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Abstract: Emergency situations calculation for the industrial buildings structures is an important element in en-
suring their reliability and safety in conditions that contribute to the emergence of significant social, environmental 
and economic consequences. This calculation is mandatory for objects of a high responsibility level (class KS-3), 
and can be carried out on a voluntary basis for objects of class KS-2, where a large number of people are expected 
to be present. The article presents the calculation of the industrial building structures with a high responsibility 
level and analyzes its results. The calculation was performed in accordance with paragraph 5.1 in SP 
56.13330.2011 «Industrial buildings» for resistance to progressive collapse as an emergency situation result. A 
secondary model was created based on the primary calculation model. An emergency failure case of the middle 
load-bearing column in the frame along the 18/H axis was selected having analyzed the space-planning and design 
solutions for this building. It was established that the required beams and the roof slab reinforcement obtained as 
a calculation result of the secondary model does not exceed that obtained as a primary model calculation result 
based on the calculations performed results. Also, based on the calculation results of the ozone-sorption block 
building secondary model (fast filter section) for an emergency situation, it was determined that when such a 
situation occurs - when one of the columns is turned off - the remaining load-bearing elements take on additional  
forces without losing strength and stability, that is, resistance to the structure progressive collapse will be ensured. 
 

Keywords: emergency situation, industrial structure, progressive collapse, load combinations, 
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INTRODUCTION 
 
Emergency situations calculation for the indus-
trial buildings structures is an important element 
in ensuring their reliability and safety in condi-
tions that contribute to the emergence of signifi-
cant social, environmental and economic conse-
quences. This calculation is mandatory for ob-
jects of a high level of responsibility (class KS-
3), and can also be carried out on a voluntary ba-
sis for class KS-2 objects, where a large number 
of people are expected in accordance with GOST 
27751-2014 «Reliability of building structures 
and foundations». Such measures are aimed at in-
creasing the safety and reliability level in con-
struction projects, which is especially important 
in the conditions of modern construction and 
buildings operation [1-10].  
The structure considered in this article, the 
ozone-sorption unit, is a structure of a high re-
sponsibility level KS-3, accordingly, this calcu-
lation is mandatory in its design. 
The purpose calculation for the emergency situa-
tions occurrence is to check and ensure the safety 
and reliability of the adopted design solutions, 
and to determine the methods for protecting the 
industrial building supporting structures from 
progressive collapse in emergency situations. 
 
 
METHODS 
 
The following methods are used to assess the 
structures resistance to emergency situations: 
 A model describing possible emergency sce-

narios creation. For each scenario, external and 
internal impacts combinations are taken into ac-
count. 
 The load-bearing elements determination, the 

failure of which can lead to the progressive col-
lapse of the entire system. 
 The possible failures and their impact on the 

overall structure stability research. 
 The correlation analysis between the structure 

elements. Possible sequential reactions that occur 

when one or more elements fail are considered 
[11-18]. 
Calculation for the occurrence of an emergency 
situation. The calculation of the ozone-sorption 
block model in axes 4 - 19 m/o K - R (fast filter 
section) was performed in accordance with para-
graph 5.1 in SP 56.13330.2011 «Industrial build-
ings» for resistance to progressive collapse as an 
emergency situation result. A secondary model 
was created based on the primary calculation 
model. 
A secondary model was created based on the 
primary calculation model (Figure 1). 
 

 
Figure 1. Calculation model 

 
An emergency failure case of the middle load-
bearing column in the frame along the 18/H axis 
was selected having analyzed the space-planning 
and design solutions for this building (marked in 
red in Figure 1). 
The lower part of the column, 2.15 m high, was 
removed to simulate the failure (the covering is 
not shown). The calculation for progressive col-
lapse in the emergency was performed with a 
special combination of standard load values, in-
cluding the failure of one of the load-bearing 
structure elements. 
The calculation is performed according to the cri-
terion of extreme stress values at characteristic 
element sections points based on the rules estab-
lished by regulatory documents SP 
20.13330.2011 «Loads and Impacts», SP 
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22.13330.2011 «Foundations of Buildings and 
Structures», SP 63.13330.2012 «Concrete and 
Reinforced Concrete Structures», SP 
385.1325800.2018 «Protection of Buildings 
from Progressive Collapse», SP 
296.1325800.2017 «Buildings and Structures. 
Special Impacts» [19-25]. 
 
 
RESULTS AND DISCUSSION  
 
The spatial static calculation was performed us-
ing the finite element method using the LIRA-
SAPR software package. The walls and floor 
slabs and roofs were modeled using the finite el-
ements of a universal shell in the calculation 
model, all rod elements were modeled using a 
universal spatial rod finite element [26-30]. 
The roof slab vertical displacements isofields is 
shown in Figure 2. Longitudinal forces N in the 
frame supporting elements after an emergency 
situation fragment is shown in Figure 3. 
The maximum value of N occurred in columns 
17/M, 18/M, 18/P, 19/N as a result of the forces 
redistribution. 
The results of calculating the maximum force My 
in the frame supporting elements after an 
emergency situation is shown in Figure 4. The 
roof beams vertical displacements mosaic is 
shown in Figure 5. 
 

 
Figure 2. The roof slab vertical displace-

ments isofields (fragment) 

 
Figure 3. Longitudinal forces N in the frame 

supporting elements after an emergency situa-
tion (fragment) 

 

 
Figure 4. Maximum forces My in the frame sup-
porting elements after an emergency situation 

(fragment) 
 

 
Figure 5. The roof beams vertical displacements 

mosaic (fragment) 
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The results of calculating the required reinforce-
ment in beams with a cross-section of 40x80 cm 
and the reinforcement calculation diagram are 
shown in Figures 6, 7 and 8. The results of calcu-
lating the required reinforcement in columns are 
shown in Figure 9. 
 

 
Figure 6. Required reinforcement in beams 

40x80 mm (fragment) 
 

 
Figure 7. Required reinforcement in beams 

40x80 mm (diagram) 
 

 
Figure 8. Required reinforcement in beams 

40x80 mm (fragment) 

 
Figure 9. Required reinforcement in columns 

(fragment) 
 

The authors proposed a reinforcement variant for 
the considered column KmK74, shown in Figure 
10. The KmK74column specification and the 
steel specifications are given in Tables 1 and 2, 
respectively. 
 

 
Figure 10. Column reinforcement option 

 
Table 1. The column specification KmK74 

Positio
n 

Name Quantity 
Weight, 

kg 
Notes 

 Specifications    

1 
Ø32 A500 
l=4630 mm 

4 29.2  

2 
Ø8 A240 

l=1540 mm 
9 0.6  

 Materials    

 
Concrete class 

B25 
  

0.6 
m2 
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Table 2. Steel consumption statement 

Unit 

Reinforcement products 
Reinforcement class 

Total, 
kg 

A240 A500 
GOST 5781-

82 
GOST 5781-82 

Ø8 Total Ø32 Total 
KmK74 5 5 117 117 122 

 
The forces in the roof slab Mx and My, Nx and 
Ny (fragments) are shown in Figures 11-14, 
respectively. 
 

 
Figure 11. Forces in the roof slab Mx 

(fragment) 
 

 
Figure 12. Forces in the roof slab My 

(fragment) 
 

 
Figure 13. Forces in the roof slab Nx (fragment) 

 

 
Figure 14. Forces in the roof slab Ny (fragment) 

 
The calculation results for the required 
reinforcement in the roof slabs are shown in 
Figures 15-18, respectively. 
 

 
Figure 15. Required reinforcement in the roof 

slab. Lower along the X axis (fragment) 
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Figure 16. Required reinforcement in the roof 

slab. Upper along the X axis (fragment) 
 

 
Figure 17. Required reinforcement in the roof 

slab. Bottom along the Y axis (fragment) 
 

 
Figure 18. Required reinforcement in the roof 

slab. Upper along the Y axis (fragment) 
 
 
 

CONCLUSION 
 
The maximum displacement along the Z axis of 
a 7 m long roof beam is 22.6 mm. The required 
column reinforcement (25.6 cm2) does not ex-
ceed that obtained as a primary model calculation 
result (28.2 cm2). 
The required beams and roof slabs reinforcement 
obtained as a result of calculating the secondary 
model does not exceed that obtained as a result 
of calculating the primary model.
was established that when such a situation occurs 
– when one of the columns is switched off from 
operation – the remaining load-bearing elements 
take on additional forces without losing strength 
and stability, i.e., resistance to progressive col-
lapse is ensured based on the calculation results 
of the ozone-sorption block building secondary 
model in axes 4–19 m/o K–R (fast filter section) 
for an emergency situation. 
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