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0 670/1 599/0 660/0 10/1 

10 698/1 589/0 653/0 11/1  
20 727/1 579/0 646/0 11/1  
30 754/1 570/0 637/0 12/1  
40 781/1 562/0 627/0 12/1  
50 806/1 554/0 615/0 11/1  
60 829/1 547/0 602/0 10/1  
70 851/1 540/0 589/0 09/1  
80 870/1 535/0 576/0 08/1  
90 887/1 530/0 565/0 07/1  
100 900/1 526/0 555/0 05/1  
110 911/1 523/0 546/0 04/1  
120 917/1 522/0 540/0 03/1  
130 920/1 521/0 534/0 03/1  
140 920/1 521/0 529/0 02/1  
150 920/1 521/0 525/0 01/1  
160 920/1 521/0 522/0 00/1  
170 920/1 521/0 519/0 00/1  
180 920/1 521/0 517/0 99/0  
190 920/1 521/0 515/0 99/0  
200 920/1 521/0 513/0 99/0  
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60 858/1 538/0 605/0 12/1  
70 880/1 532/0 591/0 11/1  
80 898/1 527/0 577/0 09/1  
90 911/1 523/0 564/0 08/1  
100 918/1 521/0 553/0 06/1  
110 920/1 521/0 544/0 04/1  
120 920/1 521/0 537/0 03/1  
130 920/1 521/0 531/0 02/1  
140 920/1 521/0 526/0 01/1  
150 920/1 521/0 522/0 00/1  
160 920/1 521/0 519/0 00/1  
170 920/1 521/0 516/0 99/0  
180 920/1 521/0 514/0 99/0  
190 920/1 521/0 512/0 98/0  
200 920/1 521/0 510/0 98/0 
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 1 -10 :     ST37   AISC 360   °C538  

  )ɚ(  F.S. 1/F.S.  
     

  °C538 )Ŭ(  ɓ = Ŭ × F.S.  

0 670/1 599/0 660/0 10/1  
10 698/1 589/0 650/0 10/1  
20 727/1 579/0 641/0 11/1  
30 754/1 570/0 631/0 11/1  
40 781/1 562/0 622/0 11/1  
50 806/1 554/0 612/0 11/1  
60 829/1 547/0 603/0 10/1  
70 851/1 540/0 594/0 10/1  
80 870/1 535/0 585/0 09/1  
90 887/1 530/0 577/0 09/1  
100 900/1 526/0 568/0 08/1  
110 911/1 523/0 560/0 07/1  
120 917/1 522/0 551/0 06/1  
130 920/1 521/0 543/0 04/1  
140 920/1 521/0 535/0 03/1  
150 920/1 521/0 527/0 01/1  
160 920/1 521/0 519/0 00/1  
170 920/1 521/0 512/0 98/0  
180 920/1 521/0 504/0 97/0  
190 920/1 521/0 496/0 95/0  
200 920/1 521/0 489/0 94/0 
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 1 -11 :     ST52   AISC 360   °C538  

  )ɚ(  F.S. 1/F.S.  
     

  °C538 )Ŭ(  ɓ = Ŭ × F.S.  

0 670/1 599/0 660/0 10/1  
10 705/1 587/0 648/0 10/1  
20 739/1 575/0 636/0 11/1  
30 772/1 564/0 625/0 11/1  
40 803/1 555/0 613/0 11/1  
50 832/1 546/0 602/0 10/1  
60 858/1 538/0 591/0 10/1  
70 880/1 532/0 580/0 09/1  
80 898/1 527/0 570/0 08/1  
90 911/1 523/0 559/0 07/1  
100 918/1 521/0 549/0 05/1  
110 920/1 521/0 539/0 04/1  
120 920/1 521/0 530/0 02/1  
130 920/1 521/0 520/0 00/1  
140 920/1 521/0 510/0 98/0  
150 920/1 521/0 501/0 96/0  
160 920/1 521/0 492/0 94/0  
170 920/1 521/0 483/0 93/0  
180 920/1 521/0 474/0 91/0  
190 920/1 521/0 466/0 89/0  
200 920/1 521/0 457/0 88/0  

  

             1-10   1-13   
  .  
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 1 -10 :     ST37   EN 1993-1-2   °C538  

  

  
 1 -11 :     ST52   EN 1993-1-2   °C538  
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 1 -13 :     ST52   AISC 360   °C538  
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  1-8  1-9    1-10  1-11    EN 1993-1-2  
       1/F.S.          

 °C538             ɓ     1 
   °C538              

            .  
  1-10    1-12        AISC 360     ST37 
       1/F.S.         

 °C538          ɓ   1    
  °C538            

                    
    .  

  1-11    1-13        AISC 360     ST52 
         ST37       

            .   
                   ST37 

.  
                 

                      
      °C538   :  

1-               
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)1-24(  )    /    = ((Ratio) 

)1-25( 
   TÓ  
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)1-26( 
      ×       

 Ó     ×(Ratio)  
)1-27( (Ratio)Ò          T

)1-28( 
(Ratio) =         

 Tcr

:  Tcr 

     )1-28(       ST37      
    EN 1993-1-2  AISC 360      

    1-14  1-15  .  
  

  
 1 -14 :     ST37          

      EN 1993-1-2  
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 1 -15 :     ST37          

      AISC 360  
        1-14  1-15     

                   
                  

 .          :  
1-    
2-     
3-          
4-              EN 

1993-1-2  AISC 360 ) 1-14  1-15(  
5-               
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6-        
7-                   

.  
                

       .  
  

 1 -12 :               
           I  H        

  
  

                 
          )  (   .

30 60 90 120 150 180
120 14 14 20 27 34 41
130 14 14 21 28 35 42
140 14 15 22 29 36 43
150 14 16 22 29 36 43
160 14 16 23 30 37 44
170 14 16 23 31 38 45
180 14 17 24 31 38 45
190 14 17 24 31 39 46
200 14 17 25 32 39 46
210 14 18 25 32 39 47
220 14 18 25 33 40 47
230 14 18 26 33 40 47
240 14 18 26 33 40 48
250 14 19 26 33 41 48
260 14 19 26 34 41 48
270 14 19 26 34 41 49
280 14 19 27 34 41 49
290 14 19 27 34 42 49
300 14 19 27 34 42 49
310 14 20 27 35 42 50
320 14 20 27 35 42 50
330 14 20 27 35 42 50
340 14 20 28 35 43 50

Thickness (mm)
Critical Temperature=550°C

Section Factor (1/m)
Time (min)
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4-2-1 EN 12467, Fibre cement flat sheets — Product specification 
and test methods. 
4-2-2 EN 13162, Thermal insulating products for buildings — 
Factory made mineral wool (MW) products —SpecificationEN 
13162, Thermal insulating products for buildings — Factory made 
mineral wool (MW) products — Specification. 
4-2-3 EN 823, Thermal insulating products for building applications 
— Determination of thickness. 

-       7114 :1382  - 
    -  -     .  

4-2-4 EN 13501-1, Fire classification of construction products and 
building elements — Part 1: Classification using data from reaction 
to fire tests. 

 -      8299 :1384          
     –     .  
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4-2-5 EN 1363-1, Fire resistance tests — Part 1: General 
requirements. 

-      1-12055  :1388       
  –   :    .  

4-2-6 EN 1365-3, Fire resistance tests for loadbearing elements — 
Part 3: Beams. 

-     3-12056 :1388         
 –  3 :   .  

4-2-7 EN 1365-4, Fire resistance tests for loadbearing elements — 
Part 4: Columns. 

-      4-12056 :1388        
  –  4 :    .  

4-2-8 EN 1993-1-1, Eurocode 3: Design of steel structures — Part 1-
1: General rules and rules for buildings. 
4-2-9 EN 1993-1-2, Eurocode 3: Design of steel structures — Part 1-2: 

General rules - Structural fire design. 
4-2-10 EN 10025-1, Hot rolled products of non-alloy structural steels 

— Part 1: General technical delivery conditions. 
4-2-11 EN ISO 13943, Fire safety — Vocabulary (ISO 13943) 

-          11024 :1387        – 
    .  

4-2-12 ISO 8421-2:1987, Fire protection — Vocabulary — Part 2: 
Structural fire protection. 

4-2-13 ETAG 018-Parts 3, Guideline for European Technical Approval 
of Fire Protective Products — Part 3: Renderings and rendering 
kits intended for fire resisting applications. 

4-2-14 ETAG 018-Parts 4, Guideline for European Technical Approval 
of Fire Protective Products — Part 4: Fire Protective board, slab 
and mat products and kits. 
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     4- -3   .  
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 4 -  -3 –        

     
mm 

 
  
(m-1)  

Am/V  

  
  
 

)(  

  
  

    
)(  

tc  

 
  
(k=tl/tc)  

   

)dmax(  
0/45  158  128  

a2 /144  
89/0 

 )kmax(  
   )dmax(  1/46  161  145  

  
)dmin(  

5/8  155 69 
a9/69  

99/0  

)kmin(  
 )dmin( 1/8 154 67 

:  
dmax     
dmin      

a                              
    .  

    4- -4   .  
  

 4 -  -4 –          

   
 

(di)   
mm 

    
 )(  

  
)ki(  

   
)(  

   5/25  85  943/0  2/80  
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 )Ki (     kmax  kmin     )4- -2 ( 
  .  

         )4- -1(  .  
              

               EN1363-1   
              :  

-      C°100          
     

-         C°10      

-                  
              . 

 

4- -2    -     
               

  .            
        .  

                    
 .  

                   
    4- -1         .  
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-        50         3/52 
       64     64 × 3 52/0 50  

61         .  
         %10±       

   .  
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 4 -   
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4- -1    
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             . 4-1  .  
          )   4-3-1-

7    (                 
           .  

               
    4-5  4-6     .          
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        .  
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4--2     
4--2-1    

       1  7   :  
 1 -     
 2 -     
 3 -        
 4 -     
 5 –     
 6 -     
 7 -   .  

  
4- -2-2      

      4-13-5        
  C°50  . 

-          

-          

-      . 
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4--2-3   1 -    

                  
       4- -2        

.  
4- -2-4   2 -   

                   
                  

  4- -1  .     1       
 V/Am  0/0               

   EN1363-1          
       .          
     .  

  
                                                                                                                           

1-    ) 4- -2-4   (              
 .                EN1363-1   

      .                 
    .                  

   .  
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:  

X         )(     Y      
1    dmin    120     .             

      120      . -3  .  
2    d1  120   m-182        3   d2  120   m-1137  
4   15      
5                             

.  
6     60       7              
8    dmax  120   m-1286  
9                      .  

10      V/A       5/4  )       oC550 

ǅ dmin       ƶ  dmax        d1   ƶ  d2 

 4 -  -1   C°550  
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4--2-5   3-    
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           Y        
    4-5  4-6   .             

                   
              .    

                 
      4- -1 .  

               
      .               

   4 -5  4-6  .            
        .  

                
      .               

   4-5   4-6             
       .     A/V     
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  .         .  
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4--2-6   4-    13-5  

               13-5        
       -2           

                      
                .  

      4- -1    .         
         Y          
         .  

                 
                  

           .         
                

      .  
          .  

                  
                  

    .  
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:  

X    )(     Y      
1      2    2  
3   4    4    3  
5      5/39  .  
6        43  .  
ƶ  d – d )(  

 4 -  -2              
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 4 -  -1        

       
m-1  

  
 )m(  

    
  

 min 
1 70 014286/0 84  
2 110 009091/0 58  
3 185 005405/0 43 

4 285 003509/0 28 

      3             
        X )           

       (        5/39   
 .  

                    
      .    4--2          

       .  
  

 4 -  -2         

     
    

 min  

    
    
min  

1 84 9/83  
2 58 0/58  
3 43 5/39 

4 28 0/30 
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4--2-7   5-        

               
                  .
                  
     4--1    .  

                  
      4--1     60      

                      
               

  .     4--3          
  8       15    25    .  

  
:  

X   )(    Y       
1    m-170  5/9      .  
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 4 --3    C°550  /m-170  

  
4--2-8   6 -    

                     
    .  
               .    

               
     .  

             4- -3 
  .  

  
 4 -  -3 –            

 -
 )mm(     

  40  4  
  40  75  5  

  75  6  
  
4--2-9   7 -    

     14      .  
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d

c
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p
aa
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  :  
t,a         tȹ       
t        tȹ     
pd          
ca              aɗ        

  
a        

V
Am     m-1    

tɗ    oC  
a,tɗ    oC   
t      
t,p        t    dp         

         
   
0t,a  s30t  

 ȹt     30        30     
. 
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p
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aa
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V

d

c
8.0t 

  :  
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Ap                  

             
ca    ɟa       EN 1993-1-2   

dp              .  
                

      .  
cp=1000kJ/(kg.K) 
ɟp=100kg/m3 

4--3-3   2 -     
              

  :  
      4-13-5        C°50  

 . 

-          

-      
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4--3-4   3 -      
               .    

                 
                   

     .  
  
4--3-5   4 -     

      Dp         dp 

   )4- -3 ( )4- -4 ( :  
 )4 - -3(  Dp=C× 3

pd  

 C   )4- -4 (   :  

)4-  -4(  
n

1i

6
p

n

1i
p

3
p

d
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C  
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Dp             1 )  
(   
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4--3-9   8 -          
4--3-9-1  

                  
          .  

                
  .  

                
    .  

   ɚmean(ɗp)              
      .   

    ɚmean(ɗp)            
      .   

      :  

-      ɚp(ɗp)        ɚmean(ɗp) 

      4- -3-9-2  . 

-      ɚave(ɗp)        
 4--3-9-3  . 

 
4--3-9-2 8 -   

                   
        ɚp(ɗp)     ɚmean(ɗp) 
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   [ɗp,ɗp+50]  ɗp    C°1000      C°50   
 21   .  

  ɗp     ɚmean              
      C°375 C°425 C°475  .  

  
4--3-9-3 8 -   

                   
        C°50  .  

                  
        C°50  .  

         [ɗp,ɗp+50]  ɗp       C°1000   
   C°50        ɚmean(ɗp)     ɚave(ɗp)   

   ɗp     C°1000       C°50     21 
   .  

  
4- -3-10   9 -        
4- -3-10-1    

           4- -3-9-3     - 
                  

         .  
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4- -3-10-2   9 -   

        )4- -7 (   ɚave(ɗp)    ɗp       
C°1000     C°50        )4- -7 (  
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t
10

tt,at
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pave

aa
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31
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1

 

  ɗp   C°1000   ɚave(ɗp)            
[950,1000]°C.  

    C°100        C°100        
  Dp       .  

 ɚave(ɗp)    dp        ɚave(ɗp)    
            4-8-    

   .  
  
4- -3-10-2   9 -   

                  trecal    
       .  
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4- -3-10-4   9 -   

 trecal     texp           4-13-5 
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               ɚave(ɗp)  
 ɗp     C°1000     C°50          
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   4-11  4--3-11   ..  
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                    10 

 -3-10 .  
  
4- -3-10   10-       
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)4-  -8(  )(K)()( ppavechar  
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 K     .            

     .  
 K               
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ɟp [kg/m3]      

Am/V [m-1]       
ɗt [°C]         
ɗa [°C]     
ȹt [S]   )   30  (  
ȹɗt [K]       tɲ.  
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  :  
n     

Dp               1   
4--4-2 ) min(  

dp           ) mm(.  
     ˂       c0 c1  c2     )4-

-10 (  .    )4--9 (      
         .  

        4- -7   :  

- ɗa      )4- -9 ( ɗa=100°C           t1  
    

- Dp            dp    

-     t1    

    )t1+Dp( aɗ      )4--9 (   
               4-13-

5    .  
  
4--4-6   5 -  C0   

        4  4--4-5    c0   
              4-13-
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A    oC    
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 4 -   
)(  

    
 4 - -1      H  I  

    
)UK(  

mm×mm×Kg/m 

  
   

m-1 

    
)EURO(  

mm×mm×Kg/m 

  
  

  
   

m-1 

914×419×388 60 814×303×317 HEM 800 63 
610×305×23870900×300×291HEB 900 73 
610×305×179 90 540×300×166 HEA 550 95 
254×254×89110240×240×83HEB 240 116 
457×152×82 130 500×200×91 IPE 500 141 
356×171×67 140 
533×210×92 140 
406×178×67 155 400×180×66 IPE 400 164 

610×229×101145188 
406×178×60 175 330×160×49 IPE 330 200 
406×178×54 190 300×150×42 IPE 300 200 
356×171×45 210 240×120×31 IPE 240 223 
356×127×39 215 
254×146×31230200×100×22IPE 200 253 
305×102×28 245 180×91×19 IPE 180 268 
254×102×22 275 160×82×16 IPE 160 287 
305×102×25 285 140×73×13 IPE 140 306 

102×44×74/ 320 120×64×104/IPE 120 331 
100×55×78/ IPE 100 360 

IPE 80 390 
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 4 - -2   H  I   

    
)UK(  

mm×mm×Kg/m

  
     

m-1 

    
)EURO(  

mm×mm×Kg/m 

  
 

  
    

m-1 

914×419×388 45 814×303×317 HEM 800 49 
610×305×238 50 900×300×291 HEB 900 58 
610×305×179 70 540×300×166 HEA 550 67 
254×254×89 70 240×240×83 HEB 240 71 
457×152×82 105 500×200×91 IPE 500 107 
356×171×67 105 
533×210×92 110 
406×178×67 115 400×180×66 IPE 400 121 

610×229×101 110 
406×178×60 130 330×160×49 IPE 330 137 
406×178×54 145 300×150×42 IPE 300 145 
356×171×45 155 240×120×31 IPE 240 161 
356×127×39 170 
254×146×31 160 200×100×22 IPE 200 184 
305×102×28 200 180×91×19 IPE 180 194 
254×102×22 215 160×82×16 IPE 160 207 
305×102×25 225 140×73×13 IPE 140 221 

102×44×7/4 260 120×64×10/4 IPE 120 239 
100×55×7/8 IPE 100 258 

IPE 80 277 
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 4 - -3      H  I 
    

)UK(  
mm×mm×Kg/m

  
    

m-1 

    
)EURO(  

mm×mm×Kg/m

  
 

  
   

m-1 
356×406×634 30
305×305×283 55 432×307×256 HEM 400 64 
356×406×340 55 
305×305×19875270×248×157HEM 240 76 

105 310×288×189 HEM 280 74 
254×254×132 90 240×226×117 HEM 220 92 
356×368×17795450×300×171HEB 450 98 
254×254×107 110 320×300×127 HEB 320 117 
305×305×118 120 300×300×117 HEB 300 125 

390×300×125HEA 400 128 
254×254×89 130 240×240×83 HEB 240 139 
356×368×129 130 330×300×105 HEA 340 145 
203×203×60160180×180×51HEB 180 168 
305×305×97 145 290×300×88/3 HEA 300 166 
203×203×52 180 230×240×60 HEA 240 192 
203×203×46200210×220×51HEA220 209 

190×200×42 HEA 200 229 
152×152×30 235 152×160×34 HEA 160 253 

133×140×25HEA 140 259 
203×102×23 270 114×120×20 HEA 120 290 

200×100×22/4 IPE 200 290 
152×152×23300180×91×19IPE 180 307 
178×102×19 305 160×82×16 IPE 160 329 

IPE 100 424 

   IPE 80 450 
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 4 --4    H  I    

    
)UK(  

mm×mm×Kg/m 

  
     

m-1 

    
)EURO(  

mm×mm×Kg/m 

  
 

  
    

m-1 

356×406×634 2 
305×305×283 40 432×307×256 HEM 400 46 
356×406×340 35 
305×305×198 50 270×248×157 HEM 240 53 

105 310×288×189 HEM 280 51 
254×254×132 65 240×226×117 HEM 220 64 
356×368×177 65 450×300×171 HEB 450 71 
254×254×107 75 320×300×127 HEB 320 80 
305×305×118 85 300×300×117 HEB 300 84 

390×300×125 HEA 400 90 
254×254×89 90 240×240×83 HEB 240 94 
356×368×129 90 330×300×105 HEA 340 99 
203×203×60 110 180×180×51 HEB 180 114 
305×305×97 100 290×300×88/3 HEA 300 110 
203×203×52 125 230×240×60 HEA 240 129 
203×203×46 140 210×220×51 HEA220 140 

190×200×42 HEA 200 153 
152×152×30 160 152×160×34 HEA 160 169 

133×140×25 HEA 140 174 
203×102×23 210 114×120×20 HEA 120 194 

200×100×22/4 IPE 200 220 
152×152×23 205 180×91×19 IPE 180 233 
178×102×19 230 160×82×16 IPE 160 250 

IPE 100 313 
IPE 80 339 
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 4 - -5      
    

mm×mm×mm 

     
m-1  

400×400×2055 
200×200×1677 

200×200×12/585 
200×200×10100 
200×200×8130 
160×160×8135 
90×90×8140 

200×200×6/3165 
150×150×5210 
100×100×4260 
90×90×3/6290 
80×80×3/6295 

100×100×3/2330 
50×50×2/5425 

  
                    

    .            
  .  

  
 4 - -6       

   
mm(dia) × mm

     
m-1 

244/5×2545 
323/9×2545 
355/6×2055 

219/1×12/585 
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219/1×10100
219/1×8130
168/3×8130

168/3×6/3165
139/7×5205
219/1×5205

114/3×3/6 285
88/9×3/2325
42/4×2/6 410 
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-               . 

                  
      .  

  
5-1      

                     
               .

                    
      .  
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5-2     

                
  .          .  

                     
        .       

                        
      .  

5-2-1 EN ISO 1182, Reaction to fire tests for building products – Non 
combustibility test. 

-     2-7271: 1383          
 -  2           2002 :EN 

ISO 1182   .  
5-2-2 BS EN 1363-1, Fire resistance tests- Part 1: General 

requirements. 
-     1-12055: 1388            :

      1999 :EN 1363-1 BS    .  
5-2-3 BS ISO 5658-2, Reaction to fire tests – Spread of flame – 

part 2: Lateral spread on building and transport products in 
vertical configuration. 

-     2-19281: 1393         – 
  –  2 :            

      BS ISO 5658-2:2006    .  
5-2-4     17678 :1393   - . 

5-2-5 BS 1191-1, Specification for gypsum building plasters. Excluding 
premixed lightweight plasters 

5-2-6         "         
".  
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5-2-7 ISO 5660, Fire Tests, Reaction to Fire, Rate of Heat Release from 
Building Products (Cone Calorimeter) 

-     1-7271: 1382          
           :       

               
  ISO 5660:1990    .  

5-2-8  BS 1485, Specification for zinc coated hexagonal steel wire netting 
5-2-9         "         

 ".  
5-2-10     389 :1378    . 

5-2-11 BS 5268-2, Structural use of timber. Code of practice for 
permissible stress design, materials and workmanship 

5-2-12         "      
  ". 

5-2-13 BS EN 1015-12, Mortar for masonry Test method - Part 12: 
Determination of adhesive strength of hardened rendering and 
plastering mortars on substrates 

-     12-9150: 1386      12 
                    

  BS EN 1015-12:2000    .  
5-2-14  ASTM E605, Standard Test Methods for Thickness and Density of 

Sprayed Fire-Resistive Material (SFRM) Applied to Structural 

Members. 
 

5-3     

        :  
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5-3-1    

   
spray 

   .  
  
5-3-2    

    
adhesive retention 

            .  
  
5-3-3  

    
mechanical retention  

            .  
 -   5-7  .  

  
5-4    

5-4-1                
    .           

                   )  
  (    )     (          

      .  
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             .    

              
     .             

             1-12055    
                 

                
             .       

                   
                 

              
            .     
             
  .              
                   

 .  
5-4-2                

           :  
 (        
 (                 

   .  
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5-5   

5-5-1    
5-5-1-1    

           5-5-1-2 5-5-1-3  
5-5-1-4   .  
  
5-5-1-2     

             :  
 -               
   
                  

          .  
 –              

  
                 

                
       .  

                       
                     

          .  
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5-5-1-3     
       )      (  
   .  

  
5-5-1-4     

     :       . 

  
5-5-2     

               
                    .    

                   .
                 

                  .   
                   

            .  
  
5-5-3         

                   )  
    (             

               .    
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   .                
                 

                  
.                    

 .          :  
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