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Abstract. Block-box structures today are widely used in construction. 
Their main features are mobility, lightness and the possibility of assembling 
block-boxes for any technological purpose. Block-boxes are used in the 
arrangement of oil and gas fields, settlements and cities where it is necessary 
to carry out construction in a short period of time or where there is no 
industrial infrastructure. When designing, it is often necessary to take into 
account special loads (earthquake or explosive), which significantly affect 
the applied structural solutions. In this paper, the load-bearing steel 
structures of block-boxes of various configurations and sizes under the 
influence of special types of loads are considered. Numerical research, 
analysis and improvement of structural solutions are carried out. 
Keywords. Block-box structures, finite element method, special types of 
loads, structural design, earthquake, blast waves. 

1 Introduction 
The growing demand for prefabricated buildings and structures causes the relevance of 
research and development in the field of their design, improvement of structural materials, 
construction and operation [1-7]. For example, block-boxes have a wide variety of 
applications, configurations, as well as constructive form. The experience of using block 
boxes, examples of successful implementation, their advantages and disadvantages are 
shown in [8-11]. They are used for deployment of technological equipment and pipelines, as 
control rooms, as well as other rooms with permanent or temporary stay of people. The main 
load-bearing element is a steel frame. The frame includes base elements (reinforced floor), 
columns, beams, ties. The types of block boxes are shown in Fig. 1. 

At industrial facilities related with the use of flammable gases and liquids, in emergency 
situations, nearby buildings and structures may perceive special dynamic effects [12]. They 
arise as a result of explosions of gas-vapour mixtures (GVM). Such explosions are 
characterized by high intensity, which depends on the chemical composition of the mixture and 
the distance to the explosion, the duration of action, which coincides with the period of natural 
oscillations of the structural elements of the building [13-17]. The impact of the explosion also 
depends on the location of the explosion source in relation to the building. External and internal 
explosions are different. In this case, the external impact of a physical explosion is considered. 
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Fig. 1. Enclosure-boxes (block-boxes). 

Also, in some parts of Russia, there is a danger of seismic action. An earthquake is an 
unpredictable natural disaster that affects buildings by vibrating the earth's surface [18, 19]. 
In addition, in places where oil and gas fields are developed, subsidence of the earth's surface 
often occurs, which in turn can activate an earthquake in seismic regions. In this case, the 
impact on the supporting structures depends not only on the strength of the seismic effect, 
but also on the nature of the force effect of the soil on the structure. 

Due to the rather wide application of block-boxes [20, 21], it is often necessary to 
calculate them for special types of loads. The statistics of the number of accidents by their 
types at facilities in the oil and gas industry for 2003-2017 is represented on the Fig. 2. 

 

 
Fig. 2. Accident statistics at oil and gas production facilities [22]. 

Despite the fact that explosions and fires do not happen so often, they, nevertheless, 
occupy the third place among all possible accidents. Therefore, the installation of block-
boxes in the seismic parts of the country, close to the places where wells are drilled and the 
work with highly flammable liquids exists, doesn’t make it possible to ignore these loads. 

In this work a technological block (block-box) [23] is considered, where the main 
attention is paid to special loads, which have a great impact on the steel spread of a structure, 
sometimes significantly increasing its general weight and cost. The research results of the 
bearing capacity of block-box structures for each type of load, reinforcement options 
presented in different conditions and then a comparative analysis is carried out. 

The purpose of this article is to study the bearing capacity of block-boxes under special 
loads, to find the most effective ways of reinforcing and calculate the steel spread and the 
general weight of the structures. 

2 Methods 
The block-box is a structurally complete and spatially formed assembly unit made of steel profiles 
of different sections. Articles [24-27] consider the issues of calculation and design of load-bearing 
elements of block-boxes. As an example, a three-dimensional model was built and calculated by 
the finite element method in the LIRA-SAPR software package. The load summary on the 
structure was carried out in accordance with the construction code SP 20.13330. 

For the calculation, a block-box with dimensions of 8.5x3.3 m in plan and 3.0 m height 
was adopted. The columns are spaced with a step of 2.125 m apart in the longitudinal 
direction, and with a step of 3.3 m in the cross direction. The span of longitudinal beams is 
1.06 m. The bottom of the structure is made of longitudinal and cross elements (Fig. 3). 

 

 
Fig. 3. General view of the technological block-box: 1 – columns; 2 – longitudinal beams; 3 – cross 
elements of the bottom; 4 – longitudinal elements of the bottom. 

In this paper, 3 load cases are reviewed. The first one includes only the main combination 
(permanent and temporary loads without taking into account special loads). The second one 
includes the main combination and explosive impact. The third one includes the main 
combination and seismic action. 

2.1 1st load case 

The structure is loaded by dead load, the load from the equipment (3.75 kN/m2) and live load 
(2.4 kN/m2), the snow load (3.5 kN/m2) and the wind load (0.322 kN/m2). The load from 
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equipment and live load is applied to the cross structural members of the bottom, which are 
hinged supported along the perimeter. Snow load is also applied to the hinged supported roof 
cross members. The obtained cross-sections of the elements, which have been tested for the 
basic load combinations according to the first and second limit states (ultimate limit state – 
ULS and serviceability limit state – SLS) are shown in Fig. 4 and Table 1. Further these 
cross-sections of the elements were selected as the basis. Calculation results for the first limit 
state (ULS) for the basic load combinations are shown in Fig. 5. 

 

 
Fig. 4. Numbers of cross-sections of block-box elements. 

Table 1. 

Element № Profiletype Profile size Productmix 
1 Box of channels № 12 GOST 8240-97 
2 Box of channels № 12 GOST 8240-97 
3 Channel № 10 GOST 8240-97 
4 Box of channels № 6.5 GOST 8240-97 
5 Structural tubing 40×40×4 mm GOST 30245-2012 
6 Structural tubing 100×100×5 mm GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×50×5 mm GOST 30245-2012 

10 Structural tubing 100×40×5 mm GOST 30245-2012 
11 Structural tubing 100×100×4 mm GOST 30245-2012 

 

 
Fig. 5. Calculation results for the ULS (basic load combinations) for the 1st load case. 

The performed calculations showed that the adopted cross-sections satisfy the conditions 
of strength and stiffness. The load factor of the bearing capacity for the ULS is k1 = 70.4%, 
for the SLS is k2 = 95.5%. The general weight of the block-box structure for this loading 
option was 2160 kg or 77 kg/m2. 

2.2 2nd load case 

In this load case the influences of basic load and the special loads (blast wave – 5 kPa) are 
considered. The calculation of the explosion loads is carried out in accordance with par. 5.5 
[28]. Equivalent static loads from deflagration explosions gas-vapour mixtures, when 
calculating according to the ULS, are determined using dynamic factor (Fig. 6), where arrows 
show the direction of spreading of the blast wave. 
 

 
Fig. 6. Adopted dunamic factors. 

According to the Figure 6 most of the blast load is perceived by the face of the wall from 
the blast side. Therefore, the location of the building on the master plan in relation to the 
source of the explosion has a great importance. 

To compare different version there is an example of the calculation for the ULS of two 
identical block-boxes with the adopted cross-sections from the 1st loading option, with equal 
loads, but different front sides (Fig. 7, 8). 

 

 
Fig. 7. Calculation results for the blast wave acting from the short side of the block-box for the 2nd load case. 

The load factor of the bearing capacity for the ULS is k1 = 165%. 
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Fig. 8. Calculation results for the blast wave acting from the long side of the block-box for 
the 2nd load case. 

The load factor of the bearing capacity for the ULS was k1 = 465%. The calculation results 
differ by almost three times. The load factor of the bearing capacity in case of explosion on 
the short side is k1 = 165%, on the long side k1 = 465%. The difference is equal 281%. For 
this reason, it is recommended to locate such structures with the smaller side towards the 
source of the explosion. Moreover, when the larger side is located towards the source of the 
explosion, it is much more difficult to reinforce the structures of the block-box with vertical 
ties, due to the frequent placement of door or window openings in this place. 

Next, the options for reinforcement of the block-box, which perceives the explosive load 
from the short front side will be considered, since under this condition a greater stiffness of 
the structure is achieved and the metal consumption is significantly reduced. 

2.3 1st reinforcement version  

Reinforcement is implemented by increasing the cross-section of the elements. The resulting 
cross-section of the elements is shown in Fig. 9 and Table 2. The mosaic of the calculation 
results for the ULS is shown in Fig. 10. 
 

 
Fig. 9. 1st reinforcement version by increasing the cross-section of the elements. 

Table 2. 

Element № Profiletype Profile size Productmix 
1 Channel № 10 GOST 8240-97 
2 Box of channels № 6.5 GOST 8240-97 
3 Box of channels № 12 GOST 8240-97 
4 Box of channels № 16 GOST 8240-97 
5 Structural tubing 40×40×4 mm GOST 30245-2012 
6 Structural tubing 100×100×5 mm GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×100×4 mm GOST 30245-2012 
10 Structural tubing 100×100×5 mm GOST 30245-2012 
11 Structural tubing 100×40×5 mm GOST 30245-2012 
12 Structural tubing 100×100×8 mm GOST 30245-2012 
13 Structural tubing 100×60×6 mm GOST 30245-2012 
14 Structural tubing 120×120×7 mm GOST 30245-2012 

 

 
Fig. 10. Calculation results for the ULS for the 1st reinforcement version. 

The performed calculations showed that the adopted cross-sections satisfy the strength 
conditions. The load factor of the bearing capacity for the ULS is k1 = 97.8%. 

The general weight of the block-box structure for such reinforcement version is 2500 kg 
or 89 kg/m2. 

2.4 2nd reinforcement version 

In this scenario the reinforcement is implemented by installing vertical, horizontal ties and 
increasing the cross-section of the elements. The resulting cross-section of the elements is shown 
in Fig. 11 and Table 3. The mosaic of the calculation results for the ULS is shown in Fig. 12. 
 

 
Fig. 11. 2nd reinforcement version by installing vertical, horizontal ties. 
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Table 3. 

Element № Profile type Profile size Product mix 
1 Box of channels № 12 GOST 8240-97 
2 Box of channels № 12 GOST 8240-97 
3 Channel № 10 GOST 8240-97 
4 Box of channels № 6.5 GOST 8240-97 
5 Structural tubing 40×40×4 mm GOST 30245-2012 
6 Structural tubing 100×100×5 mm  GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×50×5 mm GOST 30245-2012 

10 Structural tubing 100×40×5 mm GOST 30245-2012 
11 Structural tubing 100×100×4 mm GOST 30245-2012 
12 Angle 50×50×5 mm GOST 8509-93 
13 Structural tubing 200×100×4 mm GOST 30245-2012 
14 Structural tubing 100×100×8 mm GOST 30245-2012 
15 Structural tubing 100×50×7 mm GOST 30245-2012 

  

 
Fig. 12. Calculation results for the ULS for the 2nd reinforcement version. 

The performed calculations showed that the adopted cross-sections satisfy the strength 
conditions. The load factor of the bearing capacity for the ULS is k1 = 99.1%. 

The general weight of the block-box structure for such reinforcement version is 2392 kg 
or 85 kg/ m2. 

2.5 3rd load case 

Now the influence of the basic and seismic loads is considered. The technological block-box 
is planned to be operated in a region with a seismic activity of 7 points. The parameters of 
the calculation for seismic impact are presented in Fig. 13. 
 

 
Fig. 13. Parameters of the calculation for seismic impact. 

Coefficients К0, К1, Кpsi are taken according to tables 3, 5, 6 from the standard SP 
14.13330. К0 is taken equal to 1.5, since the technological block-box is a structure with a 
higher level of responsibility. Damage or inelastic deformation should not be allowed in the 
block-box, as this can harm the equipment inside the box, therefore К1 = 1. The coefficient 
which takes into account the ability of the building to dissipate energy is Кpsi = 1.  

The mass of the block-box structure for seismic load is collected from its dead load, 
equipment and snow loads.  

A mosaic of the calculation results for the ULS from the basic and seismic loads is shown 
in Fig. 14. 

 

 
Fig. 14. Calculation results for the ULSfrom the basic and seismic loads for the 3rd load case. 

The load factor for the ULS was k1 = 163%. 

2.6 1st reinforcement version 

Reinforcement is implemented by increasing the cross-section of the elements. The resulting 
cross-section of the elements is shown in Fig. 15 and Table 4. The mosaic of the calculation 
results for the ULS is shown in Fig. 16. 
 

 
Fig. 15. 1st reinforcement version by increasing the cross-section of the elements the 3rd load case. 

 
Fig. 16. Calculation results for the ULS for the 3rd load case,1st reinforcement version. 
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Table 4. 

Element № Profiletype Profile size Productmix 
1 Box of channels № 16 GOST 8240-97 
2 Box of channels № 12 GOST 8240-97 
3 Channel № 10 GOST 8240-97 
4 Box of channels № 6.5 GOST 8240-97 
5 Structural tubing 40×40×4 mm GOST 30245-2012 
6 Structural tubing 100×100×6 mm GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×60×6 mm GOST 30245-2012 
10 Structural tubing 100×40×5 mm GOST 30245-2012 
11 Structural tubing 100×100×4 mm GOST 30245-2012 
12 Structural tubing 120×120×8 mm GOST 30245-2012 
13 Structural tubing 100×100×7 mm GOST 30245-2012 
14 Structural tubing 100×100×8 mm GOST 30245-2012 

 
So, the performed calculations showed that the adopted cross-sections satisfy the strength 

conditions. The load factor of the bearing capacity for the ULS is k1 = 99.9%. 
The general weight of the block-box structure for such reinforcement version is 2610 kg 

or 93kg/ m2. 

2.7 2nd reinforcement version 

In this version the reinforcement is implemented by installing vertical, horizontal ties and 
increasing the cross-section of the elements. The resulting cross-section of the elements is shown 
in Fig. 17 and Table 5. The mosaic of the calculation results for the ULS is shown in Fig. 18.  

 

 
Fig. 17. 2nd reinforcement version by installing vertical, horizontal ties and increasing the cross-section 
of the elements for the 3rd load case. 

 
Fig. 18. Calculation results for the ULS for the 3rd load case, 1st reinforcement version. 

Table 5. 

Element № Profiletype Profile size Productmix 
1 Box of channels № 16 GOST 8240-97 
2 Box of channels № 12 GOST 8240-97 
3 Channel № 10 GOST 8240-97 
4 Box of channels № 6.5 GOST 8240-97 
5 Structural tubing 40×40×4 mm GOST 30245-2012 
6 Structural tubing 100×100×5 mm GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×50×5 mm GOST 30245-2012 
10 Structural tubing 100×40×5 mm GOST 30245-2012 
11 Structural tubing 100×100×4 mm GOST 30245-2012 
12 Angle 50×50×5 mm GOST 30245-2012 
13 Structural tubing 120×120×6 mm GOST 30245-2012 

 
The performed calculations showed that the adopted cross-sections satisfy the strength 

conditions. The load factor of the bearing capacity for the ULS is k1 = 98%. 
The general weight of the block-box structure for such reinforcement version is 2515 kg 

or 90 kg/m2. 

3 Results and discussion 
The results obtained for all load cases and reinforcement versions are represented in Table 6 
and fig. 19, 20. 

Table 6. 

№ of 
case 

Characteristics 
 

Load/ 
reinforcement 

Load factor of the 
bearing capacity 
for the ULS, % 

General 
weight, kg 

Steel spread, 
kg/m2 

1 1st load case 70.4 2160.0 77.0 
2 2nd load case 1streinf 97.8 2500.0 89.0 
3 2ndreinf 99.1 2392.0 85.0 
4 3rd load case 1streinf 99.9 2610.0 93.0 
5 2ndreinf 98.0 2515.0 90.0 
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Table 4. 

Element № Profiletype Profile size Productmix 
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6 Structural tubing 100×100×6 mm GOST 30245-2012 
7 Structural tubing 100×100×5 mm GOST 30245-2012 
8 Structural tubing 100×100×5 mm GOST 30245-2012 
9 Structural tubing 100×60×6 mm GOST 30245-2012 
10 Structural tubing 100×40×5 mm GOST 30245-2012 
11 Structural tubing 100×100×4 mm GOST 30245-2012 
12 Structural tubing 120×120×8 mm GOST 30245-2012 
13 Structural tubing 100×100×7 mm GOST 30245-2012 
14 Structural tubing 100×100×8 mm GOST 30245-2012 
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The general weight of the block-box structure for such reinforcement version is 2610 kg 

or 93kg/ m2. 

2.7 2nd reinforcement version 

In this version the reinforcement is implemented by installing vertical, horizontal ties and 
increasing the cross-section of the elements. The resulting cross-section of the elements is shown 
in Fig. 17 and Table 5. The mosaic of the calculation results for the ULS is shown in Fig. 18.  

 

 
Fig. 17. 2nd reinforcement version by installing vertical, horizontal ties and increasing the cross-section 
of the elements for the 3rd load case. 

 
Fig. 18. Calculation results for the ULS for the 3rd load case, 1st reinforcement version. 
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Fig. 20. Steel spread diagram. 

The most effective case of reinforcing is increasing the cross-section of the elements and 
using bracing system. The difference in reinforcement, in terms of steel spread, was 3-4 
kg/m2. The difference in reinforcements, in terms of the general weight of the structure, was 
108 kg and 95 kg. 

4 Conclusions 
1. According to the results of calculations for the 1st load version the general weight of the 
structure was 2157 kg (77 kg/m2). In this case, the load factors of the bearing capacity of the 
structure were: for the ULS k1=70.4%, for the SLS k2=95.5%. 

2. It was found that the orientation of the block-box along the short or long side with respect to 
the direction of the explosion wave is essential. The difference is equal 281%. It is recommended to 
install block-box structures in the direction of the explosion with the short front side. 

3. According to the results of calculations for the 2nd load version the general weight of 
the structure was 2392 kg (85 kg/m2). Reinforcement by installing a bracing system and 
increasing the cross-section was found to be more effective by 4.5%. At the same time, the 
load factor of the bearing capacity for the ULS was k1=99.1%. 

4. According to the results of calculations for the 3rd load version the general weight of 
the structure was 2515 kg (90 kg/m2). Reinforcement by installing a bracing system and 
increasing the cross-section was found to be more effective by 3.7%. At the same time, the 
load factor of the bearing capacity for the ULS was k1=98%. 
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Fig. 20. Steel spread diagram. 
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