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Abstract 

Road safety is a market numerous companies are working on and trying to expand their role on. 

These days there are many road restrain systems implemented to increase safety in road 

transportation. Each equipment in this issue should have specific requirement to get certificate to 

being installed on roads. It is several decades that some companies are playing role to decrease 

cost of getting certificate for road restrain systems manufactures. Main cost in this field is car crash 

test and the manufactures pay money for structural analysis to know their product is compatible to 

the predefined regulations to save money and avoid spending money on crash test as much as 

possible.  

In this thesis, at the beginning we discuss on the current situation of road restrain systems 

regulations, the influence of structural analysis in this scope, we make a brief explanation of the 

company in which this project has been implemented and the current standard is being followed 

in Europe.  

Then in the second chapter, there are some definitions for basic equations have been used during 

our analyses and evaluations. To investigate scientifically the regulations in this topic there is not 

any other choice to go a little bit in depth of structural analysis basic and methods. This is what 

explained in second chapter and on this basis, the result reported on next chapter.  

The most important part is chapter three that we tried to present a complete method covering all 

types of poles’ geometries. In this chapter, you observe how the current standard performed in the 

evaluation of structures and the essential role a valid numerical simulation plays.  

As you will see, at the end of this thesis, we could find a cheaper way of evaluation for poles with 

simple structures, and for complex geometries we should refer to numerical simulations. To get 

valid result in this latter one, a solution to cover common challenges in numerical simulation has 

been provided. At the end, there are two appendices to explain the analyses presented in chapter 

three in more detail. 

 

Keywords: Road safety regulations, Structural analysis, sign and light poles, Numerical simulation 
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1 Introduction 

1.1 Thesis Scope 

Here, in twenty-one century one of the most important ways of transportation are cars and vehicles 

that all kinds of them need roads to move on. Always safety was an important parameter in 

transportation in which roads play an important role. Road safety is essential to the well-being of 

people and communities and vital for economic growth and prosperity. The potential for road 

infrastructure safety treatments to provide a certain and immediate reduction in crash likelihood 

and severity is well recognized. With adequate resources, infrastructure has the ability to eliminate 

nearly all fatal and serious crash outcomes. Many national and provincial road safety strategies 

have highlighted the role of infrastructure in making progress towards a Safe System.  

Regarding this point, each country defines and applies specific standards to the road infrastructures 

and after passing these standards the manufacturer is allowed to install its product on roads. After 

making an obligation for manufacturers to follow the standard, it is imperative firstly to have a 

safe pole in front of car crashes. Secondly, the regulations should cover all types of poles and 

present a correct way to check the safety. Here, in this thesis, we want to investigate the standards 

considered for light and sign poles and evaluate how much the current standard is able to cover 

diverse geometries applied for poles.  

1.2 The necessity of performing analysis on poles 

Actually, GDTech is an engineering consultant company especially working on car crash 

simulation. After 2000, it is compulsory for road restrain system manufactures to pass car crash 

tests for any new product that they have the plan to produce. The cost of the test is so much so this 

is the time that simulation can play an important role to reduce costs. Customers are producers of 

Road Restraint Systems, Bridge Barriers, Poles [Lighting & Signs], Security Products, Circuits, 

and Industrial Protections. They ask GDTech to evaluate the strength of their new designs in front 

of common load factors defined in EN standards. In this way, when the result of the evaluation 

was satisfying the producer can test the product in a real test. Consequently, the manufacturer can 

save a considerable amount of money because the cost of the test is expensive and with getting 

advantage of car crash simulation, it is not necessary for them to pay for the test several times.  
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GDTech is mainly active in the calculation of passive safety poles, such as a signpost, adapted 

foundations via simulation of crash tests according to EN12767 or US standards. GDTech is one 

of the active representatives of Belgium in TC226 / WG10 (working group responsible for drafting 

EN12767). 

1.3 Work environment of GDTech 

GDTech is a Belgian engineering office of more than 200 employees specialized in calculation/ 

optimization/ simulation/crash test/certification of roadside safety equipment (safety barriers, …) 

to comply with European EN1317, American NCHRP350/MASH, Russian GOST or equivalent 

standards. They have a very high success rate of nearly 80% in calculation/ prediction in recent 

years which helped their customers to avoid risk and optimize their products. Simulations can be 

used during the design phase of a new product as well as for getting a direct certification of a 

modified version of a tested product (without the need to perform a new crash) or even adaptation 

to particular site conditions. Most of their customers are manufacturers of road safety equipment, 

resellers, or installation companies but they are open to any kind of firm. 

GDTech has a team of multidisciplinary consultants being able to strengthen its customer’s teams 

of designers, engineers, etc. This company can also make available its IT resources, thereby 

adapting to the specific needs of its customers. 

Without being exhaustive, the sectors where GDTech employees can intervene on customer’s site 

are: 

Design drafter 

Study engineer 

Calculation engineer 

Modeling engineer 

Project manager 

Documentation engineer 

Exploitation engineer 

Test technician 
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Methods agent 

Materials engineer 

Logistician 

Quality engineer 

1.4 What is EN12767 standard? 

It’s been estimated that vehicle collisions with rigid roadside features such as signposts and 

streetlights cause over 15% of all road fatalities. In the UK alone, there are around 100 deaths and 

3,000 serious injuries every year, as a result of vehicles hitting street furniture. To tackle both the 

human cost and the impact on the European economy, the European standard EN 12767 was 

introduced in 2000, stipulating that all roadside furniture on roads with a speed limit over 50 km/h 

should be passively friendly (crash friendly). Since then, EN 12767 has been constantly reviewed 

with adjustments made every 5-10 years [1]. 

This document, EN12767, specifies performance test procedures to determine the passive safety 

properties of support structures (A passive safety feature is a system that does not do any work 

until it is called to action. These features become active during an accident and work to minimize 

damage and reduce the risk of injury during the time of impact. These devices automatically deploy 

when the car gets into a crash) such as lighting columns, sign posts, signal supports, structural 

elements, foundations, detachable products, and any other components used to support a particular 

item of equipment on the roadside. 

This document provides a common basis for the vehicle impact testing of items of road equipment 
support structures. 

More and more studies in the field of road safety improvement focus on the development of passive 

safety devices. The objective is to design devices capable of absorbing shocks to reduce impacts 

on vehicles. 
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2 Governing equation 

In this thesis, we want to analyze some structural behavior of sign poles which needs some basic 

structural information about the metals behavior. In this chapter we review briefly these 

fundamental equations. 

2.1 Stress in the members of a structure 

 Axial Stress 

The force per unit area is called the stress and is denoted by the Greek letter σ (sigma). The 

stress in a member of cross-sectional area A subjected to an axial load P is obtained by 

dividing the magnitude P of the load by the area A: 

𝜎 =
𝑃

𝐴
 

 Shearing Stress  

Dividing the shear P by the area A of the cross section, you obtain the average shearing 

stress in the section. 

𝜏𝑎𝑣𝑒 =
𝑃

𝐴
 

 

 Allowable Load and Allowable Stress: Factor of Safety 

The maximum load that a structural member or a machine component will be allowed to 

carry under normal conditions is considerably smaller than the ultimate load. This smaller 

load is the allowable load (sometimes called the working or design load). Thus, only a 

fraction of the ultimate-load capacity of the member is used when the allowable load is 

applied. The remaining portion of the load-carrying capacity of the member is kept in 

reserve to assure its safe performance [2]. The ratio of the ultimate load to the allowable 

load is the factor of safety: 

Factor of safety =  F. S. =
ultimate load

allowable load
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An alternative definition of the factor of safety is based on the use of stresses: 

Factor of safety =  F. S. =
ultimate stress

allowable stress
 

 

These two expressions are identical when a linear relationship exists between the load and 

the stress. 

 In some fields of engineering, the margin of safety is used in place of the factor of safety. 

The margin of safety is defined as the factor of safety minus one; that is, margin of safety 

= F.S. - 1.00. 

 

 Normal Strain Under Axial Loading 

We define the normal strain in a rod under axial loading as the deformation per unit length 

of that rod, or the change in length of the rod divided by its original length. The normal 

strain, ε (Greek letter epsilon), is 

𝜀 =
𝛿

𝐿
 

 

Plotting the stress σ = P∕A against the strain ε = δ/L results in a curve that is characteristic 

of the properties of the material but does not depend upon the dimensions of the specimen 

used. This curve is called a stress-strain diagram [2]. 

 
Figure 2-1 Load-Deformation diagram 

 Hooke’s Law; Modulus of Elasticity 

Modulus of Elasticity. Most engineering structures are designed to undergo relatively small 

deformations, involving only the straight-line portion of the corresponding stress-strain 
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diagram. For that initial portion of the diagram the stress σ is directly proportional to the 

strain ε: 

𝜎 = 𝐸𝜀 

This is known as Hooke’s law, after Robert Hooke (1635–1703). The coefficient E of the 

material is the modulus of elasticity or Young’s modulus, after the English scientist 

Thomas Young (1773–1829). Since the strain ε is a dimensionless quantity, E is expressed 

in the same units as stress σ in pascals or one of its multiples for SI units and in psi or ksi 

for U.S. customary units [2]. 

 Shearing Stress 

The shearing stress at any distance ρ from the axis of the shaft is the following Equation 

and are known as the elastic torsion formulas. 

𝜏 =
𝑇𝜌

𝐽
, 𝜏𝑚𝑎𝑥 =

𝑇𝑐

𝐽
 

 Recall from statics that the polar moment of inertia of a circle of radius c is J = 1/2 πc4. 

For a hollow circular shaft of inner radius c1 and outer radius c2, the polar moment of 

inertia is 

𝐽 =
1

2
𝜋𝑐2

4 −
1

2
𝜋𝑐1

4 =
1

2
𝜋(𝑐2

4 − 𝑐1
4) 

When SI metric units are used in, T is given in Nm, c or ρ in meters, and J in m4. The 

resulting shearing stress is given in N/m2, that is, pascals (Pa). 

 Symmetric Members in in Pure Bending (Internal Moment and Stress 

Relations) 

For pure bending the neutral axis passes through the centroid of the cross section and I is 

the moment of inertia or second moment of area of the cross section with respect to a central 

axis perpendicular to the plane of the couple M. we obtain the normal stress σ x at any 

distance y from the neutral axis: 

𝜎𝑥 = −
𝑀𝑦

𝐼
, 𝜎𝑚 = −

𝑀𝑐

𝐼
   



14 
 

The normal stress σx caused by the bending or “flexing” of the member is often referred 

to as the flexural stress. The stress is compressive (σx < 0) above the neutral axis (y > 0) 

when the bending moment M is positive and tensile (σx > 0) when M is negative. 

 Maximum-Distortion-Energy Criterion (von Mises criterion) 

The von Mises stress (𝜎𝑣) is used to predict yielding of materials under complex loading 

from the results of uniaxial tensile tests. Here, a given structural component is safe as long 

as the maximum value of the distortion energy per unit volume in that material remains 

smaller than the distortion energy per unit volume required to cause yield in a tensile-test 

specimen of the same material. Thus, we define 

𝜎𝑣 = √
(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2

2
 

where each  𝜎 is the stress in principal direction [2]. 

 
Figure 2-2 Von Mises surface based on maximum-distortion-energy criterion 

2.2 Making simple some common calculations 

To make it easier to find the solution during calculations we can mention the most common ones 

in the following tables: 
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 Moments of Inertia 

Table 2-1 Moments of Inertia of Common Geometric Shapes 

Rectangle 

 
 

Circle 

 
 

 

 Deflections and Slopes 

Table 2-2 Beam Deflections and Slopes 
Beam and 

Loading 

Elastic Curve Maximum 

Deflection 

Slope at 

End 

Equation of Elastic 

Curve 

  
−

𝑃𝐿3

3𝐸𝐼
 −

𝑃𝐿2

2𝐸𝐼
 𝑦 = −

𝑃

6𝐸𝐼
(𝑥3 − 3𝐿𝑥2) 

  
−

𝑀𝐿2

2𝐸𝐼
 −

𝑀𝐿

𝐸𝐼
 𝑦 = −

𝑀

2𝐸𝐼
𝑥2 
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3 A complete covering method for poles evaluation  

One branch of GDTech customers are light and sign poles producers. Each pole may have a 

different cross-section, height, and material in which make it necessary to have exclusive 

calculation. In this study, the aim is to find an easy methodology to evaluate any kind of pole. 

First, we want to find a simple way of evaluation for poles having simple cross-section, which 

make it possible to do the strength calculation with the analytical method and without the help of 

simulation. Secondly, make a simulation for a pole with complex geometry in ABAQUS software 

and find a method to answer the common challenges in this process. We want to find an answer to 

the challenges that occur in poles simulations and find a method to answer these problems not only 

for one case but also any pole with complex geometry. 

3.1 Making an excel file to calculate any pole with simple geometry 

In this step, we want to define a fast method to know whether the pole is safe or not. In other 

words, on the basis of EN standards, there are some specified loads and conditions that the pole 

should be checked to considered as a safe pole. Consequently, we want to make an excel file 

having these fixed loads and predefined conditions, and just by updating the file for each geometry 

and material of the new sign, we understand easily how much strength the sign has.  

Already, in the previous version of the European standard for vertical traffic signs (EN 12899-1: 

2001), the issue was "stability" to the existing or future Euro codes reference. In the new version, 

this approach is further refined and serves the mechanical performance of vertical traffic signs 

(both the overall construction and the parts) expressed as the deformation under the influence of a 

certain load (or loads of cumulative). For those loads and deformations, the standard provides a 

number of options [1]. By the following mathematical model can verify for a limited number of 

simple cases whether the stability requirements for the support are met or not. Note that the 

mechanical properties of the board are not taken into account here.  

3.2 How the excel file works 

3.2.1 General data 

There are some input parameters related to the pole (General data). With filling pink cells as 

the input, other cells calculated automatically.       
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Figure 3-1 schematic picture of possible shapes for singns  

1.Sign data including  

 Sign number: it is possible to have even four sign installed on a pole 

 Sign shape:  Circular, Triangular, Diamond, Hexagonal, Octagonal, Rectangular 

 Sign surface (Sign width, Sign Height) 

 Height above ground 

 Sign surface eccentricity SE 

 Height of the CoG (Center of Gravity) 

 

 
Figure 3-2 the way input data imported in for the sign 

The model is only applicable for constructions with one or two support posts. The point load 

according to the standard only occurs in one place. The simultaneous effect of torsion and simple 

bending is not taken into account. The height of the support posts (in relation to ground level) is 

less than 10 m. The self-weight of the structure is taken into account. For evenly distributed loads 

(wind load) on a surface, the calculation is each time based on the total resulting load that occurs 

in the center of the loaded surface. 
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2. Supports data including 

Number of Supports 

Material (we need to consider Yield of stress related to each material in our calculation) 

Cross section (two type of cross section (SHS or CHS) is considered and the formulation 

will be updated to the user choice) 

Outer Diameter, Dp [mm] 

Wall Thickness, T [mm] 

Total Length of Support, L [m] 

Moment of Inertia, I [mm4] 

Modulus of Elasticity, E [N/mm2] 

Shear modulus, G [N/mm2] 

Support Stiffness, EI [kNm2] 

Torsional constant, IT [mm4] 

Resistance modulus, W [mm3] 

Shear area of the CS, Av [mm2] 

Torsion area of the CS, Am [mm2] 

 

 
Figure 3-3 the way input data imported in for the support 

 

3. Loading conditions 

Wind load (per class) [kN/m²] 

Point load (per class) [kN] 
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Wind actions shall be calculated in accordance with EN 1991-1-4. The calculations shall 

identify whether they are based on a 25-year or a 50-year reference wind speed. 

The reference wind speed shall be appropriate to the sign location taken from the location 

data. The wind load shall be multiplied by the shape factor. The shape factor for flat signs 

is 1.20. The wind pressure shall be applied as a uniformly distributed load over the area of 

the sign plate and act at the center of pressure of the sign plate in order to calculate the 

bending moments in the supports and sign plate. The eccentricity value shall be declared in 

the requirements and in the evaluation report of the product. The deflections of sign plates 

are evaluated relative to the supports. The deflections of supports are evaluated separately 

[1]. 

 

4. Temporary deflection criteria 

Maximum temporary deflection - Bending [mm/m] 

Maximum temporary deflection - Torsion [°/m] 

The wind load for calculating the temporary deflection shall be based on the wind loads 

multiplied by 0.56, and no partial action and material factors are applied. The factor of 0.56 

is derived from the 50-year wind speed reduction to one-year wind speeds (EN 1991-1-4). 

 

5. Permanent deflections 

Permanent deflections shall be assessed using the following loads: 25 year or 50-year wind 

load, dynamic snow load, point load and dead load. The partial action and material factors 

are applied. When the structural performance is evaluated by means of a physical test, the 

maximum permanent deflection shall not exceed 20 % of the temporary deflection using the 

same load [1]. This takes into account the slack in the fixings and other non-elastic 

phenomena. 

When the structural performance is evaluated by calculation, the material stresses shall not 

exceed the elastic limit. 
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Figure 3-4 how we can see the design is safe or not 

In this excel file, when the safety factor is greater than one or the stress is lower than the Yield 

stress, the excel display it in green color and print ‘PASS’ otherwise it would be in red color and 

print ‘FAIL’. 

As it was mentioned before, this file defined to calculate the stress and simply understand whether 

the structure is safe or not (for poles with continuous Regular polygons cross-sections). You can 

find more details of this Excel file in Appendix 1 and how the data imported and the result 

displayed.  

3.3 Validation the excel file with Numerical simulation 

3.3.1 Material 

The actual design prescriptions given by EN 12899-1:2007 are assuming that the material will 

present an elastic behavior under the specific loads corresponding to 25 or 50 years return period. 

The deformation of the supporting structure under the action of these loading scenarios shall stay 

in the elastic region, see EN 12899-1:2007 (5.4.3). Therefore, there assumed that the material will 

behave in a perfectly elastic way, but the maximum stress on the cross-section of the members 

shall not exceed the yield limit, in such a way the deformations will remain in the elastic range.  

Assumption: Steel - perfectly linear elastic behavior 
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Table 3-1 Mechanical properties for the support 
Parameter Value Value 

Young's modulus, E [MPa] 210000 

Poisson's ratio, ν 0.3 

Density, ρ [kg/m3] 7850 

3.3.2 Model validation 

It is intended to confront the actual design procedure for traffic sign-support poles according to 

the EN 12899-1:2007 standard and the results of a numerical simulation. In order to calibrate the 

numerical model and identify the potential sources of differences in the results, the simplest case 

of a supporting pole was analyzed using the two approaches. 

3.3.3 Case study: Signal post (full strength CHS cross section post) 

An assembly comprising a vertical base fixed CHS section pole and a baseplate fixed through 4 

anchors to a concrete foundation block will be analyzed hereafter. The main goal is to confirm that 

the actual design procedure based on classical analytical relations and the numerical simulations 

are providing very close results, confirming that the use of numerical simulations for more 

complex cases is an appropriate and reliable approach. 

The CHS pole will be used as a support for a circular traffic sign; the main long-term loads acting 

on such a structure corresponds to the wind action. 

- Pole cross-section: CHS 57x5 

- Pole length: 2 m 

- Base plate: 25 mm thick, considered rigid and fully fixed at the interface between the concrete 

foundation and the plate. 

- Circular sign diameter: 1 m => Area=0.785 m2 

3.3.3.1 Numerical model 

The assembly comprising the vertical pole and the base plate was modeled in Abaqus (DS 

SIMULIA SUITE 2020 version) using shell type elements.  

Abaqus as a part of SIMULIA family of codes is a multiphysics modeling and simulation software. 

Abaqus Standard is used for problems solved by implicit schemes and Abaqus Explicit for high-
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speed dynamic problems. As one of the major commercial FE software programs, Abaqus is 

compatible with a lot of other in-house or commercially available FE codes [3]. 

Here in this problem, the material was defined, as having a perfectly elastic behavior, the main 

goal for this analysis is to identify if the yield limit strength of the material is exceeded in any 

points of the cross-section when subjected to the permanent/long-term wind or point concentrated 

loads [4]. 

To have enough reliability of the results, in two ways the problem was simulated: 

Firstly, only support without any part of base plate: 

  
Figure 3-5 Model with only support and mesh 3D view plus boundary conditions 

*Note: The bottom of the support is assumed to be rigid and fully fixed at the all-around the bottom 

edge. 

Secondly, the model that has support plus base plate: 

 
Figure 3-6 Second model and mesh 3D view plus boundary conditions 
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3.3.3.2 Loads 

The main loads acting on such a structure were assessed considering the recommendations and 

prescriptions given in EN 12899-1:2007, making some general assumptions about the geographic 

position of the pole and the loading conditions. 

Wind class: WL3 – wind pressure: 0.80 kN/m2 

Point load class: PL2 – concentrated load: 

Temporary deflection criteria: - Bending: TDB3 

     - Torsion: TDT4 

Considering the total area of the traffic sign panel (0.785 m2) and the characteristic value for the 

wind pressure (0.80 kN/m2), a concentrated load of 1.0 kN was applied at the top of the pole, 

replacing the wind pressure distributed on the traffic sign panel. A shape coefficient of 1.2 was 

considered when the design value of the wind pressure was computed (A < 2 m2) and a partial 

safety factor of 1.35 was considered for the long-term value of the load. 

𝐹 = 0.785 × 0.8 × 1.2 × 1.35 = 1.01736 𝑘𝑁 

3.3.3.3 Results 

For the analytical design approach an Excel spreadsheet, that follows the prescriptions of EN 

12899-1:2007 and EN 1993-1-1:2005 was developed. It is intended to confront the results obtained 

using this approach to the ones provided by the numerical simulation. The main output parameters 

that will be checked are the distribution and the maximum value of the stresses on the cross-section 

at the base level of the pole and the maximum horizontal displacement at the upper free end of the 

pole. 

  
Figure 3-7 von Mises stress distribution [N/m2] 
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Figure 3-8 Horizontal deflection [m] 

To have reliable numerical results, one grid study has performed for the model. Grid-independent 

means calculated results change so little along with a denser or looser grid that the truncation error 

can be ignored in numerical simulation. If the results tend towards identical, the grid can be 

considered as grid-independent [5]. The S22 results at a line of nodes (from the root towards the 

top of the support) have compared for seven different element sizes (0.003, 0.005, 0.006, 0.007, 

0.008, 0.009, and 0.010)  

 
Figure 3-9 The selected path of nodes to report S22 
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Figure 3-10 The amount of S22 at the path for different element sizes 

  First of all the comparison among these element sizes presents the same results at most all parts 

except the root point where the boundary conditions have been defined. Therefore, it is obvious 

that we have the influence of concentrate stress at the root, resulting in different stress for any 

different element size [6]. As the element size is smaller, the amount of stress reaches a larger 

amount. It is not related to physical reality and only stems from numerical simulation and its’ way 

of solving the problem. Consequently, first, it should be considered some parts of error for stress 

amount in this region and in numerical simulation to report stress at the root, it is necessary to refer 

to some nodes at the neighbor of the root where there is the same result for different element sizes. 

In addition, returning to the analytical solution can lead to the correct stress amount and specify 

the amount of error in numerical simulation. 

Secondly, the grid study, in the same way, has performed for the second model (the model which 

also includes the base inside) and the results are shown in the bellow picture: 
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Figure 3-11 The amount of S22 at a path from root toward top of the support 

In Figure 3-10 and Figure 3-11 , consider this point that with different element sizes, the position 

of nodes would be a little bit different in each size of the mesh. This gives cause for the difference 

to each stress curve in the above plots. Consequently, the comparison results in similar amounts 

of stress in these two models and for the other shapes of signs (when only the result of support is 

important) lead to the same results, it has less cost of computation to use only support model 

without base plate. 

Table 3-2. Analysis output summary 
Full strength section 

CHS 57x5 

Analytical approach 

EN 12899-1:2007 

Numerical 

simulation Shell 

elements* 

Difference 

analytical/numerical  

S22 [N/mm2] 156.17 155 0.75% 

Top deflection [mm] 29.35 28.07 4.36% 
*It is worth mentioning that the amount of stress at the external section points has reported because the region 

with more distance from the center of support has more stress and when using shell elements it should be 

considered.     
 

3.3.4 Commentaries 

- It is noticeable that for this particular case, the results obtained through the different approaches 

are very similar (less than 5% difference), thus it would be more logical to use the numerical model 

only for more complex applications that are not easy to be analyzed by means of analytical 

methods. 
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- Because the vertical member is mainly subjected to bending without axial compression force, the 

buckling check should consist of verification of possible loss of local stability of the member. 

However, the tubular cross-sections are usually classified as being class 1 and 2 of cross-sections. 

In this case, according to EN 1993-1-1:2005, the local buckling of the member occurs only after 

reaching the plastic potential of the member, after the plastic hinge development. Because the 

member is supposed to remain in the elastic range, as stated in the first section of this report, it can 

be assumed that for the class 1 and 2 of cross-sections, an explicit check of local buckling risk is 

not required. 

- As EN 1993-1-1:2005 6.3.2.1 (2) states, the CHS and SHS sections are not susceptible to lateral-

torsional buckling, hence a check for lateral-torsional buckling is not required in this particular 

case. 

- In addition to these two models, another way of modeling was tested. The model has included the 

base plate and the support in two different shell models having tied at their contact edge. The result 

was similar and without any specific difference.  

3.3.5 Case study: Signal post (Full strength SHS cross section post) 

3.3.5.1 General data 

It is intended to assess the differences between the stress distributions at the base level of the 

pole using two different approaches, the one prescribed by the EN 12899-1:2007 standard and a 

numerical simulation. 

- Section: SHS 250x5.9 

- Wind class: WL3 

- Point load class: PL2 

- Temporary deflection criteria: - Bending: TDB3 

- Torsion: TDT4 
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Figure 3-12 Real assembly Figure 3-13 Simplified model 

3.3.5.2 Numerical model 

The numerical model has been developed in Abaqus (DS SIMULIA SUITE 2020 version). 

According to what observed for the circular cross-section model, this time only support with 

rectangular cross-section and without base plate implemented for the numerical model to simulate 

the real physical behavior. The bottom edge of support considered rigid and fully fixed. (Even if 

this latter point will lead to slightly different results when compared to the real ones, as the 

deformation capacity of the base plate and the redistribution of stresses due to this fact are 

neglected). The traffic sign panel was not modeled, but the wind pressure acting on it was 

considered according to its dimensions and load distribution way (one-way to the pole). 

 
Figure 3-14 First model with only support and its’ boundary conditions 
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3.3.5.3 Loading scenario 

The loads associated to the wind action were assigned as pressure over one face of the SHS profile 

(see Figure 3-14), considering the tributary area of the sign panel. The model has been developed 

assuming a wind load class WL3, as prescribed by the EN 12899-1:2007 standard class, which 

implies the use of a characteristic wind pressure value of 0.80 kN/m2. The design value of the wind 

pressure was computed considering a shape factor of 1.5 (A > 2 m2) and a partial safety factor 

γF=1.35 (according to EN 12899-1:2007), thus obtaining a value of 1.62 kN/m2. 

𝐴𝑆𝑖𝑔𝑛 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 3.8 × 2.2 = 8.36 𝑚2 

𝐹 = 8.360 × 0.8 × 1.5 × 1.35 = 13.54 𝑘𝑁 

Considering the tributary area of the sign panel and the surface of a SHS profile face, the magnitude 

of the surface pressure applied on the face of the SHS profile is 15.766 kN/m2. 

𝐴𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = 3.8 × 0.226 = 0.8588 𝑚2 

𝑃 =
13.54 × 103

0.8588
= 15.766 𝑘𝑝𝑎 

The loads corresponding to the temporary loading scenario are neglected, considering that the 

magnitude of these loads is less than the one of the permanent/long-term loads. 

3.3.5.4 Results - Wind load 

To have reliable numerical results, one grid study has performed for the model. The S22 results 

at a line of nodes (from the root towards the top of the support) have compared for seven 

different element sizes (0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, and 0.010) 

 
Figure 3-15 The selected path of nodes to report S22 
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Figure 3-16 The amount of S22 at the path for different element sizes 

Here, we have the same as what observed for the circular cross-section, there is the influence of 

concentrate stress at the bottom of the pole. To have the stress at the root it is necessary to go a 

little bit away from the root to have the correct stress amount. In addition, the cross-section is less 

simple, which is why the convergence is not as accurate as before. 

In order to be able to compare the results of the two analysis methods, the average stress was 

computed along the tensioned face of the SHS profile (see the path (red line) in Figure 3-17). The 

von Mises yield criterion was considered for this particular operation, and the equivalent stresses 

obtained through the two approaches should be compared. 

 

  
Figure 3-17 von Mises stress distribution and the red line path selected stress in root [N/m2] 
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Figure 3-18 von Mises stress along the path on the tension side (red line - Figure 3-17) of the profile [N/m2] 
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Table 3-3 von Mises stress distribution along the path on the tension side of the SHS 
profile 

Location on SHS edge [m] Von Mises stress [MPa] Average stress [Mpa] 
0 185.41 

168.08 

6.2135 186.38 

13.2775 185.29 

20.3407 180.77 

27.4038 176.50 

34.4667 172.98 

41.5297 169.79 

48.5926 167.06 

55.6555 164.78 

62.7183 162.89 

69.7812 161.35 

76.844 160.10 

83.9068 159.10 

90.9696 158.33 

98.0324 157.75 

105.095 157.34 

112.158 157.11 

119.221 157.03 

126.283 157.11 

133.346 157.34 

140.409 157.75 

147.472 158.33 

154.535 159.10 

161.597 160.10 

168.66 161.35 

175.723 162.89 

182.786 164.78 

189.849 167.06 

196.912 169.79 

203.975 172.98 

211.038 176.50 

218.101 180.77 

225.164 185.29 

232.228 186.38 

238.441 185.41 
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Figure 3-19 Horizontal deflection [m] 

Full strength section SHS 250x5.9 Analytical approach EN 12899-1:2007 Numerical simulation 

Difference analytical/numerical Solid elements 

 

 Table 3-4 Analysis output summary 

Full strength section 

SHS 250x5.9 

Analytical approach 

EN 12899-1:2007 

Numerical 

simulation Shell 

elements* 

Difference 

analytical/numerical  

S22 [N/mm2] 180.4 168.08 6.83% 

Top deflection [mm] 125.07 126.7 1.28% 
*It is worth mentioning that the amount of stress at the external section points has reported this is because the 

region with more distance from the center of support has more stress and when using shell elements it should 

be considered.     
 

3.3.6 Commentaries: 

- It is noticeable that in the case of SHS cross-section, even if the values for the horizontal 

displacements are very close and the difference between the two analysis methods is negligible, 

the values of the average equivalent stress are slightly different. These differences can be explained 

by the fact that, in this particular case, the shape of the cross-section is influencing the stress 

distribution – the corners of it acting as some stress concentrators. 
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3.4 Simulation one complex pole in ABAQUS 

In the previous Excel file, we supposed that the cross-section of the pole is a fixed circle 

or rectangle; however, it is not what happened in all designs of poles. The cross-section may 

change from the bottom to the top; the pole is not a single part and made of connecting 

subparts with different and complex geometries. In these problems, numerical simulations 

with commercial software would be the way to check the structure strength [7]. There are 

some common challenges in these kinds of simulations that we want to find and define a 

method to these challenges. This is why in this step, first a complex pole is simulated with 

the Abaqus software to observe the challenges in a real problem and try to find a logical 

way to handle them [8]. 

3.4.1 Geometry (Part module) 

 
Figure 3-20 ZP2-10 & Bracket R2-1,5 

As you see in Figure 3-20, this is the ZIP pole and we want to operate a static analysis to 

evaluate its strength. This complex pole is mainly made of three parts: ZP2-10 (upper and 

lower part), Bracket R2-1,5.  
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Figure 3-21 ZP2-10 & Bracket R2-1,5 – overlap 

The first step is making a precise model of the pole in the Software. To do that, a ‘stp’ file 

of the model was imported in Abaqus and it was created without any error or failure. The 

main parts are all deformable, 3D and solid type. 

3.4.2 Property module 

The next step is defining the material properties (creating section) for each part and 

assigning this section for parts. The pole is made of steel and its detailed properties 

mentioned in the bellow table.  

Table 3-5 Mechanical properties considered for the pole 
Parameter Value Value 

Young’s modulus [MPa] 210000 

Poisson’s ratio 0.3 

Density [kg/m³] 7800 

Yield strength [MPa] 340 – 420 

Ultimate tensile strength [MPa] 410 – 510 

 

Hypothesis: Mechanical behavior is perfectly linear elastic. 
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Other settings which implemented in Abaqus software are mentioned with the details in 

Appendix 2 to know exactly how the loads, boundary conditions, and other features are 

defined. 

3.4.3 Visualization module 

After running the job, the result would be ready in the Visualization module. First, we can 

observe the deflection. In Figure 3-22, total and deflections in the X direction are on the 

left side, and deflection in Z, Y directions are on the right side. The wind load implemented 

in the X direction, this is why the deflection in the Y and Z direction is considerably less 

than the X direction. 

  

  
Figure 3-22 Deflection in different direction 
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After deflection, another important parameter to check the result is stress. In the next 

figures, we can see the amount of stress in each part. 

  
Figure 3-23 Von Mises stress contour in Bracket part 

  

As you see, the maximum stress is in the regions bolts have contact with the Bracket. First, 

where bolts (M6) are in contact with ZP2 and Bracket to maintain Bracket, and secondly, 

where we have M10 to connect Bracket and ZP2 upper part. 

 
Figure 3-24 Von misses stress contour in Hat 

   

For Hat, as it is clear in Figure 3-24, there is high stress in the regions that is in contact 

with ZP2.  The cross-section of ZP2 is polygon resulting in discrete high-stress region. 



38 
 

 
 

Figure 3-25 Stress results in the overlap region between upper and lower part of ZP2 

In Figure 3-25, there is a display of overlap region of ZP2 upper part and lower part. As 

mentioned in the interaction module, there is a tied contact between the rivet and its contact 

region with ZP2. It is obvious that maximum stress in the overlap region and around rivets. 

3.4.4 Calculation of safety factor 1 

Now, it is the time to calculate safety factor (FS) for each part of the Pole. FS is the ratio 

between the yield stress of the pole material and the maximum stress we found in our result. 

 

 
 

Consequently, the amount of FS for each part would be in the following table: 

Table 3-6 FS values in the pole components  

Part Max 𝝈𝑽𝑴 [MPa] YS [MPa] FS MS 

Pole ZP2-10 (upper) 297.5 420 1.4 0.4 

Pole ZP2-10 (lower) 396.3 420 1.05 0.05 

Hat 176.8 420 2.37  

Bracket  191.7 420 2.19  
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If you pay attention, to calculate we just referred to the maximum stress that Abaqus 

reported for each part. Now, in this pole as an example of complex geometry, FS is always 

more than 1.0 but it is not far from 1.0 for ZP2 and Bracket. In the real world, most common 

structures have some margin of safety (predefined higher numbers than one such as two or 

more for FS) that should be considered to pass the structure and get the certificate. In other 

words, not only FS should be more than one, to have enough certainty of the structure 

strength it is common to define these numbers with enough distance than one in each 

industry [9]. In our structure, if we were sure that we do not have enough safety margin, 

for example with increasing the thickness or adding more rivets the stress decrease and can 

pass the defined margin of safety. Here, the problem is that in each part maximum stress is 

not in a region but only we have this maximum stress in one element or only one node of 

an element [8]. This phenomenon happened in all parts of the pole. We are using numerical 

simulation to solve the problem and when stress increases dramatically only in one element 

or node there is so much possibility of stress concentration. Therefore, we should 

investigate how much is the influence of stress concentration and after that again calculate 

FS. In this way, perhaps it is not necessary to increase the thickness or number of rivets 

which inevitably would increase the cost dramatically. 

3.5 Finding a reliable method to report simulation result and overcome to the FEM 

limitations  

Here, there is a serious problem with stress concentration when dealing with FEM software 

in complex geometry and we want to find a solution in dealing with stress singularities and 

concentrations. 

In recent decades, the application of FEM (Finite Element Method) analysis developed and 

found its role as a popular inexpensive way of analysis [10]. Nevertheless currently, a 

higher number of engineers are struggling with simulations; in particular, they are trying 

to solve the stress singularities and concentrations in their problems [11]. These two 

problems are fundamental to understand the quality and validity of the simulation and it 

seems necessary in obtaining some design guidelines to tackle them. 
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3.5.1 Introduction 

FEM analysis, as you may know already, allows finding stress and displacement inside a 

continuum domain. To perform a FEM analysis the domain must be divided into smaller 

and elementary elements. This procedure, known as discretization, is fundamental to obtain 

accurate results: as the dimension of the elementary elements becomes smaller generally 

the solution converges towards the exact problem solution [10].  

This is not always true and this thesis illustrates some problems often users may encounter.   

3.5.2 Applying and Interpreting Saint-Venant’s Principle 

All structural engineers use Saint-Venant’s principle, whether actively or subconsciously. 

You can find various formulations of this principle in most structural mechanics textbooks, 

but its exact meaning is not obvious. Saint-Venant’s principle tells us that the exact 

distribution of a load is not important far away from the loaded region, as long as the 

resultants of the load are correct. In this section, we will explore Saint-Venant’s principle, 

particularly in the context of finite element (FE) analysis [12]. 

3.5.2.1 Simple Example: Analyzing Stresses at a Distance 

We start with something quite simple: a thin rectangular plate with a circular hole at some 

distance from the loaded edge, which is being pulled axially. If we are interested in the 

stress concentration at the hole, then how important is the actual load distribution? 

Three different load types are applied at the rightmost boundary: 

1. A constant axial stress of 100 MPa 

2. A symmetric parabolic stress distribution with peak amplitude 150 MPa 

3. A centered point load with the same resultant as the two previous load cases 

As seen in the plots below, the stress distribution at the hole is not affected by how the 

load is applied. The key here is, of course, that the hole is far enough from the load. 
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Figure 3-26 Von Mises stress contours for the three load cases. 

 

By graphing the stress along a line, we can see that all three cases converge to each other 

at a distance from the edge, which is approximately equal to the width of the plate. 

 
Figure 3-27 Stress along the upper edge as a function of the distance from the loaded boundary.  

The distance is normalized by the width of the plate. 
 

 

If the hole is moved closer to the loaded boundary, we get another situation. The stress 

state around the hole now depends on the load distribution. However, even more 

interesting is that the distance to where the three stress fields agree now is twice as far 
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from the loaded boundary. The application of Saint-Venant’s principle requires that the 

stresses are free to redistribute. In this case, redistribution is partially blocked by the 

hole. 

 
Figure 3-28 Stress along the upper edge with the hole closer to the loaded boundary. 

 

Note that Saint-Venant’s principle tells us there is no difference in the stress state at a 

distance that is in the linear dimension order of the loaded area. The loaded area to be 

taken into consideration, however, may not be the area that is actually loaded! This 

statement may sound strange, but think of it this way: When the hole is far away, we 

may compute the stress concentration factor using a handbook (mine says 3.5.7) rather 

than by an FE solution. The handbook approach contains an implicit assumption that the 

load is evenly distributed as in the first load case. So even if the actual load was applied 

to only a small part of the boundary, the critical distance in that case is related to the 

size of the whole boundary. 

When solving the problem using the finite element method (FEM), then the hole can be 

arbitrarily close to the load. What sets the limit is that from the physical point of view, 

the load distribution is well defined. As soon as we make assumptions about 

redistribution, however, there is an implicit assumption about the load distribution, 

which may differ from the actual one [13]. 
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3.5.3 Stress singularities 

A stress singularity is defined as a point where the stress does not converge towards a 

specific value when the basic elements dimension is reduced. In these points, the stress 

level measured with a FEM analysis keeps increasing while the mesh is refined up to 

an infinite value [14]. 

Geometry highly affect the presence of these type of occurrences: appliance of a point 

load, sharp re-entrant corners, corners of bodies in contact and point restraints are 

the most common situations which should be avoided. These stress singularities does not 

affect the quality of the simulation: according to the St. Veneant’s Principle (it explained 

in 0) it is possible to define a distance away from the singularity where stress results are 

going to be fine and representative of the physical reality. 

Load application may then cause singularities, in particular if we are considering point 

load forces (i.e. force applied to a single node). The following image clearly shows the 

influence of the load type to the simulation results in terms of singularities. 

 
Figure 3-29 The influence of Point load in making singularities 

When a load is applied to a simple plate, it is possible to define a certain distance ‘b’ where 

local effects are dominant. Out of this zone, according to Saint-Venant’s Principle, stresses 

are no more affected by the method in which the load is applied [15]. 
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Figure 3-30 Defining a certain distance to consider load effect 

 

Another typical situation where singularities occur are sharp re-entrant corners. These 

are points where the geometry shows an angle lower than 180°. In the example showed, 

we have a 90° angles. Once again, even if we note the stress singularity at the corner, it is 

possible to neglect it according to the above-mentioned principle. In a real geometry, since 

no corner is actually perfect, a small fillet radius is present. This means that in reality 

infinite stress obviously cannot occur. We generally see stress concentration instead [16]. 

 
Figure 3-31 Simple 90° corner with sharp edge. Local effect in stress singularity 
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3.5.4 Stress concentration 

Now it is the time to get into the details of a similar phenomenon: stress concentration. 

What now happens is something similar to a singularity point, but this time the stress 

converge towards a finite value the more we refine our mesh. This sort of behavior is due 

to the presence of a geometrical feature that somehow deflect the load pattern inside of our 

body [17]. For example a hole in a plate. 

  
Figure 3-32 Example of a hole inside a plate. Stress concentration occur at the two side of the hole, where loads 

lines tend to gets closer and closer 

In Figure 3-32, showing stress concentration around a small circular hole, we see that on 

the two sides of the hole stress field tend to become more intense. This is, obviously, due 

to the geometry we are analyzing and FEM analysis is able to capture this behavior (as 

long as the mesh is refined enough!). In general, for such type of plate, it is possible to 

define a concentration factor, ratio between the maximum stress and the average stress in 

the undisturbed plate, named nominal stress. In literature is possible to find out many 

relations to find out the stress factor as in [18] and [19]. 

In FEM (Finite Element Method), the user has the great responsibility of detecting 

singularities and distinguish between them and concentration points. Obviously, a mesh 

sensitivity study is mandatory to find out details about the case we are performing. In 

general it is possible to say that the main difference between the two behaviors is that 

singularities tends to have infinite stress as long as we refine the mesh, whilst 

concentrations tends to assume a finite value. 
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3.5.5 Nonconforming Mesh 

A nonconforming mesh occurs when the shape functions in two connected elements do not 

match. The most common case is when an assembly is connected using identity pairs and 

continuity conditions. To exemplify this, we can study a straight bar with an intentionally 

nonmatching mesh. With a simple load case, such as uniaxial tension, it is possible to study 

the stress disturbances caused by the transition [20]. 

 
Figure 3-33 Axial stress at a nonconforming mesh transition. Second-order elements are used. 

The forces transmitted by the nodes at the two sides do not match the assumption of 

constant stress. Again, this can be seen as a local load redistribution over an area that is the 

element size. Using the reasoning of Saint-Venant, the disturbance should fade away at an 

“element-sized” distance from the transition. Let’s investigate what happens if the mesh is 

refined in the axial direction. 

 
Figure 3-34 Region with more than 0.1% error in stress. Three different discretizations are used in the axial 

direction. 
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It turns out that the region of disturbance is not affected much by the discretization in the 

direction perpendicular to the transition boundary. This is exactly what Saint-Venant’s 

principle tells us. 

3.5.6 What is the difference between the stress concentration factor and stress intensity 

factor?  

The stress concentration factor is a number that raises stress locally due to factors such as 

holes and changes in cross section. In the latter case, the sharper the radius at the cross-

section changes, the higher the stress concentration. Typically, these factors range from 1.0 

to 3.0 and sometimes more. The stress intensity factor is a bit different; it is an inherent 

property of the material that is tested and defined for cracks or flaws. For cracks and flaws, 

the radius is very small, approaching zero for sharp corners, and stress concentration factors 

become very high, approaching infinity [21]. In this case, we use the measured stress 

intensity factor and equations of fracture mechanics to calculate allowable stresses. It is 

often used for fatigue calculations for metals and for strength determination for brittle 

materials like glasses and ceramics. 

3.5.7 Stress concentration factor 

A stress concentration factor (Kt) is a dimensionless factor that is used to quantify how 

concentrated the stress is in a mechanical part. It is defined as the ratio of the highest stress 

in the part compared to a reference stress [22]. 
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Figure 3-35 The way stress concentration factor calculated 

 

There are experimental methods for measuring stress concentration factors 

including photo-elastic stress analysis, thermos-elastic stress analysis, brittle coatings 

or strain gauges. 

During the design phase, there are multiple approaches to estimating stress concentration 

factors. Several catalogs of stress concentration factors have been published. Perhaps most 

famous is Stress Concentration Design Factors by Peterson, first published in 1953. Finite 

element methods are commonly used in design today [23]. 

3.5.8 Calculation of safety factor 2 

Regarding all mentioned above, we want to report maximum stress for each part and then 

calculate FS. This time in each part, when the numerical simulation displays the maximum 

stress, first, it is necessary to check its’ region and the potential of stress concentration. If 

there is stress concentration, we should recalculate the stress with the method discussed in 

https://en.wikipedia.org/wiki/Photoelasticity
https://en.wikipedia.org/wiki/Strain_gauge
https://en.wikipedia.org/wiki/Finite_element_method
https://en.wikipedia.org/wiki/Finite_element_method
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the above section, and then if the stress were still the maximum one in that part, it would 

be the amount used to calculate the FS. Consequently, the amount of FS for each part would 

be in the following table: 

Table 3-7 FS values in the pole components (considering stress concentration factor) 

Part Max 𝝈𝑽𝑴 

[MPa] 
YS 

[MPa] 
FS FS  

improvement 

Pole ZP2-10 (upper part) 195 420 2.15 53% 

Pole ZP2-10 (lower part) 270 420 1.55 55% 

Hat 176.8 420 2.37 - 

Bracket  191.7 420 2.19 - 

 

After considering the Stress concentration factor method, the maximum stress in the ZP-

2 part changed dramatically which influence the value calculated for the FS. This 

improvement in FS is only the result of correction in stress calculation. Here in ZP-2, 

numerical simulation, because of stress concentration, reported stress more than real value 

and this method helps to compensate this error, have the lower values of stress and higher 

FS without the necessity of improving the design. 
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3.5.9 Conclusion 

In this thesis, we wanted to show reliable ways to evaluate the strength of poles. All of 

these analyses are done to decrease the need for crash tests and to save money. In this way, 

producers pay for the expensive crash test when they are sure that the structure will pass 

the test and is safe. As it was discussed in detail, when we want to evaluate the strength of 

a newly designed structure the following steps should be done to have a reliable answer on 

the basis of EN 12767: 

1-      Consider the pole cross-section,  

2-      If the cross-section is continuously Regular polygons:  

2-1   Yes, Simple geometry: 

 There is a simple method to analyze the strength of poles, which is easy to implement, 

fast, and an inexpensive method to get the result. In this kind of poles, we made an 

excel file to evaluate the pole easily which only needed to import the geometry features 

of the pole and then get the result so fast. Simple pole in this part means a pole with 

Circular, Triangular, Diamond, Hexagonal, Octagonal, and Rectangular cross-section 

with uniform cross-section from bottom to the top or at least near to this 

approximation. 

2-2   No, Complex geometry:  

The only choice is using numerical simulation and obviously, it takes more time and 

cost in comparison with the previous way. By performing the numerical simulation we 

get this result that related to each specific geometry it is possible to have diverse places 

as the critical regions. The simulation indicates these regions with high accuracy and 

the design improvement would be easier. In addition, it costs less in comparison with 

the situation we are not informed of the exact failure regions which we did not have in 

the excel file.   

It is noticeable that always getting a correct answer from numerical simulation has 

some difficulties. Numerical simulation is really less expensive than a crash test and it 

can be a good alternative to a crash test when our results are really similar to what 

happens in the test. There are some common challenges in this way of solution such as 

stress concentration especially in dealing with complex geometries of poles. There are 
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predefined ways to tackle stress concentration problems helping to have a reliable 

solution in this kind of trouble. We collected these sources of stress concentrations and 

also the way it is possible to shift from just numerically increased stress to the real 

values. We could see that when there is a rocket in stress values only for one element 

and not in a region of elements, it is exactly the place we have the stress concentration. 

After recognition of these places in the result, with getting advantage of the stress 

concentration factor we would practically be able to reach correct values of stress. After 

that we should calculate the safety factor and consequently, we do not have the 

influence of numerical errors in our calculations.   
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In the following flowchart the above steps displayed graphically: 

Start

Checking 

the cross 

section 

Continuous 

Regular polygons

 

Using the Excel file to 

analyze the structure 

Numerical simulation 

with commercial 

software such as 

Abaqus

Considering the 

common challenges to 

report correct value

Stop

No
Yes

 
Figure 3-36 The flowchart showing the process to have a valid analysis 
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3.5.10 Recommendation 

On the basis of the numerical simulation done in this thesis, it is obvious that EN standards 

define the loads and conditions to analyze the structure but at present time there is not any 

obligation to force manufactures to implement numerical simulation for their complex 

products and in this situation, the judgment performed by simple calculation (like the Excel 

file) has the potential to be far from correct values of stress. Producers prefer to pay less 

when they want to get a certificate and for sure an estimation assumed complex geometry 

like a simple one costs less. This is the point in some case may provide the possibility of 

mistakes in judgment. Therefore, it is needed to introduce finite element simulations as 

a proven way of analysis to be mandatory instead of simple analysis like Excel sheet files 

when dealing with complex geometries. 
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4 Appendix 1 
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5 Appendix 2 

5.1.1 Assembly and Step module 

In Assembly module, we just call and create the instances from the part module and 

consider ‘Static, General’ in procedure type. Because our problem is a static analysis [24]. 

 

5.1.2 Interaction module 

If start from bottom to the top of the pole, first we have the overlap region between ZP2-

10 upper and lower part which should be defined. There are two rows of rivets in this region 

to make this connection. 

  

 
Figure 5-1 Details of interactions considered between ZP2-10 upper and lower part 

With using ‘Tie’ constraint, the connection created. The rivet is the master surface tied in 

connected surfaces with upper and lower ZP2.  

Next interaction defined for ZP2 (both parts). The structure of ZP2 is made of a plate that 

has bended and as you see in the bellow picture, there are some Rivets in the region the 

plate has overlap with tie interaction (This is the same interaction for all rivets in both upper 

and lower part of ZP2) 
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Figure 5-2 Tie interaction defined in rivets where two overlap contact 

There is a bolt (M10) to connect ZP2 (Upper part) to the bracket. It is a bolt, which pass 

through the whole width. There is tie connections between bolt (as the master) and contact 

cross-section of bracket and ZP2 (as the slaves).  
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Figure 5-3 Details of the tie interaction considered for the central bolt  

To maintain the bracket, There are six M6 rivets to make connection between ZP2 (upper 

part) and bracket. Again, tie connection defined to connect head bolt to the ZP2 and bottom 

of bolt to the bracket.  

  

 
Figure 5-4 Tie interaction defined for rivets between bracket and ZP2 (upper part) 

 

At the end of ZP2 (upper part), there is a hat which is welded to bracket, to define this 

interaction in Abaqus, first there is a tie contact between hat and bracket and secondly, 

Surface to Surface interaction between hat and ZP2. 
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Figure 5-5 two interaction in upper and lower part of hat 

5.1.3 Load module 

Next step is defining Loads and boundary conditions. From the top, there is 20Kg as a 

weight because of the lamp at the top pf the bracket. Structural load with considering the 

material (defined in property module) and the gravity is taken into account from top to 

bottom. 

The whole structure exists inside a hole and surrounded by concrete. Consequently, from 

the bottom of ZP2 until 900mm height was fixed (all degrees of freedom closed for this 

region).  
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Figure 5-6 The completely fixed region of ZP2 

Finally, we should define wind load as the input load for the structure.  Wind forces are 

given by SAFETY-PRODUCT in a table of the file called « 12ZP2-10R2-1.5 voor NE 

paal.xls » 

 
Figure 5-7 wind load as the input load for the structure 
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In accordance to this input data, loads considered in each point and in X-direction.  

 
Figure 5-8 Different wind load applied in function of the height (Zmean=0 at ground level). 

 

 

 

 

 

 

 

 

 

 

 

5.1.4 Mesh module 

Mesh is created for each part separately and to have better quality of mesh, so many 

partition created.  
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  Figure 5-9 Different views of genration Mesh in the pole components 

 

Bracket 

ZP2 upper part 

ZP2 lower part 

Bracket Bolt 
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