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Abstract 

The model tests have been done to verified the fire-endurance rating of the fireproof panels. The paper aims at presents the 
results of studies of innovative materials in the field of experimental, and theoretical research fire resistance fireproof panels 
Pyro-Safe Aestuver T, and Proplate HP.  Research work is running to improve the knowledge about fireproof panels Pyro-Safe 
Aestuver T, and Proplate HP for tunnel lining, its basic performance, its long term behavior, and in particular also its fire proof 
for example when used for the lining of road tunnels. Through analyzing several   fireproof panels, the article recommends a kind 
of external material with good fireproof performance, to meet the construction needs. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Nowadays construction of tunnels has become of paramount importance. Industry Tunnel construction 
intensively developed last 20 years, while maintaining and increasing the pace of development. The reason is 
provided by the results of a recently completed study by the Viennese Academy of Sciences. Tunnels are unique 
building structures because, frequently, people build their in a particularly dangerous places, such as mountains or 
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under the ground. Therefore, the structure of tunnels is giving special attention as at the stage of construction as and 
operation, as well as at the design stage.  

Sector of private road transport will increase its output by 40% by 2030 (relative to 1997). Other surveys are no 
less pessimistic. The OECD (Organisation for Economic Co-operation, and Development) for instance, reckons that 
by the year 2020, there will rise by around 50 % compared with 1997. In connection with the foregoing, transport 
infrastructure construction including construction of tunnels will grow proportionally. 

Around 10 % of the urban population live in so-called mega cities with more than 15 million inhabitants. 26 
mega cities distributed all over the globe, with no less than 18 of them located in Asia. The use of underground 
space will be required to a high degree to make sure that such mega cities, and expansive urban regions in general 
are capable of functioning so that the quality of life is assured.  

This applies to transport tunnels as well as to supply, and disposal facilities, and the storage of goods. In view of 
such developments, it is imperative that new logistics concepts, new ways to secure mobility, and also new 
supplementary measures to improve the infrastructure are found. One solution is certainly to be found in exploiting 
the chances afforded by tunnelling pertaining to the overall securing of mobility, speeding up transportation 
processes, and essentially for protecting the environment, and countryside as well [1]. In addition a lot of the tunnels 
in European Union now reaching an age, in which repairs and safety upgrades are needed which means, that their 
conservation and safety status must be recorded and evaluated [2, 10 - 11]. 

Pyro-Safe Aestuver T – fireproof panels of glass fiber lightweight concrete to protect metal, and concrete 
building structure, including for use in corrosive atmospheric conditions (eg, fireproof construction of refineries, and 
chemical plants), and for underground traffic facilities (tunnels). Proplate HP – fireproof panels made on the basis of 
mineral binders and reinforced with inorganic fibers.  

In the paper [3] were investigated the strength, and strain of high-strength concrete elements with confinement, 
and steel fiber reinforcement including the conditions of the effect of elevated temperatures. In the paper [4] were 
investigated physical-mechanical properties of the modified fine-grained concrete subjected to thermal effects up to 
200°С.  

The authors [5] conducted numerical analysis of thin steel panels loaded in shear at non-uniform elevated 
temperatures. 

2. Methods 

Testing experimental samples solid concrete plates with fireproof panels Pyro-Safe Aestuver T thickness  15 mm, 
and a density of 730 kg/m3 ± 10%, were conducted to determine the fire resistance of the experimental samples 
submitted in accordance with [6], and testing experimental samples solid concrete plates with fireproof panels 
Proplate HP thickness 15 mm, and a density of 975 kg/m3 ± 10%., and according with testing method of National 
Standards of Russia 30247.0 Elements of building constructions. Fire-resistance test methods. General requirements 
[7], 30247.1 Elements of building constructions. Fire-resistance test methods. Loadbearing and separating 
constructions [8].The average temperature of furnace, according with [6], shall be monitored, and controlled such 
that it follows the relationship 1. 

20)18(log345 10 tT    (1) 

where 
T – is the average furnace temperature, degrees Celsius; 
t – is the time, un minutes. 
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3. Experiment 

Identification of experimental samples in the research were test two solid concrete panels with fireproof panels 
Pyro-Safe Aestuver T thickness 15 mm, and a density of 730 kg/m2 ± 10%, and Proplate HP thickness 15 mm, and a 
density of 975 kg/m3 ± 10%. Experimental samples 1 sizes – 4200x2000x140 mm; 2 – 41800x2000x150 mm. The 
prototypes of plates were made of heavy concrete class B 22.5, an average density of 2400 kg/m3.  

Installation of fire-retardant panels Pyro-Safe Aestuver T 15 mm, and a density of 730 kg/m ± 10% was carried 
out on the bottom (heated) surface experimental samples concrete solid plates using self-tapping screws for concrete 
in accordance with the technical requirements. The thickness of the protective layer of concrete to the center of 
gravity of the working reinforcement from the bottom (heated) side was 20 mm. Installation of fire-retardant panels 
Proplate HP thickness 15 mm, and a density of 975 kg/m3 ± 10% was carried out on the bottom (heated) surface 
experimental samples concrete solid plates using self-tapping screws for concrete in accordance with the technical 
requirements. The thickness of the protective layer of concrete to the center of gravity of the working reinforcement 
from the bottom (heated) side was 30 mm. 

Test conditions fireproof panels Pyro-Safe Aestuver T, and Proplate HP. Ambient temperature during the first 
experience – 18 °C; second – 20 °C. Relative air humidity of first experience – 48 %; second – 50 %.  

Air flow rate of first, and second experience is not more than 0.5 m/s.  
Test procedure of fireproof panels Pyro-Safe Aestuver T. The experimental samples were installed on the 

experimental set-up, and subjected to subject thermal effects on a standard temperature conditions. 
The test of fireproof panels was conducted under a constant uniformly distributed load equal to 7.9 kPa (800 

kg/m2), without taking into account its own weight of the experimental samples. 
Pressing experimental samples carried iron weights weighing 25 kg, and 330 kgs, which are placed evenly on the 

unexposed surface of the concrete plates. 
Experienced concrete plates experimental sample according to customer's specifications were 2-sided bearing on 

the hinged point, and hinged point - movable support. The distance from the panels to the ends of the rocker 
bearings was 100 mm.  

The temperature in the furnace fire chamber furnace was measured by thermocouples, uniformly distributed 
along the length of the experimental sample in six locations, and test experimental samples temperature was 
measured by thermocouples type TCA established in the amount of 5 pieces at the non-heated surface of the 
experimental sample.  

4. Results 

The curves of temperatures, and deflections experienced plates experimental samples with fireproof panels Pyro-
Safe Aestuver T, and Proplate HP are shown in figure 1, 2. In the ongoing test concrete plates with fireproof panels 
Pyro-Safe Aestuver T -  corresponds to the classification of REI 120, and Proplate HP – REI 150. 

 
 
 
 
 



1654   Marina Gravit et al.  /  Procedia Engineering   165  ( 2016 )  1651 – 1657 

 

Fig. 1. Curves of temperature changes, and growth troughs, experimental samples fireproof panels Pyro-Safe Aestuver T. 
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Fig. 2. Curves of temperature changes, and growth troughs, experimental samples fireproof panels Proplate HP. 

5. Discussion 

At the 136th minute of the first test, and at the 138th minute of the second test, experimental samples of fireproof 
panels Pyro-Safe Aestuver T cross over in limiting condition characterized by a rapid increase in the bend, and 
subsequent collapse of the experimental samples (refer with: Fig. 1). At the end of fire test (155th minute) of 
fireproof panels Proplate HP the collapse didn’t happen (refer with: Fig. 2). 

At the time of achievement of experimental samples fireproof panels Pyro-Safe Aestuver T, a limiting condition 
for the loss of bearing capacity of the structure (R), the average temperature on the unexposed surface was 143, and 
145 °C, for 1st, and 2nd of the experimental samples, respectively.  At the end of fire test fireproof panels Proplate 
HP the average temperature on the unexposed surface was 75, and 78 °C, for 1st, and 2nd of the experimental 
samples, respectively. Temperature rise of the unexposed surface of the experimental samples overlap in one of the 
monitored points in comparison with the temperature before the test by more than 180 °C at the time of the collapse 
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of the samples have been recorded. At the time of the collapse of experimental samples, through the formation of 
cracks or holes through which to penetrate the surface of the unexposed products of combustion or flames, not fixed.  

In the papers [12 - 21] provides a review of the criteria that are normally employed in assessing the risk, and 
consequences of fires in tunnels, and the selection of suitable time-temperature curves that describe the evolution of 
worst-case fires. The advantages, and drawbacks of alternative fire protection methods, including sprayed-on fire 
protection materials, cementitious linings, and the addition of polypropylene fibers, are briefly outlined.  

According to [22] fireproof panels Pyro-Safe Aestuver T, and Proplate HP are meet building codes for the 
construction of tunnels. 

6. Conclusion 

In the ongoing test concrete plates with fireproof panels Pyro-Safe Aestuver T, and Proplate HP corresponds to 
the classification of REI 120, and REI 150 [6] and National Standard of Russia 30247.0 [7]. Achieved the results of 
studies of innovative materials in the field of experimental, and theoretical research fire resistance fireproof panels 
Pyro-Safe Aestuver T, Proplate HP confirm the high quality of the present samples. The provision of passive fire 
protection to tunnels is not usually required, if the fire loads are low, and the safety provisions are specified, and 
maintained to a high Standard. However, the existence of imported fire risks such as vehicle shuttles, and fuel tank 
may imply significantly higher fire loads. In addition, there may be cases where the collapse of a tunnel may imply 
unacceptably high social costs. In such cases, a cost/benefit analysis, informed by a quantitative risk assessment, 
may demonstrate a strong case for additional fire protection measures, including passive fire protection and/or fire 
suppression systems as fireproof panels [23]. The risk-based approach (RBA) is central to the effective 
implementation of the fire safety.  
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