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Abstract 
 

The paper presents designing and analysis of the tall steel chimney of height 

60m. The nature and behavior of forces act on steel chimney is studied 

carefully, after reviewing the troops a steel chimney is designed to resist 

those forces using Euro-code. Two Euro-codes used for designing, and they 

are EN 1991-1-4 and EN 1993-1-6. The stack is constructed using a 

truncated cone of different thicknesses. Bar and shell stimulant is built to 

analyze and compare the maximum displacements of steel chimney. All the 

formulas required to analyze significant wind load is from Euro-code. The 

steel chimney exceeds 40m height due to which vortex shedding force acts. 

A seismic analysis suitable for the Kaunas condition is carried out. Then 

analysis of steel chimney is done by using SCIA engineering software and 

Simulation is carried using the European National annex. Dynamic 

functionality used to investigate significant wind load. Geometric material 

analyses used for boundary conditions like a plastic failure, buckling, and 

fatigue. The maximum displacement which the steel chimney undergoes 

determined for both bar and shell elements. The results compared with the 

serviceability limit state. At last, nature, behavior, and consequences 

discussed. 
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1 Introduction 
 

A steel chimney is a tall structure constructed for ventilation, which 

separates gases produced from boiler, fireplace, furnace. It helps humans to 

stay safe from hazardous gases. The steel chimney is built vertically so that 

the gases move smoothly upwards without any interruptions. The space 

inside the stack is called flue. The height of chimney plays an essential role 

in transferring hazardous air from combustion to the atmosphere.  

The gases released in the stack are passed in the upper level of the 

atmosphere so that they are less hazardous. Euro-code plays a vital role in 

designing [1].The research showed that the static and dynamic moment was 

less for short heightened chimney and more for the tall height chimney. The 

thickness of the stack is independent of wind flow and earthquake zones [2]. 

Here the author made a study on the structural behavior of shape that spread 

out and acting under the identical proportion of immobile and productive 

wind load. The maximum deflection caused due to a static effect was less as 

compared to the maximum deviation caused due to the magnetic energy for 

the same speed [3]. 

The simulation is from SCIA engineering software. The numerical 

analysis carried out to calculate self-weight, wind pressure, wind force, 

vortex shedding, seismic force, and hot action. Assumptions made that are 

suitable for the Kaunas case study. The results obtained are on the Euro-code 

1991-1-4 [4]. The troops captured at the end of each analysis used for 

simulation to get net deflection. Includes simulation by which maximum 

displacement and stress obtained.  In this paper, I have designed two models, 

one is a bar element, and the other one is finite shell element for the study of 

results. The effect of each load in figures and the reasons responsible for 

their behavior clarified — the calculation of thermal action achieved by EN 

1991-1-5. It is necessary to analyze the limit state conditions of shell 

element, which includes Plastic failure, Plasticity in cyclic loading, Buckling, 

and Fatigue. The boundary conditions are analyzed using Euro-code 1993-1-

6 [5][6]. This research also uses the EN 1993-3.2 for the design of steel 

chimney. It provides information to reduce crosswind amplitudes. The 

maximum displacement compared with the serviceability limit state, and the 

conclusion is given based on the results obtained. 

 

2 Materials and Methods  
 

The steel chimney analyzed for two criterions, which include the stability 

of stack against various load combinations and serviceability checks for 

efficient work of steel chimney. The requirements checked with a guide  
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proposed by EN 1991-1-4 [7]. The Simulation is with four boundary 

conditions, such as: 

– The steel chimney checked for Plastic failure. 

– The steel chimney checked Plasticity in the cyclic loading. 

– The steel chimney checked buckling of fireplace. 

– The steel chimney checked Fatigue of steel chimney. 

All the above boundary conditions analyzed with the analytical formulas 

subjected to linear analysis and non-linear analysis [8][9]. Two models 

prepared, one is a static stimulant united by a bar element, and the second 

one is a static stimulant combined by shell elements. Both these models were 

simulated using the software called SCIA Engineer. The Simulation starts 

with choosing the SCIA student version. After selecting the SCIA version, 

the functionality of the program provided, which includes Dynamic 

Functionality [10][11]. For bar element X, Z coordinates used. But for shell 

element, general XYZ coordinates are chosen. The National Code provided 

as EC-EN, and the National Annex includes Standard EN. 

In the bar elements, a preliminary analysis was done to investigate the 

effect of the dimensional lattice of finite element. For simplification 

purposes, a grid built with a dimension of 0.72x0.72m [12]. At the base of 

steel chimney, joint conditions provided so that the stack is free to rotate in X 

and Y directions. In the shell element, static diaphragm was in the position 

where there is a change in thickness.  

Simulation steps are as follows: 

– A mass group created. 

– After creating a mass group, the self-weight of each zone provided. 

– To define load cases combination of mass groups used. 

–  Determining the type of action for every load type and also setting 

specifications of each load. 

– A finite element mesh constructed. 

– all the above steps finished, it can be calculated using linear calculation, 

which consists of linear and modal analysis. 

The figure is constructed using SCIA engineering software, which 

consists of five zones. This bar element designed as a cantilever beam and 

analyzed by linear calculations. The stimulant subjected to all combinations 

of load. The response of stimulants is studied. Here truncated cone is used to 

build the structure [13]. It gives the results occurring in a particular region. 

The 3D displacement of shell chimney is constructed using SCIA 

engineering software, which consists of five zones. This bar element 

designed as a cantilever beam and analyzed by linear calculations. The 

stimulant subjected to all combinations of load. The response of stimulants is 

studied. Here truncated cone is used to build the structure. It gives the results 

occurring in a particular region. The only difference from the other figure is, 

it is shaded and offers results in different colors representing different values. 

For the above-stated boundary condition, limit state analysis  
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performed, which is proposed by EN 1991-1-4 [14][15]. These boundary 

conditions checked for stability and serviceability using the formulas offered 

by Euro-code. At the beginning of the simulation, to make the calculation 

more accessible, a preliminary elastic analysis was performed. So, by this 

analysis, it is easier to estimate the worst-case scenario. The maximum 

displacement and the stress that the chimney withstands for different load 

combinations, which given in the above description, is determined using 

SCIA engineering software. The 3D forms of maximum displacement and 

maximum stress of chimney shown with two models, one is with the bar 

element, and the second one is the shell element [16]. Figure 1 shows 

2D&3D bar Element of Steel Chimney with and without Shaded Zones. 

Figure 2 shows 2D Displacement Of Bar Element and 3D Displacement of 

Shell Element. 

 

 

 
 

Figure 2 2D Displacement Of Bar Element and 3D Displacement of Shell Element 

 

Figure 1 2D&3D bar Element of Steel Chimney with and without Shaded Zones 
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At simulation, chimney analyzed for different load combinations. 

Wind load combination proved as a worst combination than seismic 

combination. Since Kaunas comes under the shallow seismic affected zone, 

there were no such values consider seriously. The values obtained due to 

seismic excitation ignored [17]. When the steel chimney analyzed for 

different load combinations, it came to know that the stress is at the 

productive capacity of steel section S355. To avoid the failure due to stress, 

the thickness at the base provided with a higher value. Then as the height 

increases, it was gradually decreased [18]. 

The 2D displacement of bar element is analyzed using SCIA engineer in 

which steel chimney subjected to a combination of loads where wind load is 

acting as a significant load and the displacement of the stack due to this load 

is 0.94m. The 2D displacement of bar element is analyzed using SCIA 

engineer in which steel chimney subjected to a combination of loads where 

wind load is acting as a significant load, and the displacement of the stack 

due to this load is 0.94m. Here the deformation of each part of individual 

zones is shown. The 3D displacement of shell element is analyzed using 

SCIA engineer in which steel chimney subjected to a combination of loads 

where wind load is acting as a significant load, and the displacement of the 

stack due to this load is 0.941m. The 3D displacement of shell element is 

analyzed using SCIA engineer in which steel chimney subjected to a 

combination of loads where wind load is acting as a significant load, and the 

displacement of the stack due to this load is 0.941m. Here the deformation of 

each part of individual zones is shown. 

 
3 Results 
 
3.1 Plastic Failure 
 

The plastic failure for the bar element and shell element checked by 

non-linear material analysis or general plasticity. The verification of the 

check is on the plastic resistance ratio rRpl proposed by EN 1993-1-6. The 

loads applied to steel chimney, which is responsible for the plastic failure, 

are increased by ϒQ = 1.35 and ϒG = 1.5. As is said above, the results 

coming from the software have resulted in the worst combination. Here 

SCIA engineering software is used to perform the collapse analysis. At first, 

the collapse analysis is for material non-linearity, and then it is for non-

linearity of geometrical analysis. Collapse analysis is a method where the 

load scaling factor ―λ‖ is used to determine the non-linearity of chimney. As 

the analysis performed, the load scaling factor increases gradually at a 

constant rate until it fails. After the point where the steel chimney collapses 

are called branching point. After branching point also, this method continues 

analyzing. But before this analysis, the software requires a small drift at the 

beginning. It can be defined anywhere in the structure of the steel chimney. 

But the necessary condition is direction. Adrift should be in that direction 
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where the chances of deformation of steel chimney are expected to be more. 

As soon as the analysis completed, a graph plotted, which consists of a load 

increasing coefficient versus deformation. For simplification, a node selected 

at the top of the chimney. At that point, maximum displacement takes place. 

 

 

The figure 3 determines the equilibrium path of the node at the top of 

the chimney. From which the designed load factor obtained for the analysis 

of plastic failure. The equilibrium path of the node taken at the top chimney 

is linear, and it keeps on increasing till 1.9m. But at a point, it starts falling, 

which is a branching point, and there is a drastic change in slope. In the shell 

element model, there is a radical change in slope with a location called 

branching point. But when the same geometry non-linear analysis is carried 

out for the bar element, the equilibrium path of the node becomes non-linear 

progressively. The difference in the non-linearity is because of divergence in 

choosing the aspect during the simulation. 

Further, it observed that in the bar element, the yielding of the 

material takes place in many discrete points. This yielding is because of the 

size of the grid of finite element. It is in the shell element that there an abrupt 

change in the yielding of the material occurs. Thus, the check for yielding of 

the content is performed at many discrete points. It is noticeable that the 

geometry analysis of non-linearity is different for both the models. Hence the 

equilibrium path of node also changes. For more clarity, it explained as in the 

bar element, the branching point is before performing any other analysis, and 

after that, the line starts falling. This drastic change in the curve of the 

equilibrium path of the node is due to brittle failure. This brittle failure, in 

turn, is expected to more stress at the base of the chimney. It described in 

calculations that the height of the steel chimney affects a lot on the structure. 

Because of this reason, there might be a diversion of the fireplace from the 

vertical axis. Deviation is due to the non-linearity of the stack. Because of 

this reason, the sections at the base come under the compression zone. 
 

 
Figure 3 Load Factor rRK 
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It leads to local buckling in the bar element. But it is different for 

shell elements. During the geometry non-linearity analysis, the equilibrium 

path of the node remains identical until the branching point. As it passes the 

branching point, there is a gentle fall in the curve. The plastic resistance 

coefficient rRK obtained from the graph is for the bar element and shell 

element. Since the bar element and shell element remains static, it is easy to 

determine the plastic resistance ratio. For both the details, it is by the same 

formula. 

     
   

   
 

Where ϒm o is 1, 

      
Table 1 Plastic Resistance of two Models 

 

Plastic resistance ratios Bar element Shell element 

rRK 1.525 1.928 

rRD 1.525 1.928 

 

Thus, the steel chimney is safe against plastic failure because the 

plastic resistance ratio is greater than 1. So, from the table, the Plastic 

resistance ratio is: 

For Bar element, 

             
For shell element, 

            

 

3.2 Limit State of Plasticity in Cyclic Loading 
 

Here also both the models are subjected to the loads, which are 

increased by a factor ϒQ = 1 and ϒG = 1. The change in this procedure is the 

two types of action of loads are applied more than three times. In shell 

element, general Plasticity in loading performed and the stress at the base 

region is determined, which comes under the compression region using SCIA 

engineering software. But in the bar element, the pressure at the base region 

is calculated based on the formulas given by Annex A in EN 1993-1-6[3]. 

There are two conditions for the design value of load actions, and they are: 

The first condition says that the design values of load action are 

considered as specific actions of loads unless an improved definition used. 

When the expression from Annex part C used, varying in actions between the 

upper and lower part of the structure taken into account. Here for every 

extreme load action occurring in a cyclic, the stress components should be 

determined. The parts which come under the cyclic process acting on shell 

element are: 
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For the design value of equivalent stress, the maximum change in the 

stress range taken into account. The junction points where the two zones of 

shell element intersect each other the stress component is from the first 

physical point.   The change in the equivalent stress is given by: 

         √      
                         

             

Once the difference in equal stress is known, the design value of 

resistance calculated, and it is provided by: 

               

F yd is the productive capacity of steel CORTEN S 355 at 50 °c. 

Hence, 

                      

Stress range limitation, according to EN 1993-1-6, is: 

                  

 The change in the equivalent stress is less than the design value of 

resistance, i.e., 

                                 

Thus, from the above amount, it is evident that the steel chimney 

remains safe against Plasticity in cyclic loading. 

 

3.3 Buckling Limit State 
 

The steel chimney has evaluated for every worse combination, which 

is responsible for causing the compressive membrane stress on the shell wall. 

Here also, the loads are applied by increasing the factor as it grew in 

Plasticity analysis. When the load actions are ready to use, the boundary 

conditions responsible for Buckling should be known. The boundary 

conditions are taken, which causes incremental displacement of buckling. 

One of the crucial factors necessary to calculate the buckling of steel 

chimney is geometrical tolerance. The boundary condition is from EN 1993-

1-6.  BC2f (radially restrained austral free rotation restrained) is at the top, 

and BC1f (radially restrained austral free rotation) is at the base, respectively. 

The expressions which are in D 1.2.1 in EN 1993-1-6 are used to 

determine the buckling. The steel chimney analyzed by formulas given in EN 

1993-1-6 to make chimney safe against buckling. Since the shell of the stack 

is thin, it tends to go for circumferential buckling. So, it is necessary to 

calculate the factor of safety. It is given by: 

     
     

     
  

     

    
         

The local buckling not shown because the stimulants with fluted 

points do not yield good results. The results in which the ratio of critical 

elastic  
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buckling resistance yields for the shell element are going out of range, which 

is unrealistic. The steel chimney is not subjected to significant axial loads. 

Because of this reason, the ratio of critical elastic resistance buckling is much 

higher than the rate of plastic resistance   . This reason leads the chimney 

material yield first before there is an occurrence of local buckling. The 

normalized plastic slenderness ratio is: 

    √
 

   
       

Therefore, from the above-calculated design buckling resistance, it is 

evident that rRd is greater than 1. Hence, the chimney is safe against 

buckling. 

 

3.4 Fatigue  
 

Fatigue is also one of the above boundary conditions, as it is in the 

above description. The main reason for checking the fatigue is maintaining 

turbulent excitation. The vibration range, which calculated in the above 

calculations, is more. This range of vibration is considered to be more in 

Euro-code EN 1993-3.2. The preventive measures have to be taken to bring it 

under the limit state. One of the suggested steps is installing the 

aerodynamics devices or installing the dampers, which reduces the 

unnecessary oscillation of chimney, which in turn reduces the turbulent 

excitation. The approach one used because of aerodynamics. If tuned mass 

dampers used, then approach two used because approach one underestimates 

the full range of vibration[18]. According to EN 1993-1-6, the fatigue limit 

state provided with the following design value of actions. So, following the 

approach 1, which gives realistic results, the formula can be given as: 

   (  
  

 
)
 

 

                                                 
From the above value, it is evident that only 30% of vibration is left. 

When a chimney installed with aerodynamics devices, it reduces the range of 

vibration by 70%. Now calculate the displacement due to 30% of vibration. 

From the above value, it is clear that the calculated y F is lesser than the 

stated condition. Thus, the chimney satisfies the limit of range of vibration. 

Other than this in Logarithmic damping decrement in the calculation of Wind 

load, it is assumed to have a structural damper with a value of 0.02. But here 

it is considered that the damper is in the chimney. So, the total structural 

damping is taken as 0.3. The range of vibration is the factor on which inertial 

force depends. Since the field of fluctuation reduced, let’s calculate the 

inertial force with the Annex E EN 1991-1-4. Here the loads are applied to 

both the bar and shell elements to analyze check condition for fatigue limit 

state. The check for fatigue limit state takes place at the base of the chimney, 

where more amount of thickness provided. The test is according to EN 1991-

1-9. The core of the fireplace welded with plates of 40mm thick 
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(front-but T welding). For simplification purposes, the chimney is assumed 

to have lasted for 25 years (T=25yrs). 

 

3.5 Serviceability Limit State 
 

According to the serviceability limit state, the maximum deformation 

that the steel chimney can undergo due to short term repeated actions of the 

following forces has some limitations. Table 2 provides The Results of the 

Maximum Deformation of Both Stimulants. 

 
Table 1 The Results of the Maximum Deformation of Both Stimulants 

 
Basic stimulants Model Maximum 

deformation (m) 

1 Bar Element 0.94 

2 Shell Element 0.941 

 

4 Conclusions 
 

The numerical and software analysis shows that the chimney is more 

affected by wind loads. As the height of the chimney is more than 40m, it is 

affected by periodic diffusion due to wind flow. In the linear analysis, it’s 

clearly shown that the range of vibration mainly depends on direction of 

wind. The crosswind amplitudes responsible for vortex shedding are 

calculated using EN 1991-1-4. The stress produced more at the base. Hence 

the thickness at zone 1 is provided more. The limit state properties such as 

Plastic failure, Plasticity in cyclic loading, Buckling, Fatigue remain within 

the boundary, which is analyzed using EN 1993-1-6. From the serviceability 

of limit state analysis, it is clear that the maximum displacement of both the 

stimulants is within the limit; hence, the steel chimney remains safe. 
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