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 This study attempts to develop the accurate fire-driven flow beneath the historical arch 
bridge to obtain the fire-related variables and specifications such as gas temperature and 
smoke and flame behavior. Simulation of temporal fire behavior is mainly performed using 
Fire Dynamic Simulator (FDS) based programs that use computational fluid dynamics (CFD). 
In this regard, this study finds the accurate fire temperature values for a case study 
historical arch bridge, Golcegiz stone arch bridge is located in Tokat, Turkey. The length and 
width of the bridge are 26.65m and 5.35m respectively. The fire simulation has been done 
concerning two different scenarios: 1) the fire is located close to the bottom-right side of the 
bridge 2) the fire is located in the midpoint below the bridge. The analysis result shows the 
maximum applied fire load is related to Scenario 1 with a maximum value of 603°C. The 
values obtained from surface temperature measurements can be used in the finite element 
software to perform the thermal-structural analysis of this bridge. 

1.Introduction 

Arch structures are considered as one the most popular structural 
forms in the ancient constructure and have been used in various 
types of infrastructures such as bridges and tunnels. Among these 
structures, masonry arch bridges play a major role in the worldwide 
heritage culture. Masonry arch bridges were mostly built before the 
20th century and have endured different types of loading ever since. 
however, many of these bridges were not designed to bear some of 
these external actions and therefore experienced major damages 
after being exposed to these man-made or natural disasters. So, it is 
crucial to identify the real capacity of these structures and take the 
required retrofitting actions. 

In this context, elevated temperature as one of the most important 
external loads might happen to these structures which need to be 
considered during structural health assessment of these structures. 
So, it is vital to evaluate the structural performance of these 
structures in the event of fire. 

As bridge fire has complex behavior, the structural fire event needs to 
be accurately simulated to have a better understanding of the fire size 
and behavior. Simulation of bridge fire in the literature is mainly 
performed using Fire Dynamic Simulator (FDS) software [1-4]. The use 
of this simulation software has been validated in the experimental 
and numerical study conducted by Moya et al. [5, 6]. 

However, there have found no study on simulation of fire effect on 
historical masonry arch bridges. Elevated temperature and fire can 
induce severe damages to these structures. Therefore, the present 
study used a case study of Golcegiz bridge, as one of the historical 
masonry arch bridges in Turkey, to simulate the fire events on 
masonry arch bridges. 

Later, numerical analysis methods such as finite element modeling 
can be used to evaluate the thermal-structural behavior of these 
bridges and take the required retrofitting actions. 

 

2. Case study 

Golcegiz stone arch bridge is located in Tokat city of Turkey. The 
bridge is 26.65 m long and 5.35 m in width (Fig. 1). Here, to study the 
effects of fire on the bridge, it is required to precisely simulate the fire 
according to the hazardous material which might cause the fire, and 
the specific scenarios to obtain the transient temperature that is 
acting on the bridge. In this regard, this study has selected gasoline 
as one of the commonly used hazardous materials with a very low 
flash point that will support the combustion process. It is assumed 
that the fire is started under the bridge arch considering two 
scenarios, one scenario the fire is close to bottom-right side of the 
bridge, and the second scenario considers the fire to be located in the 
middle point under the bridge arch. 
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Figure 1. Golcegiz stone arch bridge 

 
2.1. Fire simulation 

To simulate the fire-driven flow, the graphical user interface of FDS, 
Pyrosim, is used. The development of FDS software has been done by 
the National Institute of Standard and Technology (NIST) which is 
based on Large Eddy Simulation (LES) and can help to estimate and 
predict the fire characteristics which are required in bridge fire 
analysis. The fire simulation in Pyrosim is as followed: 

1. Creating the geometry of the model and boundary 
conditions, 

2. Create the geometry for the fire load and defining the 
combustion characteristics, 

3. Defining the temperature detector sensors. 

 
2.1.1. Geometry 

As the first step of the fire simulation, the geometry of the bridge has 
been created in the Pyrosim. The geometry of the modeled bridge is 
shown in Fig. 2. 
 

 

Figure 2. Details of test model 

 
As the fire condition involves high temperatures, the heat transfer 
will not be dominated by convection and is mainly done through 
radiation. The arch surface was designed as adiabatic surface, which 
can be used in transferring the thermal boundary associated with 
simulated fire model to destination finite element software in future 
studies. Here, the assumption is to perform the analysis over an ideal 
adiabatic surface, whereby its wall temperature is automatically 
calculated by the program. The default adiabatic surface is configured 
with total net convective and radiative heat flux as zero (Eq. 1). So, the 
net heat flux to the surface can be calculated using the temperature 
measurement from the adiabatic surface. 

 
𝜀𝜀𝐴𝐴𝐴𝐴��̇�𝑞𝑖𝑖𝑖𝑖" −  𝜎𝜎𝑇𝑇𝐴𝐴𝐴𝐴4 � + ℎ𝑐𝑐.𝐴𝐴𝐴𝐴�𝑇𝑇𝑔𝑔 −  𝑇𝑇𝐴𝐴𝐴𝐴� = 0 (1) 
 

 

2.1.2. Fire characteristics 

To simulate the fire load, a square burner surface of 0.75 m has been 
created. To simulate the desired fire load, it is important to specify the 
main parameters of flame such as heat release rate (HRR). The HRR of 
fire is to be calculated based on Eq. 2 which is provided in SFPE 
handbook of fire protection [7]: 

 
Q = 𝑚𝑚"∆𝐻𝐻𝑐𝑐,𝑒𝑒𝑒𝑒𝑒𝑒 (1− 𝑒𝑒−𝑘𝑘𝑘𝑘𝑘𝑘) 𝐴𝐴𝑑𝑑𝑖𝑖𝑘𝑘𝑒𝑒 (2) 
 

Where Q is defined as HRR (kW), m” is mass burning rate of the fuel 
per surface area (kg/m2sec), ∆Hc,eff is the effective heat of combustion 
related to the used fuel (kJ/kg), Adike is the area of the pool fire (m2), kβ 
is empirical constant (1/m), and D is defined as diameter of pool fire 
which is involved in the vaporization process (m). 

Here, the values of ∆Hc,eff = 43700 (kJ/kg) and kβ = 2.1 m-1 related to 
gasoline have been obtained from the SFPE handbook. The mass loss 
rate and pool fire diameters can be obtained using Eq. 3 and 4. 

 
𝑚𝑚"̇ 𝑜𝑜 =  𝑚𝑚"̇ ∞(1− 𝑒𝑒−𝑘𝑘𝑘𝑘𝑘𝑘)  (3) 
 
D= √(4𝐴𝐴𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝜋𝜋
) (4) 

 

The parameters used to define the gasoline burning surface are 
detailed in Table 1. 

 
 
 
 
 
 

Table 1. Fire parameters 

𝐴𝐴𝑑𝑑 
(m2) 

D 
(m) 

ρ 
(kg/cm3) 

𝑚𝑚" 
(kg/m2sec) 

Q 
(kW) 

0.5625 0.846 740 0.046 1123.6 

 

The simulation has been performed with respect to t2 fire model where 
there is no decay stage. In this analysis, fire reaches its peak after 78 
seconds and continues with its maximum value for the rest of 
combustion duration. The simulation has been performed for total fire 
duration of 20 minutes. 

 
2.1.3. Temperature measurement sensors 

To record the temperature evolution in vertical direction 9-11 
thermocouples have been placed above the fire source (Fig. 3). To 
measure the surface temperature, a total of 96 solid-phase devices 
were placed across the bridge arch. The output values from these 
surfaces can be used for later finite element modeling and performing 
thermal-structural analysis. 

 

 
(a) Scenario 1 
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(b) Scenario 2 

Figure 3. Localized fire scenarios 

 

3. Results 

Maximum and average temperature values obtained from vertical 
thermocouples are presented in Table 2. As it is detailed in the table, 
the maximum recorded gas temperature is related to scenario a, while 
in scenario b gas temperature is decreasing at a lower rate. 

Also, the maximum surface temperature value of 603°C has been 
obtained which is related to scenario a where the fire is located close 
to the side of the bridge, while the maximum surface temperature 
related to scenario b is 147°C. 

The development of fire and smoke associate with each scenario is 
illustrated in Fig. 4. 

 

Table 2. Maximum and average temperatures recorded from vertical 
thermocouples 

Location 
of 

thermocouple 
(m) 

Scenario 1 Scenario 2 

Max. 
Temp. 

(°C) 

Average 
Temp. 

(°C) 

Max. 
Temp. 

(°C) 

Average 
Temp. 

(°C) 

0.5 906 826 880 810 

1.0 816 672 861 713 

1.5 722 572 813 672 

2.0 493 361 596 406 

2.5 383 275 479 310 

3.0 341 244 431 274 

3.5 261 185 320 199 

4.0 233 168 265 169 

4.7 215 165 227 148 

5.7 - - 176 120 

6.7 - - 149 118 

 

 
(a) Scenario 1 

 
(b) Scenario 2 

Figure 4. Fire and smoke development 

 

4. Conclusion 

This paper studied the development of fire under Golcegiz stone arch 
bridge using FDS based program. The fire simulation has been 
performed considering two different scenarios and it was observed 
that in the first scenario where the fire is close to the side of the bridge, 
fire load has higher impact on the bridge comparing to the second 
scenario where the fire is located in the midpoint under the bridge 
arch. As it is well-known, this elevated temperature might affect the 
material properties of the bridge components and results in 
deterioration of adhesiveness between stone and mortar. So, it can 
cause damages to the bridge. Therefore, it is required to use the 
obtained temperature values from this study, to perform thermal-
structural analysis and evaluate the damage level and take the 
required retrofitting actions. 
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