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As technology advances within the 

telecommunications industry and 

as the need for fast and reliable 

networks increase, there is a growing concern 

as to how service providers install, maintain and 

interchange equipment on structures.  

There any solutions are available but many of 

these solutions leave a lot to be desired. This 

article will attempt to define the solutions that 

are best suited as per site and task requirements.  

It is worth noting that a number of the solutions 

described within this article will be limited to 

certain weights or configurations and will be 

indicated where necessary. 

Currently there are two accepted classes of lifting 

i.e. rope rigging and mechanical lifting.

Rope Rigging (100kg max):
Rope rigging employs standard rope access 

equipment to facilitate the change in position of 

a load.  Rope access equipment is marked with 

a breaking strength (BS) which is stipulated by 

the standard to which it is  manufactured and 

certified (only certified equipment should be 

used). Furthermore, as rope access equipment is 

regarded as personal protective equipment (PPE) 

and therefor has a safety factor of 10. This allows 

the safe working load (SWL) to be calculated 

which is taken as the maximum amount of 

weight that may be loaded on to a given 

piece of equipment should it be used as PPE.  

Safe working load (SWL) = Breaking strength (BS)

           Safety factor

   

However, arguments have been made that when 

using PPE for rigging then the safety factor may 

be reduced to allow for a higher SWL, it is not 

recommended to ever use equipment outside 

of the manufacturer’s recommendations as 

this increases the risk of equipment failure 

dramatically.

  

Mechanical Lifting (500kg):
In contrast, mechanical lifting employs lifting 

equipment specifically designed for the changing 

of position of loads and makes provision for loads 

that exceed the weight of what is considered 

average human loads. Manufacturers of lifting 

equipment state the working load limit (WLL) 

of equipment, which is taken as the maximum 

amount of weight that is allowed to be lifted with 

that piece of equipment, as well as the safety 

factor.  Thus, unlike PPE, the BS of the equipment 

is now calculated.

BS = Working Load Limit (WLL) x Safety Factor 

The safety factor of lifting equipment varies per 

type of equipment e.g. chain slings, bow shackles, 

steel wire rope etc.  

Mechanical  Advantage Systems
In order to reduce the amount of force required 

from a user as well as to reduce stress on certain 

components of the rigging system, mechanical 

advantage systems are used. Although there 

are various configurations of these systems the 

calculation of the ratio of mechanical advantage 

remains the same.

Figure 1 - Calculating Mechanical Advantage System Ratios
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If we assume an applied force of 1kg as given 

above, it should be clear that with the given 

configuration a force of 3kg will applied to the 

load, thus suggesting that the system depicted is 

a 3:1 system, which is indeed the case. 

 » The efficiency of the mechanical advantage 

systems are taken to be ideal for ease of 

explanation. In reality the friction in the system 

will decrease the efficiency of the system to 

±2.8:1 (depending on the equipment used).

This also implies that although triple the amount 

of force is transferred from the user to the load, 

the user also has to pull three times the length of 

rope in relation to the height the object needs to 

be lifted.

All mechanical advantage systems must have a 

non-return device in order to prevent a load from 

falling should the load line be released for any 

reason.

Use of Guide Ropes
Guide ropes are used to steady the lift and ensure 

that the load is not damaged by the structure or 

vice versa. Due to the fact that the guide ropes pull 

in the opposite direction than that of the lift, they 

can add considerable weight to the load being 

lifted, or pull the load apart if the technicians are 

not aware of what is happening.  

α = Load line angle

ß = Tag line angle

A = Distance between guide rope operator and 

tower

B = Height of load

C = Height of tower/anchors

D = Distance of load from tower

LF = Load factor (reference table given at end of 

article - Appendix A)

To determine the weight added to a load due to 

guide ropes, first determine the angles:

α = tan-1(D/(C-B))

ß = tan-1(B/A) 

 If for example, we assume:

A = 20m

B = 30m

C = 50m

D = 3m 

Then:

α = 8.53°

ß = 56.3°

From appendix one we see that the angles are 

rounded up to the next value on the table to 

compensate for the worst-case scenario. From 

appendix A we see:

LF = 1.395

Thus, if the load is assumed to be 90kg, the 

actual total weight of the lift is now:

Actual Load = 90kg x LF

            = (90kg)(1.395)

         = 126kg

Always consider the weight added weight of the 

guide ropes and attempt to manage the angles 

so that the weight added is minimized. 

 
Maximum Weight for Rope Rigging
Before any lifting may commence careful 

consideration must be given to the weight of 

the load that must be lifted or lowered. In most 

cases technicians only consider the weight of the 

antenna or RRU and ignore the additional weight 

that may be added to the lift by the equipment 

used to do the lift, the guide ropes (this refers 

to ropes used to stabilize and guide a load), the 

brackets or the configurations of the clustering. 

Only once this all-up weight has been determined 

the suitable lifting procedure can by decided on. 

An example of a typical 3:1 system is shown here. 

With an Anthron Lory (EN 12841 -C) as the non-

return device.
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From figure 1 it is clear that the anchor will 

experience two thirds of the weight of the load 

(given that the system in figure 2 is also a 3:1 

system). Given that the Anthron Lory is rated as  a 

EN 12841-C (Personal fall protection equipment - 

Rope access systems - Rope adjustment devices) 

device and carries a max load rating of 225kg (one 

of the highest rated devices on the market) it 

should be clear that if it is used in a 3:1 system, 

and the load approaches 100kg, the force on the 

Lory is far within its limits. It seems to follow then 

that a load weighing more than 100kg may be 

lifted with rope rigging equipment.   However, 

it is required to have a back-up system for loads 

weighing more than 40kg so that should the 

main hauling line fail, the load still does not drop. 

Thus, a second line must be installed on the load 

and reeved through an EN 353-2 or EN 12841-B 

device.

Figure 2 - A typical 3:1 system with an Anthron Lory as non-return device

Figure 3 - A 3:1 system with an Anthron Lory as both non-return device 

and back-up device

As well as EN 12841-C the Anthron Lory also 

has a EN 353-2 (Personal protective equipment 

against falls from a height - Guided type fall 

arresters including a flexible anchor line) rating 

and as such may be used as a back-up device. This 

imposes new limitations on the system described 

above. As per EN 353-2-2002 -4.5, the dynamic 

performance test is carried out with a 100kg 

mass and as such places a limit on the maximum 

weight that may be back-up with an EN 353-2 

device such as the Lory. 

Although it is true that other configurations and 

other mechanical advantage systems will reduce 

these forces described and bring them within 

the safe range of the equipment described, such 

attempts are discouraged. Using rope rigging 

for loads above 100kg not only poses a risk to 

equipment but also puts an excessive amount 

of strain on users, especially considering that 

the maximum amount of weight generally 

considered safe to for an employee to lift is a 
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mere 25kg. Furthermore, the efficiency of non-

ideal higher-ratio mechanical advantage systems 

decline exponentially  as the friction within 

the system starts to overcome the mechanical 

advantage as well as increasing the time required 

for each lift to be completed.

Therefore, it is recommended that the maximum 

weight of a load lifted with rope rigging 

equipment does not exceed 100kg. 

 » Should any other devices be used as the non-

return and back-up, the principles described 

here remain the same although the values 

will differ. Always refer to the manufacturer’s 

recommendations.

Mechanical Lifting Systems
Should it be required to lift a load weighing 

more than 100kg it is recommended to make 

use of a mechanical lifting system. Since these 

systems fall under lifting equipment they have a 

WLL far above what will be required for general 

telecommunications rigging and lifting.  Given 

this large factor of safety of most lifting equipment 

there is no need for a back-up system as the 

likelihood of equipment failure has been reduced 

greatly. Table 1 gives a non-exhaustive list of 

typical lifting equipment safety factors (the WLL 

varies between 0.5 to 40 tonnes and is dependent 

on the size and manufacturer). It should be clear 

that using the calculation described on page 1 

the breaking strength of these devices are far 

beyond what would be needed. 

 » It is accepted good practice not to use rope 

rigging equipment in Mechanical lifting 

operations due to the large difference in SWL 

and Breaking strains. 

Equipment Safety Factor

Webbing Slings 6:1

Shackles 6:1

Steel wire ropes 6:1

Steel Chains 4:1

Synthetic Rope 7:1

Table 1 - A non-exhaustive list if minimum safety factors of lifting 

equipment

When lifting between 100kg and 500kg, it is 

recommend to use either a capstan winch or a 

steel wire rope pulling machine (tirfor).

Figure 4 - A capstan winch (left) and a steel wire pulling machine (right)

Both of these machines shown above have in-

built non-return systems and a WLL far above 

that of rope rigging systems, these devices come 

in a variety of sizes and WLL.

Lifting Loads Above 500kg
There are devices that can lift more that 500kg, 

but as this is regarded as specialized lifting as the 

anchor points required for the imposed forces are 

to be inspected and signed off by a competent 

person before lifting may commence. Lifts above 

500kg should not be attempted by anyone not 

trained to do so. If anchor loads are not calculated 

correctly it may result in structure failure and/or 

collapse.

Load Factors

Load Line 

Angle

Tag Line Angle

45° 50° 55° 60° 65° 70° 75°

3 1.057 1.068 1.082 1.101 1.128 1.17 1.254

5 1.1 1.121 1.147 1.183 1.236 1.321 1.49

7 1.149 1.18 1.222 1.28 1.368 1.52 1.86

9 1.203 1.248 1.308 1.395 1.533 1.792 2.476

11 1.265 1.326 1.41 1.536 1.747 2.1186 3.71

13 1.334 1.416 1.531 1.71 2.033 2.086 7.416

15 1.414 1.521 1.677 1.932 2.434 3.924 DANGER

APPENDIX A - TABLE OF LOAD FACTORS


