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High-rise buildings are sensitive to progressive collapse – when the local destruction leads to the 
collapse of the entire building or disproportionately large part of it. Current Ukrainian norms are 
requiring the vitality of high-rise buildings under the action of unidentified factors and, since 2017, - 
under the action of fire, which is considered in this article. 

Key words: high-rise buildings, progressive collapse, threat, vitality, column, fire, steel 
structures. 

 
Actuality. The safety issue today is very relevant in various spheres of human 

life, including the sphere of exploitation of building structures. The development of 
society from the second half of the XX century has led to the creation of technical 
and organizational-technical systems in a global scale that provides activity in the 
political, economic, military, environmental and other areas. 

The development of such systems increases their sensitivity to external 
actions as spontaneous - earthquakes, floods, solar activity, weather disasters, 
man-made disasters, and purposeful nature - hostilities, terrorism, etc. 

Recently, the issue of the stability of high-rise buildings (with the height 73.5 
m and higher) [1] to the so-called “progressive collapse” - the proliferation of 
local destruction, which leads to the collapse of the entire building or 
disproportionately large part of it. 

Analysis of recent research and publications.In national norms [1], [2] 
there are noformalized methods of calculating buildings for vitality, there are 
only basic recommendations. In [1] it is recommended to calculate vitality with 
the simulation of a local destruction by removing one first floor column from the 
calculation scheme. However, in the simulation of local destruction in this way 
does not take into account the factor that causes the removal of the column from 
work and extraction parameters. 

In [2] is a list of events that should be taken into account in a vitality 
calculation. The method for calculating vitality with a specific threat in national 
norms is not given. USA normative documents such as UFC 4-023-03 [9] set out 
the main provisions for the calculation of progressive collapse and methods of 
protection against it, as well as features and examples separately for metal, 
reinforced concrete, stone, wood, cold-rolled steel constructions. A European norm 
[3] providesmethods for calculating the vitality due to impact and internal 
explosion. In the review of selected normative documents, methods or 
recommendations regarding the calculation of vitality during the fire were not 
detected. 
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In scientific works [10-12]studiedmodern methods of progressive collapse 
simulation of building and structures and methods of analysis of steel frames 
high-rise buildings at single vitality. 

A large number of scientific studies [13-19] is devoted to the research of the 
progressive collapse of steel frame in the removal of the first-floor column from 
the design scheme of the building. Also, in a many studies [21, 22] attention was 
paid to the work of the beam-to-column connection at the removal of the 
columns from the design scheme and the effect of the work of the connection on 
the progressive collapse of the floor plate. This doesn’t take into account the 
factor that caused the local destruction of the column. In studies [20] the removal 
of a column is presented as a consequence of an explosion. But this approach 
doesn’t take into account the process of removing the column from the work of 
the calculation scheme. 

Studies [23-27] consider fire as a specific factor that can lead to the 
progressive collapse of a steel frame and simulating the effect of a fire on frame 
elements. However, the real mode of fire and then the cooling stage, which 
depend on the parameters of the fire compartment, and therefore the planning 
decisions of the building, as well as the fire protection of steel structures, are not 
taken into account. Also, there aren’t ways to prevent progressive collapse or 
prevent local destruction. 

In studies [28] it is proved that in the event of a fire, the beam is more 
exposed than the column, which is still working in the calculation scheme. From 
this it follows that by removing the first-floor column it is impossible to simulate 
local destruction as a result of a fire. 

The scientific work[29] is devoted tobuckling of the flat form of bending of 
I-beams.The influence of heating and temperature loads on structural elements is 
given in publications [30-32].  

Unsolved part of the problem. If the impact from a motor vehicle or an 
explosion can be simulated by removing the first-floor column, then the issue of 
simulating the effects of a fire with taking into account the real fire curves and 
fire proofing of steel structures is open to examination. 

Tasks of the research. In this study the main task is to modeling the effect of 
a fire as a specific threat, and determining the possibility of designing a steel 
frame of a high-rise building in order to avoid the local destruction of elements 
of the design scheme. 

Main material. As the initial model, the steel rigid frame of a high-rise 
building with a height of 75,6 m (18 floors) and 45x45m in size with a central core 
of rigidity in the plan of 15x15m, a 7,5m column in both directions, was adopted 
(Fig. 1). The structure of the building is designed in accordance with the building 
codes and regulatory loads. Steel for the bearing structures adopted S345. 

Six expertly most likely and worst scenarios for the emergence and spread of 
fires in the building on the ground floor were considered in the plan (Fig. 2). 

It was simplified that the plans on all floors are identical. The fire scenarios 
were expertly reviewed on the 1st, 4th, 7th, 11th, 15th floors (on each floor were 
modeledall 6 scenarios). 

For each scenario, the parametric fire temperature-to-time ratios were 
determined according to Eurocode 1 [4]. Fire resistance of unprotected steel 
structures was determined according to Eurocode 3 [5]. At critical temperatures 
and fire protection of steel structures was designed in accordance with the Guide 
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to EN 1993-1-2 [6], providing the fire resistance R180 [1] (as EN 1993-1-2:2005 
[5] regulates a differentiated approach - taking into account the fire resistance of 
unprotected steel structures at projection of fire protection). The chosen fire-
protection means - cement-vermiculite plates. 

 

     
            (а)                                          (b)                                              (c) 

Fig. 1. General view of the calculation model: 
(a) the plan of the building; (b) cross-section; (c) 3D view 

  

 
                                                          (а)                                                                (b) 

Fig. 2. Scenariosfortheemergenceandspreadofthefire: 
(a) –within the floor, (b) –within a height of the building 

 
The simulation of the fire effect on steel frame structures was carried out 

using the temperature loads, the values of which were equal to the steel 
temperatures of the protected steel structures, which were determined according 
to Eurocode 3 [5] for each scenario. After determining the values of temperature 
loads for each fire scenario, it was found that the strength characteristics of steel 
in the structural elements exposed to the fire are almost unchanged (with a 
maximum temperature load of 120,4 °C the value of the proportional limit is 
reduced by 3,9% and the value of the slope of the linear elastic range by 2%) 
when providing fireproof materials with a fire resistance limit R180. 

Emergency loading is assumed to be dead and live with the value of load 
reliability factors equal to units [7], and the responsibility reliabilityfactor 
Kfi=1,05, which corresponds to the CC3 consequences class in the emergency 
calculation situation when verifying the elements for theultimatelimit state [7]. 
Factor of combination of loads are accepted as for an emergency calculation 
situation [7]. Emergency load in this case is the temperature load. 

After calculating the effect of the fire, it was found that for any scenario, the 
strength of all structural elements of the framework is not ensured. It was 
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decided to check the possibility of designing the framein such way as to prevent 
local destruction in the calculation, and in a case of the absence of such 
possibility - to analyze the local destruction and allow it to be calculated. 

The first strategy of vitality was chosen to increase the areas of the frame 
elements cross-sections. Allsections and stresses determination was completed 
using SAP 2000.20. The calculation of steel structures wascompleted according 
to EN 1993-1-1:2005 [8]. 

As a result of the calculation, the weight of steel beams increased by 83.1% 
after the increase of cross sections areas, which is explained by the appearance of 
longitudinal forces in the beams, whose values reach - 3100kN.The weight of the 
steel columns has not increased. Total mass of steel frame increased by 49,2%. 

In order to reduce the weight of the frame, two more strategies were considered. 
The second strategy for providing vitality was to ensure the composite work 

of steel beams with ain-situ reinforced concrete slab on a profiled metal sheet, 
using stud-bolts. The weight of the steel columns has not increased. But the 
weight of steel beams increased by 129,4%, which is explained by the 
appearance of significant longitudinal forces in the beams, the values of which 
reach - 10225kN, which is much more than without the composite work of 
beams with a reinforced concrete slab. The total mass of the steel frame 
increased by 76,7%, which is more than with the increase of cross-sections. 

The third strategy for providing vitality was to increase the thickness of the 
fireproof material in beams by 3 mm in order to reduce the weight of the frame 
compared to the variant with the increase in cross-section areas. At the same time, the 
weight of steel beams increased by 71,7%, which is 11,3% less than with the strategy 
of increasing cross-sections. The weight of the steel columns has not increased. The 
total weight of the steel frame was increased by 42,6%, which is 6,6% less than in the 
strategy with increasing cross sections, and by 34,1% less than in the strategy to 
ensure the composite work of steel beams with reinforced concrete slab.The 
economic costs of the considered strategies were compared in a Tab. 1. 

Conclusions. The most economical strategy for providing vitality of a frame under 
action of fire is an increase in the thickness of the fireproof material in the beams.  

Fire protection, which provides the fire resistance R180 in steel constructions 
of high-rise buildings, minimizes the temperature load and allowscalculating the 
frame of the building taking into account the fire. It was concluded that the steel 
frame of a high-rise building could be designed in such a way as to prevent the 
local destruction of elements of the design scheme due to the fire. 

Table 1 
Comparison of strategies for providing vitality of a frame under action of fire 

Extracash expense, mil. eur.* Strat
egy 
№ 

Measures 
Increasing the 

metal 
consumption, % 

The cost 
of metal 

Сosts or fire 
protection Of all 

1 Increasing cross sections 49,2 1,78 - 1,78 
2 Ensuring the joint work of 

steel beams with a 
reinforced concrete slab 

76,7 2,78 - 2,78 

3 Increasing the thickness of 
the fireproof material in 
beams by 3 mm 

42,9 1,54 0,036 1,576 

* prices are provided by commercial mid-market experts for the city of Kyiv/7-2018 
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The best strategy for providing vitality under action of fire in this study was 
recognized increase in the thickness of fire protection. It was concluded that 
when calculating steel frames for vitality under action of fire, it is necessary to 
consider not only constructive measures, but also fire prevention measures. 
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Дауров М.К., Білик А.С. 
ЗАБЕЗПЕЧЕННЯ ЖИВУЧОСТІ СТАЛЕВИХ КАРКАСІВ ВИСОТНИХ БУДІВЕЛЬ ПРИ 
ДІЇ ПОЖЕЖІ 

Висотні будівлі чутливі до прогресуючого руйнування – поширення локального 
руйнування, що призводить руйнування всієї будівлі або непропорційно великої її частини.  
Чинні вітчизняні норми вимагають забезпечення живучості для висотних будівель при дії 
невстановлених факторів і, віднедавна, - при дії пожежі, що розглядається в даній статті. 

В даній статті змодельовано вплив пожежі як конкретного фактору, що може спричинити 
прогресуюче руйнування, на елементи сталевого каркасу висотної будівлі. Було розглянуто 
різні сценарії виникнення пожежі на різних поверхах та в різних протипожежних відсіках на 
поверсі. При моделюванні було враховано: вогнезахист сталевих конструкцій та параметричні 
температурно-часові залежності для різних протипожежних відсіків. Дію пожежі було 
змодельовано через температурні навантаження, виконано перевірку міцності перерізів 
сталевого каркасу. Після розрахунку було визначено характер змін міцнісних характеристик 
сталі при пожежі і проаналізовано зміну внутрішніх зусиль в елементах каркасу.Перевірена 



ISSN 2410-2547  
Опір матеріалів і теорія споруд/Strength of Materials and Theory of Structures. 2019. № 102 

 

 

68

можливість та доцільність запроектувати сталевий каркас висотної будівлі таким чином, щоб 
не допускати локальне руйнування при дії пожежі. Було розглянуто три стратегії забезпечення 
опору елементів сталевого каркасу дії пожежі. Такими стратегіями були: збільшення перерізів 
елементів сталевого каркасу, забезпечення сумісної роботи сталевих балок із залізобетонною 
плитою перекриття та збільшення товщини вогнезахисного матеріалу в балках. Дані стратегії 
були порівняні з точки зору металоємності та економічних витрат і визначена найбільш 
економічна стратегія. Для найбільш економічної стратегії було виконано розрахунок із 
урахуванням фізичної та геометричної нелінійності.  

Ключові слова: висотні будівлі, прогресуюче руйнування, загроза, живучість, колона, 
пожежа.  

 
Дауров М.К., Билык А.С. 
ОБЕСПЕЧЕНИЕ ЖИВУЧЕСТИ СТАЛЬНЫХ КАРКАСОВ ВЫСОТНЫХ ЗДАНИЙ ПРИ 
ВОЗДЕЙСТВИИ ПОЖАРА 

Высотные здания чуствительны к прогрессирующему разрушению – распространение 
локального разрушения, которое приводит к разрушению всего здания или 
непропорционально большой его части. Отечественные нормы требуют обеспечения 
живучести для высотных зданий при действии неустановленных факторов и, с 2017 года, - при 
воздействии пожара, что рассматривается в статье. 

Ключевые слова: высотные здания, прогрессирующее разрушение, угроза, живучесть, 
колонна, пожар. 
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The issue of simulating the effects of a fire on elements of a steel frame and providing of the 
vitality of steel frames of high-rise buildings under action of fire is being studied. 
Fig. 5.Ref. 32 
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