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FOREWORD

Electnmty is aneomtymlnmnsdaﬁyammy From the
simplest. household to the more elaborate dwellings, complex
offices and even to the most sophisticated bmldmgs, electnmty'
is a basic need forhumancomfort .

TheElectmalLayontandEstxmaIgwthefwﬁhvolmof
the author about. construction. It was prepared for engineering
students, master electricians, linemen and those interested in the
art of electncal circuitry and construction .of the distribution
lmcs The book contains information of various wiring materi-

als, receptacles and accessories with tables of technical data for
mady reference. Indeed, not only the basic underlying principles
goveming electrical laymltwmsumsedbutalsothegum-al
ized concept of good practice in c:mntry was mcmporatad

Baslcaily, the electric clrcmtry in a house or bmldmg com-
prises the branch circuit, the feeder, and the main. The National
Electrical Code provides that the branch circuit that supplies
current to lighting and convenience outlets shall be of ample
size and rating to carry the expected load. [t shall at all times be
protected with an over current protection called fuse or circuit
breaker. Thus, the basic approach to protect the circuitry is to
know the load, the size of the wire and the rating of thé fuse or
circuit breaker. That is where this book will come in to assist
the reader. ' '

Presented here are problems of clrcmtry from the small to
multiple dwellings and commercial load using electric motors.
The fundamental process of finding the size of the branch cir- -
cuit, the feeder and the main including the size of raceway was
thoroughly presented in detail. The rating of the over current
protective device was given special emphasis in the presenta-
tion. Likewise, the basic fundamental of Illumination was also
included because the author believed that lighting is no less im-
portant than the circuitry itself. For what use is the circuitry
- when lighting was not given importance. It could be well appre-
ciated only through the performance and effectiveness of illu-
mination’
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Amther important feature of the book is the constriction of
" the distribution line used by the 120 Electric Cooperatives light-
ing the entire country from the heart of the city, to the remotest
household in the barangay. Presented are the various parts of

. the distribution line construction showing the different accesso-

ries used to serve as visual aid for familiarization of the materi-
als specified, and itemized in a standard alphabetical coding.

~ The second edition is the outcome of numerous suggestions
prompting improvement of the first edition. Generally, no effort
was spared to come out with a better edition, For this second
edition, the author wishes to express his grateful acknowledg-
ment for the valuable help of Mr. Gil Mananzala who drafted
most of the figures presented and to those persons who have
contributed materially and morally in mak:mg posslble the pub-
lication of this book.

MBF ..
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CHAPTER

INTRODUCTION TO
ELECTRICITY
1-1 Electricity

Electricity i is a form of energy generated by fnctlon, induc-
tion or chemical change, having magnetic, chemical and radiant
effect. In short, electricity is Electrons in motion.

Electricity is one of the most useful discovery of man which
paved the way to the numerous inventions from the simple tools
to the most sophisticated gadgets making = what mgmnliy
seemed to be impossible become a reallty

Contrarytosomchchef elacm.::ltylsnm:xew [thasbeen
‘here with us ever since and, its existence is as old as the uni- -
verse which was discovered accidentally, by the ancient Greeks
sometime in 600 B.C. However, the title of “Father of Electric-
ity” was accredited to William Gilbert, an English Physicist
after publishing his studies an the “Eledr:c A.ttractmn and
“The Elecmc Force.” ; .

Electnutyxsapropertyofthebas:cpamclesofm
whlchlﬂceanatmn consists of: :
- - a) Electron . ;o R
~ b) Proton - -
¢) Neuntron

:The Electron is the negatively charged pamcle of an Atom
sometimes referred to as the negative charge of electricity. On
the other hand, the Proton is the positively charged particle of
an Atom which is sometimes referred to as the positive charge .
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ELECTRICAL LAYOUT AND ESTIMATE

of electricity ._tﬁai weighs about 1850 times as much as the Elec-

The Neutron is that particle of an Atom which is not elec-
trically charged and weighs slightly more than the proton.

Theory:

That, all matters are made up of molecules. '

That, molecules are made up of atoms. .

That, atom contains neutrons, electrons and protons.

That, nmtromsneunal It:smrtlrrposmveor :
negatively charged. | '

'5. ‘That, the electron of an ator of ary substance could
be transformed into another atom.

§PPE

1-2. D;efinition of Terms |

Ion is the term appliedtoan atom or molecule which is not
electrically balanced. It is an atom or molecule that is electri-
cally charged. ltsxmplymnﬂum:salossorgmnofmcor
'mreelecmms -

lmsoewrwhmﬂ:eelemmsmthzatomxsloosmed
,thmugh friction. by another atom. Therefore, the presence of
elecu'onsmauyorgamcorumrgmncsubstamemafact,that
e]ecmmyxsalwayspresm _

* Volt or Voltage is the electrical pressure that causes the
electrons to move through a conductor (wire). In other words,
voltage is the electromotive force.

Comparatively, to have 12 volts is like having 12 pounds of
water. pressure inside the pipe of a water system. Thus, the
higher the voltage, the more electricity will be forced to flow.

Volt was named after Alessandro Volta, an Italian scientist
who discovered that electrons flow when two different metals
areconnectodbya\mreandthen depedmtoahquldﬂlaicon
duct or carry electrons.

2 p
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INTRODUCTION TO ELECTRICITY

Ampere - is the standard unit used in measuring the
strength of an electric current, named after Andre M. Ampere.

It is the amount of current flow, sent by one volt through the
resistance of one Ohm. When there is too much: flow of electric-
ity in a small conductor or wire, heat is produced which eventu-

_ally may blow-off the protective devise called fuse, or burn the
wire insulator and create fire.

Watt - is the rate or measure of power used or consumed.
It represents the equivalent heat volts and ampere consumed by
lights, appliances or motors. A term commonly labeled on light
bulbs or appliances, giving us an idea of what kind of circuit
would be installed. The term is named after James Watt a
Scottlsh inventor, ; ,

Circuit refers to the wire ms!atfatwus that supply current to
light and convenient outlers

; Resnstince - is the friction or opposition to the flow of cur- -
rent by the wires and transformers, analogoustophnnbmg in-
stallation, where the flow of water is subjected to resistance
caused by friction between the water and the inside wall of the
pipe, and the various form of tumns and fittings. For direct cur-
rent (DC electricity), the term Resistance is used for friction,
and Impedance for a}temating current (AC electticity).' N

Factors that Inﬂuences Conductor Resnstance.

« K Compos:tmn of the Conductor. This refers to'a c(mducn-
tor having free electrons that has low resistance.-
2. Length of Wire. The loﬁgcr the wire, tﬁe hlghr:r is the
resistance,

3. Cross Sectional Area of Wire. The blgger the cross sec-
- tlonal area of wire, the lower its resistance. o

- 4. Temperature: Mctal oﬁ"crs hlgh resmmnce to thh tem-
perature (heat). 5 mow il
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 ELECTRICAL LAYOUT AND ESTIMATE -

1-3 Electric Current

By definition, Electric Current is the flow or rate of flow of
electric force in a conductor. A current will only flow if a cir-
cuit 1s formed comprising a complete loop and contains all the |
" following required components.

e W

Source of voltage
A closed loop of wiring

" An electric load.
A means ofopemng and closing the circuit

: Elecb‘m Cnmnl is Clm:ﬁed as:

L
Z

Direct Current (DC).
Adtﬂmanng Current (AC)

Direct Current. The DC electricity, flows in one difection.
The flow is said to be from negative to positive. The normal
sou:wofaDCelecmmy mthzdtyoeﬂorstoragehauery

Alternltmg Current. The AC cloctncny oonstanﬂy re-
verses its direction of flow. It is generated by machine called
. generator. This type of current is universally accepted because
of its unlimited number of applications with the following ad-

ol B oy

3

1t is easily produced,

It is cheaper to maintain,

| hcoddbeumsﬁumedmmmghemﬁage

It could be distribution to fa.r distance with low vnhage

drop.
Itmmoreeﬁiclentcmnparedmththcd:mctczmt

Onocabigconuoversyensuedbmeenthcpmpmmtsof
the AC electricity led by George Weéﬁnghousq'. According’ to
Ihml‘as Ems’ o'll’ ) I .

4
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INTRODUCTION TO ELECTRICITY |

“The AC electricity is dangemus, because it invofves iugh
voltage fransndss:on line.”

The AC advocates on the other hand, éounteréd that;

_ “The AC alternation is just like a handsaw which cuts on

- the upstroke and the down stroke. The high voltage in the

transmission line could be reduced to the dessred mlrage as it
passes the distribution h’ne. ;

Alternating Current or Voltage is a current ‘or voltage tha:t
changes in strength according to a sine curve. An alternating
current AC reverses its polarity on each altemnation and reverses
its direction of flow for each alternation. The AC current goes
through one positive loop and one negative loop 1o form one
cauquete cycle that Is continuously repeated. '

'Ihcnmnberofnmcsthlscycleofplusandmmusloopoc-
cur per second is called the Frequency of alternating current
AC expressed in cycles per second normally referred to as
Hertz (hz) named after H.R. Hertz. The frequency of the Direct
Current DC is obviously zero Hertz. 'I}wva}:tagelscmstamm

: mverchangcsmpolam)f

Acucunopctaungatmmzedmhage hasakmupowu
- loss, power voltage drop, and wonomlca!ly constructed for us-
ing smaller copper wires. On transmission and distribrtion line,
power loss is the most important problem to resolved. This is
. the main reason why Alternating Current AC gained more favor
and acceptance during the middle part of the 19th century. In
~ the USA, an ordinary house current is described as 120 volts 60
Resistance _ 5 B ,

In a hydraulic system, the flow of fluid is impeded or re-
sisted by friction between the wall of the pipe, fittings and other

 tumns and offsets. In the same manner, the flow of current in a
circuit(elmim_\lwhinginstaﬂaﬁon)isalsoimpededotmsisted

- www.TechnicalBooksPDF.com



ELECTRICAL LAYOUT AND ESTIMATE

by the wire, transformer and other devices. This is called Im-

pedance, the electrical term for Friction in AC electricity. In a
direct current DC circuit, this Impedance is called Resistance.
However, boﬂxareexpressedmﬁmlmrtofnmsumcaﬂed
Ohms. .

Just asin a hydrauhc system, the amount of water ﬂowmg

is proportional with the pressurc and inversely propmucmal
with the friction. Similarly, in electric circuit, the current is pro-

portiorial with the voltage and mversely propomonal with the
gircuit resistance or load. Thus: . _

- :. 1 The Higher the Voltage, the Larger the Current.
2. The Higher the Reslstmce, the Lower the Current.

| Their relauonshlp may be cxpressed by the follawmg equa-
tlon known as the Ohms Law

Ir=Y

| R
I=curfent
V=voltage

. R = resistance for DC electncnty

For AC elecmcny, the Ohms Law is exprused as;

g T

Where: '
[ = current
V = voltage
Z =
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INTRODUCTION TO ELECTRICITY

1-4 Comparison of AC and DC Electricity

Under the principles of DC clecmm\ Power is the prnducr
of vofmge and Current. ;

Watts Volts X Amperes '
Under the prmc1ple of AC electrlc-lty, the product of volts
and amperes is equal to the quantity called volt-ampere (v.a.)
which is not the same as watts. Thus; o
Volt Amperes = Volts x Amperes
And to convert volt-ampere to watts or power, a power fac-
“tor (pf) is introduced. And to get power in an AC c1rc|.ut, we
- have the followmg fonnula
Watts = Velts x Amperes x power f§¢tor
W=VxIxpf
ILLUSTRATlON 1-1 .
A 12 amperes electric fan and blower with a power factor of

0.85.was connected to a 240 volts convenient outlet (c o) Cal- !

culate the current and powcr iri the circuit.

SOLUTION
Power (watts) " Volts x Amperes x power factor

W = 240v. x 12 amp. x 0.85
W = 2,448 watts

JLLUSTRATION 1-2

An electnc motqr has a trade mark label of 2 horse power,
240 volts, 15 ampm:s Calculate the motor power factor.
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ELECTRICAL LAYOUT AND ESTIMATE
soLuTioN | |
5 l.. “Assume rnot:or efficiency éay' 85% -
2. 1-horse p.ower is 746 watts, c_o_nvért HP to watts.
| 46 x 2 = 142 vans
3 Eﬁimency & O_lltp_m"c ' |
o Input- - -

Input = 1492
0.85 -

= 1,755 watts
4. For AC current

I' PoWer = Volts x Amperes x power fhc_tor '

power factor = _ Power
Volts x Amperes
o opf = 1755
S 240v.x 15 amp. -
pf = 04875
 Volt-Amperes = 240 v. x 25

" Volt-Amperes = 3,60ﬁ va.
Take note the difference between volt-amperes and watts,
' 1-5 The Ohms Law
In 19_2.6,_ George Simon Ohm, a German scicntist,l discov-

ered the relationship between the Current, Voltage and Resis-
tance now referred to as the Olins Law which states that:

B 7 : - .
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INTRODUCTION TO ELECTRICITY

“The higher the voltage, the larger the current, and the
higher the resistance, the lower the currenL #

The relationship between thc currem, voltage and resis-

tance is presemted in the followmg equat:lons known "as’ the
Ohms LaW

S =

¥
R
“Where: :
' I = Current flow (amperes)
V=

Electromotive force (volts)
R= Resistance (Ohms)

To Find the

* Voltage electrical pi‘esmzrc (vol_ts)_. V= lR

*Current (Ampere). . ............ I= _Y_-

R
- * Resistance (chms). .. .......... R=YV_
- P

ILLUSTRATION 1-3

Determine the current flow in a circuit having a resistance

of 5 Ohms on a 120 volts and 240 volts current supply (C:rcmt
refers to the eiectr:cal wiring installation}

SOLU_TION '
1. .F.or 120 volts:

I=

i<

=120
-

i
1l

24 amperes
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ELECTRICAL LAYOUT AND ESTIMATE
2. For240volts

1=V = 240
R 5

I= 48 amperes .

Examining the Ohms Law, it will be noted that the current
is inversely proportional te the resistance. Thus, as resistance
- decreases, current increases, It can be concluded from the
foregoing illustrations that a 240 volts circuit, is better choice
than using a 120 volt. c1rcurt as computed with 48 and 24 am-

- peres respectively.
ILLUSTRATION 1-4

i k
i

" A circuit has a Tesistance of 20 Ohms and the current ﬂows
at 12 ampcres Determine the voltage. '

SOLUTION- '
V =1IxR
o= 12 x 20
V = 240 volts

~Generaly, the basic wire installation is good for 300" volts
rating which is the same amount of power that can be carried
;mﬂllessthmomhalfthccos:ofooppcrwm Considering the
“price of copper wire that is becoming more prohibitive, the use
‘of 240 volts was accepted WorldWid'e except in the US.A.
where the basic supply of current is rated at 120 volts. And to
change their whole systems including all the appliances  and
equipment to adopt a 240 volts circuit would mean a gigantic
cost which would affect the national economy. However, it
might be given serious thought, considering the advantages of
the 240 volts over the 120 volts c1rcu1t '

The Advantages of using 240 volts over the 120 vo!ts
current supply are; :

10 " et ' ,
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INTRODUCTION TO ELECTRICITY

1. Economy through the use of smaller wires.
2. Lower power loss.
3. Smaller percentage of power drop.

Comparanvely, a system with higher voltagc circuit is more

economical than the lower voltage circuit. The inherent adyan-
tages of a hlgher voltage for transmission and distribution line
paved the way in search for easy methods .of transforming ene -
voltage to another. This is one advantage of the AC current that
could not be done with the DC current that resulted to the
worldwide acceptance of alfernating current (AC) and the al-
most total abandonment of the direct cummt(DC) for general
utilization. -

Summary of thc Ohms Law Formula

Voltage = Cunem X Rcs1stance '
. -1xR

Current = Voltage

Pom:r VoltagexCurrcnt
P Vxl

By Further Algebralc Mampulation of the Formula e

P =TxR =P Vemp Rape
' v Iy o .

_ : i
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ELECTRICAL LAYOUT AND ESTIMATE

P= vz 1—F V-—1/P1R Rav".'

Other Ohms Law formula use the letter E for volts but V 18
used here for clarity. :

FIGURE 1-1

1-6 Series and Parallel Circuit -
A circuit componmts can be arranged in several ways but
with two fundanmnal types of comoctwns, namely:

Senes circuit

2. Parallel circuit

- In a Series Conmection, a single path exist for current flow,
that is, ﬂwclmmﬂsarcarrangedinasmesoncaﬂerﬁnothﬂ'
‘with no branches. Being a single path in a series azrangcmmt,
voltage and resistance slmply adds, thus:

Voltage total  V - Vi+Vz+Va.....
© Resistance Ry = R;+Ro+Ry. ..

o« T WWW.TechnicaIBooks'PDF.com



INTRODUCTION TO ELECTRICITY
-, Example:

Two automobxlc headhghts are connccted in senes to a 12
volts battery each having a resistance of 1.0 Ohm. What is the
current ﬂowmg in the circuit?

Solutio_n'- . _
V.= 12 volis

 Total Resistance: R = R, +R,

I ='!-
R
I =12v; I = 6amperes

2.0

Under ‘the series arrangemcnt where only one path of cur-

~rent is supplying the light, failure of any one of the bulbs will

cause a break in the circuit, cutting off the entire clrcuxtry An-
. other example of a series connection is the string of Christmas
lights having a single wire supplymg the currenit. When a single
bulb breaks off, the flow of current is also' cut off, putting the
.entire series of light into _tptal_ darkness. The next problem is the.
‘location of the fault that is very difficult to locate. This problem
of series connections however, was addressed by the mtroduc-
tion of Parallel ClrcuIL

The Parallel Cll‘Clllt

~ 'The parallel circuit i5 sometimes referred to-xs mulﬂple
connections where the loads are placed across the same voltage
constituting a separate circuit. In hydraulic analogy, the connec-
tions are similar to branching pipe arrangement. Parallel Cir-
“cuit is the standard arrangement for liouse wiring connections
wherein the lights constitute one parallel grouping and the
convenience wall outlets constitute the second parallel group-

ing. .

‘www. TechnicalBooksPDF.com ]



14

ELECTRICAL LAYOUT AND ESTIMATE

The fundamental principle under this type of circuitry 1s
that, “loads in parallel are additive for current, and that each
has tbe same va!tage unposed. Pde

Examining further the Ohms Law as prewously dlscussdd
current is inversely proportional to the resistance. As resistance
increases, current decreases. When current rises instantly to a
very high level, the condition will constitite a short circuit,
Hence, it is mandatory for all circuit to be protected by fuse or
circuit breaker that automatically open and disable the line in
case of a fault or short circuit. o

1-7 _Volt Traﬁsformaﬁen

Transformer is a simple static device consisting of a mag- .
netic core wherein the primary and secondary windings are
made. The voltage is directly _proportional to the number of
windings or turns. Thus, if a 120 AC will be connected to the:
left side contammg 100 tuns, 240 volts would be on the nght

sn:le contammg 200turns

Step up —& “w Magnetic core -

High voitage .4,
winding §
100 turns

qu voltage
.. winding 50 turns

LowVottage ' 'HighVoltage -

FIGURE 1-2
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INTRODUCTION TO ELECTRICITY

The Input side is classified as the Primary while the Out-
put side is classified as the Secondary. Under this condition,
the transformer is said to be 120 /240 volts step up transfonner
wrt.h 120 pnmary and 240 volt seconda.ry B, _

The same transformer could be used as step down trans-
former by reversing the supply and the load. The 240. volts w111
" be the primary and the 120 volt the secondary. In shorc trans-.
formers are reversible.’

1-8 . Power and Energy -

Power and Energy is too frequently interchangeably used.
Power is the technical térm for the common’ word ‘work, and -
Work, is the product of Power and Tlme expressed in the _

foilomng equatlon
- Energy or Work = Power x Ti_m'(_';_.

- What is Power? — Power is the rate at which energy is used
or alternatively, the rate at which work is dome. Since energy.
and power is synonymous, power implies continuity. That is,
the use of energy at particular rate over a given span of time,
The concept of power involves time at the rate at which work is
done. Thus mub‘q:fymg power by time gives energy.

What is Energy? In electrical terms, \energy is s’ynony-'
mous with Fuel. It 15 associated with work. Energy can be ex-
pressed in gallons, liters. barrels or tons of oil, coal, kilowatt
hour or consumed-electricity and cost of operations. Tn iechnical
terms, Energy is expressed in. umts of BTU (calones), foot
pound {joules} or kilowatt hour L R B Y

. Under the Engllsh Umt System, the unit of power is ex-
pressed in horse power, BTU per hour, watt and kilowatt. Un+
der the Metric System or SI, it is correspondingly expressed as
joules per second, calories per second, watts and kilowatts. In
physical terms, power is also the raté at which fuel or energy-is
15
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ELECTRICAL LAYOUT AND ESTIMATE .

used and expressed as liters. of fuel per hour, cubic meter of gas
per minute or tons of coal per day, etc .

‘Power -in Eleciric Cireuit

" The measuring unit of electric power is thc Watt. When
mutltiplied by 1000, the product is called Kilowatt. Thus, 1,000
watts is One Kilowatt. Power has several forms: an elecmc
motor produces mechanical power that is measured in terms- of
horsepower. An electric heater produces heat or thermal power,
and light bulb produces both heat and light that is measured in

terms of candle power. Watt is the power term. It is a measure
of the power consumed. The power input (in watt) to any elec-
trical device having a resistance R with the current 1 is ex-
pressed in the followmg equations: ‘

- Watt = I xR
ByOhmsIaw:
| ' V=IR

i

Since W =I’R

_. W=Vl
Where : .
W is m Watts
R isin QOhms
- 1T in Amperes ©
V mVolts
ILLUSTRATION 1-5 B ' 3

AmercuryiaxnphamlgahotresmtanceofSOOhms is con-
- nectzdtoasocketmﬁ%ﬂv currentsupply

a. How much current, flows through the lamp’
b Calculate the power drawn.

16 . _
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INTRODUCTION TO ELECTRICITY
SOLUTION

I=V; I=240; 1= 48Amperes

¥
R 50

. Where power factor (pf) in a purely resistive circuit, suchas

- those with only electric heating elements, impedance or resis-
tance po“er factor ( pf) is equal to 1.0. Thus:

W = VIix pf
W =240 x 48 x 1.0 |

W= I',152w.att;_.
W =I'R

W = (4.8 x50
W = 1,152 waits

ILLUSTRATI-ON 1-6

A water heater draws 10 amperes at 240 volts current sup-
_ ply. Determine.its heat resistance. :

SOLUTION
R=

T;-|<:-

1240 -
10

R=240hms

 Energy -Calcu-lations

- Determine the monthly ‘energy consumphon o£ thc follow-
ing apphances
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ELECTRICAL LAYOUT AND ESTIMATE

i

* Applarices | . Load Daily Used
Electric Iron = "] 1,200 watts . 1. 2hours.
Water Heater 1,000 watts 3hours .
‘Toaster . 2,300 watts 30 minutes
SOLUTION _
Electriciron 1,200 w =12kw.x 2hrs. = 2.4 kwh.
‘Water Heater 1,000w =1.0kw.x 3hrs. = 3.0kwh
Toaster 1,300 w =13kw.x 0.5 hrs = ,65 kwh
Total... ... 6.05kwh

If the average cost of energy (not power) is P5.00 per kwh '
for 30 days comsumptlon multiply; .

30 x 6’05 = 181-50kwh.pernmﬂ1 .
- x 500
Total cost.....P 907.50

1-9 Vo]tage and Voltage Drop

Comparatwely, ina Series C:rcuit Current is the samr._
throughout but voltage differs. ' =

In a Parallel Circuit, the Voltage is the same, but the cur-
rent differs.

Take note that in a parallel armngemmi; all current loads
cumulatively add. For instance, appliances and light loads con- .
nected to a parallel circuit has the same voltage imposed, but
each load draws a diﬁ'crm current according to its wattage rat-

Anothcr one 1mporta.nt pnm:lpic that i3 ‘worthy to note is;
“The sum of the voltage drop around a circuit is equal to
the supply voltage.” This principle is important in a series cir-
* cuit. On a parallel circuit, each item has the samc»voltagc across
it,. whmhomsmutea cucmtby:tse}f 'I'hcvalt&ged_topon wire
carrymg current 1s: :

18 ~ . o '
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INTRODUCTION TO ELECTRICITY
Voltage drop in \mre - Carrled current X Resistance of wlre
“The power 1oss 1in the wire’ conductor can’ be calculaied as

“the product of the voltage and the current. It is equal to: ths"
' comporients resisiance times the current squared. ' ' )

= Ix(IxR)_; E P=I R

The power loss in the conductor wire is transtormed into
heat. Comparatively, a 1200 watts appliance rating has 10 am-
peres current flow on a 120 volts current supply compared o5

- amperes. only on a 240 volts current supply: Therefore, it is cer-
tain to say that bigger wire is required on a 120 volts than on a
© 240 volts current supply. -

E.xallnple:

1.) Fora 120 volt current supply:

* Current drawn = '.1200 watts = 10 amperes
. 120 voIt supply '

2. ) For a 240 volt current supply we have B e
Current drawn = ] 200 wggg S, amperes
240 volts supply ;

From the foregoing cxample it appears ‘that o smaﬂer di-
ameter wire on a 240 volts current can safely carry miore cur-
rent in proportion with its weight than a larger dmmeter wire
on a 120 volts supply current. In effect, less copper is required
to carry the same amount of power on a higher voltage current

supply.

If the basic wire insulation is rated at 300 volts, the same
amount of power can be carriéd ‘with less than éne half the cost
of copper. This is the mair reason for the almost worldwide use
of 240 volts current replacmg the 120 volts lme for practlcal
and economical reasons.
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ELECTRICAL LAYOUT AND ESTIMATE

All other factors considered, the higher the circuit voltage,

the more economical the system will be. The advantages of us-

_ing high voltage for transmission and distribution line facilitate

the conversion from one voltage to another that could not be

done with the direct current (DC). but much easier with the al-
ternating current (AC).

| ExaInple.

"The owner of a 5 kw. elcctnc motor: 1mgat|on pump, re-
quested line conmection from the electric cooperative. The
owner was given an option to avail of either 120 or 240 volis
service. What is the good choice 1f the circuit line has a resis- -
tance of .42 Ohms?

Sol_utlon in a Comparative Analysis
Skw. is = 5000 watts

_ 120 volts 240 voits
Current drawn ' 5000w 5,000 w
_ 120 v 240 v
= 41.86 ampers - = 20.83 ampers
Minimum wiresize | e
required to carry No. 8 AWG MNo. 12 AWG
the currént without . - {see Table 1-1)
overheating ' = N '
- ‘Relative cost of the | - o
No..8 and No. 12 wire| 22 1.0
in comparative ratio’ '
Voltagedrop - 41.86 x 42 | . 2083 x 42
B, T wE =17.60 v. = 8.75v
=14.60% = 3.60 %

_Advantages of the 240 volts over the 120 volt .
- current supply. '

1. Smaller wire is required which means, lower in cost.

.20 PL : _
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INTRODUCTION TO ELECTRICITY

. & Lesspowloss
3. Smallerperee:ﬂageof vo]!age dmp

Comments

1.

Comparatively, the current drawn by the 5 kw. motor on

‘a 120 volts current supply is double that of the cuzrent

drawn from 240 volts supply when the load in watts was
divided by the current voltage. -

The size of the conductor wire is relatively proportional
with the amount of load. The use of No.8 AWG wire for
the 120 volts line against the No.12 AWG wire for the
240 volts line has a big difference in cost. -

The 146%voltagedrop on the 120 volts is too high.
Change the No. 8 wire thhablggerNoilmretomduce

-the voltage drop and power loss:

And to change the No.8 with No. 2conductorwx]lm-
crease the cost to a ratio of 10 to 1 instead of 2. 2to 1 ra-
tio as computed

Technically, powerlosscannotbcavmdedevmtothc

- most sophisticated electric system because this is an in-

herent effect of resistance between the materials and the
current flow although it can be controlled and reduced to
the least percentage of voltage drop. Therefore, the 240
volts current supply is more advantageous than the 120
volts line.

TABLE 1-1 WIRE SIZE AND AMPERE CAPACITY

Wire Size No. AWG . Amperes
14 | 15
1z 20
10 30
8 40
<] 585
4 70
2 85

-0 1256
a0 145
000 166

' ; 21
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ELECTRICAL LAYOUT AND ESTIMATE

It is interesting to note that the capacity of the circuitry in-
creases as the wire number decreases:. The ratings of the wires
-apply only to copper wire be it solid or stranded types. Alumi-
num wires is not recommended for circuitry or house wiring.

" TABLE 12 LOAD LIMIT IN WATTS .~

Circuit Capacity il Load Limit
in Amperes o in watts
B S 18000
S 20 o4 24000
30 - ] - 3600
r
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CONDUCTORS AND |
| WIRING ACCESSORIES

'\ 2-1 Conductors and Insulators

Electnc Conductors are. substanoes or materials used to

w5 convey or allow the flow of electric cuitent. Insulators on the

_ oﬂmrhand,arcsubstancmormatcnalsﬂlatreﬂstﬂwﬂowof;
_electnccurrmt e o g

Materlals Cons:dered as Good Electrlc Conduotors are: .

’ I.-S_n]vcr : 6.Zmo i
- 2. Copper 7. Platinum
.. 3, Aluminum © . 8.Jron
4, Nickel . = 9.lead
5. Brass 10 Tm 3
Vanous Kmd of Insulators
-IRubber TLatex
' 2.Porcelain - 8. Asbestos -
3.Vamish  O.Paper -
4.8late. © ~ 10.0i
5.Glass ~ ~ l11:Wax -
6. Mlca 5 12 Thennoplastlc

-Res:stance as already dlscwssed, is due to the friction be~ -
j_tmmtheﬂowofmumnt,mdﬂwaonductoraswellasﬂwm-‘
. * sulator. There is no such thing as perfect conductor, or pesfect

* insylator, because conductors, insulators, and resistors, are re-
‘sistive materials. Good conductors are those substames Wlth

e:mzelylowreswtancewcurreﬁtﬂow o R
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ELECTR}C’L LAYQOUT 'AND ESTMATE

On the other ‘hand, good insulators are those w1th €X-
u'emely hlgh reswtance to curnmt flow and modcrate rcs:stancc
to load re51stor S

Conductor Insulators

Electnca.l conﬂuctors are made mn numerous types desig-
natéd by letters according to the kind of insulation used. The
" conductor insulator serves .as physmal shield: of the wire
* against heat, water and other elements of nature. Insulation is
_rated by voltage from 300 to 15,000 volts. If the insulation
" used is above its Spec1ﬁed ratmg, the risk of breakdown is l:ugh

which mlght cause short circuit and arcing that may result to .-

o fire. Ordinafy conductor wires for bulldmgs is normally rated a
at 300 or 600 volts : .

'eres and Cables |

. eres are those electncal conductors 8 mm’ (AWG No
© . 8) and smaller in sizes. Cables on-the other: hand, are those
' whlch are la:rgcr than the wires. Wires and Ca,bles are elthcr :

a) Strandedmre
b) Sohdwma s

Stranded ‘Wire — consists of a group of wires twisted to. :
~ form 2 metallic string. The circular mil area of a stranded wire
©is found by multiplying the cireular mil area of each strand

by the total number af stmnd. . g :

Cord ~ 18 s the term gwcn toan msulared stranded wire. -

A - Pnor 1 the adopuon of the Metnc Systmn (SI) all
o -electnca] wires and cables sizes were expressed in terms of
| AWG (Amencan Wire Gauge). - The word mil that is equal to .
- 171000 of an inch was used to describe or measure a round
" wire ‘diameter. If a wm:ha,s a dlameter of one md 1t has a

" “cross sectlonal area of one circular mll

. -_~;_4 - L g :
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CONDUCTORS AND WIRING ACCESSORIES .

TABLE 2—1 D]FF,ERENT TYPES OF FLECTRIC WIRES AN'D CABLES

Plpdupt_ i Desupbon

. Temperature

Operaung 4

Slze Range

Usage ¢

b

m TW ol rsistant m“c

i mmwn

1,60 mm - 500 i ©

sofid & stianded

5

' Ordinary buiding wire

— THW o) heats  75°C

moaisture registant

1.6 o - 500 men
. sofkd and stranded - |

* Bding e
et and diy kication .

thermoplastic
\TF-menfpélaﬂh 8°C
fdurgwid

0,60 i -0.30 mert

selid and stranded *

o

singlé conductor
2otwchichor twisted
orparatiel
3-conductor wisted

"~ Gopperine”’
- ook

#12- 1000 MCM

solid and stranded

Polyethikene inpiiated
weather resistant wire

Alminumline -
wire ’ 5%

,‘1_z.i'4uom :

| Poiyethylene insulated

wesather resistant wire

S i

Bare Coppor
wire (sofid) sndt

fﬁﬂn‘m Sﬂliln'lrllr2 ;

cher

-

] E!ma averhead

transmission ine

High Tempaeralure 108°C
'ure -

¥

:#13-33_-'

i nppltame mat::hi_ne-
tqdn‘ptorlaad and

Amowd . 8PC
(Bcsle "

150 tir - 30 rom?

sokd and strarded

23 & 4 condutiors

TV antering wire

| Ho.24-No.20

300 Ohrs TV wire

Automotiewire  105°C

- #18-#2

| Primary wio spark
| log and battary cable

Powercable  60°C

TR T

1 #5-41000 MCM

1 Power cable for aeria
and duct 600 volts -

Power cable for serisl

duct anﬁﬂiled hurat
600 vobs -

shesthod catle”
fypa N

60°C

v

160 tim - 260 o |

2, 3&4conductom

' mundorna;

-Furexposednr
'_coneadsd werks in “air
.. woidis Jn masonry blocks
- or'tile walls not exposed
. 1o exvessive maisture

" www. TechnicalBooksPDF.com
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 SOURCE : MARTON ¥ires and Cabiea

28

_.Appimoureleﬂ ba 22 - No. 12 mw
 stovs hester cond .| doylocation
. Jackeled wire 23 | Extenaion oo
T conducion lelsphone equipment
Tolephone drap g a5
wirn Wt or twisted 75°C | M, 1772 1 Benvice drop from
or ESW : W2 ‘pole
 Selfsupporting  pairs thry Aeris instafation
~ telaphone cabla 300 pairs - gnd zound system
Inlercom cable Tparthy Interior comemuné-
shielded or 10¢ pairs nicalions & sound -
unshieided syslam-
DT telphone 6 pairs th Forserisland
cable (REA) specs. 209 paks duct nstalation
.. DET telephone | & pairs thru y Fofﬂﬂ
" cable (REA specs.) Wopais - duct instalation
GT0.15. lete Gais tube- o bumer - -
- ' ighion cable
mmcwh 60°C [ HB-#40 Arc weiding
L maching -
Controlcables  60°C | #22-#.8 muki-. r«mm&'
{chsa £pacs) conductorns edial ducts and
S direct suria
Royat cord 80°C | No.22-No.4 Portable conts
5 - 1 2,38 4 condictons 2
Gubmarskie - B0°C | #44Lu1 | pe—
~ pump cablé 2 & 3 condocions mnfdeapm
MAGNETCWRE - [+ B T
- MW, 200 20°C | #14430 - | Forssaind hanmetic
single and heavy | molors'ciues 14
W 180%  130° | #7-#13a i
e #3184 . | ClaasA lnsulation
. singled hemy [
O MWe 105 f0s% | w7iets Coton coversd
S W 1 Gl & ClassH-
TMWC 200 200°C | #14-#%0 Cotion coversd
; Ctans A2 H nauistion
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" CONDUCTORS AND WIRING ACCESSORIES

TABLE 2-2 CHARACTERISTICS OF SELECTED ]NSULATBD
CONDUCTORS FOR GENERAL WIRING

Trade Name Type :Operating Application

. 4 Letter temp. | provision
Moisturaand heat . { KHW - |  78°C | Dryandwet "
Resistant rubber N _ | location
Thermoplastic -~ | T  s0°C Dry location
Moisture resistant ™ 60°C Dry and wet
‘thermoplastic ' ' location
Tbermoptasuc heat ressstarrt THHN 80°C Dry location
Moisture and heat ° | THW 75 C Dry and wet
resistant memoplas;lc _ ' 5 L location
Moisture and heat . | THWN | 75°C .| Dryandwet
resiptant thermoplastic _ .| [location -

Mnlstufe and heat resistant - XHHW 90°C - | Dry location
cross linked thermosatting 1 e T
Polyethylene - i 78°C Wet location
Sificon asbestos - SA 80°C | Drylocation
Asbestos & vamish cambric | AVA [ 110°C | Dry location

SOURCE: The National Electrical Code

* 21 STRANDED CONDUCTOR

_Mudmhahnd =2mils -
Circular mil ared = Dx2 = 4 Circuldr-mils
. Tolal circular mil area of conductar is:
! 4x21 = a-tlclrc:ular mils.

FiGURE 21 CROSS SEC':TIDN OF A CORD

The universal acc:eptanoe of the Metm System (SI),
led to the conversion of English System to Metric measures
that brought some inconveniénces to most wchmcal men, lay-
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ELECTRICAL LAYOUT AND EST[MATE

men, and manufacmrers who were using the traditional Eng
lish Measures. eresand cab}mwereexpmssedmsqunre_
millimeter written as mm’ for short.

The followmg formula and conversion factor is presented
fonefc:mge;ncompmngmeareaofmmsamicablesm:s

Clrcular mll d s SquareTmii =3,1416 r ? |

Cnnversmn Factor

" Square mil = Square inch x 000001 _
© Squareinch = Squaremil x 1,000,000
- Square mil = Circular mil x 0_7854 '
-+ Circularmil = Squaremil x 1.273
“+  Millimeter = Inches x 25.4 NE 3 _
Square millimeter = C:rcular 1ml x 0. 0005067
TABLEMTABLE OF CIRCULARH[L ARE&E UIVALENT
. . Size - Area ~ Size 1 Area. .
. AWG or MCM _Clrcular-mil AWG or MCM |  Circular mil -
B S 1620 | 1. 83,680
16 2580 | - 0 105,600
14 | at0 | 00 © 133,100
12+ 6,530 000 | 167,800
10 ' 10,380 0000 - 211,600
‘8 16,510 . - 250 250,000
‘8- ‘26,240 .. 300 300,000
4 41,700 .} . 30 . 350,000
3 42620 | 400 | 400,000
2 ¢ 66,360 o 500 500,000 _

ILLUSTRATIONZI PN

" What is the eq:::va!ent size in square ms]hmetcr cf a cablc
. 250 MCM" . , ;

SOLUTION

MCM stands for thousand circular m1ls i

s | B T
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* CONDUCTORS AND WIRING ACCESSORIES
250 MCM = - 250,000 circular mils

2. Square mllllmeter ‘Circular mxlx 0005067

250,000 x-0 0005067

II

12667mm

TABLE 2-4 PHYSICAL PROPERTIES OF BARE CONDUCTORS

| o Diameter . . | DC resistance..
. Bize : Area i Cmihe /1000 .
AWG or MCM Circular mils | S’olld _Strande_d at 25° '

16_ 4. 2880 |oos08 | - |. _4 0 o D
14 4109 loosa1r | - | 287 0
12 6,530 | 00808 [ v | 182 - :
10 10,380 . | 0.1019 % 1.02
8 | 16510 | 01285 | . 0.64
8 26,240 . | 01820 | J . 041 -
4 . .| -.41,740 .. [ 02040 |; 0.26
2 68,360 ., 02580 0.16
1 1 83890 | G28g0 0.13
0(1/0) ' | 1085800 |i0.326¢: } 010
00 (2/0) .| 132.100 * | D.3680 | 04 0.081%-
ooo(3/0) | 167,800 = | 0.4100 0.084
0000 ¢4/0) | 211,600 0.4600 0,051
250 MCM . | 250,000 | 05000 | O 0.043
300 MCM 300,000 | 0.5480 | 0.036
400 MCM 400,000 0.6320 728 - | - 0.027
500 MCM .. .| 500,000. . 070?0.;_.. L0813 {. 0022

; SOURCE Extracted from the National Electnca] Code

ILLUSTRATION 2 2

squa.rcmches’? _ N
" SOLUTION. . '. RN

o 1 Refcr to Table 23, The area of No 8 conductor Wltﬂ::_
Cin clrcular mil. xs 16,510 mils.. Using the. conversion. - .
factor. . s . . Ymg oy

: 28
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' ELECTRICAL LAYOUT AND ESTIMATE
Square Inch = Square mil x 000001
| S'quaremil = Circular mil x 0.7854
s By Submmcm |
' Smarelnch = 36510 x 0.7854 x.000001
013 squareinch

2-2 Ihﬂ'erent Types of Cables

ArmwedCable (AC)!Safabncatedasmblyofmmﬂated
conductors enclosed in flexible metal sheath. Armoredenblezs
usedbodwnexposedandcmmealodwork

Rublnr insuiallon
color Coﬁod 1ape

e interlukad o
flexibie srmar

" shisiding taps
LT . Binder tape -

FIGURE 2.2 mwmmmmmwx)

: Metnl Clad Cable (MC) is a factory assembled cable of
~‘ong or. more. conductors each individually insulated and en- -
closed in a metalli¢ sheath of interlocking tape of a smooth or

corrugated tube. This type of cable is especially used for ser-
_ v:cefeeh's bmnchamut,andformdwrormdmrwmt é

‘Mineral Insulated Cable (MI) is a factory assembly of

| ‘one or more conductors insulated with a highly compressed

- refractory mineral insulation edclosed in a liquid and gas tight
continuous copper sheath. This type of cable is used in dry,
wet or continuously moist location as service feeders or branch

%0 " “www.TechnicalBooksPDF.com



ciiNbUc-ron_s AND WIRING ACCESSORIES :

" FIGURE 23 MINERAL INSULATED CABLE

Non-Metallic Sheathed Cable (NM) is alse a factory -

‘assembly of two or wmore insulated conductors . having a - |

' moistare resistant, flame retardant, and non-metallic material
~ outer sheath, Thstypeuusedspecnﬁcallyforoncorfwo
famlly dwelfmgsnotexceulmg 3 storeybmldmgs il

inselation.

" copper wirs

, FIGURE 2-4 TYPICJ\L NEC NON METALLIC TY'PE CABI.E

Shielded Non-Metallic Sheathed Cable (SNM) This type -
ofcab!exsafactoryasmnblyofmamoremm-
" conductors in an extruded core of moisture resistant and. flame
.retardantnmtenalcoverodwrmmanoverlappmgsmralnwtal -
. tape. This type is used in hazardous. locatlons and in cable P
trays ormraceways . ; :

_ Underground Feeder and Branch: Circuit Cable (UF) is
‘a mmsture resistant ‘cable used for underground commections
including " direct burial /in the- ground as fecder ar branch
circuit. 7 !

S, 31
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ELECTRICAL LAYOUT AND ESTIMATE

Service Entrance Cable is of the types SE and USE. A
single or multi~conductor assembly prowded with or without
an over all covenng pnmanly used for ¢ semce wire, :

---j::

Numlnum wlth

"~ stas] wirs at core

FIGURE 2.8 SERVICE ENTRANCE CABLE

: Power and Control Tray Cable (T 5 ThJs is a factory
assembled two or more insulated cendugtors with or without
associated bare or covered grounding under a metallic sheath. .
This 'is used for installation in cable trays, raceways, or where

it is supported by mcssenger wire.

. Flat Cable Assemblles (FC). Is an assembly of parallel L v
- conductors formed integrally with an insulating material web
'-des1gnﬁd spec1a.lly for ﬁeld installation in metal surface or

; F]at Cnnductor Cable (FCC) consmts of three o more

flat copper conductor’ placed edge to edge separatcd and

~ enclosed within an ‘insulating assembly. This type of cable is

- used for general purposes such as: appliance branch circuits,

- _and for individual branch circuits,” especially m hard smooth
. contmuous ﬂoor surfaces and the like.

: Medmm Voltage Cable (MV Cable) is a. smgle or muh;l--
. oonductor solid" dielectric insulated cable rated at' 2,000 volts
or hlgher This type is used for power system up to 35 000 °
. volts. o

.

- B2 : _ § g I
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The MV. x:ables'ihas diffén"e'nt types-and Icharalcterist'ié,s ;

1. Trade name: Medium Voltage Solid Dlelecmr.:
2. - Type letter : MV.—75; MV ~85; MV~ 90..
3.. Maximum operating temp. - 75° C; 85° C; MV 90°C
4. Application : Dty or wet locatlons rated at 2,000 voh:s
» - or higher.- :
5, :Insulation'; Thennoplastlc or thermosett:mg i
6.

+ . Quter covering; Jacket, Sheath or Armor.-

Owter Jam o

Type UFE - plastic; unscmm
Trpe TC — plastis; muecmm 5
Typs: ALS — sluminum: sse NEC siticle 331
TWICS wnnscmm :

FIGURE 2-8 ALL 800 VOLTS JACKETED CABI..ES :

o FIGIJREz-? g

- Typical construction.of ]acketed bunlcl‘ng wire such as Type T and Type TW
concluclou’s noimnally salid through Neo..8 AWG, ancl stranded from No. 6 AWG
. and Iarger s

; o _ . 33
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mé-mICAL LAYOUT AND ESTIMATE
2-3 Ampacnty of Electrlcal Conductors

- Ampactty is de.ﬁmd as the ab:hty of ﬂae wire or conductor
to carry current without overheating. Conductor resistance to
- current flow, genemh:natmlyhcatbmalsaoomﬂbutetot}m

- voltage dmp expmsed in the following equamm

Voltage drop Inwire = Clrcult cumnt X Resistance of wire
Powerloss Inwlre = Circuit current x Voltage drop -

P=1Ix(Ix R)

1 _

l’ R

Power Loss is equal o the anents res:srancc times.

' _the current squared. This power loss being converted into

‘heat, must be dissipated. A small wirc diameter can safely
carry msore current in proportion to its weight. The use of -
copperww;snwstpm&:ﬂ&chonSIZlofﬂwNaﬁmal .
ElectrwalCodeprowdcsthax. L . -

 “Conductor slze and ratmg shall have sufficient ampacity
" to carry load. They shall have adequate mechanical strength

' and shall not bé less than the rating of the branch arculr and -

- not less t}um the maxmm Iaad:o 5¢ served.”

Conductors Ampacrty is determined by the maximum

mammmpmmmthatﬂsmsﬂamncanmthstandom-

tinuously without heating. Current flow and conductor’s resis-

tance normally generates heat. Thus, the operat.mg tmmerauu'e '
depends upon the amount of current flow, wire resistance, and

environment. Enummmﬁmtoeﬂhmmdcmdoropm. -

oondmpnmwhxchthcmlsplacd

'I'lwAmpacItyorab:htyofﬂlemductortocarryload_-
increases as the sizes of conductor increases. If more than 3
conductors are inserted into a conduit, the temperature also
-mmandumqmresdemofthccmdnctorsammcn?
as;ammbedm'rables 2-5 Z-Eand 2-7. =

+ ,34 i i .' .I‘
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CONDUCTORS AND WIRING ACCESSORIES

TABLE 25 ALLOWABLE AMPACITIES OF INSULATED COPEPER
CONDUCTORS NOT MORE THAN 3 WIRES IN RACEWAY

| Temperature Ratings of Conductor
_ 60°C 75°C 80°C 1e°c
SIZE (140°F) | (167°F) | (184°F) | (230°F)
* - I_?. I ITms +
RHW -| sA
o i Type THW _ RHH
mm? | AWG T . | THWN | THHN | Type
| mem CTW [ XHEW | XHHW | AVA
" 20 14 15 15 25 30
35 12 .| 20 | 20 30 35
5.5 10 30 % | 40 45
8.0 8 40 45 80 | 80
8 55 65 70 | -8
4 70 . 85 80 | 105
3 80 100 105 120
2 e | 15 | 120 | 135
: 10 180 | 140 180
[ 126 -} 180 | . 185 190 -
00 | 145 s | 185 215
000 - 185 | 200 |- 210 245
0000 185 .| 230 f 235 s
250 | 215 | 286 270 | 315
] 300 | 240 285 300 345
350 260 310 325 380
© 400 280 335 . | 380 420
500 320 380 | 405 470
600 | 35 | 420 | 4ss5 | 826
700 385 | 480 | 480 860 -
750 400 478 500 - 580
800 410 + 480 | 515 800
Ceoo | 438 520 | s88 [ . o
35
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' ELECTRICAL LAYOUT AND ESTIMATE

" " TABLE -6 CURRENT CARRYING cAPACITY nggmc FéCTORS

nNumber of Conductors Derating
In a Raceway Factor
4 to 8 080

7 to 24 s S 070

25 to 42 ' . 0.60

- 0.580

43 andabove .

TABLE 2.7 TYPICAL AMBIENT TEMPERATURE

Mmlmum ratmg required

Location Tempsrature Conducter insulation
WeII ventllated normally _ : 5, _
heated ‘building S i o See note below
' Building with such major |~ -
heat sources as power | -~ 40°C 75°C
stations or industrial | ' =
_ processes ;
- Poorly ventilated spaces - 45°C
_slich as attics _ : : i
Furnacas and bculer room |. Min. 40°C 758°C
' ‘Max. 60°C - _90°_C
- Qutdoor in--shade inair | 40°C - 78°C
© . In thermal insulation - 45°C 75° C
Direct solar exposure  45°C 78°C
Placg abdve' ’ -60" C

1'1 0°-C

Note: 60" Cup to No. 8 AWG COpper wire and 75‘* c for blgger than No 8
SOURCE The Natmnal Elecmcal Code O _

: Deratmg ‘of Conductors Ampauty means, that, the full
amount of allowable ampacity, is reduced to a certain percent--
age due to the environmental condition it is exposed of and the

. number of wires placed inside the conduit.. The current rating
-of wire i a free air environment is higher than those placed -
 inside the conduit. Concomitant with this, if the ambient tem-

perature is above 307 C, the. allowable ampacity wﬂl be re- -
duced: by the factors glven in 'I‘abie 2-6.

a6

WWW.TeChnicaIBooksPtiF.com



'CONDUCTORS AND WIRING ACCESSORIES
2-4 Raceway

: Raceways are channels’ or- wmng accessones so designed
for. holding, wires, cables or busbars that are - gither made of
. metal, plasuc or any msulatmg medlums

The common: types of raceways for houschold w;rmg ;
msta]latlpns are: -
1. The conduits .
2. The conncctors and other : acoe550nes

'I‘ABLE 2—8 CHARACTERISTICS OF RACEWAYS

Racoway| _Se.cmn through Wre | Number of Wres
TypeNo: | - . recoway - suzeTypaR}-mTypeTTW

14 | 3

200 L
: 12 2.

wo

R | e
- 10

14

700 | '
o e 40

SRR e
12 | 10 | w0

44
12 1.4
10 | 4

1500

B O
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ELECTRICAL LAYOUT AND'ESTMATE -

TABLE 2-8 CHARACTERISTICS OF RACEWAYS -

‘Raceway|  Saclonthowgh |Wie | Wih No | Wih No

<1900 4. - G___{' f1af3|3a}s|s
e hewss o (123003 1) 3

2000 |

14
12

s,
.GIGO

(7]
© W

17
14,
; __10

14| b |17,
12| b | 14
0] - [ 10

o oo

2100 ) B

‘| - |=- 10710
12 =211 110

2200
g 10| - |- [120{10

14} B
12| b
10 1b

B8R
o
S

12|15 | 24 | 15 | 83

g lwdinle |22

14 | 61 | 87 | 61 | 234
12 | 64| 82 | 54 | 184
10 | 38 |68 | 38 | 141
8 27|41 |27 27

s | N S
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CONDUCTORS AND WIRING ACCESSORIES
* Other Typeé- of Raceways

Aside from ‘the conduits and connectors, there are othcr
type of raceways such as:

Conduit coupling, elbows and other fittings
Conduit supports, such-as clamps, hangcr etc.
'Cable trays, cable bus, etc, 3
Metyl raceways.

Nenmetal raceways and other.

hhwWNR e~

_ FIGURE 2-8 TYPES OF CONDUIT FITTINGS

. _ & 39
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 ELECTRICAL LAYOUT AND ESTIMATE
2-5 Conduit
" Conduit pipe is the most common electrical raceways x

used in all types of construction. With respect to the typcof
materials used, omdmt may be clasmﬁed into; ;

| Y Metaﬂlc such as steel pipes, aluminum, etc.
2. Non-metallic such as plastic and the hike

With R_esj:ec_t to its Make, Conduit may be Classified as:
2. Flexible metal

3. Rigid non-metal
4. - Flexible non-metal

The Purpose of Electrical Conduits are:

1. Topmwdeanmfmmemmmgwesﬁ'cmmel
.pamttoanothm'

2, '-'To physmaﬂy protect the wires.
- 3."To prowde a grounded enclosure.

4 Toprotectﬂxcsumundmgsagammeaﬂ‘eaoffmdt
mthewntmg

5.--To protect the wiring system from da.mage by the
bmldmg and the occupants, o

6. To protect the - building and thc occupams frcnn
danmgebytheehcmc system.

Conner.tor P

Connector is a metal sleeve usua.!iy made of copper that is .
slipped over and secured to the butted ends of conductors in

making a joint.
Connector is otherwise called sphcmg sleeve

dig 40 :
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CONDUCTORS AND WIRING ACCESSORJES

8 S 12 5 .. 12
O n & | 172

) @/ e ® s . S e
Wt 00 ® & @ 1'f

PR [ 7 3 3 . 3
400,000 C. M. 1-1/4* ) 1-144"

e : FIGURE 2-8 :
STANDARD SIZE OF CONDUIT FOR INSTALLATION OF WIRE CABLE
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ELECTRICAL LAYOUT AND ESTIMATE

“C" Clamp
Hanger rod
R.H. thread
LH thread
} . Forged Stul Tumhuclih

1 Beamn clamp : '
Side Beam Clamp

" FIGURE 2-10 OTHER TYPES OF RACEWAYS

a @

Compression Tvne

memdm Typa
Rain Tight Conneation : lnsda!sd in Gu‘lmw o Ran Tgthwp&lg
ﬁScrew ) SetScrewaplng Thpqncouping o 51 insulsted
Connector insulated :

FIGURE 2-11 VARIOUS TYPES OF EMT CONNECTORS

42 P :
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CONDUCTORS AND WIRING ACCESSORIES

TABLE 29 MAXIMUM NUMBER OF WIRES IN A CONDUIT
- Number of Wires in One Condut (mm) '

Sizeofwire] 1 2 3 4 5§ 6 7 8 8
14 13 13 13 20 20 25 26 27 .28
12 13 13 20 20 20 25 25 25 32
10 13 ‘20 20 25 25 25 3 32 32
8 13 20 25 25 25 32 ¢ 3R 32
6 ‘13 25 32 32 38 . 38 S 50 50
5 20 32 32 32 38 5 5 5 50
B 20 32 32 38 5 S0 5 S0 63
3 20 32 32 38 S50 50 S0 63 63
2 20 32 38 38 S50 50 63 63 63
1 20 38 38 50 50 63 7% 75
‘0" |25 38 8 S0 e 63 78 75 78
o0 - 2% %0 50 € 63 75 75 75 88
" 000 25 50 ‘50 63 75 75 75 88 88
0000 32 5 63 6 75 75 8 88 100
20000 2 50 63 75 75 88 88 100
22500 32 63 63 75 75 83

250000 | 32 83 63 75 75 88
300000 | 32 83 75 75 88 88
350000 |32 63 75 @88 . 88 100
400000 32 75 75 83 100 100 .

450000 [ 38 75 75 88 100 113

+ 500000 38 75 75 88 100 113
650000 |.38 75 88 100 113 125
600000 50 75 88 100 113 125
650000 | 50 88 @88 100

~700000 | S0 8 s 113
750006 { 50 88 88 113
800000 .| %0 88 88 113
B50000 50 88 100 113
900000 50 88 100 113
£50000 50 100 100 125
1000000 | 50 100 100 , 125

www.TechnicalBooksPDF.com
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ELECTRICAL LAYOUT AND ESTIMATE

2-6 QOutlet and Receptacles
. An outlet is 2 point in the wiring systém at which current is
© taken to supply utilization equipment. In a simple term, an
outlet is any point that supplies an electric load. An outlet
usually consists of a small metal or non-metal box into whicha
raceway and or cable ends. % :

'Differqnt kinds of outlet _

1. Convenience outlet or attachment cap.
2. Lighting outlet.
3. Receptacles outlet

A Convenience outlet or attachment cap is a device that

. hy insertion into a receptacle establishes connection between
" the conductor of the flexible cord and the conductors
connected permanently 1o the receptacle. '

] 3 L ' i ipole, 4 -wwe |
: One normal : Triplex 15 amp . Lacking - ’
2-pole-? wird  one locking device  Single type grounging © A :

h.mature intecchangashie Clack outat . nutdao:
: wagkher progd

_ FIGURE 2-12 VARIOUS CONVENIENCE OYTLET -
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CONDUCTORS AND.WIRING ACCESSORIES

Wall Outlet. The ‘common Wall OQutlet is called
Convenience Qutlet. And to call it wall plug is not correct. A
plug is another name for the attachment cap on the wire
coming from a device such as lamps or appliances.

FIGURE 2-13 VARIOUS YYPES OF OUTLET BOXES

_. " Lighting Outlet is an outlet intended for direct connection
10 a Iamp holder, lighting ﬁxture, or a pcnda:nt cord
: tcrmmatmg in a lamp hoider.

_ Recepucle Outlet is an outict wherc one ‘or more
receptacles are installed. Aside from the outlets, t.hene are also
- other wmng accessories such as; ‘

; S ’ - 45
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"ELECTRICL LAYOUT AND ESTIMATE

1. Thejunctionbox 3. The puli box _
- 2. Receptacles 4. Switches and the like

Junction Box is not an outlet By deﬁmnon it does not
supply current to utilization device. Do not allow your
electrical contractor to count wall switches and junction
boxes as outlets. This is an important thing to clarify specially -
when payment is to be made from a contract based on the
number of outlets.

An Outlet on the other hand, refers only to the box itself. It
does not include the items. The receptacle device is not .an
electrical load but rather an extension of the box wiring. The
outlet is separate from the load devme even if it is mcluded as
part of the device. ' '

The Pull Box is a box with a blank cover that is mserted n
onc or more runs or raceways to facilitate pulling-in the
conductors It may also serve o dlstrﬂ)utc the conductors

, Receptacles are contact device installed at the outlet for
the connection of a single attachment plug. Receptacles are
included in the general classification of wiring devices. It -
includes all receptacles and their matching cap (plug), wall
‘switches, smaildlmmers asrimltictboxmcuntedhgins .

Receptacle is deﬁned by the Natmual Electrical Code as:

“A contact device installed at the outlet for t}_:e connection
of a single attachment plug.”

- Any number of receptacles mounted together in one or
more coupled boxes is classified as one outlet. The lower the
number of outlets the lower is the cost. A circuit with 6 duplex

receptacles individually mounted is normally more than twice
the cost of the same 6 receptacles installed in two outlets group

" of three gang each. Rw&pmdes are described and identified
according to the pole of wires. _ :

46 o ,
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CONDUCTORS AND WIRING ACCESSORIES
Mounting the Receptaclés

1. A wa]l convenience teceptaclc is -vertically mouuted :
betwesnr 30 to 45 centimeters above the ﬁmshad floor

© line. ,

2. In industrial areas, shops, Workroom and the llke the 3

o mcummghelght is from 105 to 110 cemtimeters. This
is above the table height horizontally mounted so that
“the cords will not hang on top of each other.

3. The GFI or GFCI (ground fault circuit interceptor) re-
ceptacle should be installed on locations where sensi-
tivity to electric shock is high such as in'wet areas.

Swlteh

A Switch i isa device that open or closed the c1rcumy in an
electric circuit.

. Specification Grade
switches
15, 20 and 3C-ampere

" Maintained contact

: . Momentery contest - ieh 0
Rotary switch — wwitch. . - 15 and 20 ampere - . |
18 ampere : 15 and 20 ampere (Double throw, center off). - .-

FIGURE 2-14 BRANCH CIRCUIT SWITCHES .

1 Yy ag
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ELECTRICAL LAYOUT AND ESTIMATE

TABLE 2-10 PERMISSIBLE CONNECTION IN BOXES

TheGeneralusesmtcthmmdedfm'usemmegmal_'

TypeofBox  Sides | Depth | No. 14 [No. 12 |No. 10 [No. 8
Octagonal 4 1% | 6 5 5 .| 4
. 1% 7. 6 .8 .6
4 2% | 10 | 9 8 7
Square 4 1% | © E] 7 6
4 1% | 10 9 8 .| 7
.4 2w ] 18 | 13 12 | 10
411118 1% | 12 11 10 | @
41116 1% | 14 13 11 9
Switch 3x2 2% 5 4 4 3
e 3x2 2% 6 5 5 4
3x2 2% | - 7 6 5 4
- 3x2 | 2% 9 8 7 | .6
Switches are Classified into: |
1. General use switch
2. General use snap switch
~3... AC general use snap switch
4. AC-DC general use switch
5. Isolating switch , ¥
. 6. Motor circuit switch

dls_iﬁbuﬁonandbmndacucammtedmm It is capable
of interrupting the rated current at a rated voltage.

Thc General use sﬁap switch :is a form of general use
switch installed in ﬂush device boxes or an outld box cover.

The Iso)anng switch is a sw1tc‘.h mtcnded for molatmg an

clectnc cucuxt fromthe soume ofpower

48
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THE BRANCH CIRCUIT

3-1 Introductmn

Electric Circuit refers to the complete path traversed by
- an electnie current. In short, electric cxrcud is the entire house
wiring installation. N

Branch Circuit is deﬁned by the National Electrical Code:

- (NEC) asi “the circuit conductors between the fingl over cur-
rent protective device and the outlets.” Meaning, the branch
circuit is only the wiring installed between the circuit over cur- .
rent protective device i.e. fuse or circuit_'br_eaker, and the out- °

Inpracuoehowwer xtzsacormnonknowledgcthatthe
 branch circuit comprises the following: .

1. The source of_va}tage
2. The wiring and

3. The load
Overcurrent Device
Source-of Voltage ©  Wirngthe Branch -~ Load i.e. Outlets

FIGURE 3-1 DIVISION OF ELECTRIGAL CIRCUIT INTO ITS COMPONENT.

www.TechnicalBooksPDF.com - 48



ELECTRICAL LAYOUT AND ESTIMATE

] Circmtry design varies according to the numbe; of design-
_ers. However, goodc:rcwuydes:mlsbasedonthcfoﬂowmg
considerations: ‘
- Flexibility of the circuit

‘Reliabiility and efﬁclency of service:

Safety of the circuitry ;

Economy as to cost .

Energy consideration

Space allocation

e

Flexibility of the Circuit means that the installation can
~accommodate all probable pattern arrangements and location
of the loads for expansion, or future development.

Reliability’ and Efficiency of Service means to have a
continuous service and supply of power that are a.ll dcpendent
on the wiring system

Retiability of clecxnc power in a facility is determined by

- two factors:

1. The utility service
2. Building electri¢ system

Safety means that mdependent service can be used in liew

_ of emergency equipment as backup for normal services. For

reliability of the circuitry, the follomng principles should be
consldcred

1. To prtmde double emergency power eqmpmmt at se-
_ -r'lectedwaakpomtsmthesystcm
2, That the electrical service and the building distribution
' sysrm must act together so l:hat the power can reach the
oint of service.
3. Crm “loads within the fmhty must be pmpomted to
" determine the best way to serve them by providing a re-
hable power either from the outside source, or by
standby powe; package for t.hcm :
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'THE BRANCH CIRCUIT

4. The system design must readily detect any equipment:
faxiure and to be correcwd automatlcally

Economy refers to the initial cost as well as the operaung
~ costs. These two cost-factors stand in inverse relationship to

one another. Overdmgnnasbadasundcrdmfgn.ltis
'wastcﬁﬂbothonuutlalandoperanngcosts

: The Eﬂ'ect of Acqmrmg Low Cost Equ;pment

High energy cost
2. " Higher maintenance cost
3. Shorter life

Energy Consideratlon is a complex one onusldenng the
_follomng factors:

Energy laws and codes
Budget =

- Energy conservation techmque
Energy control '

F

B

Space Allocation — must consider the following;

Easy maintenance
Ventilation
Expandability
Centrality - _
Lmutatton of access

LR WN

Protective device _
Generally 15,20 amperes

Light outiet |

FIGURE 3:2 GENERAL PURPOSE BRANCH CIRCUIT
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ELECTRICAL LAYOUT AND ESTIMATE
Branch Clrcmt The branch Circuit is classified into: . _I
6 General purpose branch circuit,
2. Appliance branch circuit.
3. ]ndlwdual branch circuit.

The National Elactncal Coda deﬁnes the different types of
brand: circuit as follows

1. General purpose branch circuit supphcs outlets for
lighting and appliances, mcludmg convemcnce recep
tacles :

2. Appliance lbralnch circmt supplies outlets mtended
" forﬁaedmgappham Fmadhghunghmwm is not

Ganerally 20 amperés
. FIGURE 3-3 APPLIANCE BMNCH CIRCUIT

. /

' 3. Individual branch circuit is demgmd to supply a sin-
gle speczﬁc item.

Slzerequirod
Kekomisd

Single ltem

FIGURE 34 INDIVIDUAL BRANCH CIRCUFT -

52 ; : _
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' 'THEBRANCHC]RCUIT. .

3-2 Circuiting Guidelines

There are many ways of domg the Cll'Cllltl'y but there is no
optimum or perfect way of doing it. However, there are certain
rules and guidelines promulgated by the National Electrical
Code (NEC) for ﬂemblhty, emnormcal and convement way of

.msta]hngac;rcumy

.‘. l--

The Code reqmres sufficient circuitry. to' supply resi-
dential load of 30 watts per square meter in buildings

_ excluding porches, garages and basements.

The requirement of 30 watts per square. metei"-is up to

- 80 sq. m. for a 20 amperes circuit (2,400 watts) or 60
_ square meters for 15 amperes circuit (1,800 watts).

Good practice suggests that the load should not exceed
1,600 watts for a 20 amperes circuit and I 200 watts
t‘ora 15 amperes circuit. Thns :

a) Observe a mmmum load of I 1200 watts ona-
15 amperes circuit with a ma:nmum area.of 40
square meters.

b) A maximum load of 1 600 watts on a 20 am-
peresclrcu:tmmamammareaofsa

squaremcters_

The Code requires a minimum of 20 amperes appli-
ance branch circuit to feed all small appliance outlets

" in the kitchen, pantry, dining and family room.

The general purpose branch circuit, shall be rated at 20
amperes circuit, wired with No. 12 AWG being the
mmmmmzcofmnducwrmmmqmmdﬁrallcm-

- venience outlet.

Circuit load on a lS-ampere clrcmt shall be lumted to

the values given in Table 3-1 and Table 3-2.

Plug outlets or convenience receptacles shall be

counted in computing the load if it is not included in-
the load for general lighting circuit. To find the num-
ber of outlets for 9 and 12 amperes loading on a 15 |

and 20 amperes circuit respectlvely, we have _

. | _ - .63
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ELEC'I;RICAL--LAYOUT.-AND ESTIMATE .

a) For 15 amp circuit: _ 9 - =6 outlets
' 15

b} ForZOamp circuit: 1__" 80utlets
15 :

8. Convemenoe receptacles should be plauned properiy,
 so that in case of failure by any one of the circuitry,
 the entire arda will not be deprived of power supply. In
terms of reliability of service, each ared should be pro- .
_ ~ vided alternately with different circuits.
. 9. All kitchen outlets shouldbefedﬁ-nmaxleasttwoof
these circuits.. - -
10, The Code further snpu!ated tbat; “att recepfacies are
polential ‘appliance outlet and at least twa circuits
 shall be supplied to serve them. x
11, Certain outlets in thc room should bc dmgned as ap-
K pllance outlet lxkc ’

-a) All kltchen rec_epta;:les _
b). Dining room receptacles
¢). Onein ﬂw living room.

12. The Code requires that, 'fat least one 20 amperzs cir-

. : cmt mpply the laundry outlets”.
13! If air conditioner is anticipated, provide a scparatc cir-
: ant for this parucular apphame
;o TAJ!LE 3'-@ "BRANCH CIRCUIT CAPACITY - ELECTRIC HEAT
' 3 Maximum Watts
' Ciroult Breaker Siza | 120 volts 240 volts
d 'i5'amp. = 1440 2880
20amp. .- | . 1820 3840
B0amp. . L, - 2880 o 5760
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THE BRANCH CIRCUIT °

TABLE 3-2 BRANCH CIRCUIT REQUIREMENTS

15 amp.| 20 amp. 30 amp.| 40 amp.{ 50 amp, .

Maximum sze of conductor| No14 | 12 | 10 8 3

Minimumsizetaps | Noad [ 14 | 14 | 12 | 12
. Over current device rating | 1Samp 2 | 30 4 | S0

‘Lamp holders permitted Anytyps | Anytype .H.Duly H.Duty HDuIv
Receptacia rating permitted| 15amp| 1520 | 30 | 4050 | 50

Maximum load { 15amp| 20 30 40

- Other Good Pract:ces in C:rcumng

; 1-'

2.

Lighting and receptacles should nqt be combined in a "
single circuit. :

‘Avoid connechng all bmldmg hghts on a single cir- |

cuit.

Lighting and receptacles should be supplied with cur-
rent from at least two circuits so that, if a single line is
out, the entire area is not deprived of power.
Donotal}crwomnbmammhandtweptademn-
lets. : '
Provide at least one receptacle in the bathroom, and

~ one outside the house. Both must be Ground Fault Cir-

cuit Interrupter (GFCI) type.

Provide -switch control - for closet hghts Pull chain
switch is a nuisance.

Convenience outlet though counted as part of the gen-

-era]llghmxgloadshallbehmnedtoﬁoonvaumcc

outlets on a 15 amperes circuit and 8 convenience out-
lets on a 20 amperes circuit. -

‘The Code reqmrest]mt,atleastoncZOmnpems circuit

supply shall be installed to the laundry outlets.
Convenience outlet shall be laid out in such a manner

‘that no point on a wall is more thar 2.00 meters from

an outlet. Use a grounding type receptacle only.

55
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3-3 Protectmn of the Branch Circuit

As a Rule, branch circuit should be protected from over
current. Hence, an over all current protective devices shall be
installed in all branch circuitries..

The function of the over-current protective devices is to
open the circuit (disconnect the line) when the current rating
capacity of the equipment being protected is exceeded. The
circuit protective device represents the source of voltage. It is

- always connected at its hot line end to the voltage source and
" its load end to the circuit wiring. Appdently it becomes the
“ source of voltage.

The Pane! Board wherein the over current protective de-
vice is a part, the busbars become the source of voltage as we
look upstream from the over current devices. The National
Electrical Code also defines the branch circuit as “that portion
of the circiiit beyond the over current device. "

-Ca_u_ses_ of Over Curr_ent :
There are two principal causes of over current

1. Overload in the equipment or conductors
2. Short circuit or ground fault ;

Both were the results of excessive current flow in the cir-
cuit. The primary function of the over-current devices is to
protect the branch circuit and the load device against excessive
current supply. However, regardless whether the excess cur-
rent is being caused by an equipment problem of overloading,
or by a circut problem such as un-intentional ground fault, the
protective devices has but one purpose - to interrupt the line,

in case there is an excess current flow in the circmt

.When the over current prctectlve devices senses 4n exces-
sive flow of current, it automatically open the circuit or simply -

‘56 - _
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cut off the line to prevcnt the excessive flow of current in cre-
ating damages to the circuit or to the eqmpment The over cur-
rent device automatically opens the line to release the exces-
sive current, The action of the over current protective device is
called “Clearing” because it clears the circuit of the fault or
over current load. It therefore acts in the same manner as the
mechanical device to relieve. the ‘machine from excessxve pres-
sure. a

The over current protectwe devices are mstallcd in circuits
to protect the following: -

1. Thewmng . G S
2. The transformer :

. 3. The hghts
4, Apphances.and other equlpments

On thc Protectlon of Conductors, the National Electrical
Code provldes that: “Conductors shall be protected agamst
over current in accordance with their ampacmes A

By deﬁmtlon Over Current IS any current in excess of
the rated capacity of the equipment or the rated ampacity of
the conductor. It was clear that both the equipment and the
LWIre msta]latlon sha.ll be protected from the over current flow..

E Electncal eqmpment has its own rated ampacity. SJ.m'l-
larly, electrical conductors have also their respective allowable.
ampacity. Thus, any load in excess of their rated or allowable
+ ampacity, couid damage the Cll‘Clllt or the equlpment

; Appllcatlon of Over—current Protection is also Governed
by the Follo“ung Rules

1. That the over-ciirrent protectlon devices should be in-
stalled on the line ox supply sn:le of the equiptnent be-
ing protected.

2. The over-current protectlve devmes shall be placed 1 in B

all underground conductors of the protected circuits.

. _ _ 57
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3. All equipment should be protected in accordance with
its current 0arry1ng capacity. 5
4. That, the over-current protective device§ should be
_ readily assembled and protected-from physical dam-
ages and away from easily ignited materials.
5. Conductors size should not be reduced in a circuit or
tap unless the smallest wire is protected by the circuit

over gurrent devices.

Main Supply

\ 100 amnp.
No2 RHW (115 amp.) .

7.5m Mmdmun

1/3 capacity = 130 = 45 amp
- T3

40 amp
fuse

* |Use No. 8 RHW min.

B

3 m. maximum

No. 10 RHW.
" in conduit

Main feeder No.1/0 RHW
130 amp capacity

-

v _ Feeder

2-15 amp circuit -

i /Computc size to protect

Taps may be made if smaller con-
ductor is protected by main feeder -
protection (100 amp. circuit breaker
for No.2 wire)}

" Taps up to 7 m. long is allowed if

tap conductors has minimum 1/3
ampacity of main and terminates

" in a single circuit breaker or set of -

fuses which limits the current on
the tap to the wire capacity. 40 a.
ﬁmhmztsamrmtonﬂunp

) uapamty\m:e

Taps up to 3 m. long are allowed
Provided they have sufficient capa
city for the circuit they feed, say
if the wiring feeds 2-15 amp. cir-
cuits, it must have 30 amp capa-

~ cityand should be No, 10 AWG,

RHere'mequa}rumg

Taps of any length may be made if
conductor is protected at the tap
point by and approximately sized
overcutrent device,

FIGURE 3.5 PERMISSIBLE TAP ARRANGEMENTS
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THE BRANCH CIRCUIT

"3-4 Fuse, Breaker and Panel Board

Fuse is dcﬁned as; an over aH current protective device
with a circuit opening fusible element which opens (break)
when there is an over current in the circuit.

The Fuse is a one time protective device to be replaced after
~ the fault is cleared. Itisthesimpl%tandmdstcmnmontypeof
circuit protective device used in most house wiring installa-
tions. It is available in hundred design ratmgs and shapes but

basically, the same in functions.

‘Generally, fuse consist of a fusible link or wire that easﬁ}
melt at low temperature classified into two types: -

1. .The Cartridge type whlch is enclosed i in an insulating

fiber tube and

2. The Plug Fuse type enclosed in a porcelain cap.

' TABLE 3-3 FUSE RATING AND CONSTRUCTION

" Curent Ratings Remarks
0010 Plug fuse construction
. 15,20,251030 mas, 150 v. mgrnund
0t 10 Cartndge fype with femlles
35, 40,45, 5010 60 single and dual element
' ,250' and 600 volts

70, 80, 90,100, 110, 125, 150
175, 200, 225, 250, 300, 350
400, 450, 500,600 -

Cartridge type, knife blade

-contacts: 250 and 600 volts

800, 1000, 1200, 1600, 2000

' ' 2500, 3000, 4000, 3000, 6000

Cartridge type bolted
knife blade contacts; 600 volts

Circuit Breaker

The Circuit Breaker is an over-current pxmecuve device
designed to function as a switch. Basically, a circuit breaker is

www.TechnicalBooksPDF.com
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ELECTRICAL LAYOUT AND ESTIMATE

equipped with an automatic tripping device to protect the
branch circuit from overload and ground fault. Circuit breaker
can be manually tnpped S0 that in many cases, 1t a]so acts as
‘¢ireuit sw1tch

Trip or Tnppmg refers to the cuttmg-off or d1sc0nnect10n
of the current supply .

_ Advantages of Circuit Breaker Over the Fuse

" 1. The circuit breaker act as switch aside from its bemg an
over current protective device. g
2. Unlike the fuse that has to be cascarded after it was
busted due to an over current flow, the circuit breaker
trips off automatically and after correcting the fault, it is
again readily available for switch on.

‘ﬁﬁﬁx"l‘
: (b} Single Element Knife
{a) Common Heusehold Plug Blade Fuse

———

Thermat cutout element 1 Fetule Gontaclt

T

Knife blade contact’

Short cﬂchll fusa fink

Dual element - time delay fuse with Edison base, ferrule contactsi
and knife blade contacts respectwaly

' FIGURE 3-8 STANDARD TYPE OF FUSE

Circuit breaker can be fnultiple pole installed with 1,2 or
3 poles which will simultaneously protect:and switch

0 WWW.TechnicaIBooksPDF.com '



THE BRANCH CIRCUIT

one to three lines. The fuse on the other band, is a single ' -
pole, installed on a single wire that could only protect a
single electric hne. '
The circuit breaker position is easier 10 detect It oould
be closed, tripped, or open right at the handle. On the
contrary, the busted fuse could not be:detected easily be-
cause the melted fus1bla element is ms1dc the fuse cas-

The circuit breaker can be manually tnpped S0 that in
many cases, it also acts as the ClI‘Cl.llt switch.

Conventional B ase s €83 (GE)
braakar S i * breaker
wired into : wired into
parel box panal box
\ : - Pangl box ;
!
Conventionsl~., o - o
receptache T@L.
: < [} ‘
i i
¥ 3 '
i :
i
t
e ‘ #
* ]
I .
Wy ? : Load power
] ; weire
1 i {black)
e = e o G
Equiprmnt . / : Load
ground’ Colled whity _ * newtral
wirg vonnects 1o - fwhite}

Mautral bus panat_np'utr.!
Equipment ground bus

All connsctions to the CB3 circdit bresker sre gmilar
© to thowe of comwntionsl breskers except for the

addidon of 8 neutral conhaction,

FIGURE 3.7 BRANCH CIRCUIT PROTECTION
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ELECTRICAL LAYOUT AND ESTIMATE

| Advarntages of the Fuse over the Cireuit Breaker

Despite the advantages of the circuit breaker over the fuse,
the later has also some advantagos over thc circuit breakcr
enumerated as follows:

Oncma;oradvamage of the fuse over the circuit breaker
is its reliability and stability. The fuse‘can stay on its
posttion for years and act when called on to act as de-
signed. :

2. The cost of the fuse is very much lower compared to
that of the circuit breaker.

3 ercunbreakmhassemalmwmgpartswhmh're-

qmmmmnﬁenanceandpenod;ctesungwhemgood-

- condition at all time. _
Branch Circuit il ‘ )
Wiring , " Load
Feader ~
i ‘A- - \
o~ ~~ N Load
e ——
Pane] Main T N
Circuit Breaker ; Load
' - Panel Branch
Clreuit Breaker

. THE BRANCH CIRCUIT RADIATE FROM THE PANEL TO THE LOADS
FIGURE 3.8 CONVENTIONAL RADIAL WIRING SYSTEM
o /Main Ciroul Breaker  Reduced Feedar size
Feeder

_/K\\K\

b45b

FIGURE 3-9 ALTERNATIVE WIRING METHODS

"+ Circuit Breaker
mounted in surface
raceways
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Direction of flow of power -

_THE BRANCH CIRCUIT

s ...Imm
. | Main switchboard buses
- ! I ¥ Line side of switch
. —— Blode of switch
: X] ; Load side of switch
Ling sida of fuse
W 3 Fuse - 2
This protects
the

- This fuse / side of fuse
 the feeder and
the ighting panel

Lighting panel bus

HERRREE
R
&::_hnon_'_'_.,

_ FIGURE 3-10
TYPICAL SINGLE WIRING DIAGRAM SHOWING:

1. Relation of component to each other
2. Proper location of over current devices
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ELECTRICAL LAYOUT AND ESTIMATE

* Trip indicating handie for

immediate idantification ——

of faull ciroukt

Pushtotest bution to  —

Insure propar oparation:

CuwA1 box fugs

TRIR]

10,000 amp

\_\1

Handie with

molded case

I;. .. ampere rating

Ground Fault Circuit Interrupters (GFCI) or (GFI), A unit
that will provide ground fault protection in addition to
functioning as an ordinary circuit breaker

FIGURE 3-11 MOLDED CASE CIRCUIT BREAKER

TABLE 3-4 TYPICAL MOLDED CASE CIRCUIT BREAKER

. CHARACTERISTICS
Frame Size Trip Setﬁng_ (Amp) Voltage | Remarks
. Amperes * i .
50 160 200 30 40 80 240 1-3 poles
100 1 20 30 40 240 | 1-3 poles .
‘ 50 70 90 100 800
225 70 80 100 125 600 1-3 poles
o 150 175 200 225 -
400/ 600 126 180 175 200 225 | 600 1-3 poles
250 300 350 400 600 | 600 -
800/1200 | 250 300 350 400 500 | 600 | 1-3 poles
600 800 1000 1200
1600 400 B00 800 1000 600 2-3 poles
' 1200 1800 3 poles
The Panel Board

The Panel Board is defined by the National Electrical
Code as “A single panel or group panel limits designed for
assembly in the form of a smgle panei. »

64.
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' THE BRANCH CIRCUIT

. This includes buses and automatic over-current protectivé
devices with or without switches for the control of light, heat.
or power circuits. Panel board is designed for mounting in a
~ cabinet or cutout box installéd in or against a wall or partition.
acccss:ble only to the front.

Panel board is popularly kiiown as panel or electrical
“ panel. Panel board is simply the box wherein the protective
devices are grouped from which they are fed. If the devices are
of fuses, it 1s called Fuse Panel and if the devices are circuit

- breakers, it is called Breaker Panel. ;

Fuse and breaker however, are very rarely mixed in.a
panel, except that a circuit breaker panel sometimes has a main
switch and a fuse for overall protection of the panel. Basically,
a panel consists of a set of electrical busbars where the c;lrcmt
protective devices are connected.

A single phase, 3- wite panel is fed'v'vith two hot lines and
" a neutral line connectcd to the line buses and the neutral bus
which varies in:

a. Ampere ratings of fhe buses .
b. Type of protective dewces mstalled '

Regardless whether the panel is ﬂush or surface mounted'
type, it is described in the followmg manner:
' House panef circuit breaker type, surface mounting
120/240 volts 150 ampsres main
100/80 amp. 2 pole main circuit breaker
Branch breakers ail 80 am,b. frame
10-20 amp. single pole _2430 amp. 2 pole
- 1-20 amp. SP,GF}

. There are as tﬁany different format of panel schedule as the
~ numbers of technologists and every one believes that his work .
is the best, Hence, it will be called thedule of Choice.

- 65
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ELECTRICAL LAYOUT AND ESTIMATE

Principles Applied in Installing Panel Board

—

. The approa.ch shall be accessible and more convemeut

2. The panel board is centrally located to shorten the home
wiring runs.

3. It must be installed near the load center, as in most
cases panel boards are mounted near the kitchen and the
‘laundry where heavy duty loads are expected. ,

4. To limit voltage drop.on the branch circuit, the panel
board shall be located in such a manner that no circuit
(wiring connections) exceed 35 meters long.

5. In the event that a circuit more thar 35 meters long can-
not be avoided, No.10 AWG wire shall be used for runs
up to 50 meters long and No. 8 AWG wire for longer
circuits. . .

Single pale /8 - Clrcut wiring

~— Back box

Gutlter space . -
: A <— Knockouts

2pole C/8

- Neutral bar
Feader

- Neutral wiring

FIGURE 3-12 PANEL BOARD
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¢ of top
branch circuit

Horizontal
center line

of less -

100 cm.

if over 100 cm

135 em.

185 cm

Not to exceed

Fin. fioor . . ' L
{a) o _ floar

i 75¢em

(&)

¢ of top @) Panal board with 100 cm.. high or
/anchcircut  legs should be located. 135 cm. from
: " the floor to the center line of the box.

b} Panel board with boxes over 100
cm. high should be located 75 cm.

© from the floor to the botiom of the box,
except that the highest bramch circuill
unlt should not be more than 195 cm
Srom the floor. :

195 cm
raax: height

: Minimum
e~ distance 3 -
f from floor ¢} If ecessary, the box maybe lowered

' . . {ioa distance not less than 45 cm. from
i : _ the floor fo the boitom of the box.
i Fo Howaever,where a maximum height of
) Panelboard - . [0S cm above the fldor to the upper
oI a—— JE b"" 2 circuit or ¢ minimum distence of 43
distribution bot\ m—— " cms, above the floor cannot be done,
: : the pamel should be divided into two
© secions. .

45 em.

flaor

§ of both | _ 3 . :
. bones - e . d} If two or more boxes are adjocent

on the same wall, they should be
instalied with the horizontal centér
line of each box equidistance from the
Sloor. The center line distance of the

Fin. floor =#| = 10cm : © higher box controlling the boxes
should be installed with a minimum

y spacing of 10 cm. apari..

FIGURE 3-13 INSTALLATION OF THE PANEL BOARD
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. ELECTRICAL LAYOUT AND ESTIMATE

TABLE 3-5 WIRE GAUGE FOR COPPER WIRE CIRCUITS

Maximum Distance of Circuit in Amperes and Watts
{ In Meters ). )

Circuit | Wire 54 10 A 15 A 20A | A | 3BA
AWG | Amp. | 375w 1150w | 1725w | 2300w | 2875w | 4025w

14 | 15 27 | 13 g |-

12 | 20 | a2 | 21 13 10

10 | 30 66 | 33 21 18 | 13

8 | 40 108 | 52 % | 27 |.21 | 15

8 55 168 | 84 54 | 42 | 33 24

Source: National Electrical Code

Cireuit No, e ‘ . ' © . Cireult No.
' v 112 O 2,
S~ 1 alg 4
5 o § 16 T ¥ ]

7 o~ - Zi8 -_,..a—_\ 8
9 N\ s 110 ~~ 10

Space ; 11412 spae
o 1314 JEE
1 _:-[ BETY T :[: 12
' Space G II ' 17 118 Space
e , _
13 - o 21122
. 23
A B fe N
R
3 Phase 4-Wire Pane)
. - 10-8P, 2-28P, 2:3P
' ' Circult Breaker

FIGURE 3-14 TYPICAL SCHEMATIC DIAGRAM OF A PANEL BOARD
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., THE BRANCH CIRCUIT
Other Features of the Over Current Frotective Device

1. The over current protective device is always upstream .
of the equipment being prctcctcd Meamng, Electncrty‘
is ahead of the load. ' :

2. Electric current flows downsu-eam, and to cut off excess
. current, the. protective device should be p]aced ahead of .
- the protective items. )
3. The panel is the source of current, the over current pro-
tective device of branch circuit is inside the electrical
: panel that supplies electric current. =
- 4, The upstream side of the device is called Line Side. The
downstream side is called the Load Side. '

Switchboard and SWitchgear-

The Switchboard and ‘Switchgear are free standing assem-
blies of switches, fuses and circuit breakers  that prov1de
. switching and feeder protection to a number of circuits con-
niected to the main source. It distribute large amount of power
into small packages. In hydraulic analogy, the main buswork
of the switchboard _is_equivalent to a main header supplying
water. So far there is no clear distinction between the
switchboard and the smtchgear Thus a mwtc}rboard 1s a
swstchgear

Inooming ‘service conductor -

GCurrent tran‘sférmér
-Main switchbogrd

] T
“Switches 1 2 ¢

Fuses _
" Outgoing | Feeders
' FIGURE 3-16 SINGLE DIAéRAM OF SWITCH_BOARIj

REPRESENTING 3-PHASE CIRCUIT
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~ ELECTRICAL LAYOUT AND ESTIMATE
3-5 La‘m'p Control and fhe Master Switch

Lmnpsamcmﬂoﬂedbyswﬂchﬁmamlocamﬂ-
lustrated as follows:

Oueermr—t=  CONTROL OF LAMPS FROM

+ é ? ‘XSIE:CE -mmf"m -
Yo Bt e T

- Esch Iamb' controlled by its
awn switch

= 1_'?“, r =

Switch No. 2 Is on - lights are on po— cnnt_rolled_by a 3 way Switch

e &

Switcn Na. 2 is back to érqina'l
posltlon llghts are off’

M@“’

Switch No. 1 Is on - lights @re on

Two switches in off position,

A-WRY SWITCH

i
? ? T

l..amn‘s uontrollod from 2 locations

_ FIGURE 3-18
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THE BRANCH CIRCUIT

A4WAY

SOURCE -
Two 3way and one 4-way Switches
controlling lamps from 3 locations
aWwaY | 3WAY

i@E

® Q Q .o
 Two 3 -way and iwo 4 ~way :
Switches controlling lamps from 4 Iocatlons

- way switches to control hmps
locations

m
0
b&

Two 3- way and three 4 - way
switches controlllng tamps from 5 locatlons

FIGURE 3-17 LAMP CONTROL |
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ELECTRICAL LAYOUT -AND ESTIMATE

" 3 WAY SNITCHES

REETY. il

BOTH SWITCHES 1N OFF POSITION

SOURCE

o1 KXz} .

POS[TION OF SWITCH No, 2 CHANGED (CURRENT OM)

SOURCE

A ed ey

POSITION OF SWITCH Ne.2 CHM'&GEQ BACK TO GRIGINAL POSITION (CURRENY OFF)

SUURCE

<%> §d .y

POSHY 10N OF SN!TCN No.4 CMNGEI.'I I'CJRIIEH'I o

S OURCE

MJ + +

POSITION OF Sﬁ‘!fﬁl No. 1 CHANGED BACKTO MIBINM. POSITION (CURRENT OFF)

72

FIGURE 3-18 LAMP CONTROL
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THE BRANCH CIRCUIT -

GROUP -1 + % LAMPS -

SWITCH

' .‘G“W” z t SOURCE
IST POSITION
onw-:é *
Uroue-32 _ (%) SOURCE
N0 POSITION
 GROUP - 1 (%)
GROUP - 2 @ T

3RD POSITION
@ LI{l‘.‘.rlﬁerS

“GROUP ~ 1

GROUP - 2 SOURCE

2 4RCa

o] [toted (e

atHt POSITION

FIGURE 3-18 TWO ELECTROLOIR SWITCH ARRANGEMENT
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, =@ @ |

@ vors o # m’@ |

ATH POSITION

FIGURE 3-20 THREE CIRCUIT ELECTROLOIR SWITCH ARRANGEMENT
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w EEITE

MASTER 3 WAY 3 WAY
SWHTCH SWITCH ] SWITCH
\ mar WIRING DIAGRAM OF MASTER
‘ SWITCH CONTROL FOR ONE CIRCUIT
17—
MASTER o 3wy ;,
SWITCH _ T SWCH

") away J

Y swiren 7 -wAY
| swieen
’L 1k ' l MAIN -
,i T SWITCH
: WIRING DIAGRAM OF MASTER CONTROL
"~ SOURCE FOR TWO CIRCUITS
muas 322 WIRING DIAGRAM OF MASTER CONTROL
FOR 2 CIRCUITS

75
www.TechnicalBooksPDF.com _



ELECTRICAL LAYOUT AND ESTIMATE

3-6 Emergency Electnc Supply System

The Natmnal Electrical Code reqmres an entlrely separate
emergency standby electric supply system on commercial and
industrial - establishments. The concept of the emergency -
standby system is to replace normal power supply to selected
or entire loads within the building in case of utility power out- .
age. - o s _

. The emergency standby source of electricity includes all
devices, wirings raceways and othér electrical equipment ready
to supply electric power to the entire establishment or to a se- -
lected loads. These loads include egress light on stairs, doors,
exit and lobby area. Slgna.l equipment such as public address
“and fire alarm shall remain functional during the emergency
and one.or more elevators as required by the Code. The emer-
gency electrical supply system could be arranged as follows:

Normal Service AC

Lighting and ulher loads
Loads capable of |
operating on DC _

F@.IRE 323 CENTRAL BATTERY BANK TO AC and DC LCI&D,)

Battery Supplled .

i i

1. Storage batteries are connected to a converter m acuvate
immediately in case of power outage to supply current
to standby emergency liglits. '
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THE BRANCH CIRCUIT
2. Where all emergency loads could be supplied with di-
; rectcurremDCasinﬂlcfollowingdiagraul,ﬂlemne
arrangement in Figure 3-23 .could be adopted if’ alftemat-

ing current AC is requued
Mormal AC _ DC : :
Central
' Inverter
By : AC to DC
Load which can ' Load which can
dperateon DG - operate on AC

FIGURE 3-24 CENTRAL INVERTER IS USED WHEN AC AND DC CUR-
RENT MUST BE SUPPLIED

3. When the emergency eqmpmentm totallyseparated
from the formal equipment and is normally de-
energized, the following arrangement could be utilized.

Normal . N, Voltaga Sensing i
; | ER
Non- Emergency
Battery -+ "-"_'\._ Emergency
Panel
Contactor
FIGURE 3.28

THE EMERGENCY LOADS ARE NORMALLY DE-ENEhGIZED AND REAC-
TIVATED THROUGH THE CONTACTOR WHEN IT SENSES
POWER FAILURE .
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ELECTRICAL LAYOUT AND ESTMTE
Current Supply by Generator
Where emergency loads are large enough that batteries

could not be economically féasible, and where 8 to 15 seconds
starting time is tolerable, a generator set is employed.

ST

O Emergency Loads

Generator

1. Asingle transfer switch serves the normal power transfer to the
generator in case of power failure.

Normal ' Emergency
/. :/ S ../ i Tmnsfer ] ]
T VR ' Non- Emergency
; e Loads
O ~ Emergency Loads - _
~ Generator '

2. The entire emergency power system should be protected by
adopting a smaller transfer switching device to reduce the
- . chance of “ smgte equipment fai!ure faufhng

FIGURE 3.26 Auemme ARRANGEMENT OF memeucv .
NORMAL POWER SUPPLY
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THE BRANCH CIRCUIT

Two Separate Electric Services

~ The National Electrical Code allows the use of two sepa-
rate electric services. One for normal, and the other for emer-
gency source, provided that, they are independent coming from
different utility transformers or feeders entering the building at
different points and directions using separate service drops.

- Normal Ny

===l

R’ . Non-Emergency
Standby__ | | l Loads

Emergency Loads

ONE SERVICE ACTS ONLY AS STANDBY

Normal

TR 1111
— LI
REA

. BOTHBUPPLYNOMLGADSMDEACHACTASSTW "
FOR EACH OT'HER

© FIGURE 3-27 EMERGENCY POWER SUPPLIED BY DUAL SERVICE
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SYMBOL LIST

jomn D:] Ouﬂztandﬂumescemﬁmurecelhnglwaﬂ

mounted

N OuﬁetBoxmthb!ankcover

JﬁmmBaxwﬂhb}ankm

Duplex Convenience Receptacle Outlet wall mounted
.30 m, from floor line,

. Triple Outlet as above

1S A 2P 2W or 3W GFCI Duplex outlet.
20A 2P 2Wor 3W Single/ Duplex outlet
30 A 125250V 3P 4W GND.

60 A 12‘5!256 V 3p 4W GND.

Clock Hanger Qutlet 2.25 m. from flz. line

Single Pole Switch 15 A 220 V 1.25 m. ht.

" - Letter shows outlets controlled.

Three Way Switch 15A 220 V 2.25 m. from fir. line

. Four Way Switch, as sbove
- Double Pole Switch, as above
K.éy Operated Switch, as above

Switch with Thermal Element suited for Motor.
Combination Switch and Receptacle in 2 gang box
Combination Switch and Dimmer
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CHAPTER |

ELECTRICAL CIRCUIT
IN BUILDING

4-1 Service Entrance

The Servu:e Entrance is defined as that portion of the
supply conductors which extends from the street main duct or
uansfmnwrmﬂlemoeorswnchbomﬂafdwbuﬂdmgsap-
ply.- The National Electrical Code (NEC) defined service en-
trance as: “The conductor and equipment for defwering en-

ergy from the electricity supply system to the wiring system of
the premises served.”

Service Entrance is either:

1. Overhead service
2. Underground service

The Overhead Service Entrance is the common type of
service wire installed by electric power supply ‘companies for
mdustnal, commercial, and residential houses. A service drop,
is connected from the nearest utility pole to the building ser-
vice entrance point and enter the building through the weather
head, down to the electric power meter,

The Underground Service Entrance consists of a race-
way (conduit) extending from the building to the property line
where it is tapped to the main. The cable recommended for
underground service entrance is the USE type (Underground
Service Entrance) cable. A low voltage cable is not advisable
forinstallauonmaconcreteenvc}opedmcemy,mpt,m
the service equipment is not at the pomt at whlch the under-
ground run meets the building. :
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ELECTRICAL LAYOUT AND ESTIMATE

: Servica dmop

Néutral bus for
muitiple servioes

Bare nsutrel dead-end

—Sanvics diop
3/C bare neutral polvethylene

'\ Insufnted aluminum or copper
= gervice drop cable

il insulatad clevis.

/ Uae second maulsted clevie
when sdditional ssrvices are
nequired ’

E Secondery rock assembly

ARRANGEMENT OF SECONDARY CABLE

Secondery rack 3 or 4 wire
&8 mguired
" Weather pmﬁf
warvice hesd
Single or multiple 2
i ;
bl .
f Drip loop
Povesisin apooi ’T

 insulatom
FIGURE 4-1 OVERHEAD SERVICE ENTRANCE
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ELECTRICAL CIRCUIT IN BUILDING

1 - Waather head for
. sarvios entrence cable
2- \Nulhuhudforoom!ul
3 - 3wnduotnrwvh.

. entrance cable No. 8 min.
4 - Porcelain wins holder

6 - 20mm ground rod

7 - 12 mm Gal. ron pipe
with ground wire -

8 - Ground clamp

B - Condult or cable straps

10 - Watertight connactor -

12 - bister

- Master socket
14 - Bervice entrance switch
15 - No. 8 AW, insifeted (min)
16 - Circult o foad -
17 - Bolderles connactors

n

240 m. min,

Hoteg:

1. Ot as A 100 o comalialt | vmal
L& Cobd waier *mwhﬂhhl
&Hﬂl mnmmu*

FIGURE 4-2 UNDERGROUND SERVICE ENTRANCE
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ELECTRICAL LAYOUT AND ESTIMATE

Most of buildings Service Entrances are connected to the
secondary line low voltage below 600 volts. The Service en-
trance can be 2, 3, or 4 wires including a grounded neutral
wire. Service entrance may be 2 wires of 120/240 volts or 4
wires with 120/208 or 277/480 volts for larger installations. In
each case, the size of the service wire varies from 60, 100 or
200 amperes depending upon the demand load, but generally,
the 2 wire service entrance, does not exceed 60 ampetes.

4-2 Electric Service Metering

Electric Meter is generally installed outside the building at
the property line wall, or electric post for ready access to the
meter reader, making it more difficult to- tamper or to install
jumpers. - For mmlti-door services such as apartments and
commercial establishments, the use of a master metering is
preferred. A battery of meters are installed in a central meter
room or reserved space, to facilitate the meter reading and
making it a one stop affair.

Soco0o0le Meter panana

Owverhend serviow conductor :
. Overnead service conduit Metar i disconnsct
Hain service disconnect room T
7 - y
0 Y f /,Typic&l meter sacket Elevaton

0000000 - ™

A
Typical fvi
o][o][o g[ﬁn.::::::::::;

11 - ) J
Load conduits, one per tenant
P\ Conduit for ground conductor

ELEVATION OF PHYSICAL ARRANGEMENT

FIGURE 4-3 METERING FOR MULTI-OCCUPANCY BUILDING
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ELECTRICAL CIRCUIT IN BUILDING -

Cverhead Service Indhvidual
I/ Main Disconnest (fuped) ‘meter

Tﬁﬂﬂﬂﬂﬂﬁ
IREEEEYA

TolLos®e  (ndividual fussd

~ ONE LINE DIAGRAM
incorring Servics— . Incoming Service Conduit
Conductors B s 2 SO or Cable with Seal at
.hr_O.H. Su'vioe. ~e~-4 |~ Entranceto Box
" @ -1 Metering Section

- o
14 Service Load Section
o Containing Servics
. Disconnect
= oy Incomlng Semca
Grounding Conductor COF{?gcéor; "
Racewsy ot ARy
.E g 4—— Load Conguit .
Grounding Conductor —4 TN
Grounding Electrode —

FIGURE 4-4 COMBINATION METER AND SERVICE CABINET
: FOR DVERNEAD OR UNDERGROUND SERVICE '
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| ELECTRICAL LAYOUT AND ESTIMATE

The Feeder

 The National Electrical Code define Peeder as;

' “All circuit conductors between the service equipment or
the generator switchboard of an isolated plant, and the final
branch circuit over current device.”

" Feeder is installed under tlie following considerations:

L

2. .
3. Feeder for electrical motor shall be independent and

On large msta!lahon, each floor is provided with one
In small installation, 1 or 2 feeders is satisfactory.

totally separated from the light circuits.

Feeders requiring more than 50mm (2”) diameter con-
duit pipe should not be used.

Feeders shall be sub-dmdedlfﬂwreareseveralbends '
or offsets on the line. A 50 mm conduit pipe is the
largest diameter that could be economically used. -
Feeders radiating from the distribution panel, shall be
provided each with a properly rated switch and circuit .
breaker. :

" Good practice dictates that, feeders and main shall be
' mstalledmmdeacondmtplpeasrtcameshlghvoltage
'thatreqmresspeclalprotecuon

The Mail_l

; The Main is a feeder interior wiring extending from: the
service switch, gemerator bus, or converier bus, to the main
distribution center or electric service equipments.

Location of the Service Equipment

The Service Equipment should be centrally located to
shorten all home runs. Branch circuit nm m excess of
30metemmllhawanmwesmvevokmgedrop :
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. ELECTRICAL CIRCUIT IN BUILDING

2. Accessible and cmlvement to approach.

3. In residential houses, it is located near the heaviest

~ load center such as the kitchen and the laundry area

" MAIN AND SUB-FEEDER

WWW.TechnicaIBOOKSPDF.com

Branch Circult Feeder
|
L LP e
5th Floor : s
' - 4rd Floor =t e
' SuviceEnhm : TP =
KVR  Main aader.- B0 : R
O Of Men P
: Bar 2nd
Kwh Mater il
Gutter for splicing
Sub-Feeders
P - Lighting Panel
. PP - Power Panel
- G- Gitter
; CT CurmntTrunsfomler
FIGURE 45

B7.



'ELECTRICAL LAYOUT AND ESTIMATE

PP | Machine -
MR, | room

¢ ';'®”°*'“f‘.

incoming service

FIGURE 4-¢ TYFICAL POWER RISER DIAGRAM

88 ._ . _
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ELECTRICAL cmcim' IN BUILDING
4-3 Smg!e and Three Phase Electﬁt:ity

mmeePhascACc!nm‘nty tsa'l‘ripk(}:mut The
lighting and outlet loads are conmected between any phase leg
“and a neutral line. Machineries and other bigger loads are con-
nected to the phase leg only. The three phase system, is used in
‘buildings' where the loads exceed 50 Kva., or where it is re-
quired for bigger load such as motors and machineries.

The neutral conductor of a three phase system, although
common to all three lines, tmlycamcsthc unbalanced current. -
.Thus, the neutral conductor carries no current when loads on
both sides of it dre balanced. Meaning, if the two legs carries
the same load of say 120 volts, the neutral line is zero voltage.

* A Single Phase alternating current (AC) can either be 2 or
3 wires. However, a 3 phase AC has 3 or 4 wifes consisting of
3hotlegsd&llg:atedasA,Baﬂdelusanmm'almmdeslg-
nated with letter N. The common electrical circuit serving resi-
dential building is the two wires receptacle circuit that feeds
 the ceiling and the wall plug. The service entrance is some-
hmesS wn'es clrcmtmrttenas 3-w:re 1201240 volt 60 hertz.

Advnntaw of the Tlu'ee Phase System

" The lZOvuhmforhghungandraoeptaclesouﬂctonly
2 ‘The 240 volt is for blggcrloeds o

‘3. "Voltage drop is lower.
4 Small:rwm:sused '

’Ilws:mofaserucaoonductonsbssedonﬂw240vohs_ ;
rather than on 120 volts line. Smaller wire is used because the
size of a conductor serving 240 volt is comparatively smailer
'thmﬁwlzovo}m!nnmngﬂzxmamnnafm :

The 3-Phasa Cunductor eres are Colnr Coded _
a) Neutral.........................White orgrayoolor

b) FirstHotline A............... Black color
c) Second Hot line BRnd color
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. ELECTRICAL LAYOUT AND ESTIMATE

‘The néutral conductor wire carries no current when the
load on line A and B are equal. Since the neutral line is
gmnnded,rtzsatanmu'almpotmmlbﬂng%waymwh-

' agebemremthehothmAandB 2 g

mgh-vome Sttmary lesders 'pi;zimf:o'n' :
~ 2400, 4 13200 V. ne _
, 4160, 7200, or 13200 V. kel

_Secondary . Main Fesders ‘Branch Cireuit
Service Conductors ) l : “Wiring g
- ' b.p Lighting
Trans | l |_'Maln i 1 :

arter %

Vault I ~Switchboard M

Lighting and

Switches 120/208 of Switches.
Appliance Panels

frane. . 120/2406r Circul

uses 4 .Breakers
. 27T4sov Metaring m. Mom Smal Motors -
. and Controls -

- - Typical one line diagram of a building electrical system
ﬂ'nm the incoming service to the utilization itema :

FIGURE 4.7 BLOCK DIAGRAM

mstypeofprescntaum:smﬂedmod(magrmwhﬂun
the major components are represented by rectangles or blocks.
- When this type of data is presented showing the spatial rela-
tions between components, it is called Riser Diagram. When
ekcmwsymbolsmusedmmdofbhqks,xtlsuﬂsd()ne

- LmeocraSmgle Lme Dlagram

Power Servnce

1_ ﬁwlZﬂmﬁs&ngkphasqiomﬁﬁpwlﬂﬁaﬁpﬁk
- commonly used for small dwellings. Thecapacxtyofa

IOOamperessemceofthlstels
Kva = 100amp x 120v

= 12 Kva maximum

WWW.TechnicaIBooksPDF.'com '



ELECTRHQKL(ERCUTTHWBUﬂLDBNG

2. The 1207240 vokt single phase 3-wires. up to 400 am-
-peres is nséd-for residential and small commcrcxa.l ser-
vwes 'Ihemaxlmumpowcns .

‘Kva = 400amp x 240v.= 96 Kva
1000 o

3. The 120!203 volt 3-phase 4-w1rcs with a maximum load
" not-to exceed 2,500 amperes is the normal urban 3-
* phase service for coxmnerclal bwldmgs Thc maximum

.powerls -
Kva = /3 e 208 x 2500 = 900.Kv&a -
- 1000 | -

4. . The 2771480 volt, 3-phase 4mreswnthaloadnottoex-
ceed 2500 amperes is a service for commercial and m-
“dustrial buildings with. larger loads and heavy mOotors..
'Ihema:nmumpowerls o

Kva =+/Tx 480 x 2500 = 2000Kva .

< 1000
From Panel | 24Dv o 6‘
(e

Typical =06nyenienéﬁ receptacle circuit wall 'pl'ug ;

: .. . - . [ 0 : " :

Line wire A N S i
- |zov. [240v =120V, oad

NewrllineN | =~ 1 - -\ -

i {120v." - |'Machinery L E==120viioad
- [ J240v.load N .

3- wire 120/240 v. arrangement common to reStdentlaI and other
. small buildings, A combtnahon ofa2120v and 240v. ¢, 0.

FIGURE 4.8

| 91
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. ELECTRICAL LAYOUT AND ESTIMATE

£ wE 15 ampi 120 v.
MNeutral ine N = 0 amp. . _ : : :
1Oemp. 240v. | . ¢15m‘|p.120v._

Line wire B = 25amp

Line wire A = 25 amp,

: The neutral line carries no current when the 120 v load of & 3-wire
system are balanced, Line A and B carries the entire load

Flcuan-s ' '
Line wire A = 30 amp. T
S et Yo E 10 amp. 120V,
Neutral Bne N = 4 amp. gl
.. 208mp l240v. . () samp.120v.
Lilewire B = 26 amp. ' A SR

Thisisa 's.lngle phase AC with.3-wires 120/240 volts circuit, The
neutrai line only cafries the difference between the 120 v loads
on the 2 line’ wn'es

FIGURE 4-10

Phase A-10amp:___ : ‘

Phase B -10amp

 Phass C-10amp,

. Nm.m'alN Damp _ : — =
In 3—phase system the Neistral I:ne carrles the ur;balance current only
o FIGURE 411 '
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ELECTRICAL CIRCUIT IN BUILDING

Phasa - A - o W S - Blue wire -
L L2dow Bu o SO x pfs BE u B
Phase-B _ e ————t—Reod wire
Phase-C - : et Blnck WS
Neutrai - N . — - ; .——Whltem

This is 8 typlcal S-phase winpg system mdlcating phase to. neutral._
voltage. it has 3-singfe phase clrcuits wuth one comman return wife. .

FIGUI!E 12

System and Utnhzatlon Voltage

~ The System Voltnge is the power supphed by company. .
like Meralco and Electric Cooperative or what the transformer
produces. Utilization Voltage on the other hand, i 1s the current
'bemgntlhzedaﬁersomenormalvoltagedrop ' SR

_ Electric. Motors are ‘rated at Utilization Voltagc Trans-
former is rated at 240/480 volt and an electric motor is
230/460 volts Tespectively, and to indicaté that a motor is rated
at 480 volts is not cortect. Motors for 208 and 240 volts sys-
tcmsarcratedat200and230voltsandsoon 'I‘heycamotbe
used interchangeably without serions effect on the motor per-
formance. Thus, when spequ:mg transformer, use the System

-voltage. For electric motors use utilization va!tage. The 1%
utilizations voltagedroplsmthmtlwnomalmotortolerance '

TABLE 4-1 SYSTEM ITI‘ILI,ZATION STANDARD VOLTAGE

System \{oltage S . Utilization Vorbage
Transformer o, T Motors”
.Nomwgl With 4% drop New Standard _Oid Standard
P1200 | 1152 A -115*' B ST L
208 - 19907 - | 200 - . . 208
240 . 2304 -} 230 220 .
480 460.8 460 Sl 4a0
600 575.0 .- 515 s 850 - - -
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ELECTRICAL LAYOUT AND ESTIMATE

. "The new trend in power supply system is to avail of a
higher voltage level at all points. The old current supply sys-
tem was lately improved by increasing the voltage. This im--
provement was due to the advance technology of imsulating
maxenalsandthenewwchmqueofoonstmcuonthatpenmﬂw' '
. raising up of the voltage level '

'I‘he345006volzs(345 Kva)andtthOOKvamnow'
common, and the voltage up to 750 Kv are already much in
used. With regards to the distribution level, the 13200 volts
(132Ky)mfastreplacmgthe 4160 volts while the 46 Ky is
replacing the 23 Kv. This higher voltage supply of current
from the distribution line was improve to 120/240 volts replac-
* ing the 110/220 volts supply system for safety reasons of the
house panel circuitry, appliances, and equipment. One example
is the distribution kine of the electric cooperative popularly
kwwnasMutqummdSystemtobepresem;edatthelatcr
paztefﬂusbook. ,

4—4 Groundmg and Ground Fault

" The National Electncal Code (NEC) deﬁms Ground as
Zero Voltage. ﬂmpurposeofgxmmdmgthemnmmﬁx'
permanently a zero voltage point in the system. The grounded
line of a circuit should not be broken nor fused to maintain a
solid- and uninterrupted connection to the, ground. An estab-
hshedgrmmdammﬂybemthemfcrmforallvoh-
age in the system. g ; ;

G'ro_unding Could be Ai:coinplished by" .

L Cmmecmgtoabunedeoldwatermam K

-2, Connecting to a ground rod
-3; Cmmecungtoabunedgroundplate

~The 'Code requires that “All new installatwns shall use
grounded outlets such as; GFI and GFCI devices on all ap-
pliance circuits more paﬂkulaﬂy on outdoms and bathroom
'!ocanons of out!efs. »
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SOLID LMK
(REMOVABLE
FOR TESTING)

" vouaEmo| -8unoing

ELECTRICAL CIRCUIT IN BUILDING .

Reasons for Grounding the Circuit Syifem

To pfeverft 5 sustamedoontaot between the low voltage
secoudarylmeandthehlghvoltagepnmmylmemcasc
of insulation fire,

i Topreventsmg]:gmunﬂsﬁ'ombemgmnmdmde-

-.'waedunn]asecondgroundqccurswluch cmﬂdtuta.lly-

- disable the secondary line.

-To facilitate in locating the ground faults.
Toperotectagalmtashortsnddmnmhofelmcmm
in the circuit. -
To establish a neutral at zero potential not to be inter-
rupted by switches or other-devices.. :
To. connect the service mtrancetogroundonlyatone_
' pomtmdtousecolomdwlrwforeasyldmuﬁcauon

B mmﬂwmﬁm&u _
r‘-?-q -‘

! BUILDING SERVICE SWITCH;
)Er’}mm PLUS SOLID NEUTR

y o A

8000 -]
NEUTRAL

""" b mn.snnouun

T L

Lo

tsdus ,1- Niurmavum

T -

HOT-120VOUTS
“TYPICAL CIRCUIT WIRING.
E THAT NEUTRAL 1S
MEVER INTEH!UP‘I"ED )
BY FUSEORC/B

CONDUCTOR

NEG‘I'IDNTODDLDMTER IlAIN :
¢ AT TERO YOL .

GROUNDING _/ g
electaope - COLATER .

 FIGURE 4-13 SERVICE GROUNDING

. 95
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‘ ELECTRICAL LAYOUT AND ESTIMATE

B 4-5 Clrcmt Safe Load

‘- Branch Clrcmt is the teclnncal term for thc House W‘ring
Installation. House wiring varies in sizes depending upon the
kind of load it is to serve. Load refers 1o the electricity drawn
L oi'consumedbyhghung ﬁxtures appllances equrprmntetc

'I‘heproblemconﬁ’onnngﬂmtechmloglstlshowtodeter
rmneﬁ:etypesofvm'etobcused their sizes and other appur- .
tenances felative to its installation.. These problems however,
hasbwnaddressedbytheNaumalElecmw Codeunderﬂ]c_

_ .followmg specific provisions:

L

The. Code prowdes that wmngs for clectncal clrcmtry

- shall be of the types RHW, T, THW, TW, THWN,
XI-IHWmaraoewayorcablesaspresentedonTable__ ;
2.8

That,maiSamperesclrcmt,asmgleapphanceshall
notdrawamaxnnumloadofmorethan 12 amperes.

"l’ha,t,onaZOampmmrcmt,asmgleapphmceshail

notdraw&:urrentmexcessoflﬁamperes

Thﬂt,lfabramchclrcmtlsoombmedmthhghhngor :
poitable appliances, any fixed appliance shall not be

- allowed to draw more than 7.5 amperes on a 15 am- o
-peresmrcu:tandlﬁmnpcresmaZOampcmsarcult. '

_'T‘hat, on'a 30 amperes circuit, amngleapphance draw
_shallnotexceed24ampcm .

'Thax,ahcavylampholdcrs sha]lberatednotlessthan .
h..--’TSOwatts

That, a 30, 40and50amperesclmmtshailnotbeused :

for fixed lighting in residences.

"Ihat,whmloadsareconneetedfora}ougpenodofl
‘time, its actual load shall be computed not to exceed .
- 80% of thie fuse rating. Long period of time refers to

www. TechnicalBooksPDF.com.



ELECTRICAL C’iRCU!T IN BUILDING

/

electrlc motors, ait cond;tmner, and other sumlarumts A
mﬂlacanunuousloadmg :

9 Macmm:typeloadshaﬂbemﬁemdat' N

lﬁ%ofthcactmlloadmall loadcalculauons

e L10 ’lhat,asmglereccptacleon individual branchcucult
- shall have a rating of not less than the circuit.
* 11. Receptacles foeding portable and or steady appliance
et o shallbelnnxtadmloadsofso%ofthmrmg,thatm '
a: 12ampemsforal§amperesreceptacle

b. ‘16 amperes for a 20 amperes receptacle
c 24ampcmsfora30ampcresreoepmcle

12 'Ihenumbcrofwﬂetsmamrcmtshaﬂbellmrtedto

60uﬂetsonal$amperec1mnt '
BmﬂdsonaZOampemm

Comments

~ A 15 or 20 amperes circuit refers to the branch circuit or
. wiring instaflation. The protective device has to open in case
~of over current or fault before the wiring circuitry is damaged.
‘Thus, fuse rating should be lower than the allowable ampacity
ofthewm,cxceptcmNo 14, 12, and 10 AWG conductors
, 'mthcloadammtmmgaddthcowrmpm
. shall not exceed 15, 20 and 30 amperes respectively.
lflﬁmnpereslsallowedtobedrawnbyanngleapphm
~ “on a 20-amperes circuit, it simply mean that, the 4 amperes
 difference is 20% safety factor provided by the Code. To find
themgeormaxmmmloademwalmtwlﬁampcmman
ouihtforamngleappbmioadwehave ‘ '

Watt or. Power = Voltage x Ampere
W = 240x 16 amp
= 3,840 watts

o
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ELECTRICAL LAYOUT AND ESTIMATE

TABLE 4-1 STANDARD AMPERE, RATING FOR FUSES -
AND CIRCUIT BREAKER ~ -

Fuse / Breaker | Receptacle | . Maximum Loed (Amperes)
- " Rating - | Rating (Amp}| Non-Continuous Continuous

15 Not over 15 2 - -1 8
20 15 0r 20 16
. 25 : _ H .

30 .30 24 12

40 40 or 50 a2
45 _ :
50 - 50 40 .20

80" P . ke s v 24
c70 0 o ' '56 28
. 80 _ 84 . 3z
80 . i - 36
100 : 80 40

110 & T 44
125 T 100 50
150 | - | 120 | 60
175 . 140° 70
w0 | 180 80

TRRR . A 180 T80

- 250 F g ! o200 100
300 240 _ 120 -

- 350 . 280 140

400 320 160

450 . | Cose0 | 180
s00 | . G 0 200
600 | 240
700 S S o580 280
800 840 . - | 320

1000 ' " R 400
2000 1600 [ 800
3000 - : 2400 - | 1200

* Contimious Load : Motor, Air Conditioning Unit etc.

www.TechnicalBooksPDF.com



TABLI'. 412 MAX]MUHNWOFCONDUCTORSH( TRADE SIZES OF CONDUITTB’BING

CondllT!ld!Slu '35 | 2 2 K 74 40 50 L] 80 80 | 100 | 115] 125 | 150 -
Tyanatteu mm?® (mm dia,) .
TW, T, RUH, F 20 (18) 8 |15 25 44 60 | 99 | 142 ]
RUW, 35 (2.0) 7 12| 19| 35| @] 781 113 | 17 :
XHHW [2{(1,8) 55 (2.6) 5.1 49 15 28| 36 &0 as 191 we| -
thud{d2) - | 80 (3.2 2 | 4 7 12 7 | 28 40 | 62 84| 108
RHW and RHH 20(1.6) - g€ 110 16 29 40 | 8| 143 1921 -
{without outer 35 (2.0) 4 | B [ 13 24| 3| s3| 76| 117] 157|
covering) 55(28) . 4 & 11 {-19 26 43 61 95 127 | 1673 )
THW ! 8.0(3.2) 1 .3 - 1 10 13 2 32 49 68 85 | 108| 133
™, 14 1 L2 4| 7010f 16 28| 36| 48] e2f 78] 97{ 14
T 7] i L 3 5 7. 12 17 27 36 47 | =B Kl 106
THW, 30 E | . 2] 4 S 8 | 13 20 i M 4 54 | 78
RUH {14 - 30) 38 ; 1 1| 3] 4| 6| 9] 4] 19 25| 31} | s
RUW(14-30) | .80 1 1] 2] 3f s 8] 12] 6| 211 2z} 33| a8.
FEPB {14 -30) 80 i |75 1 1 a 5 =], 1! 14 18 23| 29 4
RHWand - 80 1 74" -1 i 4- B - g 12] 15 19| 24 35 .
RHH (without 100 : 1 1 1 31 5 1.7 10 13 8 | 20- 28
Covering) 125 1 1 1 -2 4 ] 8 10 13 16 23
150 1 1 1 z4 3 5 7 S 11 14 20,
200 1] 1 11 2| 4| 51 7§ 8| 11} 18
250 1] 1 11 1 3l 4 71 8| 14
325 1°f 1 14 3 4| 5 8| 7| 1
A 400 1 o i 1 2 3 4 5 5] 9
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o 'ELECTRICAL LAYOUT AND ES'i'n\u'rE' '

TBLE 4-2 ALLOWABLE AMPACITIES OF INSULATED i ®
CONDUCI‘ORS RATED 0-2000 VOLTS, 66° T0 %% C
Not more than three conductors in raceway or cable or
. directly burried based on Amblent_ Temperature

PG 1 - T OHDUCTORS SUE
; lefc| e jaec) b feoc | msc | esc | e |-
mm’ RUWIFEPW | V A, {RUW | RH [ V TA - | mm
mmida) | T [ RA ] M| TBS [ T | RAW | M | TBS {m(ula}
TW | REW SA | TW | RuH SA
UF | RHY 1 a8 [ UF | RHW. | AV |
- THW = 8§ "1 THWN SIS
XHHW FEPB . UsE | THHN.
USE ‘RHH XHHW | -
W “THHN
. - XHHW
! PPER AI_.LM%M COPPER CLAD ALUMINUM
2008) | 5[5 | 5] = | - - 1 -1 - B
35020 | B[ B 0 15 15 |25 2 |35Q20
(65028 30| 0 | 4] 4 25| 28 |30 | W [55028
80(32 | 40 | 4 | 50 i 350 % | 40 |40 | % |80
[ s |6 |70 70 40 50 5 | S5 | 14
2z || 8&s | 80| % s |- e || 0| 2
0 || [ Ms| M5 |0 | & | 0| N | N
% 100125 | 130§ 130 |80 | 95 |100] 100 | 38
50 [120] 145 [[150] 150 |85 | 1§ [ 120 | 120 50
60 (135|160 | 170 | 170 1105 | 125 [ 135 [ 135 | &
80 |10} 195 ] 26| 205 (125 | 150 | 80| 180 | 80 .
100 [ 185 ) 220 | 205 | 225 [ 145 | 170 ! 180 | 180 | ‘100
125 |210] 25 | 65| 265 |70 f 200 | 210 | 210 | 128
150 |260 {200 | 25| 295 [190 | 200 | 240 | 240 | 150
20 1280 (330 35| .35 |25 20 {20 | 20 | 200
20 x5 a5 400 30 |- 330 1 250
%5 |370[43% 1470 40 | 295 | 355 | 380 | 300 [ 35 .
o408 |45 485 | 515 | 615 ]330 |- 395 | 420 | 420 | 400
500 |45 |50 [se0| 580 |50 | a0 | 475 ) ar5 | s0

' Comection Factor
. Arrbierd mewumumamc mlﬁplybymadﬁesmmwm
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ELECTRICAL ClRCUIT IN BU’ILDING '

4-6 Sizing the Conductor eres and the Over |
j Current Protectwe Dewces

~ Under thls toplc the sizes of the branch circuit wires a.nd
_ﬁshcnsmgconduﬂsplusthecvamp:mecﬂvedwmor
fuse will be determined based on the load it will serve. A
sketch plan of the convenience outlets, lightings and ‘their
switches should be prepared. The expected load is cmnputed,
- and the number of circuit necessary for the lights, oomvemmoe
- outlet, apphanocs and others aredetennmcd ,

" TABLE 43 GENERAL LIGHTING LOAD BY occurAﬁCY'

' i ; ' Unit Load

- Type of Occupancy . - ' - ‘Watts per Sq. M.
_ Armorlas and auditonum 5 s 8
‘Banks ~  ° 8 40 °
Barber shop and‘beauty panor S - 24

_ Churches - o . B

~ Cigbs ' I BT |
Dwo!!ing units—. - Foa . e
Gamgescumsn:lal storage : .4

" Hospltals - B .18 .
Hotels, matels and apaﬂmeht (no pro- VA W oo

vision for cooking by tenants) o W ;1.

" Industrial commercial %cﬂhuiding _ o8-

. Lodge room 4 :_ 12

. Office building T cl 1 S 40

~ Restaurant - ' i L 16

- -Si:hools _ : 24
Stores : B 24 -
Warehouse {storage) - _ s E
Assembly halls ahd: audltonum g : 8

/fHaHs carridars, closets _ . ; .4 =

. AH receptacles outlets of 20 amperes or less rating in one family
mldmulufannlydwellmgsmdmguestroomsofhowlsandmotels-. '
except those connected 1o the receptacle circuits specified in Sec.
3.3.13 (b) of the Code shall be considered as oitlets for general illu-

_-mination and no addmonal load calculations shall be qu?red for

- such outlets g ) '

i ‘ _ 101
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merﬁcf i m"mn ESTIMATE .

ILLUSTRATION 4-1

SINGLE FA.MILY DWELLING
Type of Service - 230 Volts; :
' Single Phase - 2 Wire 60 Hz.

102

. Line to Ground Current System
300 5,00
3.00
4.00
400
3.00
~300 ~ 500
LIGHTING PLAN
FIGURE 4.4 LIGHTING LAYOUT -
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~ ELECTRICAL CIRCUIT iN BUILDING
PROBLEM &1

A single famﬂy dwclhng is to bc circuited with the follow-
ing requirements as shcwnoangure4 -14 Determine the :
a. Size of the branch circuit wire for lighting outlets.
b Size of the conduit pipes.
e sze or rating of the fuse protective device

" SOLUTION
A. Clrcult -1 for nghtmg Load

'1. From Flgurc 4-14, detefmine the number of lighting
outlets. By direct counting, there are 8 light outlets.

" The National Electrical Code provides that:
“100 watts shall be the maximum load far each house-
hold hglmng outlet.”

, Adoptlngthe lOOwaﬁs;:erhghbngoutletwehavm
- 8 outlets x 100 = 800 watts

2: Detem:me the T atal Current Ioad

800, watts 3.48 amperes -
230 volts :

3 Dea'ermme the Size of Conductor wire for Circuit 1

Refer to Table 2-5 or Table 4-2. Use 2 pieces 2.0 mm®

or No.14 TW copper wire having an ampacity of 15

. _ampcresthatlsmuchlargerthmthe348 amiperes com-
puted ma:mrmm load. - -

4. Determme the Stze of the Conduu P:pe Rcferto Tablc
.29, Thes:na]l@stdlametcrofacmdmtplpethatcould
-accommodate up to 3 pieces of No. 14 TW. conductor
wire is .13 mm diameter. 'Ihcrefore spec1fy 13 mm di-

. ameter conduit pipe.

5 Determme the Size or Rating of tke fuse protect_ive.
- device, Refer to Table 4-1. Use 15 amperes fuse. :

' - . 103
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ELECTRICAL LAYOUT AND ESTIMATE

The Natlonal Electrical Code provides that;

“Ampacity of the connected load shall not exceed 80% of
the amperage capacity of the conductor and the fuse.”

In Tablc 2.5 and 4-2, the maximum ampa.crty load of 2 2.0 .
mm or No.14 AWG copper wire is' 15 amperes. 80% of 15
amperes is 12, the maximum allowable load of the circuit suf-
ficient enough to carry the 3.48 amperes computed load for a
maximum 100 watts per light outlet. Therefore, the use of 2.0
mm’ or No. 14 TW wire is safe. .

2.00 - s00 f
2.00
. 400
400
3.00
200 _ 500 =T
" FMGURE4-18 CONVEMIENCE OUTLET LAYOUT
] . .
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ELECTRICAL CIRCUIT IN BUILDING

B. Circuit—2 For Small Appliance Load

SOLUTION |
The National Electrical Code provides that:

“Forcadsingkrecep!adcshaﬂbcmdaeduuokss :

3 ~ than 180 watfs rating

It simply mean that, each convenience outlet, is consid-

ered to have a maxinmum load af not less than 180 watts per_
plug or gang. Thus: -

1.

From Figure 4-15, there are 6 convenience recepﬂtac-‘.ies-
for small appliance load.Consid:ringﬂlattherearetwo

plug per outlet, the total number of plug will be:

6 outlets x 2 plug = 12 pieces

. Solve for the TomIEm::wtedLaad

12 x 180 watts per outlet = 2,160 watts
DetenniljletheMmmum Expeded Current Load. .'
2,160 watts ~'9.39 a.mperesl L
230 watts _ _
D&tcnnme the Size of the Conductor Wire. Refer to

Table 4-2. For 9,39 amperes, use 2. pieces 3.5 mm’ or
NolZ'I'WcoppermreforCmunNoz

Determine the Size of the Conduit Pipe fortheZ-Nc
12 TW wire, refer to Table 2-9.Use 13 mm conduit pipe.

Determine the Over Current fuse Protection. Refer to
Table 4-1. Under the column of fuse & breaker rating,

* the 20 amperes fuse can safely carry a maximum load of

16 amperes the 80% of 20 amperes load permitted by the
National Electrical Code on No.12 circuit wire.

- o 105
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ELECTRICAL LAYOUT AND ESTIMATE

Comment-

l.

On convenience outlet reaeptacle thc National Electrical
Code provides that, “Eack single mczpmde shall be

~ considered at no less than 180 watts rating.”

Examumgthcvaluesgwmm'l’able4—2 the 2,0 m?
or No.14 AWG, TW copper wire has an allowable am-

pac:tyratmgoflSampa'es Granting that only 80% of =
~ this 15 amperes is considered the derated value, still 12

ampemﬂlsvcrymuchlargerﬂmnﬂleQBGanmcrescom
puted as maximum load for the 6 convenience outlet.
Why specify a bigger 3.5 mm’ or No. 12 AWG conduc-

_tor wire? _ _ _
- Although the 2.0 mm® or No. 14 AWG wire conductor

could safety carry the 9.36 amperes computed load, con-
sidering its 15 amperes ampacity rating, yet, we cannot
do so because the Code specifically mandated the use of

- a3.5 mm’ or No. 12 AWG copper wire as the mininuim
* size for all types of convenience outlet wiring except,

for an appliance with limited load wherein a 2.0 mm’ or

- .No 14 AWGmrclspenmtted

C Clrcult 3 for Other Loads

SOLUTION ¢

g

Exmmmnggurcd-ls ﬂthﬁrloadsare

1- unit electric stove at 1.1 kw = 1,100 watts
1~ unit water heater at 25kw = 2,500 watts .
Totalload.......B 600watts

2. - Compute for the current load. Divide:

- 3600 watts = .15.,65-amperas,

+ 230 volts

EY Dmaethcﬂzeof!hesmmdaaorww Refer

106

to Table 2-5 or 4-2.
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ELECTRICAL CIRCUIT IN BUILDING

4, Forthe 15.65 amperes load, use 2 pleces 3.5 mm’ orNo
12 AWG TW copper wire. =

5. Determine the Size of the Comiuu P:pe (if requmad)
Refer to Table 2-9, Two pieces No. 12 AWG wire can
be accommodated comfortably in a.13 mm diameter
- conduit pipe. Specify 13 mm diameter conduit pipe. -

6. Determine the Size or Rating of the Over-current Pro-
tection. Refer to Table 4-1. For the 15.65 amperes load
use 20 amperes fuse rating.

Comment

The fuse ratmg is 20 amperes Gra.ntmg that it will be der-
ated at 80% x 20, the 16 amperes derated value is still higher
than the computed load of 15.65 amperes. Therefore, the 20
anmcresﬁ)scovercurrcntprotecﬁonisaccepted. 3
Fmdmg the Size of Service Entrance

" The size of service entrance being the supply conductor-
and equipment for delivering energy from the electricity sup-
ply to the wiring system of the building, is also computed

based on the total load supplied by the branch circuit. Continu-
ing the solution of illustration 4-1, mhavethefollowmg

1. Solve for the Total toad of C‘ircml‘ I to.Circuit 3. -

Tota] current Joad = mgmeggd_m
Voltage rating

Total load = 800w+2160w+§, 00 w
g o 230va1t

' 28 Siamperes
2 Applyso%dmand&ctoraspemnwdbyﬂwhlauma}
. Electrical Code. :

; o . _157_\'
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ELECTRICAL IAYOU.T AND ESTIMATE
28.52 x .80 = 22.8 amperes

3. Find the Size of the Service Wire. Refer 22.8 amperes
to Table 2-5. Use 2 - 8.0 mm’ or No. 8 TW copper wire.

4. Detormine the Size of Conduit Pipe for the service wire.
Refer to Table 2-9, for No. 8 TW copper wire, use 20

. mim diameter conduit pipe.
Service Mster .
@ : Main Feeder 2-8 mm2
Service Entrance \__/
- (e0n
:  Safety Switch
80 AF
2PST -
2 Wire
To Light Outiet A -~ To .0,
B T 154 20
Spare bt T KLC.O.

FIGURE 4-1 ONE LINE DIAGRAM
. Comment

1. A demand factor of 80% was applied considering that
not all receptacles and outlets are being. used simulta-

neously (sce Table 4-6).

2. These type of loads are clasmﬁed as non-continuous
- load. From Table 4-2, the 5.5 mm’ or No.10 AWG cop-
permrcccmductorhas 30 amperes ampacity which is
 bigger than 22.8 amperes as computed. Howevcr, we do
not specify the use of No.10 AWG wire because the
Code limits the use of 8.6 mnt’ or No. 8 AWG, conduc-
tor as minimum size for Service Enirance. -
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ELECTRICAL CIRCUIT IN BUILDING

3. The Nauonal Blecmcal Code on Scrvme Entrance pro-
vides that; .

“Service entrance shall have sufficient ampacity o
carry the building load. They shall have adequate me-

chanical strength and shall not be smaller than 8.0

mni’ or 3.2 mm diameter except for installation to sup-
ply limited load of a single branch circuit such as smail
poly-phase power, controlled water heaters and the like

and they shall not be smaller than 3.5 mm’ or 2.0 mm

dfmm:er copper or equwafem.

The Main Discnmiecti'ng Means or Safefy Switch
Find the total computed load.
"Circuit—1...... 3.48 amperes

~ Circuit-2... ... 9.39 amperes

Circuit - 3...... 15.65 amperes
Total.....,. 28.52 amperes

2-2mm® TW

220 v. — [—ovott ey TO lightt
A Joco.
ey 10 G0,
. Safety Switch
FIGURE 4. 17 SCHEMATIC R!SER DIAGRAM
108
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ELECTRICAL LAYOUT AND ESTIMATE

2. Use 2 pieces 30 mnperes fuse parallel comnection 60 °
' amperes 2 pole single throw (PST) 250 volts safety

3. Provide 2~double branch circuit cut out with two 15 and
- 2-20 amperes fuse respectively.

Multi-ground System and Line to Line Service

~ The protection of branch circuit is tapped to the hot line or
live wire, Thc'groundedlhebeingncu&alzerovolmge,isnot
protected with fuse. This is one advantage of the Multi-ground
System being adopted by the electric cooperative implemented
by the Rural Electrification program of the government. The
branch circuit and cutout could be doubled because the en-
gaged voltage in the line is only 230 volts while the other is
' zero voltage being grounded (see figure 4-17). -
_ Other electric service system on the other hand, are classi-
fied as Line to Line Service wherein the engaged voltage is
. 1157230 volts which requires fuse protection for both lines.

Schedule of o Type of Service
o : 230 volt, 2- wires 80 Hz. - -

‘oM. Load Mool Ampem No.of Protection ‘wife  Condult
MNo. Oulleis Volls Watts perckt. Pole inamp. size 0 mm
1  Lghtload 8 230 800 348 2P 15 -1-20mm° t3mm
2 Smallapp. 6 230 2160 838 2P 20 235mm’ 13mm
3 Otherload 2 230 3600 1566 2P 20 2:3Smm’ 13mm
4 Spwe | - zao 2P-_ 3

Ii =28, 62 amp x B0% Demand factor -228&mp

. Usa 2 pleces 8.0 mm* TW Cu. Wim@ZDmm condullpipe
RSC- Rigid Solid Conduit
'IMT - Intermediate Metal Tube
PvecCP - Pve Condult pipe

RSC = Rigid Soiid Condult
IMT = Intermediate Metal Tube

10 E .
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 ELECTRICAL CIRCUIT IN BUILDING

THW Thermoplastlc moisture and heat reslstance @ 45
amperes up.

TW Thermoplastlc moisture resistanoe @ 40 amp below

Materials R | Quantity .
Safety Switch, 30 amp, 2 DPST, 250 volts ' 1pes.
Fuse cutout, two branches 1unit
30 amperes fuse '- _ .2 pes.

20 amperes fuse s 8 Y o oa 2 pes.

1 amperes fuse ] 2pes
8.0 mm’ TWcopperwlre : - " 50 mts.
3.5 mm® TWcoppermre . 1 . lroll
2.0 mm* TW copper wire : ' % roll
13nnnd1mneteerccondmtp1pe ' - 18 pes. -
20 mam dlamcter condutt pipe Pve. -~ . = 5 pes.
One gang switch with plate ' 4 pes,

. Two gang switch plate - : ' _ 2 pcs.
Two gang convenience outlet (small apphance). - Bpecs.
Cooking unit outlet = _ _ - 2 pes.
Junction box with screw: : 7 pes.
Receptacle with screw . .- .8 pes.

- Lhality box L : "1 14 pes.

. Incandescent lamp S 4 pes
Fluorescent lamp ' : 4 pcs.
Meter base (to be provided by the owner) L 1pe
Electrical tape (big) .. 2 pes.

Note: The quantity of materials is subject to change de-
pending upon the area and the choice of the designing engi-
neers. For open wiring installation, conduit pxpc can be qhange
to spht lmobs or PDX w1rcs

- . 11t
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' ELECTRICAL LAYOUT AND ESTIMATE

ILLUSTRATION 4-2

SINGLE FAMILY DWELLING
Type of Service -115/ 230 volts '
Single Phase — 3 wire 60 Hz.
'Line to Line Service -

- as0 | - spo0 4.00

Thcre are 19 hght outlets divided into two circuits,
- Circnit 1; = 10 outlets .
~ Circuit 2; = 9 outlets '

'FIGURE 4-18 LIGHTING LAYOUT

112 R o
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ELECTRICAL CIRCUIT IN BUILDING
SOLUTION

_ Exanunmgthehgl1hngplanoangure4-18 thmearel9"
lighting out]ets Spllt the 19 outlets into two circuits A and B. -

. Al Clrcult 1 nghtmg Load (10 light outlets)

1. The Phl]lppme Electrical Code provides that 100 watts
be the maximum load per light outlet. Thus, for 10 light
outiets at 100 waltts, mu}uply

' 100uﬂets xlOOwa:tts "IOOOW:!l:ts
2. Compute the Current Load.

l,Oﬁt}m = 435 amper&s
- 230 volts '

3. Find the Stze of Branch Circuit Wire. Refet to Table
4-2, F01'435 amperes useZOmm 'I'Wcoppermre

4, i e Rt of Overcairrest PRAeclan; Refer to Ta-
ble 4-1. For 4.35 amperes, use 15 amperes trip breaker, -

5. Determine _the Si_ze_of Cdnduit Pipe. Refex to Table 2-9.
For No.14 TW copper wire, use 13 mm condust pipe.

B. Circuit - 2’ Lighting Load ( 9 light outlets )
L., “For 0 Tight oullets; find tié Total Toed in-watks.
_ 9 outlets x-lOO.watt's pei’ outlet = 900 waits

Divide: 900 watts = 3.91 amperes
. 230volts -

2. Determine the Size of the Branch Circuit Wire. Referto
Table 2-5 or 4-2. For the 3.91 amperes load, use 2.0
mm’ or No. 14 TW copper wire.

o R o 13
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ELECTRICAL LAYOUT AND ESTIMATE
3. Determine the Size of the Conduit Pipe. Refer to Table
2-9. For 2 plecesNo 14 'IWcoppcrwlre usethc 13 mm
m:mmum size of conduit pipe.
4. ‘Determine thc Size or Rating of the Overcufrmt Pro-

tection, Refer to Table 41, For the 3.91 amperes load,
use 15 amperes fuse or trip breaker. -

- C. Circuit - 3 For Small Appliance Load

_* Section 3.3.1.2 of the Phlllppme Electrical Code specify
- 180 watts load Imut per convenience outlet. Thus:

' 1 Find the number of apphance outlet and the;cunmrt load.
 6.outlets x 2gangperouﬂa x 180watts
12‘& 130 = 2 160 watts

Divide: 2 160 watts -
' 230 volis

= 939 amperes

g, Determme the Size af the Service Wire Conductor. Re-
. fer to Table 2-5 or 42, For the 9.39 amperes load, spec-
ify the minimum wire gauge for convenience ouﬂet

2 pleces 3.5 mm’ or N6, 12 TWcopperWHe
_ B, 'Detemunc the Stze of the Condrm‘ P:pe Refer to Table :

2-9. For 2 pieces No. 12TWcoppermre Usc13mm
d:ametcrcondmtplpe

4. Solve for the Size or Ratmg of the Over Currenr Protec-
- tion. Refer to Table 4-1. For 9.39 amperes onNo 12 TW

copper wire speclfy
20 ampcms fuse or tnp breakcr
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ELECTRICAL CIRCUIT IN BUILDING _

3.50

8,00

4.00

: ~Taey
BR

500

FIGURE 4-19 16 CONVENIENCE GUTLET LAYOUT

C# Circtﬁf-3 =6 convemence outlet

* Circuit-4 = 6 convenience outlets

* Circuit-5 = 1- Range load
* Circuit-6 = 1- Water heater - -
* Circuit-7 = 1= Aircon Unit
* Circuit-§ = 1- Aircon' Unit

" D. Cireuit—4 for Small Appliance Load

4.00
1,30
" BR - 400
8 acu g
350 4.00

i Theloadofclrcuit4lsldenttcalmthmrcmt3 Usethe '

same stze of wire, conduit, and wire. protecl:lon rzrl:mg

_E Circmt 5 for Range Load

Ra:nge load (apphance ratmg) at 8 Okw. = 8,000 watts. _

_ | WWW.TechnicaIBooksPDF.com

115



116

' ELECTRICAL LAYOUT AND ESTIMATE

Solve for the Line Current.
8.000 watts = 34.78 amperes
230 volts '

 Refer to Table 4-6, apply 80% demand load factor.

3478 x 80df = 27.82 amperes
Determine the Size of the Branch Circuit Wire. Refer to

~ Table 2-5 or 4-2. For the 27.82 amperes, useBOmm or
No SOT'Wooppeane

Determine the Size of Conduit Pﬁoe Refer to Table 2-9,

for 2 pieces No. 8 wire use 20 mm diameter pipe.

Find the Size or Rating of the Fuse or Trip Breaker.

. Refer to Table 4-1. For appliance load, use 40 amperes
~ fuse or trp breaker. -

. F, Circuit — 6 For Water Heater Load

One unit water heater at 2.5 kw. =2,500 watts

A Thecurrentloa_dwi!ibe;
2.500 watts = 10.86'amperes
230 volts

Solve for the Size of Branch Circuit Wire. Refer to .
Table 2-5 or 4-2. For the 10.86 amperes convenience -

ocutlet use 2 pes. 35mm or No. IZTWooppa'm
- Determine the Size of the Conduit Pipe. ‘Refer fo Ta-

" ble 2-9. For 2- No. 12,wire, use'13 mum conduit pipe.

: .Fmd the Size or Rating of the Ovem;rrmt Protection.

" ‘Refer to Table 4-1. For the 10.86 amperes load, use 20

. amperes fuse or trip breaker.
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ELECTRICAL CIRCUIT IN BUILDING

~G. Circuit 7 and 8 with 1-Unit Air Conditioner each
o One unit air condtioner at 1.5 horse power is:

15hp x 746watts = 1,119 watts

Artlcle 6.7 of the Philippine Electncal Code (PEC) prowdes
that: “Branch circuit conductor supplying a motor shall have
an ampacity ot less than 125% of the full load current.”

CurrentLoad 1,.11-9% itts = 4.86 amperes
230 volts - .

486 x 125% = 6.07 amperes

Fine the Size of the Branch Circuit service wire. Refer
to Table 4-2. The 6.7 amperes can be served by a 3.0
No.14 TW copper wire, but the Code limits the size of
convenience outlet to No. 12 AWG copper wire. Spec-
ify No. 12 THW copper wire for circuit 7 and circuit 8

‘Find the Size of the Conduit Pipe. Refer to Table 2-9.
For two No.12 wire, use 13 mm conduit pipe. '

* Find the Size and Rating of the Branch Grcmt Protec-

tion, TheCodeonbranchmrcmtprotecnonforasmgle
motor provides that: “I¢ shall be increased by 250% of

' rhe Jull load current of the motor.” Thus

436x 250% = 12.15 amperes FromTab1e4 1 for
a continyous load use 2- 30 amperes trip breaker

Calculating the _Am_paci'ty.of the Service Entrance
Conductor and the Main Disc’onnecting Means

L Fmdthctota.lcurrentloadofcncmt ltoCucmtS

Lighting Load Ct.-1 and Ct-2 1,900 watts
Small appliance load Ct.-3 and Ct.-4 4,320 watts -
Other loads Ct.-5 and Ct.-6 10,500 watts
Total load (except the Aircon unit) 16,720 watts
"t
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ELECTRICAL LAYOUT AND ESTIMATE

From Table 4-4, Optional Calculation for Dwellmg
Unit, apply dcmand factor (dt) :
For the first 10,000 w. at 100% (df) N 10,000 watts

Subiract 16,720 - 10,000 = 6720watts

 For other load, muitiply by 40% (SecTable 4-4) -

: 6,720 X 40%.......cooviviiieviiinnnin... 2,688 watts
| AircohUnitaloO%dmmhdfmor(df)
2-units at 1,119 Watts..................... 2.238 wats

" Total Connected Load plus 25% of the Largest Motor

1.

Amperes I = 14926 w + (25%of 1119 w)
o ' 230 volts

I = 6337ampercs

Fmd the Size of Main Feeda and the Neutral Line.
From Table 4-2, use 2 -38 mm’ TW copper wire.

_TheNeuhnl conduclmofaerehnctohncsupply
system shall have an ampacity of not less than 70% of
the ungrounded (live wire) conductor or Two Trade size
‘smaller than the ungrounded conductor. (PEC Speci-

| ﬁcaaons) Themfore_qscl 22mm 'I'Wcoppermrefor

Comment

theNelrI:ra.llme

Determine the. Slzc afthz Condmrﬁpe szer to Table
2-9, nsc32mdtanwterp1pe

For Main Breaker, refer to Table 4-1. Use 2 -100 amp.
2-wires 250 votts 2-pole molded air arcuu' breaker

’Ihetotal computed load is 63.37 amperes From Table 4-2

* 115'
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EIECT‘RICAL CIRCUIT IN BHIL!)ING

the 30 mm’ copper wire could be used considering its. 90 am-
peres ampacity. However, thc National Eiecrncaf Code (NEC)
provides that: - '

“If the computed load aceeds 10, 000 watts, the conduc-
_tor and overcurrent pra:ectwn shall be rated not less than
100 amperes™. :

Thcrefore use 2_33 > TW wire for t.he Main Feeder
andz- s for ma.mb

L.OAD SCHEDULE TYPE OF SERVICE' 230 v. 3 WIRES 60 Hz. SINGLE PHASE
" Ckt Description No. Volts Watts Amp Protection Size of copper Conduit

No. Outlet Ckt  perCkt. Wires  diameter
1 Light load 10 230 1000 4.35 - 15AT  2-20mm® 13mm
2 Light load 9 230 800 391 1S5AT 220 mm’ 13 mm
3 SmallApp. - 6 230 2160 939 20AT  235mm’ 13mm
4 SmallApp. 6 230 2160 8.39 20AT .2—3.':h'r1mt 13 mm
5 Range-Bkw. 1 230 8000 3478 6OAT . 2—80mm 20 mm
‘6 25kwheater 1 230 2500 1086 20AT 235mm’ - 13mm _
7 Aircon607a. 1 230 1119 488 30AT - 235mm’. 13mm
8 AlrconB.07a-1 230 1119 486 30AT 235mm’. 13mm
8 Spare B, GRS e - - - e

. 1t=863.37 Amperes. Usa2-35mm=TWcoppumand1-8mm’TWcopperwrafar
umandNeMFeedarmectveiy meioomspmezpole 3 wire, 250 volts
breaker _

Service Entrance ; 115/230 v. 3-Wire 1qu'r_ 3 30AT
- Main Feeder ~ 30AT 20 AT
| 23mm2TWoopperwie (1) N ——(3)
- -2mm2 TWoopper wire 60AT 20 AT
ori 32 mm dia, condult pipe @ B g, T T g %
' © 20AT ‘20AT -
Bt
. 15AT 15AT -
. I . @ ] /‘\\‘:. i f‘\\-.
Ground Bus l__ '
J : rou\Groqu‘\d- L

FIGURE 4-20 ONE LINE DIAGRAM
U 119
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. ELECTRICAL LAYOUT- AND ESTIMATE

. 22 mm2 TWcopperwu

. 1-3amm21'Woopperwire-— --1 38rnm2TWcopperwlre
qkl( Ne., Py - | Chkt. No.
e g . 9-Sp_aml
o
7 - Aircon » £ : ’

_ ‘:l: & - Adrcon
5-Range P g, 6 - Water Heater
3-co goms. o 4 - Conv. Outiet

£ T :
1- Light % s 2 - Light Outlet
. 115230v, 3wireservice A N B

FIGURE 4-21 SCHEMATIC RISER DIAGRAM

ILLUSTRATION 4-3

 SMALL FAM]LY DWELLING
'I‘ype of Service ~ 230 volts; Two Wire
Line to Ground System

A smgle famﬂy dwellmg with a ﬂoor area of 80 square
meters has the fol_lowmg receptacles and outlets load:
Lighting : - o '

7 pes. — 40 watts fluorescent lamp
2 pes. — 20 watts Incandescent lamp

Convenience Outlet: _ o g "
1 Electric iron,. l,OOO;watts '
1° Electric stove wven 1,100 watts
' 2-_Elecmcfan................‘.. - 500 watts
1- 7 cu, fi. Refrigerator......... 175 watts . -
1- Portable stereo............... 106G watts
1- 20" TVset.........c..... e 300 watts
120
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ELECTRICAL LAYOUT AND ESTIMATE - -
SOLUTION '
A. Circuit 1 - Lighting Load b]lr the Area M.ethod" '
1. Determine the wattage required per square meter area. -
From Table 4-3, the wattage required per square meter -
- for dwelling unit is 24 watts. Multiply:
80 sq. m. x 24 watts
= 1,920 watts -

2. Determine the current load. Divide:

1,920 watts = 8.35 amperes
230 volts @

3. Compute for the actual lighting load. Multiply:

7 - Flourescent lamp x 40 watts = 280 watts

2 - Incandescent bulb x 60 watts = 120 watts
& - Total.................. 400 watts

4. Solve for the actual current load. Divide:

400 watts = 1.74 amperes
230 volts '

5. Determine the Size of the Branch Circuit Wire. From

" Table 2-5 or 4-2, the 1.74 amperes is very small load to
becamedbyZOmm or No. 14 TW copper wiré, There-
fore, the No. 14 wire is safe. '

6. Determine the Sizerqf thé_C'qnduﬂ Pipe. Refer to Table
2-9, for 2 -No.14 wire use 13 mm'condui't pipe.

7. Deterrmnc tha S:ze or Raring of the Branch Circuit |
Protection. Refer to Table 4-1. For 2.0 m m® No.14 cop-
per wire conductor, use 15 amperes fuse or trip breaker.

, o . 121 -
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_TABLE 4-4 OPTIONAL CALCULATION FOR DWELLING UNIT

Load (KW orKva )« . ; ' ‘Demand Factor

Air conditioning and cooling including ..., - 100%
heat pump compressors

Central electric space heating.......... e . 65 %

Less than four separately controlled _........ ‘65 % "
electric space heating units ; '

First 10 Kw of all otherfoad ............. ] % 100 %

Remainder of other load ................ i E 40%

TABLE 4-5 OPTIONAL CALCULATION-DEMAND FACTOR FOR
THREE OR MORE MULTI-FAMILY DWELLING UNITS

Number of Dweliing Units ~ " '‘Demand Factor Percent
3-5 - 45% -
6-7 ) 44 %
8-10 : 43 %

11 - « . 42%
12-13 - 41 %
14 - 15 o L . 40 %

" 1617 ¢ ' g . 30 %
18-20 ) 38 %

21 ) 37%"
22-23 . W & : 36 %
24-26 z CO3E%
26-27 34 %

:28-30 ' 33%.

3 - 32 %
32-33 : R 31 %
34-36 . 30 %
37-38 - - 20 %
35-42 ; : , 28% »
43 -45 ; 27 %
48— 50 i . 28B%
51-55 - ' 25 %
56 — 81 . &0 24 %

62 and over = ; 23 %
122 . '
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ELECTRICAL CIRCUIT IN BUILDING

B. Circnit ~2 For Small Appliance Load .

1.

_Solve for the total apphance current load

LoadCurrent = 1000+ 1, 100 + 500 +175 + 300 + 100
- 230 volts e

= 3,175 watts
230 volts

= 13.81 amperes

Determine the Size of the Branch Circuit Wire conduc-
tor. Refer to Table 4-2. For a convenience outlet load of -
13.81 amperes specify 3.5 mm’ or No.12 TW copper
‘wire, the minimum size required for convenience outlet,

Find the Size of the Conduit Pipe. Refer to Tabie 2-9
 for 2 pieces No.12 TW. wire, use 13 mm pipe. '

Find ‘the Size o Rating of the Protective Device. See
- Table 4-1, for 13.81 amperes, use1-20 amperes fuse.

Com ment

It is interesting to note that only one 20 ampere fuse pro- -

tection was used because the current is a Line to Ground or
‘Multi-ground . System where one line 1s zero voltage being
grounded. Unlike the Line to Line System of current supply, it
is necessary to pmv:de 2 fuses to protect the two line branch
circuit. :

we I

'_Find_i_ng the Size of the Sewicg Entrance or Feeder

Get the sum totalof connected loéd. Add: |

Lighting load. .. ..........1,920 watts
Small Apphancc load .3,175 watts

. Total........ SR 5 095 watts

: . . 123
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ELECTRICAL LAYOUT_AN]) ESTIMATE

2. Solve for the total connected load r.mrrem: D1v1de

5.095 watts = 22.15 amperes
230 voltsl
"3, Find the Size of Sorﬁzce Eﬁfrance Refer to Table 42 0r
For 22.15 amperes, use No.8 TW copper wire, the mini-
mum size for service entrance.

4. Find the sze of the Conduit Pipe. Refer to Table 2-8 for-
" No.8 TW wire, Use 20 mm diameter conduit plpe

5. For Main Protection, use 1- safety sw1tch 24 pole 2~
. Wires; 250 volts. ;

e o I'L.-—--» Light autlet
: % : 15A :
, 4N I Safety Switch -
" Bervice Enfrance I [15A L
o g RS 100

FIGURE 4-21 ONE LINE DIAGRAM

15 15 |, F¥] Splicd
Amp. Amp. 11
} 2:2.0 mmd TW
[ . Light Outist |
R -+ g ;
T Ci:lrl'v.'Oullet_
©2-3.5 min® TW wite

around

FIGURE 4-73 SCHEMATIC RISER DIAGRAM
% : .
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* ELECTRICAL CIRCUIT IN BUILDING

Under the preceding set-up, one safety switch could supply

both lighting and convenience outlet at different branch circuit”
. without the use of fuse cutout. This is onily applicable to the

. line to ground or muk:—ground supp{y system bemg used by-

' the electric cooperative.

ILLUS'[_'RATION_4_-4

" MULTI- FAMILY DWELLINGS
4 - DOOR APARTMENT
- * Type of Service — 230 Volts-
* 2-wire, Line to Ground System

- * Floor Area per unit = 80 square meters
* Total Floor Area =320 square meters

 Determine the branch cn'cmt protcctlon size of conductor :

wires and the mam fwder

up

© 3rd Unit.

4th Unk

FLOORPLAN

. FIGURE 4-24 LIGHTING AND CONVENIENCE OUTLET LAYOUT

: Wwv.v.Techni'caIBookSPDF..com
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ELECTRICAL LAYOUT AND ESTIMATE
- SOLUTION

- Assume that the dwellmg unit is equipped with one
5.1 kw cooking unit; one unit laundry‘ circuit at 1.5 kw (see
apphance ratmgs)

N .A Cnrcmt 1 For nghtmg Load per Umt (see plan)

" By thc Area Method, refer to Table 4- 3 General L:ght—
. ing Load by Occupancy for Dwellmg Units. .

80sq. m x 24 watts per square meter
- =1,920 watis |
2. Compute for the lighting load. Divide:

1,920 watts = 835 amperes
+ 230 volts -

3. - Determine the Size of. the Branch Circuit conductor
- wire. Refer to Table 2-5.or 4-2. For 8.35 amperes load,
use 2 pieces 2.0 mm’ or No. 14 AWG, TW copper wire.
4. Dctermine the Size of the Conduit Pipe (if required).
Refer to Table 2-9. For number 14 AWG, TW mrc use
* 13 mm the minimum size of conduit plpe

5. Determine the Size or Rating of the Branch Circuit.

- Protection, Refer agam to Table 4-1, for. 8,35 amperes

" load on a 2.0 mm’ wire conductor size, use 15 amperes
fuse'or trip breaker :

| B Circuit -2 For Convemence Outlet Load (see plan) 3

. L Solve for the taml current load. Mulnply
8 receptacles % 2 gang per outlct X _180 watts.
= 2 880 watts -

126 N |
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ELECTRICAL CIRCUIT IN BUILDING
Z, Solve for the é;;pliance' current foazl/. Divide:

] = 2.880 watts
230 volts

= 12.52 amperes

3. Determine the Size of the Branch Circuit conductor.
- Refer to Table 2-5 or 4-2. For a 12.52 amperes load, a
2.0 mm’® or No. 14 AWG, TW, copper wire would be
~ sufficient considering its 15 amperes. ampacity that is.

" bigger than 12.52 amperes as computed.

4. But the National Eiectncai Code limits the sme of

. convenience outlet’ wire to a minimum of 3.5 mm’ or

' No.12 AWG copper wire. The Code must prevail, Use
No 12 TW wire mt.herthanthe No.14 as computed.

5. Determins the Skze of the Condult Pipe. Refer 1o Table
2-9, for two No.12 TW wire, use 13 mm diameter pipe.

6. Find the Size of the Branch Circuit Fuse Protection.
Refer to Table 4-1. For 12.52 amperes non continuous
_ loatim oonvemence ouﬂet, use 20 amperes trip breaker. -

C Circuit — 3 Other Load

Laundrycn‘cmtat lSOﬁwanSperc:mnt(PECpmv:
51011)

1,500 watIs = 6.52 ampercs
230 volts '

2. Find the Size of the Branch Cs'rc_uit Conductor; From
Table 4-2, use 2 piece., 3.5 mm’ or No.12 TW copper
wire, rhe minimum size for convemence outler

3. Find the Size of the Conduit Pl‘pé if reqmmd From Ta-
ble 2-9, use 13 mm dlameter pipe. -+ - i

WWW.Technic'aIBooksPDF.com -12?
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ELECTRICAL LAYOUT AND ESTIMATE

Find the Size of the Branch Circuit Fuse Protection.
From Table 4-1, the 6.52 amperes load on convenience
outlet requires 20 amperes fuse or trip breaker.

D. Circuit—4 For Cooking Unit

1.
X 2._'

TotalloadisSlkw = 5,100 watts

Refer to Tablc 4-,6 Demand Load for Household, For .
electric range, apply 80% demand factor.

Tatal load x demand factor (df)

" 5,100 watts x .80 = 4,080 watts.

Compute for the line current load. Divide:

4,080 watts = 17.74 amperes
230 volts '

Find the Size of the Branch Circuit Wire. Refer to Table

4-2, forthsl?’Mamperelmecunent, use 5.5 mm’ or

No.10 TW copper wire, -

i Dete:mnwﬁw&zeofConduitPlpa FmTable2~9 for-
+ No.10 TW wire, Use 20 mm diameter pipe.

Fmd the Size of the Branch Circuit Fuse Protection.
Refer to Table 4-1, for 17.74 amperes currcntload,usa

v 30anq:crcsﬁlseormpbreakar

E. Determine the Sub-Feeder per Dwdlmg

1.

128

Solveforthetmalcmuwctedhadperdweﬂmg

Lighting load ,. _l,920watts
Convenience outlct loa.d ......... 2,880 watts
-Otherload 5.1 kw+ 1.5kw ..... 6,600 watts
' Total...............oeivne. 11,400 watts
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' ELECTRICAL CIRCUIT IN BUILDING

_Appljr 80%-Dmnand Fadtor (see Table 4-6).

Total Line Current = 11,400 watts x 80%df,

230
= 39.65 amperes .

Determine the Size of the Sub-Feeder and Protection

. per dwellm% for 39.65 amperes. From Table 2-5 or 4-2,
- use 8.0 mm orNoSTHWcooperwm _

Find the Size of Conduit Pipe. From Table 2-0, for 8.0
mm’ or No.8 wire, specify 25 mm diameter pipe. -

"Determine the Size or Rating of the Fuse Protection.

From Table 4-1, use 60 amperes molded circuit breaker
2-wire 250 volts w1th solid bus

F Determme the Slze.of the Main Feeder

_1.

Solve for thc Total Connected Laad on 4 dwellmg units
at 11,400 waits each. Multiply:

11,400 x 4= 45 600 watts

_Referito Table 4-5, For 4 dwellmg umts apply 45% de-

mand factor. Multiply:

45,600 x 45 = 20,520 watls

: 'S.olve for the line current (amperes)

I = 20520 watis .
' 230 volts

= 8922 ampores
Determine the Size af the Conductar Wire. Rcfer to Ta-

‘ble 4-2. For 89. 22 amperes, use 2 - 50 mm® TW copper
wire or 2 - 38_ mm® THW copper wire.

| - S 12
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ELECTRICAL LAYOUT AND ESTIMATE - -
Comment:

It will be noted in Table 4-2 that the 89.22 amperes as
computed does not exceed 80% of the 120 allowable ampaclty
of 50 mm’ TW copper wire or 125 ampacity of 38 mm’ THW
copper wire. Therefore, any one of these two types of wire
could be used for main feeder (Sec Art. 6.7 PEC).-

5. Find the Size of Conduit Pipe, Refer 1o Table 29 Usc
’ 38 mm diamefer RSC or IMT pipe. :

6. Find the Slze or Rating of the over-current Protection. -
- Refer to Table 4-1. Use 125 amperes safety switch, 250"

volts 2 pole
“{eoaT .aar
30.AT [ 20 AT | 2-35mm2 TW
2047 | 1547 e
_ . _ 3 220 mm2 TW
Service Entrance : . |Srou :
2-50 mm2 TW Copper Wire
120 Amp. DPST | Typlcal Layout -
250 v. 2-Pole ' Door -2
Safety Switch S
Gutter - : 3 = -
. 8ub Foedt;r ' :
: 2- 8.0 mm* 2
TW copper wire: C@ ® M ©} Typical Layout
; 4 Door-3
% " . : 4
- Typical Layout
Door - 4
T B
" FIGURE 4-25 ONE LINE DIAGRAM
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ELECTRICAL CIRCUIT IN BUILDING

LQAD SCHEDULE TYPE OF SERVICE; 230 v, 3 WIRES 60 Hz. SINGLE PHASE

Ckt Descripion No. Volis Watls Amp Branch Sizeufcopper Conduit
No. * -Outlet _ p-ohchon Wires &nmr

Lightload 12 230 1,920 835 15AT 220mm’ 13n

Small App. 8 230 2,880 1252 20AT .235mm° I1ImM’ .
Laundry ioad * 230 1,500 852 .20AT - 2.3.5mm’ 13m;
Cookingload * 230 5100 17.74 30AT 2-55mm’ mm;u
Spare - e e - - - -

0w N -

5 g

TOTAL - : 4958 AT - Ampere Trip
: RSC - Rigid Solid Condult .

Current load per Dwelling = 11.400 watts = 49.56 amperes
: 230 volts. - :

*Current Load per Dwelling: | = 49.56 x 80% d.f. =39.65 amp.

Thefefore: B Use 8.0 mm?® copper W|re. on & 20 mm RSC.
' 60 amp. molded circuit breaker 2 wire 250 volts

with 5§ branch clrcuit
' For Main Feeder:  Total load X 45% = 45,600 watts x 45

Voltage - 230v.
Totalload = 89.22 |

Therefore: Use 2 — 38 mm?_ TW copper wire or
; 2-30mm® THW copper wire

Straight Pull

.25 mm dismeter
Vi

' FIGURE 4-28 STRAIGHT PULL

B 131
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 ELECTRICAL LAYOUT AND ESTIMATE

In straight pulls, the length of the box should not be less
. than eight times the trade diameter of the largest conduit.

" L= 40mmx 8 =320 mm. H = whatever height neces-
sary to provide proper installation of the conduit lock nuts and
bushing within the enclosure. .

The depth of the box should be. suﬁ‘icnem enough to pemnt
installation of the largest Jock mut and bushing of the conduit
mcludmg the spacmg between the adjacent conduit entries.

Angle or U Pull Box

For boxes where the conductors are pulled at an angle or in
a “U” condition, the distance between each conduit entry in-
side the box, and the opposite wall of the box should not be
less than six times the trade diameter of the largest conduit |
~and the distance must be increased for additional conduit en-
tries by the amount of the sum of the diameter of all other
conduit entries on the same wall of the box. The distance be-
tween the conduit entries enclosing the same conductors
should not be less than six times the trade diameter of the
!argest raceway.

L1

FIGURE 4-27 U-PULL BOX

The 40 mm diameter conduits = is the largest, thus:

Li = €x40 mm + (25 mm +25mm)- 290 mm (min.).
L= 6x40mm+25mm.............. = 265 mm (min.)
D= 6x40MM.....cc.coimiinnnnnnn, = 240 mm (min.) -
D = Distance between raceway entries enctosmg the

same conductor,

132 - « & .
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ELECTRICAL CIRCUIT IN BUILDING

'OVER 175 KW RATING

TABLE 4-6 DEMAND L_(_)AD.FOR HOUSEHOLD APPLIANCES =

Maxium " Demand Factor
. Demand Percent
Number of Column A ColumnB - |  ColumnC _
Appliances | Not over 12kw | Lessthan3 1/2kw | 31/2kwio 83/ kw '
" | * Rating (low} - Rating % ‘Rating %
El 8 - 80" 80
2 - 11 ' 75 65
T 14 70 55
4 17 66 50
5 20 62 a5’
6 21 59 43
7 22 56 - 40
-8 .23 53 36
] 24 51 35
10 25 49 34
1 26 47 32
12 27 4B 32
13 ; 28 " 43 32
14 ¢ 2 41 32
15 30 40 32
1§ .31 | 28
17 32 38 28
.18 33 37 28
19 34 36 28
20 ; 35 35 28
21 ' 35 34 28
22 37 33 26
23 36 32 26
24 38 3 26
25 : 40 30 26
25-30 (15 kw +1 kw) 30 24
31-40 for each range 30 22
41-50 25 kw + 314 kw 30 20
51-60 for each range 30 18
61-over - | . 30 1%

Www.TechnicaIBooksPDF.com;
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ELECTRICAL LAYOUT AND ESTIMATE |

TABLE 47 TYPE OF LSL CONTACTORS AND THERMAL
'OVERLOAD RELAYS OF VARIOUS MOTOR

é,l |

www. TechnicalBooksPDF.com

Kolor oulput Motor . 5L Type harmal O relay (2] '
Approx. current  fontacior - Range Back-up  current 0 factor
KW HPICY - A Tpe ~ Twe ~  Type delayed % Cos.
- "For. % ph operation at_220 v, 5060 Fz. .
11 1.8 48 - LS6LY BT 40t 6 18 7 g8
15 20 64 L8aLil by 55t 8 AN T o8
22 30 B2 L8 &4t b7 B0to12 26 #7080
a0 a0 - 12 LS &Lt b7 0to12 25 78 0.80
40 55 16 L5844 b 37 110 lo 165 40 . 8D .80
55 75 21 L5186/ 18 b2 - 150123 50 8 080
i5 10 29 Lg2024 © b27 . 0 032 83 865 085
Ho 16 38 LS 321, 40 b &7 o048 100 B8 083
150 20 45 L3 44 b &7, 20t 63 125 20 0.84
185 25 63 - 1836/ Le4 h&7 42010 63 ' 125 805 084
20 - 3 Td LS 6oL B4 bao7 - 5008 160 81 . 084
30 40 2] LS a0 a4 b 207 800 to120 200 92 085
37 0. 126 Le 1004144 207 120 0480 - 300 825 088
45 B0 15 LS00l 144 . D207 . 120 w180 .. 300 825 088
55. b 180 L3 1004 144 b 207 . 120 to180 300 93 0.88
7 100 248 LE20WL 260  bd00 200 todi0 500 935 088
80 . 125 209  LSI/VOLAI0  bAOO 200 10400 6X B4 . 085
0 180 356 LS 3304 410 b 400 200 o400 630 94 088 -
132 180 428 Tosuit cage induction moforson C B85 086
180 220 - 514 AC 3 duty at 1800 min-1 8955 0486
L0 I 8B : ; 955 088
- LBL Type Thermal Ofl. Felay
Caniactor - Apbrox Batk up
" Fuse 1 . Range Fuse 1
KW AA i A s Delayed
For 3-ph Operation st 220 voits Hz.
24 - Lse BY i8 o 27 6
32 - LS AL b7 27 o 4.0 10
48 LSBL 11 b7¥ 40 o 6.0 18
6.3 CoLS8L 1Y b7 55 . o :34] 20
80 - LS &L 11 b7 55 “to 80 20 .
03 LS 6L 11 b7 80 t 120 25
14 L5 8k 14 bz 110 to 165 4
18 L8161 18 b 27 i50. to 230 50
: ar LS b7t 207 o 320 <
1 LS 328 40 - b &7 M0 o 460 © 100 -
49 L3336l 44 ‘b&? 20 o B30 - 135
&3 LS 364 44 b7 420 to 620 - A%
T LS 604 84 - b 207 550 to  BOO 160.
827 Las0Lad b 20¥ B0  to 1200 200
124 LS 1008 144 b 207 1200 fo.. 1800 - - 300
148 L8100 144 b 27 1208 o 1800 300
1w {51004 144 b 27 1200 fo 1800 - 00
22 L& 2004 260 b 400 2000 ‘to 4000 500
- 285 LS 3008 440 b #00 2000 o 400 . 630
an - L8 3300 410 " b-400 200 to 4000 630 -
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- ELECTRICAL CIRCUIT IN BU]LD]NG
ILLUSTRATION 4- 5

COMMERCIAL LOAD
- Type of Semce, 230 Volts ; 3-Phase

PROBLEM
' Determine the size of the main feeder of 2 25 h.p. 3-pahsé,
. 3-wire 230 volts with an eﬂiciency of 90.5% and 84% power
factor lagging to serve a rice mill with 12 ll.ghtmg outlets plus
" convenience outlet for appliances.

For 25 hp motor 3~phase, ~wire 230 volts 60 Hz. 1%
efficiency and 84% power factor, tefer to Table 4-7 Type of

'LSL. Contactors and Thermal Overload Relays of Vanous
Motors. : . . _

SOLUTION
A. Circuit—1 For Lighting Load |
1. For 12 light outlets at 100 watts per ontlet.
12 100 = 1,200 watts o
ﬁ, Computethe Lighting Current Load :

- 1,200 watts = 5.22 amperes
230 volts

3. Find the Size of Conductor Wire. Refer to Table 4-2, for
5.22 amperes load, use 2 pes. 2,0 mm’ TW copper wire,

" 4. Find the Size of Current Protection. Refer to Table 4-1,
, use 1~ 15 amperes trip brcaker for 5.22 ampcres load.

5. Find the Size of Conduit Pipe.. Rﬁfcr to Table 2 9, use.
- 13 mm diameter condult pipe.

- | s
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ELECTRICAL LAYOUT AND ESTIMATE
B. Circuit — 2 For Small Appliance Load

- - The Philippine Electrical Code (PEC) provides that “the

. Branch Circuit and receptacles for small appliance load shall
be rated at no Iess than 1,500 watts. However, if the number
of receptacles were indicated and speaﬁed in the plan, the
load is computed at 1 80 watts. per outlet.

En this example problem, therels no speclﬁcmnnber of
ouﬂetsgrvmhma,adoptthclmOwausasmndamdbyﬂac :
PhthppmeElecmca]Codc :

SOLUTION
1 Solvc for the Totaf Cumt Load

1,500 watts = 6.52 amperes -
1230 volts '

2. Refer to Table 2-5 or Table 4-2, meﬁszampermcould
be safely served by No.14 AWG_TWcmﬂuctormre,
but the Code limits the use of No.12 for convenience
outlet. Therefore, specify No. 12 AWG ™ coppcr wn'el
fm' C1rcurt—2 : '

"3 If condmt pipe is reqmwd refer to. Tabie 2-9 a.nd the
pipe d:amctcrfoerwcesNo 12 TW . wire is 13 mm.

-4, Detennme the Over-currmt Fhse P_rotedmn_. Refer to
Table 2-5 or 4-2. The 3.5 mm’ or No, 12 TW branch cir-
cuit wirera[uireszoampereﬁ:sepmtecﬁm. :

g o Sub-Feederfor Clrcmt land2 ' G

Emdthetotﬂlsumofcumloadof(lircmt 1 and2

1 200W + 1 SODW
- 230 vqlts

= 11.74 amperes
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 ELECTRICAL CIRCUIT IN BUILDING

2. Determine the Size of the Sub-Feeder Conductor Wire,
~ Refer to Tabie 4-2. For 11.74 amperes, use 8.0 mm’ or,
No. 8 AWG, TW copper wire, :

On Table 4-2, the 11.74 amperes iaad far C‘lrcmt I
and 2 could be safely carried by 2.0 mnt’ wire for hav-
-ing an allowable ampacity of 15. amperes, but the Code
limits the Feeder Size to 8.0 mnt* or No 8AWG coppa'- :
wire. The Code must prevad .specqj; 8 mnt coppa' wire
conductor for Sub-Feeder.

3. .FmdﬂmSlzeofConduuhpe Refer to Table 2-9, for 2--
- 8 mm” or 2- No. 8 AWG TW wire, specify 20 mm di-
- ameter pipe Rigid Sohd Conductor (RSC) -

. Wi e it o Rkl of e Ovircstirinit PHotGEHoN. .
- Refer to Table 4-1, for No.8 AWG wire, speclfy

60 amp. trip molded circuit breakcr
_ 2 pole, 250 volts with 3 branch circuit.

D. Cm:mt for Motor Load

Name plate of the motor

* 25hp, 220 volts, 3 phase; 3 wires
60 Hz. 0.84 power factor 90.5% efficiency. .

SOLUTION ta
1. sclvefonhe.curﬁe:ﬁ'load.
1 horsepower 746 watts

I = Loadlnhgx746w._ A
kxExPFxn

Wherck 1.0for2 mrcsmglchC Ty
' 1.73for3- ma-phaseACOr'/?
2.0 for 3 - wire single. 0 AC or DC -
30for4w1res 3 sAC

www.TechnicalBooksPDF.com o



: N Efﬁmency

ELECTRICAL LAYOUT AND ESTIMATE

B~ Voltage betweem the neutral and live wire or

between two live wire if no neutral line exist.
T~ Current in any live wire except Neutml line.
PF - Power Factor

2 Applymg the Formuln

IT=__ 25hpx 746wgtts
1.73 x 220 volts x 0.84 x 905%

e 6445 amperes - -

3 Determme the Motor Feeder The cutrent load of a mo- -

“tor. muftlphed by 125% (Code reqmrements)

64.45x1.25 = - 30.56 amperes

4." Find the Size aof the Conductor W're. Refer to Table 2-5

or 4-2, for 80.56 amperes, use any of the following:

3-38 mm THW or RHW copper wire .

" 3-50 mm TW copper wire

3-80 mm > TW aluminum or copper clad alum.

3-50 mm” THW or RHW aluminum of copper
clad alumlnum '

Thc allowable ampacmcs of ﬁlc above wires on Table 4-
2 was derated by 80% to carrythe 80 56 amperes current
load.

5. Solve for the Size of Condidit Pipe. R;efer-to Table 2-9,

useSOmd:mnefcrplpe YL o

6. Determine the Size orRatmg of rhe Over-currenr Pro-

138 -

tection. The Code provides “The maximum over current -
protection for a single motor or a combination of motors
should be, 250% of the ampacity of the. largést motor,

© plus the sum of the full load current of the other motors,

WWW.TechhicaIBooksPDF.'éom



ELECTRICAL CIRCUIT IN BULLDING
Therefore: _ _
64,45 amp. x 250% = 161.12 amperes minimum
7. Refer -to__Tabie 4-1. Use 150 amperes Juse or .tri[.i

. breaker, It is the nearest standard rating which does not
- exceed the 161.12 amperes current load as computed. -

E. Main Feeder
1. -Fmd the Total Camlected Current Load _
a. ForCmnlandZioad,....;,.... 11.74 amp.
b. Circuit for motor current load.... 64.45 amp.
" "Tota.lcurremload ’?-6-19amp

2. The 76.19 amperes plus 25% of the iargest molor as re-
quired by the Code we have:

7619+ 25 {64.45)

= 92.30 amperes
« fe, Twor ey - . -QODAmp.ISWitCh'
A-lab 80.56 Amp. * T T
‘B~ Ibc 2,30 Amp.
- 25 hp. Motor
C- 1ca 80.56 Amp. = B S
- Lighting and

- Appliance Load

FIGURE 428 . ‘
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ELEGTRI_CAL‘-LAYOUT AND ESTIMATE

Bymspectton A labSOSGamp
' : B - 1'bc 92.30 amp,
- €C+=1ca80.56 amp.

Th.esmglephaseB-Cconmqorsthatsupphesboththc_

- motor and the lighting load has an amperage capacity of 92.30
- amperes. Thcwuﬁselecwdlsadequateandsafatosewedm
motor and the lighting load. '

: Howeverfthephaseammtlbcwhchiseqmlw%w
‘amperes exceeds the ampacity. of the 38 mm’ TW which is
equa]stolZSxSO%-lOO’auqmes,(seeTahle4-2)thm,se—
iect the next higher trade size for phase 1 be.

. Selection of the thermal and magnetic overload relay for.

' various motor refer to Table 4-8 as specified by NEMA.

L. _l-a Y

150 Amp. Safety Switch
250 v. 3-wire, 3- phass

- 20w yand | | /A ~—i ——  1Ws control
agumeben o (12 A R0 e

15 AT
I et 20AT

. Ground ' o
O oy ool

= T Thmnal Overcad Protection.
NC - Normally Clossd Switeh
NO Nemally Open Switeh
M - Megretie Switch .

ER 4

FESURE 4-28 THREE LINE DIAGRAM )
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ELECTRICAL CIRCUIT IN BUILDING

SCHEDULE OF LOAD  TYPE OF SERVICE 3 PHASE, 3 WIRES, 60 Hz.
_ CK. Description | No. of Amp./ Size of
No. outlet |volte watts | ckt.- | Fuse | Wire Condult
1-Ughtload | 12 [230 [1200 | 622 | 15AT [ 2-2.0 mm’ 13 mm
2 - Convenlence ; : : :
outlet . - | 230 |1500 | 6.52 | 20AT | 2-35mm*13mm
3-25hpMotor | 1 . | 230 [18650 [64.46 | 150 AT | °3-38 mm’ 50 mm

L = 92.30 amp, use 3-38 mm? THW copper wires 150 amperes
. safety switch, 250 volt, 3_'-polessinglethrowan50mmoon;lui1pipe._

Materlals for Motor Installatlon

25 hp. ‘Induction motor 230 volts, 3-phasc 1,800 5
- rpm, 60 Hz. At 40° temperature rise.
Magnetic thermal overload control with contractors.
Semcc entrance cap 50 mm with locknut. -
_ 3Smm THW or RHW copper wire.
50 mm® diameter IMT or RSC conduit pipe.
Conduit clamp with screw, 50 mm conduit pipe.
TPST safetyswitc!hor circuit breaker 150 5250 volts.

Theqmmnﬁtyofmatmalsdepmdsnpcnthemandcimceoﬂhc
destgmngEngmeer : ; e '

%

:*-"P\!-":ﬁ-?’.?'-"

Cal

ILLUSTRATION 4-6 '

ahunl’

rln rrent

indin
tection for a Group of Motors

d

Four 3-phase motor 220 voits squirrel cage mductton mo-
- tor designied for 40° C temperature rise at 1,800 rpm. 60 Hz.

RATING * APPROX, FULL LOAD CURRENT .
20 hp - 45 amp. = -

15 hp © 39 amp.

10hp 29 amp.

7.5 hp 21 amp.

* For Approximate Full Load Current values, see Tabk: 4-7
Ove:rloa.d Relays of Various Momrs

www. TechnicalBooksPDF.com
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LECTRICAL LAYOUT AND ESTIMATE

i 2

RATING .
20 hp i i : 45 ‘amp.
15 hp _ . 38 amp..
" 10hp T =77, : 29 amp.
'?_'.5 hp i - 21 amp. .
% For Approximate Full Load Current values, sce Table 4-7
Overload Relays of Various Motors _
'SOLUTION

Determine the main feeder of the motors. Applyzs% of

. the biggest motor current load plus the sum of the other

(@5 x 1.25)+39+29+121
= 145.25 amperes

Refer to Table 2-5 or 4-2. For the 145.25 amperes cur-

rent load use any of the following conductor vmres

3- Sﬂmm ’!‘!—lWorRHWeoppcrwne
* 3-100 mm’ TW copper wire
3-125111:11 THWorRHWa]mmnumorcopperclad
- alummum
3 ISOmm 'I‘Wcladalummum

Determine the main Overcurrent Protection. The Na-

o tional Electrical Code provides that:

.« The protemon ratmg or setting of a motor shaH be
+ 250% percent (maximum) of the full load current of .

the biggest motor being scrvaiplusﬁiesumoftkeﬁ:ﬂ

load current af the other motars.

(s 125%) x (250% £394+29+ 21)

140.625 + 89 = 229, 625 amper&s (maxtmum)
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ELECTRICAL CIRCUIT IN BUILDING -

4. Refer to Table 4-8. Select a fuse or trip breaker that is
nearest to standardraungthatwdlnotexceed 22962

ampems Use 200 ampcrcs

. TABLE 4.9 SUMMARY OF BRANCH CIRCUIT REQUIREMENTS

 Circuit Rating | 15amp. | 20 amp. | 30amp. | 40 amp. | 50 amp
CONDUCTORS ' N
{Minimum size) . -
CircutWires* | 2(18). | 352 | 5526 |58(32 | 14
Taps 2(186) 218 {2018 | 352 3.5(2)
OVERCURRENT| ' i
-PROTECTION 15 amp 20 amp 30amp | 40amp |'S0amp
OUTLET DEVICE| : o
Receptacle Amp.| 15 15 o 20 a0 OS50 | 80
MAXIMUM LOAD! 15 amp 20amp 30amp | 40amp ‘[ S0amp

These Ampacities are for copper conductors where derating Is ot required.

FIBURE 4-30

2 wire Control if used
' 1 2
e - '
M:I }
CifcuitBraaker‘ :
Lyw— A /1
lp— —uo—]
: Magnetic OL
by ._: e /1
; Thetmal OL

WIRING DIAGRAM FOR ATYMCL COMB!NA’I’ION STARTER
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Transformer -
Star Delta

MainFeadsr o
SOmm TWoopperm

- Bus Bar

FIGURE 4-31 '
TYPGAL ONE LINE DIAGRAM OF A BROUP DF -
©  MOTORS AHD CONTROLS - w 8
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ELECTRICAL CIRCUIT IN BUILDING

FIGURE 432

" OTHER WIRING DIAGRAM FOR
. TYPICAL COMBINATION STARTER
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ELECTRICAL LAYOUT AND ESTIMATE

Electrical Symbols Conﬂgumﬂons and Figures
for Electrical Plans, Panels, Clrcults an Miscellaneons

Symbols

.3 -

QN ;N -
— _|||

_!||.

148

Deseription

‘Barbed wire fence

_ Board Fence

Electeified Fenice
Antenna

Lightriing arrester. Indicate typeand Ky rating

‘Cireuit breaker, indicate rating and setting

Fuse cutout, indicate rating.

Ground

Transfofmer. Indicate Kva. type, vol'tagc-& phase
Service entrance, Indicate number of conductors _

sme type and voltagc

- Bervice kilowatt-hour meter‘

Air circuit breaker. Indicate rating and setting.
il circuif breaker. Indicate rating and setting.
Current Transformer cabinet o |
Magnetic__Stafter

Starter, Delta Wye :

Push button switch. Start and stop

Push button switch. R&;’note control, start and stop.



ELECTRICAL CIRCUIT IN BUILDING -

' Gcnerator Indicate K\rn. phase, voltage and

power factor
wp.v Lighting panel. The numbm- mdlcates hghtmg |
- panel number
el ~ Controller |
g el ' '
2}_ Incandescent light outlet
E ek )
-@—E/};‘ Outlet for vapor discharge lamp
. ._Drop‘cord light outlet
| -@-3&'- Exit light outlet |
- m t Fluorcscent llght outlet
np «  Lamp outlet with pull switch
Rllswich
' - Outlet with blank P cover
(®  FanOutlet g
CH Clock outlet -
@ Duplex cénvenience uutlet

@ we Weatherproof convenience outlct
©r  Rengeoutiet, 3-wire

es _ Switch and convenience outlet -
@ ' Radio and convenience ouﬁ&

: Special purpbse outlet. Indlcatemns i
_©- in epecifications _

@ .F-._ '. Floof putlet '
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- Junction box with J or Pull Box with P

*p

o

U

avot |

_30

3PST -l
30  |F-zoa

LC-1

ea B

Riser-down
Riser-l_.lp

" Double throw safety switch. Indicate rating and
. humber of poles NF (None Fused) .

Safety stheh. Indicate ratmg, nutiber of poles

(F-210 20 ampere fuse)

Knife switch. Indicste rating number of poles

. Fused kmfe switch. Indieafe number of poles &

nghtmg and or applmnoe circuit. 'I'he number :

_ mdlcates exrcult number. -

Load center. (Number mdlcates load center number)

ﬁower panel. (Number ipdieates i:anel numbei-} '

Range. Indicate Kw. reting, phase and voltege

Heater. Indicate Kva, rating, phase and voltage '

Welder Indicates Kva, or Kw ratu‘.lg type phase
and voltage. '

. Ceiling fan

Wall fau _ :
Motor. Inchca:e HE, phase voltage and ampere rating
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CHAPTER

ELECTRICAL LIGHTIN G
| MATERIALS

5-1 lncandescent Lamp

lncandeaoemlamphasamdcvmetyofforms shapes and
sizes. Likewise, its base is also made of different types and
- various designs. Incandescent lamps are critically dependent
on the wattage supply that even for a small fluctuation of the -
current voltage, its life, output.andefﬁclmwylsmmﬂly :
aﬁ'octedFormstance

o B Bummga 120voltlampw:d: IISW&smmmply
will mean approximately:- _

15% less light of the lamp (lumens)

' 7% lower power consumption (watts)

8% lower efficacy (lumens per hour)
72% more life (burning hours)

2. Buming a 120voltlampmth 125voltsclmmtsupply '
mllmea.nappronmatc!y :

" 16% more light (lumens)
«_ - 6% more power consumption (watts)
8% higher efficacy (lumens per watt)
42% less life (hlu'mng hours) .

- lncandesowtlamp:svezymsﬁ:vctovoltagechange ‘and
voltagechangematenallya&ctsrtshfespan.manavcrage

- 10% lower voltage supply, its life span is increased by 25%

and reduces by 75% with 10% over voltage supply.
On the average, less than 10% of ﬂ:cwamgemuﬁlimdm
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. ELECTRICAL LAYOUT AND ESTIMATE

'pmducelmandmemstproducesheat In short, this typeof

lamp is opnsidered as a poor choice for energy conversation
because it produces poor and low. level of lighting. However,
mcandascatt lamp has also the following Advam;es

S0 DN D

Itlschzaper .

Instant start and rc-start

S:mplemcxpmswedmmg
Smtplcandwnpactmstaﬁahonreqmmgmaocessmcs
High power factor .
It can be focused oo
ltshfbmmdepmldeutofthenumberofstart

- It has good color.

g

Dlsndvantages of Incandescent Lamp

S S D e

Haslowcfﬁcacy
Has shorter life .

'Smsmveandmucaltovoltagechangesmﬂucmaunm

High maintenance cost

me‘eheaImproducedthanhgln
Due to ﬂspoormzrgychamctmsucs, incandescent lamp

shmldbehnnwdtothe fo]lowmgapphcanons

»wwr

150

[nfrequeutorshqrtdurat:onuse ;
Where low cost dimming is necessary.
In focusing fixtures - - _
thremnnmnmmma!caﬂxsmqmmd

i
Lead in wires —
© Exhvhust tube —

. FIGURE §+1 INCANDESCENT LAMP



ELECTRICAL LIGHTING MATERIALS

TABLE 8-1: EFFECTS OF OVERVOLTAGE AND UNDERVOLTAGE

CONDITION
LOAD. |  10% Undervottage 10% Overvoltage
incandescent Output reduced by 30% Life reduced by 67%
Fluorescent Output reduced, poor start Ballgst overheating -
Mercury lamp - | Low output, poor start Bakast overheating
MOTORS 20% Lower torque, hotter High starting current;
: : operation, reduce ffe, . excessive starting
overioading torque, higher nolse
HEATERS 20% reduction In output Cverheat, short life.
| TABLE 6.2 TYPICAL DATA OF INCANDESCENT LAMPS
© 4 Lamp Ave, Rated tnitial Lumens Slze of
Watts | Life (we) Lumens per watt base
) 1100 85 | 142  Med:
75 70 1180 16.7 Med,
wo | 780 1750 175 Med.
. 100 750 1710 17.4 " Med.
160 750 2760 18.4 Med,
2200 | 750 4000 20.4 Med.
10088 1000 1450 14.5 Med.
200 SBIF 1000 3300 16.5 . Med.
300 SBIF 1000 | 5250 175 Mog.

Side Prong  Madium Skirted  Mogul End Prong

-~ ‘FKGURE §-2 TYPES OF INCANDESCENT LAMP BASE
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MEDIUM MED, SIDE
'SATED 1) PADMG BASE

MOGLY, END
PRONG BASE

EXTENOED a0G.
END PRONG
AASE

PROJECTOR |  eams pAR—46 | Pan-s6 | Par—se
WATTS | 75 100 1 | 10 | 20 | 300 | 500

BEAM TYPE| &P FL sp FL | P |MED. FL|MED. FL

DIAMETER"} 4% 4% 4 | W | 56 7 8
MOL” | % | 5% fom o .. 5 &

SP = SPOTLIGHT Sourca: Architecturs! Lighting Graphics

FL = FLOODLIGHT

FKGURE §-3 REFLECTOR SPOT AND FLOOD LAMPS

200 00

Globe Pear Giabe Shape Elliptical Shape '

-Pear Shape

FIGURE 54 VARIOUS TYPES OF INCANDESCENT LAMP
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'ELECTRICAL LIGHTING MATERIALS

.. FlameShapa Arbitrary. . F'arabo!ic' Tubutsy
G Shaps designation ?

5-2 Fluorescent Lamp

. The Fluorescent Lamp was first introduced in 1937, It
was considered the best, and most widely used type of lamp.
Generally, it comes in varieties of sizes, wattages colors valt-
a,g&s and specific applications.

The Cathode ﬂuoresccnt lamp is the most common Type'

comprising of a cylindrical glass tube sealed at both ends, con-
taining a mixture of an inert gas generally argon, and low pres-
sure mercury: vapor. At each end, is a cathode that supplies- the
electrons to start and maintain the mercury arc or gaseous dis-
- charge. The short wave ultra-violet light produced by the mer-
cury arc is absorbed by the phosphors coating inside the tube-
and is re-radiated in the visible light range. The fluorescent
lamp is s6 called because its phosphors radiate llght when ex-
posed to ultra violet rays. .

Fluorescent lamp requires ba.llast in its circait. The ballast
is basically made of coil to kmit the current in the circuit in
which, if nqt controlled, will open the fuse or circuit breaker. -

Characterlstlcs of a Fluorescent Lamp

1. The ﬂuorescent lamp cﬁicacy 18 much hlgher than thc

. incandescent lamp. ; :

2. About 200% of its input energy becomes light, 80% js
-converted to heat mcludmg the ballast heat energy loss.
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ELECTRICAL LAYOUT AND ESTIMATE

. Efficiency - refers to the amount of energy converted to
wmblc light.

b

. Efficacy - is a measure of the lumens per watt produced
by thc lamp

Life Span of Fluorescent Lamp

Fluorescent lamp has longer 1ife span compared with the
incandescent lamp. Tts life span is materially affected by the
number of times the lamp is switched on and switched off.
Generally, switching wears out the lamp cathode and continu-
ous buming of fluorescent lamp twould last about 30,000
hours. With an average of 3 hours burning per start, fluores-
omtlampcou!dlastforabout 12 OGUhours only '

. Bass caﬂaode('runqammmnt) Glass tube  Heater leed

oT42 . g Tdz
Med.Bi-Fin - ‘SinglePin ~ Récessed

FIGURE 8-8 TYPICAL DETAIL OF A FLLDREQCENT LAMP

Pre-Heat Lamp | _
The origina! fluorescent lamp is the preheated design. The
carcmtused:saseparatestarter When the lamp circuit, is
closed, the starter energizes the cathode. After 2 to 5 seconds

delay, it initiates a. lugh voltage arc across the lamp causmg it
to start. -
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The preheat fluorescent lamp is ordered in the following
spec:ﬁcatlons .

F20T 12 WW wluchmcans
Fluorescent lamp 20 watts,

~ Tubular shaped bulb 12/8 inches diameter
Warm, White.

Rapid Start Lamp

The Rapid Start Lamp was introduced in' 1952. It was typi-
cally the same in construction as the preheat lamp. The basic
difference is the circuitry that eliminates the delay inherent in -
preheat circuit by constantly keeping the cathodes energized or

" The 40W TI2 is the most popular lamp represénted by
code name F40 T12 WW R/S. This high output lamp has a
recessed contact base that requires special circuit and ballast
that are not imterchangeable with any other types of lamp. This
type of lamp however, has shorter life span and is less efficient
- compared with the 4200 milli-ampere rapid start lamp. Most of

therapldstartlamps operateat425 nﬂhamperes

' Am&zrobmmﬂnstypcofm,mdjeglarehprb-
ducesasldefrmnltsverylummdapphcauon However, this
particular type of lamp is specially used for outdoor s1gn light-
ing, su'eethghnng and mierchandise display.

'I‘l:m’earetwospeclaltypesoflugheromputrsp;dstm'
lamps. Namely: _

1. OnethatoperatesatSOOnulh-mnpercscalledPﬁghOut-_
put (HO)

' 2. One that operates at 1500 milli-amperes (1.5 amp)

- called; Very High Output (VHO); Super High Output or

Simply 1500 milliampere Rapid Start Lamp. In ordering -

ﬁnstypeoflamp the abbreviation is:
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F 48 T 12/CW/VHO which means: |
Fluorescent 48 in. long, Tubular 12/8 in. diameter bulb
~ Cool White, Very High Output (1500 mla.) or

F 72 T 12/CW/HO which means: .
Flucrescent 72 in. long, Tubular 12/8 in. dmmeter tube
Cool Wh:te High Output (800 mla.)

Instant Start Fluorescent _Lamp

This type of fluorescent lamp was introduced in 1944. It was
called the Stim Lamp considered the best among the varieties
of instant start fluorescent lamps. It has only one pin at each
end acting as a switch to break the ballast circuit when the tube
is removed. The lamp is operated in two lamp circuits atvan
ous current such as: ;

- Normal current... 200 and 425 milli-amperes (mla.)
. Nommal length... 24 in., 36 n., 42, 48, 60, 64, 72, 84 and 96

This lamp is ahotcathode mstantstartlamp dLﬁ‘ercnt

- from the hlgh voltage cold cathiode type. Comparatively, this

type lamp is more expensive than the rapid start type and

somewhat less efficient. However, it has also the advantage of

starting at a much lower ambient temperature than the rapid
start circuit, This lamp is preferred on outdoor installations.

To Order this Type of Lamp it is Written as:

. F 42T 6 CW Slim line, meaning; .
Fluorescent lamp 42 in. long, :

- Tubular 6/3 in, diameter tube .
Cool White, Instant start

.. Take note that for Instant Start Lamp, the number follow-
" ing the letter F indicates the length of the tube, not the wattage.
‘This is applicable to all lamps that operate at other than 425
milli-amperes which is the normal current.
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- TABLE 5-3 FLUORESCENT LAMP DATA

Lamp Lamp | Intial | Actual | Actual
Lamp * |Curent Bafiast Total L¥e | Output |Efficacy|Efficacy
Code* Watts| miamp. Weits® Walfs hr? |Lumens®| miw' [ Imwd
Preheat Lamp ' _
F15 T8 CW 15| 45 8 23 750 | 80 | B | 5
F20 T12 CW 0] 45 10 0 9000 | 1300 | & | 8
Repid Start - Preheat Lamps "
F40 T12 CW 0| 25 & 4 18000 3150 | 88 | 70
FAOTI2ZWW |40 | 425 6 46 18000 | 3200 | 70 | 80
FOTIZCWX | 40 | 425 6 46 18000 | 2200 | 48 | S5
FAO T12D 0| 425 6 46 18000 | 2600 | 57 | &5
Repid Start - High Output . _
FABTI2CWMHO {60 | 800 15 75 12000 | 4300 [ 57 | 72
FEOTI2CWHO | 75 | 800 15 60 12000 | 5400 | 60 | 72
FT2TIZCWMO | 85 | 80 15 100 12000 | 6650 | 67 | 78
FeSTI2CWHO |105( 800 15 121 12000 | 9200 | 76 | 88
Repid Stavt - Very High Output
FASTIZOWNHO| 110 | 1500 & 118 9000 | 6250 | 53 | 7
FT2TI2CWNVHO | 165 | 1500 & . 173 9000 | 9900 | 57 | 60
FOSTI2CWNHO [ 215 1500 13 228 '9000 | 14500 | 64 | @7
Instant Start (Skiméne) Lamps
Fa2T6 CW 25| 200 15 40 7400 | 750 | 44 | 70
F64 T8 CW 0| 200 10 S0 7500 | 2800.| 58 | 70
FA8 T12 CW 4| 40 16 56 9000 | 2000 | 54 | 75
F64 T12 CW 55| 430 16 71 12000} 3800 | 51 | @5
F96 T12CW 75| 40 17 82 12000 630 | 68 | 84

CW, cool white, WW, warm white;
CWX, cool white de luxe; D, daylight
b Figures are for & two-lamp circuit

per start

d Life figures are for 3 hours bumning

per start

.a After 100 hours burning

f Includes badlast loss

g Excludes balast loss

- h Dsta ghven for lamps in a
rapid start circuit

-
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L

p s i i

Baliast package

Preheat Circuit

Healer winding

Rl i S,

Rapid Start

FIGURE §-6
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furlo transformer

achng

ackne

X Gireut disconneciing lamg hokler
Two Lamp Preheat Circuit of Lead Lag Circul

FIGURE 8-7
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*  ELECTRICAL LAYOUT AND ESTIMATE

Cold Cathode Tube is another type of lamp that offers a -
- very long life service compared with the hot cathode lamp.
The lamp is not affected by the number of starting or switching
of the lamp. It has a lower overall efficacy compared to the hot
cathode lamp and is generally used where a long continuous
burning is required. ' :

Characteristics and Operation of Fluorescent Lamp

1.  Life Span — depends on the burning hours per start. -

‘2. Lumen Qutput — decreases rapidly during the first 100
hours of buming and thereafter much more slowly.

3. Efficacy — depends on the operating current and the
phosphors utilized. Generally, the warm white lamp is
more efficient than the white, cool white, daylight and’
colored lamps. ¥ :

Pre-Heat and
Rapid Start Lamps

Very High Output Lamps
Recesssd Doubls Condact

FIGURE 5.8 HIGH OUTPUT LAMPS

5-3 Mercury Lamp
Mercury lamp is a combination of the arc discharge
characteristics of a fluorescent lamp and the compact focusable

shape of an incandescent lamp. The corabination effect is re-
sponsible for its efficiency and long life in-various uses.
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ELECTRICAL LIGHTING MATERIALS .

The American Standard Institute adopted a simplified code
for the manufaCmIe of mercury lamps containing five parts
. such as:

H38 MP IOODX which simply means;
H- Mercury lamp
38-Ballast number :
. MP-Lamp Physical charactcnstlcs
. 100- Larap wattage '
- DX- Indicates phosphors glass coating or coloring

Pinch ses! _
Arc tubs
Outer buth
X Arc tube support

Main aldes L
) Starting slectrode

Haat daflector

. Starting resistor ©

REFLECTOR MERCURY LAMP

FiGURE 8.9 TYPICAL CONSTRUCTION OF A CLEAR MERCURY
VAPOR LAMP j

Specinl Features of Mércury Lanip-

1. R is available in wide variety of shape, size and g:olor
with rating from 50 to 150 watts.
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ELECTRICAL LAYOUT AND ESTIMATE

It requires ballast that could be mounted away from the
Jamp.

Becaunse of lts hlgh efﬁcwncy, mercury lamp is a good -
replacement for incandescent lamp in the conservatnm
of energy.

Dimming of mercury lamp ispossnblemﬁaadnnmmg
ballast.

009? QWQ

B-17 &-21 A-23

Explanation of color suffix in ordering abbreviation

Dx - Deluxe white R — Beaty lite
N - Style-Tone No suffix clear (non-phosphor coated)
Description Symbols ' '

B - Black light RF — Reflector flood
FF — Froasted face .S - Street lighting

G - General lighting VW — Very wide beam
W-Widebeam = -

mes-uwmnmsosmums

Lamp Life of a Mercury Lamp

3.

162

The lamp hfb of a mercury lamp is extremcly lcm,g wrth
an average of 24,000 hours based on 10 burning hours
per start.
Mercury lamp is not suitable for installation which s
sub}ect to constant switching. Thus, Iong penod of bumn-
ing per start is preferred.
The life of lamp if affected by: -
a. Ambient temperature
b. Line voltage
c. Ballast design




ELECTRICAL LIGHTING MATERIALS

4, Lamp is replaced if accelerated lumens depreciation is
near the end of its life span. ;

5. Clea.r]amphasthebesthunenmamtenmfollowedby

- the color unproved and phosphors coated units. ,

The Ballast '

Ballastlsnecessarytostartthe]mnp andthereaﬁer Y
control the arc. The basic ballast is a simple reactor that con-
trols the arc after the discharge has been initiated. The lamp
_requir&sStoni:mtesaﬁerswitqhontoreachthc'ﬁﬂloutput. :

Types of Ballast

1. Reactor Ballast is a low power factor and does not re-
_ 'qmrevoltageregulahon Thlsnsonlyusedwherelme
~ voliage fhictuation does not exceed plus or minus 5%.
2.. ‘Auto transformer Ballast is a reactor unit with trans- -
fcbrmertomatchhnevoltageto]ampvoltage Ithasa '
-~ low power factor and non-regulating.
3. High Power Factor Auto transformer Ballast is the "
sameastype2expepttheadd1tlonalcapacrtortom1-
. prave the power factor. '
4. Constant Wattage Auto transformer Ballast is also
called Lead Circuit Ballast. A regulating high power fac-
torumtthatmamtamslampvoltagemabngwattageand _'
Inmen output constant. 'Ihclampwattagevanesfrmn
5% with a 10% voltage change
L ]
Dlmmmg Ballast

Dmunmgofmcrcurylamp Lsposmblebyumngadmnmr
" ballast and a solid-state dimming control available for 400-700

and 1000 watts. A little use but effective and economical oift-
putreducﬁonpmcess could be done by simply changing the
circuit capacitance with an amownt depending upon the latp
size and ballast type. As such, the lamp wattage and output can -
bereducedbyapprommatelySO%wrthnoadverseeﬂ‘ecton.
]amporballast ' )
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TABLE 8-4 MERCURY VAPOR LAMP DATA

Deluxe Yhite

B- Blackiight

S-StreetLighting  FF - Frosted Face

X -
R - Beauly Lifs VW. Very Wids Bsam G -GenersiLighting W - Wide Beam
M - 8tyls Tone Nosuffix - means Clear RF - Feflector Flood

164

; Rated Ana'a!
. : Aver.  Lumens
- Amp ANS| Ordering Code Life -
40 B-f7  Med H4BDL-40-50DX G 18000+ 1100 B0
50 B-17 Med. H4BDL-40-50DX G 16000+ 1550 1150
75 - B-21  Med.  HA3AZ-7S GS8 16000+ 2800 2350
HA34Y.75mX GA 16000+ 2800 2200
HA3AY.TSM .GS 16000+ 2080 ' 1600 -
He3AY-75R G8 18000+ 2800 2200
100  A-23  Med.  H38LL-100 G 24000+ 4100 3450
H38MP-100/DX G 24000+ 4300 3200
© H3I8MP-100/N 6 24000+ 3600 2650
B25  Mog  H3BHT-100 688 24000+ 4100 3450
H3BJA-100R G685 | 24000+ 4400 3300
R40  Med H3BBP-100DX RFFFVW | 24000+ 2850 2280
: H38BP-100M  RFFFVW | 24000+ 2450 1850
H38BP-100R  RFFFVW | 24000+ 2850 2280
175  BT-28° Mog. HIBKBM7S Gss 24000+ 7700 6800
- H39KC-175DX [¥] 24000+ 8500 8800
HABKC-175M 68 24000+ 7000 5600
H3OKC-175R 68 24000+ 2850 2280
R40  Med. HI9BM-175  REFFW | 24000+ 6100 5150
HIBBP-178DX RFFFVW | 24000- 5750 4800
2%  BT28 Mog. HI7KB-250 Q8,8 24000+ 12100 9850
H3TKC-250/R. G5 24000+ 13000 9750
300 BT-37 Mog. H33CD-300 GS 16000+ 14000
(Econ-o-wati) H33GL-300DX (e X.] 16000+ 15700
'400 BT-37 Mog.  H33CH-400 G5B 24000+ 21000 18300
' H33GL-400DX 68 24008 23000 18400
RS7T Mog. HIFY-400 OGBRFFFW | 24000° 16500 16400
. H33DN-400D/X G 24000+ 23000 18400
700 BT46 Mog.  H3SNA-TO0 G.S§ 24000+ 41000 35700,
1000, BTS6 Mop | M34GV-1000 Gh 18000+ 85000 . 44000
k © . H3MGW-1000DX G . 18000+ 56000 36400
G HAGGEY-1000 G588 24000+ 57500 47100
S HIBOW-1000DX  G.8 24000+ 63000 44700
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ELECTRICAL LIGHTING MATERIALS -

Special Type of Mercury Lamp

A small. mercury lamp to replace interior incandescent

lamps are available in 40; 50; 75 to 100 and 175 watts, sizes in

deluxe white, and other color corrected design.

Self Ballast Lamp (un-ba]lasted) is available on where
ballast mounting is impractical and inconvenient. Small size
mercury lamps are also available to replace incandescent
lamps. However, where a self-ballasted mercury lamp is con-
templated, fluorescent lamp is a better choice considering the
following advantages: '

- 1. Lower n cost 4. Goed color

2. Longer life 5. More aitractive
3. High efficiency 6. Lower energy cost

5-4 Me,tal Halide Lamp

Basically, Meta! Halide Lamp is Mercnry Lamp, im-
provedbyﬂwaddmmofhahdesofma}mdlas Thallium,
Indium, or Sodium to the arc tube. o

. The addition of these salts, makes the light frequency radi-
‘ate other than the basic mercury colors and at the same in-
stance, increases its efficacy, but reduces the life and lumens
. maintenance to about 60% at two thirds life.

Tlmoolorpreducedhoweverls mnchwannerthanthcmcr
cury light.

Brief Comparison of Mercury lamp and Metal Halide Jamp
Mercury Lamp Metal Halide Lamp

- Life span | 16,000 to 24,000 hrs.| 7,500 to 15,000 hrs.
Color g - Poor to fair Good to excellent
~ Lamp Efficacy 50 to 60 lpw. 80 to 100 lpw.
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Recommended Applications

1. For e_xteﬁor-usé, clear lamps are recommended.
2. For indoor use, the phosphor coated unmit is recom-

mended including lights for food display.-
Other Characteristics of Metal Halide Lamp

1. . The color depends on the amount of iodized-halide salt
' in the arc, Its performance is extremely sensitive to volt-
' age, temperature and bumning position.
2. Strike time is shmtetﬁ:anthatofﬂmmcnrylampfrmn
2 to 3 minutes. .
3. The re-strike time is up to 10 minutes making little in- -
convenience in indoor areas that needs immediate light.
4. Certain metal halides are usable with mercury lamp bal-
last. - -

55 ngh Pmsuré Sodium Lanip

- The High Pressure Sodium Lamp was first developed and
introduced by General Electric Co. (GE). This is one of the
latest developments in the high intensity discharge (HID)
lamps. It is mkedunderﬁ;etradenmc Lucahix, Ceramalux
andAmlox. _ _

Oncoutstandmgfmmreofthmlamplsusomput The effi-

cacy and ballast losses, is almost 100 lumen per watt, which is
double that of a colored corrected mercury lamp. It has a yel-
lowish color similar to a low wattage incandescent lamp, and a
warm white fluorescent lamp. It is smaller in size, high output,
and longer life. But like all high intensity discharge lamps, sg-
dium lamps da not start instantaneously. The start and re-strike
tlmereqmred,lsshnrterthanthatofamercurylamp Unlike
© the metal halide lamp, the HPS is not sensitive to voltage
changes. Its color is constant, and the ballast is different from
thatofthemercuryormetalhahdclampsﬂmmedshlghcr
voltage. -
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Lamp efficacy -~ = 85to 140 lpw

Life span 16,000 to 24,000 hours
Lumen maintenance 80 to 90% A
Warm up time N 3 to 4 minutes

' Re-strike time . Yto 1 % minutes

Erd cap g—
Ceramic —-T
arc fube 5
o y End clamp
Elsciric
discharge '
through |
sodium I‘
vapot ! Vacuum
) [
Coated | ?
turgsten -
elecirodes 1 Coraiie
Exhaustiube arctube
with amalgam
reservoir
- Mogul base
= Ballast Mogul
it [ )  brass base
— E
Voltage
© o famp
g ; . The main feature of the HPS
Eiectrically, the HPS famp lamps are the alumina ceramic
i% @ simple device. The base - tube, armalgam reservoir and
contact and the internal wiring ~ the rigid arc tube struchure.
serves to provide a current This type is rated at 310 watis
connection to the ballast and - and yields 37 600 initial flumens

arctube electrodes. . and last for about 24,000 hr. life.
FIGURE &-11 HIGH PRESSURE SODIUM LAMP
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TABLE $- 5 HIGH PRESSURE SODIUM LAMP (HPS)
LUMALUX CLEAR LAMPS - Special Baltast Required

e

Average
Rated cLamp Lamp &
Houre Approx. Lumens o Efficacy Ballast
Watts  Bulb Life® intial  Mean | LCL MOL | (LPW) Efficacy
70 BT-25| 20000 [ 5800 5220 5 712 83 88
100. BT25| 20000| eS00 8850 | 5 742 | 95 66
150 BT-25( 24000 | 16000 14400 | 5 7472 | 108 79
150 BT-28 | 24000 | 18000 14400 5 8518 108 7S
250 E1B. | 24000 | 27800 24750 | 5-3/4 934 | 110 90
400 E 18 | 240000( 50000 45000 | 5-3/4 §-3/4 | 126 104
1000 . E25 | 24000 | 140000 126000 [ 8-3/4 15-1/16] 140 129
. Average
Rated _ Ltamp Lamp &
) Hours Approx. Lumens Efficacy Ballast
Watts Bulb Life® iniaé ~ Mean | LCL MOL | (LPW) Efficacy
70 BT-25 200000| 5400 48680 | 5 72 |- 77 54
100 BT-25. 20000 | 8800 7820 S 7472 | 100 74
400 © BT-37 24000 | 47500 42750 | ©7 1172 | 119 98

8 Based on cperation on proper auxiliary equipment for 10 hr or more per start
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Lumalux Coated Lamps are used in open bottom fix-

tures or where glare is a problem. Special ballast is required.

* Operate on existing Mercury lag type
auto transformer baliasts or 240-277 volt
rasciors,

« Wil operate an most mercury sarles.cir-

ciis.

FIGURE 6-13 LUMALUX COATED LAMPS

UNALUX CLEAR LAMPS
Avefaga .
Rated % Lamp Lamp&
Hours™ | Approx. Lumens - . |Efficacy Ballagt
Walts  Bulb | Life? Intial  Meas | LCL © MOL § LPW Efficacy
. d i
150 BT-28 | 12000 | 12000 10800 { & 8818 | 80 65
360 BT-37 { 16000 | 35000 32400 | 7 1172 100 8%

UNALUX COATED LAMPS - Used in open bottom fixiurés or where glare is

& problem, :
Average '
Rated | tamp Lamp&
Houre | Approx. Lumans _ Eficacy Ballast
Watte Bulk Life ® Initial Mean LCI:. - MOL LPW Efcacy
150 BT-28 |42000 13000 91700 5 8516 a7 70
380 BT-37 [ 18000 | 38000 34200 | 7 1142 | 108 . 93

Unalux Coated Lamps is used in open bottom fixtures or
glare is a problem. Operates on existing Mercury lag type auto
transformer ballasts or 240-277 volt reactors. This type of
lamp operates on most mercury series circuits.
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Vacuum

Arc tube with .
sodium mercury
and xenon

Mogul Base —

E-18

LIFE HRS.
10 BURNING

¥

T-18

- HRS PER LUMENS

WATTS BULB  BASE  LCL

MOL  START INITIAL. MEAN

150~ BT-28  Mog. 5
250 E-18 Mog. 534"
400 E-18 Mog. 534
1000 T-18 Mog. 834"

8516 15000 18000
934" 15500 25500
94 20000 S0000
15 1/16 100000 130000

14400
23200
45000
119800

BOURCE: General Electric Company

FIGURE §-14 HiGH PRESSURE SODIUM LAMPS {HPS)
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5-6 Low Pressure Sodium Lamp

This type of lamp is also called SOX. It produces light of
sodium characteristics monochromatic deep yellow color, This
is not applicable for general lighting purposes because of its
very high efficacy over 150 lumens per watt including ballast
loss. It can be used wherever color is not an important criteria. -

SOX is widely used on streets, roads, area lighting and for
emergency or after hours indoor lighting. SOX has 100% lu-
men maintenance, long life which could last for 18,000 or
more hours making it the most economical source in terms of
* cost per million lumens produced.

Choice of Light Source

Cost study should be based on:

Annual and life cycle of the lamp
Impact on the heating/cooling system
Quantity of lumens produced ' .
Re-lamping which mcludes labor
Energy cost

Capital investment

LA RN

57 Tungsten-Halogen Lamp

_ The Tungsten-Halogen Lamp is popularly called Quartz

Lamp. It is a special type of incandescent lamp. One advantage

" it has over the normal incandescent lamp is its ability to main-
tain a constant level of light output throughout its life.

The life span of a quartz lamp is about three to four times
that of the normal incandescent lamp. According to the result
of experiments made, 13% of its wattage, produces light and
87% produces heat. Comparatively, it was proven after suffi-
cient time of use that the quartz lamp has longer life and more
- efficient than the incandescent lamp.
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FIGURE §-14 TUNGSTEN-HALOGEN LAMP OR QUARTZ LAMP

TABLE 56 TYPICAL DATA FOR TANGSTEN-HALOGEN LAMP

Max Overail i Maan Lumen
Length Rated life | Approx in'l | Through life
Watts |  Bulb Inches  mm Hours | Total lumens % .
250 PAR-38 [ 531 135 4000 3220 84
500 PAR-56 | 5.00 125 4000 8000 G4
1000 | PAR-84 | 6.00 150 4000 18400 84
1000 R-60 10.12 257 3000 17000 a5
250 T4 3.00 = 2000 4850 g5
300 T4 312 80 2000 5650 -]
400 T4 | 38 a2 2000 a7 . 85
800 | T4 600 150 | 2000 10750 95
™ |. T8 600 ° 150 | 2000 15750 . 95
1000 T8 5.62 143 4000 18800 a5

5.7 Lighting Fixtures

Lighting fixtures are electrical devices designed to hold
and connect the lamps to power supply as well as control and
distribute the light, and to position and protect the lamp.
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Not all lighting fixtures however, possess all these func-
tions. For instance, lamp holder only serves. as holder of the
lamp, or as a connection of the lamp and some others fixtures
* that are utilized as aid in the distribution or control of light.

Considering the various types and design of lighting fix-
~ tures serving a definite and specific purpose, lighting fixtures
are classified into: lampholders, reflectors or shields and dif-
fusers. Lampholders are either cord or box-mounted sockets
for the incandescent lamps or wiring strips for the fluorescent
lamps which is provided with wiring channel and mounting for
the ballast. Aside from holding the lamp and connecting it to
the power supply it is also designed to protect the lamp itself. -
Some lampholders are even provided with reflectors and others
are demgned for focusing the light.

. Ceiling Uing

EE N

QII'lIlIIIIIIE'

Egg crate louver

" FIGURE §-17 LIGHTING REFLECTORS AND DIFFUSERS .
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-Shallow Symmaetric
r‘""'ﬁ

Ceiling line

Suspension bracket .
; Wiring channel and
balzet housing

Reflactor - # 18 gauge

7

Deap Bowl - . RLM Standard Dome Shallow Dome

Diamster ._ _ Lamp
) 12‘1.-' ] . 60-100w
BRL - 150w
16" 200w
18" 300-500 w .
RLM Symmetrical Angle : Elliptical Angie
f!GURE £-18

LIGHTING REFLECTORS AND DIFFUSERS
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CHAPTER

PRIN CIPLES OF
ILLUMINATION

6-1 Defmltlon of Terms

Illumination is defined as the intensity of light per unit
area. When we talk of illumination, or simply lighting, we are
referring to man made lighting. Daylight being excellent is not -
_inciuded‘lndeed, we assume a night time condition. =

Electric Hlumination is thc production of hght by means

_of electricity and its ‘applications to provide efficient, comfort-

able and safe vision, Specifically, when one speaks of hghlmg
dcsmhereferstoonlytwoﬂungs L _

1. The quantity of light and
2. The quality of light = -

Quasntity of Light refers to the amount of #lumination or
Juminous flux per unit area. Quantity of light can be measured
and easily handled because it deals with the number ofhght'
fixtures required for a certain area.

- Quality of Light refers to the distribution of bx_'ightness in
the lighting installation. It deals with the essential nature or
characteristics of light. In short, quality of light is the mixture of
allthextemsrelatedtolllmnmanonotherﬂlanthcquanmyof
_ hght which includes several elements such as:

1. Brightness 5. Brightness ratio or contrast
2.Glare - 6. Diffuseness
* 3: Color:. 7. Aesthetics

4. Psychological 8. Economics

reaction to color and fixtures
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' ELECTRICAL LAYOUT'A_N D ESTIMATE
There are four factdrs that affect ilumination:

1. Brightness 3. Glare
2. Contrast 4, Diffuseness

Brightness is the light that seems to radJate from an object
being viewed. Brightness or luminance is the luminous flux
(light) emitted, transmitted or reflected from a surface.

Contrast is the difference in brightness or the brightness
ratio between an object and its background. The recommended
brightness ratio between an object being wewed and its back—
ground is normally 3:1.

If a print on a white paper can be clearly seen on a light
background, it is due to the effect called contrast. Likewise, if
a light object is placed on a dark background, the light object
reflects more light and look brighter although both have equal
illumination. It is for this reason that office furniture is gener-
ally light colored, tan or light green for eye comfort.

Glare is a strong, steady, dazzling light or reflection. The
quality of the lighting system must also include the visnal com-
fort of the system, that is, the absence of glare. An excessive
luminance and or excessive luminance ratio in the field of vi-
sion is referred to as glare. :

There are two types of glare:

1. Direct Glare is an annoying brightness ofhght in a per-
son’s normal field of vision.

2. . Indirect or Reflected Glare is much more serious and
- difficult to control, Technically, reflected glare is"a
glossy object '

Whenthcdlsconfmtglarels caused by light sources in the
field of vision, it is known as direct or discomfort glare. When
the glare is caused by reflection of a light source in a viewed
surface it is called reflected glare or veiling reflection.

&
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PﬂINCIPLES OF ILLUMINATION

Diffuseness refers to the control of shadows cast by light.
Diffuseness is the degree to which light is shadowless, and is
therefore a function of the number of directions to which light
collides with a particular point and the comparative intensities.

Perfect Diffusion is an equal intensity of light clashing
from all directions producing no shadows. A single lamp will
cast sharp and deep shadows. The color of lighting and the cor-
responding color of the object within a space is an important
consideration in producing a quality of light. A Juminous ceil-
mgprowdmasausfactmydlffusedﬂlununaum:andlessshad

There are three characteristics that deﬁne a par-
- ticular coloration, they are: :

a. Hue - isﬂwqualityatﬂ'ibuichywiﬁchmmmgmﬁu-
and describe colors as red, blue, yeﬂow grem,vmet
and so on.

b. Brilliance or Value — is the difference between the re-
sultantcolorsufthcsamehue, such as: white is the
moatbnlhantoftheneu&a!oolmswhﬂcbhckrsﬂw
least.

c. ‘Saturation or Chromate — is the difference from the
purity of the colors. Colors of high saturation must be
used in a well lit spaces. :

6-2 Estimating llumination and Bﬁghmes"s

In many respect, it is more important to know luminance
measurements and illumination because the eye is more sensi-
tive to brightness than simple illumination. It is more difficult to
measure luminance than illumination, However, there are three
types of luminance meter available:

1. The Comparator type requires the operator to make a
brightness equnralmcejudglmmﬂwtargdmd
the background.
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ELECTRICAL LAYOUT AND ESTIMATE

2. The Direct Reading type is basically an illumination
meter eqmppedmthahoodcdoellammgedwhlock
oblique light.

3. The Accurate Laboratory Instrument that is unsuit-

able for fieldwork. _

~ The quantity of light or Jevel of illumination can be meas-
medorcnlculamdwﬂhtheaidofapormbleﬁm-candlom‘

Footcandle (fc) is the amount of light flux density. Tt is the
unit of measure used when describing the amount of light in a
room and is expressed in lumens per square foot.

Footlambert (fl} is defined as “the luminance of a surface
reflecting, transmitting or emitting one lumen (Im) of illumi-
nation per square foot of area in the direction being viewed or
the conventional unit of brightness or luminance. In the same
manner, the lumens (km) is the light ouqmt generated continu-
~ ously by a standard wax candle.

In our stady of light, we are interested in the amount of
 light that falls on the areas we want to illuminate, We also want
to know the lumens per square foot or square meter in a particu-

lar space. This quantity called Light Flux Density is the com-

mon term Foot-candle (fc) represented by the formula:

Footcandle = Lumens
. Aren

JLLUSTRATION 6 -1 |
A 40-watt fluorescent lamp 120 centimsters (48 in) long

produces 3,200 lumens of light in a room having a general 'di-
mensions of 10 x 20 ft. Fmdtbe:}iununaumonthcﬂoor

SOLUTION

1. Footcandle (fc) = Lumens
it Area

178

.



ELECTRICAL LIGHTING MATERIALS

‘Fe = 32001m
10x 20 fi.

=16 foo‘_;candle

. The Footcandle is an tmportant unit of measure in calculat-
ing the desired illumination and layout of fixtures. In the ab-
sence of footcandle table of equivalent for a particilar fixture, a
. rule of thumb of 10-30-50 illumination level is here presented.

10 - footcandle is adequate for halls and corridors.

30 - footcandle is sufficient for areas between work stations
such as in offices other than desk areas.

50 - footcandle is satisfactory on spaces where office work
is bemg done .

However, prov1dmg an adequate quanuty of light alone is
not a guarantee for an efficient and comfortable vision. In fact,
the quality of light is very imporfant especially where difficult
visual needs are required. The luminance or brightness of a dif-
fusely reflecting surface is equal to the product of the illumina-

“tion and the reﬂcctance Thus;

- Luminance = Illumination x Reflectance factor or .

Footlambert = Footcandle x Reflectance factor

ILLUSTRATION 6 -2

From illustration 5- 1, find the lurmnance if the reﬂectance
factor of the wall is 40%.

SOLUTION
Footlambert = F atcaibilion Hellocrancs fcrs
| .= 16 x 40% |
= 64
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Lighting Units in Metric Measures
In the English Systétﬁ of measure, the distance is expressed
- in feet and the aréa is in square feet: Under the Metric System
(SI) the distance and area are expressed in meters and square
meters respecnvely Meanwhile;
Lumens flux remains in Lumens; but

Hiumination or light flux is expressed in Lux. Thus:

Lux = Lumens
- Area (sq. m.)

TABLE 6-1 APPROXIMATE REFLECTANCE FACTOR

Medium Value Color ‘1 Percent
“White : : 80-85
Ligiht gray 45-70
Dark gray _ 20-25
© Ivory white _T0-85
Ivory B60-70
Pearl gray - - .. g ok e 70-75
Buff : g : 40-70
Tan 30-50
Brown . 2040
“Green 25-50
Olive - ‘ 20-30
" Azure blus ' 35-40
Sky blue , 35-40
Pink Lo ' 50-70
. Cardinal red ; 20-25 "
‘Red . 20-40 ;

In the Metric System, Luminance or Brightness is ex-
pressed in Lambert which is defined as “the luminance or.
brightness of a surface reflecting, transmmmg or emmmg one '’
lumen per square centimeter.
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Millilasnbert is more conveniently used than the Jambert

because the value of lambert is greater than what is usually en-

countered.
TABLE 6-2 TABLE OF COMPARISON

Description . English -Metric (81}
Length Feet Meter
Area Square foot Square meter
Luminous Flux Lumens Lumens
llumination Flux Density | Footcandies Lux
Luminance Footlamberts Lamberts or

: Milli-lamberts

ILLUSTRATION 6-3

A 40 watts x 120 centimeters long fluorescent lamp pro-

_duces 3,200 lumens of light in a room having a general dimen-

sion of 10 ft x 20 f. Computeﬂmnlhumnaﬂonmtheﬂom-
omnpamng the English and the Metric units.

SOLUTION by Comparison

Engllish  Metric (SD)
Light Flux = 3,2001m...|.3,200Im
Area = 10°x20° ..}.10x20"
1 1076
= 200sq. f...{...18.595q m.
Iltumination = 3.200m... |..3.200 Im
200sq. R. | 18.59 sq. m.
& 16f......|.172.16 lux
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ANOTHER SOLUTION

* Convert ; 10 feéttomctcr

= 3.048 m.

20. e = 6,097 m
Lux = 3200
3,048 x 6.097
= 172.19 Lux

ILLUSTRATION 6-4

Compute the brightness of a fixture with a 1°x 4’ plastic
diffuser having a transmittance of 0.6 and illuminated by 2 pes.
3,200 lumen lamp assuming 100% use of light flux.

SOLUTION

1. Luminance = Total lumens x  Transmission fac;dr

Area of diffuser

- 2pes. x 3.200 x 6
x4

960 foot]axﬁbert

I

2. To obtain the metric equivalent, multiply:

Millilambert = Footlambert x 1.076
| = 960 x 1.076
= 1,032.96 millilarabert g
The Watts per Square Meter

Another methods used in determining the illumination, is
the watts per square meter. The floor area is computed from the
outside dimensions of the building excluding open porches.
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Dcpendmgupmthcslzeofthemom,oolors ofwaﬂand-
cm]mg,typmofhghnngumm,andmeﬂlodsofhghungused,
ﬂsewaﬂspersqnmmemmmaypmdummtomo}nx'
ﬂ:atmappmmmatclyswl()fmtcm:ﬂcs

" 1. For industrial areas, twmty(ZO)wattspersquarcmeter
m]lprowdeanﬂlunnnaﬁonuflﬂﬁtoliOluwhmhis '
~ approximately 10 to 15 footcandles.
2. Forwmalms.tm(z)wauspersquuefuetor
- 22 watts per square meter will provide from 80 to 120
- lux when used with standard quality equipment.
v+ 3. Forty (40) watts per square meter will provide about
200 hix that is approximately 20 fc wherein greater il-
~ lumination is required. -
"4, Sixty (60) watts per square meter will provide: about
300 lux or approximately 30 fc usually recommended
.'formanyconvmnonal,mdmmalandmnerma]re-

-~ quirements.
3. E:ghty(ﬁﬁ)wattspcrsqtmremctetwﬂlprowdcfrmn

300 to 350 lux. In excess of 350 ux, supplemmﬂary',
: llshbngs amnecessary :

6—3 Coefﬁclent of Unhzatmn and
' antenance Factor.

: 'Iheusable Imunlfootcandleorluxm eqtm.ltothcfoot.can ,
dlcpmduwdhythceoeﬁimaﬁofuﬁhzahm(cn} :

' lmhal was empha.ﬂzed, becanse the: output of the light

ﬁxturemrethlcedmﬂlmncasthclanqlﬁMebecmnesoldand -

dirty. Lamp output normally drops and it is termed as Muinte-
nance Factor (mf). And to find the average maintained illumi-~

nation, we reduoe thc m:tml 1llummauon by the maintenance
' 'W,ﬂ_‘;. K I o : o ’ -

The qmaauy af a hgh.' ﬁxtnre is aquals ﬂu- rana q}" ﬁxv- '
mmautputbzmstolampouwhlms What we need is to
detmnmc a number indicating the cﬁicmncy of the ﬁxture fa
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L

room combination, or-how a particular light fixture lights a par-
_ ncﬂmmuﬂmmmbwmmmallymsedmdmmal
values called coefficient of nﬁ&mon (cu).

The unblc initial footcandle is- eq.ul to the footcnndle
-produced by the coefficient of utilization (cu).

8) lnitillfocfmdle . M_!.&E _
A T A TR
. *Lamp lumen therefore is simply the rated oﬁtpuf of the lamp.
' TABLE 6-3 COEFFICIENT OF UTILIZATION
© Fiure Description - o e

Efficient fixture, large unit colored room 045
Average fodure, medium size room . 0,38
Inefficient fixiure, small or dark room 0.25

Enclosed fixture, clean room . - 0.80
Average conditions e ) 0.70

Open fixture or dirty room -0.80 -

_ILLUSTRATION 6-5 |
Asd’molclasmomw:ﬁlgmafdmmof%xmﬁm
is lighted with 10 fluorescent lamp 4F 40 T12 WW rapid start

"~ candle (English) and Lux (Mefric), assuming that the coefficient

ofuuhzation (cu) 1is 035 andthenmmfactor(mﬂxs
0.70.
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' PRINCIPLES OF ILI,UMINATiON;
* SOLUTION - 1 (English Measﬁre) -

. 1. Refer to Table 5-3. TheF40T12WWwausﬂuorescent
Iamphas32001m.output.Mulhply -

Lamphmms ) IOﬁxtures X, 4Iampspe:ﬁxture
40 x 32001ummspcrlamp '
128,000 lumens -

| G

Lumens x cu x mf o

= 128000 x 035 £ 070
b 24ﬁ xABOﬁ. k

= 6‘2"1:_2'&.:;_ 0.70 mf
S Etcantle

~Initial Foot Candle

SOLUTION - 2 By the Metl‘lc Measure {SI)

.....

Convertfeetwmetcr 24ft.= 32m
: 30ﬂ =9 14m, -

- Area

128,000 x 0.35 x 0.70 -
32m X 914m

- 46875 Lux

Check the answer-
: Onc lux

468 75 % 09294

09294 foot candle

43 56fc

>Il

. Wmnﬂlesmoftheromnaudthefootcandlearcglven .
thcpmblemlshowtoﬁndthenumberoflampsrequnredm'
each ﬁxture The fo.llowmg example mprcsemad '
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ELECTR!CAL LAYOUT AND ESTIMATE
ILLUSTRATION 6-6

Anofﬁceroommthgeneral&nmmmoﬂxzﬁmetmm &
wbehghtedatanamagemmamdfwtcmdhofw How
manthnmﬁmesofIZchmlmng T12 WW

mﬁmﬂwmmmm(}% cuand
O'?Smf? :

SOLUTION

= Lamplumens wwm.d_mwﬂ_&
cu x mf '

go-fc;"(gm,;zo )
0.38 x0.75
- 2smotumms

2 Bachwmﬂnmiamphasmoummoflmﬂ
: hunm,themmberoflauqasmlfbc '

Number of lumens = 28070
3, 200

‘= '8.77 lamgf
3. Since there are 3 lamips for each fixture, divide: -

877 = 2.93 sAys_lampsineachﬁmre
L '3 lamps in

Caimiauon mdvmawﬁcmmmﬁmoonﬁlﬁmg-
_ ﬂ:anbycmmuungﬂwmmhoflamp fixtures per bay or per
row which is found to be simple and mtevesting: This could be
done easily by using the following formula:

Number of fixtures =____ lHumination x area . = =~
E  lamp per fixture X lumena xcuxmf -~ -
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““Smemsthﬂ,themllghtedbyasmgle ﬁxturcls

: Area per ﬁxture L !amg per ﬂgﬂgr_e_ % luméns per lamp x cu X mf
; _ lllumi‘ninion 2
TABLE 6-6 EFFICACY OF VARIOUS I.AMPS

Source = , ' Lumens per Watt
Candgle , _ . - 0.0
o Qildamp .. - T T TRV 1t
Original Edison Lamp o ' 140
1910 Edison Lamp ' ' - 4,50
Modern Incandescent Lamp . - @ 14-20
Tungsten Halogen Lamp- T 16-20
* Fluorescent Lamp (includang ballast Iosses) 50-80
Mercury Lamp (including ballast losses) 40-70
Meatal Halide Lamp (including bdlast Iosses) : &0-80
' High Pressurs Sodium Lamp - 804100

ILLUSTRATION 67

_ Anelmrcoiﬁoeﬂoonshghtedatanaveragemannamed
538 lux or 50 fc. The floor measures 20 meters by 50 meters
and is.divided into bays measuring 4 . x 5 m. Using 2-lamp of -
'F40 T12 CW rapid start preheat lamp, find the pumber of fix- .
tures required, Assumeaneconmnygradcﬁxturswrﬂlalowcu-
_ ofOBSandmfofO’?O _

1

. S@LUTION -

_"l. Solve for the number of ﬁxtureq per bay Refer 0 Table
5-3 :

3 , for F40 mcw lmnens =3, 150

‘5. No.of fixtures = [umgnatlon %X Area '

Lamp per fisture x lumens x cu x_ m_f_

= _ 538lixx (dmx Sm)
o Z-lamps x 3,150Im. x 0.35 x 0.70




Ei.ECTRICAL LAYOUT m ESTIMATE
| w___,_?__ = 69ﬁxmres
1,543 -
AcceptGpwmofﬁxwreperbaymnmkensymmemw
'_SOLUTION-

1. From the follawmg Fomm}z, substnutetiw va.lucs

Amperqum = ; X
Dl ' i Illumin_a'tlon o

= 1,5_4,35 = 2.87 sq m.perﬂxture
538 g

i 'I'lwreforc ﬂwmnnbcrofﬁxtmcsperbay:s‘

gmxgm = 6.9 say 6 pcs. per bay for.
: 287 ; _ Symmetry

. FIGURE 8-1 DISTRIBUTION OF LIGHTS PER BAY
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6-4 Measurmg Footcandle

Munuofmsmfornmmunaumxsthefoowmﬂb,m
lux. This unit is frequently used when describing the amount of
~ light inside a room. It is‘not just enough how 4o calculate the .

+ illumination level but is also equally important how to measure -
‘them in an enclosed space. In measuring illumination level, the
footcandle meter is held horizontally with its sensitive surface
at least 30 centimeters from the body of the person holding the
meter, orltcouldbeplacedonawblcmdreadfmmad:stance
to avoid obstructing the light. r

Incmﬁucunggmﬂallﬂmunahmcheukmmdearoom,thc
meter is held about 80 centimeters above the floor. Reading is
undertakmﬁuonghnutlhermandtheresuhsmrecordedm
'ﬂnnlanofaachromn

“Mister i § an. awey fom fhe sample mm\nduyw :

mmmmmm .
il MHMMhMSE%m.}.

FIGURE §-2 MEASURING REFLECTANGE
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TABLE 6-7 S_PACING AND MOUNTING HEIGHT RELATIONSHIP ..
' OF LUMINAIRES FOR ILLUMINATION UNIFORMITY"

CLIGHT DISTRIBUTION

' : Somicon— -y
s s.;m Ganeraf Direct- Spread centrating Cr.mcaﬂm
indiract .fndtrecf DJMng !ndiracr Direct Drroct JngD_!r.ef i

ﬂgqp,{g % T ?

Dig- {Maimum¢ Mouﬂ!!né“. Dis- | Meximums | Maximumes Maximume
Ltance® | Spacing | Meight jtance'| Spacing :| Spacing | Spacing
Cailing from of - of from of - of of
Haight Waks |Luminal Lumlna!ulq Waliz Luminairas Luminaires: Lumingires
240 | 60| 270 | 240 | 8O | 225 | 165 75
270 | 80| 315 2.70 60 2.70 1.80 50
a0 | 75| a7s 300 {.75 | 348 | 210 | 120
530 9} 5] sovo | 330 [ .75 | 360 "] 240 1.35
380 | 88| 480 60 80 | 400 | 270 | 450
390 | 120|810 | 390 120 | 4s0- [ 300 1.85
420 1150 870 420 1150 [ 485 330 | 180
450 150 | 600 { 450 [150 [ @ 540 360, 185
e80 | 180 | 660 480 180 | soo g0 | 210
. 5.40 180 | 720 540 [1.80 | 6.80 485 2.40
6o+ | 210 | 840 | 8OO+ (210 | 750 | s28 | 270
a Al dmensionsm ‘meters. Y N
b These spacings apply whers desks and benchel are mxt o WI“ otherwise,
orw third the spm:lng between unils is satisfactory i .

c The -achual spacing of lumipaires’ is usually leu lhun tive rnaxlmmn spacing

to suit bay or room dimanaions.
d For mounhng height of generat dnffuaing and direct: rindirect fh(tures
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- 6-5 Umformlty of nght

o "Ihepurposcoflmngcalcu]amn bythefootcandlcor
lux, ‘is to determine the average illymination in a room to a
working level condition. This working level condition refers to
- the height 'of about 75 centimeters above the floor being the ap-
- proximate height of the table. The average ilumination at the -
' worlunglevellsdxrecﬂyrelaxedtothemammumspacmgofthe
j hghttothe mounungheaghtratlo rcpresentedbythc formula: -

S
Bk
where: C

Nonnally, the malmfacturer of light ﬁx.tures pmwdes data
with respect to spacing and mounting ratio. However, in the
event that the manufacturer failed to provide these data, Table.
6-8waspresentedshowmgﬂmspacmgandmounnnghmgh1'

' ratio for a partxculax hghmg oondmons
TABLE 6-8° SPACIN G AND MOUNTING HEIGHT RATIO

Bystem P _ : S!m Ratio &
Direct Concentrating 040

Direct Spraading i ; 1,20

Direct Indirsct Diffusing - - 1.30

-Semi - Direct - Indirect . ' . 1.50

ILLUSTRATION 6-8

. Aroomwtthacmlmghmghtomeeterswtobethed'
mthd:rectconcentaﬂngﬂuorcsccntllght Whatlsﬂwmam

mum ﬁxture spaemg"



' ELECTRICAL LAYOUT AND ESTIMATE
SOLUTION

. For spacmgandmountmg ratio, refertoTable 6-8 The
: maunﬁnghmglnranoofadlrectconcmtramuhghtns

10.40. Therefore: ~ _
= 040
2 Substmmngmegwmvalues wlmeremmhlstha
cclhnshmaht, )
N - 0.40
Im. -
.S =040 x 300
Spamng S ‘= 1.20 meters maximunm side to side

of the fixtures.
_[LLUSTRA'I‘ION 69

: Awmc}musamﬂmstallpendantdomemcandemtlamps
at 'a mounting height ratio of 1.50 meters. The lamp will be
mounted on a grid measuring 5.00 x 5.00 meters. Whatlsthe
mmmmmmnnghmglncﬁhelmaps?

' SOLUTION

' Mounhnghelght is; ‘mh .= S.ML B
o ' Ratlo

mh = _,9_0@,.8 3.30 meters

6-6 Classification of Lighting System
- Lighting system is classified into four types, namely:
1. Directlighting 2. Semi-direct lighting
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3 Serm-MrectrllgHUng 4 Indsrect*hghtmg

lhrect Ltgbtmg. When the light on an ﬂlununatad area is
focused downward coming directly from the lighting fixture.

Direct Light S '-:':'_Di'mtl-lg'ht 1
_Concentrating i s Spreading ©

- FIGURE 63

. Semi-Direct Lighting. When the predominant light on the
- illuminated area is fed directly from the lighting units wherein
'ﬂwgreatermnmofllglnlsobmmedﬁ'omthcmhngﬂuough
_reﬂecnm - _

.. Semi Direct Lighting Semi Indirect Lighting

FIGURE 64
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Semn-lnd:rect-l,.:ghhng A lighting arrangmnent wherein
S%mZS%ofmehglitlsdlrec:eddownwardwtthmoreﬂlan

halfofthehghtfocusedupwardandreﬂectedfromthecelhng

40-60%
: _Retlactance .

" FIGURE 68 INDIRECT LIGHTING

Tndirect Lighting — when the light is diffused and reflected
- from a wide ceiling area. This kind of lighting produces a soft
andsubduedeﬁ'ectdmtolowbnghﬁessandabsemeofsharp'
shadows

" TABLE 6-9 LI'GHT DISTRIBUTION OF VARIOUS TYPES OF

LIGHTING SYSTEMS <

5 _ BMM
Type of Ill_mninatinn L Upward - | Downward
Direct . - L 110 90-100
Semi-direct’ 1040 | 6090
General diffasing 4060 - 40-60

- Semi-indivect ' 6090 © - 10-40

Indirect L 20-100 _ l-_10
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"PRINCIPLES OF ILLUMINATION . -

‘FIGURE 88

.\.CHART FOR ESTIMATING LIGHTING LOAD AND' H.LUMINATION LEVEL
GALCULATED FOR FAIRLY LARGE ROOM .

‘
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6-7 nghtmg Control

' nghtmg cmtrol mchldes all techniques necessary for thn
operation of lighting system covering both manual and auto-
matic control. The control plan must be incorporated with the
llghtmgdesxgn,becauscthcoommlwhmmshouldbeappropn-'
ate to the lighting source. Asamult,ﬂ:esysmnmsmes_
and arrangement depends on the control scheme. For instance,
' ifdmrmngxstobeusedusmgﬂuormhghmthmthc
_mngeofdmmngoontroldetmmnmﬂw - _

1. Typeofballamstobeused
2. Their switching points, and -
3 Thcdegreeofdimnnngﬂmhhty

The nﬁn objutwes of lighting cOntrol are:

1. Flexibility and
2. Ecmny

Flmblhty to pmhde the modlﬁcahoms of bnglitncss and'
pattern as viewed! by the designer, and Economy of both energy
sources and cost considerations. Comparatively, a properly de-
- signed lighting control system will reduce encrgy usage by 10%
_ mso%agamsttheunoonn'olledmtaﬂauonwmmﬂreducmg
hg]mngeﬂ‘ecuvmess _

it F‘lnnncul Operatmg Cos}s will Regult fmm

L Rgducedmergyconsumpnon 9 '
2. Rﬁduoedalrcond:umungcostsasamsultoflowerhght
3. Longer larp and ballast life due to lower operating tem-

peratures and lower output.
4. Lower labor costs due to control automation.

. In view of the overlajspingﬁ terminologies, it is mary-w
' differentiate the term.. contro! fundions, control devmas, and.
~ control sysm for clarity. . . .
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' PRINCIPLES OF ILLUMINATION = 7
a) For lighting, tho only control functions ate switching and

b.) The control devices are the means by which the
switching and dimming functions opeérates. It in-
" cludes from simple wall switches, through time
- switches and dimmers. of allsorts, Also included in
 this category are control initiation devices, such a8
. occupancy sensors and photocells. =~

c.) ConMSystemmthcemmassmnblyofmlmds:g-
nal mitiating: equipment together with their interconnec-
tions plus the microprogessors andprogammabhcm-

. trollers. The system can be a stand alone arrangement or

: ahcmauvelypmtofpmgymanagmnsystmﬂh{s
orabmldmgautomaumsysthASorboth S

".n’- i

Switchmg . R i
Basically, there are two types of control functions: swifch-
ing and dimming. Switching is an On and Off function. The
designer can select the number of lighting elements to be
switched in each switching control. He can establish the number
of control levels, the more levels the finer the control. In'a space
ﬂ\atreqmresscmallevelsofumfnmiﬂumaﬁonfordxﬁ‘orm

r functms thedesxgnerhasmanyoonh-olaltcmanv&

e For example,tahngﬂ:rw]amp ﬁumsoemﬁxm:u thc
: dumcrcanobtam*beﬁcrumfmmtymdfou:lewlsofﬂ]m
naﬁonbyswﬂchmgﬂwbaﬂasts :

/Hammmm mps - -
(a) Bwitching tines (e _
S8 S;E_.s-.i - .;-«._;..E
e I 2 tamp baltasl, spil wired
owinins § o (B} impedance device g g T g R
B s ud 1 ¢ . :

FIGURE 8-7 SWITCHING ARRANBEMEM
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- 1. Allballastson ' 100% illumination

2. Two lamp ballast on 66% illumination
3. Yooftwo-lamp ballasten~  33%illumination .~
4. All ballast off iy . ﬂlu:mnanm

Figure 6—12lsanschmnatlcd1agramofsw1tchmganange
nmstoac.hlmmum;)ledlscmethghunglevelsumhthme'
lamp fluorescent lighting fixtures. Two lamp baifasts are used
mtlmmterestofenmgyconsewauonandﬂnanclalecommy

‘Scheme (&) ballasts.are sw:tcbed thus removing either

. .one or two lamps from service. Finer control is achieved
by using two level ballasts or by introducing impedance
{b) into the circuit ejther in a block for an entire circuit or
distributed in each fixture. The use of automatic controls
has been encouraged because it is the only proven met.hod :

of attaining mgmﬁcmt energy conservation.
_ Dunmmg

Flumlampwrthmvenuomlbanastsd:mrmngre-
 down the output to approximately 40% without reducing
: Cdnsideaingthatbelawm%mnpmeﬂicacydmpsoﬁ
.-maneconmncalandefﬁc:entcon&olsclmne combines dim-
ming and switching of multi-lamp fluorescent fixtures to yield
an almost lower output range of 13 to .100% output, the con-
tinuous dimming over a 10 to 100% range is practicable with
special dimming ballasts or with electronic ballasts, Electronic
 ballasts are much more €nergy efficient than conventional ones
- mdmstbemnndnmdforaﬂnewmaﬂamdmmedormt :

ltated Contrel

: 'Ithecomrolopemuonmenlmrmanualorautomauclvlan
ual operation is applicable only to small number of simple func-
tions such as on and off or level switching. Even then, the ten~
-dmcylstolmvehghuonatthemammumlcvelandnottoshm'
ﬂlemoﬁ‘whmleavmgarm . .

198



PRINCIPLES OF !I.LUl\iINAﬂON

According to studies, ‘there is 1o lasting energy economy i$
possible with the control initiation- entirely operated manually' '
that relies on a facilities personml

A small portion of mergy conscrvatlon is possible when
the turn-off function is automated by the use of “fime out”
switches that open after a pre-set interval. Long term energy
reduction can only be achieved with automatic control initia- -
tion. . C

Automatic controls are of two types: the open circuit and

. the closed loop feedback type. 1t is otherwise known as static

and dynamic control respectively. The open circuit type is a

. gontrol function that is independent of the actual lighting condi- ‘
. tion, The*dynamic oonu'oliypereactstothe condition of the -
' hghtmg situation it controls via a feedback loop.

Static Control

The most comtron type of open circuit lighting. control is .
the programmable time controller. These devices are available
in a myriad of designs and capacities, but all perform the same
basic function — remefte control of loads and circuits on a pre-

programmed time basis. It is programmed with tight energy
savings up. to 50% over an uncontrolled msta.llanon

'Ihesedcwcesa.ctonly onatnnc basemnmsactual ﬁeldor
special conditions. If the timer is arranged to shut off during
non-working hours, provision must be made for persons work-.
ing overtime. In general, programmable time controls are best
applied to facilitics with' regular repenuw: schedules and few

exocpnmml situations.
Dynamlc Control

This type of automatic control initiation responds to sensor
indicated field conditions via an information feedback loop. The

initiation. of control function depends not on a fixed pro-
grammed parameter such as time, but on real time field parame-
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_ ters. The control device in its entirety is called programmable

controfler which in combination with the field sensors and the

- interconnecting wiring constitute the control system. Some sys- -

tems are wireless using high frequency signals impressed on
the power wiring. system to transmiit control signals. This ar-

- rangement is known as power line carrier systern (PLC), In ad- -

dition to its microprocessor (CPU) the programmable controller
contains input/output interfaces, memory and means for pro-

gramming and reprograrmnmg

nghtmg Deslgn

- Lighting design is'a combmatlon of apphcd art and apphed
science. There are countless sohitions to the same lighting prob-
lem -and all of which will satisfy the minimum requirernents. -
However, some: will be poor: while others will display ingenuity -
and resourcefulness. Considering: the large number of interre-

" lated factors in lighting, no single design is the correct one. A .

good lighting designer solve each problem again and once more

‘by.introducing a hmvledge of current technology and years of

background and experience, yet, rarely bemg satisfied w1th a-
b (1) 4 copfy of a previous demgn -' _. =

Ohjectwes of a nghting Des:gn

The objecuves of a hghtmg design is to create an eﬂiclent

and pleasing interior. In. short, it should be utilitarian and aes-

thetic demonstrated by every good lighting design. Light can
and should be used as a pnmary archxtectural materdal. - - ._

nghtmg level should be adequate for cfﬁclenl seemg of

the particular object imvolved. Variations within accept-

~ able luminance ratios in a given field of view are defir-

able to avoid monotony and to create perspective effects.

2. Lighting equipment should. be unobtrusive, but not neces-

' sarily invisible. Fixtures can be chosen and arranged in

- varions ways to complement the architecture or to creafe-

. dominant or minor architectural features or patterns. Fix-
-tures may be decorative to enhance the interior design.

Co
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3. nghtmg must have the proper quallty Accent light-
mg, directional lighting, and other highlighting tech-
niques increase the ut;htanan as well as architectural
quality of a space.

4. The entire electrical design must be accomphshed effi-

- ciently in terms of capital and energy resources, the for-
mer determined principally by life cycle costs and the lat-
ter by operating energy costs and resource-energy usage.
Both the capital and energy limitations are, to a large ex-
tent, outside the control of the designer, who works
within constrairits in these areas.

6-8 Street Lighting

The Institute of Integrated Electrical Engineers instituted
guidelines for adequate and acceptable illumination of the
streets in order to promote safety. This concept was brought
about by the continuously increasing speed of motor velncles
using the roads. :

_ The- Phihppme Electrical Codc Committee: prepared the
guidelines for a standard”practice on design of street lighting
installation recommending the proper quantlw and quality of
light for traffic routes. :

Deﬁmtmn of Terms

nghtmg Instnllatmn - is defined as the whole of the equxp-
ment provided for lighting the roadway comprising the lamps
~ luminaires, means of support and electrical installations includ-
ing other auxihaties.

Lighting System - refers to an array of luminaires ha\ mg a-
characteristic of hght dlstnbutlon

Luminaire - is a housing for one or more lamps compm—
ing a body and any refractor dlffuser or enclosurc associated
with the lamps. ‘

Road Width - is the distance bctween the edges of the road
curbs measured at right angles to the length of the roadway.
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ELECTRICAL LAYOUT AND ESTIMATE .

~ Outreach - is the distance measured horizontdlly between
'theouterofthccolmmorwallfaoeorlamppostandtheccntcr
of the luminaires., -
Overhang - is the honzom:al distance between the center of
_ luminaires and the adjacent edge of the road.
Mounting Height - refers to the vertical distance between
the center of the lumindire and the surface of the roadway.
~ Spacing - is the distance between the successive. Iununa!res
in an installation. -

o= Ove.rha.ng d= Distarice spacing
Clearance w = Width of the roadway :
Mounting height or Outrcach

= 0

FIGURE §-8 STREET LIGHTING
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‘Maximum Light Utilization - In order to attain the maxi- -
mum utilization of light from the fixtures, the luminaires should
be mounted undey the foliowing specifications :

e —

Road width . Outreach
" 1.50t0 3.00 m. : G0 m.
3.001t09.15m. . 1.60m,
915101525 m, - 3.00m.
ES‘I 00m Itﬁﬂﬂm —i—-—*— 5000m —&
I j '-.‘ T

__,-'

Average Ic'ngih - 50.00 m. -

-}_1——_-‘—'7.00 m.

* FIGURE 80 STREET LIGHT AVERAGE SPACING DISTANCE
Warking Voltage

Luminaires are properly selected and mounted on a location
.most feasible and effective with minimum cost. For a 230 volt
system, a voltage drop of 5% is allowed although in extreme
cases 15 % voltage drop is sometimes tolerated. For strect iltu-
mmamm, the followmg formmla is used: i -

E = Al x {cu x mf}

wxd

Al=Exwxd
cu x mf
where: -
' The illuymination in Lux
Average lumens with a typical value of:

‘E
Al
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20500 lumens for 400 watts
11500 lumens for 250 watts .
5400 lumens for 125 watts -

The value of Al however, varies depending upon the type of larp specified.

. mf = the maintenance factor which dépends on the following;
Maintenance practice of the company. -
Operation of light sources at rate current and voltage.
Regular replacement of depreciated lamps.
Penodlc cleaning of lhe luminaires either 0.8-0.9,

a0 oW

Width of the roadway -

Distance between luminaires

Coefficient of utilization dependent on the type
of fixtures, mounting height, width of roadway
and the length of mast arm or out:reach

gn.i
L | |

TABLE 6-10 RECOMMENDED AVERAGE HORIZONTAL

ILLUMINATION LEVEL, LUX
Vehiacuier Traffic Classification
Pedestrian | . Very light Light Medium 'Heavy to Heaviest
 _Traffic | Under150 | 150500 | 5001912001 ~ 1200up
" Heavwy | - 8s8 | 1201 16.14 2162
Medium 646 | 8.1 10.26 12.91
Light 215 o 4.30 646 - _9.68

.. The values given are based on favorable reflectance for as-
phalt road, the recommended illumination should be increased
by 50%. For concrete road. the recorrmwnded value could be
decreased by 25%. _ 5 S .

In designing street illumination. consider the modem light-
ing of the present that will not be obsolete tomorrow when the
minimum light levels are raised. The increasing motor vehicles
speed, and the increasing congestions on the street. requires
higher level of highway lighting. ‘Thus, ﬁ.imre needs for hghr
should be considered in the désign.
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JLLUSTRATION 6-10 |
Cousidering* the data ‘prosented on Figare 6-8 when the
night pedestrian traffic is estimated to be light, and the night

vehicular traffic is to be medum, determine the required fu-
mens if the road isa concrete pavemcnt

SOLUTION

1. Referring to Table 6-9, E = 6.46 for light pedestrian me-
" dium traffic classifications. For concrete road, the reflec-
tance will be higher but let us accept the value of 6.46

2. Determine the'avem'ge pole distance.

B= 6461umenspersq m

n = 0.29 (WpeAﬁxmrc)

Al = Exwxd
S e

Al = 646 x 7.00 x S0m,
029x09

Al = 8, 662 83 average lumens

. Under .thc.W-orkmg antage,_ the mean lamp lumens of a2
250 watts lamp is 11,500 lumens, this is the nearest value to
8,662 83 average lumens. Therefore; a 250 watts lamp is ac-
. ceplablc . ) .

Computmg for the new actunl illumination E -

E = Alxcnxmf
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E= 11500 x 029 x 09
. .7.00 x 50

E= 8.57 lumens per sq. m.

* This is higher than the 6.46 recommended in Table 6-11.
. - Therefore, the road is considered as adequately lighted.

. Singls SIdo_Arra__nou'Mnt'

| "—’é‘—‘ o '—¢.-_._'“-_'.'_¢-“__'_ ;# "¢"

‘FIGURE -10 BASIC ARRANGEMENT OF PUBLIC LIGHTING
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Classifi catmn of Pedestrlan Traffic

"a.) Light or Na Pedestrmn Traffic streets in residential or
warchouse areas and on' express or elevated depressed
roadways.

b.) Medium Pedestrian Traffic on a secundary business
street and some industrial roads.

c.) Heavy Pedestrian Traffic as in business streets. '

UNEVEN SPACING

FIGURE 6.11 STREET LIGHT MOUNTING ARRANGEMENTS
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TABLE 6-10 ROADWAY CLASSIFICATIONS -

Classlfication Number Maximum Night Hour Both Direction
Very light traffic Under 150
Light traffic - 150 .. 60D
Medium traffic 500 - 1200
Heavy traffic 1200 2400 - -

. Very heavy traffic 2400 4000
Heaviest traffic over 4000

UNEVEN MOUNTING HEIGHT

FIGURE 6-12 STREET LIGHT MOUNTING ARRANGEMENTS
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- TABLE 6-11. COEFFICIENT OF UTII..IZATION

Average Coefﬁcient of Utmzatlon

Fixture | Roadwidth 3.00m t09.15m | Roadwidth 9.45m. o 15.25 m,

c 33.0% 35.0%
A 29.0% o 3486%.
B 38.9% ' 44.0%
TABLE 6-12 LIGHT DISTRIBUTION DATA
Desired | . Lamp ;
light wattage | Type of Coefficient | - Arrangement | Nominal
level - w fixture of utilization | - of lJuminaire spacing
10.76 250 A 36.3% Opposite | 48
- : Staggered 23
10.76 | 250 B 45.5% Opposite 58
' ¢ ¢ ; Staggerad 29
10.76. { 250 A - 31.6% - Opposite 67
. & - Staggered 34
10.76 | . 250 o - 42.5% - Opposite 88
: 5 . I Staggered 44
5.38 125 A 31.6% -Opposite 61
: : Staggared- 30
538 125 B 42.5% |. Opposite 84
: --Staggered 41
538 | 125 & 36.2% Opposite 72
Staggered | . 35
538 250 A 31.6% | Oneside 67
538 | - 250 B 425%  -Cne side .90
538 125 A 31.6% One side « 30
538 | 125 8 425% | . One side 43
$38: |- .-125 Cc 36.2% _ One side. 35
323} 126 A 26.2% One side 64
3.23 125 B ' 35.6% One side a8
3.23 128 C 29.7% | ©One sida o

Residential Road Width 3to 8 m.) Traffic ( Road width Sto15m.)
SOURCE: P?aﬂwlm Electrical Code part

200



210

ELECTRICAL LAYOUT AND ESTIMATE

TABLE 6-13 LEVEL OF ll.LUMINATION FOR VARIUS

TYPES OF APPLIANCES
TYPEOF(I?CUPANCY LUX
A. RESIDENTIAL
1. Living rooms
~ Oenenal lighting 150
Locally (reading, wiitiong 66) | 500-1000
- 2. Bedrooms ;
ammwg 150
I»cﬂly(mmul,mubln.hdw 250-500
3. Kitchen
General lighting 150
Locally (stove, deesser, table) 290-500
4. Hallways, Staircases, Lofls, Garages _
Ceneral lighting 150
l.ncauy(woﬂbmehu, hohbyublu) 250500
B. SCHOOLS
1. Nursery schools 150
2. Classrooms y
Genenal (Elementary, High School, Lecture room) 250-300
Warkshaps, science room . 2%0-300
~ Drawing rooms 500-1,000
3. Gymaasivens, All-nblylhlls,cmm Cotridors 180
4. Offices, Library etc. . 230-500
C. HOSFITALS . :
1. Doctors room '
" General lighting 150
Work table 500-1,000
© 2 Dispenaary
Ceneral lighting 150
©  Dispensing table 500-1,000
Store room ‘150
3. Fimst Aid Department
 Genenl lighting 500-1,000
Locally 10,000- 20,000
4. Lalvoratory
Besearch room 250-500 :
Work table $00-1,000
5. Diagnostic sod Therapeutics room 1
General lighting 250-500
Diagnostic isble 500-1,000



PRINCIPLES OF ILLUMINATION

6. Surgical Department Sterilizing room, operating theater

Genenal lighting 500-1,000

Operating table 20,000- 40,000

- Delivecybad . 5,000.10,000

~ Delivery room general 250-500
. Nemey © 0P
- 8 Dontal Department
Dental room, general . 250-500
Pationt’s chair 3,000-10,000-
e . 150
9. Private Rooms for Patients )
O Cenersl 150
Bed lighting 250-500
10, Kitchen, Library - #30-300
12. Asgembily halls, ngmcomdm . ;
. Haliwayy and bathroom 150
P. COMMERCIAL BUILDINGS
. 1. Shops snd Stor \
Shop windows, geoeral 1,000-2,000
Supplementary w]m& _ 5,600-10,060
2. Others, gencral :
Supplementary spot lighting 2,500-5000
3. Shop interior, large town shopping center - 500-1,000
4, Other places - 250-500
5, Railways snd Bus Station - : -
© Waiting rooms, platform, lavatories and refroshment 150
Ticket hulls and office ' 500-1,000
Luggage depot 230-500
6. Hotels snd Restsursats :

Restaurant, lovage, bar, hallways, staircases 150
Confarence oom . . 130
Platform, exhibition and demonstration - 250-500°

Kitchen 250.300

‘Hiotel bedevoras, peciril. . 150

mmng,wrmsdnk.dmmshhk 230:500

7. Offices i
' Mansgers room, conference room o 230-300
Typical pools, records and socouts bookkeeping 500-1,000
over 2,000

Drswing offices, land registry offices, caitography -

211 .
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ELECTRICAL LAYOUT AND ESTIMATE

- Designing, Architectural snd Engineering offices
Decorative drawing and sketching
Canizen, parior, ﬁlhnlmuml
8. Storage
Gmﬂm(mdﬁwﬂy}
Factory (used froquently)
Bulk storage, small items
Very small items
E. INDUSTRIAL BUILDINGS
. I.Mllkﬁmy

mpmwum
Sorting of bottles
Bottle washing machines, inspections, filling, lab.
- 3, Food Processing Plars and Canneries
Color sorting ;
Inspection of filled cans
Sealing of cans
. Packing in cartons
3. Garment Factories
Inspection of materialy :
Dark fabrics .
- Cutting and pressing
Light fabrics
Sewing and Trimming
Light fabrics
Dark fabrics
4. Soap Factorics
mwmdmmﬂm
mmmmdm
3. Textile Plamts
Bale breaking, mixing sorting, carding, deswing
. sizing, spool winding, spinning <
Weaving
Stationsry pieces
Fast moving pieces

212

1,000-2,000

- 500-1,000

150
150
150

150
© 250-300

150
250-500
500-1,000

250-500
1,000-2,000
-250-500
1,000-2,000
'250-500 -
150

500-1,000

“over 1,000

500-1,000
1,000-2,000

$,000-2,000

- over 2,000

- 150 -
250-300

250-500

 500-1,000

- 300-1,000

- over 2,000



ELECTRICAL LAYOUT AND ESTIMATE .

3. Silk and Symthetic Fibers
degwmming, dycing , drying
Bobbin winding, spool winding
Spinning, light color red yams dark oolor
 Weaving
& Wool_ :
Bale breaking, blkending, sorting
Inspestion i

mm&mm&mwlmn!_ ;

. de LW, T E
Wesving
Colored
F. mmeAcrunmc'mm
xmungums F
Primlymllmg. flat rellm’(fnt mllmg of nnp
- amvd sheets _
Dmrmgofmbn maémdm - &
ZPTI.eMﬂln '
Tmnmx.plvm:zmg,mldmllmg
3. Inspection
Black sheets, mkdslaba
. OTHERS _ ,
1. Museum; At Galleries
On pictures supplementary lighting
Dnsculptmmdotherobjm
2. Sports ¢
Stadium
“Training field .
Horse race teacks
. ‘Tennis courts ¢tc.
3 Ginge
. Garage sccommodation
© QOreaging bay
Woskshap, greasing pit, washmsplm
Work benches, show room

150

250-500
- 1,000-2,000

500- 1,000

150

. 500-1,000

.. 250-500

250500

'suo-looo

500-1000

1,000-2,000

130 .

' 250-500

- 350-500
150

| 500-1,000

; 150
250-500

250-1,000 -

130-500

75150
125-250
335450

150

150 .

250-500

_500-1,(_)00
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 CONSTRUCTION OF THE
DISTRIBUTION LINE
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 ELECTRICAL LAYOUT AND ESTIMATE

'THE DISTRIBUTION LINE
_ CONSTRUCTION

Introductlon

. Prior to the declaratxon of. Mamal Law in thc Phlllppmes on
September 21, 1972, the supply and sales of electric current in

" various parts _ofths country was under the monopoly. of several

franchis¢ holders. Thus, electric setvices in- the -country were
‘controlled by prvate capital. This set:up however, resulted to
nen-uniformity of electric rates and services because of the dif-
-ferent electric companies. operaing. busmess in dlffermt prov-
inces; cities andmumclpalmes namonmde _ e

Whm Manlal Ru]e was mlpose by Premdent Ferdmand E.

Marcos, on September 1972, the _privileges being enjoyed by
- these franchise holders were totally scrapped and abolished by
i virtue - of Presidential Decree No. 269 creating the National
" Electrification Administration (NEA) and the Electric. Coopera-
tives. These two agencies ‘of the government were then saddled
with the responsibility of implementing the Rural Electrification
Program, The Rural Electrification program was among the pri-
“ority prograin of the Mareos Administration towards industri-
~ alization and extending efficientt services to the remotest rural
areasatarmsmablelowerrate ofelectncrty "t

* In order to éarry ouf thls ambitions prOgram of the govern-

_,,mmt,theMarcos administration embarked on foreign borrow-.

" ings to support the financial needs of the National Power Cor-

' pofation ‘and. the Electtic Covperatives. The blue print of the
master plan is to construct various power generating plants and
distribution lines in Luzon and then consolidate and intercon-
nectallgenerated powertothemamsysmmcalled LuzonGnd

" The Lisgon Grid will then supply electricity to the different
elecmc cooperaft;ves whosc busmesSmtoretaﬂelecm::rtytothc-
ers' gm0

Cats



' DISTRIBUTION LINE CONSTRUCTION
The Electnc Dlstributlon System '

Under the preseut set-up, electnclty will be supplied by :

1. The National Power Corporation
2. The Meralco
3. The Electnc Covoperanves Inc.

TheMeIalcohasntsownpomgeneratmgplantbutalso
depends on the National Power Corporation for its power defi-
ciency.- On the other hand, Electric Cooperatives that serves as
the retail cutlet of electricity outside Metro Manila are mostly
dependent on the current supplied by the National Power Cor-
poration. A handfol mumber of electric cooperatives however,
generates power through their own nuni hydro electric plants,

'paweredgencmungplamsordendroﬂwmdlplanthnlsnot
'moughforthcamwmgdenmdofthmcodsmm :

Ompmbnbh&sﬁmdﬂnsmmmmof
current through the Luzon Grid is in case of power plant or
" ‘transmission line failure or break down. In such a case, black

'mtmaybefcltﬂmmughoutthemﬂmmpplycowrageam

' Atpr&smwcremtwosymbmgndopwdmﬂmw-
'_uoeof:bm'mty,thcyare e,

'IhclmetoLmescrmcebytheMm‘alco ;
2 ThnMuln-Groundsystanbythe EIMcCoopem

- 'Ihchnetohmsemoehasanmgagedvohagcofllsf%o
volts, while the multi ground system of the electric cooperatives
hasanmgagodvo@ofﬁﬁwhsmlyorﬁ%whchm
_aﬁymemretsc'anmwhasemdthcothﬂwhd}m
grcumdnszerovoltage P | _

2 Presmtedmthlschapten;ﬂnMulu-Grmmdayswmused
bynolessthan lzﬂdmmvesmtheowmywday
The actual construction of the 7.62/13 Ky. distribution line in-
cluding the materials required for ready reference of the engi-
neers, electricians and linemen in the field of construction. .

s
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DISTRIBUTION LINE CONSTRUCTION

Dlstnbtltlon Lme Constmcﬂon

Thndlsm'buuonhnscmsmwuomsdlwdedmtothreepaﬂs
1. Consuucumoftthlsmbuuoanc Tt
* a. -Single Phase
b TwoPhase . e
-¢..:'Three Phase :
X Thanﬁ'«entAssanbhesofﬂwDrsmbumnhm

_a, FuseCutout
e Rwlqser
d. VohaaekesulatorandCapacﬂor
e Transform : B

3. Protecuonofﬂwl.mandMetenng o

. FIGUREli~A - _,
ELECTRIC POWER FROM GENERATION TO UTILIZATION VOLTAGE

7



- STANDARD ALPHABETICAL CODING FOR MATERIALS USED BY
ALL ELECTRIC COOPERATIVES SPECIFIED BY THE NATIONAL
' ELECTRIFICATION ADMINISTRATION

ac - 'Braca ( side arm diagonal)
ae--Limtnlngamstet _
af- Fuse cufout '
- ‘Ground wire
-~ @Ground rod .
Ground rod clamp
Staple ground wirs
- Conchdet
- -Hot line clamp
Jumpers and lsads
- Guy guard
- Cutout asrester (combination)
Bmlmalmvaﬁcdm

%?#&3

g B:? -

218

ftem Materials " ttem .Moterials
a- Pin type insulator " b Gwlnok '
b- Poletoppin bk~ Guypiste
¢- Machineboit - - . bm - Guy thimble

- d- Washer ‘b - Loop clamp dead end
e- Boit bo- Anchorshackle
f- Crossamsteelpin ... . bp- Galvenizednall -

. g- Crossam br-  Chaln, link
h- Brace bs - - Single post boit
i~ Cariage bolt bt- . Wira holder &
j- Lag sorew .. bu- Connector sdiderips
k- Suspension insulator by - Amor rod, (tapping)* :
‘|- Deadendclamp bv-1 " Anmer rod (single support)
m~ Suspension clamp w2 Armor rod {double support)
n- Double amming bolt - oc-  Neutrs dead end assembly
o- Eyebolt - - - g+ Groundwie
p- Compression connector - gk» Clarmp, anchor and bonding
8- Swinging clovis (secondary)  om- Spool insulator _
t- Amortape or-  Angle bracket
u- Guydamp ci- Woodbrace -

.. ¥= Guy atiachment da- Bracket
X- Anchor rod d- Pipe spacar
y- Guywire dm - Transformer bracket

2. Anchor o dt- Deadend service -

© aa- Eyenut - Post type insulator

. 8b- . Bracket for post type insulator

oc- Bracket, offsat, neutral insulstor

fo- Transformer sscondary bracket

fk - Extansion, bracket L-type
gc- Condut -

'ﬂ’- SW ¢
* an- Transformer

gh- Meter box, meder and tast block
- anw

sd- Current ransiormer

sk - By-pass switch

W~ Tie wire



. ELECTRICAL LAYOUT AND ESTIMATE.
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ELECTRICAL LAYOUT AND ESTIMATE

’ _- ' "—-\ ) ¢
B o St : b
POLE TOP PIN ASSEMBLY

1 %
<

T i
£8 11 He
i ’ SRR = =

%.L.Ié_.____. i T g, _#l

: 3 g y o

d E T em-ba-d | : :

! il

| [

i A :

i [

: 4

H !

I . = o

L::-.J. l-,1d

ELEVATION SIDEVIEW  *

 FIGURET11 _

'__'f.szm.z KV. PRIMARY SINGLE PHASE 0° TO 6° ANGLE
Cem Weerias. | Quantty | fem  Materiak Quantty
" a - PinInslator 1] T Tiewiet e

b- 20" Pole top pin 1 | ek- 5.8 Locknut 2
¢- &8 x 8 Machine bolts 2 | bz- -8 Single upset bolt : 1
- 6 X 2%-1316 holowasher 3 | em- 1%'dagnovsspoo!lnsulah 1
b - 1 Amor rod {single supporf) 3

* Condcior Accessories

20



' DISTRIBUTION LINE CONSTRUCTION

|
L . b
a  TEi~e
B q—r
1 i
§ B3]l e Postion of Guy
4 § whan requined
fm T

F

e  — ——

{..____._.

ELEVATION"

Béeem

e L e L L 0 M e Bk s b e e, gl T . s

SIDE VIEW

o mune 12
7.02:' 13.2 Kv. FNM&R?.S!NGLEPHASE O° TOG"ANGLE :-
: bOUBLEPﬂMARYBUPPORT _
Im Mateclals ' Quanh’ly_ 'lhm ' Matsriah 'Qumﬂl}' ‘
'a- Phtypeimnlahr 32 1 om- 1%'&x1%'ppespwar
b- 20°Poltoppin 2id- %dax1%'pupespmer
¢~ 587 12" Machitie bolls 2 | ek- 58 Locknut -

L 8- W 2% 1thewasm 1

bv-1 Armor rod (single supporf)*

o o R -1-

bs B‘Shgotpaﬂbok © 1| bw2 Amor rod (double suppor *
‘Oondw(wAcfcessodu;
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ELECTRICAT/ LAYOUT AND ESTIMATE

ELEVATION POLE TOP PIN ASSEMBLY

FIGUR& 11-3

7.82/43.2 KV. SINGLE PHASEDOUBLE mmnvsuppm“r
MAKM:M TRANSVERSE: mmm 227 K@. {500 LBS,} PER PIN
8° 'ro u mmm

ltem Matenals ' Quantity !tem ' '.Mahﬂah" ~ Quantty
a- mmm : 2 d'l Bracket - ) 1
b- 20°Poletoppin - . . 22| d- W ds. @rmppospm 2
¢~ 58 x10° Machinebolts . .~ 2 | ek- 58" Locknuis 4
c- 58 x 12 Machinebols .~ . 2 | bt mwdww 1
d- ¥6"x2%-13/16 Hole washer 3 | bv-2 Armurmd(dowlesq:put}' 1
om- 1'% Groovespoolinsudator - 1 | tw- Tiewkre* .24

* Conductor accessoffes



DISTRIBUTION LINE CONSTRUCTION

120 em ——122.5{
(-]
om. | &
2 )
. e T g
5 al
|

1
Wk N
L \
'—'.'—'l'*':'* Position of guy A
i
) Ha }
[ = i : » o e
l i TOP VIEW
g “‘: e |
N 1 ; /"
P Neutrad
: 1 3 fo,
541' : 1’
w g
— ; % '
_' L :

—
/f

\

\

ELEVATION ‘SECTION X-X
_ FIGURE 114
rnns.zxv.mmv,mmpmau"mu“mm

e 2%":3’18"Hobmhu' 2] cm 1%'d]agmspnokimm o |
k- Suspsnsion insulator 2| bo- Anchorshackle. <1
0- S8x& Eyebolt = - 2| ek- 58 Locknuts - 3
m- Suspensioncleep . 1. w- Tiewirs® - 8
8 - Secondary swinging clevis 1| bv- Armnrmd{mysumﬁ' 2

* Conductor Accessorles

o



" ELECTRICAL LAYOUT AND ESTIMATE |

Top Saxddie b cimad b s of
T epping AmorRod

120 e

* FRONT VIEW

PLAN

FIGURE 115
7.82/13.2 KV. PRIMARY, SINGLE PHASE 80° TO 90° ANGLE

hom  Mateces | Quunmy' fom - Wk  Quantty
.d» 2%'x3'16~13!10Holsmh¢ 4 om - 1Wcla5rmwoollmmabr ,2
- Suspension insulator - 41bn- Loopdeadendemip I
o S Eyeboit -4 1ek- ST Locknits - O
pe Canpressmcomm 1|ag- Mpets(asmqund}
‘ap- Hotlneclamp. =~ 1] t- Amortape® -
1+ Deadendclamp ~ 2| b Nmorrod (mping} S, N
" g- Socondary swinging clevie 2 L L IEE, B W
"Conducrorﬁmssoms
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_ DISTREBUTION LINE coxsnm

. E e v e e s i v

FRONT VIEW

 TOPVIEW

SECTION XX

 FGURE11$ |
| 7.62/13.2 KV. PRIMARY, SINGLE PHASE DEADEND (SINGLE) |

Quantity

em  Materiss M'

Hem  Materinls

8- 2%X V18- 1316 hola washer 2

k- ‘Suspansion insulator
- Deadendclamp -
o- 58 x 9 Eyebolts

2
A
2

bn - Lnupdaadwdm 2
om - 11!3tlagnmqmlinwlahr 1
ek - 548 Locknuts ; 2
t- Amortaps* o 1




ELECTRICAL LAYOUT AND ESTIMATE

Top Saddie b usad in ey of
3 T wa\l‘l’lbihﬂ

FRONT VIEW ' " FRONT VIEW

FIGURE 11-7
7.62 1 13.2 KV. PRIMARY, SINGLE PHASE TAP
- No. Reguired
ltem Malerials A B c
.d- 2'.6"x2%'xa?16' 13.'16‘Holamshar 2 2 0
- k- Suspension Insulator 2 2 2
o Sis'xrem|redhngm5yabon 79 T4 118
. Compression connectors . 2 2 2
aa SIB"Eysnut o o : B 3
aq- Jtmsandlaw(smm-
bo- Anchorshackls =~ =~ 0 1 1
bv - Amor rod ( tapping)® s e of B w il
. ek- 58 Lockmuts . - WL 2 2 0. ¢
" #p- Hothnsclamp .. S P . e 1
| - Dead end clamp , ' ' : 1 1 1
8- Seoonchys\qungmgcmis 1 11
- om- 1V‘cilmaspoollmulator i 1 T
- bn- Dead end loop clamp 25 a2
t- Armorhpa‘ =4 K 1 g A

* Conductor Accessories
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- DISTRIBUTION LINE CONSTRUCTION

IT Gnddle h“h“'
S eoping Amor Red.

- FIGURE 118

7.82/13.2 KY; FUMARYSINGLE PHASE TAP

bz J’I'f:‘. | 2k

: 'n.m Materials

No. Required

8- Pin type Insulator i
d- insulator 2V‘x2%‘x3m‘HnIodimter
k- Suspension Insulator
b- 2" Polefoppin . |
p- Cmpmsmncumecm q
aa- 58 diamelerEyenut -
oG- mmﬁuﬁnw
w k- Aymor tape® .
- Arrmrodhppm’
e~ S x 9 Machinebolt
ek B Lockruts -~ W
ap- Hotlineclamp ©~ " K
l- Deadendclanp -
cm- 1wmgowespo¢lmmtu
bn - Dead end oop clamg “
S- Smndarysmngmclevis

oo |B
AN AR =

— B b A

-
b

Conm;lccesw!as
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ELECTRICAL LAYOUT AND ESTIMATE

TOP VIEW

- FIGUREN1®
7.32/ 132 KV. PRIMARY, SINGLE PHASE VERTICAL DEADEND {DOUBLE)

fem ~ Materiab  Quanfity [ Hem - Malerials - . . CQuanfily

©ode 2% X HIE13NE Holewasher 4 | ma- 58" Eyenut . 2
k- Suspension insulator .aq- Jumpers (asrequired) - . .
I- Dead endclamp bn- Locpdeadendclamp . 4
o~ 58" x5 Eye bot - ~om - 1% dia. groove spool insulsior 2
p - Compression connector t- Amnoriape®. LW
$- Secondary swinging clevis I

B3 b B R B

n COndchAcces'sod'es
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DISTRIBUTION LINE CONSTRUCTION

' FONT wew

Flouh!ﬁ-'m 5
uzuazlw SNGLE qu.caoamu cousmcﬂou
( DEADEND SINGLE )

d- ¥16%2'%-1¥18Holewasher 101 s- Secondaryswingingclevis 1 -
- g- MM/2x4% x 8 Crossam - 2| cu- 28" Wood brace. 4
i« @/8"x4 % Camisgebolts - 4| om- 1Wd&gaoveapodlﬁusuhw 1
j» A" x& lageerew .- 2 | bn - Dead and logp clamp 2
K- Suspersion sudstor . . 2| ek- S/8'Locknuts , - 8
1+ Deadendciamp - 1| ek- ¥ Locknuts- -, . 4

M- Sla‘anmﬂemmbon 3] t- Amortape*. - . 12
aa - 58 Eye nut .2 - o ;



ELECTRICAL LAYOUT AND ESTIMATE

FRONT VIEW

TOP VIEW
HOURE‘H.-"
1n:1s.z|<v SINGLE PHASE cnoss-ARM cousmucﬂon
{WW)
 d- ¥16"x2 %-13/16" Hole washer 10‘ .p.ﬁ.'cwmmm_r- .
c - g-3%x4% x¥Crossam - 2 S8 Eyerut - 4
-cu»--ZB'Wwdbme- i - & aq Jmpets(asroqaired) e
' Wx#'/i‘wm 4 | ek - 58 Locknuts i , -é' B
-.'i %X & Lag strew - 2| ek- Wlocknuts 4
* K~ Suspension insulator 4| em- 1wmagmspodmmz
n- sva'xw'mmmbon 3 ap Hot line clamp : 1
|- Dead end clamp - - 2 Armor rod (lapping)* < - - 4
s- Secondary swingngcleviss 2| tv Amortape®. ' w
-bn - Loop dead-end clamp "4 tw- Tiewre® - - ‘ 40

“‘Gdnducfu{l T
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'DISTRIBUTION LINE CONSFRUCTION

w
110 e, _f i
Mnssiral »
7 ree gl @K
kL e d
£ I i &
a - (=T}
Podilion of :
ﬁ-nmmm ifpi
. : |
I '
vl
tal
1}
]
1 H!
. )

FRONT VIEW

TOPVIEW

FIGURE 11.12
1m;mmamnmmmmucm
fom. Maiwiols . ' QueeMy| fem  Mabwiss . Quedly
a- Piniype insulabs . 4| j- wu'l..agm 2
d- 316" 2% Washer . 10| n- G’B'XW'MWM 3
f- S 10%% Crossamstesipin 4 | ek /8 Locknuts - 10_
g~ 3% x4% x & Crossam 21 ek- ¥ Lockewis 4
o 28 Woodbrace .- . 4| bv2 Amorrod® . 2
1+ ¥Ex4% Cariage bols 4} tw- Tiowrs® . . k4
* Conduclor Accessonies
. 281



ELECTRICAL LAYOUT AND ESTIMATE

r
t
- ;

Pésion of Guy p ol

L

l'I

&

i

'FRONT VIEW
TOP VIEW
FIGURE 1143 |
7.82/13.2 KV SINGLE PHASE CROSSARM CONSTRUCTION
Meen uam Quentity | ftem Materinie -
a- Plnwpulmm P50 | sex@ingiiow oo Tt
oL SEXIT Nachwebot 1 ['e- 26" Woodbrace - 2
d- 316" 2 %"-1316° Nolewasher 2 | ek« 5" Locknuts ¥
- WNOWCrnmshelpm 9| ek W8 Lockm _ 3
g 3% X 4% X8 Crossamn 1. bv-lAnmmd(shgesiw 2
&'ﬂ'xd%‘(:ﬂﬂwboﬂs 2 Viw- Tiema i 16
* Conduelor Accsssories
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 DISTRIBUTION LINE CONSTRUCTION

I
yod
|
|
|
t
I

i |
1
|
|

g |
|

a} -

FRONTVIEW = . . SIDEVIEW  SIDEVIEW .

. muneu.u

7482/ 192 KV, PRIMARY, sme;.ems smennu-rmem |
MHom  Mteriais Quantity |- ftem . Matsrials  Quaniity
o A Bl ., . _A_B

e Plnlype "2 4|'c- SEx1ZMachinebot 4 0
. %‘xﬂ"Machhehdt 1 2| c- Wx10"Mechinebot =t 2
a W XAV Washer 2 B d- 18 X916 Holewasher 2 6
n- 5818 dlAmingbot 0 2| f- S8x10%C.amsteeipin 2 4
8- 3Wx4Wx¥Crossonn 1 2] j- W x4 Lagboraw . S
a- 8 Sidewmdag Brace 1 2| ek- %Wlockm 2 4
ok BFLocknus. 00 . 1.8 mmrousingf_esw_ 20
tw-Tewrs' 16 3| bv2 Amorroddubiesupport’ 0 2

S h— ‘ |
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ELECTRICAL LAYOUT AND ESTIMATE |

TOP VIEW

PIGURE 11-18

7.82 / 13.2 KV. SINGLE PHASE CROSSARM CONSRUCTION
. SINGLE PHASE JUNCTION AT ¢° 7O 18°

Hem - Meterisls  Quanfity |- fem - Materials - - Cuentity
8- Pininsulater 3| 1- ¥8x4 % Camiage boit 2
b- 20 Pelejop pin . ; 1] j- Wx&legscrew .
¢~ S8 x 10" Machine bolis 2| p- Compressionconnector = .~ 3
- S x 147 Machine bolt 11 &g- Jtrnpgtsandleads(asremred)
‘d- W 2 %1316 holewasher 51 bs- 10‘sirue|.peetbolt 1
f- foﬂ’e&'(:mmrnsmlpm 2| ek- 54 Locknuls _ 3
.8 3%‘x4%¢'xa'mmm 1| ek- 38 Lockhits 2
it~ 28" Winod byaze ’ 2 bv1kmmd(sinyesuppu'q* -
RNy~ Swnlmmf%'da yoova 1] tw- Tiowie* . a
& Hntiuachrp . A - chr_mdwmng S




ELECTRICAL LAYOUT AND ESTIMATE,
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ELECTRICAL LAYOUT AND ESTIMATE

10

R8om
b s an
30em. '
Poettion of guy
mmﬁ y d\‘: Il
~ FRONT VIEW
553 ' : I | be
o h
SIDE VIEW
FIGURE 11-18
7.62 1 13.2 KV, TWQ PHASE CROSSARM CONSTRUCTION
0° TO 5° ANGLE SINGLE PRIMARY SUPPORT
ltem  Materials Quantity | Mem  Materials Quantty -

% - Pinfype insulator 2 | ek- 58 Locknuts 1
c- 58" x 14" Machine bolt -t} i- 5/8%4 % Cariage bolt 2
d- 18" x2%W-1316" Holewasher 3 | bs- 10° Single upset boilt 1
f- SB"x10% Crossamsteelpin . 2 | J- 22" x4 Lagscrew 1
g- IWx4W xFCrossamn . 1 | om~ 1% dia. groove spoof insulator 4
‘cu- 28" Wood brace 2 | bv-1 Amor rod single support * 3
ek - 38" Locknuts "2 |.tw- Tiewrs* - w
* Conductor Accessonias

L -~
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DISTRIBUTION LINE CONSTRUCHOH

a0
i
(1 o™
bl
i)
|i:1 _
L] l h
H
_ : iy
FRONT VIEW i |
\ : I
| |
! |=:z|~J
SIDE VIEW
. FIGURE 117
: B?J 132 Kv.'rm PHASE, cnqasmm CONSTRUCTION
. DOUBLE PRIMARY SUPPORT AT 0° T0 §° ANGLE .
Mem Materals Quanhly Mem  Materials ~ Quanfity.
a- Pintype insulator 4 |- wxelsgscew 2

d- 3!18":2’.4“13(18%% 1t
f- ‘HB'x‘IO’ACromuﬁdph 4
G- K’x#%"xa'm .

o - za‘Woodbraoe )
ek - 38" Locknids

ek - S/ Locknuis

i+ 38" x 4 % Carriage boits

W L
Aod-.__.nu

n- S8 x20° doibleamingbolt. 3

bs- 10" Singloupsetbolt . - 1

cm- 1% dia, g‘oovewlhwlm 1
bv-1 Armor rod single support* 1
bv-2 Ammor rod double suppart* - 2
tw- Tiewre* T4

*Conductor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE

L4
[ 1]
3

g - .-K—»—

- FRONT VIEW

TOPVIEW |

FIGURE 11-18 |
7.827 432 TWO PHASE CROSSARM CONSTRUCTION

DOUBLE PREMARY SUPPORT, MAX. TRANSVERSE
mum:mn’mwmm
ltem Materizle .M fom  Materials Quanfity
- Pin ype insudaler 4 §- 'A'X4'L|gam 2
¢- 58 x10" Mackine ol 1] - ¥ x4'A Carviageboits 4
d- ¥6x2%- 1996 Holsnasher 4 n- Wx?ﬁ'Duhhmgbdt 4
f- .wmwmndph 41 da- Bescket 1
g- AW 4% x8 Cromen 2] om. 1W&mespoollmm 1
cu- 26" Woodbeace 4 mmmwm 1
ok- M8 Lockwas - . 4] tw< Tiewie® _ 40
ak - 54 Lodknuts N

* Conductor Accessorfes
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'DISTRIBUTION LINE CONSTRUCTION

1.

rrwrpm o CONER. ey
22.5 om R _ :
SN Y A v
11 M‘\k ——\—\(:
Afom. . 111 . E :
st R _ \u\" N
ek Y
o it Positon of guy o N
ik .
1y . -
| ,
| ‘Wﬂ4 | TOP VIEW
45 em. |I : :
; il
RN 7
B e /
X nar K : /!
i ' -tk :
| P R V. £
. _/"r | S ey o T
0-0-*1 I ' - LN
il N
La_-} % \
FRONT VIEW SECTION XX
mesﬂ.u 5 2
782/ 132KV, TwoPmsEVERnGALCONSTRUCTION 2oaw
ao"'ron"me i b
fom __ Mateils Quandly | bom _ Mawisk  Quantly
d. ¥18'x2%- 115 Hale washer 3 | om- 13" dla. groove spool insulator 1
" k- Suspension insuiator - 4| bo- Anchor shacide . 2
o- S x10CEyebolt 3| ek- 58 Locknute | 3
m - Suspension clamp : 2| bv1 Amorrod (single supporf}* 3
g- Secmdaymmclevs 1] w- Tiewis®. ; g
* Conducior Avcessories
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ELECTRICAL LAYOUT AND ESTIMATE |

SECTION Y-Y C SECTION X-X

FIGURE 11-20

7.82/13.2 KV, TWO FHASE. VERTICAL CONSTRUCTION
so" To so" ANGLE

ftom . Mateﬂala " Cusantly Re_l_"n' Ma'tcnals  Quantity

4 M X2 1316"I-Iolemsher &| em- 1Wda gowaspoollnsulaﬁur 2
-k~ Suspension insulator

8] bn-"Dead end loop clamp o 4

o- S x10"Eyebolt . 61 bo- Amhwshackle 2
co- Sx8Eyebot - ¢ 2| ek- S8 Locknuls 8
* p~ Compression tonnectors 2| ap - Hodline clamp 2
.- ea- §E'Eyenut © 21| - Dead end ctmp 4
‘8q- Loadsmdjmm(asmqﬂrad} s | bw- Ammor rod (tapping) * 2
8- Seoondarysmngmgclews 21 t- Amorfype* Z

3 ‘CanducfwAecessoﬂes
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. DISTRIBUTION LINE CONSTRUCTION

TOP VIEW
FIGURE-11-21
7.62/13.2 KV. TWOPHAsECRossARM CONSTRUCTION
: : SINGLE LINE ARM -
fem  Malsrials ‘Quantlty |ftem - Materials - - . Quanfity

" 8- Pin type insulator 3} g- W xIW 0 Crossam
¢ - 58 x 10" Machine bolt 1 w-Gﬂ‘FSpan_umdbmce_
¢= 14" x 6" Machine bolt 2 ] ek- % Locknt
¢ - /8" x 14" Machine boit 1 ek 5/%" Locknut : %
d- W16 x 2% x 1316 Hole washer 3| bw1 Afmrmd{amdesmport)’
d- 138 dis. x 919 Hole fd. washer 2 | tw- Tiowire®
f- B8 %10 %" Crozsarm steeipin 3

g@mm;a

 * Condclor Accessorfes
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ELECTRICAL LAYOUT AND ESTIMATE

FRONT VIEW

FIGURE 11-22

SIDE VIEW

7,82/ 13.2 KV. TWO PHASE SIDE ARMS CONSTRUGTION
FOR SINGLE AND DOUBLE PRIMARY SUPPORTS

ltem Materiets

*%

a- Plnlypommr :

. €~ S8" X 14" Machine bolts

£~ %' x 8" Machine bolts

¢- %" x 10" Machina bolls

d- 2% x2 %" V16" hole - squars wesher

d- 138" diamneler x 9/16" hols round washer

f- /8 x 10 %" Crossarm steel pin

g- 34 x4 % x & Crossam

j- %' x A Lagscrew - . - ;

© n- 58 x 20" Double arming beit 5 i s
ac - 1% angle /18" x 7 Side aym diagonal brace ;
bb- 50" %mwmm

ek - 8" Locknuls :

ek - %" Locknuts

by - M'nu'md{angeaapcrt}' 2w T
bv-2 Nmutmd(dnwiasamr v o
tw- Tie wira" . pi s

N W e e D N W - N W

5m1

apoNAMEsaSNbROos | T

G'iﬂ’

'_Gmdmﬂmm
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DISTRIBUTION LINE CONSTRUCTION |

10 .
110 cm.

10

!
|

FRONTVIEW ]

g
| .k.L_'" .{__ﬁr_ﬁl_a.

TOP VIEW

FIGURE 11-23

 7.62/13.2 KV. TWO PHASE CROSSARM CONSTRUCTION
: SINGLE PHASE JUNCTION AT 0° TO 8° ANGLE

lten Materiale Quantity | Item Materials Quantity
a- Pintype insulator . | 4 | by- Amorrod tapping * s
c- 58" x 14" Machine bolts © 2| bv-1 Armer rod (single supporf)* 5
d- 36 x2% -13/18holewasher 5 | tw- Tiewirs* ' 9
f- &8'x10% Crossamstealpin 4 { i- 3/8"x4 % Camiage boit 4
g- 34 x4 x 8 Crossarm - 2| j- W x4 lagscrew 2
cu- 28" Wood brace . 4! p- Compressionconnectors - 4
ek- 38 Locknuts 4 | ag- Jumpers and leads (as required)

ek - 5/8" Locknuts 2 { em- 1%’ dia. groove spool insulator 1
ap - Hot fine clamp 1| bs- 38 x10"single upsetbolt . 1
* Conductor Accessories '
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ELECTRICAL LAYOUT AND ESTIMATE




_ DISTRIBUTION LINE CONSTRUCTION

FRONT VIEW

FIGURE 1124

e ml
110 cm.: '

BIDE VIEW

7.62/13.2 KV THREE PHASE CRQSSARM CONSTRUO"I'ION
SINGLE PRIMARY . SUPPQRT AT 0° TO 8° ANGLE ;

3 e G2 B = mh o N

e Matsrials Quantity | item - Materials Quantity
#- Pin type insulator 3| |- %8 x4% Camiage boit

b- 20" Pole top pin 1] j- % x4 Lagscrew

c- 8" x 10" Maching bolfs 2 | bs- &8 x 10" Singlé upset bolt

¢- §9°x 14" Machine bolf 1] em- 1%‘dagmspoulimuhtor
d- 38" x2% - 1&18holl\wsher5 ek - 38" Locknut . _

(- 58 x 10% Crossam steelpin 2 | k- 5/8" Locknut ;

‘g I x4W x8Crossarm 2] v Nmorrod(singienmt}' .
cu- 28 Woodbrace . 2| tw- Tiewire®

*Conductor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE -

F et T T ——
i

T

FRONT VIEW

SIDE VIEW

FIGURE 11-28

782( 13.2 KV. THREE PHASE CROS.
DOUBLE PRIMARY

SARM CONSTRUCTION

Y SUPPORT AT 0° TO §° ANGLE

ltem - Malerials

Quandity |

fterm Materials

a- Pinlypelmlahr 8
b- 20" Pole boppin 2
¢~ 58 x 12" Machine boits 2
‘d- 316" x2 %" ~13/16" hole washer 11

- 5% x10% Crossamnsteeipn 4 | cm

g+ 3% x4% x & Crossam
i~ 38 x 4% Cariaga bolt’

.y

4
| Wx4" lagscrew . 2
i

n- S8 x 18" double ammning bolt

- é

bs- &8 x 10" single upset bolt
ok - ‘58 Locknut

ek - 3/ Locknut

cu-- 28" Woodbrace
-1 “insulator -

d- W da. x1%'pbespacu' ;
bv-1 Amer rod {single stipporf) *
by-2 Arrmrmd(hblesmpm}
fw- Tm\h' '

-
G =a

-

L P Y

* Conductor Accessories
9 r
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- DISTRIBUTION LINE CONSTRUCTION *

a  d-sk
N
' g I -|—-l_ o w
60 ¢, s [ ' Position of Guy
T ek ‘ (when nequired)
¢ : ;

i | I
'@l
—4 -
- A~ e et
d k/ITI
-ak .
. |'|'\Neu|ra|
|
TOP VIEW
Flé'uREﬁ-zé
7 62 f 13.3 KV.3 PH&SE CROSSARM CONSTRUCTION
0°T0O 2° ANGLE ( LARGE CONDUCTORS ) N
o Materials  Quantity.| Hem - Malerials. Quantil}?
a- Pin s Insulator g ek- 5@ locknus g
b- 20"Puletope|n 11 f- Crossamcl 1ypepin -2
G- %' x 6" Maching bolts 24 g- 3Wx4W xB’Cmssann_' 1
¢- 58" x5 Machine bolts 2| bs- 12"S|ngleupsetbult ' 1. =
¢- 58"x12 Machine bols - 3 -_'cu- 80"Woodbrace -1
¢- 58" x 16" Machine bolt 1| em- 1% da. groove spodl insudator ‘1
d- 3116'x2%'—13.¢18‘holemsher 10 bv-1 Armormd{sungiesmpbrt} 4
d- V& dia. 9!16"holeromdwasher 2| tw- Tiewire* 3z
ek- % Locknuts z '
"Conp'uc!orAccessodes. '
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ELECTRICAL LAYOUT AND ESTIMATE

FRONT Et.svmon "~ TOP VIEW

FlGURE 11-27

7.82/ 132 KV, a-nmz CROSSARM cous'rnucnou DOUBLE
mmvsmn‘ms’m (LARGE

Jtem Materials .' Quﬂnﬂfy' jam  Materials  Quanity
a- Pintyps insulator 6| g- 3% x4% x8 Crossam 2
b- 20" Pole top pin 2| n- 5% x24 Doublearmingbolt 3
c- 58" X 12" Machine boit 3| cu-. GG"Spanmdm 2
¢- % x6"Machinebolt | 4 | da- Bracket = 3
¢- 58" x 14" Machine bolt 2 | ek- % Locknut 15
d 316" x 2'4™-116" holewasher 13 | ek - %" Locknut 4
d- 136 dia /16" hole red. washer 4 | w1 Nmurod(smiompcrq 1
d- % da x1% Pipespacer 2| bv2 anrod(d:tﬂumq 3
f- Crossamstesiciamppintype 4 | tw- Tiewire® 56'

'Cll A . .

248



DISTRIBUTION LINE coNsmugng

&m

g A

ih
R SLYAL
=R
o g /?

P —— s —

i+

20

'FRONT ELEVATION d-ofiE|| d-e

© ~ FIGURE 1128

7.62/ 13.2 KV, 3-PHASE CROSS ARM CONSTRUCTION
~ '2°70 6° ANGLE ( LARGE CONDUCTORS }

item Materiais " Quantity { Itam Materials o Quantity
&~ Pin iype Insuistor 4 | om- 3 dia. groove spool insulator
b- 20" Poletoppin 2] g- 3% x 4% x & Crossam
G- SJB'xﬂ'Madurubaﬂs 3| cu- 60" Span wood brace -
c- % x 6" Machine bolls . 2 m Bracket - -
¢ - 5/ x 14" Machine bolis 2| &- % daxi }S’:Ppom -
¢ - 58" x 16" Machine bokt 1 _ek-&a_'Loeknut--. ;
¢- 58 x 5 Machine bolts 2| ek-%"Locknut _
d- 318" x 2% 138" holewasher 10 | bv-1 Ammor rod (single supporf) * -

. d- 138" die. 816" hole rd. washer 2 | bv-2 Mmmﬁﬁdmﬂam

tw- Tie wire™

£. Crossam pin, clamp fype - 2

: s,..-m'm-qm..-..;...._

- * Conduclor Accessories
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ELECTRECAL LAYOUT AND ESTIMATE |

19

[ Y ——— 5 ; ¥ o,
B e - 3 b o . -+

45 <. ﬁ--—- -20 arm. 15]

ek | de

T i

M i -
N ]
» M
g \
e ol
~
o
P { S

S / - a
LT P h
POL TOP PIN
S%EMBLY
FRONT ELEVATION ' SIDE VIEW

" FIGURE 11-29

7.32 /13,2 KV, stI{ﬁSE CONSTRUC'ITON DOUBLE PRIMARY SUPPORT
MAXIMUM TRAVERSE LDADING 227 KG. (800 LBS) PER PiN '
57 TO 30° MAXIMUM ANGLE' '

ltem M&bnab B antity ﬂuﬂ ms * 'Quanﬁly
L He Phtypemmlatw K 6] em- a'craguwespoulinsuiamr 1
b- 20" Poletoppin ' . 2 | cu- 28" Woodbrace _ 4
¢ - 5/8" x 12" Machine bolt 2 | da- Bracket : % 9
. C~ 5/ x 14" Machine bolt - 21d-W cia,xfsz"Plpespacer G ohde
 d- 38 x 24 13/16"hole washer 13 | ek- 58" Locknuts 13
- f- S/ X 104 Crossarm steeipin 4 | ek- 38" Locknuts ~ -~ = ' 4
g- 3% x4 %" X & Crossarm 2 | bw-1 Armor rod (single support)* - 1
i- Y X4% Camagebot 4 '-wzmrw{mseam 3
- W' x 4 Lag screw : C 2| twe- Tlewlre : - 56
* Conducior Accessories
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DISTRIBUTION LINE CONSTRUCTION

TOP VIEW

H-— B25om — e d7.5-de———— 140 0m. ——-—-H

’ T e it n-d-sk d-ek f\\ +—‘—
BE5cm g nod-sk ; Fh/ it :
-+ P

- Tt~
112.5 em

FRONT ELEVATION

FIGURE 1130 -

7.82713.2 KV. 3- PHASE CONSTRUCTION DOUBLE PRIMARY SUPPORT
MAx. TRANSVERSE LOADING 750" LBS./ PN 8° TO 30° MAX. ANGLE

Item -' Malerials . Quantity | tem . Materials - : Quanl:ly
a- Pintype insulator .1 8| em- 3 dia goove spoolinsilator 1

" ¢- 58 x 12" Machine bolt . 2] cu- 60" Spanwood brate 2
¢- %" x 6" Machine bolt " 4| da- Bracket - : 1
d~ W16 x2 %" 136" hole washer 11 | ek- 5/8" Locknut - ' S
d- 138" dia x 818 hole rd. washer 4 | &k - ‘A'Lod(mhs . S
“f. 5B°x 10 % Crossam steelpin - 6 | by Annormd(sing%esupport)* 1

g~ 3% 4% % 10’ Crossamm 2| b2 Armorrod(doublesupport)' 3
n- 58" x 22" Double arming bolt 3] tw- Tiewire* . 58

PR Conductoercess_aﬁes'

- 251



ELECTRICAL LAYOUT AND ESTIMATE

47.5 —afe 425 87.5cm. i
.. g n-d-ak
. y —
—ul1es - d-ek 1 B —d.ek
e | 4 — —
. \\ g0k
Al
2.5 om.*{=42.5 om: #2.5 om. il
TOP VIEW

a i x . - g
d-ek 1 —.-_l» 1 . - L
_ 735”{ n-d-sk | . _ .

lkcd,l

N ‘ ol
c ) 4 ..I.'..'u . . P4 ok
PR . . 10
Position of Guy f : w
112.5 em, {when required) I o- i
' l

i

, FRQNT ELEVATION

' FIGURE

1131

- 7.82/13.2 KV, 3PHASE CROS&ARM CONSTRUCTION, DOUBLE
. PRIMARY.SUPPORT { LARGE CONDUCTOR ) MAXIMI.IM
) ' TRAVERSE LOADING 1,000 LBS ! PIN -

lem.  Malerials = Quantty

j - Wx4 Lagscrew
n- ﬁ's’xZTDowlaminghon

a- Hn@pemw 6| da- Bracket - - 1
c- wm"uaenmbols . 2| am- 3 da. groove spool insulator 1
c- % x6" Machinebols. 4| cu- M'Spanwadm 2
d~ 316" x2%"- 1316 hole washer 10 | ek- &8 Locknut . 18.
d- 1% . 916" holerd washer 4 { ek~ %" Locknit ' 4
fe Gmmmstaelpin,clmpiype 6 { bu-1 Armor rod (single supporf)* 1
g- 3% x4% x 10 Crossarmn g bv-2 Amor rod (single support)* 3
5

tw- Tewre®

* Conductor Accessorfes
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DISTRIBUTION LINE CONSTRUCTION

{
/
_. /
228 cm0- 4~ ok } L &-d-0 0™ /
_.,Aquq%—— —s
Sam - : bk Guy MK b
m'u-i. z ‘:’ ; \\
gy . ] - A\
: | -
ol —— '4‘ X W m—
i © TOPVIEW
120 am, : _
o-d-ak
SERIN . a
g - — ’
v _,
3‘( Guy : 1 a7
75em | I +
11 e
.—-_—II_— .1»! i e i oq °'d'.* \\
saita 14 '
FRONT ELEVATION . SECTION X-X
| ' FIQURE 1132 .
7.62/13.2 KV. S-PHASE VERTICAL CONSTRUCTION 30° TO 60° ANGLE
flom  Materisie ‘Quantty | Mem  Materiels  Quantty
" d- 16 x2%- 1396 holewasher 4 | bo- Anchor shackle. 3
- k- Suspension insulator - 6|o- HEXITEyebolt L - 4
k- &8 Locknut. - . 4 | om- 3 dia. groove spool insulator . 1.
m- Suspensicnclamp . - 3 | bv-1 Armorrod {single support)® 4.
s - Secondary swinging clevis 1] w- Tewe* g

* Conductor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE

AZ4

120

g

_'__A__.A....-___

&
Sl

8
g

120

)
2

s

8
g

-

FRONT ELEVATION

. TQP VIEW

FIGURE 1133

7.62 f 13.2 KV. VERTICAL CONSTRUCTION 100 Tﬁzﬂo lNGLE
i {LARGE GONDUC?ORS } 7

Item.' " Materials Quantity

ltem Materiaia : Quantiiy -

de ¥16"x2 %' 15!1&' hole washer 8
k- Suspensioh insulator . £ g
m- Suspensionclamp. - - 4
bo - Anchor shackle B |

- big" Angle bracket -
ef 8 x 1 clevis bott
ek - 5/8" Locknut -

byv-1 Armarmd{ungewppar.t}”

5

.8
= B
4

* Conductor Accessories
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PISTRIBUTION LINE CONSTRUCTION.

2250 d- B Ii I
1 ok By
5om ;
120cm. 7. 23:
Pesition of “m -
guy ! it
757 85 R
'_"ﬂ:’:jf!' f 22.%om,
i ], i i
(R
120 om e KB .
r [ o I TupSaﬂdhr-uyhuuﬁmlwunf
X i ! - X Tmmnod
T -

| o-de o-d-ek | “Mo-d-ek .
SECTION Y.¥ | : :
) FIGURE 11-3‘
. 7.82113.2 KV. 3-PHABE VERTICAL CONSTRUCTION 80° TO 90° ANGLE

llem - - Maferials - © - -Quanfity | flem -~ -Materialé- - - Quantity

"’"'-“.-ﬂd.Mm.-h-hlI\J.ﬁ .

d- F16°x2%-1316" holewasher .8 | bo- Anchor bracket

k- Suspension insulator . 12 | om- S’dagmveswollnaulm
0- S8 12" Eye bolt 8 | sa- S8 Eyeput y

0~ 58 x18" Eye bolt 4 | bn- Dead end taop clamp .

. p- Compression connecior 1 - Deadendclamp. , . .
ek - 58 Locknut 8 18- Samnda;yswungmg n::lam

ap- Hotline clamp 3 | bv- Ammorrod (tapping) *

ag- Jiempers ( as required ) t- Amoriaps* .

* Conductor Accessories
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. ELECTRICAL LAYOUT AND ESTIMATE

FRONT ELEVATION

FIGURE 1138 -
. 7.62/13.2 KV. 3-PHASE VERTICAL CONSTRUCTION DEAD END SINGLE

Hem  Materials © Quanfity | Mem  Material’ Quantity

- z &
d- W x2W - 1316 holewasher 4 | aa- 5% Eyenut 2
k- Suspension insulator 8 | bn- Desd endloop clamp 7
- Dead end clamp 3 | bo- Anchor shackie 2
‘o- S X1 Eyebolt 4 .| om- 2 dia groove spool insulator 4
o- 58"'x 168 Eyebolt 2| ek- S5 Locknut 4

s- Seconcary swinging clevis . 5,

256



DISTRIBUTION LINE C_ON\STRUCTION

.L-’“'“"
..
et
om
X Neutral
l ;l.
|11 |
' tH 1 SECTION X-X
S R, LN z K
o 1T~
{ = o-d
|
e S
(1 s
h e e
:' ! P
L...:.:‘ ] -
' g \ : \I
-
FRONT VIEW !
‘ |
. TOP VIEW
FIGURE 1136
7.821 13.2 KY, wnnsﬁ CROSSARM cousmuc*rm
DEAD END SINGLE
flom  Mateisls = Quanfity | ftem  Materials Quantty
- d- 3‘18'x._2.%_--13115f'holewashur 11| - Secondery swinging clevis 1
9 3% x4% x & Crossam 2| aa- 58 Eyonut e 3
1- 38" x4 % Cariage boit 4| bn- Deadend loop clamp 2
N 1!2'x4'Lagsccew 2| cu- 28" Wood brace - 4
k- Suspension insulator 6| ek- %8 Llockmt = A
|- Deadend clamp 3| ek- S8 Locknut o1
n- 58 x 27" Double arming boit 3} em- ?dmgroovespoolirsulah 1
0- Hﬂ"ﬂ‘!Eyehol 11 t- Nrmrhpe‘ 2
* Conduclor Accessaories
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ELECTRICAL LAYOUT AND ESTIMATE

15

|
i
- .":13:‘@
Bom c.4. :
a SSSIERT
BN |y
o | b
ssem  Position of iy Ny !
wehvam replined £
r"_' |
b4 I
i E%o-d
¥
Lp .
FRONT VIEW
TOP VIEW .
_ FIGURE 11-37
7.52/13.2 KV, 3-PHASE CROSSARM CONSTRUCTION
DEAD END DOVBLE
lten  Materials - ‘Quantity | ltemi -~ Materials . Quantity
c- 56" x 12" Machine bolt 4| ek- B8 Locknut 12
- "% x 6" Machine bolts 4| o- 58 x12 Eyebolt 2
d 316 % 2 14"-13/16" hole washer 14 | o- 58" x 18" Eye boit : 2.
d- 13/8 found, 916" hole washes 4 | p- Compression connector ¢« 5
em- 3 dia. groove spoo insulator * 2 | aa - 58" Eye nut 8
g- 3% x4 % x8 Crossamn . 2} aq- Jumper and leads {as required)
k- Suspension insulator . 12| bo- Anchor shackle 2
- 58" x 24" Double arming bu!t ‘3| cu-. 80" Span wood brace - z
I- Deacendciamp = 6| bn- Deadendloopciamp ' 4
- Secondary swinging clevls 2[ - Amnortape _ z
- 4" Locknut 4

268



DISTRIBUTION LINE CONSTRUCTION

|-T41.2$+¢1.25+—52 5-*-52.5-*41.25-“1
) ; !

e
whan required- : ie_'* . .
il ; :
{ : l i /p { Noutral L
i 1w AL .
b | | |
sk Y S A - ko
o E a-f f s ’
FRONT EL[—;V&TION —bo ek ] in—d
LEL e _‘r.l_—' - ak
" oy ’
1 i om” | frm :
- ]
TORVIEW
. FIGURE 1138
7521 132 KW 3-PHASE CROSSARM CONSTRUGTION
- DEAD ENDDOUBLE .. - _
“Mem - Mateias  Quantty| fem’  Malerdls < Quantily
a- PinTypainsulator -~ = 4| p- Complessioriconnector -~ 4
c- 58°x12"Machinebolt - 17 o- 98 x18Eyebelt - ' 2
t- % x6 Machinebot = - 4| aa- S8 Eyenat - S 10
d- 316" x2W-1318" hole washer 18 | aq- Jumper and lsads {as reqwred]
d- 1 %8 dia. 916" holerd, washer~ 4 | bo- Anchor shackle - 2.
f- 58 %109 Ciossanm steslpin’ 4 | cu- 60" spanwoodblace 2
g- 3% x4% % {0 Crossam 2| ek- B locknut +
k- Suspension insulator 12 | ek- ¥ Locknut 4
|- Deasdendclamp . - 6| s- Secondary swinging clevis 2
om-- 3" dia. groove spoolinsulator 2| n- " 58 %24 Double an'ning bolt 5
. bn- Deadend clamp ; 41 t- Annortape ' 4
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ELECTRICAL LAYOUT AND ESTIMATE

LW
ol

SECTION A-A

TOP VIEW

FIGURE 11-38

T.82713.2 KV, 3-PHASE CROSSARM CbNSTRUC‘ﬂON ;
DEAD END LARGE CONDUCTORS WITH UNBALANCED LOAD

ftom Mate_mls L Quantity _.Im Matenals o7 Quantlty
c- 98 x 12° Maching belt * 1 8- Secondarysmngingclews g W
-6~ % %6 Machina bolt 4| aa- S Evenut : 8
d- 18" x2%-1318 hole washer 22 | ag- Jumper ( asrequired) _
d~ 138 dia, 818" hole rd. washer 4 | bn- Dead endloop damp - .
g- 3% x4% x & Crossam 3| bo- Anchérshackle . . 2
k- Suspension. msuiator - - 12} om- 3 did groove spool insulator 2
n- 5%"x 26" double aming bolt §| cu- &60°spanwoodbrace 2
o- §8°x 12" Eyebolt. . 2 - Whocknut . 4
o- S8 x i@ Eyenut . 2| ek- S Lockmut - 14
p- Compression conneclor 4| t-  Amwortape o
Dead end clamp . § : .
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DISTRIBUTION LINE CONSTRUC‘,I‘I_ON

o e S e st e e

i

FRONT VIEW

TOP VIEW

FIGURE 11-40
7421132 KV. 3.PHASE CROSSARM CONSTRUCTION
K MUBLELH\EW .
lom  Walsdws  Quantly | fem  Malorak Cumnlty
a- Pinipelnedator '8 | n- 5B x2 doublesrmingbolt 3
¢- 58" x 12" Machine bolt 1 |ou- B0"spanwoodbrace - 2
c- % x6 Machinebokt - 4| k- Wiocknt 4
Cd- W16 X2 holewasher 10 | ek- 58 Locknut - 11
d- 138 dia 96 holerd washer* 4| tw- Tiewrs® . . 64
I’- §8"x 104" Crossam steslpin 8. bv-2_'Nmorrod(d0|bleapporhng)" 4
INX4W X0 Croseam 2| -

: 'meductorAccassorlus i
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ELECTRICAL LAYOUT AND ESTIMATE

- FRONT ELEVATICN

TOP VIEW

FIGURE 11 41 '

?.82 ! 13.2 KV. smse CRGSS&RM CONSTRUCﬂON

- ~ SINGLE LINE ARM
tem Vateds  Cuantty | lem - Maerids " Quantity
8- Pin type lnstlatir ., . 4 |g- 3Wx4%Crossam . 4
c- Wxi?Mmm -1 | cu- 80" span wood brace o
G- % x6 Machinebolts - - 2 | ek- 3" Locknut 2
c- 58X 16" Machinabolt ' . 1| ek- SB.Locknut : 2
d- 16" x2W-1016" holewasher 37| bv-1 Anmrrod(smlesmport) -
d- 138 dia 916" holerd. washer 2| tw- Tiewire® - 2
f- 58 x10% Crossamn steelpin 4 ' _

* Conductor Accessofles
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DISTRIBUTION LINE CONSTRUCTION

f-
}n_duk b

L% 328 0m —eed?5 om

1' OT,Sf‘n.-.ll-.-ﬂﬁ"I-

» i Pesition of guy -

FRONT ELEVATION

FIGURE 11-42

- 7.62/13.2 kv. 3-PHASE CROSSARM CONSTRUCTION
DOUBLE LINE ARM AT 0° T0 15° ANGLE CONDUCTORS

£

. L

© ftem Mahrials Cuantity | ttem Materials ... Quentity
8- Pnbmelmwahr 8 | g- 3IWx4% x10Crossam 2
¢~ 58" x12° Machine bolt 1 cu Gﬂf'spanmodhraca . 2
¢~ W x6" Machinb bolt 4 - % locknut ;. 4
d- ¥16°x 2%’ -13/16 hola washer 18 elt 58 Locknut T |
d. 138 dia 916" holerd. washer 4 | tw- Tiewhe® ' 64’

Crossam steel pinclamp typs 8 | bv-2~ Armorrod(dowlesmpom

n- 5% x2F doblearmingbolt  §

* Comductor Acvessorias
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UT AND ESTIMATE

ELECTRICAL LAYO!
: mi 825 om., 47.5 em I?scmq-— 2.8 em. —u--l
15, |
b—-rr—@?.ﬁ £, —— 42 5--|-1———07 & emu
#‘ o T}— P ke
i | P _c'-d.
| - | a-ok ‘.] |
cop [ P |
TOP VIEW

'_ FRo’NT'wEW -

- mune 1943

7.62 7 13.2 KV, 3-PHASE CROSSARM CONSTRUCTION
© 7 SINGLE LINE ARM LARGE CONDUCTORS

. .Quamily'

fem  Materials Quanlily '-Item- Materials

8- Pinvpe-insuratd'- 4|1+ Crossaam steel pin clamp typs ¢ 4
¢- &8 x5 Machine bolt 419+ 3%’x4%‘x10'0rossarm |
¢~ % x 6 Machine bolt 2| cu- 60" span wood brice &
- 58" x 12" Machine bolt 11 ek %" Lockhut: : -2
¢ 5/8°x 16” Machine bolt - 1| ek- S8 Lacknut w8
d 3{16"x2%-13f13"hdemsha 1] bt Annumd(smglesq:poﬁ) 4
- 1 ¥8" dfa. B/16” hole rd. washer 2 tw - Trevm' 32'

- * Conductor Accessories
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'DISTRIBUTION LINE CONSTRUCTION

FIGURE 11-44

7.62/13.2 KV. 3-PHASE SIDE AﬁM CONSTRUCTION

SIDE ELEVATION

FOR SINGLE { DOUBLE PRIMARY SUPPORT )

Hem  Materials A H| fem - Materials A B
- Pin type insulator 4 8] c- 98 x16"Machinabolts 2 -
¢+ %" %8 Machine bolis 2 4] - K"x10"&12'Mach_inebdh1 &
je. W x4 Lag screw 1.2 ek- 58 Lockat 2 12
ek - 4" Lodknut "3 8| tw- Tiewie* 32‘ 84‘
d- ¥16°x2 % x 13/16" hole square washer 4 12
d- 138" diameler /16" hole round washer 3 8
{ - &8"x 10% Crossam stosl pin - 4 8
g- 3% x4% Crossam . 2 4
- 58" x 22" double srming boit : T T |
Be - 1%’m3¥16’x?‘dagonalsldeafmbfm ' 2
bb- 50" side arm vertical angle brace - 1 2
by-1 Armor red { single support ) * N
bv-2 A:mmd(dwbhuppat)'v 4

* Conduclor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE

et 130 cm; 110om.
] :
I

st T '—"“’r\,_-: L 1]
| - o =

FRONTVIEW

p

FIGURE 11-4&

Load

ToP VIEW.

7.82/13.2 KV. 3-PHASE CROSSARM consmucmn
smmzmmwno"ms’m

Mmm Quantity

ftem .- Materials - Qlunlﬂy | ftem
a- Pintype insulator 5 ]ap- Hotline clamp
b~ 20" Pole top pin 1 1aq- Mwandhads(asreqmd)
c- 58" x 12" Machine bolt 2 tbs- &8 x12 singleupsetbolt
c- 58" x 16" Machine boit 2 [-bv- Amarrod (mpping)* 1
d- 6" x2% - 136 holawasher 7 | bw-1 - Ammor rod { single support}® 6
f---5!8"x10%'0mssannstee1pln 4 | cu- 28" woodbrace : 4
g- 3% x4 x 8 Crossarn 2 peme 1%'dag'oovsw|mulau'1-
1-° ¥8"x 4 %" Caniage bolt 4 | ek- S/ Locknut |
j- % x4 Lag screw 2 | ek- 38" Locknut 4
-3 | w- Tiewre* 48

- p~ Compression connector

" Conducor Accessaris
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DISTRIBUTION LINE CONSTRUCTION

FRONT ELEVATION

TOP VIEW

. i 5
FIGURE 4-48

7.82/13.2 KV. 3-PHASE CROSSARM CONSTRUCTION
TWO PHASE JUNCTION AT 0° TO 6° ANGLE

< llem © Materizls GQuantity | ltem Guantity
a- Pinfype insulator | § { aq- Jumpers (asrequired) -
b- 20" Pole top pin 1 | ap- Hotline clamp. #g

" c- 58" x12" Machinebolt 2 | bs- S8°x17singleupsetbolt 2
c- 58" x 16" Machine bolt 2 | em- 1% da groove spool insulator 2

o d- 3e"x2%-1316" holewasher 8 | cu- 28"woodbrace 4
o f- 8 x10% Crossam steelpin . 4 | ek- 5/8" Locknut 4
g- 3% x4% x8 Crossam 2 | ek- 38 Locknut 4

i - 3B"x 4% Carriage bolt 4 | tw- Tiewie* - 56"

j - % x4 Lagscrew 2 | bv- Amorrod (tapping)* 2
p- Compression connector 6 7

. * Conductor Accessorfes

bv-1 Amor rod { single support ) *

o



- ELECTRICAL LAYOUT AND ESTIMATE




DISTRIBUTION LINE CONSTRUCTION

2.5 cm. _;-4?.5 ML st

LINE #1

FRONT VIEW

!
N

4-
l
|
Fy
[
L

M i " s g

!

— =

" SIDE VIEW

FIGURE 11-47

7.32/13.2 KV. 3-PHASE CROSSARM CONSTRUCTION
DOUBLE CIRCUIT SINGLE PRIMARY SUPPORT
- AT 0° TO 5° ANGLE (2 X ARM TYPE)

f
o
|
§ ek
!
%

item Materials -

-No.

ltam - Materials

‘a- Pinfypeinsulatr .-

%" x 6" Machine boit
38" x4 4" Carriage balt

c-
1

bs- S8 x 12" single upset boit

cu- 28" wood brace
- K- %4 locknut -
ek - -5/8" locknut

K N~ RO R3-C

ok

¢~ 58 x17 Machine bok -

58" x 16" Machine bolt
WX & Lag screw

c-

bv-1 Armor rod single sipport

cu- 60" span woodbrace
ek- ¥8 locknut- - -
tw- Tie wire &

d- 2% X2 x3{16"x13!16"hotasquaraboils
d- 1 3/8" ciamater 6/16° hole round washer
f. 88" x10% crossamsteelnn

g- 3% x 434 x 10 crossarm
g- 3% X4 X8 crossam

em- 1%'marg-noveepoolinsumor

-y N . g;m.--q_nu'—
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ELECTRICAL LAYOUT AND ESTIMATE

FRONT ELE‘#&TION i

Y

SIDE VIEW

FIGURE 1. 48
7.82 (13.2 KV. 3.PHASE CROSSARM CONSTRUCTDH

~ DOUBLE CIRCUIT, SINGLE FRIMARY SUPPORT AT 0° To 5°

ltem  Matsrials

tom  Materials

‘a- Pintype insulator
¢ - 58" x 12" Machine bolt .

Quanti

j+ Wx4'Lagscraw .- 2
bs- 58" x 14" single upset bolt 1

]

1
¢~ 14" x 6" Machine bolt 2| em- 1% da. groove spoot insulator, 1
¢~ 58"x 16" Machine bolt - 31 cu- 28 wood brace B
" d- 316°x2'%™-1316 holewasher 8 | cu- 60" span wood brace 1
© d- 138k 916" holeround washer 2 | ek - %" Lockmut 2
{ - 58" x10% Crossarm steelpin 6 }.ek- 38" Locknut 4
g- 3% x47% x 10' Crossam 1 ek- V8 Locknut 4
| - ¥8 x4 % Carriage bolt 4| tw- Tiewre* el

* Conductor Accessones
.

1
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DISTRIBUTION LINE CONSTRUCTION

T I |
|

120 am,

LINE #4

FRONT VIEW - . SIDEVIEW
 FIGURE 11.49 i

9.62113.2 KV, 3-PHASE CROSSARM CONSTRUCTION
DOUBLE CIRCUIT SINGLE PRIMARY SUPPORT WITH
OVERHEAD NEUTRAL AT 0° TO s" ANGLE

fem  Materials =~ Quantily nu'n_ ST Quantty

a- Pintype insufator - 7 | 9- 3% x4 x 10" Crossamn 1
b- Poletoppin = 1 |-9- 3% x4% x8& Grossam A
¢- 58" x 12" Machine bolt - 2 | i- 8 x4% Cariage boit 2
¢~ %" x Machine bolt 2 |j- Wx# lagstrew 1
¢- &8 x 14" Machinebolt - 1 | cu- 28 woodbrace . - 2
c- Er‘s‘x1l'Machmbuﬂ ‘2 lou- Wwanwoodbma S
de A6 x 21316 holewasher 7 | ek- &/8 Locknut 5
d- 138 dis 9»'16'holetd washar 2 | ek- B Locknut - 2
ek- %" Locknut - 2 | by Annumd(singhsmu‘t)‘ 7
f- &B‘xiﬂ‘ﬁ'&ossmﬁealpm 6| w- Tiewire’ . 56'

*cmmm

21t



ELECTRICAL LAYOUT AND ESTIMATE

110cem.

10

FRONT VIEW

SIDE VIEW

FIGURE 11-80

7.627/ 132 KV. :mmcommgcnou
CIRCUST, DOUBLE PRIMARY SUPPORT AT 0° 'ros‘

{3X- ARM TYPE )
ltem . Materials - Quaniity | Item  Materials  Quantity
a- Pintypainsulator - S bs 5/8" x 14" single upsat bolt {.
c- 587 x12"Machinebolt -1 - 1 % dia. groove spoo| insulator 1
c- % X6 Machinebolt © - . 4 cu " 80" span wood brace 2
d- ¥i6"x 2% - 136" hole washer 31 cu- wmm 8
d- 1-38 dia. /16" hole rd. washer 4 | ek- 1.2 Locknui i
fe Wx10%"0rmmmelpm 12 | ek- 58 Locknut , a
g- 3% x 4% x 10 Crossam 2 | ek- ¥ Locknot .8
g+ 3%'x4% x 8 Crossam 4 | bv-1 Ammorred {single supporl)*. | 1
i - 38 x4 % Cariage boit 8§ | v2 Amorrod(dntb!aampm) 6.
n- 58" x 24" double arming bolt 8| w- Tiewie" 104

" * Conductor Accessories
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DISTRIBUTION LINE CONSTRUCTION

|
120 om | ] I _ 120 em. '
e — — 1P —
52.5om. I | m k : : Position of guy
J—‘_-e ll-- - o 120«111—:'_‘ -_i'
L : . . iy ﬁcm‘ l}-bu-m
Poationafouy | | | ' . | l
- i 1 - — ——— — —
H]) A1
]! d-ek | t
L . i.: E
' FRONT VIEW
FiGURE 11861 ..

7 82 l 13.2 KV, S-PI-IASE DOI.BLE CIRGIIT VERTlCﬂ.L
OONSTRUGTIUN 30° TO 80° ANGLE :

Hem - - Materiaks Qmay ftem  Materials * Quantity
"d- W16 x2%- 1316 holewasher 7 bo- Anchorshecke . ‘6
k- Suspension insulator 12| ek- S Lockmt - . 1.
0- 58°x14'Eyebokt. - 71 by A:mumd(anglast:pwro 7
mSusperumdm‘p,.% 7] tw- Tewse* : 8'
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ELECTRICAL LAYOUT AND ESTIMATE

FRONT VIEW

CTOPVIEW -

muné' 1162

7.82[ 13.2 KV. S-PHASE, DOUBLE CIRCUIT vERﬂcAl.
;e cousmucrmoo"mm’mm

- Cuanbity

Materials | -Quanﬂty ftem Mahdals
s aﬂs“xZ%"-ﬁHﬁ"halam 44| ap- Hotlhedunp oK ow
. k- Suspension insilator - - 24 | by~ Amorrod (fspping)* . - 8
o- sra'xltl'maieyebell - 141 ag- Jumperseerequired”. .
"o~ B8 x18" Oval eyebolt. . 8} bo- Anchorshackls -~ -
el - 58" Locknut g5 H4i p- Comprmunuomecta'- O
aa- Eyenut : 8|1 - Deadendclamp .14

* CM« Accassoriss
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'DISTRIBUTION LINE CONSTRUCTION

. FRONTVIEW

TOP VIEW

. FIGURE 143

76271132 KV, a-pme r:nbcmu cons'mUcrm
DOUBLE CIRCUIT nm ano (DOUBLE 2X-ARM TYPE}

Mem  Materiais " Quanéity

ltern '_ﬂam - thﬁty

8- Pin type insulator . 4 - Compression connector 7--
c- 5% x 12" Machine bait 1] s~ Smm'yswlngnqclwis 2.
¢+ Wx6 Machineboks - 4| aa- Eyenut 17
d- 6% 2% -13/16" hole washer 30 | aq- Jumusulnack(asnmred)

d- 138 dia. 916" hole washer 4| bn- Deadand loop clamp - 4
f- 15810 % Crosswmelselpin 4 | bo- Anchorshackle 4
g- 3%%4% x10' Crossam 2| em- Tﬁgumspml&mlm 2
g- 3% x4'% x 8 Crossarm- 2| cu- 28 woodbrace 4
i- ¥ x4% Carlagebplls .~ 4| cu- 80" spanwoodbrace “ 3
Jo W x4% Lagscrew . . 2! ek- Wlocknut - 4
k- Suspansion insulator. 24 | k- 5/8" Locknut - AT
| - Dead end clamp 12| ek- 38" Locknut . |
0+ 58 x 18 Oval eya bolt . 4] tw- Tiewire* 32
o- 58" x 12° Oval eye bolt 1] t- Amortape* co4
n- 58°x 24 double amingbolt 8 2 :

_ * Conduclor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE

825 om. 478
™ [ ]
- i S i e
pA Jr. ¢
oem | ot i
[ T—— -
23 € )
L ‘“' Position of guy
e o T i
¥ i e & 2
g & i
[ oK R i
. 80em M\. U
2som . T
'_'_’—)“- : W2 it e
. . AR be-om
1 ;
! |
"FRONT VIEW

F’IGURE 11-84

' TOP VIEW

7.627 13.2 KV. 3-PHASE CROS&MRM CONSTRUCTION DOUBLE -
CIRGUIT IPHASE TAP AT II° T™w B° ANGLE ZX-A.RM TYPE

g |

lten  Materials  Quality | Hem  Materials

a - Pin type insulator . & |aa- SFEyenut - 4
c- S8 x1Z7Machinebolt . - - 1 | ag- Jumpers or leads (as required)

c- % x8" Machine bolt 2 | bn- Deadendioopclamp 2
¢ - §B° x 14" Machine bot 2 | bo- Anchorshackde - - . 1
d- 6% 2% -1316" hole washer 17| bs- Wx12'$1nglelpsalhcu o
d- 1<¥8'da 916" holerd. washer 2. | cm- 1 %din. groove spool insulator 1 -
f- 68 x10% Crossarmstegipin- & | om- a‘dtqmspodinwm :
g- 3% x4347 x 10° Crossam 1 |cu- 28" woodbrace e -
g- 3% x4% x§ Crossam 3 | cu- 60" span wood brace 1

i ~ 38 x4 4 Camiage bolt ‘8. { ek- ' Locknut . - - %
| - Wx4 Lagscrew 3 | ek- 56 Locknut 1
k- Suspension insulator & | ek~ 3 Llocknut B
|- Deadendclamp .. 3 | ap- Hotlineclamp - 9
n- ‘38':24“dowiemingbalt 3 pt-  Amortsps®. 8
0- 58°x12Ovaleyebot - 1| bv- Amoarrod (tapping) * -3
p- Compression connector 2 | bv-1 Amer rod (single support}® 7
s - Secondary swinging clevie 1 | tw- Tiewre* - 58'

* Conduclor Accessones

i



ELECTRIICAL LAYOUT AND ESTIMATE
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ELECT RICAL LAYOUT AND ESTIMATE

FRONT VIEW
FIGURE 11. 58 _
o SINGLE DOWN GUY, THROUGH BOLT TYPE __
Jem  Materials : : S L SO IO O /|
¢- 58 Machinebolt | _ 15 18" 1"g
d- Y16°x2 %’ - 136" Hole washer 11 i
d- fo?xﬂ'riﬂﬁ'bhbc&mdm 1 ' I
j« Wx4'Lagsorew _ : 1«
P Paraliel groove compression connector : 2 2
3bolt, " long guy clamp 2 Lduty | 2 Lduty | 2 L-duty
. Guy aftachment i 5 1 1 g -
y- Guywie, SM T-stand S0 50' 50
¢k~ Anchor rod bonding clamp 1 1 1
tq me#43m;dshmundey 5 5 )
. 58 Lockmut _ 1 1 1
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'DISTRIBUTION LINE CONSTRUCTION

' ' : s '17.5_'.41
o A ,'{s-miorch o H’_iipﬂ'}"
.I(E' “_'u‘ \r t
:,,:17‘5 Sﬂﬂ'hﬂiw:’ g
gt M Connest 1o Neutrel eonductor
/il orguindwre ||
i (e
.” :|E :|=
/ i p 8
s A ik
’ - b
/ 1' ' i :
: ' il o
Y o tH
: _ P E Bk

FRONT VIEW

FIGURE 1188

7,62/ 13.2 KV, SINGLE OVERHEAD GUY, THROUGH BOLT TYPE

Mem - - Materias = - - e | we | 118
d- 316" x 2% 13/16" Hole washer T :
d- 58 T - 11/16" Hole curved washer - A _
y- 7 Stand SM guy weire w0 [ | e
sb- 172" Thimble fype eye bol I'1.g | 1-90 | 1100
u- 3boltbuycamp | 2Lty | 2L-uty | 2L-cuty
oo- 5/8° Thimble fype eye bolt o 1-8 | 1-9 | 110
aq- Jumper #4 AWG 3 strand aluminum alloy 5 | s 5
 p- Compression connector 2 2 2
ok- 5% Locknat - TR T S
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ELECTRICAL LAYOUT AND ESTIMATE

FRONT VIEW -
FIGURE 11-87
7.62713.2 KV. SINGLE DOWN GUY, WRAPPED TYPE

ltem Mata‘lals y B g 7116 iGuard
G- 'w:cw'Maembolt oE B O T
p-. Cornpmsslonoonnector . R - &)
u- 6 long guy clamp, 3 bokt - | 2h-duty | 2 hduty -
y- Guywie SM, 7 strand . ) By B : 50 | 80 .
ag'-;JunpoHMAWG 3 sfrand aluminum alloy - .
at--_S'mhinmlengtﬁGuyguard , gup & A g
bj: JGuyhook - % 12 12 .
bk- 4"x8, gauge_14.GuypIate 21 2
bp-. Nail, spenny, galvanized 8 8
ck-" Clamp, mmdwnchag 1 1
ek- SIB’anknut 1 1

- 280
I



DISTRIBUTION LINE CONSTRUCTION

FRONT VIEW

" FIGURE 11-88

7.62/13.2 KV. SINGLE OVERHEAD GUY, WRAPPED TYPE

- Wi it

‘itam  Materials i< e’
e~ WMachin_ebnll , 1-10° 1=-12°
p- connector 2 2
u- Dead end for Quy strand 2haiy | 2 heduty
y- 7 5tand SM Guy wire L
&g W#d&%&shn«dahmmallw ‘F.] O F
bji- Guy hook s 2
bk- 4" x 8" gauge 14 Guy piate F| 2
bp- apennygamnmdnw : 8 8

Lndtnut ; % 1

gl(.
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ELECTRICAL LAYOUT AND ESTIMATE

TOP VIEW Qg 1B i
et
'Ilo-d-o:!
.hp 1 80 em.
; aq.‘
e b : 60 om.
I P ANA
- | Ll
e u wlf AH Connect to Neutal 1~
Lt - eonauctoror 1
/' fh H
: I f E
_ Tl _
FRONT VIEW
FIGURE1189 -
7621132 KV. DEAD END GUY CROSSARM CONSTRUCTION
WRAPPED TYPE
Cltem  Materials © Quantity | Mem  Materiais . - Quaniity

a- 16" x2 %-1316" hole washer 9

n- S8 x 24" double arming bolt 2

p- Compression connector ~ = 4
u- 38" bolt, 6" fong Guy clamp 6
y- 7Stand SMGuywire® . 100'
¢ - 58" x 10" Machine bolt 1
ak- 578" Locknut 8

bp- Pennynailgavanzed 8
ab- 58" Thimble ype eye nut z
80~ 5/8%'12" Thimble type eye nut -

aq- Jumper#4; 3 strand al. alloy 5'
al - Staple ground wire 1
bk- 4" x & gauge 14 guy plate 2
bj - Guy hook J - 2
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DISTRIBUTION LINE CONSTRUCTION .~

Serve or Ciip

FRONT VIEW
FIGURE 11.60 |
7.62/13.2 KV. DOUBLE DOWN GUY

. ' Y e # - Gy Wire Assembly Unit
mng Materials i3 e
© ¢~ 58" Machine bolt C2=-10" 2-17
d- ¥ x3x 516" curved washer ' 2
d- 24 x 2% - 1316" hole washer 2 ot
p- Compressioh connector . 4 4
U~ 3boils heavy duly guy clamp a4 4
v+ Malleable iron heavy duly guy attachment ; .
v- Cuyaftachment through bolttype - N : ' '
y- 7Strand, S.M. guy wire 100 100"
. maamammmaﬂw o S0
ck- Guy bond clamp . 2 2
ok - 5.8 Locknut - 2 -

283



ELECTRICAL LAYOUT AND ESTIMATE

FIGURE 11461 -
7.62/132 KV, 3- DOWNGUYSFGRLARGECONDUCTORS

" ftem.  Matesls | omE

c- S8 x12° Machine bolis

d- 516" x 3 x 3 Curved washer

j= ¥ x4 Lag screw-

p- Compression connectors _

u- Guy clamp heavy duty _
- Mawomheawdubjguyauacm Gy
y- 7 Strand S.M. guy wire :
- ag- #4AWGpn'persashnddlmimmaIloy
k- mmmm&mmm
ak- Lodcmﬂ "

-

e,
W HmAWUosWww

WG W
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. DISTRIBUTION LINE CONSTRUCTION

; FR.DNTWEW
" FIGURE 1162 | e
© 7.62/13:2 KV. FOUR DOWN GUYS FOR LARGE CONDUGTORS
. . . 'G' * * Z )

ltsm __ Materials 38, e
p- Compression connector el B
u- 3-boit heavy duty guy clamp ; " ]l 8 o B
v- Guy attachment pale bond fype e g L. 4¢
y- SM~ 7 Strand guy wire : : ) e | 200
ag W4 AWG Jumpers 3 strand aluminum afloy 200 L2
ck-  Clamp guy bonding for twin eye rod 2: 1" %
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EL’IECTRICAL' MYOU;I" AND ESTIMATE

FRONT VIEW

=

-

D S —

FIGURE 1163
7.62/132KV. SINGLE LOOP GUY, WRAPPED TYPE
ftem Materials Ty 3!8"_
¢ 58" Machine bol 1-10' | 1-12
- 3bolt guy clamp - Lty | 1 Lty
y- smGUywre o | 80
'pi» Campression connector . .2 2 .
ek - Clamp anchor rod bonding i i c
bk - fxfaaugaiwuyphte EREE
bj- Jguy - : - 2 -
op- BPemyglmhedml 8 8
ag- #4AWG3 slrandslunhunallw i g .
ek- 5F Locknut g 1




DISTRIBUTION LINE CONSTRUCTION
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ELECTRICAL LAYOUT AND ESTIMATE

Hpproximately after
straln is applied

o FIGURE 11-64

LINE ANCHOR ASSEMBLIES
Holding Power in Ordinary Soilbs. | 6000 . 8000, 10,000 °
ltem . Materials A No. B _No. € Mo
.x - Raod, anchor, thimble eye

SXT 1 SEXT

! wxg 1.
2wmy 1 4wsy 1 Bway 1.

X - Rod, anchor, twin eye
Z - Anchor; expanding type
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DISTRIBUTION LINE CONSTRU__C'TION

135 o

s

13750m.

SR ' : . SECTION X-X.
i
 FIGURE 1166
'LOG_ANCHQRASSEMBLY s
_ Assembly Unitin Inches

“ltem - Moterials | No.&Type | No.& Type |No. & Type [No.&Type
d< 1ME Holswasher  [1-%xdx4 | 1-txded | 1 hked |1 thxts
x- Anchérrod thimbie type  11-5 x & x T} 1-%x 8 | 1-%x& |1- 140
Z- Anchor (crestedlog) " | 1-8"x4" | 18"x45 | 1-10°x5 j1-12°x 5"
Holding power in ordinery soil | 8,000 bs. | 10,000 bs. | 12,000 bs {18,000 bs

.. 280,



ELECTRICAL LAYOUT AND ESTIMATE

FIGURE 11-6¢
ROCK ANCHOR ASSEMBLIES L
om  Materials A B C
X+ Anchor or thimble type rod 1
2z~ Rock anchor 1 1
bm- Guy thimble 1




- DISTRIBUTION LINE CONSTRUCTION

¥
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" ELECTRICAL LAYOUT AND ESTIMATE

- FRONT VIEW

. SIDE VIEW

FIGURE 11-87

7.62/13.2 KV. SINGLE PHASE TRANSFORMER ON é#HME CIRCUIT
+ . FOR CONVENTIONAL TRANSFORMER WITH TANK MOUNTED

COUTOUT AND ARRESTER

ltem  Materials Quanity | item" Quantity

a- S8°x12 Machiebot 2 | aq- #4ACSRprmary jumper 1.
'd- F16%2'%-1316" holewasher 2 | aq- Secondery insulated jumper 2m,
p- Compression connector 4 | af - Cutout fuse opan link i

" an- Pole fype ransformer 1 | 8e- Lighining amester 1
_#p- Hotlneclamp 1 | ek- 58 Locknut 2
p - Split bokt connector 1 § bv- Amnorrod (fapping)* - i

8- Geound wire # 4 AWG; 3 sirand 6
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DISTRIBUTION LINE CONSTRUCTION

g
i FE) i A 18271324V,
ol )
! v
= e T
ol 1 )|
i [
J | WRING DIAGRAM ¥
gL ; vl -
= A
7 o - i '
Al .4 - :
| 4] i
! S o i !_—-- .
sl e .
il - -
i ' tl ! ;
W i

FRONT VIEW SIDE VIEW

_ FIIGURE 11-68

1.'2113.1!(\! mmumcwsmmomm
GPENDELTAF’ORMVDLTPUWERLQMSODRNERGRMD

ltemn Matedah N Quanﬁly item Materials ~+ Quantity
c- 58" x 14" Machine boit 3 ax- Cuminaﬁoncubutm 2
d- M6%2%-1316"holewasher 4 | cu- 28" woodbrace 2
g- 358 x 458 x 8 Crossam 1 | dm- Transfonmer bracket 1
i - 3 x4 % Carmiage bolt 2 | ek- 5/ Locknut 3
j - % x4 Lagscrew 1 ak 38" Locknit 2
p- Compressionconnectr 3 | cm- 1% da. gomspoalllwlaﬁr 3
p- Spitboltconnector =~ 5 | bv. . Amorrod 2.
Lan- zsmguwcoomnionaltmns 2| ag- #Mweastrandalwnﬂtloy w
ap - Hotline clamp : 2 goundwiing .
8q- Secondarylrmdahdlurw 15m. | fo - Tmmfmsecandmybmdm 3
aq- Primay#4ACSRjumper 10m. | al - Ground wire staple 30

* Condtctor Accessories
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ELECTRICAL LAYOUT AND ESTIMATE

FISURE 11-00

1 7.627132KV. mmmmmm
UNDERGROUNDED WYE DELTA FOR 24080 VOLT POWER LOADS

.y : = Mem  Matels . Quani
d- 2% x 1316" hole washer 2 | g- 3%x4% x8 Crossarm I
|- ¥"x12Camagebolt = - 2 |- ®Wx4lagscow 4
p- Compression fypeconnector 3 | an- 100 k. Max. conv. Transformer '3 -
p- Split bolt connector 2 | sq- Secondary insulated Kimper 15 m.
ax- Cutout & amester combined: 3 | aq- Primary umpers#4ACSR  12m.
bu - Solderless cannector 4 | cc- Neutral dead end assembly 1
ou- Zﬂ'modm -2 | dn Bracket, fransformer cluster ]

fink gr © 1 | ®o - Transformes 2ndery bracket 3
n- .wna'mmw 1 | ap- Hot line connector fo 3
ek- 58" Locknut ‘ 2 | ek~ ¥B" Lockmut 2
em. 1% dia. groove spool insulater 3 | by~ Nnurod’,(tq:plng}'x 3
d- 2% x2% x 1¥16" washer 2|
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" DISTRIBUTION LINE CONSTRUCTION |

{4.375 om. dlagr)

«

: Tape {4.375 cm. chagr)

bl
| cm (4.375 om. dingr)
FIGURE 11.73
'SECONDARY ASSEMBLIES
Hem  Materials Guanfity { ltem Materials Quantity
¢~ &8 x 10" Machine bol | tw- Tewre -~ N
d- 2%x2%x316™-131{8 hole washer| t- Amortape* -~ - - T
o- 58" x 10" Eye bolt ca- S8 Eyenut -

p - -Connector {as required)

q- 8"x 10" Double upset bolt

- Secondary ng clevis insulated
cm- 134 dia. groove spool insulator
om- T dia. groove spool insulator

bv-1 Ammor rod {single support)*

bn- Dead endloopclamp -

c- Sleeve, nﬂ‘set. spichg’ .
- Bracket :

fo -

Tnnsfmner secondary brldtet S
ek - -

58" Locknuts -

* Conductor Accessories
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ELECTRICAL LAYOQUT AND ESTIMATE

LOOP TYPE

. FIGURE 11-74
SERVICE ASSEMBLIES
; s =
om - Matwis - -~ .. | A |B|c]| D
bt Mahmder.clwism.#z{wodmw. LY
o- S8 x9Eysbolt . - 3t - -
p- Cotwressmconnm x| 2 2
t- Amor tape . 1 E ] ] F
an~1%claynovespoolh\sumar I A 5 z
bn - Dead end loop clamp - - it §9 |9 1
Bt - Wire holder, clevis typs, #24modscrew 1 :
ek~ 5/8" locknut ' 1
d- 2% X 2% X ¥E - 136" hle washer |, 1
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DISTRIBUTION LINE

em{4.375 em. diagr )

CONSTRUCTION

. WEDGE TYPE
oM (3.44 om, dis. gr)

o ; dt
- kTapa

4
Bh—?
c :
WEDGE TYPE - WEDGE TYPE
. FIGURE 1176 .
SERVIEGE ASSEMBLIES, . .. . . . .
) Quantity
tom  Materials Al.B]| c|D
" om- 1W&gmspoosmm N N o
om - 1 % dia. groove spool insulator 1 i
as- Clevis, service swinging 1 |
‘bt~ Wire holder, mtype#mmodm F 4 e Ta
0- EB'xQ"Eyebon 1
d- 2% x2'% x3/8-13/16" hole washer 1
ek- 58 Locknut . 1 1 oy & 3%
p~ Compression conneclor 2 2 .12 .
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ELECTRICAL LAYOUT AND ESTIMATE

L]
(3.44 om. dia. gr.}
“m

TOP VIEW TOP VIEW

WEDGE TYPE WEDGE TYPE
SIDE VIEW
* FIGURE 1178
SERVICE ASSEMBLIES
e Materials A B
¢ - 58" X 10" Machine bolt 1
d- 2% x 2 %X Y8 - 13/16" hole washer 1
p- Compression connector 2 2
8- Smnda‘ymlngngclevs . ) . 1
t- Amor tape | A IR
aa- &8 Eyenut - - A4
da - Secondary bracket 1
ek - 58" Locknut _ 1
cm- 3 diameter groove spool insulator Y 1
o= 1%’ diametar groove spool in sulator ) 1
bn - - Dead end loop clamp’ 2 it
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DISTRIBUTION LINE CONSTRUCTION

15,

105 m—h—ms om.

#q
i Primary and Secondary
Jict 55 b | —t1gom. Neutrais must be

ntarconnected.

e

Eos

§ 240418

FRONT VIEW T SIDE VIEW SECTION X-X

FIGURE 1170

7821132 KV, THREE TRANSFdRMERS CLUSTER MOUNTED FOUR
. WIRE GROUNDED WYE FOR 240/480 VOLT POWER LOADS

em - Materlals Quantty | item  Materialy  Quantity -
g- 3% x4% x8 Crossarm B i- V8 x 4172 Carriage bolt 2
j - W x4 Lagscrew 4 - GCompression connechor type 3
p-  Spitbolt connector 3 q: Hotline corinecior 3
an- 100 kva. Max. Transformers 3 | eq- Secondeary Insul, Jurmpars 15rn
&~ Cutoul- Arrester combined 3 | aq- Bare#4ACSRJumpers  12m
.bu- Sciderless connector 3 | eu- 28" wood bimce : 2
ek- 8 Locknut 2 | ek- 5% Locknuls: 2
bv- Amor rod (tepping) ® 3 | n- 56 xdouble amning bolt 1
d- 2% x 2% x 316" hole square washer - 2
dm  Bracket, fransformer, cluster & adapier plates B a3 required
fo- Tnnsfmnersecnndayhracke! _ : 2
Link grounding * : _ : .3
om- 1% diametsr groove spool insulator 3
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FRONT VIEW

ELECTRICAL LAYOUT AND ESTIMATE

. - FIGURE 11-71 .
782 l 132 K\l. ‘I‘HREE TWFORMERS. CL?.ETER MOUNTED

SIDE VIEW

3-WIRE GROUNDED DELTA FOR 240 / 480 VOLT POWER LOAD

. Hem

Materials. o Quantity

. Materials . Quantity | Item

¢- - 316 x 2 %-13/16" hole washer 2 ( ax- Cutout and amester combined 3

g- AW x4% x8Cussamm 1| cu- 28" woodbrace 2

I= afa'xd‘as’CwM 2| fo- smwyhmmﬁmar 2
j- Wx4Llebscrew .. - 4| bu- Solderiass connector * 5
n- Thing holf 4 | dm- Bracket, bansformer cluster
P~ Comgression type connector 3 and adapter as tequired
. p- Spitboliconneclor 3 2- link groundn Pm ke
ap - Hofline connector 3] ek~ - 38 Locknut 2
an-- . 100 kva max, transformer -~ 3 | ‘ek- 58 Lockaut i
‘aq- Jumper prim. Bare ACSR#4 12m | ag-  #4 grd Wire 5005 alum. ulluy &
‘aq - _ Jumper secondary insulated 15m | bv- mmm 3
‘o Spool insulator 1 %'goove 3
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", DISTRIBUTION LINE CONSTRUCTION
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ELECTRICAL LAYOUT AND ESTIMATE

| T{

FIGURE 11-72

bn-  Dead end loop clamp

© SECONDARY RACK ASSEMBLY
Unit ;
s Bolted | NoBolt | Bare tnsul.
llem  Materials ABC|ABC| A B A B
2- Wie rack i i
. 3~ Wrerack . 1
4- Wierack 1 1
- 58" x 8" Machine bolt 222
d- 2WX2Wx3HE" -1¥18hote | 222 ’
stuana washer
ek- 58" Locknut 222 '
cm- 1% dia. grotind spool insulator i1 t 1
bv-1  Ammor rod {single supporf) * 1 )
tw- . Tiewia® 4 4
t-  Armortape* 1
o2 2
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DISTRIBUTION LINE CONSTRUCTION

& FIGURE 1180 |
* POLEPROTECTION ASSEMBLY- BUTT TYPE

g

. Materials

mE

Svsgoops

- Staple, ground wire, 2 4" Bgauge
- Ground wire clip '
Ground wire jumper, #4 AWG, strand aluminum alloy

Ground wire kon 5/8° dia. 3 strand galvanized

- Butt type grounding device plate *
- Caompression connector

- Split boit fype connector

- Nails, 1 inch roofing, galvanized
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. ELECTRICAL LAYOUT AND ESTIMATE

; 150 om,
1h o
4 o i
:l t /,Na.zccrppef

A

3

P pp—

AT
- %
,

i:ﬂ_‘-: -.-.-5:.4’:

A A SECTION XX a”
! = (Detail of ground rid)
i, . s
i i ; Clamp and Braid '
i 5 to ba fumished with ey g
i"——'——"— _—“‘j controls 1P
X ) | . . X f? 'y :
(é’ﬁ Ll b f
Jﬁhr |
30 em. I :':, 1
S i 1 ’jl’
g " ’ [ i i
SECTION A-A
FRONT VIEW ; - SECTION A-A
FIGURE 1181 i £
‘ ' GROUNDING ASSEMBLY- GROUND ROD TYPE FOR £
SECTIONALIZING AIR EREAK SWITCH -
fom  Materias © Quantty | Mem  Matedsls . - Quantty
al- S/ dia. x 10’ ground rod 4| cj- Groundwire, soft annesled iron 60
aj- Clamp, ground red 4 S5 dia. 3 strand galvanized
cal- Steplegd wire 2 x4 #8 50' | p~ Compression connector [
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" DISTRIBUTION LINE CONSTRUCTION

M '
e
—-—-——-—{w‘@l + — s s ey — it s b
c o
Clip —i=t# .
g ;
1 ¥ al
i | cilp: = _
E —1
x i ox o X
’ [T L~
——— D . —— o — - —
97\_+JE : : sl
i 'fL oL ! I
! f Ground wire [l
E ' } SECTION X-X ! :
: |
- LLJ L
DEADEND ARRANGEMENT  TANGENT ARRANGEMENT
 FRONTVIEW SIDE VIEW
FIGURE 1182

POLE TOP PROTECTION ASSEMBLY

Cjtem . Matsrials . Quantity | ltem Materlals, I. _Quanﬁly

p- Comprassion connector 1{¢- Grd. Wire #4 AWG, Sstand 60’
- Stapie, ground wire, 2" x % 8 aluminumafioy - - .

Bgauge al- Goundwirechp - - 1




ELECTRICAL LAYOUT AND ESTIMATE

SOURCE
o-d-ak

. %/

af

LOAD

Mount cutéut so thet exhaust
blast of Arc i3 directad sway
from lire man.

--1-51-—011 om.—1_l—ns e

o~d-ai 25 i
1= | _ |
I |
2 il
37.5 cm !‘; T
. h
I
il |||
el b e
17 T
i I
J A B
FRONT VIEW SIDE VIEW
FIGURE 11-83

- 7.62/13.2 KV. SINGLE PHASE ONE SECTIONALIZING FUSE CUTOUT

Item Materials

c- &8 x 14" Machine boit

d- 2Wx2%Wx 38" - 13168 hole washer

g- 3% x4% x4 Cressam
i - 38" x 4% Cariage bolt
j- ' x4 Lag screw

p- Compression connector

af- Fuse culout, single shot
ag  Lead or jumpers, ACSR
cu- 28" woodbrace = .
fk- Extension bracket L iype
. ek - 58 Locknut

ek - ¥8 Locknut

bv - Amor rod ( tapping )*

ap- Hofline clamp ( as recuired }

Quantity
A B
1 1
1 2
1
2
1 1
2 2
1 1
Im. am.
2
1 .
1 1
2
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DISTRIBUTION LINE CONSTRUCTION

o (90 em. dia. gr) )

{Larga Conductoﬂ

{4.375 e diagr,}
om,

. LOOP TYPE LOOP TYPE
SIDE VIEW
FIGURE 11-77
" SERVICE ASSEMBLIES
' Quarifity
Hem Materials A B
c- 58" X 10° Machine bolt _ 1
d- 2% x2 14" x Y8 - 1315 hole washer 1
p- Compression connector 2 2
s- Secondary swinging clevis : 1
t- Amortaps. 1 {'
ag- 548" Eve nut i
da- Secondary bracket 1
. ek - G/ Locknut i
om- 3" dismeter groove spool insulator 1
cm- 1% diameter groove spoot insulator ; 1
bn- Dead end loop clamp 2 1
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 ELECTRICAL LAYOUT AND ESTIMATE
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DISTRIBUTION LINE CONSTRUCTION

ey
1

|
ks, |

——
2]
©

8

SIDE VIEW
SIDEVIEW -~ FRONT VIEW
FIGURE 1178

GROUNDING ASSEMBLY: GROUND ROD TYPE
LY 5
Asserpbly Unit -
Itsm Materials Ay B

p- Compression connsctor

ai- 5/8" diameter min. 10’ Inngynhranlzod stee!rod
aj- Clamp, ground rod, tamperroof .

al- Ground wire ciip

al- Z'x%'smugegroundmemla

av Jusmper, No. 4 AWG aluminum afloy, stranded -
¢j - #4 AWG, aluminum ground wire

p- Spiit connactor, balt type

~Ba s
Lo
o




ELECTRICAL LAYOUT AND ESTIMATE

al

Ground wire 9
extension

i
.‘IJ:___?

.,
cd.

LA

k0% R R B
1

f
1 I
a [
P-Compression splice l‘\:ul |
when required il ¢
il
Lo
8
SIDE VIEW SIDE VIEW
FIGURE 11-79
GROUNDING ASSEMBLY ~ GROUND ROD TYPE
ftem  Materiaks A B
- Split connector, bolt 2 |
al- S8 diameter x &' stee! grounding rod 1 1
.aj~ Clamp, grouind rod for 5/8” steel rod 1 1
al - Staple ground wire, 2" x 4" # 8 gauge 4 ¥
al - Ground wire clip 1 g
¢j - Ground wire #4 AWG 3 strand aluminum ailoy 3
p - © Compression connecior 1 1
cj- 5/16 dia. iron grounding wire ¥ 33
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DISTRIBUTION LINE CONSTRUCTION

Top Saddlé may ba used In lidu of Tapping .

 PLAN

SOURCE g :
) : rr

§ i _ . LE I
o 0 g o

|
|
t
i
I
|

H ba or sl
Ll#-- W
- FRONTVIEW. . SDEVIEW
neuaEﬁ-u
ONE SECTIONALIZER OR OfL GIRCUIT RECLOSER -~ -
" lem  Matoriaks Quantly | ttem S0 Quantiy

¢- S/ x 10" Machine bol 1

d- 2% x 2% X 316" hole washer 2

p- compression connector 2 | &~ Sectionalizer (M3-41 ondy)
#p - Hotfine clamp 2 | ok- 98 Lockmt
8g- Leads or Jumpers Bm | v - Armer rod {lapping)*
be - Oﬂwwimcioserms-wonly) 1| ' :

1d- Gl’dm#4A\\Gahmaloy
se- Lighining amester - ;

N

3



. ELECTRICAL LAYOUT AND ESTIMATE -

. TOPVIEW ' TOP VIEW

. FIGURE 11.86 .
. 7.82/13.2 KV.2 OR 3- PHASE SECTIONALIZING
QIL CIRCUIT RECLOSER

‘Quantity -

; Ifem al J_ LE'.’!_

'

B
=
=3
=

a- Pin type insubator
¢- 58" x 12" Machine bolt
‘¢- % x 6" Machine boits
bv - Amnor rad { tapping ) be - Oil circuit recloser
bo- Anchor shackie ek’ 58" Lock nut

aa- 58"Eyenut - :
p- Compmssmcmem
ae - Lightning amester

LSRR
o 10 P e a2

-t
PR

-_Hotline ¢ Lok 4 locknat -
- 1demw911b'hnlndametsrwasher _ o
d_- 2%% 2 X 16" - 13116" holo washer .

G- 3WX4% x ¥ Crossam - - @ &

.- 58]x10% Cross am stesl pin i St

h- 1% %1 %" x 13/16" x.24" span brace . R
n- 58 x20°Doublemmingbolt . . el
8- 'Secondary swinging clevis - - “ i

eg Jumpers or leads AGSR (meters)

cm- 3" diameter groove spool insutator

-

AR ENPRENE Oy

GrossiquCR_ nting
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DISTRIBUTION LINE CONSTRUCTION

\20em ﬂ iy

% 1';‘\"1{ )

86 raquired i . I
_l_ ;

" SIDE VIEW

TOP VIEW

FIQURE 11-88

7.82/13.2 KV. 2 OR F8ECTIONALIZING OIL CIRCUIT RECLOSER

d-h--glmm
Trom -'a‘a_mgmun w

tam - Mateia o opd ok

- 58X 10%" Cross arm sieel pin
p~ Compression connechr :
a0 - Lightningserester =~ : _ :

G- Jmmurinth(asrequi'ed) o 15m.
be - O circuit feckoner _ TS
by - Armer rod

dm- me

ok - Locknut (s requined) .
#p- Hollina clamp, upmw
8- Pin bype insubstor .

T

313



mmna\o«awj’w 5‘1 .

. . PLAN VIEW OF
SWITCH ARRANGEMENT

ELECTRICAL LAYOUT AND ESTIMATE

FRONT VIEW

SIDE VIEW

FIGURE 1187
762/ 32 KV. SECTIONALIZING AIR BREAK SWITCH

" -Materials Quantity | fiem Quandity
c- 58" 18" Machine bolt 18 ek - Locknut 4
c- %" x 6" Machine bolf .4 - comprisssion connector . 2
c- 5!8":12'Macrﬂmbolt 3 Sacnnduys\ndngingdws 2
d- %'x??"xﬁﬂ&'-wis 28 ho- Mchu'slmddu (8 8
d- 1-3.“8'x9i16'mlaroundmshar 4 | cg- swihh atrbreﬂ.apolsuntt‘lﬂw
9 3%N4% x & Crossam 2 opmﬂngmechanma"spam1
k - Suspension insulator 12 | aa- S8 Eysnut -,
| - Dead end clamp 6 | om- Tda.gmspnoihm 2
n- §8"x22 Double a:mmgbolt 3 | ek- 58 Locknut - B
0- 58 x 12 Eys bolt 1 t- Amortape® . 4

314



~ DISTRIBUTION LINE CONSTRUCTION

_ Materigls T

a- Pintype insulator .
b~ 20" Pole top pin insulator .

c- 58 x ¥ Machinebolls .. . - .. .

d- 2% x2%x 316 hole washer -

k - Suspension insulator
n- 8% 14" Double arming boit
0- §8"x 12" and 18" Eye bolt -
p- Compression connechor

- 3G

.....
(SE RN

aa- 58" Eye nut
ae - Lighting aester
#p - Hot line clamp
aq- Jumper

bo- Anchor shackle

" dd- Insulator adapter
d- Pipespecer, polepin
ea- 7 stud post type insulator
ek - S/ Locknuls _

bv - Amor rod (tapping)*



ELECTRICAL LAYOUT AND ESTIMATE

120 cm. ui 120 m. :

L]
F G H

. FIGURE 1188
" MISCELLANEOUS PRIMARY ASSEMBLIES

em  Materinls |[ABCDEFOGH

c- S8 X12"and 16" Machinebolls
c- %' %6 Machinebolt - ¢ 1
d- 2% x2'% x ¥16" square washer

‘d- 138 diameter 5/16” hols round washer
g- 3Wx4% x 8 Crossarm - L .
g- 3% x4°4 x 10' Cross am . - 1
g- 3Wx4% x8 Crossarm ' s £
h- 1% x 114 x 28" Flatbrace B 2

h- 1% %1% x 316" Angle brace , o

1+ W8 A7 Cariage hoit g % ¢
j- W x4 Lagscrew ' 1
p- Compression connecior :

. af- Single shotcutout -

8- Jumper _

ax - Cutout and arester combination : -
cu- 60" spanwoodbrace _ 1

k- 1.2 and /6 Lock nut “Em 1 -8 3°¢ 21

B’ = B b

[ SRR
-nN ©

316



ELECTRICAL LAYOUT AND ESTIMATE

. FIGURE 1180

MISCELLANEOUS PRIMARY ASSEMBLIES

Mem  Materials

a- %‘xmqukedlenghmadlinabolt

d- 2% souare washer .

i- 8" x 4% Caiage bolt

j- W x4 Lag screw

k- Suspsnsion insulator :

8a- 134" stud post type insulator -

eb - Insulator typs post bracket

ec ~ Insulated neutral offset bracket

ek - 38 Locknut

ci- 28 wood brece”

aa- S8 Eyerut

bo- Anchorshackle -

o - 58 x18 Evebok

fi- Hoffine conhector

8q- Jumper .

p- Cm’pressimcmnech
Dead end clamp

m Suspension clamp

: Number Required
ABGDEFGH
2
2 1
1
1 1
2.
1
1
1
121
1 .
11
. 1
1
-
1
1
.1'
1




ELECTRICAL LAYOUT AND ESTIMATE

318"



DlS'I'RIBUTldN LINE CONSTRUCTION

SIDE VIEW

SECTION X-X

FIGURE 1181

 FRONT VIEW

7.62/ 132 KV. ONE VOLTAGE REGULATOR POLE MOUNTED

ltem  Materials  Quantity | ftem Materials Quantity
a- Pintypeinsulator "1 | ek % Locknut. 4
c- %' x8 Machinebolt = - 4 | ek- 5% Lockmt -4 .
c- ¥ x5 Machinebok - 4| |- Desdendciamp -2
© ¢- 587 x 16" Machine boit ‘2 | p- Compression connector - 4
. d- 1%% dia. W16 holerd. washer - 4 | ca- Lightning amester f
d- WM& x2W-1VIE holewasher O | aq- Leads or fampers ACSR 10m
f. 58" x 10 % Cross smpin A | br- 58 x 3% Chaln fink %
g- 3% x 4% x¥ Cross amn 2 | bu- Soklerdess conneclors 1
i- 38 x 4% Ceivinge bolt 4. { cu- 28 woodtrace 8
j- % x4 Lag screw 2 | sc- Step type regulator 1
k- Suspension insulator 1 | sk- By pass swich reguiator- 1
ok — 38" Locknut 4 | se- By passamesier L

Be



* ELECTRICAL LAYOUT AND ESTIMATE

LRk

. SIDEVIEW FRONT VIEW

Fm ‘!1-82

7.02! 13.2 K\f 'I'HREE VOLTAGE REGULATOR PLATFORM MDUNTED

TOP VIEW

Item Materisls - Queniily

fem  Materisls Quantty
¢ 58 xreqd. iength machinebolt - 6 | e- By-passarester 3
¢- % xreod. length machinebolt 4 | aq- Jumpers {ag required)

d- ¥16"x2%-13/16" hole washer 20
g- 3% x3% x40 Cross am

o Ba'xﬂerwuq&bom
j- % x5 (asrequired) -
k- Suspension-insulater .
d- Dead endclamp .
o- 58 x required length eys boit

@M

B - -

br- 58" x 3% chalnlink
bu~ Soldetless connactors
cc- Deadend assembly’

£ x4 x 10 skuctual tiber

Z planks, length (as required)
ek- Lodnub{asmpnd)

(SRS AN AN AT




‘DISTRIBUTION LINE CONSTRUCTION

WIRING DIAGRAM .
FOR INSTRUMENT TRANSFORMER

. FRONT VIEW

" FIGURE 1193

SECONDARY METERING GUIDE 3-PHASE 120/240
| OR240/480 VOLTS 4WIREDELTA = -

Mem  Maleiss  Cuanfiy | hem  Maiels < Quentiy

‘gh- Meter bo, and test block 4
sd- Currenttransformer -~ © . 2
" Service head o1
s - Wire Mo 12 insul. for eement  80°
8n - Wire Mo.14 insul, for potential - 60°

A



. ELECTRICAL LAYOUT AND ESTIMATE

el = !
x
mrm ' "i‘
- L

v 1, SECTION X-X -
'FRONTVIEW . SIDEVEW
| FIGURE 1194
7.62/13.2 KV. 2 OR 3-PHASE CAPACITOR ASSEMBLY
a- Pintypeisulator . 1 [ ax- Cufout- amester combination . 3
. ¢- 58" x 14" Machine bot 1 | cu- 28" wood brace )
- d- W6 x2%W -1V 6 holewasher 2 | dp- Ground wire clamp 2
g- 3%Wx4%Wx@Crossam 1 | ea- PosttypeinsulstorwT sd 2
I- ¥0'x4% Catisgebott 2 | fc- Capacitor KVA each
j- %' x4 imgscrew . 4 | fd- Hanger chister type 1
“p- me 3 | ek- 548 Locknut _ 2
p- Connector ( a8 required ) : ek - 3T Lockmat ) 2
aq Jum(asmqlmd) : 1.~ 5!8"x10%'0msamsteelpin 2
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* DISTRIBUTION LINE CONSTRUCTION. -
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PLAN __ PLAN

AT TRANGFORMER BELOW TRANSFORMER

FRONT VIEW

FIQURE 11-36
TRANSFORMER CONNECTION GUIDE OPEN WIRE SERVICES
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PLAN - PLAN

PRIMARY TANGENT - " PRIMARY TANGENT
SERVICE TAKE OFF © GERVICE TAKE OFF
- AT TRANSFORMER - BELOW TRANSFO
LEVEL : i '
 ELEVATION
FIGURE 1198

* TRANSFORMER CONNECTION GUIDE OPEN WIRE SERVICES
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PLAN | . PLAN

Prlrriaty deadend service Primary deadend service
Take off at transformer take off below transformer

FRONT VIEW

FIGURE 11-97

TRANSFORMER CONNECTION sum TRIPLEX CABLE SERVICES
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FRONT VIEW

Primary tangent service Prirhary fangent service
take off at transformer - take off below transformer

: FIGURE 11-38
. TRANSFORMER CONNECTION GUIDE TRIPLEX CABLE SERVICES
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' FRONT VIEW

: "Pnrnaa'y tangent : . . Prim'ary tan'gérﬁ
Secondary tangent e secondary tangent
_ ) FIGURE 11-88 _
TRANSFORMER CONNECTION GUIDE SECONDARY UNDERBUILD
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ELEVATION
FIGURE 11 - 100
_ PRIMARY DEADEND SECONDARY DEADEND

7
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PLAN 5 o PLAN

< ELEVATION

o FIGURE 11-101 _
. TRANSFORMER CONNECTION AND SERVICE

330



DISTRIBUTION LINE CONSTRUCTION

Primary Voltage =~ . 750 - 15,000 voits . . .
Secondary Voltage .. 0- 750 volts

Service Drop Voltage ~ 0- 750 volis

Primary | Primary |

Service

’ ; : “without, | with multi - _
Site Condition " Neutral ‘| grounded | Secondary | drops
. ] , neutral | . - |
Over Railroad tracks | 8:50m. | 8.00m. | 8.00m |850m.
Over Public street 6.00 m, 15,50 m. 550 m. 5.50'm.
Over Pedestfian ways| 4.50 m. 450m. 450m
Along Urban streets . [ 6.00m. |- 5.50m. 550 m.,
Along Rural roads 550m. | 450m. {.450m.
' Over Commercial driveways 4.50 m,
3.60 m.

Over Residential pedestrian ways

FIGURE 11.102
BASIC MINIMUM HEIGHT OF DISTRIBUTION LINE
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ELECTRICAL LAYOUT AND ESTIMATE
Speci'ﬁcatiohs' for Construction - -
1. General =~ | |
- All construction work shall be done in a thorough and work-
“manlike manner in accordance with the Staking Sheets, Plans
and Specl:ﬁcat;msand the Construction Drawings, _
Dlstributlon of Poles _'_ _- 1 |

Indmribtnmgthepolcs largenbmce closedgtampoiw
shallbensedﬁnrmnsfmnwrs,dmdmd,mglemdwmrpdﬁ

3. Settmg of Poles

Themm:mmndcpﬂaforscthngofpolwsha]lbsasfollows
- “Setting in Soil” - Specdimomshaﬂbc

a. Wl‘lztepolesamtobesetmsml _

b. Wheretheremalnyerofsmlofmoreﬂianﬁom_

~ ters in depth over solid rock

c Whucﬁxehohmsohdmckzsmtsubsﬁnﬂaﬂym

 .or the diameter of the hole at the surface of the rock
z)weedsappromatelytmoethn&amctcrofﬂlepolcat
thesamelevel T

SdtiungoﬁdRock”
Spemﬁcnﬁons shall appiywhcrepolesaretohosetmsohd

- rock and where the hole is substantially. vertical, approximately

' umfmmhdmneterandlargem:ghtopcmmﬂmuseoﬁmnp-
ing bars through the full depth of the hole. -

% Whﬂememalamofsaﬂmcmarlessindepth
owrﬂlesohdrock,ﬁcdepthoftheholeshallbethcdepthof
the soil in addition to the depth specified under “Setfing in all
. Solid Rock” provided that such depth sha}i mtexceed the depth
. .spemﬁedundd: “Setﬂng in Sa:l” g !
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lﬁSTRIBU’I‘lON LINE CONSTR&CT!ON

On sloping’ ground the depth of the hole sha]l be measumd <
fmm the low side of the hole. =
" Pole shall be set so that altemanng cross. arm gams face in B

. opposite directions, except at terminals and dead ends where the -

gains of the last two poles shall be on the side facing the termi-
nal or dead end. On long spans, the poles shall be set so that the

cmssmnommsmﬂwmdeefthepoleawayﬁnmthelongnf

span. Where pole top pins are used, they shall be on the oppo-
site side of the pole from the gain, with the flat snde agamst the
pole. _ o5 e

Polﬁshallbcsetmahgmnentandphmbexoqﬁatcomﬂs,
terminals, angles, junctions, of other points of strain, where they
shallbesctandrakodagmnstmestrmnsoﬂxattheconductors'
-'sh&llbcmlme : 8

Poles shall be raked agamst the cond‘uctor sttam riot less

_ than 2.5 centimeters for each 3.00 meter of pole length nor

moreﬁ:m?&ﬁocmmetwsfmeach300mewspolelmgth '
after conductors are installed at the required tension. Pole back-
fill shall be thoroughly tamped to the full depth. Exuess dsrtf ‘
Imustbebankedaromldthepole LT _

4. Gradmg of Liné

Whennsmghlghpohstocl&robmdesmchasbuﬂdmgs
foreign wire crossings, railroads, etc., there shall be no up-
stwamonthepmtypemsulatorsmgmd.mgmelimeachwayto '

lnwerpoles 5 '

-~ Guys and Anchors

Guys shall be placed befm&ﬂw oonductorsare stmng zmd-
shall be attached to the pole-as shown in‘the construction draw- .
" ings. All anchors and rods shall be in line with the strain and
shall be so installed that approximately 15 centimeters of the -
rod remain out of the ground. In cultivated fields or other loca- -
tions, as desmed necessary, the projection of the anchor rod .
above earth may be increased to maximum of 30 centimetersto



ELECTRICAL LAYotj.T AND ESTIMATE

prevcnt bunal of the red eye. The back fill of all anchor holes
shall be ﬂloroughly tamped to the full depth.

. When a cone anchor'is used, the hole after the anchor has

been set in place, shall be backfilled with coarse crushed rocks
- for 60 centiteters above the anchor, tamping during the filling
with the remamder ‘of the hole to be backﬁlled and tamped w1th
dlrt ' .

6 Locknuts &

o ALocknutshallbemstalledmtheachnut, orothcrfastmer
“on all bolts or threaded hardware such as insulator pms upset.
bolts, double amung bolts etc. 7. .

7. Conductors

Conductors shall be handled mth care. Conductors shall not
be. tramped on nor run over by vehicles. Each reel shall be ex-
_ amined and the wire shall be inspected for cuts, kinks, or other
'injuries. Ihjured portion shall be cut and the conductor spliced. o
- The conductors properly mounted on pulled over suitable roll-

ers or stringing blocks shall be carefully mounted on pole or
crossarm if necessary to prevent binding while stnngmg ;

“The neutral COnductor shall be maintained on 9ne snde of the )
pole (preferably the. road side) for tangent construcuon and for -
angles not exceedmg 30° '

With pin-type msulators the conductors shali be tied on the
top groove of the insulator on tangent poles and ‘on the side of
the msulator away from the strain at angles. Pin type msulators
shall be tight on the pin and on'the tangent. The top groove
- must be in Ime w1th the conductor aﬁcr tymg 1t g

. For nelrt.ral and sccondary conductors on polcs msulated
brackets may be substituted for the single and double upset. -
_ bolts on angles of 0° to 5° in locations kiown to be subject to

conmderable conductor vibration, . L, wE
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DISTRIBUTION LINE CONSTRUCTION

All conductors shall be cleaned thoroughly by wire brushing -

before splicing of the installation of connectors, clamps or tap-
- ping armor rods. A suitable inhibitor shail be used on aluminum

conductors before splicing, before applying connectors, clamps ;
or before installing tapping armor rods. .

8. Spllcmg and Deadends

Conductm‘s.shallbespllcedanddaadmdasshomonthe
construction drawings. There shall be not more than one splice
per conductor in any span and splicing sleeves shall not be lo--
cated near conductor support. Maintain 3.00 meters or more _
separation between the splice and the conductor support. No
splices shall be located in Grade B crossing spans and prefera-
blynotmthc adjacent spans _

9. Taps and Jumpers '

- Jumpers andotherleadsoonnmdtohneconductorsalull
have sufficient slack to allow free movement of the conductors.
Where slack is not shown on the construction drawings, it shall -
be provided by at least two bends in a vertical plane, oroneina
horizontal plane, or the ‘equivalent. In areas where vibrations
-occurs, speciall measures 1o minimize ‘the eﬁects ofjumpcr
breaks shall be used as specified..

. Al leads on eguipment such as transformcrs reclosers, etc.,
shallhcammnnumofNo Gcoppercunductxvny :

10 Hot Lme Clamps and Connectors

Connecm and hot line clamps suitable for the purpose
shall be installed as shown on guide drawings.. On all hot line -
clamp installations, the clamp and jumper shall be so ingtalled -

. soﬂiattheyarepennanmﬂybondedmtheloads1deof1‘hehnc,_
. allowmgthejumpertobe energized when the clamp is discon-
nected. This applies in all cases, even where the line layout is
such that the tap line is in actuality the main back to the power
source. Do not install hot line clamps directly to ACSR conduc-
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Use tappmg armor rods on tap saddles. Be.fore installing hot
lme clamps to the surface of tapping armor rods, clean thor-
oughly by wiré brushing and apply a suitable inhibitor to the
areaoftfwtappmgmmor rodcormngmcmmwttbthehot'_
line clamg‘ : -

1. nghtmg Arrester Gap Settmgs

, The external gap electrodes of lightning arresters, combina-

tion arrester cutout units, and the transformer mounted arresters
shall be adjusted to the manufacturer’s recommended spacing:
Care shallbctakenthatthcadjusmdgapwnotdlsturbedwhm
the. m;uxpment is installed.

'12 Conducmr Tles ;

Ties shall be in accordauce with Construchon Drawmgs-
Hotlnmhmshaﬂmtbeusedatﬁmd:chsmgs '

| 13 Saggmg of Conductors -

- Canductorsshallbcsaggedmaccordancemththemnﬂuc-
tor manufacturers recommendations except that a maximum
mcmof?ﬁmﬁemofthcspemﬁedsagmanyspanmﬂ'
be acceptable but n no clrcumstances shall a decrease in the
specified sag be allowed.

All conductors: shallhesaggedevmly "I‘hea.utcmperature'
atthemncandplamofsaggmgsha_llbedetmmmdbyam-
ﬁedetchedglassthemmeter B i o

14 Secondary and Service Drops B _
Secmdarycmzdnctors mybebareorw"m’dm“’

K muln-conducnn' service cable. Conductors for- secondaxy under

" build on primary. lines is normally bare except in those in-
. stances where prevailing conditions ‘may limit primary span
length to the extent that covered wires or service cables may be
used: Service drops shall be covered wire or sexrvice cable type.
Secondary and service drops shall be so installed as not to obs-
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'DIS_TRIBI'ITION LINE CONSTRUCTION

truct clunbmg space 'l'hcre shall not be more than onc splice
per conductor in any span, and splicing sleeves shall not be lo-
cated near the conductor support. Maintain 3 meters or more
separation between the splice and the conductor support, Where
- the same covered conductors or service cables are to be used for
the secondmy and service drop ﬂxeymay be. msta]led in-one
com:muous nm, a2

15. Ground

- Ground rods shall be driven in undistributed earth in accor-
dance with the constfuction drawings. Where aluminum. ground
wire is used, it must be terminated above ground at a galvanized
- ground rod or sphce by a compression connector to a copper

 steel ground wire extmstontoﬂlegromldrodofwhwhthetop
of the ground rod shall be 30 cm. or ‘more below the surface of
 the earth, Thegroundmshaﬂbeattachedmtherodmﬂla

~ clamp and secured to the pole with staple. Staples-on the ground

- wire shall be spacedtwofeetapartcxceptforad:stanceof240
- meters aboveﬂwgmundrodand240nwtersdomﬁ'omtlwtop

of the. pole where they shall have at least two connections from
the frame case or tank to the multi-grounded newtral conductor.
. The equxpmeutshallbemterqmnwctedandat&mhedtoacom 3

mongroundmre : ;

" MINIM'UM DEPTH FOR SETTING POLES

Length of Fole Setling in Soil *| = Setting.in Solid Rock
in Meter “in Meter _ in Mefer
€.00 T 1.20 1. 0.80
7.50 L8005 0 i s wnd 08
8.00 1 1.85 - s 408
1000 g 1.80 _ ? 1.20
. 1200 T 180 B 120
T 1350 : - 1.85 . 1 - - 138 °
" 15.00 2.10 . - 1.35
- 16.50 2.25 ' 1,40
. 18.00 . o240 | 1.50

"= Ay



ELECTRICAL LAYOUT AND ESTIMATE

FIRST AID INSTRUCTION IN CASE OF

ACCIDENT CAUSED BY ELECTROCUTION

!’rehmumry Pmcantwns

. Switch off the line or have it done by the power compaiy,
then remove the victim from contact with the electric conductor.

Remember that in removing a victim from a live wire, the res- -
cuer is exposed to danger of electrocution. In such a case, adopt

any of the following procedures:

ln cm of Low Voltage Installatwn _

1;.
2':
- wooden sticks, dry ladder etc. Muta.lob_]ectsshouldnot v

Insuhwymusdfﬁnmﬁwmmdbyswmalhyersofl

dry boards, beams, wooden boxes or rubber insulators.
Remove the line from the victim by means of a long dry

be used. If this does not work:

. Wrap several layers of dry c[oth around yourhmds and

push or pull the victim away from the line while stand-
ing on insulating boards, rubber shoes etc. Donutmuah

g thewcﬁmexceptbyhlscluﬂnng

) In Case of ngh Voltage Installatlon "

1.
2

3,
4

Onlycxpertsshmﬂdbepexmtttedmmmﬁsem

! lfﬂwwcummhangmgonthemres spmadstraw ‘hey
orbaidmgundmath ' :
Notify the power company and call a doqtor

Postaguardatthesﬁeoftheaccldem

Treatment in case of Unconsc_:ousness g &

1.

2.

338

Aﬂerthnucumhasheénmovedﬁ'omﬂwcmﬂaawrth

the power line, startnnmedmicaﬁm:pttoreswrchls :

breathing.

 Place the unconscious person on his back, with the head

to one side with a pillow under his shoulder open his

£



* DISTRIBUTION LINE CONSTRUCTION

collar, 'scarf, belt and tight clothing etc.

Carefully open the mouth of the patient and place some
hard object preferably a piece of wood, between his
teeth and remove any dentures.

Slowly but with sufficient strength pull out his tongue

" using a handkerchief. Let samebody hold it or tie it to
- the chin of the victim.

g

'I\'ytoaﬁthnntobrmhspontamouslybyuck]mghls
nose aid throat. .
Ifnozmnwdlatcsumssuaehwved,stmamwrth
artificial breathing. Kneel down behind the head of the
victim ‘grasp hig arms under the elbows, press them
ﬁmﬂyagampthisclmtandthendrawthemslowlyapm
in a circle over his head.

Aﬁcrtwoseconds bnngthearmsbacktoﬂlelrmmd
position. . ;
Repwﬁwmaﬁemdlﬁwmmam-
ute. If necessary for several hours until the doctor ar-
rives. More rapid movements are harmﬁ.ll and needlessly

tiring.
Stopthcamﬁclal resplmnonassoonasﬂwwcnmmrts

.. breathing. .

10,

11.

12.

Activate the blood c:rculmm by sprinkling his head and
chest with cold water and rubbing hard. .

If the victim recovers, cover him up and let him sip
warm drinks from a teaspoon as soon as he is able to
swallow. ' :
Leave any further aid to the doctor.
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