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Requested by Commission of the European Communities 
 Grant agreement No. RFSR-CT-2010-00026 

Beneficiary Technical Research Centre of Finland, VTT 
 

Testing laboratory VTT Expert Services Ltd 
 Fire Safety 
 P.O. Box 1001 (Postal address: Kivimiehentie 4) 

FI-02044 VTT, Finland 
Tel. + 358 20 722 111 

 E-mail: forename.surname@vtt.fi 
 

Fire resistance tests of ferritic stainless steel beams 

Task The task is related to research project Structural Applications of Ferritic Stainless 
Steels (SAFFS), Task 4.3 Model calibration tests. Two fire resistance tests were 
performed on ferritic stainless steel beams with RHS 40 x 80 x 2 sections. 

Test specimens Test specimens were two ferritic stainless steel beams with RHS 40 x 80 x 2 
sections, section factor F/V = 430 1/m, and Grade 1.4509. The length of the 
beams was 1000 mm and the span 900 mm. One of the beams was uncoated and 
the other painted with primer Epigrip L425 and intumecent paint Firetex 
FX13881 manufactured by Leighs Paints. Measured mean thickness of the primer 
was 97.5 m and measured mean thickness of intumecent paint 1816 m / 
1538 m.  

Information of construction and preparation of test specimens: Appendix 7 

 Manufacturer of the specimens: Material - Outokumpu Stainless Oy, Finland 
 RHS-sections -  Stalatube Oy, Finland 
 Primer and intumecent paint - Leighs Paints, UK 

 Date of test specimen delivery to VTT Expert Services Ltd:  
 Uncoated RHS-sections 2 December 2011 
 Coated beam after painting 28 February 2012 

 Date of the mounting of the test specimen:  Specimen 1 9-11 May 2012 
 Specimen 2 30 April - 3 May 2012 

Date of the test Test specimen 1: 11 May 2012 

 Test specimen 2: 3.May 2012 

Test method Applying test standard EN 1365-3:1999 “Fire resistance tests for loadbearing 
elements – Part 3: Beams” 
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Deviations from the test method 
  Size (Item 6.1 of the standard EN 1365-3:1999) 

 “For simply supported beams, when full size is larger than the size which can be 
accommodated in the furnace, then the exposed length [L exp ] shall be not less 
than 4 m.” 

The effect of the deviation on the test results is significant.  

Witnesses The test was witnessed by Mr Asko Talja and Mr Petr Hradil from VTT.  

Test An  identical  uncoated  beam  as  test  specimen  1  has  been  tested  before  at  room  
temperature in relation of the same research project: WP2 Structural performance 
of  steel  member,  task  2.3:  Model  calibration  tests.  Therefore  the  fire  resistance  
tests were performed applying the same restrained and loading conditions as used 
in that test. 

The fire resistance tests of specimen 1 and 2 were identically carried out in the 
combi furnace of the testing laboratory. The test specimens were simply 
supported and they were free to deflect. 

During the test the specimen was loaded with total load of 9.96 kN (load level 
0.25) which was distributed to two point loads applied with a hydraulic jack. The 
load was determined on the basis of calculation (see Appendix 1).  

Determination of test load  Appendix 1 

Test arrangements, location of measuring points for temperatures of the furnace 
and the test specimen, for pressure and deflection: Appendix 2 

Test conditions in the furnace (furnace temperature and pressure difference 
between furnace and test hall): Appendices 3a and 3b 

 The ambient temperature in the test hall was 20 °C in the beginning of the fire 
resistance tests. 

 Specimen 1: The test was terminated 24 minutes 40 seconds after the start of the 
test at the client’s request. 

Specimen 2: The test was terminated 57 minutes 50 seconds after the start of the 
test at the client’s request. 

Test results  Test results with respect to the performance criteria imposed by the standard EN 
13501-2:2007+A1:2009 complemented with EN 1365-2:1999 and EN 1363-
1:1999 are presented in the following table: 
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Table 1. Test results with respect to the criteria. 

 Property Test result 

Loadbearing capacity R  

Test specimen 1  

Deflection (criterion:  L2/400d mm = 25 mm when 
d=80 mm) 

Not exceeded; 
- maximum deflection was 23 mm at 
test time 24 min 40 s 

Rate of deflection (criterion:  L2/9000d mm/min = 
1.1 mm/min when d=80 mm and the value L/30 = 30 mm 
has been exceeded) 

Not exceeded; 
- rate of axial deflection 1.1 mm/min 
achieved at test time 22 min 35 s 
- maximum rate of axial deflection 
was 14.4 mm/min at test time  
24 min 40 s 

Test specimen 2  

Deflection (criterion:  L2/400d mm = 25 mm when 
d=80 mm) 

Exceeded; 
- deflection was 25 mm at test time 
57 min 45 s  
- maximum deflection was 26.9 mm 
at test time 57 min 50 s 

Rate of deflection (criterion:  L2/9000d mm/min = 
1.1 mm/min when d=80 mm and the value L/30 = 30 mm 
has been exceeded) 

Not exceeded; 
- rate of axial deflection 1.1 mm/min 
achieved at test time 56 min 
- maximum rate of axial deflection 
was 8.9 mm/min at test time  
57 min 50 s 

  
The measured temperatures, deflections, observations and photographs are 
presented in the following appendices: 

 Temperatures of the test specimen Appendix 4 
 Observations and deflections during the fire resistance test Appendix 5 
 Photographs of the test specimen Appendix 6 

Summary Test  specimens  were  two  ferritic  stainless  steel  beams  with  RHS  40  x  80  x  2  
sections (section factor F/V = 430 1/m, and Grade 1.4509) the length of which 
was 1000 mm and the span 900 mm. One of the beams was uncoated and the 
other painted with primer Epigrip L425 (thickness 97.5 m) and intumecent paint 
Firetex FX13881 (thickness 1816 m / 1538 m). The tested beams loaded with 
total load of 9,96 kN distributed to two point loads met in the fire resistance test 
the performance criteria imposed by the standards EN 13501-2:2007+A1:2009 
complemented with EN 1365-3:1999 and EN 1363-1:1999 as follows: 
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Test specimen 1 (uncoated beam) 
Loadbearing capacity R 
-Deflection   24 minutes* 
-Rate of deflection  24 minutes* 

Test specimen 2 (fire protected beam) 
Loadbearing capacity R 
-Deflection   57 minutes** 
-Rate of deflection  57 minutes** 

* = The test was terminated 24 min 40 s after the start of the test at the client’s request. 
** = The test was terminated 57 min 50 s after the start of the test at the client’s request. 

This report details method of construction, test conditions and results obtained 
when specific element of construction described herein was tested following the 
procedure outlined in EN 1365-3:1999, and where appropriate EN 1363-1:1999. 
Any significant deviation with respect to size, constructional details, loads, 
stresses and edge or end conditions other than those allowed under the field of 
direct application in the relevant test method is not covered by this test report. 

 Because of the nature of fire resistance testing and consequent difficulty in 
quantifying uncertainty of measurement of the fire resistance, it is not possible to 
provide a stated degree of accuracy on the result.  

Field of direct application of test results 
 Field of direct application of the test results is presented in Appendix 8 of this test 

report.  
 

Espoo, 5 July 2012 

  
Kai Renholm Tuuli Oksanen 
Team Leader Leading Expert 
 
 

APPENDICES Appendix 1  Determination of test load 
 Appendix 2  Test arrangement and measuring points 
 Appendix 3a and 3b Test conditions 
 Appendix 4  Temperatures of the test specimen 
 Appendix 5  Observations during the fire resistance test 
 Appendix 6  Photographs of the test specimen 
 Appendix 7  Information of construction and materials

 Appendix 8  Field of direct application of test results  
Appendix 9 Comparison of calculated and measured temperatures 

and loads 
DISTRIBUTION Project group   1 pdf copy in project workspace 
 VTT Expert Services Ltd/Archive Original (1 pcs) 
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Determination of test load 

General The target fire resistance time within original research plan was 30 min for the 
uncoated beam and at least 60 min for the fire protected beam. Test load was 
determined performing thermal and mechanical analysis of the uncoated and 
coated beam at fire resistance times of 15 min, 30 min and 60 min. 
Thermal analysis of the ferritic stainless steel section was performed by using 
two dimensional heat transfer model of FEM-program COMSOL Multiphysics 
/1/ in order to calculate temperature field of the section. After that failure load 
of the section was determined using temperature dependent mechanical 
material properties.  

Specimen 1 (uncoated section) 

Thermal analysis 
Thermal analysis of section RHS 40 x 80 x 2 was performed by FEM-program 
COMSOL Multiphysics /1/ using thermal properties of stainless steel 
according to EN 1993-1-2:2005 Annex C (specific heat c [J/kgK] and thermal 
conductivity k [W/mK]) /2/. Thermal conductivity and specific heat were 
temperature dependent. Density  =7850 kg/m3 and emissivity  =  0.4  were  
also according to EN 1993-1-2: 2005.  
The bottom surface and both vertical edges of the section were exposed to fire 
according to EN 1363-1:1999 /3/ and the top surface of the section was 
defined as thermal insulated. Heat transfer coefficient for convection was 
supposed to be 25 W/m2K for the exposed surface as defined in the standard 
EN 1991-1-2:2002 /4/.  
Geometry and temperature field of the uncoated beam is presented in Figure 1 
at the time of 15 min. Temperature increase of the different edges of the beam 
in function of time is presented in Figure 2 until 30 min. 

  

Figure 1. Geometry and temperature field of the uncoated beam. 

15 min 
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Figure 2. Temperature increase of the different edges of the beam. 

 

Mechanical analysis 

Strength reduction of stainless steel at elevated temperatures based on steady-
state tests (material tests performed by Outokumpu) is presented in Figure 3. 
Reduction factors for proof strength k 

p0.2,
 = f 

p0.2,
 /  f

y
 are calculated into 

Table 1.   

 

 

 

 

 

 

 

 

 

 

Figure 3. Strength reduction of stainless steel at elevated temperatures. 
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Table 1. Reduction factors kp0.2, . 

Temperature 
(ºC) 

Reduction factor 
kp0.2,

 
25 1 

100 0.898 
200 0.840 
300 0.824 
400 0.770 
500 0.667 
600 0.540 
650 0.464 
700 0.425 
750 0.213 
800 0.085 
850 0.059 
900 0.033 
950 0.022 
1000 0.014 

 

Test  load  F  [kN]  distributed  to  two point  loads  are  calculated  on  the  basis  of  
maximum bending moment M as follows: 

M = F/2*a  
F/2 = M/a = W fy,  / a    where 
W = 9340 mm3 section modulus 
fy,  = kp0.2,  * Rp0.2 = yield stress at the temperature of   
kp0.2,  = reduction factor for stress-strain relationship of stainless steel 
at elevated temperatures 
Rp0.2 = yield stress = 535 N/mm2 (stainless steel Grade 1.4509) 
a = 300 mm distance from the support 

Load F for 15 min when steel temperature is 731 oC and then 
kp0.2, =731oC = 0.299 (interpolated on the basis of Table 1) 

 F = 2*9340 mm3 * 0.299*535 N/mm2 /300 mm = 9.96 kN 

 Load level = test load / failure load at room temperature = 0.25 

failure load at room temperature = 39.74 kN 

Load F = 2.16 kN for 30 min when steel temperature is 839 oC. 

Test load of 9.96 kN was decided to use for specimen 1. 

Specimen 2 (coated section) 

Section factor F/V of the beam is high 430 1/m (usually max 350 1/m). The 
specimen was painted with intumecent paint Firetex FX13381 which has been 
tested according to standard EN13381-8:2010 /5/. Test results of coated beams 
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and columns for I-section as well as coated columns for rectangular and 
circular hollow section are presented in test report WF No. 307504 /6/. 
However rectangular hollow beams were not tested. Assessment covers 

temperatures ranging from 350 
o
C to 750

o
C for time periods up to 120 minutes 

when max F/V=350 1/m.  

As no information existed of fire protection ability of intumecent paint Firetex 
FX13381 for rectangular hollow beams it was impossible to perform thermal 
and mechanical analysis of these beams. However total loads calculated using 
different critical temperatures of steel section are presented in table 2.  

The same test load F = 9.96 kN as used for specimen 1 was used also for fire 
resistance test of specimen 2 because of comparable test results.  

Summary Summary of the calculated loads of uncoated and fire protected rectangular 
hollow beams are presented in Table 2. 

Table 2. Summary of the calculated loads of uncoated and fire protected 
rectangular hollow beams. 

 Uncoated section Fire protected section (calculated 
loads at different temperatures) 

Time  15 min 30 min    

Critical 
temperature  

731 oC 839 oC 500 oC 600 oC 750 oC 

Total load F 9.96 kN* 2.16 kN 22.20 kN 17.98 kN 7.08 kN 

Load level 0.25 0.05 0.56 0.45 0.18 

*Test load for both specimens 

 

Background  /1/ COMSOL Multiphysics 3.5a User’s Guide. COMSOL AB 2009. 
/2/ Standard EN 1993-1-2: 2005 Eurocode 3: Design of steel structures - Part 

1.2: General rules. Structural fire design. CEN European Committee for 
Standardisation, Brussels, Belgium, 2002.  

/3/ Standard EN 1363-1:1999 Fire resistance tests – Part 1: General 
requirements. CEN European Committee for Standardisation, Brussels, 
Belgium, 1999. 

/4/ Standard EN 1991-1-2: 2002 Eurocode 1: Actions on structures - Part 
1.2: General actions – Actions on structures exposed to fire. CEN 
European Committee for Standardisation, Brussels, Belgium, 2002.  

/5/ Standard EN 13381-8:2010 Test methods for determining the 
contribution to the fire resistance of structural members - Part 8: Applied 
protection to steel members – reactive coatings. CEN European 
Committee for Standardisation, Brussels, Belgium, 2010. 

/6/ Test report WF No. 307504 by Exova Warringtonfire, dated 20 May 
2011. 
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Test arrangement and measuring points 

 
      P = pressure difference between the furnace and the test hall 

 
Figure 1. Test specimen installed in the furnace. 
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Figure 2. Temperature and deflection measuring points. 
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Figure 1. Furnace temperature, test 1 (11 May 2012). 
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Table 1. Furnace temperature, test 1 (11 May 2012). 

Time 

AVG 
Furnace 
temp. 

C] 

Guiding 
furnace 
temp 

C] Min [ C] Max [ C] 
A  

C min] 
As  

C min] d [%] 
Max d 
[%] 

0 20 20 20 20 0 0 0 15 
1 246 349 228 265 797 1107 -27.9 15 
2 377 445 357 397 2685 3489 -23 15 
3 481 502 459 504 5283 6329 -16.5 15 
4 552 544 535 570 8383 9467 -11.5 15 
5 593 576 578 609 11839 12827 -7.7 15 
6 613 603 595 631 15458 16364 -5.5 15 
7 624 626 610 639 19177 20051 -4.4 15 
8 634 645 619 649 22939 23864 -3.9 15 
9 649 663 636 663 26786 27788 -3.6 15 

10 666 678 652 680 30743 31811 -3.4 15 
11 679 693 664 694 34786 35925 -3.2 14.5 
12 687 705 673 702 38879 40119 -3.1 14 
13 703 717 690 716 43057 44385 -3 13.5 
14 713 728 699 728 47305 48720 -2.9 13 
15 723 739 710 737 51623 53121 -2.8 12.5 
16 734 748 719 749 55990 57582 -2.8 12 
17 746 757 732 761 60430 62097 -2.7 11.5 
18 752 766 737 767 64918 66666 -2.6 11 
19 764 774 751 777 69474 71286 -2.5 10.5 
20 774 781 760 789 74077 75951 -2.5 10 
21 778 789 767 790 78739 80661 -2.4 9.5 
22 783 796 771 796 83429 85416 -2.3 9 
23 793 802 781 806 88157 90210 -2.3 8.5 
24 803 809 790 816 92955 95043 -2.2 8 

 
 
Where 
A is area under the actual average furnace time-temperature curve 
As is the area under the standard (guiding) time-temperature curve 
d is deviation 
Max d is highest acceptable deviation 
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Figure 2. Furnace temperature, test 2 (3 May 2012). 
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Table 2. Furnace temperature, test 2 (3 May 2012). 

Time 

AVG 
Furnace 
temp. 

C] 

Guiding 
furnace 
temp 

C] Min [ C] Max [ C] 
A  

C min] 
As  

C min] d [%] 
Max d 
[%] 

0 20 20 20 20 0 0 0 15 
1 241 349 221 261 777 1107 -29.8 15 
2 382 445 363 401 2648 3489 -24.1 15 
3 483 502 466 500 5267 6329 -16.8 15 
4 558 544 541 575 8402 9467 -11.3 15 
5 589 576 579 600 11870 12827 -7.5 15 
6 607 603 594 621 15464 16364 -5.5 15 
7 617 626 606 629 19140 20051 -4.5 15 
8 633 645 621 645 22879 23864 -4.1 15 
9 649 663 639 659 26724 27788 -3.8 15 

10 663 678 652 674 30665 31811 -3.6 15 
11 677 693 664 691 34696 35925 -3.4 14.5 
12 690 705 679 702 38803 40119 -3.3 14 
13 703 717 691 715 42991 44385 -3.1 13.5 
14 710 728 698 723 47226 48720 -3.1 13 
15 719 739 706 733 51527 53121 -3 12.5 
16 731 748 720 742 55883 57582 -3 12 
17 744 757 730 758 60295 62097 -2.9 11.5 
18 752 766 740 765 64776 66666 -2.8 11 
19 758 774 747 770 69316 71286 -2.8 10.5 
20 770 781 758 782 73907 75951 -2.7 10 
21 779 789 767 792 78555 80661 -2.6 9.5 
22 790 796 776 804 83258 85416 -2.5 9 
23 793 802 780 807 88006 90210 -2.4 8.5 
24 798 809 785 812 92788 95043 -2.4 8 
25 806 815 793 820 97600 99915 -2.3 7.5 
26 815 820 802 828 102469 104820 -2.2 7 
27 823 826 812 835 107380 109758 -2.2 6.5 
28 829 831 818 840 112342 114729 -2.1 6 
29 833 837 821 846 117334 119733 -2 5.5 
30 839 842 829 850 122363 124770 -1.9 5 
31 842 847 833 852 127415 129837 -1.9 4.9 
32 853 851 844 863 132513 134931 -1.8 4.8 
33 858 856 847 869 137648 140052 -1.7 4.8 
34 865 860 853 878 142815 145200 -1.6 4.7 
35 869 865 859 879 148017 150375 -1.6 4.6 
36 878 869 869 888 153257 155577 -1.5 4.5 
37 882 873 872 892 158539 160803 -1.4 4.4 
38 887 877 879 896 163849 166053 -1.3 4.3 
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Time 

AVG 
Furnace 
temp. 

C] 

Guiding 
furnace 
temp 

C] 
 Min [ C] Max [ C] 

A  
C min] 

As  
C min] d [%] 

Max d 
[%] 

39 893 881 885 902 169191 171327 -1.2 4.3 
40 897 885 890 904 174569 176625 -1.2 4.2 
41 902 888 893 911 179975 181944 -1.1 4.1 
42 906 892 897 916 185401 187284 -1 4 
43 910 896 900 920 190848 192648 -0.9 3.9 
44 913 899 905 922 196312 198033 -0.9 3.8 
45 914 902 905 923 201803 203436 -0.8 3.8 
46 914 906 906 923 207289 208860 -0.8 3.7 
47 917 909 909 926 212776 214305 -0.7 3.6 
48 920 912 913 927 218293 219768 -0.7 3.5 
49 921 915 913 930 223808 225249 -0.6 3.4 
50 924 918 916 932 229346 230748 -0.6 3.3 
51 932 921 923 942 234912 236265 -0.6 3.3 
52 930 924 923 937 240499 241800 -0.5 3.2 
53 932 927 924 941 246081 247353 -0.5 3.1 
54 934 930 927 941 251684 252924 -0.5 3 
55 936 932 928 945 257302 258510 -0.5 2.9 
56 939 935 932 946 262932 264111 -0.4 2.8 
57 944 938 937 951 268585 269730 -0.4 2.8 

 
 
Where 
A is area under the actual average furnace time-temperature curve 
As is the area under the standard (guiding) time-temperature curve 
d is deviation 
Max d is highest acceptable deviation 
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Figure 1. Pressure difference, test 1 (11 May 2012). 
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Figure 2. Pressure difference, test 2 (3 May 2012). 
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Figure 1. Measured individual specimen temperatures, test 1 (11 May 2012). 
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Figure 2. Measured individual specimen temperatures, test 1 (11 May 2012). 
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Table 1. Measured temperatures of the specimen test 1 (11 May 2012). 

 
Time TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 

0 20 20 20 20 20 20 20 21 
1 67 115 155 128 50 114 163 99 
2 130 190 229 211 96 167 214 151 
3 180 266 305 290 133 217 272 201 
4 238 335 374 352 171 270 279 256 
5 296 394 434 411 216 312 349 311 
6 349 442 486 464 259 362 406 366 
7 396 480 520 498 302 400 448 401 
8 435 514 550 531 337 432 474 435 
9 472 546 577 562 371 466 506 474 

10 505 575 604 590 403 497 509 504 
11 536 599 626 609 434 527 537 533 
12 560 619 644 632 461 551 562 559 
13 579 637 657 645 484 573 583 579 
14 595 651 675 664 504 593 604 602 
15 607 666 689 676 523 610 621 617 
16 623 682 703 691 541 624 636 633 
17 635 695 716 705 559 640 651 649 
18 649 707 728 719 577 654 665 663 
19 668 721 740 729 595 669 680 678 
20 690 734 751 743 612 683 695 695 
21 712 747 761 754 628 697 708 707 
22 727 757 768 762 642 707 717 716 
23 742 769 780 775 655 719 730 729 
24 759 782 791 786 671 732 742 741 
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Figure 3. Measured individual specimen temperatures, test 2 (3 May 2012). 
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Figure 4. Measured individual specimen temperatures, test 2 (3 May 2012). 
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Table 2. Measured temperatures of the test specimen, test 2 (3 May 2012). 
 

Time TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 
0 20 20 20 20 20 20 20 21 
1 37 91 117 87 38 90 94 113 
2 69 146 185 155 66 146 154 172 
3 105 185 220 184 101 186 200 216 
4 137 211 238 214 132 213 226 246 
5 165 227 250 238 161 231 240 261 
6 186 239 266 250 182 245 253 271 
7 206 255 285 263 200 257 265 278 
8 223 270 304 274 216 268 276 286 
9 236 283 317 285 229 277 288 293 

10 247 294 328 293 240 285 300 299 
11 257 302 341 300 249 292 310 305 
12 266 311 354 308 257 298 317 311 
13 275 319 368 317 263 308 323 317 
14 284 327 381 326 267 315 328 322 
15 290 334 393 335 268 321 335 326 
16 293 344 405 344 268 326 344 331 
17 293 354 417 352 267 331 353 337 
18 296 364 428 362 263 336 362 342 
19 302 375 439 372 261 341 371 348 
20 309 385 450 383 265 347 379 354 
21 318 397 460 395 271 353 387 360 
22 327 408 471 406 279 362 396 369 
23 337 420 481 416 286 371 405 378 
24 348 431 490 427 295 381 414 387 
25 358 443 500 437 304 391 423 396 
26 370 454 509 448 313 401 432 407 
27 383 465 519 459 327 410 440 418 
28 397 476 529 471 339 421 449 430 
29 410 487 538 484 351 430 457 442 
30 424 498 547 496 364 440 466 452 
31 437 508 557 507 377 450 474 462 
32 450 519 566 519 391 460 482 472 
33 463 530 576 530 403 469 490 481 
34 476 540 585 541 415 479 499 490 
35 489 551 594 552 425 488 507 499 
36 502 561 603 562 436 497 515 507 
37 514 572 612 573 446 506 523 516 
38 527 582 621 583 456 514 531 514 
39 539 592 630 593 465 523 539 517 
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Time TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 
40 551 603 639 603 475 531 547 526 
41 563 613 647 614 485 539 555 534 
42 575 623 656 624 495 544 562 543 
43 586 633 665 634 505 552 570 551 
44 598 642 674 643 516 560 577 559 
45 610 651 683 653 526 568 584 567 
46 621 661 692 662 535 576 591 575 
47 632 670 700 672 544 582 598 582 
48 642 680 710 682 552 590 605 589 
49 652 690 718 692 561 596 611 596 
50 663 699 728 702 569 603 618 603 
51 674 709 738 712 576 610 625 610 
52 686 719 747 722 584 616 632 617 
53 696 728 757 732 591 623 638 624 
54 707 739 768 742 598 629 644 630 
55 718 749 778 752 605 635 650 636 
56 729 759 788 763 611 641 657 643 
57 740 769 800 774 618 647 664 649 
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Observations 
Specimen 1 

 
 Test time U/E Observation (E stands for the fire exposed side and U for the unexposed side) 

[min:s] 
 
 0:00 U/E Test was started. 
 11:20 U Smoke began to emerge in the middle of the specimen.   
 24:35 U Deflection increased so rapid that loading system couldn’t follow. 
 24:40  Test was terminated. 
 
 
 
 

 
Figure 1. Deflection of the specimen, test 1 (11 May 2012). 
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Figure 2. Deflection rate of the specimen, test 1 (11 May 2012). 

 

 

Figure 3. Load of the specimen, test 1 (11.May 2012). 
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Specimen 2 
 
 Test time U/E Observation (E stands for the fire exposed side and U for the unexposed side) 

[min:s] 
 
 0:00 U/E Test was started. 
 15:45 U Smoke began to emerge in the middle of the specimen.   
 57:45 U Deflection increased so rapid that loading system couldn’t follow. 
 57:50  Test was terminated. 

 

 

 

Figure 4. Deflection of the specimen, test 2 (3 May 2012). 
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Figure 5. Deflection rate of the specimen, test 2 (3 May 2012). 

 

 

Figure 6. Load of the specimen, test 2 (3.May 2012). 
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Photos of test specimen 1 

 

 
Figure 1. Stainless steel tube. 

 
 

 
Figure 2. Exposed face of test specimen 1 before the test. 
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Figure 3. Unexposed face of test specimen 1 before the test. 

 

 
Figure 4. Unexposed face of test specimen 1 before the test.   
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Figure 5. Unexposed face of test specimen 1 at the test time 15 min 51 s. 

 

 
Figure 6. Test specimen 1 after the test.  
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Figure 7. Test specimen 1 after the test.  
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Photos of test specimen 2 
 

 
Figure 8. Exposed face of specimen 2 before the test.   

 

 
Figure 9. Unexposed face of specimen 2 before the test.  
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Figure 10. Test specimen 2 after the test.   

 

 
Figure 11. Test specimen 2 after the test.   
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Construction and preparation of test specimens 

Test specimens Test specimen 1 was  a  ferritic  stainless  steel  beam  with  RHS  40  x  80  x  2  
section, Grade 1.4509. The length of the beam was 1000 mm and the span 
900 mm.  

Test specimen 2 was like test specimen 1 but the beam was painted with 
primer Epigrip L425 manufactured by Leighs Paints (see Figure 1) and 
intumecent paint Firetex FX13881 manufactured also by Leighs Paints (see 
Figure  2).  All  faces  of  the  beam  were  fair-painted  with  only  single  layer  of  
intumecent paint Firetex FX13881 on 31 January 2012. Painting and 
measurements of paint thicknesses were performed by JMP Huolto Oy. 
Measured  mean  thickness  of  the  primer  was  97.5  m  (see  Figure  3)  and  
measured mean thickness of intumecent paint 1816 m /1538 m (two series 
of measurements, see Figure 4 and 5). After drying of intumecent paint test 
specimen 2 was removed to the conditioning room on 28 February 2012.  

Mounting of the beams Test specimen 1 was mounted horizontally on the top of combi furnace on 9 – 
11 May 2012  and test specimen 2 on 30 April – 3 May 2012. Three sides of 
the specimen were fire exposed and the top of the specimen was protected with 
ceramic fibre insulation Kaowool so that the specimen was free to deflect. 

Loading The specimens were simply supported so that the span was 900 mm. Both 
specimens were loaded with the load of 9.96 kN which was distributed to two 
point loads at the distance of 300 mm. Determination of the load is presented 
in Appendix 1.  

The load of the specimens was increased gradually so that at least 15 minutes 
before the start of the test the full load was achieved.  

Conditioning of the test specimen 

The test specimens were conditioned in a conditioning room from 9 March 
2012 until the testing day. 
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Figure 1. Information of primer Epigrip L425. 
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Figure 1 continued. Information of primer Epigrip L425. 
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Figure 2. Information of intumecent paint Firetex FX13881. 
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Figure 2 continued. Information of intumecent paint Firetex FX13881. 
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Figure 3. Thickness measurements of primer Epigrip L425. 
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Figure 3 continued. Thickness measurements of primer Epigrip L425 
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Figure 4. Thickness measurements (serie 1) of intumecent paint Firetex FX13881. 
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Figure 4 continued. Thickness measurements (serie 1) of intumecent paint Firetex FX13881. 
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Figure 5. Thickness measurements (serie 2) of intumecent paint Firetex FX13881. 
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Figure 5 continued. Thickness measurements (serie 2) of intumecent paint Firetex FX13881. 
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Field of direct application of test results 

 In the standard EN 1365-3:1999 "Fire resistance tests for loadbearing 
elements - Part 1: Beams”, section 13, the following applications are 
mentioned: 

 The test results are applicable to identical beams with maximum moments and 
shear forces, which when calculated on the same basis as the test load are not 
greater than those of the test specimen. This is only applicable provided no 
changes are made to any applied fire protection. 
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Comparison of calculated and measured temperatures and loads 

Outokumpu Tornio Research Centre performed transient tests on ferritic 
stainless steel Grade 1.4509. Strength Rp0.2 reduction factor of stainless steel at 
elevated temperatures based on these tests is presented in Figure 1. Reduction 
factors for proof strength k 

p0.2,
 = f 

p0.2,
 / f

y
 are calculated into Table 1.   

 
Figure 1. Strength Rp0.2 reduction factor of stainless steel at elevated 
temperatures (transient = based on transient tests, isothermal = based on 
steady-state tests). 

Table 1. Reduction factors kp0.2, . 

Temperature 
(ºC) 

Reduction factor 
kp0.2,  

25 1.000 
76 0.883 

132 0.831 
344 0.779 
429 0.725 
478 0.673 
504 0.621 
533 0.569 
593 0.518 
636 0.463 
669 0.411 
752 0.360 
772 0.308 
766 0.256 
800 0.202 
801 0.150 
803 0.098 
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Failure loads of the beam section are calculated using the measured 
temperatures of the section and the above given reduction factors kp0.2,  (see 
Table 2). Temperature related to test load when using above given reduction 
factors kp0.2,  is also calculated. For the comparison all results are gathered to 
Table 2. 

At the load 9.96 kN (test load) calculated temperature 774 oC is closer to the 
measured temperatures when reduction factors kp0.2,  are based on transient 
test.  

Table 2. Summary of the calculated and measured temperatures and loads for 
specimen 1 (uncoated beams) and specimen 2 (fire protected beams). 

Specimen 1 

Temperature 
Load 

steady-state transient 

calculated 731 oC 9.96 kN* 15.33 kN 

calculated 774 oC  9.96 kN* 

measured max 797 oC  7.11 kN 

measured average 789 oC  8.11 kN 

Specimen 2 

Temperature 
Load 

steady-state transient 

calculated 731 oC 9.96 kN* 15.33 kN 

calculated 774 oC  9.96 kN* 

measured max 804 oC**  3.27 kN 

measured average 780 oC  9.26 kN 

*Test load 
**Temperature just before rapid temperature rise 

 

Measured temperatures of uncoated and fire protected beams are presented in 
Figure 2. Temperatures of fire exposed sides are within 10 oC at the time of 
failure with uncoated beam but with fire protected beam temperature of the 
bottom surface is clearly the highest. Maximum temperature of both beams is 
close 800 oC at the time of failure. Apparently the coating of the fire protected 
beam has cracked just before failure and caused the rapid increase of 
temperature at the bottom of the beam.  
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Figure 2. Comparison of the measured temperatures of uncoated and fire 
protected beams. 
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