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COMMON BASIC ERRORS
in Electrical installations

• Raceway Issues

• Wiring Issues

• Boxes Issues

• Termination Issues

• Phase Balancing Issues



COMMON Basic Concerns
 Correct Interpretation of  the plans and diagram

 Site Inspection and familiarization of  the place

 Availability of  proper Tools needed in installation 

 Right type of  raceway to be used and it’s approved 
accessories 

 Proper type of  boxes and accessories to be used

 Proper size and type of  Cables/Wires to be used for 
the installation. 

 Correct type and ratings of  circuit protections

 Proper rated Wiring devices should be suited for the 
installation. 

 Testing and Commissioning of  the installation using 
the proper testing devices

 Termination and Splicing of  wires and cables 
(source of  overheating)

 Implementation of  “Grounding” per requirement of  
the PEC



Wires and Cables
Concerns

I. Use Correct wire size to carry the maximum 
electrical load (consider Temperature limitation 100A 

0r less)

II. Use Wires and Cables suited for the area of 
installation (Dry, damp, wet, in Cable tray, 

underground locations)

III. Use the correct size of wires to address the 
Voltage drop PEC requirements.



I:           Maximum Ampacities of Wires



I:         Conductor Temperature Limitations



Conductors in Parallel



II:    Wire Types & It’s  Insulations & Characteristics



Wire Types & It’s  Insulations & Characteristics



CABLE TRAY RATED WIRES and CABLES



CABLE TRAY RATED WIRES



Cable Tray Rated Wires



Fire-Smoke Rated Wires & Cables
Low Smoke Cables Fire-Rated Cables



COMMONLY Used BOXES



Commonly Used Boxes

UTILITY  BOX

JUNCTION 

BOX

SQUARE BOX/

PULL BOX



NEMA 3R Enclosures



Commonly Used Raceways
• Rigid metal conduit (RMC). Can be made of heavy-wall 

steel or aluminum.
• Intermediate metal conduit (IMC). Normally made of steel 

conduit.
• Electrometallic tubing (EMT). Thin-walled steel conduit.
• Electric nonmetallic tubing (ENT). Corrugated plastic 

flexible raceway.
• Nonmetallic underground conduit (PVC). Schedule 40 

(heavy wall) or schedule 20 [called EB, for "encased 
burial" (in concrete)].

• Flexible metallic tubing, Greenfield, spiral metal flexible 
conduit.

• Liquidtite flexible metallic conduit, Sealtite, flexible metal 
conduit with an overall PVC waterproofing covering.

• Surface metal and nonmetallic raceways, Wiremold.





ELECTRICAL CONDUITS

PVC CONDUIT FLEXIBLE METALIC CONDUIT



FITTINGS  AND CONNECTORS

ADAPTERS

LOCKNUTS

BUSHINGS



SAMPLE INSTALLATION of Locknut & Bushing



ELBOW

PVC ELBOW EMT ELBOW



CONDULETS



COUPLING

EMT COUPLING
IMC COUPLING



CLAMPS



SERVICE ENTRANCE CAP



CONDUIT INSTALLATIONS



Raceways Fill Percentage



Maximum Bends Radius of Bends in Conduit Runs





JUNCTION & PULL BOX SIZING











Raceways Entering Opposite Removable Covers







FEEDER TAPS

PEC ARTICLE 240







Terminals

Connection of conductors to terminal parts shall ensure 
a thoroughly good connection without damaging the 
conductors and shall be made by means of pressure 
connectors (including set-screw type), solder lugs, or 
splices to flexible leads. 

Connection by means of wire-binding screws or studs 
and nuts that have upturned lugs or the equivalent shall 
be permitted for 5.5 mm2 (2.6 mm dia.) or smaller 
conductors. 

Terminals for more than one conductor and terminals 
used to connect aluminum shall be so identified. 



TERMINAL LUGS



Terminal Lugs



Conductors shall be spliced or joined with splicing devices identified 
for the use or by brazing, welding, or soldering with a fusible metal 
or alloy.

Soldered splices shall first be spliced or joined so as to be 
mechanically and electrically secure without solder and then be 
soldered. 

All splices and joints and the free ends of conductors shall be 
covered with an insulation equivalent to that of the conductors or 
with an insulating device identified for the purpose.

Wire connectors or splicing means installed on conductors for direct 
burial shall be listed for such use. 

SPLICES



MOTOR ISTALLATION CONCERNS



MOTOR INSTALLATION 
CONCERNS

PEC ARTICLE 430











INSTALLATIONS WITH 

CODE VIOLATIONS

INSDIDE AND OUTSIDE 
INSTALLATIONS



CODE VIOLATION
Parallel Conductors of the same phase are installed inside a common  conduit



Water Pipes Used as Electrical Raceways



Termination Issues 



CODE Violation:
Multiple taps inside panel board 
enclosure

PEC art. 3.12.1.8  
Enclosures for switches 
or overcurrent devices 
shall not be used as 
junction boxes, 
auxiliary gutters, or 
raceways for 
conductors feeding 
through or tapping off 
to other switches or 
overcurrent devices 
unless adequate space 
for this purpose is 
provided



Two dissimilar sized wires in one Terminal



Over heated bus bar due to 
Termination issues



BUS BAR & CB Terminal Issues



Lack of Maintenance Work



Wire Gutter Terminations





Proper Rated WP Male device needed



BUS Bar of Dissimilar Sizes



Photos - PEC Violation



Underground Installation Violations



Underground Installed Conduit w/0 Concrete 
Encasement



Violation:
Branch feeder wires without cover and crowded
In-appropriate  locknut & bushing to protect the wires from direct 
contact with the enclosure



Bus Bar Tapings w/o Protections



Line side of CB has bigger size of wires, smaller size of wires at the 
load terminals. CB size should be coordinated with the Load Wires.



Metal conduit fittings heat up  due to magnetic flux around the 
conductors. Never place same phase conductors in one conduit.



PEC Violation:
No service entrance conduits with Cap



Panel Board used as pull box



Multiple taps inside panel board enclosure – Paralleling of Wires 
Wires should be 50mm2 and above



Panel Enclosure used as splice/Pull Box



PEC Violation:
Art. 1.1 - Accessible/ Readily – Capable of being reached without having to climb or 
without obstruction to enter inside electrical control room. 

Disconnecting means/ Panel board shall be readily accessible



PEC Violation:
Installation outside the building exposed to heat and wet shall be done in NEMA 3R.4R 
etc…



Lack of Top Gutter Space



Lack of Gutter Space



Line side and load side wires are joined in one conduit. Multiple 
Wires in a conduit- De-rating of ampacity needed
Use of Panel as Pull Box



PEC Violation:
Art. 3.12.1.8  Enclosures for switches or overcurrent devices shall not be used as 
junction boxes, auxiliary gutters, or raceways for conductors feeding through or 

tapping off to other switches or overcurrent devices unless adequate space for this 
purpose is provided



Line & Load Side in common raceway; Smaller Wire tapped 
to Line Side Unprotected and will add burden to main feeder



MANUAL TRANSFER SWITCH
LOAD SIDE & GEN-SET Feeders in same conduit

Paralleling of Wires Smaller than 50mm2 mot allowed by PEC



Wiring Installation Issues



Box needs to be replaced to Nema3R



Use Of Flexible PVC in Open Spaces



Raceway Issues 



Raceway Issues and SE Cap





Raceway, Spice Box & Clearances  Issues



Plumbing elbow used: CB and wiring issues



Different Sizes Of Feeder Wires at LINE SIDE
All Wires should be of the same size and should be 50mm2 or
greater



Same Phase Wires in Conduits



Line and Load Side in common Raceway; No 
Grounding Provisions



Branch feeder line wires & load wires were installed in one conduit. Endangers maintenance 
personnel specifically during trouble shooting. 
Segregate line side wires with load side wires, each set with conduit.



CODE Violation:
Not within approved clearance requirements



Violation:
PEC Art 2.10.1.8(b) – Ground Fault Circuit Interrupter (GFCI) 
Protection for Personnel required for wet location or installation 
outside the building.



Outlets in Commercial Garages: Mounting Height 
should be at least 18” or 46 cm due to Gas presence





BATHROOM INSTALLATIONS





Issue with Mounting Height of Main CB







Multiple/parallel Wires at the Load side Less than 50mm2



Line side used as termination of other feeder wires



No dead front end cover and panel directory 



Enclosure needs to be Nema3R/4R





Different sizes of Load side wires 



Load side feeders in parallel. Multiple load side feeders
connected



Multiple conductors on the branch CB



Lack of Service Entrance weather Caps



Needs Rewiring Work



GFCI Outlet Needed



Wire Gutter - Tagging Needed



Nema 3R Enclosure Required



Nema 3R Boxes and WP Switches needed



Rewiring Needed on this Installation



BUS WAY



Due to Poor Maintenance



Damaged Bus way Due to Poor 
Maintenance



Damage due to Water Drip



Humidity and Dirt Accumulation



Neglect of Cleaning and Proper 
Maintenance



Dirt Accumulation 



Arcing Damage Due to Poor Maintenance



ARC FLASH 



ARC FLASH DAMAGE DUE TO POOR 
MAINTENANCE



ARC FLASH DAMAGE DUE TO POOR MAINTENANCE



USE PROPER PPE 



USE OF PROPER PPE WHEN CONDUCTING 
TESTS



PROPER PPE AND PROPER SIGNS AND 
BARRIERS



BASIC PERSONNel PROTECTIVE 
EQUIPMENT (PPE’S)

REFLECTORIZED VEST SAFETY GLOVES

HARD HAT

SAFETY SHOES



Common TOOLS

PHILIPS SCREW SCREW DRIVER

PLIERS LONG NOSE PLIERS



1) Multimeter

2) Clamp Meter                   

3) Frequency Meter

4) Thermometer

5) KW-HR Meter

6) Insulation Tester

7) 3 phase rotation tester



Multimeter or a Multitester, also known 
as a VOM (Volt-Ohm meter), is an 
electronic measuring instrument that 
combines several measurement 
functions in one unit.

Multimeter can be a hand-held device useful 
for basic fault finding and field service work, or 
a bench instrument which can measure to a 
very high degree of accuracy. They can be used 
to troubleshoot electrical problems in a wide 
array of industrial and household devices such 
as electronic equipment, motor 
controls, domestic appliances, power supplies, 
and wiring systems.

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Measuring_instrument
http://en.wikipedia.org/wiki/Fault_(electric)
http://en.wikipedia.org/w/index.php?title=Bench_instrument&action=edit&redlink=1
http://en.wikipedia.org/wiki/Electronic_equipment
http://en.wikipedia.org/wiki/Domestic_appliance
http://en.wikipedia.org/wiki/Power_supply


Clamp Meter is an electrical tester that 
combines a basic digital multimeter
with a current sensor. Clamps measure 
current. Probes measure voltage.

Having a hinged “clamp” jaw integrated 
into an electrical meter allows users to 
simply clamp around wire, cables and 
other conductors at any point in the 
electrical system and measure its 
current, without disconnecting it.



Frequency meter is an electronic 
instrument that displays 
the frequency of 
a periodic electrical signal.

Frequency meter, device for 
measuring the repetitions per unit 
of time (customarily, a second) of a 
complete electromagnetic 
waveform.

http://en.wikipedia.org/wiki/Electronic_instrument
http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Period_(physics)
http://en.wikipedia.org/wiki/Electrical_signal


Insulation Tester – This test is 
to measure insulation 
resistance of wires and 
equipment (500VDC 0r 
1000VDC)



Earth Resistance Tester



Earth Resistance Measurement



3 Phase Rotation Testers



Thermometer is a device that 
measures temperature or 
a temperature gradient using a 
variety of different principles.

A thermometer has two important 
elements: the temperature sensor (e.g. 
the bulb on a mercury-in-glass 
thermometer) in which some physical 
change occurs with temperature, plus 
some means of converting this physical 
change into a numerical value (e.g. the 
visible scale that is marked on a 
mercury-in-glass thermometer).

http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Temperature_gradient
http://en.wikipedia.org/wiki/Mercury-in-glass_thermometer


Samples Of Proper 

Installation



Meter Centers with Gutters & Bus Bars



Wire Meshed /Wire Gutter Layout



Wire Gutter Layout & Metering Center



Wire Way /Gutter wiring installation for Feeders



Wireway Layout to Conduit Risers



CABLE TRAY Feeder Installation



MERALCO Crew Installation of 2-2 MVA Pad Mounted Transformers



Panel Board & Feeder Wire Installation



Wire Gutter Layout with tie binders



Bus way Installation



Panel Board with proper Tagging an Directory



SWITCHGEAR CB and CABLE LAYOUT



Motor Control Panel



Pump Layout and Installation



Fire Pump Layout Installation



Primary Fuse Assembly 34.5 KV 2MVA













CABLE RACEWAYS



Sources of Presentation

• Philippine Electrical Code part one 2017 
Edition

• Illustrated Guide to the 2017 National 
Electrical Code, by Charles R. Miller 7th

Edition

• American Electricians Handbook 14th Edition 
by Terrell Croft and Wilford Summers

• Various Catalogues of Phelps Dodge and 
Duraflex wires and cable
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2019 Convenor PEC1-IEC Sub Committee
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2010 Most Outstanding EE for Construction & Project Management
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