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Electrical system designing involves
dealing with great wiring
methods.

This presentation aims to
describe the common wiring
methods in electrical system as
being used to provide power in
buildings, structures, industrial
plants, among others.
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These wiring methods involves three basic (3) parameters:

1.) Wires and Cables

2.) Conduits, raceways, wire ways and cable trays

3.) Pull boxes, enclosures and hand holes
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copper or aluminum
metal; wire is

!He msula!lon.
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On the other hand, a
“cable" is composed of
two or more small wires
running side by side,
stranded and bonded,
twisted or braided
together to form a single
conductor assembly and is
used to carry electrical
currents.

The term cable is a
general one, and in
practice, it is usually
applied only to the larger
sizes.
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http://www.cableorganizer.com/cables/
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What are the examples of
wires/cables that are
commonly used in our practice
here in the Philippines?

Low voltage Building Wires & Cables
rated at 600 V which include:
TW, THW, THHN
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TW, THW, THHN building wires are
used in residential, commercial and
industrial buildings for general-
purpose power, lighting, appliance,
motor circuits & sometimes in
controls applications.

\

TW, THW, THHN

“T” in these wire designations stands
for thermoplastic insulation,

“H” for heat resistant,

“N” for nylon,

“W” stands for water-resistant.
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Insulation/Temperature rating

TW (60°C) : Thermoplastic, Water-Resistant

THW (75°C) : Thermoplastic, Heat-Resistant, Water-
Resistant

THHN (90°C) : Thermoplastic High Heat-Resistant,
Nylon Coated

THWN (75°C): Thermoplastic High Water-resistant,
Nylon Coated
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PEC Section 3.10.1.8 (B)
Locations

Insulated conductors and
cables used in dry and damp
locations

- Shall be Types, THHN,
THW, THW-2, THHW,
THHW-2,THWN, TW, XHH,
XHHW, X, HHW-2, Z or ZW

PEC Section 3.10.1.8 (C)
Locations

Insulated conductors and
cables used in wet
locations

* Moisture-impervious
metal-sheathed

- Shall be Types, MTW,
RHW, RHW-2, TW, THW,
THW-2, THHW, THHW-2,
THWN, THWN-2, XHW,
XHHW, XHHW-2, ZW
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PEC Section 3.10.1.8 (d) Locations
Insulated conductors where used exposed direct to rays of
the sun shall be:

- Cable listed, or listed and marked, and
being sunlight resistant.

« Conductors listed and marked as being
sunlight resistant.
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PEC Section 3.10.1.5 Minimum Size of Conductors
The minimum size of conductor’s shall be shown in Table 3.10.1.5,
except as permitted elsewhere in this code.
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2.) Types of Conduit

Common used type of conduits in the Philippines are the
following:

« Intermediate Metal Conduit (Type IMC)

+ Rigid Metal Conduit(Type RMC)

- Flexible Metal Conduit (Type FMC)
 Liquidtight Flexible Metal Conduit (Type FLMC)
« Rigid NonMetallic Conduit (Type RNC)

+ Electric Metallic Tubing (Type EMT)

« Electrical Nonmetallic Tubing (Type ENT)
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PEC Article 3.42 Intermediate Metal Conduit (IMC)

3.42.2.1 Uses Permitted

+ uses under all atmospheric
condition and environment

3.42.2.11 Sizes
« Minimum (15mm@)
- Maximum (150mm@)

3.42.2.13 Number of Conductors
- Refer to PEC Table 9.1.1.1

3.42.2.17 Bends

- No more than four (4) quarter
bends



http://www.google.com.ph/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRw&url=http://www.seekpart.com/product/UL1242-IMC-conduit-IMC-conduit-pipe-IMC-tube-2025232.html&ei=lMFCVZfcGOPamgWPwYEQ&bvm=bv.92189499,d.dGY&psig=AFQjCNEIsjl6y-QLXMmHSSFtALDDXMMPkQ&ust=1430524691443053
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PEC Article 3.44 Rigid Metal Conduit (RMC)

3.44.2.1 Uses Permitted
+ uses under all atmospheric

condition; except for severe

corrosive environment

3.44.2.11 Sizes
« Minimum (15mm@)
- Maximum (150mm@)

3.44.2.13 Number of Conductors
- Refer to PEC Table 9.1.1.1

3.44.2.17 Bends

 No more than four (4) quarter
bends



http://www.google.com.ph/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRw&url=http://www.alibaba.com/showroom/rmc-conduit.html&ei=lb5CVerTBMzbUY6ggIgF&bvm=bv.92189499,d.d24&psig=AFQjCNH8ewP38mqwW0V2YEQGRbQ7osRgmQ&ust=1430523902662990

PEC Article 3.42 Flexible Metal Conduit (FMC)
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3.48.2.1 Uses Permitted

exposed and concealed
locations

3.48.2.3 Uses Not Permitted

Wet locations

In hoistways
Hazardous locations
Storage battery rooms

Underground/embedded in
concrete or aggregate

Subject to physical damaged



http://www.alibaba.com/product-detail/UL1-flexible-metal-conduit-Type-ML-_223272060.html
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PEC Article 3.50 Liquidtight Flexible Metal Conduit (LFMC)

3.50.2.1 Uses Permitted

exposed and concealed
locations

3.50.2.3 Uses Not Permitted
Wet locations
In hoistways
Hazardous locations
Storage battery rooms

Underground/embedded in
concrete or aggregate

Subject to physical damaged



http://www.hzavc.com/en/
http://www.hzavc.com/en/
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PEC Article 3.52 Rigid NonMetallic Conduit (RNC)

A Sample for this type of
conduit is the PVC pipes

3.52.2.1 Uses Permitted
Concealed
Corrosive Influences
Cinders
Wet Location
Dry and Damp Locations

Exposed (Shall not be
subject for physical
damaged)



http://www.helloplastic.com/pvc-electrical-pipe.htm
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PEC Article 3.52 Rigid NonMetallic Conduit (RNC)

3.52.2.3 Uses Not Permitted

Hazardous Locations
Support of Luminaires 3.52.2.11 Size
Physical Damaged

Ambient Temperature (not

to excess in 50 C . (b)Maximum: 150mm @
environment unless listed

otherwise.

(a) Minimum: 15mm @




3.58.2.1 Uses Permitted
- Exposed and Concealed

3.58.2.11 Sizes
« Minimum (15mm@)
- Maximum (100mm@)

3.58.2.13 Number of Conductors
- Refer to PEC Table 9.1.1.1

3.58.2.17 Bends

- No more than four (4) quarter
bends


http://www.esgroundingsolutions.com/blog/651/we-have-installed-pvc-piping-in-a-poured-wall-to-a-data-port-does-nec-allow-an-additional-bonding-wire-to-be-in-the-conduit-to-bond-the-box-to-the-emt-box-above-ceiling-height
http://www.alibaba.com/product-detail/1-2-UL-Standard-EMT-Conduit_497548065.html
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PEC Article 3.92 Cable Trays

PEC Section 3.92.1.3(b)(1)
@page 525.

+ Single-conductor cable
shall be 50mm?2 or larger
shall be “type CT"” for
cable tray use.

- The maximum allowable
rung spacing for the
ladder-type cable tray
shall be 230 mm.



http://www.google.com.ph/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRw&url=http://www.theavonsteels.com/cable_tray.aspx&ei=L-tCVYeMG6XWmgXqqIDAAg&bvm=bv.92189499,d.dGY&psig=AFQjCNFE1CtC4KH7GYDa8xFLWGgrZPYaGA&ust=1430535193560069
http://www.sheetsdb.net/ladder-type-cable-trays-accessories1/
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3.) Common Wiring Methods using conduits

PEC Section 3.0.1.3 (b)

Conductors of the Same
Circuit @page 306

All conductors of the same
circuit and, where used, the
grounded conductor and all
equ(i:lament groundin(?
conductors and bonding
conductors shall be contained
within the same raceway,
auxiliary gutter, cable tray,
cable bus assembly, trench,
cable, or cord, unless
otherwise permitted in
accordance with 3.0.1.3(b)(10
through (b)(4).

Circuit Conductors Grouped Together
Section 300.3(B)

All conductors of a circuit must be installed in the
same raceway, cable, trench, cord, or cable tray to
minimize induction heating of metallic raceways
and enclosures, and to maintain a low-impedance
ground-fault current path.
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(1)Paralleled Installations.
Conductors can be run in
parallel, in accordance with
PEC 3.10.1.4 @page 333,
and must have all circuit
conductors within the same
raceway, auxiliary gutter,
cable tray, trench, or cable.

Conductors Grouped Together

Section 300.3(B)(1)

Conductors run in parallel must
have all circuit conductors within
- the same raceway, trench, or cable.

COPYRIGHT 2004
Mike Holt Enterprises, Inc.

o

-t s




IIEE — Cebu Chapter

PEC Section 3.10.1.4 Conductors in Parallel

Aluminum, copper-clad aluminum, or copper
conductors of size 50 mm? and larger

The parallel conductors in each phase, polarity, neutral, or
grounded circuit conductors shall comply with all of the
following:

(1) Be the same length
(2) Have the same conductor material

(3) Be the same cross sectional area of the conducting
material

(4) Have the same insulation type
(5) Be terminated in the same manner
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(2) Grounding and
Bonding Conductors.
Equipment grounding
(bonding) conductors can
be installed outside a
raceway or cable assembly
for certain existing
installations. See

250.7.1(C). Equipment
grounding (bonding)
jumpers can be located
outside a flexible raceway if
the bonding jumper is
installed in accordance with
250.5.3(E).

Equipment Bonding Jumper
Installation
Section 250.102(E)

Where an external equipment
bonding jumper is installed, it
{ must be routed with the raceway
7 and cannot exceed 6 ft in length,
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@page 306
Nonferrous Wiring Methods.

PEC Section 3.0.1.3(b)(1) \

Circuit conductors can be run
in different raceways (Phase A
in raceway 1, Phase B in
raceway 2, etc.) if, in order to
reduce or eliminate inductive
heating, the raceway is
nonmetallic or nonmagnetic
and the installation complies

with 3.0.1.20(b). /
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Mixing Power and Control Conductors
(C) Conductors of Sectf?n 300ﬂC) (7 fPN
Different Systems. VIOLATION 725.55(A)
Class 2 control wires are not permitted in

the same raceway with power conductors.

COPYRIGHT 2004
Mg Mot Enterpines,
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(1) Mixing.

Power conductors of
different systems can occupy
the same raceway, cable, or
enclosure if all conductors
have an insulation voltage

rating not less than the
maximum circuit voltage.

Mixing Conductors of Different Systems
4 Section 300.3(C)1)

\

480V Circuit
600V Insulation

= 120V Circuit
J 600V Insulation

- :,’ COPYRGHT 2000 Mko ol Enterprines, e

Conductors of different systems can occupy the same
raceway, cable, or enclosure if the insulation voltage
rating is not less than the maximum circuit voltage.
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Control, signal, and
communications wiring
must be separated from
power and lighting circuits
so the higher-voltage
conductors do not
accidentally energize them.
The following Code sections
prohibit the mixing of
signaling and
communications conductors
with power conductors:

e CATV Coaxial Cable,

e Class 1, Class 2, and Class
3 Control Circuits.

Mixing Power and Control Conductors
Section 300. 3(C)(1) FPN

VIOU\TION 725 55(A)

Class 2 control wires are not permitted in
the same raceway with power conductors.

|
' Power Conductors UL B \
i e - ] jr_- z:r:»\j

Class 2 Control Wires =

COPYRIGHT 2004
Mike Hot Enterpines, o

LAk
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4.) Derating of wires/cables in a conduit fill

- When circuits are bundled or combined in a single conduit
such that more than three current-carrying conductors are
involved, the derating factors to ampacity tables shall
apply, often resulting in reduced ampacities.

- The overall ampacity of the insulated conductors in a
bundle of more than three (3) must be derated, whether
in @ raceway or cable.
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Table 3.10.1.15(b)(2)a Adjustment Factor for More Than Three
Current-Carrying Conductors in a Raceway or Cable

No Ampacity Adjustment Ampacity Adjustment
Three or Fewer Conductors Factor = 70%

S

Bundled nductors
area for heat dissipation. have heat held in
COPYRIGHT 2004 Mie Hok Entarprises; inc: by other conductors.
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Table 3.10.1.15(b)}{(2}a} Adjustment Factors for More Than Three
Cwrrent-Carrving Conductors in a Raceway or Cable

Percent of Values in Tables
Number of 3.10.1.16 through 3.10.1.19 as
Current-Carrving Adjusted for Ambient
Conductors Temperatre if Necessary
44 80
-9 C T >
1020
21-30 43
3140 40
41 and above 33
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Case #1: What is the adjusted ampacity value of 250mm?2
THW copper cable if the raceway contains four current-
carrying conductors?

(a) 300A (b) 296A (c) 229A (d) 240A
Answer: (a) 300A

250mm=2 Cu. THW = 375A (PEC Table 3.10.1.16)
Adjustment factor = 0.80 (PEC Table 3.10.15(b)(2)(a))
Adjusted Ampacity = 375A x 0.80 = 300A
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Case #2: What is the adjusted ampacity value of 250mm?
THW copper cable if the raceway contains four current-
carrying conductors? and is installed in an ambient
temperature of 37°C?

(a) 300A (b) 264A (c) 229A (d) 240A
Answer: (b) 264A

250mm=2 Cu. THW = 375A

(@75°C column from PEC Table 3.10.1.16)
Conduit fill adjustment factor = 0.80

(PEC Table 3.10.15(b)(2)(a))

Temperature Correction factor = 0.88

(@ 75°C coulumn from PEC Table 3.10.1.16)
Adjusted Ampacity = 375A x 0.80 x 0.88 = 264A
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Table 3.10.1.16 Allowable Ampacities of Insulated Conductors Rated 0 Through 2000 Volts, 60°C Through
90°C (140°F Through 194°F), Not More Than Three Current-Carrving Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)

Temperature Rating of Conductor (See Table 3.10.1.13.)

60°C (140°F) T5°C (167°F) S0FC (14°F) G60°C (140°F) T5°C (167°F) 90°C (154°E)
Tvpes TBS, SA, Tvpes TBS, SA,
SIS, FEP. SIS, FEP.
FEPE, ML FEFE, ML
RHH, FHW-1, RHH. EHW-1,
THHN, THHW, THHN, THHW,
THW-1, THW-1,
Types RHW, THWN-1, USE- Types EHW, THWN-1, USE-
THHW, THW, 2, XHH, THHW, THW, I.XHH.
THWN, AHHW, THWN, XHHW,
XHHW, USE, XHHW-I, ZW- XHHW,USE, | XHHW-I, ZW-

Size Tvpes TW, UF FAYY 2 Types TW. UF FALY b Size
mmun’(mm dia.) COFFER ALUMINUM OR COPPER-CLAD ALUMINUM mm’ (mm dia.)
20(L6)* 20 20 5 — — — 10(L6)*
350200 25 25 30 20 20 25 3.50.0)*
5.5(2.6)* 30 35 40 25 30 35 5.50.6)*
80(3.2) 40 50 55 30 40 45 £0(3.2)
14 35 65 0 40 50 60 14
22 0 &3 90 35 63 B0 22
30 %0 110 115 65 &0 a0 30
38 100 125 130 75 90 105 38
30 120 145 150 95 110 125 30
60 135 160 170 100 120 135 60
80 160 195 M5 120 145 165 80
100 185 2 5 140 170 150 100
125 210 255 265 165 200 215 135
150 240 280 295 185 215 250 150
175 260 305 345 205 145 275 175
200 250 335 20 265 300 200
150 315 375 400 255 305 345 250
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5.) Sizing of Conduit

Question: What size of RMC conduit is recommended to
accommodate 4 x 250mm?Z2 Cu. THW Cable + 1 x 22mm?

Cu. THW Wire as Equipment Grounding.

(a) 80mm@ (b) 90mm@ (c) 100mm@ (d) 110mm@

Answer: (b) 90mmg@
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From PEC 2009, Table 9.1.1.5 @page 1500

250mm2 THW (4 x 510.7 mm?2) = 2,042.80 mm?2
22mm2 THW (1 x 62.20 mm=2) =  62.20 mm?2

Total Area 2,105.00 mm?2

From PEC 2009, Table 9.1.1.4 @page 1496
Rigid Metal Conduit, Schedule 40

Over 2 wires, 40% (mm?2) column

Maximum Conduit Fill Area = 2,584.00 mm?2
Minimum Use: 90 mm O, Schedule 40, RMC
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Table 9.1.1.4 (Continued)

Liquidtight F

lexible Nonmetallic Conduit

=
"
-

Liquidtight Flexible Nonmetallic Conduit
B (Type LENC-B*) (TYSSLENCAY el
R A W I |[Total A ; of Over2 1 Wi Ra Internal |Total Area . er re
e ot rivhe W'":' ,3)' Wires 40%|  $3% Site | | Dissmeter 100% o w(';‘:?)‘ Wires 40| S3%
(mm) (mm) (mm?) - (mm’?) (mm?) (mm) (mm) (mm?) (ml(l)\ ) (m(::
10 12.5 123 38 49 65 10 12.6 125 zg ;0 o
15 16.1 204 63 82 108 15 16.0 §22 A % it
20 21.1 350 109 140 186 20 gég o< 1 3 s
25 | 268 | se4 | 155 | 26 | 29 | 3 31 | o | 30 | w | s
- & o ggz g?g 23?, Zg 407 1301 403 520 690
40 40.3 1276 : 863 1 143
50 51.6 2091 648 836 1108 50 52..2 2nldSs7m 6693 sikin
*Corresponds to Section 3.51.2.1(2) °f;i‘l’°d = tasml Conéluit
Liquidtight Flexible Metal Conduit - B retal GOttt —
R a8 2 g || B | W 204 | 6 | & | 108
15 16.1 204 63 82 186 o | H | %8 109 4oy
20 21.1 350 109 140 kil 4 27:0 & i s 3“
2 ' Ko 1t :2332 522 32 35.4 984 305 394 522
2 354 984 305 413 533 706
% | 510 | &8 | & | H2 | uam
|3 lal | L6 F] &) i) e { 8m | rges
50 ol 1668 | 68 | @2 | 3 | om | 1255 | 168
33 784 | 488 | 1497 | 1931 2559 80 -
B R (e e i
100 | 1021 | 8187 | 2538 | 3275 | 4
lzs 3 : v‘ <18 H ;" i 1 “i\:gjs t‘ ,,..,.‘..A..'?.?:;\lu- ] ;

STTAVL - 6 HALAVHD

Levl
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6.) Wiring Method using Cable Trays (PEC Article 3.92)

— . —_ PEC Section 3.92.1.8(d) Cable
\/ Installation @page 531

- Conductors of the same
circuit including the neutral
- - and equipment grounding
shall be installed in a group to
— - _ prevent current imbalance in
- the paralleled conductors due

to inductive reactance.

FAgure TA.



http://www.cabletrays.org/techbl14.htm
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8.) Electrical Connections (PEC Article 1.10.1.14)

PEC Section 1.10.1.14(c)
Temperature Limitations
@page 40

Temperature rating
associated with ampacity
of conductor shall be
selected and coordinated
so as not to exceed the
lowest temperature
rating of any connected
termination, conductor,
or device.

125 A circuit breaker
terminations rated 75 °C

T\
125 A conductor with 90 °C insulation

(conductor size based
on the 75 °C ampacity)

- with 75 °C



http://iaeimagazine.org/magazine/2009/09/16/where-a-successful-installation-begins-and-ends-understanding-nec-rules-about-wire-temperature-ratings-terminations/
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(1) Equipment Provisions.
Unless the equipment is listed and
marked otherwise, conductor
sizing for equipment termination
must be based on Table 310.1.16
in accordance with (a) or (b):

(a) Equipment Rated 100A and
Less.

(a) Conductor sizing for equipment
rated 100A or less, or marked for
2.0mm?2 through 38mm?2
conductors must be sized using the

60°C temperature column of Table
3.10.16. Figure 110-27

Conductor Sizing - Equipment Rated 100A or Less
Section 110.14(C)(1)(a)(1) ok

Device
Unless listed and marked otherwise, ! (6‘ ‘ g
conductors must be sized using the im' LR,

60°C column of Table 310.16. - /\/
: ‘ —==idF]

Minimum size = 6 AWG rated 55A J_
| ..

COPYRIGHT 2004 Mike Holt Enterprises, Inc.

Equipment terminals
are rated 60°C.

Figure 110-27




P
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Conductor Sizing - Equipment Rated 100A or Less
Section 110.14(C)(1)(a)(1)

50A Device 50A Device 50A Device

60°C Terminals 60°C Terminals 60°C Terminals
| [

6 AWG - Okay 8 AWG - Violation 8 AWG - Violation

50A on 60°C 50A on 75°C 50A on 90°C
wire operates
at near 60°C

wire operates wire operates
at near 75°C at near 90°C

14mm2 COPYRIGHT 2004 Mike Holt Enterprises, Inc,
(55 A) Conductgrs are sized to prevent the overheating 5
@60°C of termjhals in accordance with listing standards. (85n%n;)
column 8mm?2 550k
(>0 %) column
(o]
@75 C

column
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Question: What size of incoming
feeder is recommended to be used
with a THHN specification?

Answer:

22mm2 THHN Wire based
at 60°C column

(from PEC Table 3.10.1.16
@page 350)

THHN

JOA
Sy
60°C
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Table 3.10.1.16 Allowable Ampacities of Insulated Conductors Rated 0 Through 2000 Volts, 60°C Through
90°C (140°F Through 194°F), Not More Than Three Current-Carrving Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)

Temperature Rating of Conductor (See Table 3.10.1.13.)

al*C (140°F) T53°C (167°F) 20 C (194°F) a0 C (140°F) 75°C (167°F) 20°C (194°F)
Tvpes TBS, SA, Tvpes TBS, SA,
SIS, FEP. SIS, FEP,
FEFE, MI. FEFE, MI,
RHH, EHW-1, EHH, EHW-1,
THHN, THHW, THHN, THHW,
THW-I., THW-2,
Tvpes RHW, | THWN-2, USE- Types RHW, | THWN-2,USE-
THHW, THW, 1, XHH. THHW, THW, 1, XHH.
THWN, XHHW. THWN, XHHW,
XHHW, USE, XHHW-2, ZW- XHHW, USE, XHHW-I, ZW-

Size Tvpes TW, UF W 2 Twvpes TW. UF W 2 Size
mm{mm dia.) COFPER ALUMINTUM OFE COPPER-CLAD ALTUMINUM mm’{mm dia.)
20(LE* 20 20 5 — — — 2067
3.52.00 25 25 0 20 20 25 3.50Q2.00*
5.5(2.6)F 30 i3 40 25 30 35 5.5(2.6)%
5.0(3.3) 40 50 5 30 40 45 3.003.0)
14 53 A3 0 40 50 60 14

| = %) 83 90 | 55 63 80 22
0 TIT 3] 63 80 a0 30
33 100 125 130 75 90 105 38
50 120 145 150 95 110 125 50
60 135 160 170 100 120 135 60
80 160 195 205 120 145 165 80
100 185 220 225 140 170 130 100
125 210 255 265 165 200 25 125
150 240 280 295 185 225 250 150
175 260 305 345 205 245 275 173
200 280 330 355 220 265 300 200
250 315 373 400 335 303 345 250
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- Partial Ending
of Presentation -
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