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1.0 INTRODUCTION.

In the fire design example, the structure used in design example for static design is used.

1.1  Description.

Theindustrial building contain an administration part with offices, wardrobe, meeting
rooms etc and a fabrication hall. The load bearing system consists of frames standing at a
distance of 5000 mm.

In serviceability limit state the max. allowable deflection is 1/250 of span.

The load bearing structure has the following requirement to fire endurance: R60.

1600

Crane

3900
3000

6000 T 10000

A section of one load bearing frame.

1.3 Refer ences.

[1]: ENV 1999. Eurocode 9: Design of aluminium structures. Part 1.1.
General rules.

[2]: ENV 1999. Eurocode 9: Design of aluminium structures. Part 1.2.
Structural fire design. February 1998.

[3]: TALAT. 2700 Design Example No. 1.

[4]: ENV 1991. Eurocode 1: Basis of design and actions on structures. Part 2-2:
Actions on structures — Actions on structures exposed to fire. February 1995.
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20 MATERIALS

21 Aluminium.

[1], 3.2.2  Theextrusions are alloy EN AW-6082, temper T6, the plates are EN AW-5083 temper

H24.

Table 2.1 Strength of aluminium alloys.

Al IOy f0,2 fu
EN AW-6082 T6 260 MPa 310 MPa
EN AW-5083 H24 250 MPa 340 MPa

[1],5.1.1 The partial safety factor for the members. yy, = 1,10
Ym2 = 1,25

[1], 6.1.1 The partial safety factor for welded connections: yy = 1,25
12|, 2.3 The partial safety factor for fire design: yus = 1,0

Table 2.2 Design values of material coefficients.

Modulus of elasticity E =70 000 MPa

Shear modulus G =27 000 MPa

Poisson’s ratio v=0,3

Coefficient of linear thermal expansion a=23x10°per °C

Density p = 2 700 kg/m®
3.0 LOADS.

3.1 Static loads.

The static loads are described in static design example.

3.2 Fireloads.
Thethermal load is the standard fire curve, which is described as;
4], 4.2.2 Oy =20 + 345 [ogy, (8t + 1)

where: Q= fire temperature
t = duration in min.
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4.0 STATIC DESIGN.

4.1  Resultsfrom the normal temperature design.

Theload bearing frame is calculated in static design example. In this example one
column (Column B) and one beam (Beam F) are chosen as example for fire design.

BeamF, (I 570 x 160 x 5 x 15,4). Values from the static design:

Mgy =341 kNm

Vgg =223,5kN

Column B, (I 200 x 160 x 7 x 16). Vaues from the static design:

Max utilisation for flexural buckling — HAZ at column base (combination of compression

and bending): U = 0,952

4.2  Load effectsin firedesign.

The combination rule for actionsin fire designis:

ZVGA [G, +, @k,l + sz,i @k,i + Z'A\j (t)

where; Gy = characteristic values of permanent actions
Q1 = characteristic value of one (the main) variable action
Qx, = characteristic values of the other variable actions
Aq(t) = design values from actions from fire exposure
Yea = 1,0
P12=05
YPoi=0,3
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421 BeamF.

The critical criteriafor Beam F is the bending moment in the middle of the beam. The
load from the crane is the main variable action. The beamis calculated as pinned in both
ends. Thiswill account for some internal actions due to constrained expansion and
deformation.

Gy = 2,75 kN/m

Q«1 = 50 kN (load from crane)

Qw2 = 4,125 kN/m (imposed load on roof)
Q«s = 11 kN/m (snow load)

Windload gives only suction to the roof, and will for that reason not be included in the
load combination.

Mg e =10 D;- E12,75%'\'(10m)2 +0,5

OkN [10m kN

+03k 125N (10m)?
8 m

+0,2 % m%'\' [{10m)? =139,8kNm

4.2.2 Column B.

Column B is calculated with use of the MathCad spread sheet from normal temperature
design. In this spread sheet the partial factors from the combination rule givenin 4.2 is
used. In addition afactor of 1.2 is used on the axial load (according to | 2|, 4.2.2.4).

Max utilisation for flexural buckling —HAZ at column base (combination of compression
and bending): U = 0,39

5. THERMAL CALCULATIONS.

51 General.

Comment: To perform the thermal calculations according to |2], it is need for some tests
values for insulation materials used on aluminium structures. These test values don’t
exist. The calculations may, however, be performed with the available thermal properties
for insulation materials.

In this example Rockwool with a density of 300 kg/m? is used. The thermal properties
vary with the temperature. Thisis handle aslinear equations for the thermal properties
for the insulation materials.

Thermal conductivity for Rockwool 300 kg/m?:

A, = o,000215( 6.+ b
4

j +0,035 (W/m°C)
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Specific heat for Rockwool 300 kg/m®:
6 +6 .
c, =075 [ﬁ‘ij +800 (Jkg°C)

Specific heat for auminium:
14,332 c, =041, +903 (Jkg°C)

The temperatur rise in an insulated aluminium member can be cal culated according to the
following equation. This may easily be done in a spread sheet.

Ap/dp AP

1
4,4232 AG,, = c, [p, B\TL"‘ C”/B}(g

t

- g,)0t -(e"* -1)aq,

but A, 20
in which:

@= S g A
Cals 'V

where: A /\/ is the section factor for aluminium alloy membersinsulated by
fire protection material (mr1)

Ap isthe area of the inner surface of the fire protection material,
per unit length of the member (m2/m)

\Y is the volume of the member per unit length (m3/m)

C, is the specific heat of aluminium alloys (J/kg °C)

C, is the specific heat of the fire protection material (J/kg °C)
d, is the thickness of the fire protection material (m)

At isthetimeinterval (seconds)

G(t) is the ambient gas temperature at timet (°C)

g, ) istheauminium temperature at timet (°C)

A@m isthe increase of the ambient temperature during the time
interval At (°C)
A is the thermal conductivity of the fire protection material

p
(W/m°C)
Jon is the unit mass of aluminium alloys (kg/mq)
Py is the unit mass of the fire protection material (kg/ms)
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5.2 Beam F.

Beam F is aroof beam supporting an insulated roof. The size of the beam is
I 570 x 160 x 5 x 15,4. The insulation layer follow the surface of the beam. A Rockwool
insulation with a density of 300 kg/m? and with a thickness of 60 mm is used.

7222007770777

The results of a step by step calculation with time steps of 30 sec give the following

result:
Temperature analysis of Beam F
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The upper curve shows the thermal exposure and the lower curve shows the temperature
development in the aluminium beam. Max. temperature after 60 mins exposureis
calculated to 231 °C.
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53 Column B.

Column B is apartly freestanding column which may be exposed by afire from four
sides. The size of the columnis| 200 x 160 x 7 x 16. The insulation is boxed around the
column. Theinsulation is Rockwool with density 300 kg/m® and the thickness is 40 mm.

The results of a step by step calculation with time steps of 30 sec give the following

result:
Temperature analysis of Column B
1000,00
_—f
900,00
800,00 -|
¢
o 700,00 |
S
2 600,00 /
@ 500,00
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@ 400,00
é’ 300,00 -
& 200,00 /
0,00 T T T T T T T T T T T T
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Time in min

The upper curve shows the thermal exposure and the lower curve shows the temperature
development in the aluminium beam. Max. temperature after 60 mins exposure is
calculated to 225 °C.
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6.0 CODE CHECKING.

6.1 Beam F.

The temperature of Beam F is 232 °C. The alloy is EN-AW 6082 temper T6.

[32=0,48

0,65-0,38
Koz = 0,65- " =
0,2,6 50

M, = Koy (M ML = 0,48 (BAINM LY = 180,0kNm
il 1Ly 1’0

Y i

M ;g =139,8KNM< M, o, =180,0kNm

6.2 Column B.

The temperature of Colum B is 225 °C. The alloy is EN-AW 6082 temper T6.

Koo =0,65-

065-038 0 _ 0,515
50

Usirt = Kozomx W =051500,952=0,49>2U; ., =0,39

7 APPENDI X.

6.2 Column B — Appendix to Fire Design. (MathCad 7.0 Pro)
Thermal calculations for Beam F and Column B. (Microsoft® Excel 97)
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Appendix A Calculation of Beam F and Column B

Calculation of beam F.

Ap dp cal pal AplV Cp pp P At t 6t Bal ABal
W/mK m J/kgK | kg/m3 [ m-1 J/kgK  [kg/m3 S min C C C
0,03715| 0,06 911,2| 2700| 212 807,5/ 120| 0,500995 0 0 20,00 20,00
0,050112| 0,06 911,2| 2700| 212| 852,7146| 120| 0,529047 30 0,5| 261,14| 20,00f -12,66
0,054845| 0,06 911,2| 2700| 212| 869,2276| 120| 0,539292 30 1| 349,21] 20,00 -4,22
0,057807] 0,06 911,2| 2700| 212| 879,5582| 120| 0,545702 30 15[ 404,31] 20,00 -2,28
0,059967| 0,06 911,2| 2700| 212| 887,0947| 120| 0,550378 30 2| 444,50 20,00 -1,35
0,061669| 0,06 911,2| 2700| 212| 893,0311| 120 0,554061 30 2,5| 476,17 20,00 -0,78
0,063073] 0,06 911,2| 2700| 212| 897,9292| 120 0,5571 30 3] 502,29] 20,00 -0,39
0,064268| 0,06 911,2| 2700| 212| 902,0989| 120| 0,559687 30 3,5] 524,53] 20,00 -0,10
0,065309| 0,06 911,2| 2700| 212| 905,7289| 120| 0,561939 30 4] 543,89 20,00 0,12
0,066237| 0,06f 911,2502] 2700| 212| 908,966 120| 0,563916 30 45| 561,03] 20,12 0,31
0,06708] 0,06[ 911,3754] 2700| 212| 911,9071| 120| 0,565663 30 5| 576,41| 20,43 0,46
0,067854| 0,06[ 911,5629| 2700| 212| 914,6081| 120| 0,567222 30 55| 590,36 20,89 0,59
0,068572| 0,06f 911,8034| 2700| 212| 917,1105( 120| 0,568624 30 6] 603,12 21,47 0,70
0,069241| 0,06f 912,0898| 2700| 212| 919,446 120| 0,569893 30 6,5| 614,88 22,17 0,80
0,06987| 0,06[ 912,4165| 2700| 212| 921,6395( 120| 0,571048 30 7| 62578 22,97 0,88
0,070464| 0,06f 912,7788| 2700| 212| 923,7105( 120| 0,572104 30 7,5] 63594| 23,85 0,96
0,071027| 0,06f 913,1732] 2700| 212| 925,6752 120| 0,573073 30 8| 64546] 24,81 1,03
0,071563| 0,06f 913,5965| 2700| 212| 927,5465 120| 0,573966 30 8,56] 654,40 25,85 1,10
0,072076] 0,06f 914,0461| 2700| 212| 929,3353| 120| 0,57479 30 9] 662,85 26,94 1,16
0,072568| 0,06[ 914,5198| 2700| 212| 931,0506 120| 0,575552 30 9,5| 670,84] 28,10 1,21
0,073041| 0,06f 915,0157] 2700| 212| 932,7001( 120| 0,576259 30 10| 678,43] 29,31 1,26
0,073497| 0,06f 915,5321| 2700| 212| 934,2904( 120| 0,576916 30 10,5 685,65| 30,57 1,31
0,073937| 0,06[ 916,0676] 2700| 212| 935,8272 120| 0,577528 30 11| 692,54 31,87 1,35
0,074364| 0,06[ 916,6208| 2700| 212| 937,3153| 120| 0,578097 30 11,5 699,13] 33,22 1,39
0,074778| 0,06f 917,1906| 2700| 212| 938,7589 120| 0,578627 30 12| 705,44 34,61 1,43
0,07518] 0,06 917,776] 2700| 212]| 940,1619 120| 0,579123 30 12,5| 711,49 36,04 1,46
0,075571| 0,06[ 918,3761| 2700| 212| 941,5274 120| 0,579585 30 13| 717,31] 37,50 1,50
0,075953| 0,06 918,99] 2700| 212| 942,8585( 120| 0,580016 30 13,5 722,91] 39,00 1,53
0,076325| 0,06f 919,6169| 2700| 212| 944,1577( 120| 0,58042 30 14| 728,31] 40,53 1,56
0,076689| 0,06[ 920,2562| 2700| 212| 945,4273| 120| 0,580796 30 14,5 733,52] 42,09 1,59
0,077045| 0,06f 920,9072] 2700| 212| 946,6695( 120| 0,581148 30 15| 738,56] 43,68 1,61
0,077394] 0,06f 921,5694| 2700| 212| 947,8859( 120| 0,581477 30 155 743,43] 45,29 1,64
0,077736] 0,06[ 922,2421| 2700| 212| 949,0785[ 120| 0,581784 30 16| 748,15 46,93 1,67
0,078071] 0,06f 922,9249| 2700| 212| 950,2486( 120| 0,58207 30 16,5 752,73| 48,60 1,69
0,078401| 0,06f 923,6173| 2700| 212| 951,3978| 120| 0,582337 30 17| 757,17 50,29 1,71
0,078724| 0,06[ 924,3189| 2700| 212| 952,5271( 120| 0,582586 30 17,5 761,48| 52,00 1,73
0,079043| 0,06f 925,0293| 2700| 212| 953,6379 120| 0,582818 30 18| 765,67| 53,73 1,75
0,079356| 0,06[ 925,7481| 2700| 212| 954,7311 120| 0,583033 30 18,5 769,75| 55,48 1,77
0,079665| 0,06[ 926,4749| 2700| 212| 955,8077 120| 0,583232 30 19| 773,72 57,26 1,79
0,079969| 0,06f 927,2095| 2700| 212| 956,8687( 120| 0,583417 30 195 777,59] 59,05 1,81
0,080269| 0,06[ 927,9514| 2700| 212| 957,9148( 120| 0,583588 30 20| 781,35 60,86 1,83
0,080565| 0,06[ 928,7005| 2700| 212| 958,9468( 120| 0,583745 30| 205| 785,03| 62,68 1,84
0,080857| 0,06[ 929,4563| 2700| 212| 959,9654 120| 0,58389 30 21| 788,62 64,53 1,86
0,081145| 0,06f 930,2188| 2700| 212| 960,9712 120| 0,584023 30| 215| 792,13| 66,39 1,87
0,08143] 0,06[ 930,9875| 2700| 212| 961,9649( 120| 0,584144 30 22| 79555| 68,26 1,89
0,081711| 0,06f 931,7623| 2700| 212| 962,9471| 120| 0,584254 30| 22,5| 798,90| 70,15 1,90
0,08199] 0,06[ 932,5429| 2700| 212| 963,9182( 120| 0,584354 30 23| 802,17 72,06 1,92
0,082265| 0,06[ 933,3292| 2700| 212| 964,8787| 120| 0,584443 30| 235| 805,38] 7397 1,93
0,082538| 0,06f 934,1209| 2700| 212| 965,8291| 120| 0,584523 30 24| 808,52 75,90 1,94
0,082807| 0,06[ 934,9178| 2700| 212| 966,7698 120| 0,584594 30| 245| 811,59| 77,85 1,96
0,083074| 0,06f 935,7197| 2700| 212| 967,7013| 120| 0,584656 30 25| 814,60 79,80 1,97
0,083339] 0,06[ 936,5265| 2700| 212| 968,6238 120| 0,584709 30| 255| 817,56] 81,77 1,98
0,083601| 0,06 937,338 2700| 212| 969,5378| 120| 0,584754 30 26| 820,45| 83,75 1,99
0,08386] 0,06/ 938,154] 2700| 212| 970,4436 120| 0,584791 30| 26,5 82329| 8574 2,00
0,084118| 0,06[ 938,9743| 2700| 212| 971,3414( 120| 0,584821 30 27| 826,08| 87,74 2,01
0,084373| 0,06[ 939,7989| 2700| 212| 972,2316{ 120| 0,584843 30| 27,5| 82882] 89,75 2,02
0,084626| 0,06[ 940,6275| 2700| 212| 973,1145[ 120| 0,584859 30 28| 83150 91,77 2,03
0,084877| 0,06 941,46] 2700| 212| 973,9903 120| 0,584867 30| 285| 834,14| 93,80 2,04
0,085126] 0,06[ 942,2964| 2700| 212| 974,8592 120| 0,58487 30 29| 836,74 95,84 2,05
0,085374| 0,06[ 943,1364| 2700| 212| 975,7216{ 120| 0,584866 30| 29,5| 839,29] 97,89 2,06
0,085619| 0,06[ 943,9799| 2700| 212| 976,5775[ 120| 0,584855 30 30| 841,80 99,95 2,07
0,085862| 0,06[ 944,8268| 2700| 212| 977,4273| 120| 0,58484 30| 30,5| 844,26| 102,02 2,07
0,086104| 0,06f 945,6771] 2700| 212| 978,2711| 120| 0,584818 30 31| 846,69] 104,09 2,08
0,086345| 0,06[ 946,5305| 2700| 212| 979,1091| 120| 0,584792 30| 31,5| 849,08| 106,17 2,09
0,086583| 0,06 947,387] 2700| 212| 979,9415( 120| 0,58476 30 32| 851,43| 108,26 2,10
0,08682] 0,06| 948,2464| 2700| 212| 980,7684| 120| 0,584723 30| 32,5| 853,74| 110,36 2,10
0,087056] 0,06[ 949,1087| 2700| 212| 981,59 120| 0,584681 30 33| 856,02| 112,46 2,11
0,08729] 0,06[ 949,9738| 2700| 212| 982,4065( 120| 0,584634 30| 335| 858,26| 114,57 2,12
0,087523| 0,06[ 950,8416] 2700| 212| 983,218 120| 0,584583 30 34| 860,48| 116,69 2,12
0,087754] 0,06f 951,7119| 2700| 212| 984,0247 120| 0,584528 30| 345| 862,66] 118,81 2,13
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Ap dp cal pal Ap/V cp Pp (0] At t Ot Oal ABal
W/mK m J/kgK | kg/m3 | m-1 J/kgK |kg/m3 s min C C C
0,087984| 0,06| 952,5847 2700| 212| 984,8266| 120| 0,584468 30 35 864,80| 120,94 2,13
0,088212| 0,06/ 953,46 2700 212| 985,624 120| 0,584404 30 35,5 866,92| 123,07 2,14
0,088439| 0,06| 954,3375[ 2700| 212| 986,4168] 120| 0,584337 30 36 869,01| 125,21 2,15
0,088666| 0,06| 955,2173[ 2700| 212| 987,2053| 120| 0,584265 30 36,5 871,07| 127,36 2,15
0,08889[ 0,06] 956,0992] 2700| 212|987,9896] 120 0,58419 30 37 873,10| 129,51 2,16
0,089114| 0,06| 956,9832( 2700| 212| 988,7697| 120| 0,584111 30 37,5 875,11 131,67 2,16
0,089336| 0,06| 957,8692( 2700| 212]| 989,5458] 120| 0,584029 30 38 877,08] 133,83 2,17
0,089558| 0,06| 958,7571 2700| 212 990,3179] 120| 0,583943 30 38,5 879,04] 135,99 2,17
0,089778| 0,06| 959,6469( 2700| 212 991,0861| 120| 0,583854 30 39 880,96 138,16 2,17
0,089997| 0,06| 960,5384 2700| 212]| 991,8506| 120| 0,583762 30 39,5 882,87| 140,34 2,18
0,090215| 0,06| 961,4317( 2700| 212 992,6114| 120| 0,583667 30 40( 884,74| 142,52 2,18
0,090432| 0,06| 962,3266( 2700| 212| 993,3685| 120| 0,583569 30 40,5 886,60 144,70 2,19
0,090648| 0,06| 963,2231 2700| 212]| 994,1222| 120]| 0,583469 30 41 888,43| 146,89 2,19
0,090863| 0,06| 964,1211 2700| 212]| 994,8724| 120]| 0,583365 30 41,5 890,24| 149,08 2,19
0,091077| 0,06| 965,0206( 2700| 212]| 995,6192| 120| 0,583259 30 42 892,03| 151,27 2,20
0,091291| 0,06| 965,9215( 2700| 212| 996,3626] 120| 0,58315 30 42,5 893,80| 153,47 2,20
0,091503| 0,06| 966,8238[ 2700| 212| 997,1029| 120| 0,583039 30 43 895,55| 155,67 2,20
0,091714| 0,06| 967,7273[ 2700| 212]| 997,8399] 120| 0,582925 30 43,5 897,27| 157,87 2,21
0,091924| 0,06 968,632 2700| 212 998,5738] 120| 0,582809 30 44 898,98| 160,08 2,21
0,092134| 0,06| 969,5379( 2700| 212| 999,3047| 120| 0,58269 30 44,5 900,67| 162,29 2,21
0,092343| 0,06 970,445 2700| 212]| 1000,032| 120| 0,58257 30 45 902,34 164,50 2,21
0,09255( 0,06] 971,3531] 2700] 212| 1000,757| 120{ 0,582447 30 45,5 903,99| 166,71 2,22
0,092757| 0,06| 972,2622| 2700( 212| 1001,479] 120] 0,582322 30 46 905,62| 168,93 2,22
0,092964| 0,06| 973,1723[ 2700| 212 1002,198] 120| 0,582195 30 46,5 907,24 171,15 2,22
0,093169| 0,06| 974,0834f 2700| 212]| 1002,915| 120| 0,582066 30 47 908,84 173,37 2,22
0,093373| 0,06| 974,9953[ 2700| 212]| 1003,628] 120| 0,581936 30 47,5 910,42| 175,60 2,23
0,093577| 0,06 975,908 2700| 212 1004,339] 120| 0,581803 30 48 911,98| 177,82 2,23
0,09378[ 0,06 976,8215] 2700] 212| 1005,047] 120 0,581669 30 48,5 913,53| 180,05 2,23
0,093982| 0,06| 977,7358[ 2700| 212| 1005,753|] 120| 0,581533 30 49 915,07 182,28 2,23
0,094184| 0,06| 978,6507( 2700| 212| 1006,456] 120| 0,581395 30 49,5 916,58| 184,51 2,23
0,094385| 0,06| 979,5663| 2700| 212| 1007,156] 120| 0,581256 30 50| 918,08 186,75 2,23
0,094585| 0,06| 980,4825( 2700| 212| 1007,854|] 120| 0,581115 30 50,5 919,57| 188,98 2,24
0,094784| 0,06| 981,3993( 2700| 212]| 1008,549] 120| 0,580973 30 51 921,04| 191,22 2,24
0,094983| 0,06| 982,3166( 2700| 212| 1009,242| 120| 0,580829 30 51,5 922,50| 193,46 2,24
0,095181| 0,06| 983,2344 2700| 212 1009,933| 120| 0,580684 30 52 923,95| 195,69 2,24
0,095378| 0,06| 984,1526( 2700| 212| 1010,621| 120| 0,580538 30 52,5 925,38| 197,93 2,24
0,095575| 0,06| 985,0713( 2700| 212 1011,307| 120| 0,58039 30 53 926,79| 200,17 2,24
0,09577( 0,06] 985,9903] 2700] 212| 1011,99] 120 0,580241 30 53,5 928,20| 202,42 2,24
0,095966| 0,06| 986,9097( 2700| 212 1012,671| 120| 0,58009 30 54 929,59| 204,66 2,24
0,09616( 0,06] 987,8294] 2700] 212| 1013,35] 120 0,579939 30 54,5 930,97 206,90 2,24
0,096354| 0,06| 988,7494 2700| 212]| 1014,027| 120| 0,579786 30 55 932,33| 209,14 2,24
0,096548| 0,06| 989,6696( 2700| 212| 1014,701| 120| 0,579632 30 55,5 933,68| 211,39 2,24
0,09674[ 0,06] 990,59 2700] 212| 1015,374] 120 0,579477 30 56 935,02| 213,63 2,25
0,096933| 0,06| 991,5105( 2700| 212| 1016,044|] 120| 0,579322 30 56,5 936,35| 215,88 2,25
0,097124| 0,06] 992,4313| 2700( 212| 1016,712] 120] 0,579165 30 57 937,67| 218,13 2,25
0,097315| 0,06| 993,3521 2700| 212| 1017,378] 120| 0,579007 30 57,5 938,98 220,37 2,25
0,097505| 0,06] 994,273 2700| 212]| 1018,042| 120| 0,578848 30 58 940,27 222,62 2,25
0,097695| 0,06| 995,1939( 2700| 212]| 1018,703| 120| 0,578688 30 58,5 941,55| 224,86 2,25
0,097884| 0,06| 996,1149( 2700| 212| 1019,363| 120| 0,578528 30 59 942,83| 227,11 2,25
0,098073| 0,06| 997,0358[ 2700| 212| 1020,021| 120]| 0,578366 30 59,5 944,09 229,36 2,25
0,098261| 0,06| 997,9567( 2700| 212| 1020,677| 120| 0,578204 30 60[ 945,34 231,60 2,25

Temperature analysis of Beam F
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Calculation of Column B.
Ap dp cal pal Ap/V Cp pp [©] At t Ot Oal ABal
W/mK m J/kgK | kg/m3 | m-1 J/kgK kg/m3 s min C C C
0,03715 0,04] 911,2 2700 114 807,5 120| 0,179602 0 0 20,00 20,00
0,050112 0,04] 911,2 2700 114| 852,7146 120| 0,189659 30 0,5 261,14 20,00 -4,22
0,054845 0,04] 9112 2700 114] 869,2276 120] 0,193331 30 1 349,21 20,00 -1,13
0,057807 0,04] 9112 2700 114] 879,5582 120] 0,195629 30 15 404,31 20,00 -0,36
0,059967 0,04] 911,2 2700 114| 887,0947 120| 0,197305 30 2 444 50 20,00 0,03

0,06167 0,04] 911,21 2700 114] 893,0365 120] 0,198624 30 2,5 476,17 20,03 0,28

0,06309 0,04] 911,33 2700 114) 897,9875 120 0,1997 30 3 502,29 20,31 0,46

0,06431 0,04] 911,52 2700 114| 902,2442 120| 0,200605 30 3,5 524,53 20,78 0,61
0,065383 0,04] 911,77 2700 114| 905,9877 120| 0,201382 30 4 543,89 21,38 0,72
0,066343 0,04] 912,06 2700 114] 909,3368 120] 0,202061 30 4,5 561,03 22,10 0,81
0,067214 0,04] 912,39 2700 114| 912,3734 120| 0,202662 30 5 576,41 22,91 0,90
0,068012 0,04] 912,76 2700 114| 915,1567 120| 0,203198 30 5,5 590,36 23,81 0,97
0,068749 0,04] 913,16 2700 114] 917,7306 120] 0,203681 30 6 603,12 24,78 1,03
0,069437 0,04] 913,58 2700 114] 920,1284 120] 0,204119 30 6,5 614,88 25,81 1,09
0,070081 0,04] 914,03 2700 114| 922,3763 120| 0,204518 30 7 625,78 26,90 1,14
0,070689 0,04] 914,49 2700 114] 924,4951 120] 0,204883 30 7,5 635,94 28,04 1,19
0,071264 0,04] 914,98 2700 114] 926,5016 120] 0,205219 30 8 645,46 29,22 1,23
0,071811 0,04] 915,48 2700 114| 928,4096 120| 0,205528 30 8,5 654,40 30,45 1,27
0,072333 0,04 916 2700 114| 930,2304 120| 0,205814 30 9 662,85 31,72 1,30
0,072832 0,04] 916,54 2700 114] 931,9736 120| 0,20608 30 9,5 670,84 33,02 1,34
0,073312 0,04] 917,09 2700 114| 933,6474 120| 0,206326 30 10 678,43 34,36 1,37
0,073774 0,04] 917,65 2700 114| 935,2585 120| 0,206556 30 10,5 685,65 35,73 1,40

0,07422 0,04| 918,22 2700 114] 936,813 120| 0,20677 30 11 692,54 37,13 1,43
0,074651 0,04] 918,81 2700 114] 938,316 120] 0,206969 30 11,5 699,13 38,56 1,46
0,075068 0,04] 919,41 2700 114 939,7719 120| 0,207156 30 12 705,44 40,01 1,48
0,075473 0,04] 920,01 2700 114] 941,1848 120] 0,207331 30 12,5 711,49 41,49 1,50
0,075867 0,04] 920,63 2700 114] 942,5581 120] 0,207494 30 13 717,31 43,00 1,53

0,07625 0,04] 921,26 2700 114| 943,8948 120| 0,207647 30 13,5 722,91 44,53 1,55
0,076623 0,04] 921,89 2700 114| 945,1978 120 0,20779 30 14 728,31 46,08 1,57
0,076988 0,04] 922,53 2700 114] 946,4694 120] 0,207925 30 14,5 733,52 47,65 1,59
0,077344 0,04] 923,19 2700 114| 947,7118 120| 0,208051 30 15 738,56 49,24 1,61
0,077692 0,04] 923,85 2700 114| 948,927 120| 0,208169 30 15,5 743,43 50,84 1,63
0,078033 0,04] 924,51 2700 114] 950,1169 120] 0,208279 30 16 748,15 52,47 1,64
0,078368 0,04] 925,19 2700 114] 951,2829 120] 0,208383 30 16,5 752,73 54,11 1,66
0,078696 0,04| 925,87 2700 114| 952,4266 120| 0,20848 30 17 757,17 55,77 1,68
0,079017 0,04] 926,55 2700 114] 953,5493 120] 0,208571 30 17,5 761,48 57,45 1,69
0,079334 0,04| 927,25 2700 114] 954,6523 120] 0,208656 30 18 765,67 59,14 1,71
0,079644 0,04] 927,95 2700 114| 955,7366 120| 0,208736 30 18,5 769,75 60,85 1,72

0,07995 0,04] 928,65 2700 114| 956,8033 120 0,20881 30 19 773,72 62,57 1,73
0,080251 0,04| 929,36 2700 114] 957,8533 120| 0,20888 30 19,5 777,59 64,30 1,75
0,080548 0,04] 930,08 2700 114| 958,8875 120| 0,208944 30 20 781,35 66,05 1,76

0,08084 0,04] 930,8 2700 114 959,9067 120| 0,209004 30 20,5 785,03 67,80 1,77
0,081128 0,04] 931,53 2700 114] 960,9117 120| 0,20906 30 21 788,62 69,57 1,78
0,081412 0,04] 932,26 2700 114] 961,9031 120] 0,209112 30 21,5 792,13 71,36 1,79
0,081693 0,04] 932,99 2700 114| 962,8816 120| 0,209159 30 22 795,55 73,15 1,80

0,08197 0,04| 933,73 2700 114] 963,8478 120] 0,209203 30 22,5 798,90 74,96 1,82
0,082243 0,04] 934,48 2700 114] 964,8023 120] 0,209244 30 23 802,17 76,77 1,83
0,082514 0,04 935,22 2700 114| 965,7455 120| 0,209281 30 23,5 805,38 78,60 1,84
0,082781 0,04] 935,98 2700 114| 966,6779 120| 0,209314 30 24 808,52 80,43 1,84
0,083045 0,04| 936,73 2700 114] 967,6001 120] 0,209345 30 24,5 811,59 82,28 1,85
0,083307 0,04] 937,49 2700 114| 968,5124 120| 0,209372 30 25 814,60 84,13 1,86
0,083566 0,04] 938,26 2700 114| 969,4152 120| 0,209397 30 25,5 817,56 85,99 1,87
0,083822 0,04] 939,02 2700 114] 970,3089 120] 0,209419 30 26 820,45 87,86 1,88
0,084076 0,04] 939,79 2700 114) 971,1939 120] 0,209438 30 26,5 823,29 89,74 1,89
0,084327 0,04 940,57 2700 114| 972,0705 120| 0,209454 30 27 826,08 91,63 1,90
0,084576 0,04] 941,35 2700 114] 972,9389 120] 0,209469 30 27,5 828,82 93,53 1,90
0,084823 0,04] 942,13 2700 114) 973,7996 120] 0,20948 30 28 831,50 95,43 1,91
0,085067 0,04] 942,91 2700 114| 974,6527 120| 0,20949 30 28,5 834,14 97,34 1,92

0,08531 0,04] 943,69 2700 114| 975,4986 120| 0,209497 30 29 836,74 99,25 1,92

0,08555 0,04| 944,48 2700 114] 976,3375 120] 0,209502 30 29,5 839,29 101,18 1,93
0,085789 0,04]| 945,27 2700 114| 977,1695 120| 0,209505 30 30 841,80 103,11 1,94
0,086025 0,04 946,07 2700 114| 977,9951 120| 0,209506 30 30,5 844,26 105,04 1,94

0,08626 0,04| 946,86 2700 114] 978,8143 120] 0,209505 30 31 846,69 106,99 1,95
0,086493 0,04| 947,66 2700 114) 979,6273 120] 0,209502 30 31,5 849,08 108,94 1,95
0,086725 0,04 948,46 2700 114| 980,4344 120| 0,209498 30 32 851,43 110,89 1,96
0,086954 0,04| 949,27 2700 114] 981,2358 120] 0,209492 30 32,5 853,74 112,85 1,97
0,087182 0,04] 950,07 2700 114] 982,0315 120] 0,209484 30 33 856,02 114,82 1,97
0,087409 0,04] 950,88 2700 114| 982,8219 120| 0,209474 30 33,5 858,26 116,79 1,98
0,087634 0,04] 951,69 2700 114| 983,6069 120| 0,209463 30 34 860,48 118,76 1,98
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Ap dp cal pal Ap/V Cp Pp [©] At t Ot Oal ABal
W/mK m J/kgK | kg/m3 | m-1 J/kgK kg/m3 s min C C C
0,087858[ 0,04] 9525 2700 114] 984,3868 120| 0,209451 30| 34,55] 86266( 120,74 1,98
0,08808 0,04| 953,32 2700 114] 985,1618 120| 0,209436 30 35 864,80 122,73 1,99

0,0883| 0,04 954,13 2700 114] 985,9319 120| 0,209421 30| 355| 866,92 124,72 1,99
0,08852 0,04] 954,95 2700 114] 986,6973 120| 0,209404 30 36| 869,01 126,71 2,00
0,088738 0,04| 955,77 2700 114] 987,4581 120] 0,209386 30 36,5 871,07 128,71 2,00
0,088955[  0,04| 956,59 2700 114] 988,2144 120| 0,209367 30 37| 873,10] 130,71 2,01
0,08917 0,04| 957,41 2700 114| 988,9664 120] 0,209346 30 37,5 875,11 132,72 2,01
0,089385[ 0,04| 958,24 2700 114] 989,7141 120| 0,209324 30 38| 877,08] 134,73 2,01
0,089598 0,04] 959,06 2700 114] 990,4577 120| 0,209301 30 38,5 879,04 136,74 2,02
0,08981 0,04| 959,89 2700 114] 991,1972 120] 0,209277 30 39 880,96 138,76 2,02
0,090021 0,04| 960,72 2700 114] 991,9328 120| 0,209251 30| 39,5 88287 140,78 2,02
0,090231 0,04] 961,55 2700 114] 992,6645 120] 0,209225 30 40 884,74 142,80 2,03
0,090439  0,04| 962,38 2700 114] 993,3925 120| 0,209198 30| 40,5| 886,60[ 144,83 2,03
0,090647 0,04] 963,21 2700 114] 994,1168 120] 0,209169 30 41 888,43 146,86 2,03
0,090853 0,04| 964,04 2700 114| 994,8374 120| 0,20914 30 41,5] 890,24] 148,89 2,04
0,091059 0,04| 964,88 2700 114] 995,5546 120| 0,20911 30 42 892,03 150,93 2,04
0,091264 0,04| 965,72 2700 114] 996,2682 120] 0,209079 30 42,5 893,80 152,96 2,04
0,091467 0,04| 966,55 2700 114] 996,9785 120| 0,209047 30 43| 895,55| 155,00 2,04
0,09167 0,04| 967,39 2700 114] 997,6855 120] 0,209014 30 43,5 897,27 157,05 2,05
0,091872 0,04| 968,23 2700 114] 998,3893 120| 0,20898 30 44| 898,98 159,09 2,05
0,092072 0,04| 969,07 2700 114] 999,0898 120] 0,208945 30 44,5 900,67 161,14 2,05
0,092272 0,04] 969,91 2700 114] 999,7873 120| 0,20891 30 45| 902,34 163,19 2,05
0,092471 0,04| 970,75 2700 114] 1000,482 120] 0,208874 30 45,5 903,99 165,24 2,05
0,09267 0,04] 971,59 2700 114] 1001,173 120| 0,208837 30 46 905,62 167,30 2,06
0,092867 0,04| 972,44 2700 114] 1001,861 120| 0,208799 30| 46,5 907,24 169,35 2,06
0,093063 0,04| 973,28 2700 114] 1002,547 120| 0,208761 30 47 908,84 171,41 2,06
0,093259 0,04 974,12 2700 114 1003,23 120{ 0,208722 30 47,5 910,42 173,47 2,06
0,093454 0,04| 974,97 2700 114] 1003,91 120] 0,208683 30 48 911,98 175,53 2,06
0,093648( 0,04 975,81 2700 114] 1004,587 120| 0,208642 30| 48,55| 91353 177,60 2,06
0,093842 0,04| 976,66 2700 114] 1005,261 120| 0,208601 30 49 915,07 179,66 2,07
0,094034 0,04| 977,51 2700 114] 1005,933 120| 0,20856 30 49,5 916,58 181,73 2,07
0,094226( 0,04| 978,36 2700 114] 1006,602 120| 0,208518 30 50| 918,08| 183,79 2,07
0,094417 0,04] 979,2 2700 114] 1007,269 120] 0,208475 30 50,5 919,57 185,86 2,07
0,094607 0,04] 980,05 2700 114] 1007,933 120| 0,208432 30 51| 921,04 187,93 2,07
0,094797 0,04] 980,9 2700 114] 1008,595 120] 0,208389 30 51,5 922,50 190,00 2,07
0,094986 0,04 981,75 2700 114] 1009,254 120| 0,208344 30 52| 923,95 192,07 2,07
0,095174 0,04] 9826 2700[ 114] 1009,91 120| 0,2083 30| 52,5 92538 194,15 2,07
0,095362 0,04| 983,45 2700 114] 1010,565 120] 0,208255 30 53 926,79 196,22 2,07
0,095549 0,04] 9843 2700 114] 1011,217 120| 0,208209 30| 53,5 928,20[ 198,29 2,07
0,095735 0,04| 985,15 2700 114] 1011,867 120| 0,208163 30 54 929,59 200,37 2,08
0,095921 0,04 986 2700 114] 1012,514 120| 0,208116 30| 54,5] 930,97 20244 2,08
0,096106 0,04| 986,85 2700 114] 1013,159 120| 0,208069 30 55 932,33 204,52 2,08
0,09629| 0,04 9877 2700 114] 1013,802 120| 0,208022 30| 55,5 933,68 206,59 2,08
0,096474 0,04| 988,55 2700 114] 1014,443 120| 0,207974 30 56| 935,02| 208,67 2,08
0,096657 0,04| 989,41 2700 114] 1015,081 120] 0,207926 30 56,5 936,35 210,75 2,08
0,096839  0,04| 990,26 2700 114] 1015,718 120| 0,207877 30 57| 937,67 212,82 2,08
0,097021 0,04] 991,11 2700 114] 1016,352 120] 0,207828 30 57,5 938,98 214,90 2,08
0,097202 0,04] 991,96 2700 114] 1016,985 120| 0,207779 30 58| 940,27| 216,98 2,08
0,097383 0,04] 992,81 2700 114 1017,615 120] 0,207729 30 58,5 941,55 219,06 2,08
0,097563  0,04| 993,67 2700 114] 1018,243 120| 0,207679 30 59| 942,83 221,14 2,08
0,097743  0,04] 994,52 2700 114] 1018,869 120| 0,207629 30| 59,5 944,09 22321 2,08
0,097921 0,04] 995,37 2700 114] 1019,493 120] 0,207579 30 60 945,34 225,29 2,08

Temperature analysis of Column B
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6.2

6.2.1

[1] Table 3.2b

[11{5.4),(5.5)

[11(5 8

Column B - Appendix to Fire Design

Dimensions and material properties

Flange height
Flange depth:
Web thickness:

Flange thickness:

Owerall length:

Distance between purlins: e = 3w w

Boo= 200-m0m
b= 160

i = T [

W

ﬁfzz 16w

< g g y‘—m
LI:B-m 7

2

Alloy: EN AW-6082 T6 EP/O t=5mm

Fo. = 260 MPa

heat_treated = 1

Fa=702

Fartial safety factors:

Inner radius:

Web width:

S ounits:

TALAT 2713

fy = 310-MPa

{if heat-treated then 1 else 0}

Ja=Fy
Sy = 150-MFa £ = 70000 MFa & = Z7000-MFa
» agl0 ¥ =10
r= Soamm
bw::k—2-ﬁf—2-r &, =158
A= 1000 2ewion ke =k MFz=1000000-Fg
15



6.22 Internal moments and forces

542 Bending moments and axial forces for LC1, LC3 and LC4 in section 110 6 i=1.6
{axial compression force = +)
= 3 x, Mrer,  Mics, Mice, Nici Nics, Vice
g o kN kNm | kNm kN kN kN
- g 0 -0.24 174 -0.07
5 -9.09 -5.82 -2.73
1 x o= = . 133 i e 9.2 o e 4.51
= . PR = . b =
™ = L7 118 LC3 71 166 L4871 435
Column B 56
' -232 =247 -7.46
6.9 -26.9 -26.0 -9.07
205 106 95
-34.0 106 95
Iy 24.5 . w 69 o 68
= . L = .
08 229 Ll 69 Nypes = o5 Jeh
-48.3 24.5 29 g
-50.2 24.5 298
=351 203
-351 203
e -23.5 . e 131 Ao
L0497 35 LG gz
-8.2 42.8
-92 428
Eending moment kN Axial compressive force kN
6 ! 6 i
[ ] ‘ LN ]
i i
I | I
I 1
4 4 I
I n
LN . - _' I- [ ] -I
s’ . I
2 s z . I
s’ g 1
’ b 1
. P . = 1
-0 -0 0 20 40 60 0 30 100 150 200 230
— [ oad case | — [ oad case |
nnwn [ogdcase 3 nnwn [ogdcase 3
- wmw [oad case 6 - w o case 6
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6.2.3

(11543

[1]Tab. 5.1

Heat treated,
Unwelded = no
longitudinal
wigld

(11545

TALAT 2713

Load case { Load case 3 Load case 4

oment in section 2 ‘MLC£2 = 9.09-kMm ‘ML032 = 5.82-kNm ‘MLC42 = 273 -kclm

Moment at column base 1

'MLCII = 0.24 «ichNm —ML031 = 1.74 Ak _MLC41 = 007 -kchin

Axial force in part 1-2

N ey, = 106N N g = 954N N poq =-35140

Freliminary calculations show that load case 1 is governing (except forwelds in column base). Study
part 1-2 from column base to floor beam. Moment in top of part 1-2 (section 2} is larger than at column
base (section 1) why My gy below correspond to section 2 and M gy to section 1 of the column.

Load case 1

Eending moment in section 2 M gg=909 -kNm

Miga=-Mrcl,

Bending moment at column base (1)

MyEa=-Mci, M 5 g = 0.24 ko

Axial force in part 1-2 (compression)
Npa=Vic N gg=106-kN

Classification of the cross section in y-y-axis bending

£ W banding

a) Web .
i
bp=by, fp=t,, Ay = 040 — & 59028
&
!
250 newion . .
s f_—E i W 11+ i W 10.786
o . . __—
Fad W 16 £ Fad M 15689
£ W 225 £ N 21.573

class = {0 38 po W8 28 2 (8 02 3,,,4,3),2),1) class = 1

Local buckling

&
: 32
Yoo 10, - o o=

" oW
g (,L‘F w)
Z

Eypafh = gf(cfasswzil,zw-{g ngw)

7 =1
“owT

{p = bending) Epofh =T7.0mm

17



. . . . Sy, e

b) Flanges

[11543 wi= 1
. 0.8
[METI58) g=ifl # >-1,07+03 g | g=1
1-
bt . -2r b
W . 2 .
b 7= 72 t5= f,f i F g-g i 7 4 469
[MTakb 51 #=0.981 & IF 3r & 7 2.942
£ 2}! 45 5 £ 7 4413
£ 3f G £ ki 5.883
class = .if(,c‘f 3 ff,.gf(,c‘f P gf,x'j(,fff P 3f,4,3),2),1) class 7= 3
1545 Local buckling:
5
il Cfi 56,1.0,ﬁ—i il Cfl
& (ft" f) (»" f)
tref = gf(cfassfzdl,ﬁfﬂ cff) tpof= 16.0 e

Classification of the cross-section in y-y axis bending

cfassy = x'f(cfassf) class |, ,ci’assf, class w) cfassy =5
6.2.4 Classification of the cross section in z-z-axis bending

Cross section class of web: Mo bending stresses class ;= 1

Cross section class for flanges: According to above cfassf= 3

class , = x'f(cfassf) class |, ,ci’assf, class w) class , =3
6.2.5 Classification of the cross section in axial compression

a) Web , £ ypiF COMpression

By=b,, ty=t,, F g = ! F e = 22571

¥

[1] Tab. 5.1 & 5 10786

& oy 15.689
& 55 21573

class e = (W28 1y (8 o> 8 2 W > 3,4,3),2),1) class . =4
1545 Local buckling
A e 32 220
£ i Y| ——222,10, . = . & 5 0975
T
zw.ef:: xf(cfasswczdl,zw-{ﬂ thw) t ., =T -mm zw_ef= 6.8 <
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b) Flanges
Same as in bending Epor= 16.0 - Cfassf= 3

Classification of the total cross-section in axial compression

class . = xf(cfasst class .,

cfassf, class wc) class . =4

6.2.6. Welds

m Téb. 52 HAZ softening factor at column ends

2 s 065
[M]Fig.56  Extentof HAZ (MIG-weld)

By = x'f(zf>6-mm,zf(zj>12-mm,if(zf>25-mm,40-mm,35-mm),30-mm:],20-mm)

b pn = 30w

6.2.7 Design resistance, y-y-axis bending

(11562
Elastic modulus of gross cross section W

3 2
= 2. _9.s N - A b
Ag. 2bzf+(k 2zf)zw Ag 6,296 107 e |

1

|
|
1= lz-[b-kB—(b—zw)-(k—z-sz] E £ r 4

7 4
Igr=4.621-10 Bt

' 3 3
W o= — W ;= 462110 wmm N —
+ [ )
Flastic modulus
1 2 2 _ 53
Wy = Z-[b-k - (b - zw)-(k - 2-zf) ] W i = 5.20410° mim
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[1]Tab. 5.3

[1](5.16)

[1](5.16)

[1715.14)

TALAT 2713

Elastic modulus of the effective cross section Wi |

‘ b
ki — b,
zf= 16 < zf_ef= 16 < _:Ai . — '
by, ! 1
AS (f_ef: ff then & 3 E T & 2= TY — ) ‘_rw,ef )
L) =g St
zw:?omm zw.ejb=?°mm | o
e
H
¥ | % |
by=05(b-1,-27) b p=T71.5mm 1
A=A~ 2b ot oot Bt -t A o= 6.29610° o’
et A= 2br(trmtraf) < b ot Lunets) s i
Shift of gravity centre:
2
BoEA B 1
€of = 2'bf(zf_ zﬂé‘f)(g_?)+T'(zw_zw.ef.b) .Ae_ﬂ 2 gy = e
Centre of gross cross section:
2 k]

Bt ke 74
Ieﬁ.:fgr—2-bf(zf—zf_ef)-(§—3) -7'(fw-fw.ej.b) 1 gp= 462110
Centre of effective gross section:

Ige=1 4 = 4621107 o
eff T teff T fef Heff off = 4621107 rum
W= i W o= 4621107 s’
eff = ) eff =% 20
§+eé‘f
Shape factor e
- forwelded, class 1 or 2 cross-sections:
W
!
@ g 2w = 1126
af

- forwelded, class 3 cross-sections:

& - & W_,- W
A dw T w e af
A g | LH " " ) W gy 1269
Ao T A D el
. Ty E g o= W
A zwF 1+ . . - = A g wF 1.121
[l s &l

B, B, faare the slenderness parameter and the limiting values for the most critical
element in the cross-section, so itis the smaller value of e ., 8nd eiq ¢

CaE R -ff(a' 2w L Zwwr & 3.wf) ar g4y 112]
) . Weﬂ
- forwelded, class 4 cross-sections: RPN a g.=1
Wef
cfassy =3
a7 gf(cfassy>2,gf(c£assy>3, &g F 3_w),a' I.Z.W) a5 1.121

Design moment of resistance of the cross section M, qy

Fo e jWef
Mypg=———— M, g = 1347k
> Ml

20
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6.2.8

6.2.9

11554

[1]Table 5.7

Case 5.
See also
£.2.11 below

115841

[1] Table 5.6

[1] Table 5.5

[1] Table 5.5

TALAT 2713

Design resistance, z-z-axis bending

Cross section class

f,fb
Gross cross section: Ho -?
3
i ]
Effective cross section: i, of = 2 fef
: 12
12
Section moduli: W = -
Shape factor: W,
@& 5=
Wz.ef
Foa ¥
Eending resistance: M, pi= ° z
X Ml

Axial force resistance, y-y buckling

Cross section area of gross cross section A,

Ag=bh- (b—zw)-(k—sz)

Cross section area of effective cross section Agf

Agp=Ag=2br(tr=tre) =ty (tw=twme)

(zf= 16 mm to,=Tamm 2h 5 =143 wmm
. . A af
Effective cross section factor P
Agr

Second moment of area of gross cross section IJ,,:

h-t
_ 2 3
Iy._E-b-zf +2-b-zf( 5

y = 15

Buckling length factor 4 L;=3m

Buckling lnad

Slenderness parameter

= flheat_treated=1,0.2,0.32)

A 7 if(heat_treated=1,0.1,0)
2
oo A 5]

P 1
o7 2 2
ﬂ{ + /Q’{ -4 ¥

Symmetric profile

#=05

Mo longitudinal welds

Axial force resistance Ny.Rd S kg

22

2
f) + %(k - 2-zf)3-z w

i wef = 6.820 «mm

o=KLy

O-ﬂ

2 er
A Ml

class , =3

1,=1.092.10" o’

7
1, pp=1.09210"

Iz.efz
b

W yof =

o =1

4

M g = 35499 -kNim

3 2
A ar= 6.296- 107 «mem

A = 626810 s’

i wef= 6.820
)

r =0.9%

By

lye=45m

3
N, = 1577107 &N

k22=1

3
N, gy = 1051107 &N



6.2.10

[1] Table 5.5
Case 3

(115841

[1] Table 5.6

(115841

[1] Table 5.5

[1] Table 5.5

(115841

(6.2.9)

6.2.11

[1] Table 5.5

(6.2.9)

(115841

115945

[1]{5.51)

(11549

[1](542c)

(115942

TALAT 2713

Axial force resistance, z-z axis buckling

Buckling length factor K=
Buckling load

NC!‘
Slenderness factor A F

1

o= F(heai_treated=1,0.2,0.32)

A 7 if(heat_treated=1,0.1,0)

A= 0.5

1
A
£ ng_‘% Zz

Symmetric profile

Mo longitudinal welds
Axial load resistance
Compare y-y axis buckling

and without column buckling

Flexural buckling of
beam-column

Buckling length

=135

The ends of column part 1-2 is designing = p—

HAZ reduction factors

Ju ¥ oM
Ja
o]

“ O har
XMz

2

ol =

l+a'-(./% 2= 4 O)+./3 22

Nori

Nps:

X
K

F (1 - y) .sm(

%
Eyc

Exponents in interaction formulae

& (]::Ef(s: o<l 1, & ,j)

& et £ 08,08, 4 )

LI=3°m KL1=3°m

N, = 8385 kN

o

e
"
—

vop ok ko Ay N, pg=68221140
> Ml
3
N, gg= 105110 kN
T 3
p—"dy N py=16310" kN
> Ml
2 T
><°°] i
!
=T
o
1 -3
S J'__
‘Eyc - Ky'Lj Eyc =45m
L x
1
A % _p33 xg=15m
2 !
e
2 s 0.65
@l O:jf(a; o2l @ o) aw §0.775
ar 03814
£ §1.258
& 70811

23



1544

6.2.12
1115943

[1] Figure J.2

[HA2

[1]H.1.2(6)

[1H.1.3(3)

[1]5.66.3(3)

[1]5.66.3(2)

[115.66.3(1)

Flexural buckling check

Eending moment My.Ed =M; g
Uy = +
A o Ny @ O'My.Rd

orwith simplified exponents
03 10
+
a g My pg

Uys =

24 eV R

My, gy = 9.09-kbin

Uy =038

U = 0395

Lateral-torsional buckling of beam-column

2
-t i
Yarping constant, 1, # 1,= 9.245-10'% cps®
204 f +ie ) s
Torsional constant: I,:= 3 1,=4598-10" -mem
3 3
L=1L; W= Wy W), =4.621:10" ot
A
) B4
Mornent relation o= 0.026
M Ba 7 S
Cy - constant C ;=188 - 14 p+ 052 p ! C;=1843
Shear modulus G=2710%MPs
M M, = 235775 -kNm
A ;e 0756
@ pop if(class ;>2,0.2,0.1) @ pE02
A op e if{class ;>2,04,0.6) A prp 04
2
1
2 2
Arrt)f r- A or
Check sections
ol |
. Sy
i -
‘Ezc =L 7
i=1.7
I‘ — T
= i x.=0m =x_ =& Ts
T 5 5y " % haz — = (0 0.01 0.1 0.2 0.3 0.4 0.5)
ZC

HAZ reduction factors

TALAT 2713
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[1](5.51)

[11{549)
or (552)

[1](5 50)

or (5.53)

[1](5 42a)
[1](542b)

[1](542¢)

115943
115943

115943

[111543)

TALAT 2713

- Fu ¥ Mi
# 07| # haz—

. @ D:;f(g,s n=l,1,a O)
Yy _fo i i i

Weld at section i = 0 {column end) ar g .r:f(x‘:» 1,1, O)
H 1

a?,;:(o.??s 111111

=

@ T
PIES a o=(185 229 167 132 112 103 1)
T 'XS
A L+ (1= )aEn
2+ (1-2 5) =
@ T
@ a Lpp=(0.89 114 109 105 102 1.01 1)
G X
. g
& ot (l - LT)'-SW( )
EZC
) 2 2 . .
g, cFIf(-ﬁ’ O<1,1,.g’(.;r 022,2, o)) y 51258
2 . .
FFE » gr=xf(;v g<1,1,xf(;v 0P 2,2, g)) » gl
Fga) £ =if(# o<1,1, ¢ ) £ 51258
POEF R 5 ¥ x'f(.;r C<0_8,0_8,.3r C) FS f0'645 2 C=0.8
FMEMD A ,=0413 » el
£ Epn . & o z'f(f-' 208,08, & zc) & 708
Lateral-torsional buckling check
XS
Bending moment in section x, My gg=Mg,- (Mf.Ed‘ MZ.Ea‘)'E—
ZC
T
M, g
=(1 099 0903 0.805 0708 0611 0.513)
M, gg = 0kdim M ). Ed
Me Ye Soc
N ga My Eq M, ma
Upr= + +
A g Vg A LT My Ra a oM, gy

ULTT=(0.225 0183 0213 024 0238 0267 02650
orwith simplified exponents

08 1 08
gy M, 5 M, ma
Upre = + +
A Vg A LT wrrMyRa a oM, gy
ULTST: (0225 0183 0213 024 0238 0267 0.263)
Max utilisation, lateral-torsional buckling Uy mar = max(ULT) U ey = 0.267
Compare utilisation, flexural buckling Uy =039

25



Me Ye
A A
K= d BZ = y—M
rop Ny A LT xrrMyRa
Section 2, HAZ
Section 2, no HAZ
: MWiddle of part 1-2
. . | |
L3g 01 02 03
=== K (axial force)
""" Bz (hending moment)
— T+ Bz (Sum)
6.2.13 Design moment in column base i, g, = 024-kdin (M 7 ) =-0.07ktime
: 1
L
Design section xS::? fyc=4.5m xg=15m

. NgaWyi T X
Second order bendingmoment A M _— " _ 1|-gn 2 M 372-kNm

Aor Wy L ye
Design moment at column base M 0 base :=|M2_Ed|+4§M M 1y ppes = 4 -kim
Axial force corresponding 1o Mp pase N pcome = ¥ gy N0y coppe = 1066N
{+ = compression)
Minimum axial force, LC4 N poar = NLC41 N D g = - 35 1kN
Corresponding moment Mip ome =M ey My oppe = - 0.1 kdm
. q .

The shear force is small why the first order moments are used to calculate V

Load case 1 Vs (MLCIE‘MLCII)' V=-2.954N

F=-0.9-kN

[N e

Load case 4 Vs (MLC42 - MLC41)'

6.2.14 Deflections

To calculate the fictive second moment of area fﬁc- the bending moment in the serviceability limit
state is supposed to be half the maximum bending moment at the ultimate limit state.

09Mga g

g
Igp 2

(11424 o 14=462110 nns® o g 10-MPa

Allowing for a reduced stress level, iy, may be used constant along the beam.

[11(4.2) B < ogr ~ 7 4

Tgo=dge- v (g 1ep) 14 = 462110 m
(=]
1= if(elass =40 2 1 Jass =3 1= 4621107 omnt®
= xf(c ass =4, 50, gr) class , = =4 621107 mum

& 5= 0-pm & F 0 <pparm
d pa AT mm & F 4.7 mmm
Fre-camber & e Oamm
& s & it & 9= ) 0 & T =47 emm
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Limit horizontal deformation for building frame with % B £.5m

B oo
. building .
& it =00 & e = 22
Check = (& g & iy, "OKI","Not OKI") Check = "OKI"
6.2.15  Summary
_ M) ra
My gy=94Nm M, py=1354dm @ p= 0775 ———— =00
& PR
N
o= Ed
N o= 10640 N o= 1110° &l “ o el =0.084
Bd w.Rd o o o B
v = 0645 FF xRl
y
Utilisation, flexural buckling - HAZ at column base Uy =02k
Litilisation, lateral-torsional buckling U aar = 0267

Effective second moment of area

1 e =4.62110"

Crosssection  h=2004mm b=160wmm £ =Tomm £,=16mm A, =629610" womt’
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