY BS 4573 4
5. #EiMInUTA])§aRim N AIMY SS 145 YAIEY

i

N AT ﬂTT
, A AN

U

20A fuse § MCB minityw§hig] PVC 2.5 mm2 11 1.5 mm2 MI iU isAnsaiigms

B81lieshi 50 m2

32 YWUU y MCB it G AN muit:ig] 4.0 mm2 PVC 4 2.5 mm2 MI ifgj§ g i

m&S8ilasfi 75 mm2

GSSMUBIS - mﬁmsmiﬁimiﬁimmﬁmjﬁﬂ wasifing§gamunisnigmw
uguguRIIIPma)  hipfinsusinsiggrinwipaunnhgsmhhasinnng

fisugninghvsnmnissumipsigitusiunsg milaamainginsg

B AMIEAITAT) § i Gl wigin

nipiminiuienis gunnidmaugygisumnsamussipib mlimihwaigis

QURIANMIMIGISITAT 1N AURA 20A g 32A¢

hinoBifisguninnidumomnudijgi
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u
u

2.5 mm2 PVC Insulated, or 1.5 mm2 Mineraldnsulated Cables

20 A
_./;(_@ D i 0 D i 0
X

fa) Maximum floor area served 50 m2,

4 mm2 PVC Insulated, or 2.5 mmZ2 Mineral-Insulated Cables
I0A

_,--"x_@u 0 0 0 0 0

(b) Maximum floor area served 75 mZ.

bl

igth stguiBuhwia] §ipinsdantinwognisuinaniyi Sanstigds g wi
Mg

2
3
=)
&L
3
fleny
t7a0)
=
&8
b4
=
S
3
fleny
O}
=
o}
e
<
=
an
O]
[chy
(=3

a

wgrRnigatusamn mitigikShiuivimaguammuanSats



siptminUia]) §oimwissiigmy Ss145 yaisyn

igitnuwi@inwstlywadsndal 100 ¥ 2 wpntapsmnghasmi9
mmm%ﬁmmjtjﬁaﬁjimSiLﬁme{ﬁmgaHm:mn‘hgﬁgj gaﬁmthﬁg A
fapin shwaigiigm mmﬁ@imiéﬁmmﬁﬁﬁsuﬁﬁjﬁmm WwHigisquninn
MIMI8ig4

MIlOIAMARATHIN sHISIgmigaISiiag§ywmsinwigys ghapm) 19ins
Fenwyw |
iginigiizumsiag §nmPshnguisinisminyw  mosigitumsfiging
ingimsisniiunin mtim@mhgﬁﬁﬁ

§tﬁ%8\jﬁj‘[j§‘li'jiﬁj:]€i ring # 2.5mm2 PVC U 1.5mm2 mineral insulated (MI) cables
sumaniunspUneEdijgl Sudgspuoigdsfinng juein spurs [PaISID
B8 MG{HINSHHY
fimmfvinisguminnfimaovgygidunssmodspinboimihwaigis
QUARIANMINIGIZIT 195164 |

NN UBISIM NN UGIIRYG W

Permanently-
Connected

Non-Fused Spur Equipment

Fused Spur
! ! e . Fuse Connection
Iﬂl 1, 1| Twin Unit with Switch
=—4==I Socket-
1 Outlet
=

Junction
Box

Is
™~ 2.5 mm2 PVC Insulated, or !
1.5 mm2 Mineral-Insulated Cables
Non-Fused
Spur
i‘ Non-Fused Spur Iﬁ
!ﬂ 30 Aor
32 A SP
MCB Single

Socket-Outlet

Maximum floor area served 100 m2.
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7. Spur

. himigganainumuisiSantyn uia)§hann
e Spurs MB{HIMSUIN: yBsuies
7.1 Fused Spur
Spur fused [RIMSAMUIFTA]) §MuIt: HEM OGN fused
MINwHiYis fuse FspnMmiigfiamuifinm spur, Senidiaii 13A 9
¢UNHUUINIS conductor 1B I AITINTG fused spur fi3
o 1.5mm2 WM Uignmajy PVC faggihigjans
o 1.0mm2 fiNUigjansinumsiagjaiiv
5SS aIIuis fused spurs AMSiHSANNG

Type of | Rating | Overcurrent Minimum conductor size mm? Max.
circuit | A Protective Floor
device Type area
served
Copper, Copper MICC in
PVC or claded mm2
Rubber aluminium
PVC
insulated
Al 30/32 Any 2.5 NA 15 100
Ring
A2 30/ 32 Cartridge fuse 4 NA 2.5 75
Radial or CB
A2 20 Any 2.5 NA 15 50
Radial
[FE l Lam ] | CJ-:.-:;.]
_ Fuse ?Sr;;;;c;!im unif : ,-” l(
F{thCI. ‘"‘-\‘ ',—| — " r

e o

Fuse connection unit (<134}

L D . I
Ring oot :,z— —1 [ J[ Appllance
—_— | |

Fing cct
Fuse connection unit with switch

: D m—r fppliance |
R S —— |

7.2 Non-fused spur

eflf 99C

siApignituamn mitigihSpivimuuammednuSnhamimingay Shaapuny ndad



ifian(ay 3 iSMIMNU spurs il nSsmuIlial)§i:
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| Spur

20A 14 rr

Roag
V/

Jont o
€ /,-—‘\ -+
’ et ;\:';‘——‘:_ -—ﬁ%i At a junction
~ 1oy
| l LI:_;
I J l
s [T 1]
el |G
I i ' e Ir’l | At the origin of the circuit
h_’__rfrj‘:— __9¥F  in the distribution board
[“’ et
err— |
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Local fuse (Max.13A) Switch

Ring cct p—— 1 [ Permanently
P Connected equipment

Circuit breaker (Max. 16A)

Ring cct | X | Permanently
1 - - Connected equipment
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Industrial Plug and Socket Applications,
Uses, Capacities, Ratings
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Electrical Pév&er Distribution with Industrial;
Plug & Socket
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Three Phase Power Distribution with Industrial Plug & Socket
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4. pmiaRoSicgiimnaAo 8 8hfnggiha
5. QANS MMM
6. prInmSM NI A9

Industrial Plug & Socket Connection - Three Phase
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MAIN
TRANSFORMER DISTRIBUTION DISTRIBUTION
BUSBARS SWITCHGEAR BOARD
R maN
N oo s
SWITCHGEAR DISTRIBUTION
/ CABLES \ N = = =
N - N b 5
M s e
7 METERING - ——
Y MAIN N =
FEEDER ~— N~ - =
1 CABLE o= ~—
= FINAL-CIRCUIT
CABLES

Fig 6-1 Typical Distribution System
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TT and TN-S systems (Fig 6-2) are

FIRST LETTER SECOND LETTER SUBSEQUENT LETTERS
Earthing arrangement Relationship of exposed Arrangement of protective
at energy source conductive parts and conductor and neutral

earth
T T

One or more point of the | Exposed conductive parts
supply are connected to connected directly to earth

earth which is independent of the

supply earth
T N S
Supply system not Exposed conductive parts Separate neutral and
earthed, or one point connected directly to the protective conductor
earthed through a fault earth point of energy source

limiting impedance

Table 6-1 Types of System Earthing
TT and TN-S Comparison

TT TN-S
Earth fault loop impedance High Low
RCD preferred? Yes Yes
Need earth electrode at site? Yes No
PE conductor cost Low Highest
Risk of broken neutral No High
Safety Safe Safest
Electromagnetic interference Least Low
Safety risks High loop impedance (step voltages) Broken neutral
Advantages Safe and reliable Safest

Table 6-2 TT and TN-S comparison
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Source of Energy

[} L1
1 L2
[} L3
N

Consumers'

Installations

= l_ Q QOO0 I_ Q Q -l
Source Earth I I | I
| | | |
I 0000 I Equipment in I (o No] l
I - Installation “‘L—‘ 1 |
| < | I [
L __> : P s
Exposed-
Installation Conductive Installation
Earth e Parts = Earth
Electrode Electrode

Figure 4. TT System

All exposed-conductive parts of an installation are connected to an earth electrode which is
electrically independent of the source earth.

NOTE. ALL OTHER SYSTEMS SHALL NOT BE ALLOWED IN THE REPUBLIC OF SINGAPORE

CP 5:1998
Source of Energy
[3 L1
- L2
- L3
N
? Protective
Consumers’ Conductor (PE)
Installations
o
o LI 11" ] T
L I I I I
Source Earth : : : :
0000 Equipment in
: _.-—'_-—':‘ Installation -II-—h :
(I~ (e - d

Conductive

Parts

Figure 3. TN-S System
Separate Neutral and Protective Conductors Throughout the System

The protective conductor (PE) is the metallic covering of the cable supplying the installation or

a separate conductor.

All exposed-conductive parts of an installation are connected to this protective conductor via
the main earthing terminal of the installation.

Fig 6-2 Earthing Systems in Singapore

Earth fault loop impedance

sighinasigiifimuightnainnuisnmei

Earth fault loop impedance i impedance IS earth fault current loop mfjiﬁﬁ S1u

ffu

&

1S16ANGIS earth fault 1 impedance 18I SMBTWRBHAMN Zs
Earth fault loop impedance B1SEBAMIMYE MUIREAGANGISAU s

o iggmimiag§ S

. fnnmui Shguninnumsd 8
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o CUINUUAS TT gimsjﬁiajﬁ 84

o BIGUMASANGANS earthed I8 transformer 84
. :%Lﬁﬁ eyl 84

. %ajmmuﬁ%gﬁménm%sﬁmﬁﬁ

AJY
et ® — Ph A
3 Lv\ s PhB
}—0’= PhC
A0 N
PE
-

C
R,
R,
£ -
- A— 4
Fig 6-3 Path for earth fault current
TT SYSTEM
i ogndimaiiusguwnamIgagd LV H0RuT Power M{uAnfBNUHGHUT

Power ShigjimifigiuivaiuisnsAmsihwign
gy TT earthing MinmuUigidmimippin g wmMinmuntdusigisy
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Supply distribution
transformer

_____ 1 Circuit Fuse
| [y Z4 — [ R]_
f I » e—— Ll
- § | . R Circuit
| P 2 Protective
I I | -~ /,- Conductor
Earthing
Conductor
Socket | IN ALE |P
Outlet |~ ~
F | ! [ |
F 3
A 4
Metal
F § A Frame
Earth F'_ Appliance
General Mass of Earth Fault
Z A
Ra = = Rg
- o
Sub-Station Consumer
Earth Earth

Fig 6-4 Earth Fault Loop of TT System

and the earth loop impedance, Zs is

ZS=ZO+Z4+R1+R2+RA+RB

where  Zo = Transformer impedance
Zs = Phase conductor impedance external to circuit
Ri1 = Phase conductor circuit resistance
R, = Protective conductor circuit resistance
Ra = Source earth resistance
Re = Installation earth resistance

TNUTUAS TT M§i9T earth loop impedance Bgaithiid URIANMIMIFARM{UIAG
GISRIANIR NN {UIAGBISIT

TN-S SYSTEM

B tgmPIm At guwRMIgHgH H (ammmn 22kV) 1

isighipig TN-s guniadmimiigll (PE) Sudha (N) pimsamuimsifnan
NUNUEEIZ UM SUINMARITMA 5-5

igjfiisiuig TN-S |
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Supply distribution
transformer

_____ 1 Zs Circuit Fuse R,
I b | — L
Za § t |
“ | . R Circuit
[ | P _ P 2 Protective
| - |

A BN |~ Conductor
7~ . -

Socket | I[N L E [P
Outlet |~ L)
A | ! |
Metal
Frame I
Appliance - Y
¥ 3
General Mass of Earth Fault
A/
Sub-Station
Earth

Fig 6-5 Earth Fault Loop of TN-S System

and the earth loop impedance, Zs is

ZS=ZO+Z4+R1+R2+Z3
where  Zz = Resistance of main earthing conductor

wigis:sijubsighnwigfgiuyimuiigiglivaitieg fig:sigeamegainm
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e 10g)FMiIMiia)

e 1§ equipotential bonding conductors
« GURIANMU equipotential TIgH
seninnismnubiigomnsuinmanug 6-6

~

ILLUSTRATION OF EARTHING AND PROTECTIVE CONDUCTOR TERMS
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Fig 6-6 Earthing and Protective Conductors

Legend
1,2,3,4 = Protective conductors
= Circuit protective conductor
= Main equipotential bonding conductor
= Earthing conductor
= Supplementary equipotential bonding conductor (where required)
Main earthing terminal

= Exposed-conductive part

O Z W ~ W N R
1"

Extraneous-conductive part
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Earth conductor —— J
[

Plastic conduit —— - l

..............

Depth at which
there is no risk of

L A

SAFETY ELECTRICAL} -  Letters at least
CONNECTION 4.75mm high

Label at ~] - DO NOT REMOVE

connection

Fig 6-7 Installation of an Earth Electrode
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DA conductor MIMIEURMBIGHTEUT:MAT- conductive 18gURIANIFIAANIG]H I

=]

Main Equipotential Bonding Conductor

DM conductor MIMIAGIMUIGH extraneous-conductive-parts Iﬂﬁﬂﬂf&jf‘iiﬁ If‘iﬁj
impindiaguiamy mipoiongas Shinginisitnignmuitumoifiginsiv)s
BUSANGG4

kWh Meter X
1-phase meter tails 25 mm?2
Supply
’—‘J‘ RCDs
Meter Tails
2
i consumer unit
or distribution board
Earthing Bar
Main Earthing 6 mm?
Conductor 6 mm?2 LABEL|
£
Main Earthing LABEL|
Conductor [ | 6 mm? LABEL LABEL
IfO OC]
Main Earthing W
Earth Terminal

— Electrode Metal Metal
Water Gas Other
Pipe Pipe Extraneous

TT: Earth return via earth electrode Conductive

Note: i) Main equipotential bonding conductors may be separate (as shown) or looped with unbroken
conductors.
ii) - Safety Electrical Connection - Do Not Remove.
iii) An earth electrode resistance exceeding 1Q is presumed.

Parts

Fig 6-8 Main Equipotential Bonding Conductor
Supplementary Equipotential Bonding Conductor

NHt  conductor m:mﬁ:ﬁmﬁ@fﬁgﬁ exposed-conductive-parts ’Iﬁgﬁ exposed-

conductive-part 151 extraneous-conductive-part U extraneous-conductive-parts iﬁiﬁﬁiﬁ‘j‘l
Undingjruidmunhasn s
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SIZE OF PROTECTIVE CONDUCTIVE CONDUCTOR

Minimum Size
Protective Conductor Size With Without Without
Mechanical Mechanical Corrosion
Protection Protection Protection
1. Earthing Calculation or 2.5mm? 4mm? 25mm? (buried)
conductor Table 54.1 16mm? (buried)
2. Circuit protective | Calculation or 2.5mm? 4mm?
conductor Table 54.7
3. Main bonding (Earthing 6mm?
conductor Conductor) + 2
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4. Supplementary
bonding conductor

i) Exposed Smaller CPC 2.5mm? 4mm?

conductive part to Connected
exposed
conductive part

ii) Extraneous 4 (i) 2.5mm? 4mm?
conductive part to
exposed_ Not applicable
conductive part

iii) Extraneous One of the 2.5mm? 4mm?
conductive part to minimum
extraneous

conductive part
(No connection to
exposed
conductive part)

Table 6-3 Sizes of Protective Conductors
TYPES OF CABLE USED AS PROTECTIVE CONDUCTORS

a. Asingle core cable

b. A conductor in a cable
c. Aninsulated or bare conductor in a common enclosure with insulated live conductors
d. A fixed bare or insulated conductor

e. A metal covering, for example, the sheath, screen or armouring of a cable
Gans
1IMIMAGUB U 6 mm2 GRGMHISPARBISHAIGH W WIGRZAME 10 mm2 YRS
muispfinifieuiin
RESIDUAL CURRENT DEVICES (RCDs)
ighniguminsmigagiihwa wipiidsmomsugmad mihwaunian
overcurrent {3 8105UAIRISIGUigIHB M BTINQAEIMASMNY 41A, 41B1, 4182,
41C §4 41D 1 RCD {pfini{
RCD AMGHHINWMUNYWaURIAN overcurrent AI{MTMIMIMIPIAIHEIMIEND
G SHIMWIPIN U 1N WaNT RCD MISMANRDUMNISIGISRIANGANTRWNT
UiHgs
. URTANGIUN1A] §61§1HATISTIA AT WA SMIMIMIGISHT Aoss inim A
(RCCB)
. URTANGINMTA] § 51818 NIISTIR AT ATATMN G MIMIMIGI SID I BIRTM
(RCBO)
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Testing and Inspection of Bonding and Grounding Systems
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Ohm Meter Ground Detector
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3 -Phase Source

Ground Detector Lamp Circuit

InstrumentationTools .com

A
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3-Phase Bus

Figure : Ground Detector Lamp Circuit

Neutral Grounding Practice in Power System
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One-Way Switch Circuit
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1-way switch

Fig 2-1 One-Way Switch Controls One Lamp
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1l-way switch
Fig 2-2 One-Way Switch Controls Two Lamps
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Fig 2-5 Two-Way Switch Circuit _
2-way switch 2-way switch
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Fig 2-6 Two-Way and Intermediate Switch Circuit
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A radial final circuit starts at the distribution board,
where it is connected to an overcurrent protective device.

NOTE: Consideration must be given to the need for
additional protection by an RCD in accordance with
411.3.3L and 522.6.202 to 204L.

20A 30A0r32A H
i overcurrentprotective :i overcurentprotective :
: device s device :
i NOTE: Historically, the floor 31 NOTE: Historically, the floor
: areaservedhasbeen  ::  areaserved has been :
g limited to 50 m? limited to 75 m?

All live conductors 2.5 mm’—ﬁ

88 145-2 -— -
socket-outiet )

Unfused spur

An unfused spur run in 2.5 mm?2
cable should feed one single or one
twin socket-outlet only.

An unfused spur may be connected
to the origin of the circuit in the
distribution board

I
|

2.5 mm?

Spur using an FCU
The number of socket-outlets |
supplied from a fused connection |
unit is dependent upon the load i
characteristics having taken diversity |
into account.
l I I

T

1.5 mm?

Cables should, wherever practicable, be fixed in a position such that they will not
be covered by thermal insulation. Where a cable is partially or completely
covered by thermal insulation, reference should be made to 523.9.

Fused connection unit (FCU) to SS 403
Maximum fuse 13 A

@ Junction box to IEC 60670-22

Junction boxes with screw terminals must be
accessible for inspection, testing & maintenance
or, alternatively, use maintenance-free terminals/
connections (See 526.3).

onwc ™

Fig 3-2 Radial Final Circuit arrangements for 13A Switched Socket Outlets
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A ring final circuit

starts and finishes at

the distribution board,

where it is connected

toa30Aor32A
overcurrent protective
device.
2.5 mm?
NOTE: Consideration conductors
1 1| 2.5mm? 1 1 must be given to the forming the [ [
i i e need for additional ring g T

protection by an RCD

in accordance with T
Unfused spur 411.3.3L and
An unfused spur should feed one 522.6.202 to 204L. S8 145-2
single or one twin socket-outlet socket-outlet
only.
An unfused spur may be
connected to the origin of the
circuit in the distribution board.

B 1.5mm2 | 1 | 1.5mm2 | [ 1 t | 1.5mm? 1 1 | 1.5 mm? E]

Spur using an FCU not connected directly to the ring Spur using an FCU connected directly to the ring |
The number of socket-outlets supplied from a fused The number of socket-outlets supplied from a fused
connection unit is dependent upon the load connection unit is dependent upon the load
characteristics, having taken diversity into account. characteristics, having taken diversity into account.

Cables should, wherever practicable, be fixed in a position such that they will not
be covered by thermal insulation. Where a cable is partially or completely
covered by thermal insulation, reference should be made to 523.9.

Fused connection unit (FCU) supplying fixed equipment ‘

\ 4

M

Fixed equipment

2.5 mm?
Fused connection unit (FCU) to SS 403
Maximum fuse 13 A
: @Junction box to IEC 60670-22.
oY Junction boxes with screw terminals must be
. accessible for inspection, testing & maintenance
o or, alternatively, use maintenance-free terminals/
connections (See 526.3).

Maximum floor area served 100 m?.
Fig 3-4 Ring Final Circuit arrangements
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FUSED SPURS
FCU Wall light
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| SO

L o

Some wall lights are wired up
on cables taken off a power
circuit. The cable runsto a
fused connection unit (FCU)
containing a 5 amp fuse, and
from there to the light itself.
The connection unit may serve
as the on/off switch too.

Fig 3-7 Example of a Fused Spur

PERMANENTLY CONNECTED EQUIPMENT
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Fig 3-8 Permanently Connected Equipment
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IEC 309-2 16 A/ 32 A socket interiors

COLOUR | VOLTAGE 2 pole + E
White 50V (12h) through isolating
transformer
Yellow 110V — 130V (4h) —
Blue 220V — 240V (6h)
Red 380V — 415V (6hr) 7 240V (6h) y 110v(ah)

Fig 3-10 Colour Coding and Voltage Discrimination of 6h) 4h)

IEC 309-2 Sockets \ !

Colour coding
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L
| ,
Cooker
Control Unit

3]

— 2 kW Hot Plates

Supply

1.3 kW Hot Plates

Grill 1.8 kW

Oven 2.3 kW

Fig 3-11 Electric Cooker Circuit

Example 1
A 230V, 50 Hz domestic electric cooker has the following connected loads:
@ 2 nos 2.0 kW hot-plates;
(b) 2 nos 1.3 kW hot-plates;
(© 1 no 1.8 kW grill; and
(d) 1 no 2.3 KW oven

Detemine the maximum demand of this cooker circuit if it is connected with a cooker control unit incorporating
a 13A switched socket outlet.

Solution:

Total cooker load control unit 2x2)+(2x13)+18+23

= 10.7 kW
Total current = = =46.52 A
The demand is made up of:
First 10 A = 100A
+ 30 % of remainder = = = 10.96 A
+ allowance for socket outlet = 50A
Total = 2596 A

A 30 A protective device is selected for use.
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Fig 1.7 Example of Emergency Conversion Kit and Wiring Diagram
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Figure 14.3A Physical Inspection for Damages in Equipment and Accessories.
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