
 

 

  
Abstract—In this paper are presented the experimental 

measurements and the theoretical studies concerning the fields of the 
spatial deformation and the stresses of a spatial structure for a 
petroleum coke plant as consequences of the variations of the vertical 
seismic loadings. These fields are calculated using the finite element 
method. The numerical results obtained from this study are usually 
used in the engineering practice to optimal design the spatial 
structure of petroleum coke plant or to predict and verify the 
effective stress of the structure. These methods permit a detailed 
study of fields with highly accuracy and for this reason are useful 
tool in the system designing. 
 

Keywords— Finite element method (F.E.M.), numerical 
simulation, petroleum coke plant, vertical seismic loadings. 

I. INTRODUCTION 
O provide a high coefficient of security in exploitation, the 
activity of design engineering of a spatial metal structure 
for a petroleum coke plant must take into consideration 

the important fields of deformations and stresses resulting as 
consequence of the seismic loadings [3], [15], [19]. 
 It has been very common to use the FEM for structural 
dynamic calculations [3], [6]-[11], [16]-[19]. 

This research work presents in synthesis the systematic 
theoretical study through numerical simulation concerning the 
distributions of the deformations and stresses fields as 
consequence of the vertical seismic loadings applied to a 
petroleum coke plant. The plant subject to study is in 
exploitation from 1996, in a continuous regime work, on the 
petrochemistry platform of oil distillery Onesti, Romania [15]. 
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This plant has a production of 385 tones petroleum coke in 48 
hours and in the constructive solution presented there is an 
ensemble with four identical section (Fig. 1) which work 
alternatively in cycles by 48 hours.  

Seismic analysis of the petroleum coke plant is made with 
the computer modeling techniques that offer the optimum 
solutions in the seismic design. In reality the stress and the 
deformation fields owed by the loadings generated by the 
aleatory seismic phenomenon are simultaneous superposition 
over the other type of loadings that solicit the spatial metal 
structure of plant by mechanical and thermal cycle’s types.  

In this paper, an engineering seismic calculation method of 
petroleum coke plant will be introduced. 

II. THE SPATIAL MODEL OF THE PETROLEUM COKE 
PLANT 

 
The spatial model of petroleum coke plant it made using 

the Solid Works 2007 software [20], starting from the 
executions drawings of installation. 

 The constructive geometry of plant is complex and the 
sizes are big (28 x 6 x 6 m3).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. The spatial model of the petroleum coke plant 
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Fig. 1 presents the 3D model from frontal view and on this 
model is noted the principal components.  

A superior detail of the part of plant which includes the 
ensemble dome - spherical bottom is given in Fig. 2.  

The middle section of plant represents the cylindrical 
body, Fig. 4. A detail view localized to the joint between the 
reinforcing rings, nervures and shell rings is shown in Fig. 3. 

The 3D view and 3D section of the inferior section of 
plant is presented in Fig. 5 and Fig. 6.  

These views represent the ensemble between taper bottom 
and support. A detail of support in shown in Fig. 7. 

 
 
 
 
 
 
 
 
 
Fig. 2. The spatial model of ensemble spherical bottom – dome 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3. A detail of joint between the reinforcing rings, 
 nervures and shell rings 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The cylindrical body 
 
 

 
 
 
 
 
 
 
 

 
 

Fig. 5. The spatial model of the ensemble taper bottom – support 
 
 
 
 
 
 
 
 

Fig. 6. The 3D section through the ensemble taper bottom - support 
 
 
 
 
 
 
 
 

Fig. 7. The spatial details section through the support  
of petroleum coke plant 

III. THE LOADINGS APPLIED TO THE PETROLEUM 
COKE PLANT 

 
In paper [15] and [19] were detailed the loadings applied 

to the 3D metal structure of the petroleum coke plant. In fact 
these loadings have involved two components: the mechanical 
loading and the thermo - cyclical loading. 

 

3.1. The mechanical loading 
The mechanical loadings summing one component owed to 

the total force of weight of plant and one component owed to 
the vertical seismic loadings. 

 
The total weight of plant force 
The total force of weight of plant is equal with                  

FG = 542770.33 [daN] and represents the sum of five 
components marked with red arrows on Fig. 8.  

The values of these forces are determined by experimental 
measurements:  

- FG gases, the force of gases weight accumulated into the 
dome; FG gases = 78 [daN]; 

- FG C, the force of petroleum coke weight; is equal with    
FG C = 384770 [daN]; 

- FG inst, the force of metal structure weight of plant;                 
FG inst = 119266.40 [daN]; 
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- FG pl, the force of wall protection for corrosion of sulphur 
weight; FG pl = 9527.63 [daN]. 
- FG iz, the force of heat insulating wall weight;                             
FG iz = 29128.30 [daN]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8. The components of total force of weight for 

 the petroleum coke plant 
 
The vertical seismic loading  force 
In paper [15] is detailed the calculus of the effective value 

and distributions of vertical seismic loadings, applied to 3D 
metal structure of plant in according with recommendations of 
standards: S.T.R 8412-92 [28] and  STAS 9315/1-80 [29]. 

The numerical simulations from this paper is made by  
considering the maximum values of the seismic loadings 
distributed to sections which initial was accepted to divide the 
plant. That’s why in this study the structure of installation was 
divided in 56 equal sections, Fig. 9. 

 
The plot of variation in sections of the maximum total 

seismic loading is presented in Fig. 10 and the plot of the 
gradient velocity of variation with h is given in Fig. 11.  

The plot of  the effective total loadings on sections is shown 
in  Fig. 12.  

 
The abbreviation used is next: 
- Smax T, the whole maximum seismic force; 
- G T, the total weight of plant in work regime; 
- Pef T, the effective total loading force; 
At level of plant support the Pef T have a maximum value 

equal with Pef T max = 652588 [daN]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. The sketch of plant with sections in which  
are applied the vertical seismic loadings 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. The variation of the maximum total seismic 
 loadings in installation 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11. The gradient velocity of variation with h for 
 maximum total seismic loadings 
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Fig. 12. The effective total loadings on sections 

3.2. The cycling thermal loading 
The production of the petroleum coke through the tardy 

method as consequence of technological process is 
accompanied by a cyclic variation of temperature T(h,P) 
which is transmitted to metal structure by the petroleum coke 
multiphase no homogeneous mixture formed during the 
transformation process of liquid petroleum in solid petroleum 
coke. 

 The temperature depends by the height of cote h and by the 
relative duration P that gives in % of the cycle carbon-
producing.  

As important consequence is generating the supplementary 
fields of deformations and stresses into the structure metal of 
plant.  

In present it is difficult to estimate only the theoretically 
methods for the variations of  T (h, P). 

The realist solution of this problem is to practical solve 
through the experimental measurements and in this purpose 
scope are installed on the structure’s walls of plant a number 
of nine thermocouples, Fig. 13 at levels specified in Table 1.  

 
    Table I. Tr k (h k). 

 
Tr k h k [mm] Tr k h k [mm] 
Tr 1 0 Tr 6 12800 
Tr 2 700 Tr 7 21650 
Tr 3 3500 Tr 8 24500 
Tr 4 7600 Tr 9 27500 
Tr 5 9500   

 
By processing of the database delivered by these 

thermocouples along ten cycles of work, it was determined the 
3D dependence T (P, h) [15] with plots given in Fig. 14, using 
the Maple 11 software [22]. 

Also the 2D plots of temperature dependences 

( ) ttanconshk
K

dat_PT
=

 and 
( )[ ]

dP

PTd ttanconshk
K =  with                 

k = 1,…, 9 are given from Fig. 15 to Fig. 23. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14. The dependences T (P, h) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13. The position of thermocouples 
 
 
 
 

 
 
 
 
 

Fig. 15. Variations T(P) and 
dP
dT

 at  h = 0 
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Fig.  16. Variations T(P) and 
dP
dT

 at h = 700[mm] 

 
 
 
 
 
 
 
 

Fig.  17. Variations T(P) and 
dP
dT

 at h = 3500[mm] 

 
 
 
 
 
 
 
 

Fig. 18. Variations T(P) and 
dP
dT

 at h = 9500[mm] 

 
 
 
 
 
 
 
 
 

Fig. 19. Variations T(P) and 
dP
dT

 at h = 12800[mm] 

 
 
 
 
 
 
 
 

Fig. 20. Variations T(P) and 
dP
dT

 at h = 21650[mm] 

 

 
 
 
 
 
 
 
 

 

Fig. 21. Variations T(P) and 
dP
dT

 at h = 24500[mm] 

 
 
 
 
 
 
 
 

Fig. 22. Variations T(P) and 
dP
dT

 at h = 27500[mm] 

 
 
 
 
 
 
 
 

Fig. 23. Superposition of variations T(P) and 
dP
dT

 

 
The 2D plots of temperature dependences ( ) [ ]%K10PhT

⋅=
 

and  ( )
[ ]%K10Pdh

hT

⋅=

with cu P = 10k,   k = {1, 2, .. , 8 }are 

given in Fig. 24 to Fig. 31. 
 

 
 
 
 
 
 
 
 
 

Fig. 24. Variations T(h) and 
dh
dT

 at P = 10[%] 
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Fig. 25. Variations T(h) and 
dh
dT

 at P = 20[%] 

 
 
 
 
 
 
 
 

Fig. 26. Variations T(h) and 
dh
dT

 at P = 30[%] 

 
 
 

 
 
 
 

Fig. 27. Variations T(h) and 
dh
dT

 at P = 40[%] 

 
 
 
 
 
 
 
 
 

Fig. 28. Variations T(h) and 
dh
dT

 at P = 50[%] 

 
 
 
 
 
 
 
 
 

Fig. 29. Variations T(h) and 
dh
dT

 at P = 60[%] 

 

 
 
 
 
 
 
 
 
 

Fig. 30. Variations T(h) and 
dh
dT

 at P = 70[%] 

 
 
 
 
 
 
 
 

Fig. 31. Variations T(h) and 
dh
dT

 at P = 80[%] 

In present study the analysis with F.E.M. is made for a 
dependence of temperature T (h) at P = 60 %; Fig. 28 which 
corresponding to a complete process of carbon-producing 
cycle. 

 The most important constructive sections of petroleum 
coke plant with the proper loadings are presented in next 
figures. 

 
The loadings for ensemble spherical bottom – dome 
 
The mechanical loadings applied to ensemble spherical 

bottom – dome involves: 
- the solicitation of the interior surface at pressure owed 

the gaseous generated during the technological process 
between h ∈ 22.5÷27.5 [m]; 

-  the solicitation of the interior surface owed the weight 
of the stell 7AlCr130 used to protect the interior wall for the 
corrosion of sulphur; 

-  the solicitation of the exterior surface and a 
reinforcing rings owed the weight of the heat insulating wall; 

- the solicitation of the whole ensemble of plant owed 
the gravitational attraction. 

  The thermal loading:  
- the cyclic thermal solicitation of the interior surfaces 

for the whole ensemble owed the technological process of 
carbon-producing. 

In Fig. 32 is localized the position of ensemble spherical 
bottom – dome on the plant and from Fig. 33 to Fig. 36 are 
given for this ensemble the plots of variations: T (h), S (h),     
G (h) and P (h).  
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Fig. 32. The position of ensemble  
spherical bottom – dome on the plant 

 
 
 
 
 
 
 
 
 
 
 
 
 

            Fig. 33.  The variation T (h) 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 34. The variation S (h) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 35. The variation G (h) 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 36. The variation P (h) 
 

The loadings for the cylindrical body 
 
The mechanical loadings applied to the structure 
- the solicitation of the interior surface corresponding to 

the nine shell ring owed the gaseous generating during the 
technological process (localized at surfaces of mixture fluid) 
between limits  h ∈ 21.65÷22.5 [m]; 

- the solicitation of the interior surface owed the weight 
of gaseous generating; 

- the solicitation of the interior surface owed the 
hydrostatic pressure of  mixture fluid and of the gaseous 
weight between limits  h ∈ 4.75÷21.65 [m]; 

- the solicitation of the interior surface owed the weight 
of the stell 7AlCr130 use to protect the interior wall for the 
corrosion of sulphur; 

- the solicitation of the exterior surface and a reinforcing 
rings owed the weight of the heat insulating wall; 

- the solicitation of the cylindrical body owed the 
gravitational attraction; 
 

  The thermal loading  
- the cyclic thermal solicitation of the interior surfaces 

of cylindrical body owed the technological process of carbon-
producing.  

In Fig. 37 is localized the position of cylindrical body of  
the plant and from Fig. 38 to Fig. 42 are given for this 
ensemble the plots of variations for: p (h), T (h), S (h), G (h) 
and P (h). 
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Fig. 37. The position of the cylindrical body of the plant 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 38. The variation p (h) 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 39.  The variation T (h) 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 40. The variation S (h) 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 41. The variation G (h) 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 42. The variation P (h) 
 
The loadings applied to the taper bottom  
 
The mechanical loadings are: 
- the solicitation of the interior surface owed the 

hydrostatic pressure of  mixture fluid between the limits              
h ∈ 0÷4.75 [m]; 

- the solicitation of the interior surface owed the weight 
of gaseous generating; 

- the solicitation of the interior surface owed the weight 
of the stell 7AlCr130 use to protect the interior wall for the 
corrosion of sulphur; 

- the solicitation of the exterior surface and a reinforcing 
rings owed the weight of the heat insulating wall; 

- the solicitation owed the gravitational attraction. 
 The thermal loading :  
- the cyclic thermal solicitation of the interior surfaces 

of taper bottom owed the technological process.  
The loadings applied to the support of plant 

INTERNATIONAL JOURNAL OF MECHANICS

Issue 3, Volume 2, 2008 103



 

 

 

 

 

 

 

 

The mechanical loadings are: 
- the solicitation owed the gravitational attraction; 
The thermal loading  
- the cyclic thermal solicitation of the support through 

the conduction between the taper bottom and the support of 
the plant receiving at level of the common surfaces of contact. 

- the permanent thermal solicitation through the 
convections at level of surface equal with the temperature of 
the ambient medium. 

 
In Fig. 43 is localized the position of the ensemble taper 

bottom – support of plant and from Fig. 44 to Fig. 48 the 
plots: p (h), T (h), S (h), G (h) and P (h). 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 43. The position of the ensemble taper bottom-support 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 44. The variation p (h) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 45. The variation T (h) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 46. The variation S (h) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 47. The variation G (h) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 48. The variation P (h) 
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IV. THE ANALYSIS WITH THE FEM OF THE STRESSES 
AND DEFORMATIONS FOR THE PLANT 

 
The analysis with the F.E.M. is made using the Cosmos 

Works 2007 software [21]. We take into consideration the big 
building limits of the petroleum coke plant to keep the height 
accurate of the numerical simulation, the results are presented 
on every important component of installation 

4.1. The F.E.M. analysis of the linear deformations fields 
The fields of the linear deformations ux, uy, uz and the 

resultant urez  (Von Misses deformations) of the whole plant 
are given in Fig. 49 to Fig. 52. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 49. The linear deformation ux 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 50. The linear deformation uy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 51. The linear deformation uz 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 52. The resultant linear deformation urez 
 

4.2. The F.E.M. analysis of the stress fields 
a) The F.E.M. analysis of the stress fields corresponding to 

the ensemble spherical bottom-dome  
In Fig. 53 to Fig. 57 are presented the normal stress: σx, 

σy, σz, the resultant stress σrez and a detail of the resultant 
stress σrez at joint between dome and the spherical bottom. 
 
 
 
 
 
 

INTERNATIONAL JOURNAL OF MECHANICS

Issue 3, Volume 2, 2008 105



 

 

 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
Fig. 53. The normal stress σx  on  dome and on the spherical bottom 

 
 
 
 
 
 
 
 
 
 

Fig. 54. The normal stress σy  on dome and the spherical bottom 
 
 
 
 
 
 
 
 
 
 

Fig. 55. The normal stress σz  on dome and the spherical bottom 
 
 
 
 
 
 
 
 
 
 

Fig. 56. The resultant stress σrez on dome and the spherical bottom 
 
 
 
 
 
 
 
 

Fig. 57. A detail of resultant stress σrez  at joint between 
 dome and spherical bottom 

b) The F.E.M. analysis of the stress fields corresponding to 
the cylindrical body 

In Fig. 58 to Fig. 62 are given the fields of the normal 
stress: σx, σy, σz, the resultant stress σrez of cylindrical body 

and a detail of resultant stress σrez at joint between the 
reinforcing ring, the nervures and the shell ring. 

 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 58. The normal stress σx on cylindrical body 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 59. The normal stress σy on cylindrical body 
 
 
 
 
 
 
 
 
 
 

Fig. 62. A detail of resultant stress σrez of  joint between the 
reinforcing ring, the nervures and the shell ring 
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Fig. 60. The normal stress σz on cylindrical body 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 61. The resultant stress σrez on cylindrical body 
 

c) The F.E.M. analysis of the stress fields corresponding to 
the ensemble taper bottom - support of plant 

In Fig. 63 to Fig. 66 are given the fields of the normal 
stress: σx , σy , σz and the resultant stress σrez of the ensemble 
taper bottom-support on section 
 
 

  
 
 
 
 
 
 
 
Fig. 63. The normal stress σx on the ensemble taper bottom-support 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 64. The normal stress σy on the ensemble taper bottom-support 

 
 
 
 
 
 
 
 
 
 
Fig. 65. The normal stress σz on the ensemble taper bottom-support 

 
In Fig. 67 and Fig. 68 are given from different points of 

view the fields of the resultant stress σrez of the 3D ensemble 
taper bottom-support.  

In Fig. 69 is presented a detail with numerical values of 
resultant stress of joint between cylindrical body and taper 
bottom. 
 
 
 
 
 
 
 
 
 
 

Fig. 66. The resultant stress σrez on the ensemble 
support- taper bottom 

 
 
 
 
 
 
 
 
 
 

Fig. 67. The resultant stress σrez on the ensemble  
support- taper bottom 
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Fig. 68. The resultant stress σrez on the ensemble  
support- taper bottom 

 
 
 
 
 
 
 
 
 
 

Fig. 69. The detail of resultant stress σrez  at level of join between  
the cylindrical body and the taper bottom of installation 

 
Other details with fields of the resultant stress σrez are 

presented in Fig. 70 and Fig. 71 concerning the detail 3D of 
join between the cylindrical body the taper bottom and the 
support plant and a detail 3D of the support of plant. 

  
 
 
 
 
 
 
 
 
 

Fig. 70. The resultant stress σrez a detail 3D of joint between the 
cylindrical body on the ensemble taper bottom - support 

 
 
 
 
 
 
 
 
 
 

Fig. 71. The resultant stress σrez a detail of the support plant 
 

V. CONCLUSIONS 
 
The analysis with the Finite Element Method provides the 

spatial fields of deformations and stresses with high accuracy 
in optimum time.  

The maximal value of the resultant deformations are equal 
with urez = 25.35 [mm], Fig. 51. 

The resultant of stress on joint between the cylindrical 
body and the taper bottom have a maximum value equal with 
σrez = 76.63 [daN/mm2], Fig. 69.  

The maximum resultant stress on the spherical bottom is 
σrez < 50 [daN/mm2], in concordance with Fig. 56.  

At level of the cylindrical body σrez < 60 [daN/mm2], Fig. 
61 and at the support σrez < 52 [daN/mm2], Fig. 71. 

The loadings applied to the joint between the reinforcing 
rings, nervures and shell rings determinate a maximum                
σrez = 72.31 [daN/mm2], Fig. 62.  

The maximum effective values of stress are under 
admissible limit σadm /100000 cycles = 95 [daN/mm2] 
corresponding to values give by STAS 2883/3-88 for alloy 
steel 16Mo5b which are used to build the plant structure.  
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