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ABSTRACT 

According to construction of industrial structures in developing countries, current research is carried 

out on Self Standing Reinforced Concrete Chimneys, which are a sort of special structures and is used in 

several types of factories. For this purpose, the 3D model of an existing Reinforced Concrete chimney of 

80.0 m high and a diameter of 4.0 ~5.0 m in Armenia, is modeled and analyzed using spectral analysis 

procedure according to 4th revision of Iranian 2800 seismic code, taking into account the spectral 

acceleration level to Sa=0.4g. On the next step, the finite element model is analysed by the means of Time 

History Analysis method, using 3 pairs of accelerograms recorded on each soil categories of Rock 

(Vs>750m/s), Dense Soil (375<Vs<750m/s) and Loose Soil (175<Vs<375m/s) and Very Loose Soil 

(Vs<175m/s) respectively, taking into account the spectral acceleration level of Sa=0.2g ~1.0g. The Modal 

Pushover Analysis is carried out as well in order to determine the Yielding Displacment Δy. Finally the 

ductility demand for all soil categories are computed. 
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1. Introduction 

Structures designed to resist moderate and frequently occurring earthquakes must have 

sufficient stiffness and strength to control deflection and to prevent any possible damage. Selecting 

a good structural system requires understanding seismic behavior of the systems available. Since 

stiffness and ductility are generally two opposing properties, it is desirable to devise a structural 

system that combines these properties in the most effective manner without excessive increase in 

the cost. For the seismic analysis of overground and underground structures, consideration of the 

soil–structure interaction becomes extremely important when the soil or the foundation medium is 

not very firm. During earthquake excitation, the structure interacts with the surrounding soil 

imposing soil deformations. These deformations, in turn, cause the motion of the supports or the 

interface region of the soil and thestructure to be different to that of the free field ground motion.  

These interactions substantially change the response of the structure. For very stiff soil, this 

change is extremely small and can be neglected. Therefore, consideration of base fixity remains a 

valid assumption for overground structures constructed on firm soil. Similarly, the effect of soil–

structure interaction on long buried structures. Such as pipelines, within firm soil is negligible as 

it takes the same profile as that of the soil during the earthquake motion. In order to understand the 

soil–structure interaction problem properly, it is necessary to have some knowledge of the 

earthquake wave propagation through the soil medium for two main reasons. Firstly, the dynamic 

characteristics of the input ground motion to the structure depend upon the modification of the 

bedrock motion as it propagates through the soil. Thus, the knowledge of wave propagation through 

the soil medium is essential to understand ground motion modifications due to soil properties. 

Secondly, the knowledge of the vibration characteristics of the soil medium due to wave 

propagation is important in relation to the determination of the soil impedance functions and fixing 

the boundaries for a semi-infinite soil medium, when the wave propagation analysis is performed 

by numerical techniques. 

 

2. Ductility Factor Theoretical Basis 

Both structural and non-structural collapses during severe earthquakes, usually occur due to 

lateral displacements. So the determination of the “Lateral Displacement Demand” in performance 

based design method is of much importance. 

 

 
Figure 1. General seismic response of structures. 
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According to the reduced lateral forces, the lateral displacements computed through a linear 

analysis, should be increased in order to estimate the real displacements during a severe earthquake.  

In Figure 1, Δmax is the maximum inelastic displacement, Δe is the maximum linear 

displacement. In Figure 2 the real behaviour of the structure is replaced by a bilinear elasto-plastic 

model. In equation 2, μ is the Ductility Factor and is described as follows: 

 

  μ =Δmax / Δy (1) 

 

3. Finite Element Model and Assumptions 

The 3D model of a reinforced concrete chimney of 80.0 m high and a diameter of 5.0 m  at the 

bottom and 4.0 m at the top. The wall thickness of the chimney is varying from t=0.8 m at the 

botoom to t=0.4m at the top. Both thickness and diameter reduction type from bottom of the 

chimney to the top of it are linear and according to  Figure 2 demonstrates the finite element model, 

which is to beanalyzed and designed due to Iranian 2800 seismic code, for soil types I~IV and 

Sa=0.20g~1.0g spectral acceleration levels. Time History analyses are also performed on model. 

Later, by performing a “Modal Push-over Analysis” the Yielding Displacement Δy of the structure 

due to FEMA 356 guideline is achived. By using achieved results of Time History analyses, 

demanded ductility factors are computed for model using equation (1), according to records based 

on estimated site specifications and mentioned spectral acceleration levels. The structural concrete 

is estimated to have a 28 days strength of f’c=240 kg/cm2 and the reinforcing rebars are AIII type 

with a yielding stress of Fy=4000 kg/cm2 . 

 

 
Figure 2. Conceptual analytical model. 
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Nonlinear Pushover analyses are completed using Perform-3D analysis software. For analysis 

purposes, the lumped mass method is used for determination of the total mass of the material inside 

of the model. The computed mass of the material is uniformly distributed on the framework of the 

model. In order to illustrate the structural concrete nonlinear behavior, the “Takeda” model is taken 

into account. 

 

4. Time History Analyses 

In order to perform the time history analyses, 3 pair of accelerograms of earthquakes listed in 

Table 1 are selected. Accelerograms are recorded on each soil type, based on Iranian 2800 seismic 

code requirements, then scaled to spectral acceleration level of  Sa= 0.20g ~ 1.0g respectively. 

 
Table 1. Characteristics of used Earthquake Records 

Mechanism Mag. Year Event 

Normal 6.9 1980 Irpinia-Italy 

Reverse 7.35 1978 Tabas-Iran 

Reverse-Oblique 6.93 1989 Loma Prieta 

Reverse 6.69 1994 Northridge 

Reverse 6.61 1971 San Fernando 

Strike-Slip 7.28 1992 Landers 

Strike-Slip 7.13 1999 Hector Mine 

Strike-Slip 5.9 1981 Westmorland 

Strike-Slip 6.53 1979 Imperial Valley 

 

Later the scaled records were applied to the finite element models due to the soil type and 

spectral acceleration levels mentioned above. For Time history analyses, the “ Direct Integration” 

technique was used and for both models were completed using Newmark – β method, using γ = 0.5 

& β = 0.25. Due to structural characteristics, the damping ratio was determined equal to 0.05 for 

the first two modes of vibrations. 

 

5. Analysis Results 

In Figure 3 Push-over diagrams of estimated three dimensional finite element model of 

reinforced concrete chimney is shown. According to this diagram, the R.C. chimneys mainly 

dissipate the seismic induced energy in linear range. 

 

 
Figure 3. Push-over Diagram of the Model 
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The results of ductility demands are based on soil specifications and spectral acceleration levels 

as shown in Table 2 and Figure 4 respectively. 

 
Table 2. Summarized Mean values of Ductility Demand factors.  

 

  

 

 

 

 

 

 

 

 

 
Figure 4. Diagrams of Mean Ductility Demand versus Spectral Acceleration. 

 

6. Conclusions 

The computational results of finite element analysis of estimated structure illustrate that by 

degrading the soil category the ductility demand increases, regardless of the frequency content 

effects of the earthquake records. All diagrams of ductility demand versus spectral acceleration 

show two turning points at 0.60g and 0.75g. Generally the randomness of results decrease while 

the soil category degrades, regardless of frequency contents of earthquake records. Ductility 

demand amplification due to soil category degradation, illustrates the effect of the nonlinear 

structural behaviour in filtering of low frequency content of selected accelerograms. As could be 

seen in Figure 4, the results for Rock and Loose Soil are almost the same which also coincides with 

the result of Dense Soil only at the turning point with 0.75g spectral acceleration. This fact indicates 

on demonstrating the same Ductility Demand for two mentioned soil types which is also applicable 

on Dense Soil on turning point. Due to this fact, it could be indicated that the combination of 

duration, frequency content and peak ground acceleration (PGA) of the used records are to be the 

main causes of this special event, which could be changed for another sets of records. 

 

 

Mean Values 
Soil Type 

1.0g 0.80g 0.60g 0.40g 0.20g 

3.72 1.63 2.17 1.76 ------ Rock 

3.10 1.60 1.81 1.46 ------ Dense Soil 

3.97 1.74 2.32 1.59 ------ Loose Soil 

4.63 2.02 2.70 1.85 ------ Very Loose Soil 



Advance Researches in Civil Engineering  

ISSN: 2645-7229, Vol.2, No.3, pages: 1-7 

6 
 

5. References 

[1]- Ola, S. A., 1991, Geotechnical properties and behavior of Nigerian tar sand, Engineering 

geology, 30(3-4), 325-336. 

[2]- Khamehchiyan, M., Charkhabi, A. H. and Tajik, M., 2007, Effects of crude oil contamination 

on geotechnical properties of clayey and sandy soils, Engineering geology, 89(3-4), 220-229. 

[3]- Shin, E. C. and Das, B. M., 2001, Bearing capacity of unsaturated oil-contaminated 

sand International Journal of offshore and polar Engineering, 11(03), 5-15. 

[4]- Ghadyani, M., Hamidi, A. and Hatambeigi, M., 2019, Triaxial shear behavior of oil 

contaminated clays, European Journal of Environmental and Civil Engineering, 23(1), 112-135. 

[5]- Rahman, Z. A., Hamzah, U., Taha, M. R., Ithnain, N. S. and Ahmad, N., 2010, Influence of 

oil contamination on geotechnical properties of basaltic residual soil, American journal of 

applied sciences, 7(7), 954. 

[6]- Khosravi, E., Ghasemzadeh, H., Sabour, M. R. and Yazdani, H., 2013, Geotechnical 

properties of gas oil-contaminated kaolinite, Engineering Geology, 166, 11-16. 

[7]- Nazir, A. K., 2011, Effect of motor oil contamination on geotechnical properties of over 

consolidated clay, Alexandria Engineering Journal, 50(4), 331-335. 

[8]- Kermani, M. and Ebadi, T., 2012, The effect of oil contamination on the geotechnical 

properties of fine-grained soils, Soil and Sediment Contamination: An International 

Journal, 21(5), 655-671. 

[9]- Akinwumi, I. I., Diwa, D. and Obianigwe, N., 2014, Effects of crude oil contamination on 

the index properties, strength and permeability of lateritic clay, International Journal of 

Applied Sciences and Engineering Research, 3(4), 816-824. 

[10]- Rahman, Z. A., Hamzah, U. and Ahmad, N., 2010, Geotechnical characteristics of oil-

contaminated granitic and metasedimentary soils, Asian Journal of Applied Sciences, 3(4), 237-

249. 

[11]- Hosseini, F. M. M., Ebadi, T., Eslami, A., Hosseini, S. M. M. and Jahangard, H. R., 2019, 

Investigation into geotechnical properties of clayey soils contaminated with gasoil using 

Response Surface Methodology (RSM), Scientia Iranica. Transaction A, Civil 

Engineering, 26(3), 1122-1134. 

[12]- Singh, V., Kendall, R. J., Hake, K. and Ramkumar, S., 2013, Crude oil sorption by raw 

cotton, Industrial & Engineering Chemistry Research, 52(18), 6277-6281. 

[13]- Nazari Heris, M., Aghajani, S., Hajialilue-Bonab, M. and Vafaei Molamahmood, H., 2020, 

Effects of Lead and Gasoline Contamination on Geotechnical Properties of Clayey Soils, Soil 

and Sediment Contamination: An International Journal, 1-15. 

[14]- Aghamiri, S. F., Kabiri, K. and Emtiazi, G., 2011, A novel approach for optimization of 

crude oil bioremediation in soil by the taguchi method, Journal Petroleum Environment 

Biotechnology, 2(2), 1-6. 

[15]- Khayati, G. and Barati, M., 2017, Bioremediation of petroleum hydrocarbon 

contaminated soil: optimization strategy using Taguchi design of experimental (DOE) 

methodology, Environmental Processes, 4(2), 451-461. 

[16]- Toufigh, V., Barzegari Dehaji, M. and Jafari, K., 2018, Experimental investigation of 

stabilisation of soils with Taftan pozzolan, European Journal of Environmental and Civil 

Engineering, pp.1-24. 



Advance Researches in Civil Engineering  

ISSN: 2645-7229, Vol.2, No.3, pages: 1-7 

7 
 

[17]- Davari Algoo, S., Akhlaghi, T. and Ranjbarnia, M., 2019, Engineering properties of clayey 

soil stabilised with alkali-activated slag, Proceedings of the Institution of Civil Engineers-

Ground Improvement, pp.1-12. 

[18]- Ratnaweera, P. and Meegoda, J. N., 2005, Shear strength and stress-strain behavior of 

contaminated soils, Geotechnical Testing Journal, 29(2), 133-140. 

[19]- Shin, E. C., Omar, M. T., Tahmaz, A. A., Das, B. M. and Atalar, C., 2002, Shear strength 

and hydraulic conductivity of oil-contaminated sand, In Proceedings of the Fourth International 

Congress on Environmental Geotechnics, Rio de Janeiro, Brazil (Vol. 1, pp. 9-13). AA Balkema 

Publishers Lisse. 

[20]- Sridharan, A. and Venkatappa Rao, G., 1979, Shear strength behavior of saturated clays 

and the role of the effective stress concept., Geotechnique, 29(2), 177-193. 

[21]- Vassiliou, M. S., 2018, Historical dictionary of the petroleum industry. Rowman & 

Littlefield. 

 


