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5. MECHANICAL ANALYSIS

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

ot S 8tk g e 8 o e e 3 3 4 etk i AT s R v e Te ATy At e} et S Fbpey e

£ g o ke o h i o4 RO B Pk Ly ) s mo g

Reduction factors at temperature 6, relative to the value of f, or E,
- at 20°C ’
Reduction | Reduction Reduction Reductjon factor
Steel fac.tor facjtor Factor (relative to 75
Temperature | (relative to | (relative to (relative to E,) for the design
5) : ) for the slope gf strength of
G, for effective for : hot rolled and welded
yield proportional the linear thin walled sections
strength limit | clasticrange (Class 4)
k,e=h.dly | koo=tdly kg =E,dE, ko.2p, 70.20,6/ fy
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 0.500 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.
Reduction factor Effective yield strength

B AT 2 4 emmie ik I Rtk ek i A TS PR AP ESTY SN W ST PR v AT SR e T 2 CINTEARTRE

ke 1 - \Q:\\ kyo=*%0/%
S 1 3, NS N—
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Slope of linear elastic range
0.4 - _ kE,G = Ea,B / Eq
Proportional limit
02 { LJeo=tolly
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) -




A.4. TABLES AND NOMOGRAMS FOR EVALUATING THE TEMP. IN UNPROTECTED STEEL

AR R s b i s B e Sn e A o

[P .

MEMBERS SUBJECTED TO THE ST

ANDARD FIRE CURVE ISO 834

et i b i 2 i et s

A.4. TABLES AND NOMOGRAMS' FOR EVALUATING THE
IN TUNPROTECTED

TEMPERATURE

STEEL. MEMBERS

SUBJECTED TO THE STANDARD FIRE CURVE ISO 834

Temperature of unprotected steel in °C, exposed to the ISO 834 fire curve
| for different values of £, m‘j;-i , [m—l]

0 20 |20 | 20 | 20 [ 20 | 20|20 ]| 20| 201 20 | 20
1 |21 | 22 |23 | 24| 24|26 |20 |34/ 48|61 |73
2 |25 | 27 | 29 | 31 |33 |38 |46 | 62 |100] 1331|162
3 129 |33 | 37| 41|45 ] 53| 68| 97 | 161 | 212 | 250
4 133 140 | 46 | 52 | 59 | 71 | 94 | 136 | 226 | 296 | 351
5 139148 | 57| 65| 74 | 90 | 122|178 ] 291|373 [ 430
6 | 45 | 57 | 68 | 79 | 90 | 111 | 151 | 221 | 354 | 441 | 494
7 | 51 | 66 | 80 | 94 | 108 | 133 | 181 | 265 | 413 | 498 | 545
8 58 | 76 | 93 | 110 | 126 | 156 | 213 | 308 | 466 | 545 | 534
9 65 | 86 | 106 | 126 | 144 | 180 | 245 | 351 | 512 | 583 | 615
10 | 73 | 97 | 120 | 142 | 164 | 204 | 277 | 392 | 552 | 614 | 640
11 | 80 | 108 | 134 | 159 | 183 | 229 | 309 | 432 | 587 | 640 | 660
12 ) 88 | 119|149 | 177 | 204 | 253 | 340 | 469 | 616 | 662 | 673
13 | 97 | 131 | 164 | 195 | 224 | 278 | 372 | 503 | 641 | 680 | 693

Fo—y
I

429 | 512 | 623 | 717 | 754
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A. THERMAL DATA FOR CARBON AND STAINLESS STEEL SECTIONS

O U T P S PN

-t = —

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

A

for different values of &, T [m"f] (continued)

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 1429 | 559 | 650 | 709 | 735 | 781 | 868 | 897 | 904 | 906 | 906

| 439 | 570 | 660 | 717 | 737 | 792 | 875 | 901 | 907 | 909 910




A4, TABLES AND NOMOGRAMS FOR EVALUATING THE TEMP, IN UNPROTECTED STEEL
Mb MBERS SUBJECT‘FD TO THE %TANDAR&) FIRF Cum E ESO 834

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

for different values of £, %— : [ ] (continued)

61 | 558 | 689 | 738 | 786 | 844 | 907 | 934 | 941 | 944 | 946 | 946
62 | 566 | 696 | 741 | 796 | 853 | 912 | 937 | 943 | 947 | 948 | 949
63 | 574 | 703 | 744 | 805 | 862 | 917 | 940 | 946 | 949 | 950 | 951
64 | 583 | 709 | 749 | 815 | 871 | 922 | 942 | 948 | 952 | 953 | 953
65 | 591 | 715 | 755 | 824 | 879 | 927 | 945 | 951 | 954 | 955 | 956 —
66 | 598 | 720 | 761 | 834 | 887 | 931 | 948 | 953 | 957 | 958 | 958 27
67 | 606 | 725 | 769 | 843 | 894 | 935 | 950 | 956 | 959 | 960 | 960

68 | 614 | 728 | 776 | 852 | 901 | 939 | 953 | 958 | 961 | 962 | 963

60 | 622 | 731 | 785 | 861 | 907 | 943 | 955 | 960 | 963 | 964 | 965

72 1644 | 737 | 811 | 885 | 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 | 974 | 975 | 975 || .

75 665 | 745 | 837 | 906 | 939 | 961 | 969 | 973 | 976 | 977 | 977 |.
76 671 | 750 | 846 | 913 | 944 | 964 | 972

77 678 | 755 | 855 | 919 | 948 | 966 | 974

78 684 | 760 | 863 | 925 | 952 | 969 | 976

71 636 | 735 [ 802 | 877 | 919 | 949 | 960 | 965 | 968 | 969 969,
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A. THERMAL DATc\ FOR CARBON AND STA[NLEQS STEEL SECTW\S
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Temperature of unprotected steel in °C, exposed to the ISO 834 ﬁre curve

for different values of k, -%’"m , [m ] (continued)




MEMBERS SUBJECTED TO THE STANDARD FIRE CURVE SO 834

A5, TABLES AND NOMOGRAMS FOR EVALUATING THE TEMP. IN PROTECTED STEEL

A.5. TABLES AND NOMOGRAMS FOR EVALUATING THE
TEMPERATURE IN PROTECTED STEEL MEMBERS SUBJECTED
TO THE STANDARD FIRE CURVE ISO 834

o Temperature of protected steel in °C, exposed to the ISO 834 fire curve

for different values of MI;P— —;’3» , [‘\7\_f/m3 K]

p
Timé | 100 | 200 | 300 | 400 | 600 | 800 | 1000 | 1500 | 2000
 [min.] |W/m’K| W/m’K|W/m’K | W/n’K | W/n'K | W/mK | W/n'K | W/n®K [W/m’K]
0o | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
5 | 24 | 27 | 31 | 35 | 41 | 48 | 55 | 71 | 86
10 | 20 | 38 | 46 | 54 | 70 | 85 | 100 | 133 | 164
15 | 35 | 49 | 62 | 75 | 100 | 123 | 145 | 194 | 237
20 | 41 | 61 | 79 | 97 | 130 | 160 | 189 | 251 | 305
25 | 47 | 72 | 96 | 118 | 159 | 197 | 231 | 305 | 366
35 | 60 | 97 | 130 | 161 | 216 | 266 | 309 | 400 | 470
40 | 67 | 109 | 147 | 181 | 244 | 298 | 346 | 442 | 514
45 | 74 | 121 | 163 | 202 | 270 | 329 | 380 | 481 | 554
50 | 80 | 133 | 179 | 222 | 296 | 359 | 413 | 516 | 589
55 | 87 | 145 | 196 | 241 | 321 | 387 | 443 | 549 | 621
65 | 100 | 168 | 227 | 279 | 368 | 440 | 499 | 606 | 676
70 | 107 | 180 | 242 | 298 | 391 | 465 | 525 | 631 | 699
75 | 114 | 191 | 258 | 316 | 412 | 488 | 549 | 655 | 717
80 | 120 | 202 | 273 | 333 | 433 | 510 | 571 | 676 | 729
85 | 127 | 214 | 287 | 350 | 453 | 531 | 592 | 695 | 735

100 | 147 | 247 | 330 | 399 | 509 | 589 | 649 | 732 | 773

105 | 153 | 258 | 343 | 415 | 526 | 606 | 666 | 736 | 793
1110 | 160 | 268 | 357 | 430 | 542 | 623 | 682 | 742 | 815
s | 166 | 270 | 370 | 445 | 558 | 638 | 696 | 753 | 838
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A. THERMAL DATA FOR CARBON AND STAINLESS STEEL SECTIONS -

Temperature of protected steel in °C, exposed to the ISO 834 fire curve
A, A

for different values of —~'I-/£- f , [W /m’K

-

p

(continued)

Time

[min.]

100

W/m3K

200
W/m’K

- 300
W/m’K

400

600

W/m K |[Wm’K

800

1000
W/m’K

1500
W/m’K

125

179

299.

395

130

186

310

408

135

192

320

420

140

198

330

432

145

205

lt

339

444

150

211

349

455

155

217

359

466

160

223

368

477

165

230

377

438

170

236

387

498

242

396

175

185

254

528

721

836

190

260

538

727

851

195

266

548

731

866

200

272

557

734

380

205

277

566

736

894

2210 .

283 | 4

738

907

i,

iary

''''''

289

742

I 220

295

592

747

933

225

Il

301

600

753

945

230

306

608

760

956

312

616

768

967

235
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A.6. THERMAL PROPERTIES OF SOME FIRE PROTECTION

MATERIALS

A.6. THERMAL PROPERTIES OF SOME FIRE PROTECTION MATERIALS

Table A.6: Properties of fire protection materials (ECCS, 1995)

Material Unit mass, ~ Moisture Thermal Speciﬁc
o content, p conductivity, A, heat, C,
[kg / m’] % [W/(@mK)] [J/(kgK)]
~ Spays

- mineral fibre 300 1 0.12 1200
- vermiculite cement 350 15 0.12 1200
- perlite 350 15 0.12 1200
High density sprays
- vermiculite (or perlite)

and cement 550 15 0.12 1100
- vermiculite (or perlite) |

and gypsum 650 15 0.12 1100
Boards |
- vermiculite (or perlite)

and cement 800 15 0.20 1200
- fibre-silicate or

fibre-calcium -silicate 600 3 0.15 1200
- fibre-cement 800 5 0.15 1200
- gypsum boards 800 20 0.20 1700
Compressed fiber boards
- fibre silicate, mineral-

wool, stone-wool 150 2 0.20 1200
Concrete 2300 4 1.60 1000
Light weight concrete 1600 5 0.80 340
Concrete bricks 2200 8 1.00 1200
Brick with holes 1000 -  0.40 1200
Solid bricks 2000 . - 1.20

1200
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| Annek E

SECTION FACTORS OF EUROPEAN HOT
ROLLED IPE AND HE PROFILES

This annex preserits tables with values of the section factor for
unprotected (4,/V) and protected (4p/V), I and H European hot rolled steel
-profiles as well as values of the modified section factor k,A4_/V in

- accordance with EN 1993-1-2.
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E. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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E. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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¥. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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K. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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Unprotected sections | Protected secﬁons
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E. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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E. SECTION FACTORS OF EUROPEAN HOT ROLLED IPE AND HE PROFILES
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Annex F

CROSS-SECTIONAL CLASSIFICATION OF
EUROPEAN HOT ROLLED IPE AND HE
PROFILES

This annex  gives tables with the cross-sectional classification of
European hot rolled IPE and HE profiles subjected to pure compression,

pure bending about strong axis (M), pure bending about weak axis (M;) and

combined compression and bending moment, on steel grades $235, S275,
S355 and S460 under normal and high temperatures, according to
EN 1993-1-1 and EN 1993-1-2. | |
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F. CROSS-SECTIONAL CLASSIFICAT. OF EU HOT ROLLED IPE AND HE PROFILES
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F.1. CROSS-SECTIONAL CLASSIFICATION FOR PURE
COMPRESSION AND PURE BENDING

Pure Bending y-y Pure Bending z-z Compression

Normal High Normal High Normal High
Temperature | Temperatures | Temperature | Temperatures | Temperature | Temperatures
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F.1. CROSS-SECTIONAL CLASSIFICATION FOR PURE COMPRESSION AND PURE BENDING
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F. CROSS-SECTIONAL CLASSIFICAT. OF EU HOT ROLLED IPE AND HE PROFILES
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F.1. CrOSS-SECTIONAL CLASSIFICATION FOR PURE COMPRESSION AND PURE BENDING

Chm et e

Pure Bending y-y

Pure Bending z-z

- Compression

Normal High

Temperature

Temperatures

Temperature

" High

Temperatures

Normal

Normal
Temperature

High

Temperatures

Designation

e
i

SRR

iy

i

Aol

sttt

Iy

L

s

b

SRS

HE 360 B

TR,
AT

O 4 e
Do Tt
bER it &)

o

[EEA
ot

3 L A

o

£
(M

2.1 ¥ o4 1
s -?l}la;.?" o

L

ey

N

I

YR ALY
ey

[ E A

il

401




402

F. CROSS-SECTIONAL CLASSIFICAT. OF EU HOT ROLLED IPE AND HE PROFILES

S I e L TR R R T RN

s+ 3 e s SaaR S et e e b4 AR Rt L

Pure Bending y-y

Pure Bending z-z

Compression

Normal
Temperature

High

Temperatures

Temperature

Normal ngh

Temperatures

Normal
Temperature

High

Temperatures

Designation

HE 450 B

Ol i

,‘.g; e

Sy AL BRI

HE 600 B

o FR

ord Bt

Y
i Th

W,

3
o)

Sherpith
COIMUEM

HE 800 AA

iy
R

HE 800

x 373

TRy
hatisy




F.1. CROSS-SECTIONAL CLASSIFICATION FOR PURE COMPRESSION AND PURE BENDING

O L

Pure Bending y-y | Pure Bending z-z Compression
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