
Although the concept of arriving at a tower site 
and rigging a tower seems like a simple idea, it is 
not always as simple as one might think. There are 
a lot of calculations that need to be completed before 
deciding the size of cable, slings, shackles, blocks, etc. 
before the rope is ever carried up the tower initially.  
Below we will cover the calculations that need to be 
figured out and how to decide on the proper rigging 
techniques.

The first step is to know what the breaking (nominal) 
strength of your load line is. Below is a chart from 
UniRope.com that shows the diameter, nominal break-
ing strength (in tons), and weight per foot of IWRC 
6x37 Steel Core Wire Rope: 

Rope Diameter
(inch)

Nominal Strength
(tons)

Weight 
per Foot

1/4” 3.4 0.12

5/16” 5.2 0.18

3/8” 7.5 0.25

7/16” 10.2 0.34

1/2” 13.3 0.44

9/16” 16.8 0.56

5/8” 20.6 0.69

3/4” 29.4 0.99

7/8” 39.8 1.35

1” 51.7 1.76

For our example today, we are going to use the 
highlighted 3/8” wire rope. From the chart we can tell 
that the 3/8” wire rope has a nominal strength of 7.5 
tons which equals 15,000 pounds. Now that we know 
what the wire rope can handle, we have to figure out 
whether a person will be lifted with it or if it is just 
going to be materials being lifted. In this example we 
will assume that someone will NOT be hoisted using 
this wire rope which means that we need to have a 
5:1 safety factor. To calculate the safety factor, we will 
just take the 15,000 pounds the cable is rated for and 
divide that by 5 to get the allowable tolerance of the 
cable to 3,000 pounds WLL (Working Load Limit).

The next step is to calculate the D/d ratio of block 
sheave and wire rope in pounds. To calculate this, 
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the D/d ratio is the 
Diameter of the sheave 
for the block over the 
diameter of the wire 
rope. This is calculated 
by taking the sheave 
pitch diameter divided 
by the diameter of the 
wire rope. The mini-
mum D/d ratio allowed 
by ANSI B30.16 is a 
D/d ratio of 16. So to 
achieve the correct 
D/d ratio, you would 
require a 6” block if 
using 3/8” wire rope. If 
you take the 6 (diame-
ter of the sheave in the 
block) /.375 (diameter 
of the wire rope), you 
will achieve the minimum 16 D/d ratio. The D/d ratio of 
16 will de-rate your system down to 89% of the nom-
inal strength of the wire rope per the McKissick chart 
(upper right).

The final calculation of the D/d ratio would de-rate 
the wire rope from the 3,000 pounds down to 2,670 
pounds (3,000 lbs x 89% = 2,670 lbs).  

The next step is to de-rate the WLL of the load line 
according to the termination efficiency. The chart 
(above) reflects the most standard terminations and 
their efficiencies from UniRope.

For our example we will choose the Crosby Terminator 
wedge socket which has an 80% termination efficiency.  
The WLL calculation for the wedge socket would then 
equal 3,000 lbs x 80% = 2,400 lbs WLL at a safety ratio 
of 5:1. This now takes precedence over the de-rating 
of the D/d ratio as it is a lower efficiency which means 
that we will use the 2,400 lbs as opposed to the 2,670 
lbs that we were at previously with the D/d ratio. You 
always want to use the worst case de-ration while do-
ing the calculations.

The next step is to figure out the required WLL of the 
top sling and bottom slings (in this example we are 
using a heel block at the base of the tower and wire 
rope slings). To calculate the required slings, you must 
plan on the steel being maxed out (which is 2,400 lbs 
per the termination efficiency of the wire rope which 
is the weakest link of the system) X 2. Since the wire 
rope is going up through the top block then back to 
the ground you have to double the allowable weight 
allowed to be picked and also add in the weight of 
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then choose a 7/16” wire rope sling 
for the top of the tower which is 
rated for 6,800 lbs at a 90° angle 
(Straight) and a 5/16” wire rope 
sling for the bottom which is rated 
for 3,400 lbs at a 90° angle.  

The next step is figuring out the 
required shackle sizes for this 
scenario.  For this step, it is all de-
termined by the size of the required 
slings.  For the 7/16” wire rope 
sling it requires a ½” shackle and 
for the 3/8” wire rope sling at the 
bottom of the tower it requires a 
7/16” shackle.

Now we have to figure out the re-
quired weight of the headache ball.  
To calculate this you would take 
(rigging height x cable weight) x 
overhaul factor. The overhaul factor 

is a 1.03 for a single 
parted line using roller 
bearing sheaves per 
The Crosby Group.  
So here it is: (300 x .25) 
x 1.03 = 77 lbs for your 
minimum headache 
ball weight.  

The final WLL limit of 
materials is going to 
be 2,323 lbs that you 
can still pick safely.  
This is the de-rating 
from the termination 
minus the weight of 
the headache ball. You 
could pick this amount 
all day everyday and 
be entirely safe per all 
of the manufacturers 
specifications.  

Please remember, this is not including the wear and 
tear of the equipment and that you have to keep 
inspecting all of your rigging on a daily basis to ensure 
that no damage has occurred. This is not rated for 
a person to ride up. If you are planning on sending 
someone up on the rigging, you would do the exact 
same calculations, except you would do them for a 
10:1 safety factor as opposed to the 5:1 that we calcu-
lated everything for.  ■
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the steel cable going up and down the tower. This is 
done by taking the 2,400 lbs WLL x 2 = 4,800 lbs + 
(600 x .25) = 4,950 lbs on the top sling. The 600 is the 
length of the wire rope going up and down the tower 
(300’ x 2) and the .25 is the weight per foot of 3/8” 
wire rope. To calculate the bottom sling is only used 
to re-direct the wire rope at a 90° angle so it goes 
from horizontal (from the winch) to vertical (up tower). 
The minimum WLL of this would have to be 1.41 x the 
line pull of 2,400 = 3,384 lbs. For these sizes we would 
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