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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,
load-bearing elements

PACUET ABAPUMHOM CUTYAIIUU KOHCTPYKIIUN
MPON3BOJICTBEHHOI'O 3JAHUS

B.U. Tenuuenxo', B.U. Pumwun ', E.C. Keuyxo *

' HanmonanbHeIi uccienoBaTebekuii MOCKOBCKHI rOCYIapCTBEHHBII CTPOMTENBHBIN YHUBEPCHTETY, T. Mocksa, POCCUS
2 HayuHO-HCCIIeI0BATENBCKHIT MHCTUTYT CTPOUTENRHON (GH3UKH PoccHiicKol akaleMHuH apXUTEKTYPhI i CTPOUTEIBHBIX
HaykK, T. MockBa, POCCHUA

AHHOTauusi: PacuéT Ha aBapuiiHbIE CUTYAITUH JIJISI KOHCTPYKITHH MPOU3BOICTBEHHBIX 3[aHHUM SBIISETCS BAKHBIM
3JIEMEHTOM 00ECIIEUEHUsI X Ha/Ie)KHOCTH 1 0€301aCHOCTH B YCIOBUSX, CIIOCOOCTBYIOUINX BO3ZHUKHOBEHHUIO 3HA-
YHUTENIBHBIX MOCIEACTBUH COLMAIBLHOTO0, KOJIOIMYECKOT0 U SKOHOMHUYECKOT0 XapaKkTepa. DTOT pacuéT sIBIAETCS
00s13aTeNBbHBIM U151 00BEKTOB MOBBIIICHHOTO YPOBHSI OTBETCTBEHHOCTH, @ MMeHHO Kitacca KC-3, 1 MoxeT ObITh
NpOBeZIeH Ha J00pPOBOJIBHOW OCHOBE JiIst 00bekToB Kiacca KC-2, rie mpenmonaraercs MaccoBoe MpeObIBaHUE
mojei. B cratbe npuBeéH pacuéT KOHCTPYKIMI TPOU3BOJCTBEHHOIO 3/JaHUs MOBBIILIEHHOT'O YPOBHS OTBETCTBEH-
HOCTH M TIPOAHaJIM3UPOBaHbI €ro pe3ysbTarhl. Pacuér Obu1 BioiHeH cornacHo myHkty 5.1 CIT 56.13330.2011
«IIpoun3BoACTBEHHBIE 3/1aHUSD» HA YCTOWYHMBOCTD K MPOrpECCUpYIONIeMy OOPYIICHUIO B pe3ysbTaTe aBapuilHOM
curyad. Ha ocHOBaHMM NEpBHYHONM pacyETHON MOZEIM BBIIOJIHEHA BTOPHYHAs Mojeib. [IpoaHann3npoBas
00bEMHO—TUIAHUPOBOYHBIE M KOHCTPYKTHBHBIE PELICHHS TaHHOTO 3/[aHus, ObLT BEIOpAH aBapuHHBIN CIydail BbI-
XO071a U3 CTPOsI cpeHel HecyIel KoJIoHHbI Kapkaca 1o ocu 18/H. [To pe3ynbraTaM BBIOTHEHHBIX pacdéTOB yCTa-
HOBJIEHO, YTO TpeOyeMoe apMUPOBaHNE OATOK U TUTUTHI IIOKPBITHSL, TOJTYYEHHOE B pE3y/IbTaTe pacuéTa BTOPUIHON
MO/JIEITH HE MIPEBBIIIAET MOTYYEHHOTO B pe3yibTaTe pacyéra NepBUYHON Mojenu. Takke Mo pe3yabTaTaM BBIIOJ-
HEHHOTO pacyéTra BTOPUYHON MOJIENHN 31aHHUs 030HO—COPOIIMOHHOTO OJI0Ka (OTIeNeHre OBICTPBIX (QIIBTPOB) HA
aBapUIHYIO CUTYyalrio ObLIO OMpPEeNeHO, YTO MPU BOSHUKHOBECHUH TAKOH CHUTYAIlMH — BBIKJIIOYCHUH OJHOM U3
KOJIOHH U3 pa6OTBI — OCTAJIbHBIC HECYIIHE 3JICMCHTBI COOPYXXCHHA BOCIIPUHUMAIOT Ha cebst JOIOJIHUTEJIIbHBIC YCHU-
JIUsl, HE TePsisl PU OTOM MPOYHOCTh U YyCTOHYMBOCTD, TO €CTh YCTOMUMBOCTH K TIPOTPECCUPYIONIEMY 0OPYIIIEHUIO
coopykeHus OyzeT obecrieueHa.
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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 foundationsy». 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:

e A model describing possible emergency sce-
narios creation. For each scenario, external and
internal impacts combinations are taken into ac-
count.

e The load-bearing elements determination, the
failure of which can lead to the progressive col-
lapse of the entire system.

o The possible failures and their impact on the
overall structure stability research.

e The correlation analysis between the structure
elements. Possible sequential reactions that occur
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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 Structuresy, 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.
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Figure 2. The roof slab vertical displace-
ments isofields (fragment)
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Figure 3. Longitudinal forces N in the frame
supporting elements after an emergency situa-
tion (fragment)
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Figure 4. Maximum forces My in the frame sup-
porting elements after an emergency situation
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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 9. Required reinforcement in columns
(fragment)

& pasirer

Figure 6. Required reinforcement in beams
40x80 mm (fragment)

[15.27

Figure 7. Required reinforcement in beams
40x80 mm (diagram)

Figure 8. Required reinforcement in beams
40x80 mm (fragment)

The authors proposed a reinforcement variant for
the considered column KmK?74, shown in Figure
10. The KmK74column specification and the
steel specifications are given in Tables 1 and 2,
respectively.
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Figure 10. Column reinforcement option

Table 1. The column specification KmK74

Weight,

Positio Name Quantity ke Notes

n

Specifications

1 032 A500 4 292

1=4630 mm

08 A240
2 1=1540 mm ? 0.6

Materials

Concrete class 0.6
B25 m?
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Table 2. Steel consumption statement

Reinforcement products
Reinforcement class

. A240 A500
Unit Total,
GOS£25781- GOST 5781-82 kg
08 Total 932 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.

T T —

Figure 11. Forces in the roof slab Mx
(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.
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Figure 12. Forces in the roof slab M,
(fragment)

slab. Lower along the X axis (fragment)
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== & _ 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 cm?) does not ex-
= ceed that obtained as a primary model calculation
== — N result (28.2 cm?).
=== , e e " The required beams and roof slabs reinforcement
e e S R0 obtained as a result of calculating the secondary
= SR = model does not exceed that obtained as a result
S S of calculating the primary model.
Vg =0 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-
e ) ® o lapse is ensured based on the calculation results
: G S of the ozone-sorption block building secondary
s _ model in axes 4-19 m/o K-R (fast filter section)
e 2 for an emergency situation.

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