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In the course of fire steel parameters are subjected to degradation due to 
high temperature action, it leads to load-carrying capacity decrement of 
distinct structural elements.   
 
Such a situation may lead to failure or structural collapse.  
 
In the case of fire life protection is an absolutely primary concern. 
 
In structural design it is necessary to assure a relevant fire protection class, 
in order to assure an appropriately long escape time for humans.  
 
The next vital issue is assuring a post-fire ability of a structure to function, 
introducing a maximum limitation of necessary repair works.  
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Steel structures subjected to fire are bound to rapidly collapse.   
A catastrophic case concerns the steel hall in Lubań, Polish Upper Silesia  
In July 2012 the hall was demolished in only 17 minutes 
 

 
 

View of a portal frame column subjected to fire [51] 
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Fire events of the Łazienkowski Bridge in Warsaw, February 2015  
 

 
 
A displaced bearing on the edge support of Łazienkowski Bridge 
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Fire at the Gdańsk Shipyard Hall, November 1994  
(Fakt24.pl, 2015-11-24) the author: Alina Żakowska 

 
On 24th of November, 1994 in the Gdańsk Shipyard Hall an event was 
planned. The first act to play was Golden Life, the rock band from Gdańsk, 
next, a live transmossion from Berlin MTV Music Awards was about to 
come. An hour after the Golden Life show a fire burst in.  
Seven people were killed, an approx. number of 300 injured. 
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When the fire burst in the audience sector the spectators ran towards the exit 
in panic.  
The terrified crowd of approx. 800 persons was blocked in the main exit, due 
to its partial clearance only because of the steel bar grid, constraining the 
passage.  
The most devastating factor was a sudden fire blast, which exploded when the 
firefighters opened the windows.    
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Conclusion. In steel structure design it is necessary to provide an appropriate 
fire resistance class, assuring a sufficient structural load-carrying capacity in 
order to evacuate the people safely and extinguish the fire before the event of 
structural damage threatening human life 
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The joint action of two fields: fire analysis and reliability assessment 

The most challenging issue here is working a relevant probabilistic model 
valid in fire conditions 
 
Uncertainty origin (three sources): 
• fire description – room geometry, the amount and layout of flammable 

materials, the temperature of exhaust gases  
• thermal response of a structure  (material properties, boundary conditions, 

structural temperature)  
• mechanical response of a structure  
 
Assuming a proper reliability index is a key issue here.  
The majority of steel structures is assumed  β = 3,8, while a 50-year structural 
operation is taken into account. 
  
While fire conditions are addressed the proposed reliability indices take the 
range 2,5-3,5. 
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Assumptions linked with heat issues:  
• analysis of a developed fire phase, showcasing fire gas temperature in an 

entire room;  
• fire effects reflected by the so-called standard curve 
• fire gases acting on every wall of a section;  
• uniform temperature distribution in a section; 
• regarding thermal and mechanical paramter variation of the material (steel) 

due to fire, 
• thermal parameter variation of insulating materials neglected . 
 
Assumptions linked with mechanical issues: 
• geometric linearity; 
• structures prevented from stability loss; 
• the stress-strain curve in fire conditions sepcified by Eurocode [147]; 
• rheological impact is neglected 
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The assumption in reliability analysis: 
• the temperature of steel elements and exhaust gases is considered 

deterministic  
• the only random basic variables are cross-sectional characteristics, 

mechanical parameters of a material and load effects to actions,  
• uncorrelated, Gaussian random variables are regarded only 
 
Each civil engineering structure (or element) is assigned the time of its proper  
function (service)  while exposed to fire, not losing its functional features.  
 
This feature is a fire resistance, classified by three following criteria [15]: 
• load-carrying capacity  R – resistance of a load-carrying element to 

actions; 
• insulation capability I – the ability of a separating element subjected to 

one-side fire to limit the temperature growth on the adjacent surfaces   
• tightness E  –  the ability of a separating element subjected to one-side fire 

to limit the crack creation and spreading hot gases  into adjacent rooms 
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Specific heat – the heat amount required for a unit temperature rise of the unit 
mass of a given body 

 
Fig. 2.1. Variation of specific heat due to temperature rise specific heat 

temperature of steel elements 
The Eurocode curve is distinct, with regard to other curves, by means of a 
high specific heat peak in temperatures close to 735oC, due to alotropic 
transformation of iron. 
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Heat conductivity – a material ability to conduct heat – identical conditions 
make a higher heat flow in  a material of a higher heat conductivity  

 
Fig. 2.2. Variation of heat conductivity due to temperature rise heat 

conductivity temperature of steel elements 
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Yield stress  – the stress limiting value transforming material into a plastic phase 

 

Fig. 2.3. Variation of yield stress due to temperature rise yield stress temperature of 
steel elements 
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Tab. 2.5. Reduction coefficients of yield stress and elasticity modulus 
Reduction coefficients in temperature αθ  with respect to yf  or Y in 20 oC  

Reduction coefficient of effective yield stress (with regard to yf )  
Reduction coefficient of linear elasticity modulus (with regard to Y) 
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Variation of elasticity modulus caused by temperature rise 
 

 
 

Fig. 2.4. Variation of elasticity modulus due to temperature rise elasticity 
modulus temperature of steel elements 
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Coefficient of thermal expansion 
 

 
Fig. 2.5. Variation of the coefficient of thermal expansion due to temperature 

increment temperature of steel elements coefficient of thermal expansion 
temperature of steel elements 
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The stress-strain relation of steel at elevated temperatures  
 

 
 

Fig. 2.6. The stress-strain relation of carbon steel  
in elevated temperature range 
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The diagrams with regard to S235 steel at various temperatures 
 

 
Fig. 2.9. Distinction of fire protection means 
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the means of fire protection  active - sensors and alarms – sprinklers - fire-
retarding systems - smoke and heat discharging systems passive active-type, 
e.g. expanding coatings passive-type, e.g. spray-on layers, plate tiles  
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The methods of fire analysis 
five phases may be distinguished in the fire course  

 
Fig. 2.10 Fire phases ignition flashover growth developed fire decay (cooling) 
 
Structural design in an extraordinary case, based on thermal reaction analysis 
upon a standard fire   
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The rise of fir gas temperature gθ  makes the temperature of steel element aθ  
rise, its resistance N decreases.  

 
The fire-oriented design specifies one out of the following two conditions 
fulfilled in a specified tfi,req time: 

cr aθ θ≥  – check in temperature domain, 
cr aθ θ≥  –  check in resistance domain. 



   

 J. Górski, M. Skowronek   •   Gdansk University of Technology  •  Reliability Based Optimization •  Fire – Truss Structure 
2 

Fire diagrams (curves) 

 

Fig. 2.12. Nominal temperature-time fire diagrams 
 

standard curve, hydrocarbon curve, external fire curve,  
the curve of „slow heating” 
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Design (dimensioning) of truss structural elements due to fire conditions. 

Elements at tension 

Design resistance of an element at tension, of a uniform temperature is stated 
by the formula  

, , , ,0 ,[ / ]
afi Rd y Rd M M fiN k Nθ θ γ γ=   (2.55) 

where  
RdN  – design cross-sectional resistance, equal ,pl RdN   in standard temperature, 

, ayk θ  - reduction factor for yield stress in an element temperature θ  produced 
by fire fit , according to table 2.5 

,0Mγ - partial factor applied in the cross-sectional resistance check 

,M fiγ - partial factor concerning material parameters in fire situation 
The factors ,0Mγ  and ,M fiγ  are equal to 1.0. 
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Elements at compression 

The elements at compression of 1, 2 or 3 cross-sectional classes and uniform 
element temperature aθ  show the design buckling resistance in fire duration 

fit  stated by the formula 

, , , ,/
afi Rd fi y y M fiN Ak fθ θχ γ=   (2.56) 

,M fiγ  - partial factor concerning material parameters in fire situation 

, ayk θ  - reduction factor for yield stress in an element temperature produced by 
fire, according to table 2.5 
A - cross-sectional area  

yf  - yield stress  

,M fiγ  - flexural buckling factor in a design fire situation, according to the 
formula 

2 2

1

a a a

fi

θ θ θ

χ
ϕ ϕ λ

=
+ −

  (2.57) 
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while  
- relative slenderness in a basic design situation 
- reduction factor for yield stress and linear elasticity modulus, respectively, 
for steel in a temperature equal  according to the Tab. 2.5. 
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FIRE-ORIENTED STRUCTURAL DESIGN REGARDING 
PROBABILISTIC METHODS 
Failure probability is a measure of structural safety (pf).  
It is inconvenient to deal with failure probability directly, so reliability index 
is often incorporated instead (β).  
The transformation between two measures is made possible by the use of 
standard Gauusian CDF, the so-called Laplace function (Φ): 

1( )fpβ −= −Φ  (2.61) 

( )fp β= −Φ −  (2.62) 

 
Tab. 2.12 Minimum reliability indices 

reliability classes minimum beta values 
reference period – 1 year reference period – 50 years 
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Tab. 3.1. Relation between failure probability and reliability index 

 
Failure probability of a structue in fire conditions is defined as follows 

( )fp P E N= ≥   (2.63) 

where E – load effect,  
N – resistance (load-carrying capacity) 

( )fp P E N= ≥   (2.63) 

In the case of fire the probability expressed by (2.63) is usually considered 
conditional probability, the condition here is a fire event.  
Thus (2.63) may be presented in a form: 

( ) ( ) ( )/      /  f P failure fire P fire failure Pp fire== ∩   (2.64) 

The probability P(fire) is expressed by 

( ) ( )_= ignition extinguishing ignition occupants sprinklers fire brigade
f f f fP fire p p p p p p=   (2.65) 
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The real probabilities should be estimated experimentally, but for the sake of 
this work they were assessed: 

occupants
fp  = 0.40     and    sprinklers

fp  = 0.02,     _fire brigade
fp  = 0.10.  

The ignition probability is usually referred to a specified time period, 
regarding a single year it may be stated 6

1 10 10ignition
yearp −= ⋅   

Considering the fire-covered area equal Af = 40 m2, ignition probability 
referred to the 50-year period equals  

6
50 10 10 50 40 0.02ignition

yearsp −= ⋅ ⋅ ⋅ =   (2.66) 

This assumption leads to ( )P fire , according to (2.65) equal:  
in the presence of sprinkle installation,  

5( ) 0.02 0.4 0.02 0.1 1.6 10P fire −= ⋅ ⋅ ⋅ = ⋅   (2.67) 

in the absence of sprinkle installation 
4( ) 0.02 0.4 1.0 0.1 8 10P fire −= ⋅ ⋅ ⋅ = ⋅   (2.68) 

 



   

 J. Górski, M. Skowronek   •   Gdansk University of Technology  •  Reliability Based Optimization •  Fire – Truss Structure 
3 

Assuming the probability ( )  P fire failure∩  equal its maximum allowable 
value, i.e. 

( ) 5
,  7.23 10f ultP fire failure p −∩ = = ⋅   (2.69) 

here the value of 57.23 10−⋅  corresponds to the reliability index equal 3.8 in a 
basic design situation, according to (2.64) conditional probability pf may be 
computed as follows: 
• the presence of sprinkle installation ( ) 5 1.6 10P fire −= ⋅  

5

, 5
7.23 10 4.52 1
1.6 10f ultp

−

−

⋅
= = >

⋅
  (2.70) 

• the absence of sprinkle installation ( ) 5 1.6 10P fire −= ⋅  

5

, 4
7.23 10 0.0904

8 10f ultp
−

−

⋅
= =

⋅
  (2.71) 

The fire probability, according to (2.67) is so remote that the computational 
overall structural safety condition always holds.  
Thus further on the second variant is regarded only.  
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Given pf, considered a conditional failure probability, the required reliability 
index in fire conditions may be computed as follows: 

( )
( )

1 1   
 1.( 34 )fire

req f
P fire failure

P fire
pβ − −  

= −Φ = −Φ  ≅
 

∩
  (2.72) 

 
In the further part this value will serve as the reference, the lowest required 
for the structure. 
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System analysis 

Decisive (critical) elements are components of the load-carrying system, 
losing their ability to carry loads due to external loading increment, 
subsequently, turning the structural system into a mechanism (kinematically 
variable system, kinematic chain). 
System analysis groups the decisive elements into minimum critical sets (in 
Polish - MKZ), yielding the system effective upon the condition of one 
element of the set effective only.  
These sets are associated with the kinematically allowable failure 
mechanisms (in Polish - KDMZ), allowing to define reliability structure of a 
load-carrying structural system. The basic reliability structures will be 
presented in detail further on.  
The definition of KDMZs is the most challenging part of system reliability 
analysis, to be possibly solved by a couple of methods, e.g. the method of 
„elastic solutions”, the method of moment equalization and by linear 
programming methods. 
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The task is completed here by means of spectral analysis of a linear stiffness 
matrix.  
In order to complete the task a linear eigenvalue problem is solved: 

( )L λ− =K I q 0  
where 
KL – linear stiffness matrix, 
q – deflection vector, 
λ – eigenvalues of a linear stiffness matrix. 
Eigenvalues λ of a linear stiffness matrix denote energetic states of a 
structural model, the eigenvectors represent the form of principal strains. 
While the eigenvalues are positive, the structure is geometrically stable.   
The presence of zero eigenvalues is equivalent to turning a structure into a 
mechanism.  
Identification of possible mechanisms is performed by means of a FEM-based 
software in Mathematica environment.   
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Series structural systems 

 

 
 
Reliability of a static model following the series pattern is assessed by the 
formula: 

1 2
1

....
n

i n
i

R R R R R
=

= =∏  

here n is a number of decisive elements of the considered system, the work 
specifies n a number of elements in the truss 
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Fig. 3.11. Relation of a series system reliability vs the number of elements 

the number of elements reliability of a series system 
 
Fig. 3.11 plainly shows a recognized effect of statistical structural weakening 
of a series structural system, showing a rapid reliability decrement with the 
rise of a number of elements.   
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Parallel structural systems 

A parallel model is appropriate for selected statically indeterminate structures. 

 
Fig. 3.13 Structural examples of a parallel reliability model 

Reliability of a parallel system may bye computed by a formula: 

( )
1

1 1
n

i
i

R R
=

= − −∏  

In general, increment of  elements in a parallel connection rises overall 
system reliability. However, a large number of connected elements, common 
in civil engineering, makes the strengthening effect slow down. 
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Fig. 3.14 Reliability index of a parallel system related to the number of  
elements in the function of a single element reliability 

Structural design makes it essential to note that series element connections 
(statically determinate structures) show a substantial reliability decrease,  
while parallel connections (statically indeterminate structures) bring about a 
slight reliability rise only. 
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The majority of statically indeterminate structures corresponds to a mixed 
system model.  
Parallel-series and series-parallel are two basic mixed system patterns. 
However, the real mixed systems are usually more complex.  
The further work assumes separation of minimum critical sets (MKZs) 

 
Fig. 3.15 Separation of minimum critical structural sets (MKZ) of a mixed 

reliability model, including common elements 
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A plane truss analysed  
by means of standard curve and „exponential” curve  
Standard curve and „exponential” curve: 

 

 
where 

gθ  - temperature of fire gases,  

fit  - fire duration, minutes 
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Fig. 4.1. Static model and loading of the analysed truss 

 

 

Tab. 4.1. Profiles, load effects and resistances of distinct truss members 
Element,  profile,   load effect, kN,   resistance at the instant  t = 0 
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The presented example conducts temperature analysis of insulated and 
uninsulated members.  
The fireproof coating was a spray-on layer of 1.5 cm thick mineral fibre 
whose parameters are: density, specific heat, heat conductivity.  
The analytical results are presented in Figs. 4.4 – 4.7.  
The dotted line marks fire curves, the solid line denoted temperature of steel 
members. 
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Fig. 4.4. Temperature of insulated (a) and uninsulated (b) lower chord 

members (no. 1 and 2) applying various fire curves 
element temperature according to standard curve / „exponential” curve 

temperature of steel elements fire duration 

The presented example proves that fire curve characteristic is decisive to the 
thermal structural response  
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Tab. 4.4. The decrement of elasticity modulus and yield stress  

in the fire course 
fire duration,   standard fire curve,   hydrocarbon fire curve,  the curve of external fire,  

elasticity modulus,  yield stress 
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THE IMPACT OF THERMAL INSULATION TYPE  AND 
THICKNESS ON MECHANICAL RESPONSE OF A STRUCTURE  IN 
FIRE CONDITIONS 

 
Fig. 4.11 Static model of the analysed truss 
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Tab. 4.5. Cross-sections of truss elements and load effects 

 
Profile   load effect    lower chord   upper chord   diagonals and verticals 
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Fire analysis of a truss was conducted using four different insulation types. 
The first analytical phase assumed  the insulation thickness equal 2 cm.  
The following insulation types were considered: 

• fireproof vermiculite mortar  
• fireproof vermiculite-gypsum mortat of higher density 
• contour insulation made of cement-vermiculite plate,  
• box-shaped insulation made of cement-vermiculite plate  

According to formulas (2.52) and (2.53) temperature rise in steel elements is 
affected by the exposure indicator, among other means.  
In the case of spray-on and contour insulations this indicator is equal to the 
perimeter / cross-sectional area ratio.  
In the box-shaped insulation case it equals: 

2( )pA b h
V A

+
=   (4.3) 

where:  
b - cross-sectional width 
h - depth  
A - area 
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Fig. 4.12. Temperature of lower chord steel members (I100) applying various 

2 cm thick insulation types 
temperature of fire gases, uninsulated elements, vermiculite, vermiculite and gypsum, 

vermiculite plate with cement (contour insulation), vermiculite plate with cement (box-
shaped insulation) temperature of steel elements, fire duration 
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Fig. 4.13. Temperature of upper chord steel members (IPE 140) applying 

various 2 cm thick insulation types 
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Fig. 4.15 Elasticity modulus variation of lower chord elements (I100) due to 

fire development applying various 2 cm thick insulation types 
modulus of elasticity,  fire duration 
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Fig. 4.16 Elasticity modulus variation of upper chord elements (IPE 140) due 

to fire development applying various 2 cm thick insulation types 
modulus of elasticity, fire duration 
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Fig. 4.18 Yield stress variation of lower chord elements (I100) due to fire 

development applying various 2 cm thick insulation types 
 

yield stress, fire duration 
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Fig. 4.19 Yield stress variation of upper chord elements (IPE 140) due to fire 

development applying various 2 cm thick insulation types 
yield stress  fire duration 
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lower chord elements at tension (I 100) 

 

 
Fig. 4.21 Resistance decrement of truss elements due to fire evolution, 

applying various insulation variants of a 2 cm thickness  
vermiculite  vermiculite and gypsum,   vermiculite plate with cement (contour insulation),  

(box-shaped insulation)  load effect 
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b) upper chord compressed elements (IPE 140 
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Fire reliability analysis of a statically determinate plane steel truss 

 

Fig. 4.32. The analysed statically determinate truss 
element  profile  load effect 
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upper chord elements, insulated elements, non-insulated elements, temperature of steel 

elements, fire duration 
The reliability analysis was conducted in the following time periods of fire 
duration: 0, 5, 10, 15, 20, 25, 30 minutes.  
The analysed truss is statically determinate, thus failure of a single element 
out of the set (1-9) results in overall structural failure.  
Thus system reliability (R) follows the series system pattern, following the 
formula: 
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The random variables assumed in reliability analysis were defined according 
to Tab. 4.14.  
The reliability indices were estimated on the basis of a dedicated MS Excel 
spreadsheet 

 
Tab. 4.14. Probabilistic parameters of basic random variables with regard to a 

plane statically determinate truss 
 
Random variable  Mean value  Coefficient of variation  Standard deviation Variable type,    

Cross-sectional area A, yield stress fY, load effect E 
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The results of system-based reliability assessment are presented in Fig. 4.34.  
The required reliability index equal 1.34 is stated here. 
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Tab. 4.15. Reliability indices of a plane, statically determinate truss, various 
methods of reliability assessment 
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Fig. 4.36 compares reliability indices regarding to various methods of 
reliability assessment 

 

Fig. 4.36. Reliability index monitoring regarding various methods,  
subsequent minutes of fire duration 
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RELIABILITY ASSESSMENT OF STATICALLY INDETERMINATE  
STRUCTURES DUE TO FIRE 

 
Fig. 4.39. A single-degree statically indeterminate truss 
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Tab. 4.25 Thermal analysis of chord members of the truss 

fire duration tf, min member temperature theta a, C Young's modulus, Y,  yield 
stress fY,   tensile load-bearing capacity, kN, compressive load-bearing capacity 
(buckling considered), kN 
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The reliability viewpoint of the analysed structure points out the mixed  
(hybrid) system appropriate.  
It is required here to define kinematically allowable failure mechanisms (In 
Polish - KDMZ)  
The first mechanism (KDMZ) and its appropriate structural model are 
presented in Fig. 4.40.  

 
Fig. 4.40. The 1st kinematically allowable mechanism of a statically 

indeterminate truss 
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The 2nd kinematically allowable failure mechanism KDMZ (Fig. 4.41) refers 
to failure of a single diagonal of (5,6) and one of the elements 1-4.  
This mechanism requires a two-step reliability assessment: first the series 
model (RIIA, RIIB), next, the parallel routine (RII) 

 
Fig. 4.41. The 2nd kinematically allowable mechanism  

of a statically indeterminate truss 



   

 J. Górski, M. Skowronek   •   Gdansk University of Technology  •  Reliability Based Optimization •  Fire – Truss Structure 
6 

The 3rd kinematically allowable failure mechanism KDMZ (Fig. 4.42) 
corresponds to failure of any pair out of the members 1-4.  
Reliability of such system is computed in a parallel-series routine, as 
presented below 

  
Fig. 4.42 The 3rd kinematically allowable mechanism of a statically 

indeterminate truss 
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Fig. 4.43. Reliability index monitoring of a statically indeterminate truss in 

subsequent minutes of fire duration, a result of system analysis 
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Fig. 4.45. Reliability index monitoring regarding various methods, single-

degree of statical indeterminacy 
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Tab. 4.31. Reliability indices of a plane truss, single-degree of statical 
indeterminacy 
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System fire reliability analysis –  
plane steel truss of a multiple degree of statical indeterminacy 

 
Fig 4.46 Steel truss of a multiple degree of statical indeterminacy 

The truss is made of S235 steel, its Young's modulus Y = 210 GPa  
and yield stress fy = 235 MPa.  
The lower chord  – HEA100 profile, the upper chord – HEA120 profile, other 
elements, i.e. diagonals and verticals – square tubes RK 60x60x3.  
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The structure is insulated by vermiculite-cement mortar, its thickness equals 
2 cm, the following parameters: density ρ = 550 kg/m3, thermal conductivity 
λp = 0,12 W/(mK), specific heat cp = 1100 J/(kgK). 
 
Thermal analysis of the truss has been conducted here. 
 
It covered element temperature, variation of steel parameters (Young's 
modulus and yield stress) and load-carrying capacity. 
 
The lower chord case is displayed in Tab. 4.34 
 
 
 
 
Tab. 4.34 Thermal analysis of lower chord members of the truss 
 
fire duration tf, min member temperature theta a, C 
Young's modulus, Y,  yield stress fY,   
tensile load-bearing capacity, kN,  
compressive load-bearing capacity (buckling considered), kN 
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While the truss is statically indeterminate and its members are not uniformly 
heated with the development of fire, the axial force distribution alters.  
The temperature impact increases the forces in the truss members of highest 
compressive forces, bringing about their buckling failure.  
In further fire course the structure still carries the load, but updating its load-
carrying model. 
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4.47 Axial force distribution in selected time instants of fire duration 

 
 
 
 
4.48 Overall truss deflection change in selected time instants of fire duration 
4.49 Vertical deflection change of  central truss chord nodes in selected time 

instants of fire duration 
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While the axial forces and resistance variations are determined it is possible to 
conduct the system reliability assessment.  
 
Basic variables:  
cross-sectional areas A, yield stress fy and load effect E corresponding to 
distinct members.  
 
Coefficients of variation: vA = 6%, vfy = 8%, vE = 6%. 
 
In order to provide system reliability assessment it is necessary to determine 
the reliability structure, variable in the fire development due to variable static 
model.   
 
The reliability structure updates each time due to buckling of subsequent 
structural members.  
 
The following figures show subsequent kinematically admissible failure 
mechanisms (Polish – KDMZ), given the input truss static model.  
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Fig. 4.52. Kinematically allowable failure mechanisms (KDMZ) of a truss, 
static model after the second reduction 
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Fig. 4.54 Reliability index variation of a truss of multiple degree  

of static indeterminacy, a function of fire duration tf 


	The joint action of two fields: fire analysis and reliability assessment
	Design (dimensioning) of truss structural elements due to fire conditions.
	Elements at tension
	Elements at compression
	FIRE-ORIENTED STRUCTURAL DESIGN REGARDING PROBABILISTIC METHODS
	System analysis
	Series structural systems
	Parallel structural systems
	A plane truss analysed  by means of standard curve and „exponential” curve
	THE IMPACT OF THERMAL INSULATION TYPE  AND THICKNESS ON MECHANICAL RESPONSE OF A STRUCTURE  IN FIRE CONDITIONS
	Fire reliability analysis of a statically determinate plane steel truss
	RELIABILITY ASSESSMENT OF STATICALLY INDETERMINATE  STRUCTURES DUE TO FIRE
	System fire reliability analysis –  plane steel truss of a multiple degree of statical indeterminacy

