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PURPOSE STATEMENT / COURSE DESCRIPTION
Registered Continuing Education Program

ADSS ENGINEERING 102 – Sag and Tension will teach you how to obtain the sag and tension data that you
need for your project.

We will explain and illustrate three methods of obtaining sag and tension data as per industry practice today:
1. Using tabulated data supplied by cable manufacturers,
2. Generating data using ACES CATS, and
3. Using PLS-CADD to perform sag and tension calculations.

Then we will discover how the preceding is technically incorrect, but why it is nevertheless helpful. This will
lead us to consider the difference between mechanically independent versus mechanically coupled spans.
From this, we will learn when today’s practice is appropriate, and when the ruling span concept should be
applied and sag and tension data obtained from computer programs such as PLS-CADD.

Along the way, we will explain the meaning and importance of a cable's “Maximum Rated Design Tension”
(MRDT), and how it should be used in sag and tension calculations. And, we will do likewise for Zero Fiber
Strain Margin (ZFSM).



LEARNING OBJECTIVES
Registered Continuing Education Program

After this class you will be able to:
Be able to obtain basic sag and tension data for your ADSS cable using these sources:
1. Tabulated data supplied by cable manufacturers,
2. Self-generated data using ACES CATS (and be able to use it), and
3. Computer programs, in particular PLS-CADD.

Explain the meaning and importance of a cable's Maximum Rated Design Tension (MRDT), Zero Fiber
Strain Margin (ZFSM) and how these should be incorporating into sag and tension data.

State the implicit assumptions of industry practice for ADSS sag and tension data.

Explain the difference between mechanically independent and mechanically coupled spans.

Know when it is more appropriate to apply the ruling span concept and use PLS-CADD or other computer
software to generate sag and tension data for ADSS.



• Introduction and sound check
• Presentation: 45 min
• Use chat for questions during presentation
• Q&A (NB! Technical questions only): 15 min
• Let’s start!

Webinar Rules

Incab University “School of Excellence in Fiber Optics” curriculum

Learning Hub



Let’s begin our study of ADSS sag and tension with
three observations…

ADSS sag and tension data



Sag and tension observation 1
ADSS sag and tension data

ADSS

Note how large the sag is too

Vertical sag under ice loading can
exceed ground clearance, and
consequently, it must be checked!

It is a myth that ice does not
accumulate on ADSS!

If someone tells you:
“Snow and ice don’t accumulate on
ADSS in the field”

Please show them this picture



Sag and tension observation 2
ADSS sag and tension data

Wind conditions are especially important
for ADSS

ADSS is light and elastic

Consequently, horizontal blowout during
wind loading can be significant and must
be checked!



Sag and tension observation 3
ADSS sag and tension data

Because ADSS is very elastic, strength is needed to control fiber strain
- Fiber strain can lead to optical failure over time

OK. This prompts the question: What is fiber strain, and why is it important?



Side tour: Fiber Strain
ADSS sag and tension data

What is fiber strain, and why is it important?

Fiber strain is tension on the fiber

Optical fiber is strong, but it is glass, so it is brittle
* Thus, keeping tension off the fiber is a good idea  enhances reliability

- “No strain, no problems”
* Fiber is especially vulnerable to adverse effects from cyclic loading

Fiber Strain Margin is the difference between the tension on the cable and the tension on the fiber
* The “Zero Fiber Strain Margin” (ZFSM) is the point at which the optical fibers begin to
experience tension

* General Guideline: The higher the ZFSM, the better



Let’s connect the three observations
ADSS sag and tension data

In order to properly check clearances, sag and tension calculations for ADSS
need to factor in ice and wind loading

Note: Industry practice has been to have “installation” or “everyday” sag =
1% or 1.5% of span
- More recently have seen 0.75% and even 0.5% (risky in my opinion)

And…



Let’s connect the three observations, cont’d
ADSS sag and tension data

Fiber strain should be minimized (or zero fiber strain margin maximized)

— “Best Practice” is zero fiber strain through “MRDT” (defined on next slide)
 This is Incab’s design standard, but sometimes not practical

— Acceptable alternates (with increasing risk):
• Zero fiber strain at nominal (unloaded) tension (“everyday”)
• Limited fiber strain at maximum (loaded) tension (MRDT)

* Good, ≤ 0.2%
- Conservative limit derived from Corning research

* Not too bad, ≤ 0.3%
- Acceptable for today’s fiber, but does have some risk

* Risky, ≤ 0.4%  Greater than this is just plain crazy!

All cable suppliers have a design policy on fiber strain!
(Though not always clearly disclosed)



MAXIMUM RATED DESIGN TENSION (MRDT)
Sag and tension data generation

MRDT (= MRCL “maximum rated cable load”) is an especially important cable specification!

• MRDT = The tension the cable should NEVER, EVER exceed under any loading
condition!

• MRDT (MRCL) is NOT the same as Rated Breaking Strength (RBS)!

• Typically, MRDT (MRCL) is 50 – 65% of RBS



DATA GENERATION IN 3 EASY STEPS!
Sag and tension data generation

Step 1 = Review your loading criteria

Step 2 = Get the cable specifications

Step 3 = Get or generate the data

Let’s explore each step…



STEP 1: REVIEW YOUR LOADING CRITERIA
Sag and tension data generation

Determine your base loading criteria
* NESC Rule 250B loading zone
* Alternate for your state or country

Do you have "extreme ice" or "concurrent wind
and ice" conditions?

* NESC Rule 250C and D
* Additional criteria for your state or country

Criteria unique to your utility or project?
* Tension limits?
* Sag limits?Fe

w
do
,b
ut
…



STEP 2: GET THE CABLE SPECIFICATIONS
Sag and tension data generation

Basic cable specifications are needed to generate sag and tension data:

1. Outside diameter (inches or mm)
2. Unit weight (lb/ft or kg/km)
3. Maximum Rated Design Tension (MRDT)
4. Cable modulus (Which to use? We’ll come back to that.)
5. Linear expansion coefficient
6. Strain limit. Ideally the “zero fiber strain margin” (ZFSM)

You'll find these on the cable datasheet or ask the cable manufacturer

 Let’s look at typical cable datasheets from various suppliers and see how they present this information….



STEP 2: GETTING THE SPECIFICATIONS –
INCAB

Sag and tension data generation

(MRDT)

InAir ADSS MT Aramid DJ-144U (12x12)-13kN

Note: We will discuss modulus later

1
2
3
6

4

5



STEP 2: GETTING THE SPECIFICATIONS –
PRYSMIAN

Sag and tension data generation

= MRDT

Note 2: Initial = Final = Not really. This is a simplification that’s OK in the distribution world…More on this later

72F SM ADSS LONG SPAN PKP 1581LB (12F/T) TR (#ADLT1581-12-HB-072)

1

2

3

6

4

5

Fiber Strain Margin is not directly shown, but is factored into their sag & tension data (will see this later)

6 (See note
1) ≤ MRDT = OK

Note 1:

≤ ZFSM

(See note 2)



STEP 2: GETTING THE SPECIFICATIONS – OFS
Sag and tension data generation

Used as MRDT

AT-XXX27D6-048-TMEE-JX

1
2

3

6

4
5

Fiber Strain Margin is not directly shown. The “Long Term” tension is used as the maximum
“everyday” (no ice, no wind) tension, but this tells you nothing about the fiber strain or ZFSM

6 (See note)

Note



STEP 2: GETTING THE SPECIFICATIONS – AFL
Sag and tension data generation

= MRDT

AE0489C521AA1

1
2

3

6

4
5

Fiber Strain Margin - Not provided by this supplier, nor an “everyday” or long-term limit. Must ask.



STEP 3: GETTING SAG AND TENSION DATA
Three sources
Traditionally: Manufacturer-provided tables

• Generally limited to standard NESC loading conditions
• Ask cable supplier if you need other conditions

ACES CATS – A new, fun, and useful way to generate the
data that you need!

- Can be used for any supplier’s cable!

Generate your own data using Power Line® Systems PLS-
CADD or Southwire™ Sag10®

• Will only consider PLS-CADD today

ADSS sag and tension

Let’s look at each source, starting with data tables from the same four suppliers



DATA TABLES – INCAB
Sag and tension data generation

Cable
Specs

MRDT
“Maximum
Everyday”
= ZFSM

Loading Conditions



DATA TABLES – INCAB
Sag and tension data generation

“Sag” is total.

“H Sag” = horizontal
component to check blowout

“V Sag” = vertical component
to check ground clearance

Data for “Everyday” condition (no wind, no ice) Data for loaded condition



DATA TABLES – PRYSMIAN
Sag and tension data generation

Cable
Specifications

MRDT

Loading Conditions

= Fiber strain = 0 at “everyday” and ≤ 0.2% (?) at MRDT. Ask to confirm.

For comparison.
“ZeroStrain” = Fiber strain = 0
at “everyday” and 0 at MRDT



DATA TABLES – PRYSMIAN
Sag and tension data generation

“Horiz. Sag” = horizontal
sag to check blowout

“Vert. Sag” = vertical sag to
check ground clearance

Data for “Everyday”
condition (no wind, no ice)

Data for loaded condition

Notice: “Ice Only”
vertical sag



DATA TABLES – OFS
Sag and tension data generation

Cable Specs

MRDT
“Maximum Everyday” ≠ ZFSM

(no info about fiber strain!
You should ask.)

Loading Conditions



DATA TABLES – OFS
Data for “Everyday”
condition (no wind,

no ice)

Data under loaded conditions

“H Sag” = horizontal sag to check blowout
“V Sag” = vertical sag to check ground clearance

Sag and tension data generation

Notice
how
much

blowout!



DATA TABLES – AFL

Cable Specs

MRDT

Note: Neither “Maximum Everyday” nor ZFSM/fiber strain info shown. You
should ask.

Sag and tension data generation



DATA TABLES – AFL

Data for
“Everyday”
condition (no
wind, no ice)

“Horiz.” = horizontal sag to
check blowout

“Vert.” = vertical sag to
check ground clearance

Loading Conditions

 Note: Just for one span length (which allows them to show multiple loading conditions)

Sag and tension data generation



GENERATING YOUR OWN DATA USING ACES CATS

It’s your data and you need it now!

Greatly facilitates “what if” analysis

Fast, easy, and fun
(Perhaps I’ve been working with aerial cables too long)
Can use for any supplier’s cable!
- You just need the basic cable data that we have discussed

Sag and tension data generation



GENERATING YOUR OWN DATA USING ACES CATS
Go to www.incabamerica.com and then select The Configurator™ followed by ACES
CATS…

Sag and tension data generation

http://www.incabamerica.com/


Enter the cable data (all as we have discussed) in either customary or metric units
(enter in either units…program automatically converts to the other)

You can save and re-use your data

Sag and tension data generation
GENERATING YOUR OWN DATA USING ACES CATS



Select loading conditions or enter your own

Then hit “Calculate”

Sag and tension data generation
GENERATING YOUR OWN DATA USING ACES CATS



Receive your data! Can change unit system

Can download as a pdf for reference or to share with colleagues, friends, or family!

Sag and tension data generation
GENERATING YOUR OWN DATA USING ACES CATS



CRITICALLY IMPORTANT NOTES!

1. Using only the initial value for modulus implies that ADSS is perfectly
elastic with no difference between initial and final modulus, plus no
creep!
* We know this is not the case
* Confirmed by the fact that 3 of 4 manufacturers gave different
modulus values for initial, final, and 10-year/creep

Two things are “not quite right”…

Sag and tension data generation

All of the preceding reflects current industry practice, but strictly
speaking, it is not correct!



CRITICALLY IMPORTANT NOTES! (Continued)
2. Spans are treated individually, as if each is double-dead-ended

* Only true if each span strung and clipped individually
- “Mechanically Independent” spans (Illustrated on next slide)
- Such as “moving reel” installation with trunnion-type support clamps

* More commonly, “controlled tension” stringing (tensioner and pulling line)
across multiple spans is used
- Plus, utilizing suspension clamps instead of trunnion-type supports
- “Mechanically coupled” spans
- Therefore, the “ruling span” concept governs the sag and tension
- Tension equalizes across all spans with sag greatest in longer spans

- Effectively, a weighted average (exact formula to follow soon)

Sag and tension data generation

Yikes! Was everything to this point just a waste?



MECHANICALLY INDEPENDENT SPANS

Supports create fixed points at each pole, so spans are mechanically independent

or

Sag and tension data generation



MECHANICALLY COUPLED SPANS

The articulation of a suspension clamp makes the spans mechanically coupled

or

Sag and tension data generation



UNDERSTAND THE LIMITATIONS

For “short” to “medium” spans in a distribution environment, the theoretical error is
acceptable
* We know this is from experience, i.e. No problems in reality
* For ADSS, the change in sag and tension between installation (initial modulus)
and final (final plus creep modulus) conditions is much lower than for metal
cables (about half)

* Consider too sagging inaccuracies in the field
- This “real world factor” alone likely washes out the theoretical error

Consider our method thus far the “Simplified Sag and Tension Solution”

Sag and tension data generation

No! It just means you need to understand the limitations of our methodology so far!



WHEN TO USE WHAT
Sag and tension data generation methods

1. When is it appropriate to use the so-called Simplified Solution?
* First consider: What’s a “short” and “medium” span?
- Spans under 500 – 600 ft (≈ 150 – 200 m) and standard NESC
loading conditions (or similar if outside the US)

* Distribution circuits

2. What should I use when the so-called Simplified Solution is not
appropriate?
 Use the Ruling Span concept in conjunction with sag and tension

analysis software such as Power Line® Systems PLS-CADD or
Southwire™ Sag10®
- Recall that these are the third source of sag and tension data

OK, but now this leads to two questions:



Mathematically:

In words: The square root of the sum of the spans cubed divided by
the sum of the spans
- Effectively a weighted average leaning towards the longer spans

RULING SPAN CONCEPT -
DEFINED

Note: The ruling span is very easily calculated in Excel from a list of the spans. PLS-CADD can also do it for you.

Sag and tension data generation methods



RULING SPAN CONCEPT -
EXAMPLE

SR = √(217³ + 197³ + 246³ + 213³)/(217 + 197 + 246 + 213) = 220.4 ft
SR = √(66³ + 60³ + 75³ + 65³)/(66 + 60 + 75 + 65) = 67.2 m

Compare: Average span = 218.25 ft or 66.5 m

Sag and tension data generation methods



BACK TO PLS-CADD… SET-UP YOUR .WIR FILE

Hint: It's good to know how to do this procedure and to understand what's in a .WIR
file, but...

- It's easier if you just ask for a .WIR file from the cable manufacturer
- You can find a library of .WIR files by cable manufacturer at
www.powline.com/files/cables

*Consequently, we will talk about this process very generally and very quickly

è Editing .WIR files for ADSS is not for the faint of heart!
- Proceed with extreme care!

Sag and tension data generation methods

http://www.powline.com/files/cables


BACK TO PLS-CADD - SET-UP YOUR .WIR FILE
Sag and tension data generation

It's best to start with a "donor" .WIR file for ADSS and edit the data as in this example:

Cross-sectional area
Diameter
Unit weight

RBS

Cable designation

Don’t touch anything below this line (“Here be dragons!”)

Cable supplier

Cable designation, repeated

Continued on next slide…

Required by
program

Instead of stress-
strain coefficients,
see notes at right

Required by
program



BACK TO PLS-CADD - SET-UP YOUR .WIR FILE
Sag and tension data generation

Required by
program

Don’t touch anything below this line (“Here be dragons!”)



You can open a .WIR file by right-clicking on it,
selecting "Open With", and then selecting
"Notepad“
- It's a text file, so Notepad works best

After editing it, save the new .WIR file

Then, load the new .WIR file into PLS-CADD,
complete your problem file, and let the program
compute the sag and tensions for you

Sag and tension data generation
WORKING WITH .WIR FILES



CRITICAL FINAL STEP

You must manually check in both PLS-CADD and Sag10 that tension
never, ever exceeds the cable's MRDT!
* If it does, you risk optical problems (short or long term)!
* if it does, you risk a voided warranty!

Repeat: The tension under any and all conditions must never, ever
exceed the cable's MRDT!

You should also check the Fiber Strain Margin or ZFSM as appropriate

Remember MRDT? It's critical! And, ZFSM is darn important too!

Sag and tension data generation

Important



Our Advanced Cable Engineering
System (ACES) is a unique software tool
to help engineers select the optimal
ADSS design along with the associated
accessories, including dead-ends,
suspensions, down leads, splice
enclosures, and dampers

ACES ADSS will also help engineers
and planners prepare cost estimates,
generate a complete bill of materials,
determine reel lengths, and plan logistics

ACES was developed by Incab in partnership with
Preformed Line Products, and we very much
appreciate their assistance.

optimal cable
selection

cost estimates

specifications
generation

design
calculations

Start ACES

ACES: Advanced Cable Engineering System
ADSS Configurator

https://incabamerica.com/aces/
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