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• Medium voltage cable handling

• Cable pull calculations & pull plans

• Cable routing best practices 

• Large cable installations

• Site acceptance and maintenance testing

Agenda

UD Cable

HVTECK



Cable Handling



• End caps are installed on cables shipped from the manufacturers and distributors 

to jobsite to prevent water entry into the cable

• If an end cap is removed a new end cap must be installed.

• Both heat shrink and cold shrink end caps are available.  Inexpensive items.

End Caps



End Caps



• Upon receipt inspect reels for damage to the reels or cable

• Cable can be stored inside or outside.

• If stored outside the reels need to sit on a hard surface so the reel flanges don’t 

sink into the soil.  Preferably in a well drained area

• Colored cable jackets will fade in sunlight.  Some colors or manufacturers product 

fade more than others.  

• Some cables are not sunlight resistant and should only be stored indoors

Receiving / Storage



-Main CSA tests

-Cold Bend Test (easy to pass)

Bend around a 12 x OD mandrel

-Cold Impact Test (harder to pass)

Drop weight from height – 8/10 to pass

-Typical testing options -25C, -40C, -45C, -50C

Low Temperature Handling



-Installation handling temperatures left to cable manufacturer to state

-Beware of -40C installation claims

-Rule of thumb 

-25C Min installation temp for Thermoset insulations (EPR/XLPE) passing both -40C cold bend 
and impact test

-10C Min installation temp for Thermoplastic insulation (PVC) or thermosets that pass both 
-25C cold bend and impact tests

-There is no minimum temperature once the cable is installed.  The cable can sit installed in the elements 
or stored on reels in a Canadian winter with no issue as long as the cable isn’t mechanically disturbed.

Low Temperature Handling



-CE Code 12-614     min bend radius is 6 x OD for armored cables 

-CE Code 12-614 (3)(C) allows you to use manufacturer’s numbers

-CE Code Table 15 is for High Voltage applications

-Tape Shielded Cable (ie. 5-35KV HVTECK)

-CE Code >    12 times cable OD or 12 times conductor OD

-NEC >            7 times cable OD or 12 times conductor OD

-12 times the OD of large cables can result in very large cable trays.

-Table 15 in my view is an old table that needs updating to line up with NEC and 12-614.  Many of the cable 
manufacturers have bend radius numbers on their spec sheets in line with the NEC and can provide a letter for your 
inspection deviation that their cables are designed to be bent according to their spec sheet numbers.

Min Bend Radius



Min Bend Radius



Cable Minimum Bend Radius  

-Separate armor, crush insulation / jacket, flattened armor, jacket stretching

-this is a common issue - standard sheaves are often too small.

-use compound roller sheaves / sheave assemblies but be careful

they are installed correctly (in line with the pull)

Cable Handling Main Constraints



Cable Minimum Bend Radius  

Careful to ensure the set up of compound or multiple sheaves are set up correctly or the bend 
radius may be significantly less than expected.

Cable Handling Main Constraints

Proper set up Improper set up
Radius is now the 
small sheave radius



Cable Minimum Bend Radius  

Standard largest sheave is 24” OD > only 12” Radius

For example: at 7 x min bend radius for most armored cables 1.7” OD is the largest cable that       
can go around a 24” OD sheave 

3c-1/0 Teck90 1KV = 1.68”

Cable Handling Main Constraints



Cable Handling Main Constraints



-Cable pull calculations should be done on any long large cable pulls or any pulls with more than 2 x 90ᵒ bends

-Constraints

-minimum bend radius

-maximum pulling tension

-sidewall bearing pressure

-Pulling calculations are directional.  Ensure you indicate to field which direction the pull calc is based upon.

Cable Pull Calculations



-This is not very often an issue for power cables.  

-Usually the Kallems Grip or tugger are the limitation on big cables

-Max pulling tension is based upon the gauge size, metal type, and # of conductors only.  

-Cable type, jacket types, shields, etc… have no effect on max pulling tension

Tmax single conductor = S (allowable stress) x Conductor area (in circular mils)

S = 0.8 copper

S = 0.6 8000 series aluminum

Tmax multi conductor = # Conductors x S x Cond Area x 0.8

Maximum Pulling Tension



This is the radial force on the cable around bends

SWBP is typically the main pulling constraint

To reduce pull tensions / SWBP 

-increase bend radius  - This is the key factor to reduce SWBP

-recalculate the pull in the opposite direction

-reduce number of bends

-reduce run lengths

-straighten runs

-have a good lube program, clean out conduits before pulling cables

-add manholes (careful to have sheaves lined up properly in manholes and correctly sized)

-yale grips  / pull off tray and feed back in (careful not to overbend cable)

Side Wall Bearing Pressure



-Can find equations in all the main cable manufacturers websites and do them by hand

-Most electrical network modelling softwares have pull calc modules

-Free softwares on line

-Southwire pull calculator  https://www.southwire.com/calculator-simpull

-Greenlee  https://www.greenlee.com/us/en/pulling-calculator

-Polywater   https://www.polywater.com/pull-planner/

-Pull calculations are more an art than a science.  Too many assumptions and field details to model accurately.  

Cable Pull Calculations

https://www.southwire.com/calculator-simpull
https://www.greenlee.com/us/en/pulling-calculator
https://www.polywater.com/pull-planner/




-Coefficient of friction assumption will have a large effect on your final pull calculation.

-Below is a table of conservation numbers that should work for both new and existing installations (assuming the 
conduits have been cleaned.

-More aggressive numbers can be used based upon your knowledge of the pull.  Such as if the installation is new, the 
contractor is very experienced in proper job set up, and there is a good lubrication program in place.  Myself if I’m 
comfortable with all the above have used 0.25.  Manufacturers of no lube cables have used 0.15 for new installations 
with no lube cables.

-However it is best to be conservative if you’re not familiar with the job details.

Coefficient of Friction

Table from Southwire
Installation Manual



Assist Pulls



-Pull boxes can be designed into the runs to allow for pulling points if required.

-Size them to allow the contractor to maintain bending radius when coming out of the manhole.

Manholes / Pull Boxes



Trend has been towards very large OD Medium Voltage cables (over 4” OD) and very long runs.

Challenge: Results in very large reels of very difficult to install cables with more risk of cable handling damage

-jobsite might not be able to handle the reel size

-Cable length can be limited by maximum reel size resulting in splices

-Might lead to “improvised field solutions” 

-personnel and equipment safety

Solution:  Consider single conductor or paralleled cables

-lower handling costs

-reduced cable damage risk

-longer splice free runs

-May use more tray space, but “free air” ampacity gains may be achieved if conductor spacing is 
maintained, reducing cable gauge sizes

Large Cable Installations



Factory Acceptance Test -CTR



• Ensure all safety protocols are followed.

• Start with a Continuity and Megger Test (insulation resistance) 
– Refer to NETA 100.1 for test information

• DC Hipot test equipment is widely available, low input power, inexpensive, and easy to 

use 
– Refer to IEEE 400.1 for test information

– DC testing might not be effective in detecting certain types of insulation defects

– IEEE 400 doesn’t recommend DC Hipot tests for aged / underground extruded cables

• VLF withstand testing is much more common now and recommended for field testing of 

aged or underground cables
– Refer to IEEE 400.2 for test information

– Typically 0.1 Hz

– Can also do a Tan Delta test giving you information you can trend over time.

Testing Overview



Equipment Set Up

Guard circuit
If available



• Good cable should test out similar to below

• Resistance values will increase over time due to capacitive and insulation charging

• As charging becomes more complete the resistance readings will level out.

• Test time depends upon cable length – 10 minutes is typically sufficient.

Megger Testing Results



• DC installation testing is accomplished by employing high voltage, low current dc power to the 

cable.  Installation testing is important in that it provides assurance that no damage has 

occurred during installation or in handling after leaving the factory.  If the cable is installed by 

a contractor, the test can serve as an acceptance test and assure the owner that the cable 

has not been damaged and should perform satisfactorily.

         Recommended dc Test Voltages for Shielded Power Cable Systems 

From 5 - 35KV

System Voltage Accceptance Test Voltage Maintenance Test Voltage

KV Phase to Phase (KV dc, Cond-gnd) (KV dc, Cond-gnd)

5 28 23

8 36 29

15 56 46

25 75 61

28 85 68

35 100 75

Acceptance test voltage duration is normally 15 minutes.  Maintenance test 

voltage duration is normally not less than 5 minutes or more than 15 minutes

DC Installation – Hi Pot Testing



DC Field Withstand Testing Voltages & Duration 
15KV 133% Insulation Level



High Potential Test Report



IEEE 400.2 VLF Testing

15 to 30 minute duration



What to do when you see an anomaly?

• If a cable does not pass the test it may still be good.

• Dirty cable end and high humidity can have significant effects on tests
– Ensure the cable ends are clean and dry and retest

• Ensure the cable isolated from other components
- The issue could be with the terminations or other equipment 

- Keep at least 1ft separation between cable ends and conductive paths

• Ensure the cable length is within the test sets limitations

• Note: good practice to ensure the crew is prepared to install a new 

splice prior to being testing.
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