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If the same profile is fire protected with gypsum board encasement with a
thickness of d, =15 mm, the temperature development is shown in Fig. 4.18.
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The sectlon factor for an HE 200 A is:
A /V 211 m
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4. TEMPERATURE IN STEEL SECTIONS




5.8. DESIGN EXAMPLES

* In Table 5.8 the meaning of the symbols are as follows:

kze Reduction factor (relative to E,) for the slope of the linear elastic
range : '

ko260 Reduction factor (relative to Jy) for proof strength

k.o  Reduction factor (relative to f;) for tensile strength

kav.e Factor for determination of the yield strength o

k0 Reduction factor (relative to f;) for “effective” yield strength

'~ 5.8. DESIGN EXAMPLES

In this section, several design examples, covering most of the possible
load cases, are presented, with full details. The default value of 1.0 proposed
in Burocode has been adopted for the partial safety factors y,,, and y Mo
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A4, TABLES AND NOMOGRAMS FOR EVALUATING THE TEMP. IN UNPROTECTED STEEL
MEMBERS SUBJECTED TO THE STANDARD FIrRE CURVE ISO 834

A4. TABLES AND NOMOGRAMS' FOR EVALUATING THE
TEMPERATURE 1IN UNPROTECTED STEEL MEMBERS -
SUBJECTED TO THE STANDARD FIRE CURVE ISO 834

Tempefature of unprotected sfeel in °C, exposed to the ISO 834 ﬂré curve
| | for different values of [, —‘i_-ﬁ , [m“l]

“Time | 10 [ 15 { 20 | 25 | 30 | 40 | 60 | 100 200 | 300 | 400
m! |m! [ m?! ! m? | m? | omt | g m! [ m! | mt
20 120 120120 | 2020 |20] 202020 |20
21 122 |23 |24 | 24 | 26 | 20 | 34 | 48 | 61 | 73
25 127 129 |31 | 33|38 | 46 | 62 | 100 | 133 | 162
20 133 |37 | a1 | 45| 53 | 68 | o7 | 161 214 | 259
33 140 | 46 | 52 | 59 | 71 | 94| 136 | 226| 206 | 351
39 | 48 | 571 65 | 74 | 90 [ 122 | 178 | 291 373 | 430
45 | 57 | 68 | 79 | 90 | 111 | 151 | 221 | 354 | 441 | 404
51 1 66 | 80 | 94 | 108 | 133 | 181 | 265 | 413 | 498 | 545
58 | 76| 93 | 110 | 126 | 156 | 213 | 308 | 466 | 545 | 582
65 | 86 | 106 | 126 | 144 | 180 | 245 | 351 | 512 | 583 | 615

73 ] 97 1120 | 142 | 164 | 204 | 277 | 392 | 552 614 | 640 —

- H |
gxooo\:mm.hmmx_agg.
. I‘_l

) 325
11 80 | 108 ] 134 ] 159 | 183 | 229 | 300 | 432 387 | 640 | 660
12 88 | 119 | 149 | 177 | 204 | 253 | 340 | 469 616 | 662 | 678
13 97 [ 131|164 [ 195|224 | 278 | 372 | 503 641 | 680 | 693

105 | 143 | 179 | 213 | 244 | 303 | 402 | 535 | 663 | 695

i -
oI,

16 | 122 | 167 | 210 | 249 | 286 | 353 | 460 291 | 697 | 718 | 725.
17 131 | 180 | 225 | 268 | 307 | 377 | 487 | 615 710 [ 727 | 732
18 140 | 193 | 241 | 286 | 328 | 401 | 513 | 638 721 | 733 | 736
19 150 | 206 | 257 | 305 | 348 425 | 538 | 658 | 729 | 737 | 743
20 159 | 218 | 273 | 323 | 369 | 448 | 561 | 676 | 734 743 | 754
21 168 | 232 | 289 | 342 | 389 | 470 583 | 692 738 | 754 | 767 { .
22 178 | 245 | 305 | 360 | 409 | 491 | 604 | 706 | 744 767 | 780
23 188 | 258 | 321 | 378 | 429 | 512 623 | 717 | 754 | 780 | 790 .




5

Temperature of unprotected steel in "C exposed to the ISO 834 ﬂre curve

for different values of k&, A”’ [m ] (contmued)

Time | 10 | 15 | 20 | 25 | 30 | 40 | 60 | 100 | 200 | 300 | 400
min] | m* |m' | w [ o o' | o | o' ! | ! | ! |
24 | 197 | 271 | 337 | 396 | 448 | 532 | 641 | 726 | 767 | 791 | 799
25 1207 | 284 | 353 | 414 | 467 | 552 | 658 | 732 | 780 | 801 | 807
26 217 | 208 | 369 | 432 | 485 | 570 | 674 | 735 | 792 | 809 | 813
27° | 227 | 311 | 385 | 449 | 503 | 588 | 688 | 739 | 803 | 816 | 220
28 | 237 | 324 | 401 | 466 | 521 | 604 | 701 | 746 | 813 | 823 | 826
29 1247 | 338 | 416 | 482 | 538 | 621 | 712 | 756 | 821 | 829 | 831

364

514

570

651

780

31 267 446 728 840

32 277 § 377 | 461 | 530 | 585 | 665 | 733 | 793 | 841 845 847
33 288 | 391 | 476 | 545 600 678 | 736 | 805 | 846 | 850 852
34 298 | 404 | 490 | 559 | 614 | 690 | 740 | 816 | 851 | 855 | 856
35 | 308 | 416 | 504 | 574 | 628 | 701 | 745 | 827 | 856 | 860 | 861
36 318 | 429 | 518 | 587 | 641 | 711 | 753 | 836 | 861 | 864 | 865
37 320 | 442 | 532 | 601 | 654 | 719 | 763 | 844 | 866 | 868 | 870
38 330 [ 454 | 545 [ 614 | 666 | 726 | 774 | 852 | 870 | 873

42 | 379 | 503 | 594 | 661 | 707 | 740 | 822 | 876 889
e oy 00 79 T 53 | B =590 |00 599
44 | 399 | 526 | 617 | 683 | 722 | 752 | 842 | 885 | 893 | 895 | 896
45 | 409 | 537 | 628 | 692 | 728 | 761 | 852 | 889 | 897 | 899 | 900
46| 419 | 548 | 639 | 701 | 732 | 771 | 860 | 894 | 900 | 902 | 903
47 | 429 | 559 1,650 | 709 | 735 | 781 | 868 | 897 | 904 | 906 | 906
48 | 439 | 570 | 660 | 717 | 737 | 792 | 875 | 901 | 907 | 909 | 910

670

740

803

1905




A4 TABLES AND NOMOGRAMS FOR EVALUATING THE TEMP, IN U NPROTECTED STEEL
Mlc MBrRs SUBJ!«,CTED TO m: %TANDARD Fmr Cum 3 ISD 834

Temperature of unplotected steel in °C, exposed to the ISO 834 ﬁre curve
for different values of £, —AI—/’-”- ) [m‘ ] (continued) - -

400

Time | 10 | 15 | 20 |. 25 | 30 | 40 [ 60 | 100 | 200 | 300
min | m? | w' | w! | o' | m? [ m? | o | ot | o m' [ m?
51 | 468 | 600 | 688 | 732 | 750 | 825 | 894 | o11 [ 917 | 918 | 019
52 | 477 | 610 | 697 | 734.] 757 | 835 | 899 | 015 | 920 | 921 | 922
+53 | 487 | 620 | 704 | 736 | 765 | 845 | 904 | 918 | 923 | 924 | 525
S 54 1496 | 629 | 711 | 739 | 774 | 854 | 908 | 921 926 | 927 .| 928
55 1505 | 638 | 718 | 743 | 784 | 863 | 913 | 924 | 928 | 930 | 930
56 | 514 | 648 | 723 | 747 | 794 | 872 | 917 | 927 | 931 { 932 |.933
57 1523 | 656 | 728 | 753 | 804 | 880 | 920 | 930 | 934 | 935 | 936
58 [ 532 | 665 | 731 | 760 | 814 | 887 | 924 | 933 | 937 | 038 | 938
|59 1541 | 673 | 734 | 768 | 825 | 894 | 927 | 935 | 939 | 940 | 941
61 | 558 | 689 | 738 | 786 | 844 | 907 | 934 | 941 | 944 |-046 | 946
62 | 566 | 696 | 741 | 796 | 853 | 912 | 937 | 943 | 947 | 948-| 940
63 | 574 | 703 | 744 | 805 | 862 | 917 | 940 | 946 | 949 | 950 | 957
64 | 583 | 709 | 749 | 815 | 871 | 922 | 942 | 948 | 952 | 953 | 953
65 | 591 | 715 | 755 | 824 | 879 | 927 | 045 | 951 | 954-| 955 | 956
66 | 598 | 720 | 761 | 834 | 887 931 | 948 [ 953 | 957 | 958 | 958
67 | 606 | 725 | 769 | 843 | 894 | 935 | 950 | 956 | 959 | 960 | 960
68 | 614 | 728 | 776 | 852 | 901 | 939 | 953 | 958 | 961 | 962 | 963 .
622 \_ 907 | 943 | 955 | 960 | 963 | 964 | 965
71 1636 | 735 | 802 | 877 | 919 | 949 | 960 | 965 | 968 | 969 | 969
72. | 644 | 737 | 811 | 885 |1 925 ) 953 | 963 | 967 [ 970 | 971 | 971
73 [ 651 | 739 | 820 | 893 | 930 | 956 | 965 | 969 | 972 | 973 | 973
74| 658 | 742 | 829 ] 900 | 935 | 958 | 967 | 971 1’974 [ 975 | 975 | .
75 | 665 | 745 | 837 | 906 | 939 | 961 | 969 | 973°| 976 | 977 | 977 4
76 | 671 | 750 | 846 | 913 | 944 | 964 | 972 | 975 | 978 | 979 | 970
77 | 678 | 755 | 855 | 919 | 948 | 966 | 9747 | 978 | 980°| 981 | 981
78 1684 | 760 | 863 | 925 | 952 | 969 | 976 | 980 | 982 | 983

327

983l .




A. THERMAL DATA FOR CARBON ANI) STAiNLESS STEEL SECT]ONS

Temperatutre of unprotected steel in °C, exposed to the ISO 834 ﬁre curve

for different values of &, —= 7 [m ] (continued)

Time | 10 [ 15 |20 | 25 | 30 | 40 ; 60 | 100 | 200 | 300 | 400

min | ' [ m? | m? fm? {mw?! [ m? [w! | m! [ m! | m? |

79 690 | 767 | 871 | 930 | 955 | 971 { 978 | 982 | 984 | 085 985

81 702 | 780 | 886 | 940 | 962 | 976 | 982 | 985 | 988 | 989 989
82 707 | 788 | 893 | 945 | 966 | 978 | 984 | 987 | 990 | 991 991
83 712 | 795 1 900 | 949 | 969 | 980 | 986 | 989 | 992 | 992 993
84 716 | 803 | 907 | 954 | 972 | 983 I 988 | 991 [ 993 | 994 | 995
85 720 ] 811|914 | 958 | 974.1 985 | 990 | 993 | 995 | 996 | 99¢
86 724 | 819 920 | 961 | 977 | 987 | 992 | 995 | 997 | 998 | 993
87 727 | 827 1 926 | 965 | 980 | 989 | 993 | 997 | 999 {1000 1000
88 730 | 835 | 931 | 969 | 982 | 991 | 995 | 998 | 100111001 | 1002




5. MECHANICAL ANALYSIS

Table 5.2: Reduction factors for carbon steel for the design at elevated temperatures

Reduction factors at temperature &, relative to the value of Lotk
at 20°C :
Reduction | Reduction Reduc ﬁon Reduction factor
Steel factor factor (relative to f,)
‘ ; factor 2y
Temperature | (relative to | (relative to ; for the design
(relative to E,)
) ) for the slope of sirength of
2] for effective for " hot rolled and welded
a . g . the linear . ‘
yield proportional Lo thin walled sections
strength | limit & (Class 4)
k.e=helfy | k.o hdf, kz~E,dF, Ko.2p,f0.2,0/ 1
20°C 1.000 1.000 1.000 1.000
100 °C 1.000 1.000 1.000 1.000
200 °C 1.000 0.807 0.900 0.890
300 °C 1.000 0.613 0.800 . 0.780
400 °C 1.000 0.420 0.700 0.650
500 °C 0.780 0.360 0.600 0.530
600 °C 0.470 0.180 0.310 0.300
700 °C 0.230 0.075 0.130 0.130
800 °C 0.110 0.050 0.090 0.070
900 °C 0.060 0.0375 0.0675 0.050
1000 °C 0.040 0.0250 0.0450 0.030
1100 °C 0.020 0.0125 0.0225 0.020
1200 °C 0.000 0.0000 0.0000 0.000
NOTE: For intermediate values of the steel temperature, linear interpolation may
- : be used.
108
Reduction factor Effective yield strength
ke 1 \ —\4\ kp=fa/f,
= :;_jiw,, = R R ~ i [ — e oo e e =
0.6
Slope of linear elasﬁc range
0.4 4 kga = Ea,e / Ea
Proportional limit
0.2 4 kp,e = fp,& / fy
0

0 200 400 600 800 1000 1200
Temperature [°C]

Fig. 5.6: Reduction factors for the stress-strain relationship of carbon steel at
elevated temperatures (see Fig. 3.2 from EN 1993-1-2)




4.5, TEMPERATURE OF UNPROTECTED STEELWORK EXPOSED 10 FiRE

- shadow effect may be determined from: N
by =09[4, /V1, 1[4, /V] . (4179
where

[4,/V], - is the box value of the section factor. The box value of the

section factor of a steel section is defined as the ratio between
the exposed surface area of a notional bounding box to the
section and the volume of steel, as shown in Table 4.5, [m].

In all other cases, the value of %, shall be ia]cen as:
| kg, =[4, V1, 14, 1V] (4.17b)

Ignoring the shadow effect (e, k,=1) leads to conservative

solutions. _ ;
Instead of using the modified section factor, kgl4,/V],in Eq. (4.1 6),

oI¢ can use

Kl 4, /V1=09[4,/V], (4.182)
if the correction factor for the shadow effect is given by Eq. (4.17a) or
kul4, 1V1=14,/71, - (4.18b)

if the correction factor for the shadow effect is given by Eq. (4.17b).
In both cases only the box value of the section factor, [4,/V],, is

needed.

Amnex E presents tables (Vila Real ef al., 2009a) with values of the
section factor for unprotected (4, /V) and protected (4,/V) 1 and H

European hot rolled steel profiles as well as values of the modified section
factor (k,;,4,,/V') including the correction factor for the shadow effect (ky)

in accordance with EN 1993-1-2,
An iterative procedure must be used to solve the simplified heat
conduction equation (4.16) because the specific heat ¢, and the net heat flux

P 4 8re both temperature dependent.
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