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INPUT PARAMETERS FOR DESIGN OF ALUMINUM TRUSS 

POLES FOR LOW-VOLTAGE LINES 

 

The goal of the proposed project is to create a prototype of aluminum alloy poles for the 

transmission and distribuƟon of electricity. 

The key challenges arise from the need to opƟmize the poles in accordance with the configuraƟon 

of the terrain and climaƟc condiƟons, as well as their parameters at the micro and macro level. 

The planned prototype of pillars made of aluminum alloys corresponds to the goals of sustainable 

development and energy efficiency in Montenegro. The project also fits into the strategies of 

sustainable development and green energy at the level of Montenegro and the European Union, 

supporƟng innovaƟon, resource conservaƟon and environmental protecƟon. 

Preliminary research in the field of aluminum applicaƟon for transmission line pole construcƟons 

with a focus on design opƟmizaƟon, efficiency, profitability and structural integrity, the following 

conclusions were made: 

 Advantages of high-strength aluminum alloys: Preference is given to the use of high-

strength aluminum alloys compared to other aluminum alloys, with special emphasis on 

the use of alloys from the 6000 series; 

 OpƟmizaƟon of aluminum profiles: Research on the use of aluminum secƟons obtained 

by applying the extrusion process as a subsƟtute for tradiƟonal secƟons that are 

characterisƟc of steel structures of exisƟng transmission lines, focusing on structural 

integrity, economy and opƟmizaƟon of the weight of said structures; 

 Experimental tests of aluminum profiles: ConducƟng experimental studies of the behavior 

of extruded aluminum profiles under pressure, with the aim of contribuƟng to the 

development of new design rules and opƟmizaƟon of the use of aluminum in 

construcƟons; 

 Structural modeling and analysis: Focusing on the calculaƟon and analysis of transmission 

line poles under wind load, emphasizing the consideraƟon of dynamic load for more 

precise design and ensuring a higher degree of safety; 

 Case Studies on Aluminum Transmission Poles: Examining case studies where aluminum 

has been used to construct transmission lines, demonstraƟng its economic advantages 

and reliability compared to steel. 
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The project task defined the producƟon of an aluminum column with a height of 12 m, which 

must be loaded with a resultant concentrated force of 10 kN at the top of the support in the 

elasƟc zone. The experimental test is performed for the last segment of the laƫce girder. 

FINITE ELEMENT MODEL  

Modeling of the poles was carried out in the Tower 7 soŌware package from Radimpex. Truss 

members are modeled as linear elements that can be axially loaded in compression or tension. 

The actual geometric characterisƟcs of the cross-secƟons are defined. Material characterisƟcs for 

the corresponding aluminum alloys as well as for the heat-affected zone are also incorporated in 

the model. Due to the soŌware limited capabiliƟes, as it is made for design of steel structures, 

there had to be made two models for each design soluƟon: 

1. Model with the material characterisƟc of HAZ to check the load-bearing capacity of 

members in vicinity to the weld; 

2. Model with material characterisƟcs of the base material to check the stability of elements 

due to high slenderness and possibility of buckling. 

Load was applied as staƟc in the nodes at top of the truss in two nodes as concentrated forces 

perpendicular to the pole. The truss is supported with the simple supports with prevented 

displacement in any orthogonal direcƟon but with free rotaƟons around all axes. 
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CONCEPTUAL DESIGN 

As a result of finite element modeling, the following eight FEM models fulfilled the project task.  

   
 

ST1 6061 T6 ST1 6082 T6 ST2 6061 T6 ST2 6082 T6 

   
 

ST3 6061 T6 ST3 6082 T6 ST4 6061 T6 ST5 6082 T6 

 

As all design soluƟons have the same performance, the most opƟmal soluƟon was selected based 

on the amount of material required and the hours of manual labor spent on the prototype. 

Therefore, design soluƟon with the code name ST5 6082 T6 emerged as the most opƟmal one 

based on previously menƟoned criteria. Design soluƟon ST5 6082 T6 is a truss with a triangular 

base of an equilateral triangle. It is designed using the alloy EN AW-6082-T6, which represents 

the alloy with the highest load capacity in the 6000 series of aluminum alloys.   
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RESULTS FROM FEM 
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TEHNICAL DRAWINGS 
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PREPARATION AND PRODUCTION OF SAMPLES 

During the preparaƟon of the material, the following guidelines were followed: 

- When welding aluminum before and aŌer each layer of weld, it is necessary to perform cleaning 

in order to reduce the presence of Al2O3, cleaning must be done mechanically with a brush with 

stainless steel wires; 

- AŌer mechanical cleaning of the surface, it is necessary to perform welding as soon as possible 

in order to avoid the re-formaƟon of aluminum oxide, within 4 hours at the latest; 

- When welding aluminum before and aŌer each layer of weld, it is necessary to perform cleaning 

in order to reduce the presence of Al2O3. 

- You should brush unƟl it loses its shine. It should not be shiny as this is usually an indicaƟon that 

there is sƟll an outer layer on the metal. 

- The use of points with a wire brush or anything similar is not recommended because aluminum 

is soŌ. It will not clean the oxide; it will only embed it further into the metal due to the high speed 

of the wheel heaƟng the metal. 

- If using a wire brush, be sure to rub in one direcƟon only, as back and forth brushing can also 

push the oxide further into the aluminum. 

- Before welding, thoroughly flame dry the area around the joint being welded; 

- Flushing the hose for a short Ɵme using a torch trigger can help reduce the amount of porosity, 

which directly reduces the moisture in the hose. If this is done with a MIG welding torch (GAW, 

gas metal arc welding) do not forget to turn off the wire feed! 

- If the first seam is of poor quality due to the above, do a test weld on a spare or sample material 

and then start welding on the target material. 

Welding wire 

- For welding AW 6082 T6 alloy, one of the two suggested wires should be used 

• ER 4043 (AlSi5) 

• ER 5356 (AlMg5) 

ProtecƟve gas 

- Shielding gases in MIG welding - argon 

Free wire end 
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- The free wire end is the length from the exit from the contact guide to the start of the electric 

arc, and should be 13 Ɵmes the wire diameter, but not more than 20 mm. 

Welding angle 
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EXPERIMENTAL INVESTIGATION 

The experimental invesƟgaƟon was conducted at the Laboratory of the Faculty of Civil 

Engineering, University of Montenegro. To replicate the truss supports, the truss was installed 

horizontally and posiƟoned perpendicular to a closed frame. One end of the truss was bolted to 

the frame, while at the opposite end, hydraulic presses applied load at the nodes, as illustrated 

in the figure. 

Load measurements were taken using load cells placed beneath the hydraulic presses. Stresses 

in the chord and brace members were determined indirectly by measuring strains using strain 

gauges. These strain gauges were installed on compressed diagonal brace members at their mid-

span. Each member had three strain gauges in the cross-secƟon, posiƟoned parallel to the 

member's span. 

In addiƟon to the brace members, strain gauges were also applied to the chord members using 

the same methodology. The chord members selected for strain gauge placement corresponded 

to those experiencing the highest stress uƟlizaƟon, as determined by the FEM model. The strain 

gauges used in this experiment were TML FLAB-6-23-5LJC-F. 

Global displacement was measured using two displacement transducers to ensure that the load 

was applied evenly and simultaneously. The load step was set at 0.5 kN/min, with a maximum 

load of 10.5 kN. 
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EXPERIMENTAL VS FEM MODEL RESULTS 

At the following table is given commparassion of the forces inside brace and chord members thru 

experiment (EXP) and thru the FEM modeling (FEM) and difference. 

*DIFFERENCE= (FEM-EXP)/FEM*100 

B1, B2, B3- compressed diagonal brace members 

TC1, TC2- tensioned chord members 

CC1- compressed chord member 

 

 

Member Load step 1 2 4 5 6 7 8 9 10 

B1 EXP -0.91 -1.73 -3.38 -4.20 -5.01 -5.83 -6.70 -7.56 -8.42 

FEM -0.92 -1.85 -3.70 -4.62 -5.54 -6.47 -7.39 -8.32 -9.24 

Diference   1.97 6.49 8.49 8.99 9.59 9.79 9.35 9.07 8.85 

B2 EXP -0.80 -1.69 -3.34 -4.17 -4.99 -5.77 -6.57 -7.39 -8.15 

FEM -0.92 -1.85 -3.70 -4.62 -5.54 -6.47 -7.39 -8.32 -9.24 

Diference   13.71 8.70 9.72 9.77 10.06 10.72 11.15 11.08 11.80 

B3 EXP -0.88 -1.80 -3.52 -4.38 -5.21 -6.06 -6.95 -7.82 -8.67 

FEM -0.92 -1.85 -3.70 -4.62 -5.54 -6.47 -7.39 -8.32 -9.24 

Diference   4.35 2.71 4.63 5.17 6.06 6.24 5.92 5.91 6.15 

TC1 EXP 1.76 3.86 7.78 9.69 11.50 13.32 15.16 17.00 18.74 

FEM 2.16 4.32 8.64 10.80 12.96 15.12 17.28 19.44 21.60 

Diference   18.54 10.71 10.00 10.27 11.23 11.88 12.27 12.54 13.23 

TC2 EXP 1.56 3.15 6.17 7.68 9.18 10.67 12.20 13.74 15.22 

FEM 1.44 2.88 5.76 7.21 8.65 10.09 11.53 12.97 14.41 

Diference   8.12 9.36 7.06 6.65 6.12 5.75 5.85 5.92 5.63 

CC1 EXP -3.61 -7.44 -14.59 -18.16 -21.66 -25.13 -28.67 -32.38 -39.49 

FEM -3.61 -7.23 -14.46 -18.07 -21.68 -25.30 -28.91 -32.53 -36.14 

Diference   0.01 3.00 0.91 0.51 0.13 0.67 0.85 0.45 9.26 
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MEASURED FORCES INSIDE MEMBERS COMPARED TO THE FEM FORCES FROM THE MODEL 
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