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Fig. 2 Load case 1 (dead load)
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Fig. 3 Load case 2 (wind right)

Load case 3

1.6
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Load case 4
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Fig. 6 Load case 5 (crane left)
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Fig. 7 Load case 6
Offsets
elem.# | Sec.numb. FE type Prop.type | Angle of loc.ax. AX b AX AY b AY e AZ b AZ e nodes ##
10 1 0 - - - - - - ,
2 2 10 T 0 B - - - = = 11,3
3 3 10 3 0 - - - - - - 4,5
1 3 10 3 0 B - - - = = 5,6
5 3 10 3 0 - - - - - - 6,7
6 3 10 3 0 - - - - - - 7,8
7 3 10 2 0 B - - - = = 2,9
8 3 10 2 0 - - - - - - 10,3
g 2 10 1 0 B - - - = = 2,12
10 3 10 3 0 - - - - - - 12,4
11 2 10 7 0 B B - - - = 3,13
12 3 10 3 0 - - - - - - 13,8
13 2 10 5 0 - - - - - - 12,13
Fig. 8 Table of elements
Coordinates Restraints
node # X Y Z X Y UX | UY | Uz
1 0.000 0.000 0.000 + + + + +
2 0.000 0.000 7.000 - - - - -
3 18.000 0.000 7.000 - - - - -
4 0.000 0.000 10.000 - - - - -
5 3.000 0.000 10.550 - - - - -
6 9.000 0.000 11.600 - - - - -
7 13.500 0.000 10.850 - - - - -
8 18.000 0.000 10.000 - - - - -
9 0.750 0.000 7.000 - - - - -
10 17.250 0.000 7.000 - - - - -
11 18.000 0.000 0.000 + + + + +
12 0.000 0.000 9.000 - - - - -
13 18.000 0.000 9.000 - - - - -

Fig. 9 Node table




Stif.type Name Parameters

1 Rect. bar 40 X 40 Ro=25,E=3.04006e+007,GF=0
B=40,H=40

2 Rect. bar 40 X 50 Ro=25,E=3.04006e+007,GF=0
B=40,H=50

3 I-section 400 g=0.56251

EF=1.50586e+006,EIy=4.18e+004

EIz=2.41e+003,GIk=27.3

Y1=1.78,Y2=1.78,21=14,22=14,RU_Y=0,RU_2=0

4 Rect. bar 40 X 40 R0=23.536,E=3.04006e+007, GF=0
B=40, H=40
5 Pipe 31 x 30 g=0.00725244

EF=19415,E1y=2.19

EIz=2.19,GIk=1.66

Y1=0.727,Y2=0.727,21=0.727,22=0.727,R0U_Y=0,RU_%=0

Fig. 10 Property table

node # Type Direct. L/G Value load. #
9 force Z G 90.000 4
9 force X G -0.357 4
10 force z G 2.400 4
10 force X G -0.357 4
9 force X G -0.357 5
9 force Z G 2.400 5
10 force X G -0.357 5
10 force Z G 90.000 5

Fig. 11 Nodal load table




Coefficients of combinations

Load case # Type 1 2 3 4 5
1 Dead 1.35 1.35 1.35 1.35 1.35
2 Wind (W1) 0 1.3 1.3 0 0
3 Wind (W2) 0 0 0 1.3 1.3
4 Live 0 1.3 0 1.3 0
5 Live 1.3 0 1.3 0 1.3
6 Snow 0 0 0 0 0
Load case # Type 6 7 8 9 10
1 Dead 1.35 1.35 1.35 1.35 1.35
2 Wind (W1) 0 1.3 1.3 0 0
3 Wind (W2) 0 0 0 1.3 1.3
4 Live 0 0 0 0 0
5 Live 0 0 0 0 0
6 Snow 1.3 1.3 1.3 1.3 1.3
Load case # Type 11 12 13 14 15
1 Dead 1.35 1.35 1.35 1.35 1.35
2 Wind (W1) 0 1.3 0 0 1.5
3 Wind (W2) 1.3 0 1.3 1.3 0
4 Live 0 1.3 0 1.3 0
5 Live 1.3 0 1.3 0 0
6 Snow 1.3 1.3 0 1.3 0
Load case # Type 16 17 18 19 20
1 Dead 1.35 1.35 1.35 1.35 1
2 Wind (W1) 1.3 0 0 0 0
3 Wind (W2) 0 1.3 1.3 0 0
4 Live 0 0 0 0 1
5 Live 0 0 0 0 0
6 Snow 0 0 0 1.3 0
Load case # Type 21 22 23 24 25
1 Dead 1 1 1 1 1
2 Wind (W1) 0.9 0.9 0 0 0
3 Wind (W2) 0 0 0.9 0.9 0
4 Live 0.9 0 0.9 0 0.9
5 Live 0 0.9 0 0.9 0
6 Snow 0 0 0 0 0.9
Load case # Type 26 27 28 29 30
1 Dead 1 1 1 1 1
2 Wind (W1) 0.9 0.9 0 0 0.9
3 Wind (W2) 0 0 0.9 0.9 0
4 Live 0 0 0 0 0.9
5 Live 0 0 0 0 0
6 Snow 0.9 0.9 0.9 0.9 0.9
Load case # Type 31 32 33 34 35




1 Dead 1 1 1 1 1

2 Wind (W1) 0.9 0 0 1 1

3 Wind (W2) 0 0.9 0.9 0 0

4 Live 0 0.9 0 0 0

5 Live 0.9 0 0.9 0 0

6 Snow 0.9 0.9 0.9 0 0
Load case # Type 36 37 38

1 Dead 1 1 1

2 Wind (W1) 0 0 0

3 Wind (W2) 1 1 0

4 Live 0 0 0

5 Live 0 0 0

6 Snow 0 0 1

Fig. 12 DCL coefficients

Analysis protocol
Date: 04.10.2023
Genuinelntel  Intel(R) Core(TM) i5-7300HQ CPU @ 2.50GHz 4 threads
Microsoft Windows 10 ENU 64-bit. Build 19045
Available RAM = 10219589120
14:27 Reading input data from file C:\Users\Public\Documents\LIRA SAPR\LIRA SAPR 2016
NonCommercial\Data\18mframALL-.txt
14:27 Carrying out a check of input data for the main model
Number of nodes = 13 (among them = 13 nodes that are not deleted)
Number of elements = 13 (among them = 13 elements that are not deleted)
MAIN MODEL
14:27 Optimizing order of unknowns
Number of unknowns = 66
STATIC ANALYSIS
14:27 Generating stiffness matrix
14:27 Generating load vectors
14:27 Decomposing stiffness matrix
14:27 Calculating unknowns
14:27 Checking solution
Generating results
14:27 Generating topology
14:27 Generating displacements
14:27 Calculating and generating forces in elements
14:27 Calculating and generating reactions in elements
14:27 Calculating and generating force diagrams in bars
14:27 Calculating and generating deflection diagrams in bars
Total nodal loads on main model:
Load case 1 PX=-2.77556e-017 PY=0 PZ=10.4518 PUX=0 PUY=-135308e-015 PUZ=0
Load case 2 PX=-4.06357 PY=0 PZ=-3.67097 PUX=0 PUY=756339e-016 PUZ=0
Load case 3 PX=4.07989 PY=0 PZ=-359756 PUX=0 PUY=6.8695e-016 PUZ=0
Load case 4 PX=-0.0728078 PY=0 PZ=9.42218 PUX=0 PUY=0 PUZ=0
Load case 5 PX=-0.0728078 PY=0 PZ=9.42218 PUX=0 PUY=0 PUZ=0
Load case 6 PX=0 PY=0 PZ=10.8504 PUX=0 PUY=-2.22045e-016 PUZ=0
Analysis is completed successfully.
Elapsed time = 0 min




Table 1 Displacements (01)

Measurement units for displacements: mm
Measurement units for rotations: RO*1000

Wed Oct 04 14:41:05 2023 18mframALL- main model
Table 1 Displacements (01)

LC Node |X mm Z, mm UY, RO*1000
7 - Load case 1

2 - Load case 2

3 - Load case 3

4 - Load case 4

5 - Load case 5

6 - Load case 6

1 1 0 0 0

1 2 -4 2747 -.05478 -.36732
1 3 4,.3213 -.05478 .38062

1 4 -3.3240 -.08043 14573

1 5 -1.9305 -7.89%4 3.1534

1 6 02420 -19.469 -.01464
1 7 11486 -12.413 -2.8640
1 8 3.4195 -.08042 -14372
1 9 -4 247 22041 -.36680
2 1 0 0 0

2 2 18.64 7 02944 2.9254
2 3 11477 02236 2.4045
2 4 24.436 05143 40017
2 5 23.811 36272 -2.2234
2 6 21822 15.341 -. 79130
2 7 21402 12.568 2.0427
2 8 19.079 .03907 2.8050
2 9 18.64 7 -2.1646 2.9254
3 1 0 0 0

3 2 -11.787 02216 -2.4 704
3 3 -18.799 .02860 -2.9714
3 4 -19.570 03872 -2.8508
3 5 -21.183 8.9897 -2.7388
3 6 -22.196 15.094 .85719
3 7 -23.523 6.8661 2.409
3 8 -24.765 04998 - 47779
3 9 -11.787 18749 -2.4 704
4 1 0 0 0

4 2 6.8197 - 12702 2.4426
4 3 74488 -.00595 15441
4 4 12.192 -.12515 1.1206

4 5 12.475 -1.7080 02299
4 6 11.984 1.0148 -.57982
4 7 12.213 2.4616 02716
4 8 11.734 -.00782 1.1541

4 9 6.8197 -2.0589 2.6424
5 1 0 0 0

5 2 -6.6212 -.00577 -1.3978
5 3 -5.9737 -.12720 -2.2906
5 4 -10.552 -.00750 -1.0704
5 5 -10.937 2.0491 - 33447
5 6 -10.779 1.0469 53193
5 7 -11.178 -1.2858 .32050
5 8 -10.970 - 12546 -1.0283




Table 1 Displacements (01,

LC Node X, mm Z mm Uy, RO*1000
5 9 -6.6211 1.0399 -1.3925
6 1 0 0 0

6 2 -9.8281 -.07657 -.85289
6 3 9.9350 -.07655 88343
6 4 -7.6506 - 13377 3.3526
6 5 -4.4439 -18.121 72570
6 6 05549 -44. 754 -.03363
6 7 2.6438 -28.515 -6.5916
6 8 7.8699 -.13374 -3.3066
6 9 -9.8281 .56309 -.85289
1 10 4.3213 .23039 .38010

1 11 0 0 0

1 12 -4.2510 -.06473 46073
1 3 4.3280 -.06472 -.44363
2 10 11477 1.8258 2.4045
2 11 0 0 0

2 12 23.361 .03785 16987
2 13 16.424 02875 2.5474
3 10 -18.799 -2.1999 -2.9714
3 11 0 0 0

3 12 -16.861 02849 -2.6069
3 13 -23.620 .03678 -1.7608
4 10 74488 1.1495 15388

4 11 0 0 0

4 2 10.832 -.12630 16145

4 13 10.445 -.00666 14082

5 10 -5.9736 -1.9450 -2.4904
5 11 0 0 0

5 12 -9.3604 -.00643 -1.2973
5 13 -9.7162 -.12653 -14959
6 10 9.9350 568602 88343
6 11 0 0 0

6 12 -9.7825 -.09845 1.0580

6 13 9.9592 -.09842 -1.0187

Table 2 Forces (02)

Measurement units for forces: kN
Measurement units for stresses: kN/m**2
Measurement units for moments: kN+*m
Measurement units for distributed moments: (kN*m)/m
Measurement units for distributed shear forces: kN/m
Measurement units for displacements in elements: m

Wed Oct 04 14:41:05 2023 18mframALL- main model

Table 2 Forces (02). Internal Forces in Bars Elements

tc |y | Elem SN N, kN MY, kN*m az, kN
7 - Load case 1

2 - Load case 2

3 - Load case 3

4 - Load case 4

5 - Load case 5

6 - Load case 6

1 10 1 1 -512512 -27.1410 6.78221
1 10 1 2 -24.8909 20.3344 6.78221
1 10 2 1 -512454 272642 -6.78221




Table 2 Forces (02

. Internal Forces in B

ars Elements

LC Typ Elem SN N, kN MY, kN*m azZ, kN

1 10 2 2 -24.6851 -20.2112 -6.78221
1 10 3 1 -19.9449 -49.6708 19.6595

1 10 3 2 -19.2492 -22.2786 16.0645
1 10 3 3 -18.5534 -.673903 12.2695

1 10 4 1 -18.4537 -.673903 12.4189
2 10 1 1 20.4569 103.271 -27.1268
2 10 1 2 20.4569 -30.2603 -11.0287
2 10 2 1 15.5429 533275 -12.7212
2 10 2 2 15.5429 4.70408 -1.17121
2 10 3 1 14.9137 60.3997 -18.0637
2 10 3 2 14.9137 35.1781 -15.0137
2 10 3 3 14.9137 14.6077 -11.9637
2 10 4 1 14.8166 14.6077 -12.0837
3 10 1 1 15.4006 -54.5715 12.9023
3 10 1 2 15.4006 -4.67979 135240
3 10 2 1 19.8793 -103.623 27.1076
3 10 2 2 19.8793 29.7799 11.0075
3 10 3 1 13.6349 15.4137 -13.1575
3 10 3 2 13.6349 -2.31430 -10.0923
3 10 3 3 13.6349 -15.3678 -7.02709
3 10 4 1 135778 -15.3678 - 713695
4 10 1 1 -88.2633 8.69649 3.92411
4 10 1 2 -88.2633 36.3652 3.92411
4 10 2 1 -4.13673 30.5403 -4.63811
4 10 2 2 -4.13673 -192646 -4.63811
4 10 3 1 -3.48652 18.7095 -2.40487
4 10 3 2 -3.48652 15.0420 -2.40487
4 10 3 3 -3.48652 11.3746 -2.40487
4 10 4 1 -3.50562 11.3746 -2.37664
5 10 1 1 -4.01264 -26.6798 3.92257
5 10 1 2 -4.01264 778139 3.92257
5 10 2 1 -88.3673 -4.99450 -4.63657
5 10 2 2 -88.3673 -37.4505 -4.63657
5 10 3 1 -4.12264 -11.4329 .883705
5 10 3 2 -4.12264 -10.0853 .883705
5 10 3 3 -4.12264 -8.73769 .883705
5 10 4 1 -4.11537 -8.73769 916963
6 10 1 1 -53.2096 -62.2449 15.5265
6 10 1 2 -53.2096 46.4408 15.5265
6 10 2 1 -53.1964 62.5279 -15.5265
6 10 2 2 -53.1964 -46.1578 -15.5265
6 10 3 1 -45.8142 -114.316 456971
6 10 3 2 -44.2137 -51.2850 36.9671
6 10 3 3 -42.6132 -156671 282371
6 10 4 1 -42.3838 -156671 28.5803
1 10 4 2 -17.1255 255912 4.82898
1 10 4 3 -15.7972 28.7403 -2.76100
1 10 5 1 -15.8179 28.7403 2.63964
1 10 5 2 -16.7667 28.2695 -3.05265
1 10 5 3 -17.7154 14.8138 -8.74515
1 10 6 1 -17.8997 14.8138 -8.36154
1 10 6 2 -18.9749 -10.6495 -14.0540
1 10 6 3 -20.0502 -49.5476 -19.7465
2 10 4 2 14.8166 -12.9189 -5.99262
2 10 4 3 14.8166 -21.6944 098555




Table 2 Forces (02

. Internal Forces in B

ars Elements

LC Typ Elem SN N, kN MY, kN*m azZ, kN

2 10 5 1 14.0090 -21.8944 -4.82575
2 10 5 2 14.0090 -27.6990 -.263685
2 10 5 3 14.0090 -23.0973 4.29838
2 10 6 1 14.0984 -23.0973 3.99564
2 10 6 2 14.0984 -8.70506 8.57521
2 10 6 3 14.0984 16.1734 13.154 7
3 10 4 2 135778 -27.7821 -1.01531
3 10 4 3 13.5778 -215523 5.10632
3 10 5 1 14.5029 -215523 309274
3 10 5 2 14.5029 -15.8778 4.66605
3 10 5 3 14.5029 -.265451 9.02284
3 10 6 1 14.6939 -.265451 8.70836
3 10 6 2 14.6939 24.6820 13.0818

3 10 6 3 14.6939 59.6439 17.4553
4 10 4 2 -3.50582 4.13633 -2.37664
4 10 4 3 -3.50562 -3.10195 -2.37664
4 10 5 1 -4.09599 -3.10195 -107802
4 10 5 2 -4.09599 -5.56097 -107802
4 10 5 3 -4.09599 -8.01998 -107802
4 10 6 1 -4.11626 -8.01998 -.969552
4 10 6 2 -4.11626 -10.2858 -.969552
4 10 6 3 -4.11626 -12.5517 -.969552
5 10 4 2 -4.11537 -5.94500 916963
5 10 4 3 -4.11537 -3.15230 .916963
5 10 5 1 -3.57758 -3.15230 2.23115

5 10 5 2 -3.57758 193703 2.23115
5 10 5 3 -3.57758 702637 2.23115
5 10 6 1 -3.52869 702637 2.30769
5 10 6 2 -3.52869 12.3105 2.30769
5 10 6 3 -3.52669 17.5946 2.30769
6 10 4 2 -39.3283 56.8892 11.1203

6 10 4 3 -36.2728 66.1691 -6.33968
6 10 5 1 -36.3203 66.1691 6.06144
6 10 5 2 -38.5028 65.0604 -7.03355
6 10 5 3 -40.6853 34.0815 -20.1265
6 10 6 1 -41.1094 34.0815 -19.2475
6 10 6 2 -435829 -24.9636 -32.3425
6 10 6 3 -46.0564 -114.033 -45.4375
1 10 7 1 0 -.264780 706079
1 10 7 2 0 -.066195 .353039
1 10 7 3 0 0 0

1 10 8 1 0 0 0

1 10 8 2 0 -.066195 -.353039
1 10 8 3 0 -.2647680 -. 706079
1 10 9 1 -24.1848 20.0696 6.78221

1 10 9 2 -24.1848 33.6341 6.76221
2 10 7 1 0 0 0

2 10 7 2 0 0 0

2 10 7 3 0 0 0

2 10 8 1 0 0 0

2 10 8 2 0 0 0

2 10 8 3 0 0 0

2 10 9 1 20.4569 -30.2803 -11.0287
2 10 9 2 20.4569 -47.7379 -6.42877
3 10 7 1 0 0 0




Table 2 Forces (02

. Internal Forces in B

ars Elements

LC Typ Elem SN N, kN MY, kN*m azZ, kN

3 10 7 2 0 0 0

3 10 7 3 0 0 0

3 10 8 1 0 0 0

3 10 8 2 0 0 0

3 10 8 3 0 0 0

3 10 9 1 15.4006 -4.67979 135240
3 10 9 2 15.4006 -5.27496 -194759
4 10 7 1 .357000 -67.5000 90.0000
4 10 7 2 357000 -33.7500 90.0000
4 10 7 3 357000 0 90.0000
4 10 8 1 -.357000 0 -2.40000
4 10 8 2 -.357000 -.900000 -2.40000
4 10 8 3 -.357000 -1.80000 -2.40000
4 10 9 1 173673 -31.1347 4.28111
4 10 9 2 173673 -22.5725 4.28111

5 10 7 1 357000 -1.80000 2.40000
5 10 7 2 357000 -.900000 2.40000
5 10 7 3 357000 0 2.40000
5 10 8 1 -.357000 0 -90.0000
5 10 8 2 -.357000 -33.7500 -90.0000
5 10 8 3 -.357000 -675000 -90.0000
5 10 9 1 -161264 -102186 4.27957
5 10 9 2 -161264 753729 4.27957
6 10 7 1 0 0 0

6 10 7 2 0 0 0

6 10 7 3 0 0 0

6 10 8 1 0 0 0

6 10 8 2 0 0 0

6 10 8 3 0 0 0

6 10 9 1 -53.2096 46.4408 15.5265
6 10 9 2 -53.2096 774939 15.5265

1 10 10 1 -24.1848 33.6341 16.0367

1 10 10 2 -23.6577 416524 16.0367

1 10 10 3 -23.1306 49.6708 16.0367

1 10 11 1 -24.1791 -19.9464 -6.78221
1 10 11 2 -24.1791 -33.5108 -6.78221
1 10 2 1 -24.1791 -33.5108 -16.0367
1 10 12 2 -23.6519 -415292 -16.0367
1 10 12 3 -23.1248 -49.5476 -16.0367
2 10 10 1 20.4569 -47.7379 -13.9118
2 10 10 2 20.4569 -54.3813 -12.6618
2 10 10 3 20.4569 -60.3997 -11.4118
2 10 11 1 15.5429 4.70408 -1.17121
2 10 11 2 15.5429 5.66165 2.12877
2 10 12 1 15.5429 5.66165 9.61181

2 10 12 2 15.5429 10.6925 10.5118

2 10 2 3 15.5429 16.1734 11.4118

3 10 10 1 15.4006 -5.27496 -9.23878
3 10 10 2 15.4006 -10.1193 -10.1387
3 10 10 3 15.4006 -15.4137 -11.0387
3 10 11 1 19.8793 29.7799 11.0075
3 10 11 2 19.8793 47,1951 6.40759
3 10 12 1 19.8793 471951 13.6967
3 10 2 2 19.8793 53.7320 124487
3 10 12 3 19.8793 59.6439 11.1987




Table 2 Forces (02

. Internal Forces in B

ars Elements

LC Typ Elem SN N, kN MY, kN*m azZ, kN

4 10 10 1 173673 -22.5725 3.86303
4 10 10 2 173673 -20.6410 3.86303
4 10 10 3 173673 -18.7095 3.86303
4 10 11 1 -173673 -. 126459 -4.28111
4 10 11 2 -173673 -8.66868 -4.28111
4 10 12 1 -1.73673 -8.66868 -3.66303
4 10 2 2 -1.73673 -10.6201 -3.66303
4 10 12 3 -173673 -12.5517 -3.66303
5 10 10 1 -161264 753729 3.89570
5 10 10 2 -161264 9.48514 3.89570
5 10 10 3 -161264 114329 3.89570
5 10 11 1 161264 30.0494 -4.27957
5 10 11 2 161264 214903 -4.27957
5 10 12 1 161264 214903 -3.89570
5 10 12 2 161264 19.5424 -3.89570
5 10 12 3 161264 17.5946 -3.69570
6 10 10 1 -53.2096 774939 36.8226
6 10 10 2 -53.2096 95.9052 36.8226
6 10 10 3 -53.2096 114.316 36.8226
6 10 11 1 -53.1964 -46.1578 -15.5265
6 10 11 2 -53.1964 -77.2109 -15.5265
6 10 12 1 -53.1964 -77.2109 -36.6226
6 10 2 2 -53.1964 -95.6223 -36.6226
6 10 12 3 -53.1964 -114.033 -36.8226
1 10 3 1 925453 0 0

1 10 3 2 9.25453 0 0

1 10 3 3 925453 0 0

2 10 3 1 -7.48303 0 0

2 10 3 2 -7.48303 0 0

2 10 3 3 -7.48303 0 0

3 10 3 1 -7.29119 0 0

3 10 3 2 -7.29119 0 0

3 10 3 3 -7.29119 0 0

4 10 3 1 -.418076 0 0

4 10 3 2 -.418076 0 0

4 10 3 3 -.418076 0 0

5 10 3 1 -.3836872 0 0

5 10 3 2 -.383872 0 0

5 10 3 3 -.383872 0 0

6 10 3 1 21.2961 0 0

6 10 3 2 21.2961 0 0

6 10 3 3 21.2961 0 0

Table 3 Displacements from DCL [EUROCODE 1] (03)

Measurement units for displacements: mm
Measurement units for rotations: RD*1000
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Table 3 Displacements from DCL [EUROCODE 1] (03)

main model

DCL No. Node X, mm Z, mm Uy, RO*1000
1-DCL1 1 0 0 0
1-DCL1 2 -14.4958 -.079021 -2.36460




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
1-0CL7 3 -2.44680 -.242934 -2.59752
1-D0CL1 4 -18.5665 - 114707 449408
1-0CL1 5 -17.2755 -750032 3.64794
1-0CL1 6 -14.5203 -23.8965 699067
1-D0CL1 7 -13.5983 -17.8737 -3.29062
1-0CL1 8 -10.3649 -.273931 -3.25671
2 - 0CL2 1 0 0 0

2 -0CL2 2 28.8236 -.202960 6.76933
2 - DCL2 3 311681 -.049054 582567
2 - 0CL2 4 451278 -.204095 394762
2 -0CL2 5 46.4779 -7.67587 112883
2 -0CL2 6 45,6709 -3.22852 -187007
2 - DCL2 7 46.8752 4.15263 -.928906
2 -0CL2 8 46.0444 -.062354 3.4 7656
3 -D0CL3 7 0 0 0

3 - 0CL3 2 10.6 782 -.039277 158469
3 - 0CL3 3 13.04 77 -.212737 .648658
3 - D0CL3 4 14,4222 -.045273 989640
3 - 0CL3 5 14.8697 -2.60356 646261
3 - 0CL3 6 14.9394 -3.18522 -.369200
3 - 0CL3 7 15.2955 -.906596 -.532898
3 - 0CL3 8 15.3928 -.221176 .530133
4 - DCL4 1 0 0 0

4 - DCL4 2 -12.2638 -.212783 -.515018
4 - DCL4 3 -9.70525 -.040630 -143192
4 - DCL4 4 -14.2813 -.221256 - 441252
4 - DCL4 5 -14.2651 -.436462 433116
4 - DCL4 6 -13.7538 -3.56196 355407
4 - DCL4 7 -13.7747 -3.54515 -.433817
4 - DCL4 8 -13.1462 -.04 7636 -.955314
5_-0CL5 1 0 0 0

5 - DCLS 2 -30.4091 -.049101 -5.69965
5 - 0CL5 3 -27.8257 -.204312 -6.60893
5 - DCLS 4 -44.9869 -.062435 -3.39923
5-D0CL5 5 -458733 4.63584 -.049456
5 - 0CL5 6 -44.4852 -3.51866 185627
5 - 0CL5 7 -453545 -8.60437 -.037809
5-D0CL5 8 -43.7979 -.206458 -3.90174
6 - DCL6 7 0 0 0

6 - DCL6 2 -18.8251 -. 174601 -162893
6 - DCL6 3 19.0300 -. 174565 168745
6 - DCL6 4 -14.6495 -.285171 6.42060
6 - OCL6 5 -8.50896 -34.7306 13.8964
6 - OCL6 6 .106386 -85.7289 -.064451
6 - DCL6 7 506244 -54.6335 -12.6220
6 - OCL6 8 15.0698 -.285107 -6.33239
7 -DCL7 1 0 0 0

7 - DCL7 2 6.34895 - 134857 2.32036
7-DCL7 3 34.5245 -.144368 4.93364
7 -DCL7 4 18.3392 -.215737 6.96083
7-DCL7 5 236362 -29.8338 10.8948
7-DCL7 6 29.5662 -65.0176 113271
7-DCL7 7 33.9562 -37.6663 -9.86431
7-D0CL7 8 408276 -.232352 -2.54554
8 - DCL8 7 0 0 0




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
8 - DCL8 2 6.34895 -.134857 2.32036
8 - DCL8 3 34.5245 -.144368 4.93364
8 - DCL8 4 18.3392 -.215737 6.96083
8 - DCL8 5 236362 -29.8338 10.8948
8 - DCL8 6 29.5662 -65.0176 -1.13271
8 - DCL8 7 33.9562 -37.6663 -9.86431
8 - DCL8 8 40.8276 -.232352 -2.54554
9 - DCLY 1 0 0 0

9 -0CL9 2 -34.7385 - 144681 -4.96398
9 -0CL9 3 -6.34890 -.135943 -2.32395
9 - DCLY 4 -41.0699 -.232899 2.57195
9 - DCLY 5 -37.1068 -22.5944 10.1990
9 -0CL9 6 -29.8585 -65.3510 109275
9 - DCLY 7 -26.6937 -453641 -9.36923
9 - DCLY 8 -18.3630 -.217634 -6.97741
10 - DCL10 1 0 0 0

10 - DCL10 2 -34.7385 - 144681 -4.96398
10 - DCL10 3 -6.34890 -.135943 -2.32395
10 - DCL10 4 -410699 -.232899 2.57195
10 - DCL10 5 -371068 -22.5944 10.1990
10 - DCL10 6 -29.8585 -65.3510 109275
10 - DCL10 7 -26.6937 -453641 -9.36923
10 - DCL10 8 -18.3630 - 217634 -6.97741
11 - DCL1 7 0 0 0

11 - DCL1 2 -43.6771 152477 -6.85106
11 - DCL1 3 -14.4134 -.307663 -5.41629
11 - DCL1 4 -55.3152 -.243035 112687
11 - DCL1 5 -518726 -19.8280 9.74 755
11 - DCL1T 6 -44.4103 -63.9377 1.81086
11 - DCL11 7 -417853 -47.1001 -8.93655
11 - DCL11 8 -33.1734 -.387013 -8.36570
12 - DCL1Z 1 0 0 0

12 - DCL1Z 2 15.5556 -.306336 561791
12 - DCL1Z 3 44.5804 -. 152405 701831
12 - DCL12 4 34.7994 -.384695 847373
12 - DCL1Z 5 40.4 786 -32.1398 10.9258
12 - DCL12 6 45 7458 -63.6475 -191548
12 - DCL12 7 504444 -34.3431 -9.82764
12 - DCL12 8 56.6689 -.242910 -.987396
17 - DCL13 7 0 0 0

17 - DCL13 2 -30.4091 -.049101 -5.69965
17 - DCL13 3 -27.8257 -.204312 -6.60893
13 - DCL13 4 -44.9869 -.062435 -3.39923
13 - DCL13 5 -458733 4.63584 -.049456
17 - DCL13 6 -44.4852 -3.51866 185627
13 - DCL13 7 -453545 -8.60437 -.037809
13 - DCL13 8 -43.7979 -.206458 -3.90174
14 - DCL14 1 0 0 0

14 - DCL14 2 -25.5318 -.316159 -166642
14 - DCL14 3 3.70703 -. 143980 -.239283
14 - DCL14 4 -24.6096 -.401857 4.08485
14 - DCL14 5 -20.2644 -24.9004 10.2301
14 - DCL14 6 -13.6788 -63.9810 .309996
14 - DCL14 7 -10.2055 -42.0408 -9.33256
14 - DCL14 8 -2.52182 -.228192 -5.41927




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
15 - DCL1S 7 0 0 0

15 - DCL15 2 22.4140 -.027065 3.91058
15 - DCL1S 3 22.8338 -.037662 4.10168
15 - DCL1S 4 32.3330 027422 2.49475
15 - DCL15 5 33.2072 -4.82586 L F64276
15 - DCL1S 6 32.7646 -2.29730 -120600
15 - DCL1S 7 335975 2.71460 -.659162
15 - DCL1S 8 33.0651 -.045935 2.33917
16 - DCL16 1 0 0 0

16 - DCL16 2 19.6169 -.031481 347177
16 - DCL16 3 211122 -.041018 3. 74100
16 - DCL16 4 28.6675 -.035137 243472
16 - DCL16 5 29.6355 -5.36994 109779
16 - DCL16 6 29.4912 -4.59856 -1.08730
16 - DCL16 7 30.3870 .829368 -. 965575
16 - DCL16 8 30.2032 -.051797 191841
17 - DCL17 1 0 0 0

17 - DCL17 2 =214 705 -.041305 -3.81257
17 - DCL17 3 -19.7612 -.032593 -3.51659
17 - DCL17 4 -30.7415 -.052299 -195414
17 - DCL17 5 -311075 186946 402079
17 - DCL17 6 -29.9334 -4.93201 113816
17 - DCL17 7 -30.2629 -6.86841 -.470486
17 - DCL17 8 -28.9875 -.037079 -2.51345
18 - DCL18 7 0 0 0

18 - DCL18 2 -214705 -.041305 -3.81257
18 - DCL18 3 -19.7612 -.032593 -3.51659
18 - DCL18 4 -30.7415 -.052299 -195414
18 - DCL18 5 -31.1075 1.86946 402079
18 - DCL18 6 -29.9334 -4.93201 113816
18 - DCL18 7 -30.2629 -6.86841 -4 70486
18 - DCL18 8 -28.9875 -.037079 -2.51345
19 - DCL19 1 0 0 0

19 - DCL19 2 -18.8251 -. 174601 -162893
19 - DCL19 3 19.0300 -. 174565 168745
19 - DCL19 4 -14.6495 -.285171 6.42060
19 - DCL19 5 -8.50896 -34.7306 13.8964
19 - DCL19 6 106386 -85.7289 -.064451
19 - DCL19 7 506244 -54.6335 -12.6220
19 - DCL19 8 15.0698 -.285107 -6.33239
20 - DCL20 7 0 0 0

20 - DCL20 2 254498 -.181810 2.07530
20 - DCL20 3 11.7701 -.060734 192482
20 - DCL20 4 8.86875 -.205593 2.57796
20 - DCL20 5 10.5452 -9.60556 317643
20 - DCL20 6 12.0091 -18.4543 -.594470
20 - DCL20 7 13.3621 -9.95198 -2.83691
20 - DCL20 8 15.1538 -.088245 -.283075
21 - DCL21 7 0 0 0

21 - DCL21 2 18.6457 - 142612 4.46391
21 - DCL21 3 213549 -.040007 3.93453
21 - DCL21 4 29.6420 -. 146788 2.82605
21 - DCL21 5 30.7278 -6.17024 117301
21 - DCL21 6 30.4505 -4, 74824 -124866
21 - DCL21 7 314033 1.11326 -1.00114




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
21 - DCL21 8 311522 -.052293 2.12607
22 - DCL22 7 0 0 0

22 - DCL22 2 6.54889 -.033490 100748
22 - DCL22 3 9.27466 -.149129 483189
22 - DCL22 4 9.17163 -.040907 854067
22 - DCL22 5 9.65576 -2.78870 .851301
22 - DCL22 6 9.96286 -4.71937 -.248086
22 - DCL22 7 10.3501 -2.25955 - 737142
22 - DCL22 8 10. 7178 -. 158174 161787
23 - DCL23 1 0 0 0

23 - DCL23 2 -8.74589 -.149161 -.392322
23 - DCL23 3 -5.89399 -.034390 -.903866
23 - DCL23 4 -9.96409 -.158229 -.099861
23 - DCL23 5 -9.76753 -134397 .709204
23 - DCL23 6 -9.16597 -4.97053 234985
23 - DCL23 7 -9.03004 -4.01859 -.671089
23 - DCL23 8 -8.30825 -.042481 -.828511
24 - DCL24 7 0 0 0

24 - DCL24 2 -20.8427 -.040039 -3.84874
24 - DCL24 3 -17.9743 - 143512 -4.35520
24 - DCL24 4 -30.4344 -.052348 -2.07184
24 - DCL24 5 -30.8396 2.03756 .387489
24 - DCL24 6 -29.6536 -4.94166 123556
24 - DCL24 7 -30.0831 -7.39140 -.407083
24 - DCL24 8 -28.7426 -.148362 -2.79279
25 - DCL25 7 0 0 0

25 - DCL25 2 -6.98231 -.238025 106343
25 - DCL25 3 19.9668 -.129039 2.56550
25 - DCL25 4 763912 -.3134 78 5.48330
25 - DCL25 5 529818 -25.7440 9.70547
25 - DCL25 6 10.8605 -58.8351 -.566762
25 - DCL25 7 14.5202 -35.8619 -8.77212
25 - DCL25 8 21.0633 -.207833 -3.37446
26 - DCL26 1 0 0 0

26 - DCL26 2 3.66266 -.097210 149793
26 - DCL26 3 235925 -.103549 3.33984
26 - DCL26 4 11.7829 -. 154550 4.83486
26 - DCL26 5 15.5001 -20.9422 7.68366
26 - DCL26 6 19. 7140 -45.9409 -. 757099
26 - DCL26 7 22.7906 -26.7660 -6.95808
26 - DCL26 8 276743 -.165625 -1.88866
27 - DCL27 7 0 0 0

27 - DCL27 2 3.66266 -.097210 149793
27 - DCL27 3 235925 -.103549 3.33984
27 - DCL27 4 11.7829 -.154550 4.83486
27 - DCL27 5 15.5001 -20.9422 768366
27 - DCL27 6 19. 7140 -45.9409 - 757099
27 - DCL27 7 22.7906 -26.7660 -6.956808
27 - DCL27 8 276743 -.165625 -1.88866
28 - DCL28 1 0 0 0

28 - DCL28 2 -23.7289 -.103759 -3.35830
28 - DCL28 3 -3.65642 -.097933 -149855
28 - DCL28 4 -27.8231 -.165991 1.90894
28 - DCL28 5 -24.9952 -16.1159 7.21985
28 - DCL28 6 -19.9024 -46.1632 726553




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
28 - DCL28 7 -17.6426 -31.8979 -6.62803
28 - DCL28 8 -11.7861 -.155813 -4.84324
29 - DCL29 1 0 0 0

29 - DCL29 2 -23.7289 -. 103759 -3.35830
29 - DCL29 3 -3.65642 -.097933 -149855
29 - DCL29 4 -27.8231 -.165991 1.90894
29 - DCL29 5 -24.9952 -16.1159 7.21985
29 - DCL29 6 -19.9024 -46.1632 . 726553
29 - DCL29 7 -17.6426 -318979 -6.626803
29 - DCL29 8 -11.7861 -.155813 -4.84324
30 - DCL30 7 0 0 0

30 - DCL30 2 9.80044 -.211529 369630
30 - DCL30 3 30.2964 -.108907 4.72962
30 - DCL30 4 22.7564 -.267188 584346
30 - DCL30 5 26.7283 -22.4 795 7. 70435
30 - DCL30 6 30.5004 -45,0276 -127894
30 - DCL30 7 33.7828 -24.5505 -6.93364
30 - DCL30 8 38.2352 -. 172663 -.849898
31 - DCL31 1 0 0 0

31 - DCL31 2 -2.29643 - 102407 .239880
31 - DCL31 3 18.2161 -.218029 127828
31 - DCL31 4 2.28607 -.161307 387147
31 - DCL31 5 565625 -19.0979 738264
31 - DCL3T 6 10.0128 -44,9987 -.278360
31 - DCL3T 7 12.7296 -27.9233 -6.66963
31 - DCL3T 8 17.8008 -.278544 -2.81418
32 - DCL32 7 0 0 0

32 - DCL32 2 -175912 -.218078 -115993
32 - DCL32 3 3.04 753 -.103291 -. 108771
32 - DCL32 4 -16.84 96 -.278630 291754
32 - DCL32 5 -13.76 70 -17.6532 724054
32 - DCL32 6 -9.11603 -452499 204711
32 - DCL32 7 -6.65057 -29.6824 -6.60358
32 - DCL32 8 -122527 -.162851 -3.80448
33 - DCL33 7 0 0 0

33 - DCL33 2 -29.6880 -.108956 -4.61635
33 - DCL33 3 -9.03277 - 212413 -3.56011
33 - DCL33 4 -37.3200 - 172749 945555
33 - DCL33 5 -34.8391 -14.2717 6.91882
33 - DCL33 6 -29.6036 -452210 1.20529
33 - DCL33 7 -27.7037 -33.0552 -6.33957
33 - DCL33 8 -216596 -.268732 -5.76876
34 - DCL34 1 0 0 0

34 - DCL34 2 14.3727 -.025349 2.55808
34 - DCL34 3 15.7987 -.032412 2.78521
34 - DCL34 4 21.1121 -.029006 185747
34 - DCL34G 5 2186807 -4.27023 929977
34 - DCL34G 6 218462 -4.12742 -.805956
34 - DCL34 7 22.5515 154581 -.821318
34 - DCL34 8 22.4.994 -.041347 136781
35 - DCL35 7 0 0 0

35 - DCL35 2 14.3727 -.025349 2.55808
35 - DCL35 3 15.7987 -.032412 2.78521
35 - DCL35 4 21.1121 -.029006 185747
35 - DCL35 5 218807 -4.27023 929977




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
35 - DCL35 6 218462 -4, 12742 -.805956
35 - DCL35 7 22.5515 154581 -.821318
35 - DCL35 8 22.4.994 -.041347 136781
36 - DCL36 7 0 0 0

36 - DCL36 2 -16.0624 -.032625 -2.83773
36 - DCL36 3 -14.4778 -.026172 -2.59078
36 - DCL36 4 -22.8946 -.041719 -139354
36 - DCL36 5 -23.1141 1.09229 414631
36 - DCL36 6 -22.1720 -4.3%442 842546
36 - DCL36 7 -22.3744 -554748 -.454586
36 - DCL36 8 -213456 -.030444 -1.91505
37 - DCL37 7 0 0 0

37 - DCL37 2 -16.0624 -.032625 -2.83773
37 - DCL37 3 -14.4778 -.026172 -2.59078
37 - DCL37 4 -22.8946 - 041719 -139354
37 - DCL37 5 -23.1141 1.09229 414631
37 - DCL37 6 -22.1720 -4.3%442 842546
37 - DCL37 7 -22.3744 -5.54 748 -.454586
37 - DCL37 8 -213456 -.030444 -1.91505
38 - DCL38 1 0 0 0

38 - DCL38 2 -14.1029 -.131363 -122022
38 - DCL38 3 14.2563 -. 131336 126406
38 - DCL38 4 -10.9746 - 214217 4.80997
38 - DCL38 5 -6.37443 -26.0189 10.4104
38 - DCL38 6 .079701 -64.2240 -.048284
38 - DCL38 7 3.79249 -40.9290 -9.45573
38 - DCL38 8 11.2895 -.214169 -4.74389
1-0CL1 9 -14.4957 1.69045 -2.35673
1-0CL1 10 -2.44674 -2.32634 -2.86798
1-0CL1 11 0 0 0
1-0CL1 12 -18.1629 -.092844 -1.15249
1-0CL1 13 -7.49054 -.254963 -2.59623
2 - DCL2 9 28.8236 -5.41522 703978
2 - 0CL2 10 311682 4.31622 5.81779
2 -D0CL2 11 0 0 0

2 - 0CL2 12 40.6359 -.203568 507192
2 - 0CL2 13 419007 -.054315 4. 76350
3 -D0CL3 9 10.6 783 -123177 159257
3 -D0CL3 10 13.04 77 138488 378206
3 - D0CL3 11 0 0 0

3 -D0CL3 12 13.3749 041744 114087
3 -D0CL3 13 14.6826 -.216139 .842830
4 - DCL4 9 -12.2638 .038212 -.244566
4 - DCL4 10 -9.70519 -1.11855 -143979
4 - DCL4 11 0 0 0

4 - DCL4 12 -13.6656 -.216198 - 740813
4 - DCL4 13 -12.1607 -.043483 -10527%4
5 - 0CL5 9 -30.4091 4.22165 -5.69177
5-D0CL5 10 -27.8256 -5.29628 -6.87938
5 - 0CL5 11 0 0 0
5-D0CL5 12 -40.9266 -.054375 -4.67186
5-D0CL5 13 -39.3788 -.205307 -4.97342
6 - DCL6 9 -18.8251 104672 -162825
6 - DCL6 10 19.0300 1.09064 168677
6 - DCL6 11 0 0 0




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
6 - OCL6 12 -18.7328 -.217065 2.02734
6 - DCL6 13 19.0714 -.217018 -1.95210
7 -DCL7 9 6.34895 -187551 2.32104
7-DCL7 10 34.5245 3.55548 4.93296
7-DCL7 11 0 0 0

7 -DCL7 12 12.8050 -.165965 4.32071
7 -DCL7 13 412445 -.178193 148695
8 - DCL8 9 6.34895 -187551 2.32104
8 - DCL8 10 34,5245 355548 4.93296
8 - DCL8 11 0 0 0

8 - DCL8 12 12.8050 -.165965 4.32071
8 - DCL8 13 412445 -.178193 148695
9 -0CL9 9 -34.7385 357792 -4.96330
9 - DCLY 10 -6.34890 -187928 -2.32463
9 - DCLY 11 0 0 0

9 -0CL9 12 -414965 -.178596 -149202
9 -0CL9 13 -12.8168 -. 167362 -4.32929
10 - DCL10 9 -34.7385 357792 -4.96330
10 - DCL10 10 -6.34890 -187928 -2.32463
10 - DCL10 11 0 0 0

10 - DCL10 12 -414965 -.178596 -149202
10 - DCL10 13 -12.8168 -. 167362 -4.32929
11 - DCL11 9 -43.6771 4.98184 -6.84319
11 - DCL1 10 -14.4133 -4.50515 -5.68674
11 - DCL1 11 0 0 0

11 - DCL1 12 -54.1330 -.187287 -3.24347
11 - DCL1 13 -25.9338 -.338186 -6.34880
12 - DCL12 9 15.5556 -4.65504 5.88837
12 - DCL12 10 44.5805 5.10735 72.01043
12 - DCL1Z 11 0 0 0

122 - 0CL12 12 27.4294 -.336480 6.50031
12 - DCL1Z 13 553457 - 187194 338813
13 - DCL13 9 -30.4091 4.22165 -5.69177
13 - DCL13 10 -27.8256 -5.29628 -6.87938
17 - DCL13 11 0 0 0

13 - DCL13 12 -40.9266 -.054375 -4.67186
13 - DCL13 13 -39.3788 -.205307 -4.97342
14 - DCL14 9 -25.5318 . 798394 -139597
14 - DCL14 10 3.70709 -.327421 -.24 7156
14 - DCL14 11 0 0 0

14 - DCL14 12 -26.8721 -.349110 687574
14 - DCL14 13 1.28430 -. 176362 -2.42812
15 - DCL1S 9 224140 -2.96038 391126
15 - DCL1S 10 22.8338 3.03822 4.10101
15 - DCL15 11 0 0 0

15 - DCL1S 12 295157 -.027376 3.14 714
15 - DCL1S 13 30.2632 -.041000 324445
16 - DCL16 9 19.6169 -2.63569 347245
16 - DCL16 10 211122 2.76435 374032
16 - DCL16 11 0 0 0

16 - DCL16 12 26.0115 -.033053 2.89232
16 - DCL16 13 27.7995 -.045314 2.86233
17 - DCL17 9 =214 705 2.81774 -3.81189
17 - DCL17 10 -19.7612 -2.67042 -3.517227
17 - DCL17 11 0 0 0




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
17 - DCL17 12 -28.2900 -.045684 -2.92041
17 - DCL17 13 -26.2619 -.034482 -2.95392
18 - DCL18 9 -214.705 2.81774 -3.81189
18 - DCL18 10 -19.7612 -2.67042 -3.51727
18 - DCL18 11 0 0 0

18 - DCL18 12 -28.2900 -.045684 -2.92041
18 - DCL18 13 -26.2619 -.034482 -2.95392
19 - DCL19 9 -18.8251 104672 -162825
19 - DCL19 10 19.0300 1.09064 168677
19 - DCL19 11 0 0 0

19 - DCL19 12 -18.7328 -.217065 2.02734
19 - DCL19 13 19.0714 -.217018 -1.95210
20 - DCL20 9 2.54502 -183849 2.27566
20 - DCL20 10 11.7702 137992 191897
20 - DCL20 11 0 0 0

20 - DCL20 12 6.58181 -.191040 2.07525
20 - DCL20 13 14.7733 -.071390 964641
21 - DCL21 9 18.6458 -3.58076 4.64428
21 - DCL21 10 213550 2.90819 3.92921
21 - DCL21 11 0 0 0

21 - DCL21 12 26.5238 - 144343 344271
21 - DCL21 13 28.5109 -.044840 3.11652
22 - DCL22 9 6.54893 - 791797 101280
22 - DCL22 10 927470 123045 .302818
22 - DCL22 11 0 0 0

22 - DCL22 12 8.34984 -.036461 822015
22 - DCL22 13 10.3654 -.152722 502735
23 - DCL23 9 -8.74585 054863 -.211951
23 - DCL23 10 -5.89395 -. 714982 -.909184
23 - DCL23 11 0 0 0

23 - DCL23 12 -9.67723 - 152763 -432444
23 - DCL23 13 -753007 -.037619 -. 760983
24 - DCL24 9 -20.8427 2.84382 -3.84342
24 - DCL24 10 -17.9%42 -3.50013 -4.53557
24 - DCL24 11 0 0 0

24 - DCL24 12 -27.8512 -.044881 -3.05314
24 - DCL24 13 -25.6755 -. 145501 -3.37476
25 - DCL25 9 -6.98227 -112582 1.24380
25 - DCL25 10 19.9668 1.79239 2.56018
25 - DCL25 11 0 0 0

25 - DCL25 12 -3.30578 -.267017 2.86605
25 - DCL25 13 22.6921 -.159309 -.093105
26 - DCL26 9 3.66266 -122095 149845
26 - DCL26 10 235925 2.40104 333932
26 - DCL26 11 0 0 0

26 - DCL26 12 7.96990 - 119275 2.94190
26 - DCL26 13 28.0734 - 127425 .932152
27 - DCL27 9 3.66266 -122095 149845
27 - DCL27 10 235925 2.40104 3.33932
27 - DCL27 11 0 0 0

27 - DCL27 12 7.96990 -.119275 2.94190
27 - DCL27 13 28.0734 - 127425 932152
28 - DCL28 9 -23.7289 241467 -3.35777
28 - DCL28 10 -3.65642 -122214 -149907
28 - DCL28 11 0 0 0




Table 3 Displacements from DCL [EUROCODE 1] (03)

DCL No. Node X, mm Z, mm vy, RO*1000
28 - DCL28 12 -28.2311 -. 127695 -.933250
28 - DCL28 13 -7.96752 -.120204 -2.94535
29 - DCL29 9 -23.7289 241467 -3.35777
29 - DCL29 10 -3.65642 -122214 -149907
29 - DCL29 11 0 0 0

29 - DCL29 12 -28.2311 -. 127695 -.933250
29 - DCL29 13 -7.96752 -.120204 -2.94535
30 - DCL30 9 9.80048 -3.07397 3.87667
30 - DCL30 10 30.2965 3.43562 4.72430
30 - DCL30 11 0 0 0

30 - DCL30 12 17.7195 -.232951 4.39497
30 - DCL30 13 374742 -.133426 2.19960
31 - DCL31 9 -2.29639 -.285009 245198
31 - DCL3T 10 18.2162 650465 1.09791
31 - DCL3T 11 0 0 0

31 - DCL31 12 -.454476 -. 125069 177427
31 - DCL31 13 19.3288 -.241308 -.414183
32 - DCL32 9 175911 561651 -.979559
32 - DCL32 10 3.04757 -. 187561 - 114090
32 - DCL32 11 0 0 0

32 - DCL32 12 -18.4815 - 241371 .519814
32 - DCL32 13 143327 -. 126205 -167790
33 - DCL33 9 -29.6880 3.35061 -4.61103
33 - DCL33 10 -9.03273 -2.97271 -3. 74048
33 - DCL33 11 0 0 0

33 - DCL33 12 -36.6555 -.133489 -2.10088
33 - DCL33 13 -16.7121 -.234087 -4.29168
34 - DCL34 9 14.3727 -194420 2.55860
34 - DCL34 10 15.7987 2.05620 2. 78468
34 - DCL34 11 0 0 0

34 - DCL34 12 19.1103 -.026882 2.15953
34 - DCL34 13 20.7525 -.035963 2.10381
35 - DCL35 9 14.3727 -194420 2.55860
35 - DCL35 10 15. 7987 2.05620 2.78468
35 - DCL35 11 0 0 0

35 - DCL35 12 19.1103 -.026882 2.15953
35 - DCL35 13 20.7525 -.035963 2.10381
36 - DCL36 9 -16.0624 2.09538 -2.83721
36 - DCL36 10 -14.4778 -196955 -2.59130
36 - DCL36 11 0 0 0

36 - DCL36 12 -21.1130 -.036237 -2.14620
36 - DCL36 13 -19.2929 -.027940 -2.20452
37 - DCL37 9 -16.0624 2.09538 -2.83721
37 - DCL37 10 -14.4 778 -196955 -2.59130
37 - DCL37 11 0 0 0

37 - DCL37 12 -21.1130 -.036237 -2.14620
37 - DCL37 13 -19.2929 -.027940 -2.20452
38 - DCL38 9 -14.1029 . 783511 -121970
38 - DCL38 10 14.2563 816419 126354
38 - DCL38 11 0 0 0

38 - DCL38 12 -14.0336 -.163186 1.51880
38 - DCL38 13 14.2872 -.163151 -146243

Table 4 Displacements from DCL [EUROCODE 2] (04)




Measurement units for displacements: mm
Measurement units for rotations: RD*1000
Wed Oct 04 14:41:05 2023 18mframALL- main model
Table 4 Displacements from OCL [EUROCODE 2] (04)

DCL No. Node X, mm Z, mm Uy, RD*1000
1-D0CL1 7 0 0 0
1-0CL1 2 -10.924 7 -.387577 183361
1-0CL1 3 325577 -.205934 4.21239
17-D0CL1 4 182719 -.509056 8.89595
1-0CL1 5 9.15205 -415904 15.6502
1-0CL1 6 18.0969 -94.8137 -.942162
1-0CL1 7 24.0089 -57.7010 -14.1428
1-0CL1 8 34.5356 -.332984 -5.38456
2 - DCL2 1 0 0 0

2 -D0CL2 2 4.45869 -.264496 3.16805
2 -D0CL2 3 12.0070 -.082883 2.83014
2 -D0CL2 4 13.8017 -.296323 364835
2 -D0CL2 5 16.1074 -13.2237 4.29163
2 -D0CL2 6 18.0100 -24.7611 -.889509
2 - 0CL2 7 19.8708 -13.0659 -3.82575
2 - 0CL2 8 22.2177 -.120303 -.209025
3 - D0CL3 7 0 0 0

3 - 0CL3 2 10.4645 -.042017 156633
3 - 0CL3 3 13.2638 -.2154 76 .667690
3 - 0CL3 4 14.2560 -.049295 106250
3 -D0CL3 5 14.7732 -2.99843 .803934
3 - DCL3 6 14.94.06 -4.15868 -.369933
3 -D0CL3 7 15.3529 -152727 -.676102
3 -D0CL3 8 15.5638 -.225197 458270
4 - DCL4 7 0 0 0

4 - DCL4 2 -12.4776 -.215523 -.533384
4 - DCL4 3 -9.48919 -.043369 -141289
4 - DCL4 4 14,4475 -.225278 -.368387
4 - DCL4 5 -14.3617 -.831336 .590789
4 - DCL4 6 -13.7525 -4.53542 354674
4 - DCL4 7 -13.7173 -4.16583 -.577021
4 - DCL4 8 -12.9753 -.051657 -102717
5 - D0CL5 1 0 0 0
5-D0CL5 2 -30.6229 -.051840 -5.71801
5-0CL5 3 -27.6096 -.207051 -6.58990
5 - 0CL5 4 -45,1531 -.066457 -3.32637
5-D0CL5 5 -45.9698 4.24097 108217
5-D0CL5 6 -44.4840 -4.49212 1.85554
5-D0CL5 7 -452970 -9.22506 -.181013
5-D0CL5 8 -43.6269 -.2104 79 -3.97360
6 - DCL6 7 0 0 0

6 - OCL6 2 -30.6229 -.051840 -5,71801
6 - OCL6 3 -27.6096 -.207051 -6.58990
6 - DCL6 4 -45,1531 -.066457 -3.32637
6 - OCL6 5 -45.9698 4.24097 108217
6 - OCL6 6 -44.4840 -4.49212 185554
6 - DCL6 7 -45.2970 -9.22506 -.181013
6 - DCL6 8 -43.6269 -.2104 79 -3.97360
7 -DCL7 1 0 0 0
7-DCL7 2 -18.7709 -.356615 -.236826
7-DCL7 3 212374 -.357060 698813
7-DCL7 4 -12.6008 -.468287 6.56127




Table 4 Displacements from DCL [EUROCODE 2] (04)

DCL No. Node X, mm Z, mm Uy, RD*1000
7-DCL7 5 -6.52895 -34.6650 13.6336
7-DCL7 6 1.73538 -83.9190 -.129839
7 -DCL7 7 6.51650 -53.6668 -12.2958
7-DCL7 8 16.2717 -.469065 -6.23439
1-D0CL1 9 -10.9246 -1.91310 2.134 14
1-0CL1 10 325578 2.94892 4.20362
1-0CL1 11 0 0 0
1-0CL1 12 -4.80113 - 434240 4.69997
1-0CL1 13 37.0989 -.254728 -.081236
2 - 0CL2 9 4.45875 -2.79081 346851
2 -0CL2 10 12.0071 2.03533 2.82144
2 -0CL2 11 0 0 0

2 - 0CL2 12 10.5103 -.276850 304376
2 -0CL2 13 215108 -.097376 151350
3 -D0CL3 9 10.4646 -122075 157422
3 - 0CL3 10 13.2638 150008 397212
3 - 0CL3 11 0 0 0

3 - D0CL3 12 13.1624 -.044981 116391
3 - 0CL3 13 14.8990 -.219375 .820648
4 - DCL4 9 -12.4775 049232 -.262906
4 - DCL4 10 -9.48913 -110703 -142079
4 - DCL4 11 0 0 0

4 - DCL4 12 -13.8781 -.219435 - 717776
4 - DCL4 13 -119443 -.046719 -107492
5-D0CL5 9 -30.6228 4.23268 -5.71011
5-D0CL5 10 -27.6095 -5.28476 -6.86038
5-D0CL5 11 0 0 0
5-D0CL5 12 -41.1391 -.057611 -4.64882
5-D0CL5 13 -39.1624 -.208543 -4.99560
6 - OCL6 9 -30.6228 4.23268 -5 71011
6 - DCL6 10 -27.6095 -5.28476 -6.86038
6 - OCL6 11 0 0 0

6 - OCL6 12 -411391 -.057611 -4.64882
6 - OCL6 13 -39.1624 -.208543 -4.99560
7-DCL7 9 -18.7707 -.317876 040847
7 -DCL7 10 212376 .028170 421141

7 - DCL7 11 0 0 0
7-DCL7 12 -16.9575 -.399507 2.47852
7-DCL7 13 20.2720 -.400079 -2.09261

Table 5 Forces from DCL [EUROCODE 1] (05)

Measurement units for forces: kN

Measurement units for stresses: kN/m**2

Measurement units for moments: kN+m

Measurement units for distributed moments: (kN*m)/m

Measurement units for distributed shear forces: kN/m

Measurement units for displacements in elements: m

Wed Oct 04 14:41:05 2023 18mframALL- main model

Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for DCL in Bars Elements

DCL No. Typ Elem SN N, kN MY, kN+m Qaz, kN
1-D0CL71 10 1 1 -72.043 -71.301 14.112
1-D0CL71 10 1 2 -37 775 27485 14.112
1-D0CL1 10 2 1 -185.94 28.700 -15.076
1-DCL1 10 2 2 -151.67 -76.832 -15.076




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
1- DCLT 10 3 1 -31494 -80.006 27.010
1-DCLT 10 3 2 -30.589 -42.577 22.076
1-D0CL1 10 3 3 -29.665 -12.671 17.143
1-DCLT 10 4 1 -29.545 -12.671 17.362
1-DCLT 10 4 2 -27.818 25242 75155
2 -DCL2 10 1 1 -158.16 116.14 -22.509
2 -DCL2 10 1 2 -123.89 34.649 - 77443
2 - DCL2 10 2 1 -51220 148.66 -32.251
2 -DCL2 10 2 2 -16.952 -22.524 -16.659
2 -DCL2 10 3 1 -10.501 42.225 -18152
2 -D0L2 10 3 2 -9.5972 38.634 -2.6312
2 - D02 10 3 3 -8.6927 34.200 -3.4472
2 -DCL2 10 4 1 -8.7203 34.200 -3.3769
2 -D0L2 10 4 2 -6.9936 21412 -5.0208
3 - DCL3 10 1 1 -44.426 66.114 -22.511
3 - DCL3 10 1 2 -10.158 -13.393 - 77650
3 - DCL3 10 2 1 -164.95 100.69 -32.249
3 - DCL3 10 2 2 -130.69 -70.482 -16.657
3 - DCL3 10 3 1 -11.360 15329 2.6243
3 - DCL3 10 3 2 -10.456 4.9129 18083
3 - DCL3 10 3 3 -9.5515 7.0484 .99236
3 - DCL3 10 4 1 -95432 7.0484 1.0694
3 - DCL3 10 4 2 -7.8165 7.8022 -57445
4 - DCL4 10 1 1 -164.99 -96.944 31532
4 - DCL4 10 1 2 -130.72 69.210 15.940
4 - DCL4 10 2 1 -45.366 -63.218 21516
4 - DCL4 10 2 2 -11.098 11327 -.21606
4 - DCL4 10 3 1 -12.228 -18.505 4.8081
4 - DCL4 10 3 2 -11323 -11.779 4.0127
4 - DCL4 10 3 3 -10.419 -6.2669 3.2172
4 - DCL4 10 4 1 -10.392 -6.2669 33013
4 - DCL4 10 4 2 -8.6660 13467 16985
5 - DCLS 10 1 1 -51252 -144.97 31530
5 - DCLS 10 1 2 -16.984 21.167 15.938
5 - DCL5 10 2 1 -159.10 -111.19 21519
5 - DCLS 10 2 2 -124.83 -36.629 -.21599
5 - DCLS 10 3 1 -13.086 -59.196 9.2476
5 - DCL5 10 3 2 -12.162 -45.701 8.4522
5 - DCL5 10 3 3 -11277 -33.418 7.6568
5-DCL5 10 4 1 -11215 -33.418 77476
5 - DCL5 10 4 2 -9.4689 -12.263 6.1449
6 - DCL6 10 1 1 -138.45 -119.31 29.777
6 - DCL6 10 1 2 -104.19 89.129 29.777
6 - DCL6 10 2 1 -138.43 119.85 -29.777
6 - DCL6 10 2 2 -104.16 -86.567 -29.777
6 - DCL6 10 3 1 -87.777 -218.69 87508
6 - DCL6 10 3 2 -84.712 -98.197 70.7689
6 - DCL6 10 3 3 -81647 -2.9911 54.070
6 - DCL6 10 4 1 -81208 -2.991 54.728
6 - DCL6 10 4 2 -75.356 112.76 21290
7 - DCL7 10 1 1 -110.84 20.102 -6.8461
7 - DCL7 10 1 2 -76.574 48.251 14.868
7 - DCL7 10 2 1 -117.45 191.84 -46.951
7-DCL7 10 2 2 -83.162 -82.237 -31358
7 - DCL7 10 3 1 -67.644 -137.35 63.122




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
7 - DCL7 10 3 2 -64.579 -50.706 50521
7 - DCL7 10 3 3 -61513 16.729 37.919
7-DCL7 10 4 1 -61205 16.729 38414
7 - DCL7 10 4 2 -55.354 95.328 13.200
8 - DCL8 10 1 1 -110.84 20.102 -6.8461
8 - DCL8 10 1 2 -76.574 48.251 14.888
8 - DCL8 10 2 1 -117.45 191.84 -46.951
8 - DCL8 10 2 2 -83.182 -8§2.237 -31.358
8 - DCL8 10 3 1 -67.644 -137.35 63.122
8 - DCL8 10 3 2 -64.579 -50.706 50521
8 - DCL8 10 3 3 -61513 16.729 37.919
8 - DCL8 10 4 1 -61205 16.729 38414
8 - DCL8 10 4 2 -55.354 95.328 13.200
9 - DCLY 10 1 1 -117.66 -192.98 47195
9 - DCLY 10 1 2 -83.400 82.812 31603
9-00L9 10 2 1 -111.59 -20.035 6.8175
9-00L9 10 2 2 -77.328 -48.364 -14.917
9 - DCLY 10 3 1 -69.370 -196.09 69.745
9-00L9 10 3 2 -66.305 -101.32 57164
9-00L9 10 3 3 -63.240 -23.737 44.584
9-00L9 10 4 1 -62.678 -23.737 45.093
9-00L9 10 4 2 -57.026 75.263 19.919
10 - DCL10 10 1 1 -117.66 -192.968 47195
10 - DCL10 10 1 2 -83.400 82.812 31603
10 - DCL10 10 2 1 -11159 -20.035 6.8175
10 - DCL10 10 2 2 -77.328 -48.384 -14.917
10 - DCL10 10 3 1 -69.370 -196.09 69.745
10 - DCL10 10 3 2 -66.305 -101.32 57164
10 - DCL10 10 3 3 -63.240 -23.737 44.584
10 - DCL10 10 4 1 -62.678 -23.737 45.093
10 - DCL10 10 4 2 -57.026 75.263 19.919
11 - DCLT11 10 1 1 -123.08 -229.00 52491
11 - DCLT11 10 1 2 -88.817 83.662 36.898
11 - DCLT1T 10 2 1 -230.92 -26.777 .55820
11 - DCL 1T 10 2 2 -196.65 -96.943 -21.176
11 - DCLT1T 10 3 1 -74.935 -213.52 70.938
11 - DCLT1T 10 3 2 -71870 -114.93 58357
11 - DCL 1T 10 3 3 -66.805 -35.533 45777
11 - DCL 1T 10 4 1 -66.433 -35.533 46.331
11 - DCL 1T 10 4 2 -62.582 67237 21157
12 - DCL12 10 1 1 -229.99 32.112 -15486
12 - DCL12 10 1 2 -195.72 97344 20.186
12 - DLz 10 2 1 -123.03 233.07 -53.212
12 - DLz 10 2 2 -88.767 -84.837 -37.620
12 - DCL12 10 3 1 -72.350 -112.10 59.675
12 - DLz 10 3 2 -69.265 -30.399 47274
12 - DCL12 10 3 3 -66.220 32.085 34.672
12 - DCL12 10 4 1 -65.938 32.085 35.206
12 - DCL12 10 4 2 -60.086 100.91 9.9915
13 - DCL13 10 1 1 -51252 -144.97 31530
13 - DCLT3 10 1 2 -16.964 21167 15.938
13 - DCLT3 10 2 1 -159.10 -111.19 21519
13 - DCL13 10 2 2 -124.83 -36.629 -.21599
13 - DCL13 10 3 1 -13.086 -59.198 9.24 76
13 - DCL13 10 3 2 -12.162 -45.701 8.4522




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
13 - DCLT3 10 3 3 -11277 -33.418 7.6568
13 - DCL13 10 4 1 -11215 -33.418 77476
13 - DCL13 10 4 2 -9.4889 -12.263 6.1449
14 - DCL14 10 1 1 -236.82 -180.97 52.493
14 - DCL14 10 1 2 -202.55 131.90 36.900
14 - DCL14 10 2 1 -117.18 21.194 55612
14 - DCL14 10 2 2 -82.913 -50.985 -21.178
14 - DCL14 10 3 1 -74.077 -172.63 66.499
14 - DCL14 10 3 2 -71012 -81.014 53.918
14 - DCL14 10 3 3 -67.946 -8.3620 41337
14 - DCL14 10 4 1 -67.610 -8.3820 41884
14 - DCL14 10 4 2 -61759 80.847 16. 710
75 - DCL1S 10 1 1 -35.941 119.62 -31.876
15 - DCLTS 10 1 2 -16727 -18.985 -7.7263
15 - DCLTS 10 2 1 -43.304 115.43 -27.898
75 - DCL1S 10 2 2 -9.0362 -19.218 -10.573
75 - DCL1S 10 3 1 -3.5578 26.027 -12782
15 - DCLTS 10 3 2 -2.6534 23.604 -16367
75 - DCL1S 10 3 3 -1.7489 21.035 -19952
75 - DCL1S 10 4 1 -1.7649 21.035 -1.9810
75 - DCL1S 10 4 2 -.03626 13.890 -2.7112
16 - DCL16 10 1 1 -39.009 104.13 -27.807
16 - DCL16 10 1 2 -4.7412 -14.443 -6.0719
16 - DCL16 10 2 1 -45.636 107.43 -25.990
16 - DCL16 10 2 2 -11367 -19.924 -10.398
16 - DCL16 10 3 1 -5.7949 16.967 14313
16 - DCL16 10 3 2 -4.8904 18.528 61536
16 - DCL16 10 3 3 -3.9859 18.644 -.20063
16 - DCL16 10 4 1 -3.9874 18.644 -.16845
16 - DCL16 10 4 2 -2.2607 15.828 -18123
17 - DCLT7 10 1 1 -45.835 -108.95 26.235
17 - DCLT7 10 1 2 -11.567 20.117 10.642
17 - DCLT7 10 2 1 -39.781 -104.44 27778
17 - DCLT7 10 2 2 -5.5136 13.928 6.0433
17 - DCLT7 10 3 1 -75211 -43.763 8.0546
17 - DCLT7 10 3 2 -6.6167 -32.086 72592
17 - DCLT7 10 3 3 -5.7122 -21622 6.4638
17 - DCLT7 10 4 1 -5.6598 -21.622 6.5097
17 - DCLT7 10 4 2 -3.9331 -4.2372 4.9070
18 - DCL18 10 1 1 -45.635 -108.95 26.235
18 - DCL18 10 1 2 -11567 20.117 10.642
18 - DCL18 10 2 1 -39.781 -104.44 27778
18 - DCL18 10 2 2 -5.5136 13.928 6.0433
18 - DCL18 10 3 1 -75211 -43.763 8.0546
18 - DCL18 10 3 2 -6.6167 -32.086 72592
18 - DCL18 10 3 3 -5.7122 -21622 6.4638
18 - DCL18 10 4 1 -5.6598 -21622 6.5097
18 - DCL18 10 4 2 -3.9331 -4.2372 4.9070
19 - DCLTY 10 1 1 -138.45 -119.31 29.777
19 - DCL19 10 1 2 -104.19 89.129 29.777
19 - DCLTY 10 2 1 -138.43 119.85 -29.777
19 - DCLTY 10 2 2 -104.16 -86.567 -29.777
19 - DCL19 10 3 1 -87.777 -216.89 87508
19 - DCL1Y 10 3 2 -84.712 -98.197 70.769
19 - DCLT9 10 3 3 -81.647 -2.991 54.070




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
19 - DCLTY 10 4 1 -81208 -2.991 54.728
19 - DCL19 10 4 2 -75.356 112.76 21290
20 - DCL20 10 1 1 -139.51 -18.244 10.706
20 - DCL20 10 1 2 -113.15 56.699 10.706
20 - DCL20 10 2 1 -55.382 57604 -11420
20 - DCL20 10 2 2 -29.021 -22.137 -11.420
20 - DCL20 10 3 1 -23.431 -30.961 17.454
20 - DCL20 10 3 2 -22.735 -7.2366 13.659
20 - DCL20 10 3 3 -22.039 10.700 9.8647
20 - DCL20 10 4 1 -21959 10.700 10.042
20 - DCL20 10 4 2 -20.631 29.727 24523
21 - DLzt 10 1 1 -112.27 73.609 -14.102
21 - DCL21 10 1 2 -85.916 25.810 .38800
21 - DCL21 10 2 1 -40.979 102. 74 -22.405
21 - DLzt 10 2 2 -14.619 -172711 -12.010
21 - DCL21 10 3 1 -9.6604 21527 14377
21 - DCL21 10 3 2 -8.9647 22.919 38779
21 - DcLz1 10 3 3 -8.2689 22.710 -.66220
21 - DCL21 10 4 1 -8.2740 22.710 -.59541
21 - DCL21 10 4 2 -6.9458 17.686 -2.7033
22 - DCL22 10 1 1 -36.451 41.791 -14.103
22 - DCL22 10 1 2 -10.091 -6.2175 38662
22 - DCL22 10 2 1 -116.80 70.763 -22.404
22 - DCL22 10 2 2 -90.445 -49.683 -12.009
22 - DCL22 10 3 1 -10.232 -5.6008 4.3975
22 - DCL22 10 3 2 -9.5372 30479 33475
22 - DCL22 10 3 3 -8.8414 4.6091 2.2975
22 - DCL22 10 4 1 -8.8226 4.6091 2.3688
22 - DCL22 10 4 2 -7.4944 8.6136 .26089
23 - DCL23 10 1 1 -116.82 -68.248 21926
23 - DCL23 10 1 2 -90.467 48.6851 11531
23 - DCL23 10 2 1 -37.077 -38.510 13.440
23 - DCL23 10 2 2 -10.716 4.8568 -10496
23 - DCL23 10 3 1 -10.811 -18.959 5.8533
23 - DCL23 10 3 2 -10.115 -10.6823 4.8170
23 - DCL23 10 3 3 -9.4198 -4.2678 3.7808
23 - DCL23 10 4 1 -9.3669 -4.2678 3.8567
23 - DCL23 10 4 2 -8.0607 4.3100 17762
24 - DCL24 10 1 1 -41.001 -100.26 21924
24 - DCL24 10 1 2 -14.641 16.622 11529
24 - DCL24 10 2 1 -112.90 -70.491 13.441
24 - DCL24 10 2 2 -86.542 -27.114 -10482
24 - DCL24 10 3 1 -11.383 -46.088 8.8130
24 - DCL24 10 3 2 -10.688 -33.438 7. 7768
24 - DCL24 10 3 3 -9.9923 -22.368 6.7405
24 - DCL24 10 4 1 -9.9375 -22.368 6.6209
24 - DCL24 10 4 2 -8.6093 -4.7631 4.7404
25 - DCL25 10 1 1 -178.57 -75.154 24.287
25 - DCL25 10 1 2 -152.21 94.6859 24.287
25 - DCL25 10 2 1 -102.84 111.02 -24.930
25 - DCL25 10 2 2 -76.485 -63.487 -24.930
25 - DCL25 10 3 1 -64.315 -135.71 58622
25 - DCL25 10 3 2 -62.179 -54.897 47170
25 - DCL25 10 3 3 -60.043 8.1532 35518
25 - DCL25 10 4 1 -59.754 8.1532 36.002




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
25 - DCL25 10 4 2 -55.676 82.314 12.698
26 - DCL26 10 1 1 -80.728 9.7626 -3.6598
26 - DCL26 10 1 2 -54.368 34.878 10.830
26 - DCL26 10 2 1 -85.133 13153 -32.205
26 - DCL26 10 2 2 -56.773 -57519 -21.610
26 - DCL26 10 3 1 -47.755 -98.196 44.729
26 - DCL26 10 3 2 -45.619 -36.774 35.822
26 - DCL26 10 3 3 -43.483 11.063 26.915
26 - DCL26 10 4 1 -43.264 11.063 27.265
26 - DCL26 10 4 2 -39.186 66.964 94439
27 - DCL27 10 1 1 -80.728 9.7626 -3.6598
27 - DCL27 10 1 2 -54.368 34.878 10.650
27 - DCL27 10 2 1 -85.133 13153 -32.205
27 - DCL27 10 2 2 -56.773 -57519 -21.610
27 - DCL27 10 3 1 -4 7755 -96.196 44.729
27 - DCL27 10 3 2 -45.619 -36.774 35.822
27 - DCL27 10 3 3 -43.483 11.063 26.915
27 - DCL27 10 4 1 -43.264 11.063 27265
27 - DCL27 10 4 2 -39.186 66.964 94439
28 - DCL28 10 1 1 -85.279 -132.27 32.368
28 - DCL28 10 1 2 -58.919 57919 21973
28 - DCL28 10 2 1 -81230 -9.7216 3.6407
28 - DCL28 10 2 2 -54.870 -34.951 -10.849
28 - DCL28 10 3 1 -48.906 -136.68 49.145
28 - DCL28 10 3 2 -46.770 -70.518 40.251
28 - DCL28 10 3 3 -44.633 -15.915 31358
28 - DCL28 10 4 1 -44.379 -15.915 31.718
28 - DCL28 10 4 2 -40.301 53587 13.923
29 - DCL29 10 1 1 -85.279 -132.27 32.368
29 - DCL29 10 1 2 -58.919 57919 21973
29 - DCL29 10 2 1 -81230 -9.7216 3.6407
29 - DCL29 10 2 2 -54.870 -34.951 -10.849
29 - DCL29 10 3 1 -48.906 -138.68 49.145
29 - DCL29 10 3 2 -46.770 -70.518 40.251
29 - DCL29 10 3 3 -44.633 -15.915 31358
29 - DCL29 10 4 1 -44.379 -15.915 31.718
29 - DCL29 10 4 2 -40.301 53587 13.923
30 - DCL30 10 1 1 -160.16 17.789 -.126812
30 - DCL30 10 1 2 -133.60 67607 14.361
30 - DCL30 10 2 1 -86.856 159.02 -36.379
30 - DCL30 10 2 2 -62.496 -59.253 -25.984
30 - DCL30 10 3 1 -50.893 -81357 42.565
30 - DCL30 10 3 2 -48.757 -23.237 33.658
30 - DCL30 10 3 3 -46.620 21300 24.751
30 - DCL30 10 4 1 -46.419 21300 25.126
30 - DCL30 10 4 2 -42.341 70.667 73049
31 - DCL31 10 1 1 -84.339 -14.229 -.12950
31 - DCL31 10 1 2 -57.979 35579 14.360
31 - DCL31 10 2 1 -164.68 127.03 -36.378
31 - DCL31 10 2 2 -138.32 -91.225 -25.963
31 - DCL31 10 3 1 -51465 -106.48 45524
31 - DCL31 10 3 2 -49.329 -45.851 36.617
31 - DCL31 10 3 3 -4 7193 3.1990 27710
31 - DCL31 10 4 1 -46.968 3.1990 28.091
31 - DCL31 10 4 2 -42.689 61613 10.269




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
32 - DCL32 10 1 1 -164.71 -124.26 35.699
32 - DCL32 10 1 2 -138.35 90.648 25504
32 - DCL32 10 2 1 -84.953 17.764 -.53354
32 - DCL32 10 2 2 -56.593 -36.685 -15.023
32 - DCL32 10 3 1 -52.044 -121.64 46.980
32 - DCL32 10 3 2 -49.907 -56.980 38.087
32 - DCL32 10 3 3 -4 777 -5.6778 29.194
32 - DCL32 10 4 1 -4 7534 -5.6778 29579
32 - DCL32 10 4 2 -43.456 57310 11.784
33 - DCL33 10 1 1 -88.690 -156.28 35.898
33 - DCL33 10 1 2 -62.530 58619 25503
33 - DCL33 10 2 1 -160.77 -14.216 -.53216
33 - DCL33 10 2 2 -134.41 -68.656 -15.022
33 - DCL33 10 3 1 -52.616 -148.97 49.940
33 - DCL33 10 3 2 -50.480 -79.594 41047
33 - DCL33 10 3 3 -48.344 -23.778 32.153
33 - DCL33 10 4 1 -48.083 -23.778 32543
33 - DCL33 10 4 2 -44.004 48237 14.748
34 - DCL34 10 1 1 -30.794 76.130 -20.346
34 - DCL34 10 1 2 -4.4339 -9.9458 -4.2465
34 - DCL34 10 2 1 -35.702 80.591 -19.503
34 - DCL34 10 2 2 -9.3422 -15.507 -7.9534
34 - DCL34 10 3 1 -5.0312 10.728 1.7958
34 - DCL34 10 3 2 -4.3354 12.699 1.0508
34 - DCL34 10 3 3 -3.6397 13.933 .30580
34 - DCL34 10 4 1 -3.6371 13.933 33518
34 - DCL34 10 4 2 -2.3089 12672 -11636
35 - DCL35 10 1 1 -30.794 76.130 -20.346
35 - DCL35 10 1 2 -4.4339 -9.9458 -4.2465
35 - DCL35 10 2 1 -35.702 80.591 -19.503
35 - DCL35 10 2 2 -9.3422 -15.507 -7.9534
35 - DCL35 10 3 1 -5.0312 10.728 1.7958
35 - DCL35 10 3 2 -4.3354 12.899 1.0508
35 - DCL35 10 3 3 -3.6397 13.933 .30580
35 - DCL35 10 4 1 -3.6371 13.933 33518
35 - DCL35 10 4 2 -2.3089 12672 -1.1636
36 - DCL36 10 1 1 -35.650 -81.712 19.684
36 - DCL36 10 1 2 -9.4902 15.654 8.1346
36 - DCL36 10 2 1 -31366 -76.359 20.325
36 - DCL36 10 2 2 -5.0058 9.5687 4.2253
36 - DCL36 10 3 1 -6.3099 -34.257 6.7019
36 - DCL36 10 3 2 -5.6142 -24.592 5.9722
36 - DCL36 10 3 3 -4.9184 -16.041 52424
36 - DCL36 10 4 1 -4.8759 -16.041 5.2820
36 - DCL36 10 4 2 -3.5477 -2.1908 3.8136
37 - DCL37 10 1 1 -35.650 -81.712 19.684
37 - DCL37 10 1 2 -9.4902 15.654 8.1346
37 - DCL37 10 2 1 -31.366 -76.359 20.325
37 - DCL37 10 2 2 -5.0058 9.5687 4.2253
37 - DCL37 10 3 1 -6.3099 -34.257 6.7019
37 - DCL37 10 3 2 -5.6142 -24.592 5.9722
37 - DCL37 10 3 3 -4.91684 -16.041 52424
37 - DCL37 10 4 1 -4.8759 -16.041 5.2620
37 - DCL37 10 4 2 -3.5477 -2.1908 3.8136
38 - DCL38 10 1 1 -104.46 -89.365 22.308




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
38 - DCL38 10 1 2 -76.100 66.775 22.308
38 - DCL38 10 2 1 -104.44 89.792 -22.308
38 - DCL38 10 2 2 -78.081 -66.369 -22.308
38 - DCL38 10 3 1 -65.759 -163.98 65.556
38 - DCL38 10 3 2 -63.462 -73.563 53.031
38 - DCL38 10 3 3 -61.166 -2.2406 40.506
38 - DCL38 10 4 1 -60.637 -2.2406 40.999
38 - DCL38 10 4 2 -56.453 84.480 15.949
1-D0CL1 10 4 3 -26.092 33.106 -2.3514
1-D0CL71 10 5 1 -25.393 33.106 6.4438
1- DCLT 10 5 2 -26.626 39.365 -.95639
1-DCLT 10 5 3 -27.859 28.743 -8.3566
1-D0CL71 10 6 1 -28.033 28.743 -7.7546
1- DCLT 10 6 2 -29.431 2.5147 -15.154
1-DCLT 10 6 3 -30.829 -40.659 -22.555
1-D0CL71 10 7 1 48195 -2.7742 4.1579
1-D0CL71 10 7 2 48195 -13010 3.6989
2 -D0L2 10 4 3 -5.2668 3.6173 -6.6647
2 -DCL2 10 5 1 -7.1807 3.6173 -4.5383
2 -DCL2 10 5 2 -8.4140 -8.1506 -5.7797
2 -DCL2 10 5 3 -9.6474 -22.750 -70212
2 -DCL2 10 6 1 -9.7964 -22.750 -6.8117
2 -DCL2 10 6 2 -11.194 -39.742 -8.0296
2 -D0L2 10 6 3 -12.592 -59522 -9.24 74
2 - D02 10 7 1 48195 -91.469 122.41
2 -D0L2 10 7 2 48195 -45.648 121.95
3 - DCL3 10 4 3 -6.0897 35493 -2.2183
3 - DCL3 10 5 1 -6.4808 35493 -.07091
3 - DCL3 10 5 2 -7 7142 19717 -13123
3 - DCL3 10 5 3 -8.9476 -2.4377 -2.5538
3 - DCL3 10 6 1 -9.0005 -2.4377 -2.3605
3 - DCL3 10 6 2 -10.398 -9.2370 -3.5783
3 - DCL3 10 6 3 -11.796 -18.824 -4.7961
3 - DCL3 10 7 1 48195 -2.7742 4.1579
3 - DCL3 10 7 2 48195 -13010 3.6989
4 - DCL4 10 4 3 -6.9392 4.0791 09575
4 - DCL4 10 5 1 -6.5139 4.0791 2.3939
4 - DCL4 10 5 2 -7 7473 7.6078 87539
4 - DCL4 10 5 3 -8.9807 8.0727 -.64319
4 - DCL4 10 6 1 -8.9924 8.0727 -.44960
4 - DCL4 10 6 2 -10.390 5.3304 -19456
4 - DCL4 10 6 3 -11.788 -.83744 -3.4416
4 - DCL4 10 7 1 48195 -91469 122.41
4 - DCL4 10 7 2 48195 -45.648 121.95
5-DCL5 10 4 3 -7.7621 4.0111 4.5421
5 - DCLS 10 5 1 -5.8141 4.0111 6.6613
5 - DCLS 10 5 2 -7.0474 17.930 53427
5 - DCLS 10 5 3 -8.2608 28.385 3.8241
5 - DCL5 10 6 1 -8.1965 28.385 4.0016
5 - DCLS 10 6 2 -9.5943 35.835 2.5056
5 - DCL5 10 6 3 -10.992 39.660 1.0096
5 - DCL5 10 7 1 48195 -2.7%42 4.1579
5-DCL5 10 7 2 48195 -13010 3.6989
6 - DCL6 10 4 3 -69.504 126.69 -12.147
6 - DCL6 10 5 1 -69.595 126.69 11614




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
6 - DCL6 10 5 2 -73.775 124.58 -13.463
6 - DCL6 10 5 3 -77.955 65.268 -36.542
6 - DCL6 10 6 1 -78.767 65.268 -36.654
6 - DCL6 10 6 2 -83.504 -47.832 -61.932
6 - DCL6 10 6 3 -86.241 -218.35 -87.011
6 - DCL6 10 7 1 0 -34421 91790
6 - DCL6 10 7 2 0 -.08605 45895
7 - DCL7 10 4 3 -49.502 97133 -12.014
7-DCL7 10 5 1 -50.663 97.133 5.0999
7-DCL7 10 5 2 -54.863 87.188 -13.819
7 - DCL7 10 5 3 -59.043 34.086 -32.739
7 - DCL7 10 6 1 -59.734 34.086 -31.460
7-DCL7 10 6 2 -64.471 -59.584 -50.356
7 - DCL7 10 6 3 -69.208 -196.52 -69.252
7 - DCL7 10 7 1 0 -.34421 91790
7-DCL7 10 7 2 0 -.08605 45895
8 - DCL8 10 4 3 -49502 97.133 -12.014
8 - DCL8 10 5 1 -50.683 97133 5.0999
8 - DCL8 10 5 2 -54.863 87.188 -13.819
8 - DCL8 10 5 3 -59.043 34.086 -32.739
8 - DCL8 10 6 1 -59.734 34.086 -31460
8 - DCL8 10 6 2 -64.471 -59.584 -50.356
8 - DCL8 10 6 3 -69.208 -196.52 -69.252
8 - DCL8 10 7 1 0 -.34421 91790
8 - DCL8 10 7 2 0 -.08605 45895
9 - DCLY 10 4 3 -51174 97595 -5.2543
9 - DCLY 10 5 1 -50.016 97595 12.032
9 - DCLY 10 5 2 -54.196 103.14 -7.1645
9 - DCLY 10 5 3 -56.376 64.909 -26.361
9-00L9 10 6 1 -58.930 64.909 -25.097
9 -D0CL9 10 6 2 -63.667 -14.511 -44.272
9-00L9 10 6 3 -68.404 -137.63 -63.446
9-00L9 10 7 1 0 -34421 91790
9-00L9 10 7 2 0 -.08605 45895
10 - DCL10 10 4 3 -51174 97595 -5.2543
10 - DCL10 10 5 1 -50.016 97595 12.032
10 - DCL10 10 5 2 -54.196 103.14 - 71645
10 - DCL10 10 5 3 -56.376 64.909 -26.361
10 - DCL10 10 6 1 -56.930 64.909 -25.097
10 - DCL10 10 6 2 -63.667 -14.511 -44.272
10 - DCL10 10 6 3 -66.404 -137.83 -63.446
10 - DCL10 10 7 1 0 -.34421 91790
10 - DCL10 10 7 2 0 -.08605 45895
11 - DCLT1T 10 4 3 -56.730 93339 -4.0164
11 - DCL 1T 10 5 1 -54.846 93339 15.044
11 - DCLT1T 10 5 2 -59.026 105.76 -4.1525
11 - DCLT1T 10 5 3 -63.206 74.395 -23.349
11 - DCLT1T 10 6 1 -63.694 74.395 -21962
11 - DCL 1T 10 6 2 -66.431 2.1075 -41.156
11 - DCLT1T 10 6 3 -73.168 -114.08 -60.331
11 - DCL 1T 10 7 1 48195 -2.7%42 4.1579
11 - DCL 1T 10 7 2 48195 -13010 3.6989
12 - DCL12 10 4 3 -54.235 92.945 -15.223
12 - DCL1Z2 10 5 1 -56.213 92.945 3.6446
12 - DCL12 10 5 2 -60.392 79.680 -15.275




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
12 - DCL12 10 5 3 -64.572 23.259 -34.194
12 - DCL12 10 6 1 -65.294 23.259 -32.796
12 - DLz 10 6 2 -70.031 -73.470 -51692
12 - DCL12 10 6 3 -74.768 -213.46 -70.588
12 - DCL12 10 7 1 48195 -91.469 122.41
12 - DLz 10 7 2 48195 -45.648 121.95
13 - DCL13 10 4 3 -7.7621 4.0111 4.5421
13 - DCLT3 10 5 1 -5.8141 4.0111 6.8613
13 - DCL13 10 5 2 -7.0474 17.930 53427
13 - DCL13 10 5 3 -8.2608 28.385 3.8241
13 - DCLT3 10 6 1 -8.1965 28.385 4.0016
13 - DCL13 10 6 2 -9.5943 35.635 2.5056
13 - DCL13 10 6 3 -10.992 39.860 1.0096
13 - DCLT3 10 7 1 48195 -2.7%42 4.1579
13 - DCL13 10 7 2 48195 -13010 3.6989
14 - DCL14 10 4 3 -55.907 93407 -8.4628
14 - DCL14 10 5 1 -55.546 93407 10.576
14 - DCL14 10 5 2 -59.726 95.639 -8.6199
14 - DCL14 10 5 3 -63.905 54.082 -27.816
14 - DCL14 10 6 1 -64.490 54.082 -26.433
14 - DCL14 10 6 2 -69.227 -28.397 -45.608
14 - DCL14 10 6 3 -73.964 -154.78 -64.782
14 - DCL14 10 7 1 48195 -91.469 122.41
14 - DCL14 10 7 2 48195 -45.648 121.95
15 - DCLTS 10 4 3 16664 4.5208 -3.4414
15 - DCLTS 10 5 1 45022 4.5208 -3.8068
15 - DCLTS 10 5 2 -. 76314 -4.7981 -4.3639
15 - DCLTS 10 5 3 -2.0165 -15.387 -4.9211
15 - DCLTS 10 6 1 -2.1220 -15.387 -4.8765
75 - DCL1S 10 6 2 -3.5198 -27.162 -5.4074
15 - DCLTS 10 6 3 -4.9176 -40.151 -5.9363
75 - DCL1S 10 7 1 0 -34421 91790
75 - DCL1S 10 7 2 0 -.08605 45895
16 - DCL16 10 4 3 -.53403 7.8049 -3.4562
16 - DCL16 10 5 1 -16511 7.6049 -3.0829
16 - DCL16 10 5 2 -2.8645 -.64329 -4.3244
16 - DCL16 10 5 3 -4.1178 -11.923 -5.5658
16 - DCL16 10 6 1 -4.2368 -11.923 -5.4758
16 - DCL16 10 6 2 -5.6346 -25.856 -6.6937
16 - DCL16 10 6 3 -7.0324 -42.577 -79115
16 - DCL16 10 7 1 0 -.34421 91790
16 - DCL16 10 7 2 0 -.08605 45895
17 - DCLT7 10 4 3 -2.2064 8.2667 3.3042
17 - DCLT7 10 5 1 -.98438 8.2667 3.8493
17 - DCLT7 10 5 2 -2.2177 15.315 2.3307
17 - DCLT7 10 5 3 -3.4511 18.899 81214
17 - DCLT7 10 6 1 -3.4328 18.899 .88628
17 - DCLT7 10 6 2 -4.8306 19.216 -.60973
17 - DCLT7 10 6 3 -6.2284 16.107 -2.1057
17 - DCLT7 10 7 1 0 -34421 91790
17 - DCLT7 10 7 2 0 -.08605 45895
18 - DCL18 10 4 3 -2.2064 8.2667 33042
18 - DCL18 10 5 1 -.98438 8.2667 3.8493
18 - DCL18 10 5 2 -2.2177 15.315 2.3307
18 - DCL18 10 5 3 -3.4511 18.699 81214




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
18 - DCL18 10 6 1 -3.4328 18.699 .88628
18 - DCL18 10 6 2 -4.8306 19.216 -.60973
18 - DCL18 10 6 3 -6.22684 16.107 -2.1057
18 - DCL18 10 7 1 0 -.34421 91790
18 - DCL18 10 7 2 0 -.08605 45895
19 - DCL19 10 4 3 -69.504 126.69 -12.147
19 - DCL19 10 5 1 -69.595 126.69 11614
19 - DCLTY 10 5 2 -73.775 124.58 -13.463
19 - DCL19 10 5 3 -77.955 65.268 -38.542
19 - DCL1Y 10 6 1 -78.767 65.268 -36.654
19 - DCLTY 10 6 2 -83.504 -47.832 -61.932
19 - DCLT9 10 6 3 -86.241 -218.35 -87.011
19 - DCL1Y 10 7 1 0 -34421 91790
19 - DCLTY 10 7 2 0 -.08605 45895
20 - DCL20 10 4 3 -19.303 25.638 -5.1376
20 - DCL20 10 5 1 -19.913 25.638 15618
20 - DCL20 10 5 2 -20.662 22.708 -4.1306
20 - DCL20 10 5 3 -21811 6.7939 -9.8231
20 - DCL20 10 6 1 -22.017 6.7939 -9.3511
20 - DCL20 10 6 2 -23.093 -21.135 -15.043
20 - DCL20 10 6 3 -24.168 -62.099 -20.736
20 - DCL20 10 7 1 35700 -67.764 90.706
20 - DCL20 10 7 2 35700 -33.816 90.353
21 - DCL21 10 4 3 -5.6175 6.2435 -4.8112
21 - DCL21 10 5 1 -6.68962 6.2435 -2.6735
21 - DLzt 10 5 2 -7.8449 -16644 -4.2601
21 - DCL21 10 5 3 -8.7937 -13.191 -5.8468
21 - DCL21 10 6 1 -8.9176 -13.191 -5.6560
21 - D21 10 6 2 -9.9928 -27.941 -7.2269
21 - DCL21 10 6 3 -11.068 -46.288 -8.7978
21 - DCL21 10 7 1 32130 -61.014 81.706
21 - DCL21 10 7 2 32130 -30.441 81353
22 - DCL22 10 4 3 -6.1661 6.1982 -18470
22 - DCL22 10 5 1 -6.4296 6.1982 304 70
22 - DCL22 10 5 2 -73783 5.0837 -12819
22 - DCL22 10 5 3 -8.3271 35001 -2.6685
22 - DCL22 10 6 1 -8.3669 35001 -2.6685
22 - DCL22 10 6 2 -9.4622 -7.6046 -4.2594
22 - DCL22 10 6 3 -10.537 -19.156 -5.8303
22 - DCL22 10 7 1 32130 -16847 2.8660
22 - DCL22 10 7 2 32130 -.87619 2.5130
23 - DCL23 10 4 3 -6.7325 6.5514 -.30430
23 - DCL23 10 5 1 -6.4517 6.5514 19479
23 - DCL23 10 5 2 -7.4004 8.9745 17657
23 - DCL23 10 5 3 -8.3492 7.3569 -15948
23 - DCL23 10 6 1 -8.3616 7.3569 -14146
23 - DCL23 10 6 2 -9.4568 2.1070 -3.1709
23 - DCL23 10 6 3 -10.532 -71646 -4.9273
23 - DCL23 10 7 1 32130 -61.014 81706
23 - DCL23 10 7 2 32130 -30.441 81353
24 - DCL24 10 4 3 -7.2810 6.5061 2.6599
24 - DCL24 10 5 1 -5.9851 6.5061 4.9262
24 - DCL24 10 5 2 -6.9338 15.722 3.1548
24 - DCL24 10 5 3 -7.66826 20.898 1.3834
24 - DCL24 10 6 1 -7.68510 20.698 15529




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
24 - DCL24 10 6 2 -8.9262 22.443 -.20343
24 - DCL24 10 6 3 -10.001 19.967 -19597
24 - DCL24 10 7 1 32130 -18847 2.8660
24 - DCL24 10 7 2 32130 -.87619 2.5130
25 - DCL25 10 4 3 -51598 85.500 -10.605
25 - DCL25 10 5 1 -52.192 85.500 71249
25 - DCL25 10 5 2 -55.105 81819 -10.353
25 - DCL25 10 5 3 -56.018 38.269 -27.831
25 - DCL25 10 6 1 -58.604 38.269 -26.574
25 - DCL25 10 6 2 -61.906 -42.592 -44.052
25 - DCL25 10 6 3 -65.207 -163.47 -61530
25 - DCL25 10 7 1 32130 -61.014 81706
25 - DCL25 10 7 2 32130 -30.441 81353
26 - DCL26 10 4 3 -35.107 66587 -8.3780
26 - DCL26 10 5 1 -35.898 66587 3.7519
26 - DCL26 10 5 2 -38.811 61894 -9.6201
26 - DCL26 10 5 3 -41.724 24.699 -22.992
26 - DCL26 10 6 1 -42.209 24.699 -22.088
26 - DCL26 10 6 2 -45.511 -41169 -35.444
26 - DCL26 10 6 3 -48.812 -137.62 -48.801
26 - DCL26 10 7 1 0 -.26478 70607
26 - DCL26 10 7 2 0 -.06619 35303
27 - DCL27 10 4 3 -35.107 68.587 -8.37680
27 - DCL27 10 5 1 -35.898 66587 3.7519
27 - DCL27 10 5 2 -36.811 61694 -9.6201
27 - DCL27 10 5 3 -41724 24.699 -22.992
27 - DCL27 10 6 1 -42.209 24.699 -22.088
27 - DCL27 10 6 2 -45.511 -41169 -35.444
27 - DCL27 10 6 3 -48.6812 -137.62 -48.801
27 - DCL27 10 7 1 0 -.26478 70607
27 - DCL27 10 7 2 0 -.06619 35303
28 - DCL28 10 4 3 -36.222 68.695 -3.8710
28 - DCL28 10 5 1 -35.453 68.695 8.3734
28 - DCL28 10 5 2 -38.366 72.533 -5.1834
28 - DCL28 10 5 3 -41279 45248 -18.740
28 - DCL28 10 6 1 -41673 45.248 -17.846
28 - DCL28 10 6 2 -44.975 -11.121 -31.368
28 - DCL28 10 6 3 -48276 -96.498 -44.930
28 - DCL28 10 7 1 0 -.26478 70607
28 - DCL28 10 7 2 0 -.06619 35303
29 - DCL29 10 4 3 -36.222 66.895 -3.8710
29 - DCL29 10 5 1 -35.453 66.895 8.3734
29 - DCL29 10 5 2 -38.366 72.533 -5.1834
29 - DCL29 10 5 3 -41279 45.248 -18.740
29 - DCL29 10 6 1 -41673 45248 -17.646
29 - DCL29 10 6 2 -44.975 -11.121 -31.368
29 - DCL29 10 6 3 -48.276 -98.498 -44.930
29 - DCL29 10 7 1 0 -.26478 70607
29 - DCL29 10 7 2 0 -.06619 35303
30 - DCL30 10 4 3 -38.263 65.795 -10.517
30 - DCL30 10 5 1 -39.584 65.795 2.7817
30 - DCL30 10 5 2 -42.497 56.689 -10.590
30 - DCL30 10 5 3 -45.410 17.481 -23.962
30 - DCL30 10 6 1 -45.916 17.481 -22.978
30 - DCL30 10 6 2 -49.217 -50.426 -36.335




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
30 - DCL30 10 6 3 -52.518 -148.91 -49.691
30 - DCL30 10 7 1 32130 -61.014 81706
30 - DCL30 10 7 2 32130 -30.441 81353
31 - DCL31 10 4 3 -36.811 65.750 -75527
31 - DCL31 10 5 1 -39.117 65.750 5.7600
31 - DCL31 10 5 2 -42.030 63.638 -76121
31 - DCL31 10 5 3 -44.943 31.023 -20.9684
31 - DCL3T 10 6 1 -45.385 31023 -20.011
31 - DCL31 10 6 2 -48.686 -30.089 -33.367
31 - DCL31 10 6 3 -51.988 -121.78 -46.724
31 - DCL31 10 7 1 32130 -18847 2.8660
31 - DCL31 10 7 2 32130 -.87619 2.5130
32 - DCL32 10 4 3 -39.378 66.103 -6.0100
32 - DCL32 10 5 1 -39.140 66.103 74032
32 - DCL32 10 5 2 -42.053 67528 -6.1536
32 - DCL32 10 5 3 -44.966 38.030 -19.710
32 - DCL32 10 6 1 -45.380 38.030 -18.737
32 - DCL32 10 6 2 -48.681 -20.378 -32.279
32 - DCL32 10 6 3 -51982 -109.79 -45.821
32 - DCL32 10 7 1 32130 -61.014 81.706
32 - DCL32 10 7 2 32130 -30.441 81353
33 - DCL33 10 4 3 -39.926 66.058 -3.0457
33 - DCL33 10 5 1 -38.673 66.058 10.381
33 - DCL33 10 5 2 -41586 P4.277 -3.1753
33 - DCL33 10 5 3 -44.499 51572 -16.732
33 - DCL33 10 6 1 -44.849 51572 -15.769
33 - DCL33 10 6 2 -48.150 -.04156 -29.311
33 - DCL33 10 6 3 -51452 -62.663 -42.853
33 - DCL33 10 7 1 32130 -16847 2.8660
33 - DCL33 10 7 2 32130 -.87619 2.5130
34 - DCL34 10 4 3 -.98066 6.68459 -2.6624
34 - DCL34 10 5 1 -1.8089 6.8459 -2.1859
34 - DCL34 10 5 2 -2.7576 57050 -3.3163
34 - DCL34 10 5 3 -3.7064 -8.26834 -4.4467
34 - DCL34 10 6 1 -3.8013 -8.2834 -4.3659
34 - DCL34 10 6 2 -4.8765 -19.554 -5.4788
34 - DCL34 10 6 3 -5.9518 -33.374 -6.5917
34 - DCL34 10 7 1 0 -.26478 70607
34 - DCL34 10 7 2 0 -.06619 35303
35 - DCL35 10 4 3 -.98066 6.8459 -2.6624
35 - DCL35 10 5 1 -1.8089 6.8459 -2.16859
35 - DCL35 10 5 2 -2.7576 57050 -3.3163
35 - DCL35 10 5 3 -3.7064 -8.26834 -4.4467
35 - DCL35 10 6 1 -3.6013 -8.26834 -4.3659
35 - DCL35 10 6 2 -4.8765 -19.554 -5.4788
35 - DCL35 10 6 3 -5.9518 -33.374 -6.5917
35 - DCL35 10 7 1 0 -.26478 70607
35 - DCL35 10 7 2 0 -.06619 35303
36 - DCL36 10 4 3 -2.2194 7.1879 2.3453
36 - DCL36 10 5 1 -13150 7.1879 2.9491
36 - DCL36 10 5 2 -2.2637 12.391 16134
36 - DCL36 10 5 3 -3.2125 14.548 27769
36 - DCL36 10 6 1 -3.2057 14.548 34682
36 - DCL36 10 6 2 -4.2810 13.832 -.97217
36 - DCL36 10 6 3 -5.3562 10.096 -2.2911




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
36 - DCL36 10 7 1 0 -.26478 70607
36 - DCL36 10 7 2 0 -.06619 35303
37 - DCL37 10 4 3 -2.2194 7.1879 2.3453
37 - DCL37 10 5 1 -1.3150 7.1879 2.9491
37 - DCL37 10 5 2 -2.2637 12.391 16134
37 - DCL37 10 5 3 -3.2125 14.548 27769
37 - DCL37 10 6 1 -3.2057 14.548 34682
37 - DCL37 10 6 2 -4.2810 13.632 -.97217
37 - DCL37 10 6 3 -5.3562 10.096 -2.2911
37 - DCL37 10 7 1 0 -.26478 70607
37 - DCL37 10 7 2 0 -.06619 35303
38 - DCL38 10 4 3 -52.070 94.909 -9.1006
38 - DCL38 10 5 1 -52.138 94.909 8.7012
38 - DCL38 10 5 2 -55.269 93329 -10.086
38 - DCL38 10 5 3 -56.400 48.895 -26.873
38 - DCL38 10 6 1 -59.009 48.895 -27.609
38 - DCL38 10 6 2 -62.557 -35.633 -46.396
38 - DCL38 10 6 3 -66.106 -163.58 -65.184
38 - DCL38 10 7 1 0 -.26478 70607
38 - DCL38 10 7 2 0 -.06619 35303
1-D0CL71 10 7 3 48195 0 3.2400
1-D0CL1 10 8 1 -.48195 0 -12150
1-D0CL71 10 8 2 -.48195 -45.648 -121.95
1-DCLT 10 8 3 -.48195 -91.469 -122.41
1-DCLT 10 9 1 -33.617 24. 711 14.594
1-DCLT 10 9 2 -33.617 53.699 14.594
1- DCLT 10 10 1 -33.617 53.699 26.106
1-DCLT 10 10 2 -32.932 66.953 26.106
1-DCLT 10 10 3 -32.246 80.006 26.106
2 -DCL2 10 7 3 48195 0 12150
2 - DCL2 10 8 1 -.48195 0 -3.2400
2 -DCL2 10 8 2 -.48195 -13010 -3.69689
2 -DCL2 10 8 3 -.48195 -2.7742 -4.1579
2 -DCL2 10 9 1 -14787 -56.819 -.29248
2 -D0L2 10 9 2 -14787 -51.194 5.9175
2 -DCL2 10 10 1 -14787 -51.194 7.2819
2 -DCL2 10 10 2 -. 79354 -47.131 8.9694
2 -D0L2 10 10 3 -.10829 -42.225 10.656
3 - DCL3 10 7 3 48195 0 3.2400
3 - DCL3 10 8 1 -.48195 0 -121.50
3 - DCL3 10 8 2 -.48195 -45.648 -121.95
3 - DCL3 10 8 3 -.48195 -91.469 -122.41
3 - DCL3 10 9 1 -6.0004 -16.167 -.29455
3 - DCL3 10 9 2 -6.0004 -10.546 5.9154
3 - DCL3 10 10 1 -6.0004 -10.546 7.3260
3 - DCL3 10 10 2 -5.3152 -6.4616 9.0135
3 - DCL3 10 10 3 -4.6299 -15329 10.701
4 - DCL4 10 7 3 48195 0 12150
4 - DCL4 10 8 1 -.48195 0 -3.2400
4 - DCL4 10 8 2 -.48195 -13010 -3.69689
4 - DCL4 10 8 3 -.48195 -2.7%42 -4.1579
4 - DCL4 10 9 1 -8.3048 -22.259 16.422
4 - DCL4 10 9 2 -8.3048 6.1301 11967
4 - DCL4 10 10 1 -8.3048 6.1301 13.590
4 - DCL4 10 10 2 -7.6195 12.621 12375




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
4 - DCL4 10 10 3 -6.9343 18.505 11.160
5 - DCL5 10 7 3 48195 0 3.2400
5 - DCLS 10 8 1 -.48195 0 -12150
5 - DCL5 10 8 2 -.48195 -45.648 -121.95
5 - DCL5 10 8 3 -.48195 -91.469 -122.41
5 - DCLS 10 9 1 -12.826 18.393 16.420
5 - DCLS 10 9 2 -12.826 46.778 11.965
5 - DCLS 10 10 1 -12.626 46.778 13.634
5 - DCLS 10 10 2 -12.141 53292 12.419
5 - DCLS 10 10 3 -11.456 59.198 11.204
6 - DCL6 10 7 3 0 0 0

6 - DCL6 10 8 1 0 0 0

6 - DCL6 10 8 2 0 -.08605 -.45895
6 - DCL6 10 8 3 0 -.34421 -.91790
6 - DCL6 10 9 1 -103.27 86.785 29.777
6 - DCL6 10 9 2 -103.27 148.34 29.777
6 - DCL6 10 10 1 -103.27 148.34 70.558
6 - DCL6 10 10 2 -102.58 183.62 70.558
6 - DCL6 10 10 3 -101.90 216.89 70.558
7-DCL7 10 7 3 0 0 0
7-DCL7 10 8 1 0 0 0
7-DCL7 10 8 2 0 -.08605 -.45895
7-DCL7 10 8 3 0 -.34421 -.91790
7 - DCL7 10 9 1 -75.656 47907 14.868
7 - DCL7 10 9 2 -75.656 83.894 21098
7 - DCL7 10 10 1 -75.656 83.894 51777
7 - DCL7 10 10 2 -74.971 110.20 53464
7 - DCL7 10 10 3 -74.285 137.35 55.152
8 - DCL8 10 7 3 0 0 0

8 - DCL8 10 8 1 0 0 0

8 - DCL8 10 8 2 0 -.08605 -.45895
8 - DCL8 10 8 3 0 -34421 -.91790
8 - DCL8 10 9 1 -75.656 47.907 14.888
8 - DCL8 10 9 2 -75.656 83.694 21.098
8 - DCL8 10 10 1 -75.656 83.894 51777
8 - DCL8 10 10 2 -74.971 110.20 53464
8 - DCL8 10 10 3 -74.285 137.35 55.152
9 - DCLY 10 7 3 0 0 0

9 - DCLY 10 8 1 0 0 0

9 - DCLY 10 8 2 0 -.08605 -.45895
9 - DCLY 10 8 3 0 -.34421 -.91790
9 - DCLY 10 9 1 -82.482 82.468 31603
9-00L9 10 9 2 -82.482 14121 27.148
9-00L9 10 10 1 -82.482 14121 58.086
9 - DCLY 10 10 2 -81.797 169.95 56.671
9-00L9 10 10 3 -81.11 198.09 55.656
10 - DCL10 10 7 3 0 0 0

10 - DCL10 10 8 1 0 0 0

10 - DCL10 10 8 2 0 -.08605 -.45895
10 - DCL10 10 8 3 0 -34421 -.91790
10 - DCL10 10 9 1 -82.482 82.468 31603
10 - DCL10 10 9 2 -82.482 14121 27148
10 - DCL10 10 10 1 -82.482 14121 58.086
10 - DCL10 10 10 2 -81.797 169.95 56.871
10 - DCL10 10 10 3 -81.111 198.09 55.656




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
11 - DCL 1T 10 7 3 48195 0 3.2400
11 - DCL 1T 10 8 1 -.48195 0 -121.50
11 - DCLT1 10 8 2 -.48195 -45.648 -121.95
11 - DCL 1T 10 8 3 -.48195 -91.469 -122.41
11 - DCL 1T 10 9 1 -84.659 81.088 37380
11 - DCLT1 10 9 2 -84.659 15139 32.925
11 - DCLT1T 10 10 1 -84.659 15139 63.345
11 - DCL1T 10 10 2 -83.974 182.76 62.130
11 - DCLT1 10 10 3 -83.269 213.52 60.915
12 - DCL12 10 7 3 48195 0 12150
12 - DCL12 10 8 1 -.48195 0 -3.2400
12 - DCL12 10 8 2 -.48195 -13010 -3.6989
12 - DCL12 10 8 3 -.48195 -2.7742 -4.1579
12 - DCL12 10 9 1 -73.311 5.8753 20.668
12 - DCL12 10 9 2 -73.311 53422 26.678
12 - DLz 10 10 1 -73.311 53422 56.992
12 - DLz 10 10 2 -72.626 82.340 58.680
12 - DCL12 10 10 3 -71941 112.10 60.367
13 - DCL13 10 7 3 48195 0 3.2400
13 - DCL13 10 8 1 -.48195 0 -12150
13 - DCL13 10 8 2 -.48195 -45.648 -121.95
13 - DCL13 10 8 3 -.48195 -91469 -122.41
13 - DCL13 10 9 1 -12.826 18.393 16.420
13 - DCLT3 10 9 2 -12.826 46.778 11,965
13 - DCLT3 10 10 1 -12.826 46.778 13.634
13 - DCL13 10 10 2 -12.141 53292 12.419
13 - DCLT3 10 10 3 -11456 59.198 11204
14 - DCL14 10 7 3 48195 0 12150
14 - DCL14 10 8 1 -.48195 0 -3.2400
14 - DCL14 10 8 2 -.48195 -13010 -3.69689
14 - DCL14 10 8 3 -.48195 -2.7742 -4.1579
14 - DCL14 10 9 1 -80.137 40.436 37382
14 - DCL14 10 9 2 -80.137 110.74 32.927
14 - DCL14 10 10 1 -80.137 110.74 63.301
14 - DCL14 10 10 2 -79.452 142.09 62.086
14 - DCL14 10 10 3 -78.767 172.63 60.671
75 - DCL1S 10 7 3 0 0 0

15 - DCLTS 10 8 1 0 0 0

15 - DCLTS 10 8 2 0 -.08605 -.45895
15 - DCLTS 10 8 3 0 -.34421 -.91790
15 - DCLTS 10 9 1 -. 75483 -19.329 -7.7263
15 - DCLTS 10 9 2 -. 75483 -27.862 -.82629
75 - DCL1S 10 10 1 -.75483 -27.682 -.01994
75 - DCL1S 10 10 2 -.06958 -27.423 1.8550
15 - DCLTS 10 10 3 .61566 -26.027 3.7300
16 - DCL16 10 7 3 0 0 0

16 - DCL16 10 8 1 0 0 0

16 - DCL16 10 8 2 0 -.08605 -.45895
16 - DCL16 10 8 3 0 -.34421 -.91790
16 - DCL16 10 9 1 -3.6233 -14.787 -6.0719
16 - DCL16 10 9 2 -3.6233 -20.721 13802
16 - DCL16 10 10 1 -3.6233 -20.721 2.0668
16 - DCL16 10 10 2 -3.1381 -19.266 3.7543
16 - DCL16 10 10 3 -2.4528 -16.967 54418
17 - DCLT7 10 7 3 0 0 0




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
17 - DCLT7 10 8 1 0 0 0

17 - DCLT7 10 8 2 0 -.08605 -.45895
17 - DCLT7 10 8 3 0 -34421 -.91790
17 - DCLT7 10 9 1 -10.649 19.772 10.642
17 - DCLT7 10 9 2 -10.649 36.603 6.16876
17 - DCLT7 10 10 1 -10.649 36.603 8.3754
17 - DCLT7 10 10 2 -9.9641 40.487 7.1604
17 - DCLT7 10 10 3 -9.2789 43.763 5.9454
18 - DCL18 10 7 3 0 0 0

18 - DCL18 10 8 1 0 0 0

18 - DCL18 10 8 2 0 -.08605 -.45895
18 - DCL18 10 8 3 0 -.34421 -.91790
18 - DCL18 10 9 1 -10.649 19.772 10.642
18 - DCL18 10 9 2 -10.649 36.603 6.1676
18 - DCL18 10 10 1 -10.649 36.603 8.3754
18 - DCL18 10 10 2 -9.9641 40.487 7.1604
18 - DCL18 10 10 3 -9.27689 43.763 5.9454
19 - DCL19 10 7 3 0 0 0

19 - DCL19 10 8 1 0 0 0

19 - DCL1Y 10 8 2 0 -.08605 -.45895
19 - DCL1Y 10 8 3 0 -34421 -.91790
19 - DCL19 10 9 1 -103.27 88.765 29.777
19 - DCL1Y 10 9 2 -103.27 148.34 29.777
19 - DCLTY 10 10 1 -103.27 148.34 70.558
19 - DCLTY 10 10 2 -102.58 183.62 70.558
19 - DCLT9 10 10 3 -101.90 218.89 70.558
20 - DCL20 10 7 3 35700 0 90.000
20 - DCL20 10 8 1 -.35700 0 -2.4000
20 - DCL20 10 8 2 -.35700 -.96619 -2.7530
20 - DCL20 10 8 3 -.35700 -2.0647 -3.1060
20 - DCL20 10 9 1 -22.448 -11.065 11.063
20 - DCL20 10 9 2 -22.448 11.061 11.063
20 - DCL20 10 10 1 -22.448 11.061 19.899
20 - DCL20 10 10 2 -21921 21.011 19.899
20 - DCL20 10 10 3 -21393 30.961 719.699
21 - DCL21 10 7 3 32130 0 81.000
21 - DCL21 10 8 1 -.32130 0 -2.1600
21 - DCL21 10 8 2 -.32130 -.87619 -2.5130
21 - DLzt 10 8 3 -.32130 -16847 -2.8660
21 - D21 10 9 1 -4.2105 -35.203 .70930
21 - DCL21 10 9 2 -4.2105 -29.645 4.8493
21 - DLzt 10 10 1 -4.2105 -29.645 6.9928
21 - DCL21 10 10 2 -3.6633 -25.867 8.1178
21 - DCL21 10 10 3 -3.1562 -21527 9.2428
22 - DCL22 10 7 3 32130 0 2.1600
22 - DCL22 10 8 1 -.32130 0 -81.000
22 - DCL22 10 8 2 -.32130 -30.441 -81353
22 - DCL22 10 8 3 -.32130 -61.014 -81.706
22 - DCL22 10 9 1 -7.2249 -8.1022 70792
22 - DCL22 10 9 2 -7.2249 -2.5464 4.8479
22 - DCL22 10 10 1 -7.2249 -2.5464 7.0222
22 - DCL22 10 10 2 -6.6978 12459 8.1472
22 - DCL22 10 10 3 -6.1707 5.6008 9.2722
23 - DCL23 10 7 3 32130 0 81.000
23 - DCL23 10 8 1 -.32130 0 -2.1600




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
23 - DCL23 10 8 2 -.32130 -.87619 -2.5130
23 - DCL23 10 8 3 -.32130 -18847 -2.8660
23 - DCL23 10 9 1 -8.7611 -12.163 11.852
23 - DCL23 10 9 2 -8.7611 8.5713 8.6623
23 - DCL23 10 10 1 -8.7611 8.5713 11.198
23 - DCL23 10 10 2 -8.2340 13.968 10.388
23 - DCL23 10 10 3 -7.7069 18.959 95785
24 - DCL24 10 7 3 32130 0 2.1600
24 - DCL24 10 8 1 -.32130 0 -81.000
24 - DCL24 10 8 2 -.32130 -30.441 -81353
24 - DCL24 10 8 3 -.32130 -61.014 -81.706
24 - DCL24 10 9 1 -11.775 14.938 11.850
24 - DCL24 10 9 2 -11.775 35.670 8.6609
24 - DCL24 10 10 1 -11.775 35.670 11227
24 - DCL24 10 10 2 -11.248 41081 10.417
24 - DCL24 10 10 3 -10.721 46.088 9.6079
25 - DCL25 10 7 3 32130 0 81.000
25 - DCL25 10 8 1 -.32130 0 -2.1600
25 - DCL25 10 8 2 -.32130 -.87619 -2.5130
25 - DCL25 10 8 3 -.32130 -18847 -2.8660
25 - DCL25 10 9 1 -70.510 33.845 24.609
25 - DCL25 10 9 2 -70.510 83.063 24.609
25 - DCL25 10 10 1 -70.510 83.063 52.653
25 - DCL25 10 10 2 -69.963 109.39 52653
25 - DCL25 10 10 3 -69.456 135. 71 52653
26 - DCL26 10 7 3 0 0 0

26 - DCL26 10 8 1 0 0 0

26 - DCL26 10 8 2 0 -.06619 -.35303
26 - DCL26 10 8 3 0 -.26478 - 70607
26 - DCL26 10 9 1 -53.662 34.614 10.830
26 - DCL26 10 9 2 -53.662 60.414 14.970
26 - DCL26 10 10 1 -53.662 60.414 36.656
26 - DCL26 10 10 2 -53.135 79.024 37.781
26 - DCL26 10 10 3 -52.608 98.196 38.906
27 - DCL27 10 7 3 0 0 0

27 - DCL27 10 8 1 0 0 0

27 - DCL27 10 8 2 0 -.06619 -.35303
27 - DCL27 10 8 3 0 -.26478 -. 70607
27 - DCL27 10 9 1 -53.662 34.614 10.830
27 - DCL27 10 9 2 -53.662 60.414 14.970
27 - DCL27 10 10 1 -53.662 60.414 36.656
27 - DCL27 10 10 2 -53.135 79.024 37.781
27 - DCL27 10 10 3 -52.608 98.196 38.906
28 - DCL28 10 7 3 0 0 0

28 - DCL28 10 8 1 0 0 0

28 - DCL28 10 8 2 0 -.06619 -.35303
28 - DCL28 10 8 3 0 -.26478 -. 70607
28 - DCL28 10 9 1 -58.212 57654 21973
28 - DCL28 10 9 2 -58.212 98.631 19.003
28 - DCL28 10 10 1 -58.212 98.631 40.862
28 - DCL28 10 10 2 -57.6685 118.85 40.052
28 - DCL28 10 10 3 -57.158 138.68 39.242
29 - DCL29 10 7 3 0 0 0

29 - DCL29 10 8 1 0 0 0

29 - DCL29 10 8 2 0 -.06619 -.35303




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
29 - DCL29 10 8 3 0 -.26478 -. 70607
29 - DCL29 10 9 1 -56.212 57654 21973
29 - DCL29 10 9 2 -58.212 98.631 19.003
29 - DCL29 10 10 1 -56.212 98.631 40.6862
29 - DCL29 10 10 2 -57.685 118.85 40.052
29 - DCL29 10 10 3 -57.158 138.68 39.242
30 - DCL30 10 7 3 32130 0 81.000
30 - DCL30 10 8 1 -.32130 0 -2.1600
30 - DCL30 10 8 2 -.32130 -.87619 -2.5130
30 - DCL30 10 8 3 -.32130 -18847 -2.8660
30 - DCL30 10 9 1 -52.099 6.5928 14.663
30 - DCL30 10 9 2 -52.099 40.099 18.623
30 - DCL30 10 10 1 -52.099 40.099 40.133
30 - DCL30 10 10 2 -51572 60.447 41258
30 - DCL30 10 10 3 -51044 81357 42.383
31 - DCL31 10 7 3 32130 0 2.1600
31 - DCL31 10 8 1 -.32130 0 -81.000
31 - DCL31 10 8 2 -.32130 -30.441 -81.353
31 - DCL31 10 8 3 -.32130 -61.014 -81.706
31 - DCL31 10 9 1 -55.113 33694 14.681
31 - DCL31 10 9 2 -55.113 67.198 18.621
31 - DCL31 10 10 1 -55.113 67.198 40.162
31 - DCL31 10 10 2 -54.586 87560 41287
31 - DCL31 10 10 3 -54.059 108.48 42,412
32 - DCL32 10 7 3 32130 0 81.000
32 - DCL32 10 8 1 -.32130 0 -2.1600
32 - DCL32 10 8 2 -.32130 -.87619 -2.5130
32 - DCL32 10 8 3 -.32130 -16847 -2.8660
32 - DCL32 10 9 1 -56.649 29.633 25.626
32 - DCL32 10 9 2 -56.649 78.315 22.856
32 - DCL32 10 10 1 -56.649 78.315 44.339
32 - DCL32 10 10 2 -56.122 100.28 43529
32 - DCL32 10 10 3 -55.595 121.84 42.719
33 - DCL33 10 7 3 32130 0 2.1600
33 - DCL33 10 8 1 -.32130 0 -81.000
33 - DCL33 10 8 2 -.32130 -30.441 -81353
33 - DCL33 10 8 3 -.32130 -61.014 -81.706
33 - DCL33 10 9 1 -59.664 56.734 25.624
33 - DCL33 10 9 2 -59.664 105.41 22.854
33 - DCL33 10 10 1 -59.664 105.41 44.368
33 - DCL33 10 10 2 -59.137 127.39 43558
33 - DCL33 10 10 3 -56.610 148.97 42.748
34 - DCL34 10 7 3 0 0 0

34 - DCL34 10 8 1 0 0 0

34 - DCL34 10 8 2 0 -.06619 -.35303
34 - DCL34 10 8 3 0 -.26478 -. 70607
34 - DCL34 10 9 1 -3.7278 -10.210 -4.2465
34 - DCL34 10 9 2 -3.7278 -14.103 35343
34 - DCL34 10 10 1 -3.7278 -14.103 2.1249
34 - DCL34 10 10 2 -3.2007 -12.728 33749
34 - DCL34 10 10 3 -2.6736 -10.728 4.6249
35 - DCL35 10 7 3 0 0 0

35 - DCL35 10 8 1 0 0 0

35 - DCL35 10 8 2 0 -.06619 -.35303
35 - DCL35 10 8 3 0 -.26478 -. 70607




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
35 - DCL35 10 9 1 -3.7278 -10.210 -4.2465
35 - DCL35 10 9 2 -3.7278 -14.103 35343
35 - DCL35 10 10 1 -3.7278 -14.103 2.1249
35 - DCL35 10 10 2 -3.2007 -12.728 33749
35 - DCL35 10 10 3 -2.6736 -10.728 4.6249
36 - DCL36 10 7 3 0 0 0

36 - DCL36 10 8 1 0 0 0

36 - DCL36 10 8 2 0 -.06619 -.35303
36 - DCL36 10 8 3 0 -.26478 -. 70607
36 - DCL36 10 9 1 -8.76841 15.369 8.1346
36 - DCL36 10 9 2 -8.76841 28.359 4.8346
36 - DCL36 10 10 1 -8.7841 28.359 6.7979
36 - DCL36 10 10 2 -8.2570 31533 5.8979
36 - DCL36 10 10 3 -7.7299 34.257 4.9979
37 - DCL37 10 7 3 0 0 0

37 - DCL37 10 8 1 0 0 0

37 - DCL37 10 8 2 0 -.06619 -.35303
37 - DCL37 10 8 3 0 -.26478 -. 70607
37 - DCL37 10 9 1 -8.76841 15.389 8.1346
37 - DCL37 10 9 2 -8.76841 28.359 4.8346
37 - DCL37 10 10 1 -8.76841 28.359 6.7979
37 - DCL37 10 10 2 -8.2570 31533 5.8979
37 - DCL37 10 10 3 -7.7299 34.257 4.9979
38 - DCL38 10 7 3 0 0 0

38 - DCL38 10 8 1 0 0 0

38 - DCL38 10 8 2 0 -.06619 -.35303
38 - DCL38 10 8 3 0 -.26478 -. 70607
38 - DCL38 10 9 1 -77.394 66.510 22.308
38 - DCL38 10 9 2 -77.394 1112 22.308
38 - DCL38 10 10 1 -77.394 1112 52.859
38 - DCL38 10 10 2 -76.667 137.55 52.859
38 - DCL38 10 10 3 -76.340 163.98 52.859
1-D0CL1 10 11 1 -29.255 14.636 -14.594
1-D0CL71 10 1 2 -29.255 -14.552 -14.594
1-D0CL1 10 12 1 -29.255 -14.552 -26.106
1-D0CL71 10 2 2 -28.570 -27.605 -26.106
1-D0CL1 10 2 3 -27.665 -40.659 -26.106
1-D0CL1 10 3 1 11512 0 0
1-DCL1 10 3 2 11512 0 0
1-D0cL1 10 3 3 11512 0 0

2 - DCL2 10 11 1 -12.794 -19.750 -16.177
2 - DCL2 10 11 2 -12.794 -47.650 -11.722
2 -DCL2 10 2 1 -12.794 -47.650 -13.086
2 -DCL2 10 2 2 -12.109 -53.6890 -11.871
2 -DCL2 10 12 3 -11.423 -59.522 -10.656
2 -DCL2 10 3 1 13644 0 0

2 -DCL2 10 3 2 13644 0 0

2 -DCL2 10 3 3 13644 0 0

3 - DCL3 10 11 1 -8.2727 20.986 -16.175
3 - DCL3 10 1 2 -8.2727 -6.9089 -11.720
3 - DCL3 10 12 1 -8.2727 -6.9089 -13.131
3 - DCL3 10 12 2 -7.5875 -13.170 -11.916
3 - DCL3 10 12 3 -6.9022 -18.624 -10.701
3 - DCL3 10 3 1 14105 0 0

3 - DCL3 10 3 2 14105 0 0




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
3 - D03 10 3 3 14105 0 0

4 - DCL4 10 11 1 -6.9403 14.101 .26388
4 - DCL4 10 11 2 -6.9403 8.4195 -5.9461
4 - DCL4 10 12 1 -6.9403 8.4195 -75695
4 - DCL4 10 12 2 -6.2550 4.2129 -9.2570
4 - DCL4 10 2 3 -5.5698 -.83744 -10.944
4 - DCL4 10 3 1 16233 0 0

4 - DCL4 10 13 2 16233 0 0

4 - DCL4 10 3 3 16233 0 0

5 - DCLS 10 11 1 -2.4186 54.839 .26595
5 - DCL5 10 11 2 -2.4186 49.161 -5.9440
5 - DCL5 10 12 1 -2.4186 49.161 -7.6136
5 - DCLS 10 2 2 -1.7333 44.932 -9.3011
5 - DCL5 10 12 3 -1.0481 39.660 -10.968
5 - DCL5 10 3 1 16695 0 0

5 - DCLS 10 3 2 16695 0 0

5 - DCLS 10 3 3 16695 0 0

6 - DCL6 10 11 1 -103.24 -86.243 -29.777
6 - DCL6 10 11 2 -103.24 -147.79 -29.777
6 - DCL6 10 2 1 -103.24 -147.79 -70.558
6 - DCL6 10 2 2 -102.56 -183.07 -70.558
6 - DCL6 10 2 3 -101.67 -218.35 -70.558
6 - DCL6 10 3 1 40.780 0 0

6 - DCL6 10 3 2 40.780 0 0

6 - DCL6 10 3 3 40.780 0 0

7 - DCL7 10 11 1 -82.265 -81.693 -31.358
7 - DCL7 10 11 2 -82.265 -140.15 -26.903
7 - DCL7 10 12 1 -82.265 -140.15 -57.582
7 - DCL7 10 12 2 -81579 -168.64 -56.367
7-DCL7 10 2 3 -80.694 -196.52 -55.152
7-DCL7 10 3 1 30.678 0 0
7-DCL7 10 3 2 30.678 0 0
7-DCL7 10 3 3 30.678 0 0

8 - DCL8 10 1 1 -82.265 -81893 -31.358
8 - DCL8 10 11 2 -82.265 -140.15 -26.903
8 - DCL8 10 2 1 -82.265 -140.15 -57562
8 - DCL8 10 2 2 -81579 -168.64 -56.367
8 - DCL8 10 12 3 -80.894 -196.52 -55.152
8 - DCL8 10 3 1 30.678 0 0

8 - DCL8 10 3 2 30.678 0 0

8 - DCL8 10 3 3 30.678 0 0

9 - DCLY 10 11 1 -76.410 -48.040 -14.917
9-00L9 10 11 2 -76.410 -84.085 -21.127
9-00L9 10 2 1 -76.410 -84.085 -52.065
9 - DCLY 10 12 2 -75.725 -110.53 -53.752
9-00L9 10 2 3 -75.040 -137.63 -55.440
9-00L9 10 3 1 30.937 0 0
9-00L9 10 3 2 30.937 0 0

9 - DCLY 10 3 3 30.937 0 0

10 - DCL10 10 1 1 -76.410 -48.040 -14.917
10 - DCL10 10 11 2 -76.410 -84.085 -21.127
10 - DCL10 10 12 1 -76.410 -84.085 -52.065
10 - DCL10 10 12 2 -75.725 -110.53 -53.752
10 - DCL10 10 2 3 -75.040 -137.83 -55.440
10 - DCL10 10 3 1 30.937 0 0




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
10 - DCL10 10 3 2 30.937 0 0

10 - DCL10 10 3 3 30.937 0 0

11 - DCLT1 10 11 1 -74.233 -74738 -20.694
11 - DCL 1T 10 11 2 -74.233 -55.073 -26.904
11 - DCL 1T 10 12 1 -74.233 -55.073 -57.324
11 - DCLT1 10 2 2 -73.548 -84.157 -59.011
11 - DCLT1T 10 2 3 -72.663 -114.08 -60.699
11 - DCL1T 10 13 1 30.419 0 0

11 - DCLT1 10 3 2 30.419 0 0

11 - DCLT1T 10 3 3 30.419 0 0

12 - DCL12 10 11 1 -84.609 -62.063 -37.138
12 - DCL12 10 11 2 -84.609 -151.68 -32.683
12 - DCL12 10 2 1 -84.609 -151.88 -62.797
12 - DCL12 10 12 2 -83.924 -182.98 -61582
12 - DCL12 10 12 3 -83.239 -213.46 -60.367
12 - DLz 10 3 1 30.114 0 0

12 - DLz 10 3 2 30.114 0 0

12 - DCL12 10 3 3 30.114 0 0

13 - DCL13 10 11 1 -2.4186 54.839 .26595

13 - DCL13 10 1 2 -2.4186 49.161 -5.9440
13 - DCL13 10 2 1 -2.4186 49.161 -76136
13 - DCL13 10 2 2 -17333 44.932 -9.3011
13 - DCL13 10 2 3 -1.0481 39.860 -10.988
13 - DCLT3 10 3 1 16695 0 0

13 - DCLT3 10 3 2 16695 0 0

13 - DCL13 10 3 3 16695 0 0

14 - DCL14 10 11 1 -768.755 -48.211 -20.696
14 - DCL14 10 11 2 -768.755 -95.815 -26.906
14 - DCL14 10 12 1 -78.755 -95.815 -57.280
14 - DCL14 10 2 2 -78.070 -124.87 -58.967
14 - DCL14 10 2 3 -77.365 -154.78 -60.655
14 - DCL14 10 3 1 30.373 0 0

14 - DCL14 10 3 2 30.373 0 0

14 - DCL14 10 3 3 30.373 0 0

15 - DCLTS 10 11 1 -8.1183 -18.874 -10.573
15 - DCL1S 10 1 2 -8.1183 -35.071 -5.6237
75 - DCL1S 10 2 1 -8.1183 -35.071 -6.4300
15 - DCLTS 10 12 2 -7.4331 -37.949 -5.0800
15 - DCLTS 10 12 3 -6.7479 -40.151 -3.7300
15 - DCLTS 10 3 1 80634 0 0

15 - DCLTS 10 3 2 80634 0 0

15 - DCLTS 10 3 3 .80634 0 0

16 - DCL16 10 11 1 -10.449 -19.579 -10.398
16 - DCL16 10 11 2 -10.449 -35.920 -5.9430
16 - DCL16 10 12 1 -10.449 -35.920 -7.8718
16 - DCL16 10 2 2 -9.7645 -39.553 -6.6568
16 - DCL16 10 2 3 -9.0793 -42.577 -5.4418
16 - DCL16 10 3 1 19288 0 0

16 - DCL16 10 3 2 19268 0 0

16 - DCL16 10 3 3 19288 0 0

17 - DCLT7 10 11 1 -4.5957 14.272 6.0433

17 - DCLT7 10 11 2 -4.5957 20.149 -.16662
17 - DCLT7 10 12 1 -4.5957 20.149 -2.3544
17 - DCLT7 10 2 2 -3.9104 18.550 -4.0419
17 - DCLT7 10 12 3 -3.2252 16.107 -5.7294




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN

17 - DCLT7 10 3 1 2.1877 0 0

17 - DCL17 10 3 2 2.1877 0 0

17 - DCLT7 10 3 3 2.1877 0 0

18 - DCL18 10 11 1 -4.5957 14.272 6.0433

18 - DCL18 10 11 2 -4.5957 20.149 -. 16662
18 - DCL18 10 2 1 -4.5957 20.149 -2.3544
18 - DCL18 10 2 2 -3.9104 18.550 -4.0419
18 - DCL18 10 12 3 -3.2252 16.107 -5.7294
18 - DCL18 10 3 1 2.1877 0 0

18 - DCL18 10 3 2 2.1877 0 0

18 - DCL18 10 3 3 2.1877 0 0

19 - DCL1Y 10 11 1 -103.24 -88.243 -29.777
19 - DCL1Y 10 11 2 -103.24 -147.79 -29.777
19 - DCL1Y 10 12 1 -103.24 -147.79 -70.558
19 - DCL1Y 10 12 2 -102.56 -183.07 -70.558
19 - DCL19 10 2 3 -101.67 -218.35 -70.558
19 - DCL19 10 3 1 40.7680 0 0

19 - DCL19 10 3 2 40.780 0 0

19 - DCL19 10 3 3 40.780 0 0

20 - DCL20 10 1 1 -25.915 -20.072 -11.063

20 - DCL20 10 11 2 -25.915 -42.199 -11.063

20 - DCL20 10 2 1 -25.915 -42.199 -19.899
20 - DCL20 10 2 2 -25.368 -52.149 -19.899
20 - DCL20 10 12 3 -24.861 -62.099 -19.899
20 - DCL20 10 3 1 8.6364 0 0

20 - DCL20 10 3 2 8.6364 0 0

20 - DCL20 10 3 3 8.6364 0 0

21 - DCL21 10 11 1 -11.753 -15.826 -11.689

21 - DCL21 10 11 2 -11.753 -36.235 -8.7193
21 - DCL21 10 2 1 -11.753 -36.235 -10.862
21 - DCL21 10 2 2 -11226 -41464 -10.052
21 - DCL21 10 2 3 -10.699 -46.288 -9.2428
21 - DCL21 10 3 1 2.1435 0 0

21 - DCL21 10 3 2 2.1435 0 0

21 - DCL21 10 3 3 2.1435 0 0

22 - DCL22 10 1 1 -8.7390 11.331 -11.687

22 - DCL22 10 11 2 -8.7390 -9.0741 -8.7179
22 - DCL22 10 12 1 -8.7390 -9.0741 -10.892
22 - DCL22 10 12 2 -8.2119 -14.317 -10.082
22 - DCL22 10 12 3 -7.66848 -19.156 -9.2722
22 - DCL22 10 3 1 2.1743 0 0

22 - DCL22 10 3 2 2.1743 0 0

22 - DCL22 10 3 3 2.1743 0 0

23 - DCL23 10 11 1 -7.68507 6.7416 -. 726837
23 - DCL23 10 11 2 -7.8507 11449 -4.8683
23 - DCL23 10 2 1 -7.68507 11449 - 71845
23 - DCL23 10 2 2 -7.3236 -2.7286 -8.3095
23 - DCL23 10 2 3 -6.7965 -71646 -9.4345
23 - DCL23 10 3 1 2.3162 0 0

23 - DCL23 10 3 2 2.3162 0 0

23 - DCL23 10 3 3 2.3162 0 0

24 - DCL24 10 11 1 -4.8363 33.900 -. 72699
24 - DCL24 10 11 2 -4.8363 28.306 -4.8669
24 - DCL24 10 2 1 -4.8363 28.306 -72139
24 - DCL24 10 12 2 -4.3091 24.417 -8.3389




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN
24 - DCL24 10 12 3 -3.7620 19.967 -9.4639
24 - DCL24 10 3 1 2.3469 0 0
24 - DCL24 10 3 2 2.3469 0 0
24 - DCL24 10 3 3 2.3469 0 0
25 - DCL25 10 11 1 -73.618 -61602 -24.609
25 - DCL25 10 11 2 -73.618 -110.82 -24.609
25 - DCL25 10 2 1 -73.618 -110.82 -52.653
25 - DCL25 10 12 2 -73.091 -137.14 -52.653
25 - DCL25 10 2 3 -72.564 -163.47 -52.653
25 - DCL25 10 3 1 28.044 0 0
25 - DCL25 10 3 2 28.044 0 0
25 - DCL25 10 3 3 28.044 0 0
26 - DCL26 10 11 1 -58.067 -57.254 -21.810
26 - DCL26 10 11 2 -58.067 -97.905 -18.840
26 - DCL26 10 12 1 -58.067 -97.905 -40.526
26 - DCL26 10 2 2 -57540 -117.96 -39.716
26 - DCL26 10 2 3 -57.013 -137.62 -38.906
26 - DCL26 10 3 1 21.686 0 0
26 - DCL26 10 3 2 21.666 0 0
26 - DCL26 10 3 3 21.6686 0 0
27 - DCL27 10 11 1 -58.067 -57.254 -21.810
27 - DCL27 10 11 2 -58.067 -97.905 -18.840
27 - DCL27 10 2 1 -58.067 -97.905 -40.526
27 - DCL27 10 12 2 -57540 -117.96 -39.716
27 - DCL27 10 12 3 -57.013 -137.62 -38.906
27 - DCL27 10 3 1 21.686 0 0
27 - DCL27 10 3 2 21.686 0 0
27 - DCL27 10 3 3 21.686 0 0
28 - DCL28 10 11 1 -54.164 -34.686 -10.849
28 - DCL28 10 11 2 -54.164 -60.525 -14.989
28 - DCL28 10 2 1 -54.164 -60.525 -36.648
28 - DCL28 10 2 2 -53.637 -79.230 -37.973
28 - DCL28 10 2 3 -53.110 -98.498 -39.098
28 - DCL28 10 3 1 21.659 0 0
28 - DCL28 10 3 2 21.859 0 0
28 - DCL28 10 3 3 21.659 0 0
29 - DCL29 10 11 1 -54.164 -34.6686 -10.849
29 - DCL29 10 11 2 -54.164 -60.525 -14.989
29 - DCL29 10 12 1 -54.164 -60.525 -36.648
29 - DCL29 10 12 2 -53.637 -79.230 -37.973
29 - DCL29 10 12 3 -53.110 -98.498 -39.098
29 - DCL29 10 3 1 21.859 0 0
29 - DCL29 10 3 2 21.659 0 0
29 - DCL29 10 3 3 21.659 0 0
30 - DCL30 10 11 1 -59.630 -57.368 -25.663
30 - DCL30 10 11 2 -59.630 -105.72 -22.693
30 - DCL30 10 2 1 -59.630 -105.72 -44.003
30 - DCL30 10 2 2 -59.103 -127.52 -43.193
30 - DCL30 10 12 3 -58.576 -148.91 -42.383
30 - DCL30 10 3 1 21310 0 0
30 - DCL30 10 3 2 21310 0 0
30 - DCL30 10 3 3 21310 0 0
31 - DCL31 10 11 1 -56.615 -30.210 -25.661
31 - DCL31 10 11 2 -56.615 -78.563 -22.691
31 - DCL31 10 12 1 -56.615 -78.563 -44.032




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN*m QzZ, kN

31 - DCL31 10 12 2 -56.088 -100.37 -43.222
31 - DCL31 10 12 3 -55.561 -121.78 -42.412
31 - DCL31 10 3 1 21340 0 0

31 - DCL31 10 3 2 21340 0 0

31 - DCL31 10 3 3 21340 0 0

32 - DCL32 10 11 1 -55.727 -34.800 -14.702
32 - DCL32 10 11 2 -55.727 -68.344 -18.842
32 - DCL32 10 12 1 -55.727 -68.344 -40.325
32 - DCL32 10 2 2 -55.200 -86.788 -41450
32 - DCL32 10 2 3 -54.673 -109.79 -42.575
32 - DCL32 10 3 1 21482 0 0

32 - DCL32 10 3 2 21482 0 0

32 - DCL32 10 3 3 21482 0 0

33 - DCL33 10 11 1 -52.713 -7.6420 -14.700
33 - DCL33 10 11 2 -52.713 -41183 -18.840
33 - DCL33 10 2 1 -52.713 -411683 -40.354
33 - DCL33 10 2 2 -52.186 -61642 -41479
33 - DCL33 10 12 3 -51658 -82.663 -42.604
33 - DCL33 10 3 1 21513 0 0

33 - DCL33 10 3 2 21513 0 0

33 - DCL33 10 3 3 21513 0 0

34 - DCL34 10 11 1 -8.6361 -15.242 -7.9534
34 - DCL34 10 1 2 -8.6361 -27.649 -4.6534
34 - DCL34 10 12 1 -8.6361 -27.849 -6.4249
34 - DCL34 10 12 2 -8.1090 -30.836 -55249
34 - DCL34 10 12 3 -7.5819 -33.374 -4.6249
34 - DCL34 10 3 1 17715 0 0

34 - DCL34 10 3 2 17715 0 0

34 - DCL34 10 3 3 17715 0 0

35 - DCL35 10 11 1 -8.6361 -15.242 -7.9534
35 - DCL35 10 11 2 -8.6361 -27.649 -4.6534
35 - DCL35 10 2 1 -8.6361 -27.649 -6.4249
35 - DCL35 10 2 2 -8.1090 -30.636 -55249
35 - DCL35 10 2 3 -7.5819 -33.37%4 -4.6249
35 - DCL35 10 3 1 17715 0 0

35 - DCL35 10 3 2 17715 0 0

35 - DCL35 10 3 3 17715 0 0

36 - DCL36 10 11 1 -4.2997 9.8334 4.2253

36 - DCL36 10 11 2 -4.2997 13.664 -.37461
36 - DCL36 10 12 1 -4.2997 13.684 -2.3379
36 - DCL36 10 12 2 -3.7726 12.202 -3.5879
36 - DCL36 10 12 3 -3.2455 10.096 -4.8379
36 - DCL36 10 3 1 19633 0 0

36 - DCL36 10 3 2 19633 0 0

36 - DCL36 10 3 3 19633 0 0

37 - DCL37 10 11 1 -4.2997 9.8334 4.2253

37 - DCL37 10 1 2 -4.2997 13.664 - 37461
37 - DCL37 10 2 1 -4.2997 13.664 -2.3379
37 - DCL37 10 12 2 -3.7726 12.202 -3.5879
37 - DCL37 10 2 3 -3.2455 10.096 -4.8379
37 - DCL37 10 3 1 19633 0 0

37 - DCL37 10 3 2 19633 0 0

37 - DCL37 10 3 3 19633 0 0

38 - DCL38 10 11 1 -77375 -66.104 -22.308
38 - DCL38 10 11 2 -77375 -110.72 -22.308




Table 5 Forces from DCL [EUROCODE 1] (05). Internal Forces for ODCL in

Bars Elements

DCL No. Typ Elem SN N, kN MY, kN+*m az, kN
38 - DCL38 10 12 1 -77.375 -110.72 -52.859
38 - DCL38 10 12 2 -76.848 -137.15 -52.859
38 - DCL38 10 12 3 -76.321 -163.58 -52.859
38 - DCL38 10 13 1 30.550 0 0
38 - DCL38 10 13 2 30.550 0 0
38 - DCL38 10 13 3 30.550 0 0
Table 6 Steel elements. Check. [Variant 1] (08)
Table 6 Steel elements. Check. [Variant 1] (08). Trusses
Gr |Elem |SN |Group |Class % |Strength|Buckling |Rupture % |Res.% Length
% %
1 - Main model:
17 |13 1 1 213.1 0.0 213.1 NG 18.00
7 |13 1 0 [54.3]  |[563] [5.4.3]
7 |13 2 1 213.1 0.0 213.1 NG 18.00
17 |13 2 0 [5.4.3] |[5.63] [5.4.3]
17 |13 3 1 213.1 0.0 213.1 NG 18.00
17 |13 3 0 [5.4.3] |[5.63] [5.4.3]
Table 6 Steel elements. Check. [Variant 1] (08). Beams
Gr |Elem |SN |Group |Class % |Strengt |Buckling | Shear |Loc.Bkl % |Deflec. % |Res.% |Length
h % % %
1 - Section: 3.1.1.1 [|-section 400
Shape: 400/ tolerances: NF A 45-206 (novembre 1983) Euronorm 44-63
Steel: Fe E 275/
Steel file: Poutrelles IPE-A
7 |3 1 1 69.3 0.0 16.7 0.0 24.3 NG 3.05
7|3 1 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
7 |3 2 1 29.4 0.0 13.4 0.0 137.0 NG 3.05
7 |3 2 0 [5.4.5.2] |[5.5.2] [5.4.6(1) | [5.6.3] [4.2]
)
7 |3 3 1 10.6 0.0 10.1 0.0 3013 NG 3.05
7 |3 3 0 [5.4.5.2] |[5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
17 |4 1 1 10.6 0.0 10.2 0.0 150.8 NG 6.09
17 |4 1 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
17 |4 2 1 42.3 0.0 3.6 0.0 293.4 NG 6.09
17 |4 2 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
17 |4 3 1 438 0.0 3.0 0.0 3395 NG 6.09
17 |4 3 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
7 |5 1 1 43.8 0.0 2.3 0.0 4236 NG 4.56
7 |5 1 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
7 |5 2 1 419 0.0 2.9 0.0 3718 NG 4.56
7 |5 2 0 [5.4.5.2] |[5.5.2] [5.4.6(1) | [5.6.3] [4.2]
)
7 |5 3 1 20.6 0.0 79 0.0 246.6 NG 4.56




Table 6 Steel elements. Check. [Variant 1] (08). Beams
Gr |Elem |SN |Group |Class % |Strengt |Buckling | Shear |Loc.Bkl % |Deflec. % |Res.% |Length
h % % %
7 |5 3 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
17 |6 1 1 20.6 0.0 7.6 0.0 242.2 NG 4.58
17 |6 1 0 [5.4.5.2] |[5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
7 |6 2 1 22.0 0.0 12.5 0.0 99.4 NG 4.58
17 |6 2 0 [5.4.5.2] |[5.5.2] [5.4.6(1) | [5.6.3] [4.2]
/
7 |6 3 1 84.0 0.0 175 0.0 29.4 NG 4.58
17 |6 3 0 [5.4.5.2] | [5.5.2] [5.4.6(1) | [5.6.3] [4.2]
]
Table 6 Steel elements. Check. [Variant 1] (08). Columns
reP |3/IEM |L'e'-l |/'pynna Knacc % |l7paw-/ % |9cm0L7'-1 % |L'pe3 % |Mcm.ycm. % |Pe3.% |ﬂ/IUHa
1 - Section: 3.1.2.1 [-section 400
1 10 1 2 479 523 15.0 0.0 OK 1.00
1 10 1 0 [5.4.81] |[5.54(1] |[5.4.6(1)] |[5.6.3]
1 10 2 1 614 67.1 15.0 0.0 OK 1.00
1 10 2 0 [5.4.8.1] |[5.54(1)] |[5.4.6(1] |[5.6.3]
1 10 3 1 74.8 818 15.0 0.0 OK 1.00
1 10 3 0 [5.4.81] |[5.54(1)] |[5.4.6(1)] |[5.6.3]
1 12 1 1 62.8 76.6 15.0 0.0 NG 1.00
1 12 1 0 [5.4.8.1] |[554(1] |[5.4.6(1] |[5.6.3]
1 12 2 3 76.3 932 15.0 0.0 NG 1.00
1 12 2 0 [5.4.81] |[5.54(1] |[5.4.6(1)] |[5.6.3]
1 12 3 1 89.8 109.8 15.0 0.0 NG 1.00
1 12 3 0 [5.4.81] |[5.54(1] |[5.4.6(1)] |[5.6.3]

Design option:Design option 1
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Fig. 13 Mosaic results. Selected cross sections: check for ultimate limit state (ULS)
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Fig. 14 Mosaic results. Selected cross sections: check for serviceability limit state (SLS)
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Mosaic results. Assigned cross sections: check for normal stress

Fig. 15 Mosaic results. Assigned cross sections: check for normal stress



[ IC

0 0567
Envelope line of max values (EUROCODE 1)
Mosaic plot of displacement along the X-axs (in gob systerm)
Units of measurement - mm

I[
283 354 425 496
6
&
- 5
5
-
& -
- 8
L ]
12|
13 _lll
11
FIE
2

Fig. 16 Mosaic plot of displacement along the X-axis (in global system)
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Fig. 17 Mosaic plot of displacement along the X-axis (in global system)(2)
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Fig. 18 Mosaic plot of displacement along the Z-axis (in global system)
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Fig. 19 Mosaic plot of displacement along the Z-axis (in global system)(2)
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Fig. 20 Diagram N
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Fig. 21 Diagram N(2)
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Fig. 24 Shows or hides diagram of forces Qy+Qz
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Crane supporting Structures according to Eurocode 1993-6 Date: 10/3/2023
Version 1.3.3 - Copyright (C) 2021 StruProg AB Time: 16:36
Project: TestProjekt File: c:\users\viktoras\documents\sh01.cgec
Identification: TestTravers

General:

Material: S275 fy = 275 MPa E= 210000.0 MPa gmO0/gm1 = 1.00/1.00

gmFfigmMf =1.00/1.15

Crane & Loadcombinations:

Cranetype: Overhead Crane Craneclass Crane 1: S3

ULS: 1.35%(gk+1.10*Vk+1.10*Hk) SLS: 1.00*(gk+Vk+Hk) FLS: 1.00*1.05*Vk
Load on gangway gk = 0.2 kN/m

Profile: Profile MyRd/VzRd (KNm/kN) Section Class M+/M- Comment
1-HEA 240 204.9/399.8 7
=1k 4
— Deadload (gk) of profile included, non rigid end-post (one stiffener/support)
{, . ] Rail: PI 50x30, deadload (gk) not included, not fixed mounted

I

Lateral Torsional Buckling:

Positiv Moment Negativ Moment
C1 = (Endspan/Midspan) 1.850/1.850 1.770/1.310
C2 = (Endspan/Midspan) 1.010/1.010
C3 = (Endspan/Midspan) 0.640/0.640 1.000/1.000
Lateral torsional buckling curves: Rolled or welded I-sections (ch 6.3.2.3/EN 1993-1-1) Load Level: Top of rail
Fatique Details:
1 Rail to topflange Cx=90
1 1 g - dy 2 Stiffener to bottom flange Cx =80
= | =| 3 Top flange/web Cz/Ct = 160/100 Full Pen Weld
y | e | 6 Support Point Cz=80 Fillet Weld - a4.0
- l;._:a P v el - e=100,t=15
I et &
: . ¥ N |
| e e i L a
! L AL mphima
Beam Data (mm/kN) @D HEA 240
——2700
Vk =12.9 13.1
Hk = 5.
7, - e - e - L - Eed
i achn @ 2 %0 3 ) e 4oh 20
ULS - My/Vz/Rz (kN/kNm) My=-22.8 My=:19.7 My=:22.8
=234 L= My=23.4 L=3300
My=30.5 L=2400 My=23.4 L=3300 v My=31.1 L=3900
Rz=+30.5/0.0 Rz=+43.0/0.0 Rz=+40.9/0.0 Rz=+43.0/0.0 Rz=+29.9/0.0

Vz= Vz=+32.1 Vz=+31.9 Vz-+34 8
+30.5
Vz=-35.4 Vz=-32.7 Vz=-32.9 -29.9

SLS - Uz (mm)
4.0 2.8 2.8 4.0
SLS - Uy (mm)




CraneGirder EC

Crane supporting Structures according to Eurocode 1993-6
Version 1.3.3 - Copyright (C) 2021 StruProg AB

Page: 2

Date: 10/3/2023
Time: 16:36

Project: TestProjekt
Identification: TestTravers

File: c:\users\viktoras\documents\sh01.cgec

ELS - stress range top flange (MPa)

dSig=13.9, x=3300

dSig=12.9, x=2400 dSig=13.1, x=3900

J‘LiTgl;lTla'? . x=2400

FLS - stress range bottom flange (MPa)

dSig=13.9, x=3300

dSig=12.9, x=2400 dSig=13.1, x=3900

dSig=13.7, x=2400

ELS - shear stress range in web (MPa)

dTau=8.4, x=6000 dTau=8.9, x=6000 dTau=8.7, x=0 dTau=8.3, x=0
FLS - Reactions (kN) excluding lamda factor
Rz=+19.8/-1.6 Rz=+25.2/-2.7 Rz=+24.7/-3.5 Rz=+25.2/-2.7 Rz=+19.4/-1.6
Results:
ULS
IR =Vz,Ed/Vz,Rd = 35.4/399.8 0.088 < 1.00 ( 1/6000 mm; Ch 6.2.6)
IR = [My,Ed/My,Rd]*a + Mz,Ed/Mz,Rd =[30.5/204.9]"2 + 12.0/47.5 = 0.275 < 1.00 ( 1/2400 mm; Ch 6.2.5/6.2.9)
IR = My,Ed/(xLT*My,Rd) + Mz,Ed/Mz,Rd = 30.5/(0.88*204.9) + 12.0/47.5 = 0.423 < 1.00 Beam: 1 (Ch 6.3.3)
IR = Fz,Ed/Fz,Rd = 19.5/438.5 = 0.044 < 1.00 (Ch 5.7.1/EN 1993-6)
SLS - Deflection Control
IR = dz/(L/600)=4.0/(6000/600)= 0.402 < 1.00
IR = dy/(L/600)=8.7/(6000/600)= 0.869 < 1.00
FLS - Fatigue Control
1: IR = dSigE2/dSigc = 1.00*13.9/(90/1.15) = 0.177 < 1.00 ( 1/3300 mm)
2: IR = dSigE2/dSigc = 1.00*9.3/(80/1.15) = 0.134 < 1.00 ( Support: 2)
3: IR = [dSigE2/dSigc]3+[dTauE2/dTauc]*5 = [1.00*11.2/(160/1.15)]"3+[1.00%(8.4+5.9)/(100/1.15)]A5= 0.001 < 1.00 ( 1/6000 mm)
6: IR = dSigE2/dSigc] = 1.00*4.4/(80/1.15) = 0.063 < 1.00 ( Support: 3)
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PFR 30/ 07/ 2022 STOGINE NR. 2 (karkasas)
I TPE 400
S275
£ a —
% A A HE 400 B} o ,&@0“‘
J A 50"
a
18.000 m
1. Design codes
EN1990: 2002, Eurocode 0 Basis of Structural Design
EN1991-1-1: 2002, Eurocode 1-1 Actions on structures
EN1991- 1-3: 2003, Eurocode 1-3 Snow | oads
EN1991- 1- 4: 2005, Eurocode 1-4 W nd actions
EN1993- 1-1: 2005, Eurocode 3 1-1 Design of steel structures
EN1993- 1- 3: 2005, Eurocode 3 1-3 Col d-formed nenbers
EN1993- 1-5: 2006, Eurocode 3 1-5 Plated structural elenents
EN1993- 1-8: 2005, Eurocode 3 1-8 Design of Joints
CEN/ TS 1992-4-1:2009, Design of fastenings in concrete, Genera
CEN/ TS 1992-4-2:2009, Design of fastenings, Headed Fasteners
EN1998- 1-1: 2004, Eurocode 8 Design in earthquake environment
. Basic data
2.1. Geometry of frame structure
Bay wi dth L = 18.000 m
Tot al hei ght (max) H= 7.250 m
Col um hei ght HlL = 7.250 m
Total length B = 31.250 m (5x6.250m)
Spaci ng of frames s = 6.250 m
Roof sl ope o = 0.00°
Haunch size L1 =L/10.0= 1.800 m
Cl addi ng Sheeting thickness tw=0.100 mm Profile depth hw=5.0 nm
Purlin spacing = 1.400 m
Purlin laterally restrained, Simply supported purlin
2.2. Steel sections
Col umn section HE 400 B - S 275
Rafter section | PE 400 - S 275
Purlin section 7230025 - S 275
Transverse restraint system L90x90x8 - S 275
Lateral bracing of colums Lml= 6.650 m
Torsional restrains of rafters Lm2= 6.000 m
Conpression stiffener at the bottom of haunch
—, SteelPortalFrameEC3 Fenerbahce 1
1 software by RUNET (c)
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2.3. Steel joints

Type of connection End- pl ate connection, non-preloaded bolts
Cat egory of connection Cat egory A: Bearing type
Cat egory D: Non-prel oded
End Pl ate Thi ckness tp=25 mMm S 275
Bol ts M24, Grade 10.9

3. Materials and Code paranmeters

3.1. Materials

Steel: S 275 (EN1993-1-1, 83.2)
t<= 40 mm Yield strength fy= 275 N mm#, U timte strength fu= 430 N m?

40mm<t<= 80 mm, Yield strength fy= 255 N/m?, U timate strength fu= 410 N mm?

Modul us of elasticity E=210000 N/ m®, Poisson ratio v=0.30, Unit mass p= 7850 Kg/n?

Partial factors for materials (EN1993-1-1, 86.1)
yMO= 1.00, yM1l= 1.00, yM2= 1.25

4. Loads
4.1. Permanent | oads (EN1991-1-1 )
Sel f wei ght of purlins and finishing gkl = 0.200+0.097/1.400= 0.269kN/ n?
Sel f weight of ceiling under the roof gk2 = 0.250kN/ nmt gk =gkl+gk2 = 0.519kN/ n?
Spaci ng of frames s = 6.250 m
Roof | oad on frame (gkl+gk2)-s = 0.519x6.250= 3.24kN/ m
Sel f weight of rafters G(I PE 400)= 0. 65kN/ m
Per manent | oad on frane Gk = 3.24+0.65= 3.89kN/'m
Sel f wei ght of columns G(HE 400 B)= 1.52kN/' m
Gk=3.89kN/m Load G (Permanent load)
bhbobbtbebe bbb bbb
A A
4.2. | mposed | oads (EC1 EN1991-1-1:2002 Tab.6.10)
Roof sl ope o = 0. 00°
I nposed | oad (category H) gk = 0. 40k N/
Roof | oad on frane gk-s = 0.40x6.250= 2.50kN/ m
gk=2.50kN/m Load Qk (Imposed load)
bbb bbb bbb bbb bbb
A A
4.3. Snow | oad (EC1 EN1991-1-3:2003 )
Snow | oad on the ground (EN1991-1-3 84, Annex C)

Characteristic value of snow | oad on the ground: sk=1.200 kN/ n?

7= StedlPortalFrameEC3 Fenerbahce 2
1 software by RUNET (c)
C:\Program Files (x86)\RUNET\Steel Portal FrameEC3\Projects\shOc 25/10/2023 5:57:39 PM
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Snow | oad on the roof (EC1 EN1991-1-3:2003 85)
pitched roof (EC1-1-3 85.3.3))
Angl e of pitch of roof : «l=0.000° ) (e 0
Angle of pitch of roof : «2=0.000° o -
Exposure coefficient : Ce=1.000 (EC1l-1-3 85.2(7)) () 0’%
Thermal coefficient : Ct=1.000 (EC1-1-3 85.2(8)) o l“':“"% ®
Shape coefficients ul(al)=ul(a2)=0.800 (EC1-1-3 T.5.2)) T p
S(ol) =pl(al) - Ce: Ct- Sk=0.800x1. 000x1. 000x1.200=0. 960kN/ n? CETE O o
S(o2) =pl(a2) - Ce: Ct - Sk=0.800x1. 000x1. 000x1. 200=0. 960kN/ n? 77
Snow | oad (EC1 EN1991-1-3:2003, 85.2, §5.3.3)
Load case (I) , S(Left)=S(al) =0.960 kN/ n?, S(Right)=S(a2)= 0.960 KN/ n?
4.4. Snow |l oad on frane (EC1 EN1991-1-3:2003 )
Snow | oad on the ground sk= 1.200 kN nt
Snow | oad on the roof Sk= 0.8x1.200x1. 00x1.00=0.960 kN/ m?
Spaci ng of frames s= 6.250 m
Snow | oad on frame Sk1l= 0. 960x6. 250/ cos0. 00°=6. 00KN/ m
Sk2=0. 5x0. 960x6. 250/ cos0. 00°=3. 00kN/ m
Load case(l) Sk1l= 6.00 kN/m Sk2=6.00 kN/ m
LI T DL T gy get Srowioad

A A

4.5. Wnd | oad (EC1 EN1991-1-4:2005 )

Ref erence velocity (EN1991-1-4, 8§4.2)
vbo=0.00 m's, , Zone: 2
vb= Cdir-Cseason-Vbo = 24.01 m's

Terrain effects (EN1991-1-4, 84.3.2, Annex A)
Terrain category : |11 (EN1991-1-4, Tab.4.1)
Area with regular cover of vegetation or buildings (villages, suburban terrain, forest)
Roughness factor Cr(z) (EN1991-1-4, 84.3.2)
Terrain category:I1I1l, z=7.250m zo=0.300m zm n=5m znmax:=200m zoll=0.050m

kr=0.19- (0. 300/ 0. 05) %97=0. 215
Cr(z)=kr-1n(z/zo)=0.215xl n(7.250/0.300)=0.686

Or ography factor Co(z) (EN1991-1-4, 84.3.3)
Co(z)=1.000 (EN1991-1-4, 84.3.3)
Tur bul ence factor Kt (EN1991-1-4, 84.4)
Kt =1. 000

Exposure factor Ce(z) (EN1991-1-4, 84.5)
Terrain category: |11 (EN1991-1-4, Tab.4.1 )

z= 7.25 m kr=0.215, Iv(z)=0.314, Ce(z)= 1.505 (EC1 EN1991-1-4:2005, eq.A 4.8,4.7,4.4,4.3)
q(z)=Ce(z) (¥p) Vb2=[0.001] x1.505x0. 625x24. 012=0. 542 kN/ nt

[

—, SteelPortalFrameEC3 Fenerbahce 3
1 software by RUNET (c)
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PFR 30/07/2022 Pg. 4
W nd peak velocity pressure q(z)=Ce(z)-gb =Ce(z)-(0.625)- Vb2 (EN1991-1-4, 84.5)
Vb=24.01m sec 2 [m]
z=7.250m 100 7
_ 90
Cr(z) :0' 686 80 K v_|] |||/ il o
Co(z)=1.000 o1 /
Kt =1.000 60 |
Ce(z)=1.505 50 |
w ] /
a(z)=Ce(z) - (¥p) - Vb2 oI
=[0. 001] x1. 505x0. 625x2 .. {
= 0.542 kN/ nt o T e
0.0 1.0 2.0 3.0 4.0 " Ce(z) 50
W nd forces on flat roof, wind direction: 0.00 (EN1991-1-4, 87.2.3)
W nd pressure coefficients Cpe (EN1991-1-4, Tab. 7.2)
1E75 5—75
wi nd direction: 6=0.00 of
b=31.25m d=18.00m h=7.25m e=m n(b, 2h)=14.50m
e/ 4=3.63m e/ 10=1.45m e/2=7.25m [
Roof type: Sharp eaves 5
|j> BHP [
Zone : F, A= 5.26nm, Cpe, 10=-1.80, Cpe, 1=-2.50 ‘
Zone : G, A= 34.80m*, Cpe,10=-1.20, Cpe,1=-2.00
Zone : H, A= 181.25n%, Cpe, 10=-0.70, Cpe, 1=-1.20 'gk
Zone : |, A= 335.94n%, Cpe, 10=%+0.20, Cpe, 1=%0. 20 — Bom
W nd pressure on roof surfaces we=q(z)- -Cpe=0.542xCpe [ kN/ n?] (EN1991-1-4, 5.1)
F G H |
we, 10 we, 1 we, 10 we, 1 we, 10 we, 1 we, 10 we, 1
-0.976 -1.355 -0.650 -1.084 -0.379 -0.650 +0.108 -0.108
W nd forces on vertical walls (EN1991-1-4, 87.2.2)
W nd pressure coefficients Cpe A B (EN1991-1-4, Tab.7.1)
h/ d=7.25/18. 00=0. 403, e=14.50m
Zone : A, ( 2.90xh), Cpe, 10=-1.20, Cpe, 1=-1.40 Q*D &
Zone : B, ( 11.60xh), Cpe, 10=-0.80, Cpe, 1=-1.10
Zone : C, ( 3.50xh), Cpe, 10=-0.50, Cpe, 1=-0.50 B
Zone : D, ( 31.25xh), Cpe,10= 0.80, Cpe, 1= 1.00 A B
Zone : E, ( 31.25xh), Cpe, 10=-0.34, Cpe, 1=-0. 34 [HF
W nd pressure on wall surfaces we=q(z)- -Cpe [kN n?] (EN1991-1-4, 5.1)
A B C E
we, 10 we, 1 we, 10 we, 1 we, 10 we, 1 we, 1 we, 10 we, 1
z= 7.25~ 0.00m -0.650 -0.759 -0.434 -0.596 -0.271 -0.271 0. 542 -0.185 -0.185

[
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PFR 30/07/2022 Pg.5
4.6. Wnd | oad on frane (EC1 EN1991-1-4:2005 )
W nd pressure on vertical surface wk= 0.542 kN n?
W nd internal pressure wi = 0.000 kN/ nt?
Spaci ng of frames s= 6.250 m
Left colum Wk1= 0.434x6.250= 2.71kN/'m
Left rafter Wk2=-0.379x6. 250= -2.37kN/'m
Ri ght rafter Wk3=-0.379x6. 250= -2. 37kN/' m
Ri ght col um Wk4=-0.185x6.250= -1.15kN/ m
wk=-2.37kN/m Load Qw1 (Wind load)
TTTTTTTTPTIT I I oy

— -

— -

—b |

= B
N o

—8 |

— -

— -

—2 iy

4.7. Seismc |oading (EC8 EN1998-1-1:2004, 8§83)

Hori zontal acceleration ratio (83.2.2.2) agr/ g=0. 040 3 <
Verti./horiz. acceleration (83.2.2.3) avg/ agr=0.90
I nportance factor (83.2.1, T.4.3) vi =1. 00
Soil factor [horizontal] (83.2.2.2) S=1. 00 )
Behavi or factor [horizontal] (83.2.2.5) gq=1.50 — ot
Behavi or factor [vertical] gv=1.50 —feid
Spectral shape factor [horizontal] (83.2.2.5) gh(T)=2.50 scbigoame
Spectral shape factor [vertical] (83.2.2.3) gv(T)=3.00 1
Correction factor (84.3.3.2.2.1) A=1. 00 \ \
Force distribution (¢=ziW/3zszjW (84.3.3.2.3) ¢=1.50 g(j%\
Fundament al vibration period (84.3.3.2.2.3) (sec)=0.81
Live | oad conbination factor (ECO T.Al.1) 12=0. 30 0 e o2
Snow | oad combination factor (ECO T.Al.1) 12=0. 20
Characteristic spectral periods [horizontal] Tb=0. 15sec, Tc=0.50sec, Td=2.00sec
Characteristic spectral periods [vertical] Tb=0. 05sec, Tc=0.15sec, Td=1.00sec
Sd(T1=0.81s)=0. 040x1. 00x1. 00x[ (2.50/1.50)x(0.50/0.813)]=0.402m s? (EC8 83.2.2.5(4), Eqg.3.13)

Sv(T1=0. 81s) =0

90x0. 040x1. 00x[ (3. 00/ 1.50)x(0. 15/ 0. 813)] =0. 130nY s2

(EC8 §3.2.2.5(5)

[
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5. Design values of Actions (EN1990

5. 1.

Load conbi nati on factors

Cat egory H (roofs)

Snow | oads on buil di ngs
W nd | oads on buil dings

Qk $o=0.00, y1=0.00
Qs ¢o0=0.50, y1=0.20
Qv yo=0.60, y1=0.20

5.2. Utimte Limt State (ULS) (EQU)
Ed = vG Gk + yvQ k1l + vQ Yo k2

vG, sup=1. 35 (Unfavorable)

vG, i nf =0. 90 (Favorable )

vQ =1.30 (Unfavorable)

vQ =0. 00 (Favorable )
Load conbi nations (ULS) (EQU),
Permanent | oad Gk, |nposed |oad Qk, Snow |load Qsl1l, Wnd |oad Qwl
L.C. 101: 1.35CGk+1.30Qk
L.C. 102: 1.35CGk+1.30Qs1
L.C. 103: 1.35CGk+1.30Qwl
L.C. 111: 0.90CGk+1.30Qwl
L.C. 121: 1.35Gk+1.30Qs1+0.60x1.30Qwl= 1.35xCGk+1.30Qs1+0.78Qwl
L.C. 122: 1.35Gk+1.30Qwl+0.50x1.30Qs1= 1.35xCk+1.30Qwl+0.65Qs1

5.3.

Utimte Limt

State (ULS) (STR)

Ed =
Ed =
Ed =

vQ
vQ

£=0. 850

vG Gk + yQ k1 + yQ yo- k2
vG Gk + vQ yo- k1 + vQ yo- k2
£ yG Gk + vQ k1 + vQ vo- Qk2
vG, sup=1. 35 (Unfavorable)

vG, i nf=1.00 (Favorable )

=1.50 (Unfavorable)

=0. 00 (Favorable )

£ yvG=0. 850x1. 35=1. 15

Load combi nations (ULS)(STR),

Per manent
201:
202:
203:
210:
211:
212:
231:
251:
252:

.C

5.4.

rr-r-r-ororre e
O0000000(

1
1
1
1
1.
1
1
0
0

| oad Gk,

. 35Gk+1.
. 35Gk+1.
. 35Gk+1.
. 00GKk+1.
35Gk+1.
. 35Gk+1.
. 35Gk+1.
. 850x1. 35CGk+1. 50Qs1+1. 50x0. 60Qwl= 1.15xG+1.50Qs1+0.900Qwl
. 850x1. 35CGk+1. 50Qwl+1. 50x0. 50Qs1= 1.15xG+1. 50Qwl+0. 75Qs1

I mposed | oad Qk, Snow | oad Qsl, Wnd |oad Qwl
500k

50Qs1

50Qwl

50Qwl

50Qs1+0. 60x1. 50Qwl= 1. 35xCGk+1.50Qs1+0.90Qwl
50Qwl+0. 50x1. 50Qs1= 1. 35xCGk+1.50Qwl+0. 75Qs1
50x0.50Qs1 +1.50x0.60Qwl= 1.35xG+0.75Qs1+0.90Qwl

Serviceability Limt State (SLS)

Ed
Ed
Ed =

Gk

+ k1

+ Yo- Qk2 + yo-Qk3 (Characteristic combination)

Gk + yl-Qkl + y2-Qk2 + y2-Qk3 (Frequent conbination)
Gk + y2-Qkl + y2-Qk2 + y2- k3 (Quasi-permanent conbination)

NA Latvia LVS, 8§6.4,

¥2=0. 00
¥2=0. 00
¥2=0. 00

(EN1990

§6. 5)

(EN1990 Tab. Al.1)

§6.4.3.2, T.Al.2A)

(Eq. 6.10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(EN1990 §6.4.3.2, T.Al.2B)
(Eq. 6.10)
(Eq. 6. 10a)
(Eq. 6. 10b)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6. 10a)
(Eq. 6. 10b)
(Eq. 6.10b)
(EN1990 §6.5.3, T.Al.4)
(Eq. 6. 14)
(Eq. 6. 15)
(Eq. 6. 16)
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Load conmbi nati ons (SLS)
Permanent | oad Gk, |nposed |oad Qk, Snow |load Qsl1l, Wnd | oad Qwl
L.C. 301: Gk + Qk (Eq. 6. 14a)
L.C. 302: Gk + Qs1 (Eqg. 6. 14a)
L.C. 303: Gk + Quwi (Eq. 6. 14a)
L.C. 311: Gk + Q1 + 0.60Qwl (Eq. 6. 14a)
L.C. 312: Gk + Qwl + 0.50Qs1 (Eq. 6. 14a)
L.C. 331: Gk + 0.20Qs1 + 0.00Qwm1 (Eq. 6. 15a)
L.C. 332: Gk + 0.200Qwl1 + 0.00Qs1 (Eq. 6. 15a)
L.C. 351: Gk + 0.00Qs1 + 0.00Qwl (Eq. 6. 16a)
5.5. Utimte Limt State (ULS)Seism c situation
Ed = Gk + Aed + ¢2- Qkl + ¢2- Qk2 + y2- k3 (Eq. 6.12b)
Snow |l oad Qs, Wnd |load Qw, Seismc |oad Aed
L.C. 601: Gk + 0.20Qs1 + Aed (Eqg. 6. 14a)
5.6. Summary of | oad conbination

Per mnent | oad Gk, |mposed |oad Qk, Snow | oad Qs1l, Wnd | oad Qwl

1 L.C. 101 (ULS)(EQU) 1.35Gk+1.30Qk+0.00Qs1+0.00Qwl

2 L.C. 102 (ULS)(EQU) 1.35Gk+0.00Qk+1.30Qs1+0.00Qwl

3 L.C. 103 (ULS)(EQU) 1.35Gk+0.00Qk+0.00Qs1+1.30Qwl

4 L.C. 111 (ULS)(EQU) 0.90Gk+0.00Qk+0.00Qs1+1.30Qwl

5 L.C. 121 (ULS)(EQU) 1.35Ck+0.00Qk+1.30Qs1+0.78Qwl

6 L.C. 122 (ULS)(EQU) 1.35Ck+0.00Qk+0.65Qs1+1. 30Qwl

7 L.C. 201 (ULS)(STR) 1.35Gk+1.500Qk+0.00Qs1+0.00Qwl

8 L.C. 202 (ULS)(STR) 1.35Gk+0.00Qk+1.50Qs1+0.00Qwl

9 L.C. 203 (ULS)(STR) 1.35Gk+0.00Qk+0.00Qs1+1.50Qwl
10 L.C. 210 (ULS)(STR) 1.00Gk+0.00Qk+0.00Qs1+1.50Qwl
11 L. C. 211 (ULS)(STR) 1.35Gk+0.00Qk+1.50Qs1+0.90Qwl
12 L.C. 212 (ULS)(STR) 1.35Gk+0.00Qk+0.75Qs1+1.50Qwl
13 L.C. 231 (ULS)(STR) 1.35Gk+0.00Qk+0.75Qs1+0. 90Qwl
14 L.C. 251 (ULS)(STR) 1.15Gk+0.00Qk+1.50Qs1+0.90Qwl
15 L.C. 252 (ULS)(STR) 1.15Gk+0.00Qk+0.75Qs1+1.50Qwl
16 L.C. 301 (SLS) 1.00Gk+1. 000Qk+0. 00Qs1+0. 00Qw1
17 L.C. 302 (SLS) 1.00Gk+0. 000Qk+1. 00Qs1+0. 00Qw1
18 L. C. 303 (SLS) 1.00Gk+0. 00Qk+0. 00Qs1+1. 00Qwl
19 L.C. 311 (SLS) 1.00Gk+0. 00Qk+1. 00Qs1+0. 60Qwl
20 L.C. 312 (SLS) 1.00Gk+0. 00Qk+0. 50Qs1+1. 00Qwl
21 L.C. 331 (SLS) 1.00Gk+0. 00Qk+0. 20Qs1+0. 00Qw1
22 L.C. 332 (SLS) 1. 00Gk+0. 00Qk+0. 00Qs1+0. 20Qwl
23 L.C. 351 (SLS) 1.00Gk+0. 00Qk+0. 00Qs1+0. 00Qwl
24 L.C. 601 (SEISM 1.00Gk+0. 00Qk+0. 20Qs1+0. 00Qw1 + Aed
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6. Steel sections
6.1. Column section 3|D
Steel cross-section properties % \|/'\27
Cross-section HE 400 B-S 275 I'EZ[DB JVL:|35
Di mensi ons of cross section - 'Jr— -y a
Depth of cross section h=400.00 mm
W dt h of cross section b= 300.00 mm |
Web depth hw= 376.00 mm
Depth of straight portion of web dw= 298.00 nm /|\
Web thickness tw= 13.50 mm -
Fl ange thickness tf= 24.00 mm zZ
Radi us of root fillet = 27.00 mm
Mass = 155.00 Kg/m
Properties of cross section b
Area A= 19780 m? [ |
Second monent of area | y=576.80x10% mm"* 1z=108.20x10% mm* 11 H -
Section nodul us W=2884.0x10% nm® W=721.30x10% nm® =
Plastic section modul us Wy=3232.0x10% mm® Wpz=1104. 0x10°% mm°®
Radi us of gyration iy= 170.8 mm iz= 74.0 mm
Shear area Avz= 7000 7 Avy= 14400 nmm?
Torsi onal constant It= 3.557x10°% mm* i p= 186 nm
Tor si onal nodul us W =148. 23x10°% mm°
Vr pi ng const ant | w=3817. 2x10° mm® | _ 1 1
z
6.2. Rafter section
Steel cross-section properties _].8) -
Cross-section |PE 400-S 275 8 |’\Z.
Di mensi ons of cross section IFEAD 86
Depth of cross section h=400.00 mm |
W dth of cross section b= 180.00 mm — —y@
Web depth hw= 386.50 mm
Depth of straight portion of web dw= 331.00 nm |
Web thickness tw= 8.60 mm
Fl ange thi ckness tf= 13.50 mm |
Radi us of root fillet r= 21.00 nm
Mass =  66.30 Kg/m YA
Properties of cross section b
Ar ea A= 8446 m? [ |
Second monent of area | y=231.30x10% mm"* | z=13.180x10% mm"* -
Section nodul us W=1156. 0x10°% nm® W =146. 40x10°% nm®
Plastic section modul us Wy=1307.0x10% mm® Wpz=229. 00x10° mm°®
Radi us of gyration iy= 165.5 mm iz= 39.5 mm
Shear area Avz= 4269 nmm? Avy= 4860 nmm?
Torsi onal constant It= 0.511x10% mm* i p= 170 mm
Tor si onal modul us W =37. 834x10°% mm°
War pi ng const ant | w=490. 05x10° nm® 1
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6. 3. Haunch section at haunch end

Steel cross-section properties
Wel ded section

Cross-section haunch-end-S 275

Di mensi ons of cross section

Depth of cross section h=800.00 nmm I —Y g
W dth of cross section b= 180.00 mm
Web depth hw= 786.50 mm |
Depth of straight portion of web dw= 713.60 nm
Web t hickness tw= 8.60 mm |
Fl ange thickness tf= 13.50 mm —_—
Radi us of root fillet r= 21.00 mm zZ
Mass = 90. 39 Kg/m
Properties of cross section
Area A= 11508 mm? | b |
Second moment of area ly=1082. 7x10% mm"* 1 z=13. 163x10°% mm* z
Section modul us W=2706. 7x103% mm® We=146. 26x10°% mm® Gl A ( '
Plastic section modul us Wy=3195.9x10% nmm° Wpz=232.99x10°% mm°® |
Radi us of gyration iy= 306.7 mm i z= 33.8 mm ty b
Shear area Avz= 6764 mv Avy= 4860 mm? PO — y
Torsi onal constant It= 0.454x10°% mm* i p= 309 mm
Tor si onal nodul us W =33. 646x10° mm®
Var pi ng const ant | w=2029. 3x10° mm®
wel d a= 21.0x10° nm | 71 |
z
6. 4. Haunch section at haunch-m ddl e
Steel cross-section properties l_]g) %
Wel ded section r
Cross-section haunch-m ddle-S 275
rardnictle 1%
Di mensi ons of cross section |
Depth of cross section h=600.00 mm | —Y g
W dth of cross section b= 180.00 mm
Web depth hw= 586.50 mm |
Depth of straight portion of web dw= 513.60 nm
Web thickness tw= 8.60 mMm |
Fl ange thi ckness tf= 13.50 mm —
Radi us of root fillet r= 21.00 mm YA
Mass = 76.88 Kg/m
Properties of cross section
Area A= 9788 m? [ b |
Second moment of area | y=552. 84x10°% mm"* 1 z=13.152x10°% mm"* z
Section modul us W=1842. 8x103 mm? We=146. 14x103 mm? G Il ’ '
Plastic section modul us Wy=2131.1x10% mm® Wz=229.29x10°% mm°® r
Radi us of gyration iy= 237.7 mm iz= 36.7 nmm tw
Shear area Avz= 5044 nm? Avy= 4860 nmm? PO — v
Torsional constant It= 0.412x10% mm* i p= 240 mm
Tor si onal nodul us W =30. 505x10°% mm’
War pi ng const ant | w=1128. 4x10° mrP
vel d a= 21.0x10° nm | |
z
—, SteelPortalFrameEC3 Fenerbahce 9
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Pg. 10

7

Finite El ement Analysis

The 2-dimensional finite el ement program FRAME2Dexpres© RUNET is used for

The colum bases are assunmed to be pinned.
The connection of rafter to colum are assuned to be ful

The increased
The gl obal or

(EN1993-1-1, §5.1)

y rigid.

stiffness of the haunches is taken into account.

| ocal inperfections are taken into account

Linear-elastic analysis is used for the design of static

The seism c design is based on latera

by modal superposition spectrum analysis.

7.1. Data used

for elastic analysis

Nodal points

by equival ent | oads

| oads.

force method and on dynami c anal ysis

Node x [ y[ i
1 0 0
2 0 7250
3 9000 7250
4 18000 7250
5 18000 0
Supports
Node ki nd ux[ mm uy[ mm ur[rad]
1 pi n ux=uy=0
5 pi n ux=uy=0
El ement s
El ement node 1 node 2 length(mm angle(®) E( GPa) A( mm?) I ()
1 1 2 7250 90. 00 210 19780 576800x10°3
2 2 3 9000 0. 00 210 8446 231300x10°3
3 3 4 9000 0. 00 210 8446 231300x10°3
4 4 5 7250 270. 00 210 19780 576800x10°

Finite element model (FEM)

Linear elastic analysis

4

the anal ysis.

[
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7.2. Element uniform | oads, q perpendicular to elenment, qy vertical, gx horisontal [kN n

Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C q qy ax q qy gx q qy gx q qy gx
101 ULS-EQU 0.00 2.05 0 0. 00 8.50 0 0.00 8.50 0 0.00 2.05 0
102 ULS- EQU 0. 00 2.05 0 0.00 13.05 0 0.00 13.05 0 0.00 2.05 0
103 ULS-EQU 3.52 2.05 0 -3.08 5.25 0 -3.08 5.25 0 -1.50 2.05 0
111 ULS- EQU 3.52 1.37 0 -3.08 3.50 0 -3.08 3.50 0 -1.50 1.37 0
121 ULS- EQU 2.11 2.05 0 -1.85 13.05 0 -1.85 13.05 0 -0.90 2.05 0
122 ULS- EQU 3.52 2.05 0 -3.08 9.15 0 -3.08 9.15 0 -1.50 2.05 0
201 ULS-STR 0. 00 2.05 0 0. 00 9. 00 0 0. 00 9. 00 0 0.00 2.05 0
202 ULS-STR 0. 00 2.05 0 0.00 14.25 0 0.00 14.25 0 0.00 2.05 0
203 ULS-STR 4. 07 2.05 0 -3.56 5.25 0 -3.56 5.25 0 -1.73 2.05 0
210 ULS-STR 4.07 1.52 0 -3.56 3. 89 0 -3.56 3.89 0 -1.73 1.52 0
211 ULS-STR 2.44 2.05 0 -2.13 14.25 0 -2.13 14.25 0 -1.04 2.05 0
212 ULS-STR 4. 07 2.05 0 -3.56 9.75 0 -3.56 9.75 0 -1.73 2.05 0
231 ULS-STR 2.44 2.05 0 -2.13 9.75 0 -2.13 9.75 0 -1.04 2.05 0
251 ULS-STR 2.44 1.75 0 -2.13 13.47 0 -2.13 13.47 0 -1.04 1.75 0
252 ULS-STR 4. 07 1.75 0 -3.56 8.97 0 -3.56 8.97 0 -1.73 1.75 0
301 SLS 0. 00 1.52 0 0. 00 6. 39 0 0.00 6. 39 0 0.00 1.52 0
302 SLS 0. 00 1.52 0 0. 00 9. 89 0 0. 00 9.89 0 0. 00 1.52 0
303 SLS 2.71 1.52 0 -2.37 3.89 0 -2.37 3.89 0 -1.15 1.52 0
311 SLS 1.63 1.52 0 -1.42 9. 89 0 -1.42 9.89 0 -0.69 1.52 0
312 SLS 2.71 1.52 0 -2.37 6. 89 0 -2.37 6. 89 0 -1.15 1.52 0
331 SLS 0. 00 1.52 0 0. 00 5.09 0 0.00 5.09 0 0. 00 1.52 0
332 SLS 0.54 1.52 0 -0.47 3. 89 0 -0.47 3.89 0 -0.23 1.52 0
351 SLS 0. 00 1.52 0 0. 00 3.89 0 0. 00 3.89 0 0. 00 1.52 0
601 SEI SM 0. 00 1.52 0 0. 00 5.09 0 0. 00 5.09 0 0. 00 1.52 0
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8. Results of static-linear-elastic analysis
8.1. Displacenents [mm]
Hor. defl. Col umm Vert. defl. Apex Bendi ng Defl. Rafter
L. C Dx mm Dy mm w mm
101 ULS-EQU 0. 150 63. 669 10. 258
102 ULS-EQU 0. 230 97.738 15. 748
103 ULS-EQU 32. 005 15. 695 11. 568
111 ULS- EQU 31.974 2.584 9. 456
121 ULS- EQU 19. 377 83. 555 18. 887
122 ULS- EQU 32.073 44,897 16. 273
201 ULS-STR 0. 159 67.413 10. 861
202 ULS-STR 0. 251 106. 723 17.196
203 ULS-STR 36.914 12. 058 12. 373
210 ULS-STR 36. 890 1.861 10. 730
211 ULS-STR 22. 344 90. 358 20. 817
212 ULS-STR 36.994 45. 753 17. 802
231 ULS-STR 22.265 56. 663 15. 388
251 ULS- STR 22.331 84.530 19. 879
252 ULS-STR 36. 980 39. 926 16. 863
301 SLS 0.113 47. 856 7.710
302 SLS 0.174 74.063 11.933
303 SLS 24.616 10. 953 8.718
311 SLS 14.903 63. 152 14. 348
312 SLS 24.669 33.416 12. 338
331 SLS 0. 090 38.122 6.142
332 SLS 4,978 25.500 5.498
351 SLS 0. 069 29. 137 4.694
8.2. Reactions at the supports
Hori zontal Force Hed [kN], Vertical Force Ved [kN], Moment Med [ kNm
Left support 1 Ri%h supgort 2
L.C. Hed, 1 kN Ved,1 kN Med, 1 kNm Hed, 2 k Ved, 2 kN Med, 2 kNm
101 ULS-EQU 29.5 91. 4 0.0 -29.5 91. 4 0.0
102 ULS- EQU 45.3 132.3 0.0 -45.3 132.3 0.0
103 ULS-EQU -14.2 27.1 0.0 -22.2 41.7 0.0
111 ULS- EQU -20.3 6.3 0.0 -16.1 21.0 0.0
121  ULS- EQU 25.9 111.3 0.0 -47.7 120.1 0.0
122 ULS- EQU -0.7 62. 2 0.0 -35.7 76.8 0.0
201 ULS-STR 31.3 95.9 0.0 -31.3 95.9 0.0
202 ULS-STR 49.5 143.1 0.0 -49.5 143. 1 0.0
203 ULS-STR -19.2 21.7 0.0 -22.8 38.6 0.0
210 ULS-STR -24.0 5.6 0.0 -18.1 22.5 0.0
211 ULS-STR 27.0 118.9 0.0 -52.2 129.0 0.0
212 ULS-STR -3.6 62. 2 0.0 -38.4 79.1 0.0
231 ULS-STR 11. 4 78. 4 0.0 -36.6 88.5 0.0
251 ULS-STR 24.3 109. 6 0.0 -49.5 119. 8 0.0
252 ULS-STR -6.3 53.0 0.0 -35.7 69.9 0.0
301 SLS 22.2 68.5 0.0 -22.2 68.5 0.0
302 SLS 34.4 100.0 0.0 -34.4 100.0 0.0
303 SLS -11.5 19.0 0.0 -16.6 30.3 0.0
311 SLS 19. 4 83.8 0.0 -36.2 90. 6 0.0
312 SLS -1.0 46. 0 0.0 -27.0 57.3 0.0
331 SLS 17.7 56. 8 0.0 -17.7 56. 8 0.0
332 SLS 8.5 40. 6 0.0 -14.1 42.9 0.0
351 SLS 13.5 46.0 0.0 -13.5 46. 0 0.0
—, SteelPortalFrameEC3 Fenerbahce 2
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8.3. Axial forces Ned [kN]
Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. Ned, 1 Ned, 2 Ned, 3 Ned, 4
101 ULS-EQU -84.0 -29.5 -29.5 -84.0
102 ULS- EQU -124.9 -45.3 -45.3 -124.9
103 ULS-EQU -19.6 -11.3 -11.3 -34.3
111 ULS- EQU -1.4 -5.2 -5.2 -16.1
121 ULS- EQU -103.9 -41.2 -41.2 -112.7
122 ULS- EQU -54.7 -24.9 -24.9 -69.4
201 ULS-STR -88.5 -31.3 -31.3 -88.5
202 ULS-STR -135.7 -49.5 -49.5 -135.7
203 ULS-STR -14.2 -10.2 -10.2 -31.2
210 ULS-STR 0.0 -5.5 -5.5 -17.0
211 ULS-STR -111. 4 -44.7 -44.7 -121.6
212 ULS-STR -54.7 -25.9 -25.9 -71.7
231 ULS-STR -70.9 -29.1 -29.1 -81.1
251 ULS-STR -103.3 -42.0 -42.0 -113.5
252 ULS-STR -46.6 -23.2 -23.2 -63.5
301 SLS -63.0 -22.2 -22.2 -63.0
302 SLS -94.5 -34.4 -34.4 -94.5
303 SLS -13.5 -8.2 -8.2 -24.8
311 SLS -78.3 -31.2 -31.2 -85.1
312 SLS -40.5 -18.6 -18.6 -51.8
331 SLS -51.3 -17.7 -17.7 -51.3
332 SLS -35.1 -12.4 -12.4 -37.4
351 SLS -40.5 -13.5 -13.5 -40.5
8.4. Shearing forces Ved [kN]
Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. VedA, 1 VedB, 1 VedA, 2 VedC, 2 VedB, 2 VedA, 3 VedC, 3 VedB, 3 VedA, 4 VedB, 4
101 ULS-EQU -29.5 -29.5 76.5 61.2 0.0 0.0 -61.2 -76.5 29.5 29.5
102 ULS-EQU -45.3 -45.3 117.5 94.0 0.0 0.0 -94.0 -117.5 45. 3 45. 3
103 ULS-EQU 14.2 -11.3 12.2 8.3 -7.3 -7.3 -23.0 -26.9 11.3 22.2
111 ULS- EQU 20.3 -5.2 -3.6 -4.3 -7.3 -7.3 -10.3 -11.1 5.2 16. 1
121 ULS-EQU -25.9 -41.2 96. 4 76.3 -4.4 -4.4 -85.1 -105.2 41.2 47.7
122  ULS- EQU 0.7 -24.9 47.3 36. 4 -7.3 -7.3 -51.0 -62.0 24.9 35.7
201 ULS-STR -31.3 -31.3 81.0 64.8 0.0 0.0 -64.8 -81.0 31.3 31.3
202 ULS-STR -49.5 -49.5 128.3 102.6 0.0 0.0 -102.6 -128.3 49.5 49.5
203 ULS-STR 19.2 -10.2 6.8 3.7 -8.5 -8.5 -20.7 -23.7 10. 2 22.8
210 ULS-STR 24.0 -5.5 -5.5 -6.1 -8.5 -8.5 -10.9 -11.5 5.5 18.1
211 ULS-STR -27.0 -44.7 104.0 82.2 -5.1 -5.1 -92.3 -114.1 44.7 52.2
212 ULS-STR 3.6 -25.9 47.3 36.1 -8.5 -8.5 -53.1 -64.2 25.9 38.4
231 ULS-STR -11.4 -29.1 63.5 49.8 -5.1 -5.1 -59.9 -73.6 29.1 36. 6
251 ULS-STR -24.3 -42.0 97.0 76.6 -5.1 -5.1 -86.7 -107.1 42.0 49.5
252 ULS-STR 6.3 -23.2 40. 3 30.5 -8.5 -8.5 -47.5 -57.2 23.2 35.7
301 SLS -22.2 -22.2 57.5 46.0 0.0 0.0 -46.0 -57.5 22.2 22.2
302 SLS -34.4 -34.4 89.0 71.2 0.0 0.0 -71.2 -89.0 34.4 34.4
303 SLS 11.5 -8.2 8.0 5.3 -5.6 -5.6 -16.6 -19.3 8.2 16. 6
311 SLS -19.4 -31.2 72.8 57.6 -3.4 -3.4 -64.3 -79.6 31.2 36. 2
312 SLS 1.0 -18.6 35.0 26.9 -5.6 -5.6 -38.2 -46.3 18.6 27.0
331 SLS -17.7 -17.7 45.8 36.6 0.0 0.0 -36.6 -45.8 17.7 17.7
332 SLS -8.5 -12.4 29.6 23.5 -1.1 -1.1 -25.7 -31.9 12. 4 14.1
351 SLS -13.5 -13.5 35.0 28.0 0.0 0.0 -28.0 -35.0 13.5 13.5
A:left end, C:haunch end, B: right end
— SteelPortalFrameEC3 Fenerbahce 13
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8.5. Bending noments Med [ kNnj
Left colum 1 Ri ght colum 4
L.C. MedA, 1 MedM 1 MedB, 1 MedA, 4 MedM, 4 MedB, 4
101 ULS-EQU 0.0 -107.1 -214.1 -214.1 -107.1 0.0
102 ULS- EQU 0.0 -164. 4 -328.8 -328.8 -164.4 0.0
103 ULS-EQU 0.0 28.7 10. 6 -121.5 -60.7 0.0
111 ULS- EQU 0.0 58.5 54.6 -77.4 -38.7 0.0
121 ULS- EQU 0.0 -121.5 -243.1 -322.3 -161.1 0.0
122 ULS- EQU 0.0 0.1 -87.7 -219.7 -109.9 0.0
201 ULS-STR 0.0 -113. 4 -226.7 -226.7 -113. 4 0.0
202 ULS-STR 0.0 -179.5 -359.0 -359.0 -179.5 0.0
203 ULS-STR 0.0 45. 4 32.5 -119.8 -59.9 0.0
210 ULS-STR 0.0 70.6 66. 8 -85.5 -42.8 0.0
211 ULS-STR 0.0 -130.1 -260.1 -351.5 -175.8 0.0
212 ULS-STR 0.0 1.6 -80.8 -233.2 -116. 6 0.0
231 ULS-STR 0.0 -73.4 -146. 7 -238.2 -119.1 0.0
251 ULS-STR 0.0 -120.3 -240.5 -331.9 -166. 0 0.0
252 ULS-STR 0.0 4.9 -61.2 -213.6 -106. 8 0.0
301 SLS 0.0 -80.5 -161.0 -161.0 -80.5 0.0
302 SLS 0.0 -124.6 -249.1 -249.1 -124.6 0.0
303 SLS 0.0 24.2 11.9 -89.7 -44.8 0.0
311 SLS 0.0 -91.6 -183.2 -244.1 -122.1 0.0
312 SLS 0.0 0.2 -63.7 -165. 2 -82.6 0.0
331 SLS 0.0 -64.1 -128.2 -128.2 -64.1 0.0
332 SLS 0.0 -38.0 -76.0 -96.3 -48.2 0.0
351 SLS 0.0 -49.0 -98.0 -98.0 -49.0 0.0
A:left end, C:haunch end, M span, B: right end
Left rafter 2 Ri ght rafter 3
L.C. MedA, 2 MedC2 MedM 2 MedB, 2 MedA, 3 MedM 3 MedC3 MedB, 3
101 ULS-EQU -214.1 -90.2 -42.0 130. 2 130.2 130.2 -90.2 -214.1
102 ULS-EQU -328.8 -138.5 199.8 199.8 199.8 199. 8 -138.5 -328.8
103 ULS-EQU 10.6 29.0 44.8 32.4 32. 4 -44.6 -76.7 -121.5
111 ULS- EQU 54.6 47.5 30.1 5.6 5.6 -35.9 -58.1 -77.4
121 ULS-EQU -243.1 -87.7 171.9 171.0 171.0 -75.6 -151.0 -322.3
122 ULS- EQU -87.7 -12. 4 96.5 92.1 92.1 -63.8 -118.0 -219.7
201 ULS-STR -226.7 -95.5 -44.5 137.8 137.8 137.8 -95.5 -226.7
202 ULS-STR -359.0 -151.2 -70.4 218.2 218.2 218.2 -151.2 -359.0
203 ULS-STR 32.5 42.0 46. 1 25.0 25.0 -47. 4 -79.9 -119.8
210 ULS-STR 66. 8 56. 4 35.5 4.1 4.1 -40.7 -65.4 -85.5
211 ULS-STR -260.1 -92.6 186. 0 184.9 184.9 -83.3 -165.7 -351.5
212 ULS-STR -80.8 -5.7 99.7 93.9 93.9 -69.6 -127.6 -233.2
231 ULS-STR -146.7 -44.8 117.7 116.1 116.1 -61.1 -118.0 -238.2
251 ULS-STR -240.5 -84.3 174. 2 173.0 173.0 -79.4 -157. 4 -331.9
252 ULS- STR -61.2 2.5 88.6 82.0 82.0 -65.8 -119. 4 -213.6
301 SLS -161.0 -67.8 -31.6 97.8 97.8 97.8 -67.8 -161.0
302 SLS -249.1 -104.9 151. 4 151. 4 151. 4 151. 4 -104.9 -249.1
303 SLS 11.9 23.9 33.1 22.6 22.6 -33.5 -57.4 -89.7
311 SLS -183.2 -65.8 129.9 129.3 129.3 -57.4 -114.6 -244.1
312 SLS -63.7 -8.0 72.1 68.5 68.5 -48.3 -89.2 -165. 2
331 SLS -128.2 -54.0 77.9 77.9 77.9 77.9 -54.0 -128.2
332 SLS -76.0 -28.2 52. 4 52.2 52.2 -22.1 -44.5 -96.3
351 SLS -98.0 -41.3 -19.2 59. 6 59.6 59.6 -41.3 -98.0
“A:left end, C:haunch end, M span, B: right end
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-359.0 kNm -359.0 kNm
5x=0.3 mm L.C. 202 Displacements MMy 3 mm -359.0 KNm L.C. 202 Bend. momenE kINnI1 -350.0 KNm
218.2 kNm
dy=106.7 mm
A AN
1283 kN
L.C. 202 Shear forces kN L.C. 202 Axial forces kN
T T ——

A95kNTIT T T T T T T T T T T T T T IJ]T
A

-49.5 kN 49.5 kN -143.1 kN -143.1kN

5x=36.9 mm L.C. 203 Displacements mm 5x=36.8 mm 32.5 KNm L.C. 203 Bend. moments anLg%!g\mm
325 —r—T ] |
25.0 kNm
dy=12.1 mm
6.8 KN L.C. 203 Shear forces kN L.C. 203 Axial forces kN
R — -10.2 —
-10.FkN
23.7
19.2 kN 22.8 kN -21.7 kKN -38.6 kN
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5%=36.9 mm L.C. 210 Displacements mm 5x=36.8 mm 66.8 kNm L.C. 210 Bend. moments quﬁmem
66.8 Hym—T—T—  ——
V\ Sy=1.9 mm V 4.1 kNm
L.C. 210 Shear forces kN L.C. 210 Axial forces kN
5.5 kAL T T T T T T T I T I 5.5 kN
115N 55
24.0kN 18.1kN 5.6 kN 22.5kN
-351.5 kNm
-260.1 KNm
5x=22.3 mm L.C. 211 Displacements mm g1 9mm 260.1 kN \l\v\ L.C. 211 Bend. moments KNmM | 351 5k\m
S
184.9 kNm
dy=90.4 mm
A A
104.0 kKN
L.C. 211 Shear forces kN L.C. 211 Axial forces kN
A47RNTT T T T T T T T T T T T T T T TJ7
Laa 2N
-114. —
- A
-27.0 kN 52.2 kN -118.9 kN -129.0 kN
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233.2 kNm

5x=37.0 mm L.C. 212 Displacements mm 5x=36.7 mm -8B@ Riighim L.C. 212 Bend. moments kN-m/_233_2 kNm
| e S N |
oI T [ [ I I —
93.9 kNm
By=45.8 mm
AN
47T.3KN L.C. 212 Shear forces kN L.C. 212 Axial forces kN
O i e e e —
259N T—T—TTTTTTTTTT T T T T
\AA_LL_\_E H o
-64.2
iy A
3.6 kN 38.4 kN -62.2 kN 79.1 kN
-238.2 kNm
5x=22.3 mm L.C. 231 Displacements mm 5250 mm _14’61"}5k-7,r};"j""\~ L.C. 231 Bend. mome/ntf k|Nr?/238‘2 KNm
oL T T [ [ I 1=
116.1 kNm
6y=56.7 mm
A
635 Ll*l\r*rﬁi‘.f_z Shear forces kN L.C. 231 Axial forces kN
29lRNT— T T T T T T T T T T T T T T 71
: \\A\LLU\E 5N
J |
-11.4 kKN 36.6 kN -78.4 kN -88.5 kN
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9. Results of dynam c analysis

9.1. Eigenfrequencies and Ei genperiods of the structure

Mass of building, for loading: L.C. 601: Gk + 0.20Qs1
Total vertical |oad of building, for loading: L.C. 601: Gk + 0.20Qs1l, G=113.7 kN
Mass of building: me113. 660x1000/9. 81=11. 59x10°%kg

1 f= 1.230 Hz T= 0.813 sec
2 f= 3.203 Hz T= 0.312 sec
3 f= 10.184 Hz T= 0. 098 sec
4 f= 21.273 Hz T= 0. 047 sec
5 f= 30.560 Hz T= 0. 033 sec
6 f= 52.032 Hz T= 0.019 sec
7 f= 61.248 Hz T= 0. 016 sec
8 f= 65.695 Hz T= 0. 015 sec
9 f= 104.240 Hz T= 0. 010 sec
10 f= 142.826 Hz T= 0. 007 sec
11 f= 149.742 Hz T= 0. 007 sec

Mode shape :1, f=1.230[Hz], T=0.813[sec shape :2, f=3.203[Hz], T=0.312[s

=0.098][sec] Mode shape :4, f=21.273[Hz], T=0.047[sec]

Mode shMSGO[HZ], T=0.0/'%§ea\ Mode shape :6, f=52.032[Hz], T=0.019[sec]

—_. SteelPortalFrameEC3 Fenerbahce
[ 1 software byRUNET ()
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9

2. Seismc action, Lateral Force Method

Det erm nati on of Base Shear Force

Approxi mate val ue fundamental period of vibration T1
T1=0. 085- H*™®=0. 085x7. 25%®=0. 376 sec

Val ue of fundamental period of vibration resulting fr

From Hori zontal design spectrum with period of vibrat
Sd(T1) 0.040x1. 00x1. 00x[(2.50/1.50)x(0.50/0.813)]

From Verti cal
Sve(T1l)= 0.90x0.040x1.00x[(3.00/1.50)x(0.15/0.813)]

Total vertical |oad of building, for |oading:
Mass of building: me113.660x1000/9.81=11.59x10°%g
Seism c Base shear force Fb=S(T1l)-m A
S(T1) =0. 402m s2, ne1l.59x10%g, A=1.00,
Anmplification factor for torsional effects
5=1+0. 60- x/ Lc=1+0. 60x15625/ 31250=1. 30

Sei sm c Base shear force Fb=1.30x4.7=6.1 kN

Hori zontal seismc force Fb=6.06kN is applied at
Vertical seismc force Fv=0.130x11.59=1.5 kN

Di spl acements and internal forces MV,N fromlinear

L.C. 601:

| ever

(EN1998-1-1, §4.3.3.2)

(EN1998-1-1, 8§4.3.3.2.2)

(EC8 §4.3.3.2.2(3), Eq.4.6)
om dynam ¢ anal ysis T1=0.813 sec

ion T1=0.813sec we obtain

=0. 041-g=0.402 m s?

desi gn spectrum with period of vibration T1=0.813sec we obtain

=0.013.9g=0.130 m' s?

Gk + 0.20Qs1, G=113.7 kN

(EC8 §4.3.3.2.2, Eq.4.5)

Fb=0.402x11. 59x1. 00=4. 7 kN

(EC8 §4.3.3.2.3, Eq.4.12)

H=7.250m

el astic anal ysis

Di spl acenents [ mm
Hor. defl. Colum
Dx mm

Vert.
L.C

Bendi ng Defl. Rafter
w mm

602 9. 939

6.142

Reactions at the supports
or 1 zont a orce ] , Vertical Force Ved [kN],
Left support 1

L. C Hed, 1 kN Ved,1 kN Med,1 kNm

Moment
Ri ght

Med [ kNmj
support 2

Hed, 2 kN Ved, 2 kN Med, 2 kNm

602 14.7 54.4 0.0

-20.7 59.3 0.0

Axi al
L.C.

forces Ned [kN]
Ceft coluam 1
Ned, 1

Left rafter 2

Ri ght
Ned, 2 9

3 colum 4

Ned, 4

rafter

Ri ght
Ned, 3 g

602 -48.9 -20.7

-20.7 -53.8

Shearing forces Ved [kN]

Left colum 1
L. C. VedA, 1 VedB, 1

Left rafter 2
VedA, 2 VedC, 2 VedB, 2

Ri ght raf Ri ght colum 4

VedA, 4 VedB, 4

er 3

t
3 VedB, 3

602 -14.7 -14.7 43. 4 0.0 -2.4

VedA, 3 VedC
0.

-2.4 0 -48.3 20.7 20.7

A:Teft end, Cihaunch end, B: right end

Bendi ng moments Med [ kNni
Ceft
L.C.

colum 1

MedM 1 MedB, 1

Ri ght
MedA, 4

MedA, 1
602

0.0 -53.1 -106. 2

-150.2

ATeft end, Cihaunch end, M span, B right end

t rafter

Lef 2
L.C. MedA, 2 MedC2 MedM, 2 MedB, 2

Ri ght rafter

3
MedA, 3 MedM 3 MedC3 MedB, 3

602 -106. 2 77.9

77.9 -150. 2

A:Teft end, C haunch end, M span, B: right end

Maxi mum i nternal forces, Lateral Force Method

Col unmms

NedA

-59.
-48.

3kN
3kN
20. 7kN
20. 7kN
0. OkNm
150. 2kNm
-59. 3kN
20. 7kN
150. 2kNm

NedB
VedA
VedB
MedA
MedB
Nedmax
Vedmax
Me d max

Hori zontal deflection at the top of colum

(EC8 §4.3.3.2.2)

dx=9.9 mm

[
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Rafters
NedA = -20. 7kN
NedB = -20. 7kN
VedA = 48. 3kN
VedB = 2. 4kN
MedA = 150. 2kNm
MedB = 77. 9kNm
Nedmax = -20. 7kN
Vedmax = 48. 3kN
Medmax = 150. 2kNm
Estimate of seismc forces at supports
max Downwar ds support force Fv- = -59.3 -1.5/2 = -60.0 kN
max Upwar ds support force Fv+ = -54.4 +1.5/2 = 0.0 kN
5%=9.9 mm L.C. 602 Displacements mm .97 mm 1096 L.C. 602 Bend. moments KNn%2iom
77.9 kNm
Oy=38.1 mm
A
43.4 kN L.C. 602 Shear forces kN L.C. 602 Axial forces kN
[T T T T———— 20T ————————
-24.7kN
-48.3 H =
A & YA
-14.7 kN 20.7 kN 54.4 kN -59.3 kN
9.3. Seisnmic action, Mddal Response Spectrum Anal ysis (EN1998-1-1, 84.3.3.3)
Ef fective nmpdal masses of the structure (EN1998-1-1, 84.3.3.3.1 (3))
From ei genval ue analysis we have the structure eigenperiods and eigenvectors
From response spectrum we obtain the modal spectral acceleration val ues
T sec Sd(T)/g Sd(T) m s2 Sve(T)/g Sve(T)m s2
1 0. 813 0.041 0. 402 0. 013 0. 130
2 0.312 0. 067 0. 654 0.035 0.339
3 0.098 0. 053 0.518 0.072 0.706
4 0. 047 0.039 0. 385 0. 069 0.678
5 0.033 0.035 0. 347 0. 055 0. 544
6 0.019 0.032 0.312 0. 042 0.416
7 0.016 0.031 0. 304 0. 040 0. 389
8 0.015 0.031 0. 301 0.039 0.379
Sd(T): horizontal elastic spectrum Sve(T):vertical elastic spectrum
—, SteelPortalFrameEC3 Fenerbahce £y
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Modal masses M =oi T-m o
Modal excitations Li=ai T-mli
Effective modal masses m =Li 2/ M
Modal anplitudes qi :(Li/M)-Sd(T)-T2/4n2
Modal displacement vectors ui =&- qi - @i
Modal internal forces Ei =Ke- ui
Maxi mum i nternal forces Ee=+[ sEi 2]
Amplification factor for torsional effects (EC8 84.3.3.2.3, Eq.4.12)
5=1+0. 60- x/ Lc=1+0. 60x15625/ 31250=1. 30
T sec M kg Li kg m kg gi m
. . X . X . X . X [e] .
2 0.312 1.000x10° 2.405x10° 2.405x10° (0.21xMot) 0.00505
3 0.098 1.000x10°% 0.660x10° 0.660x10° (0.06xMot) 0.00011
4 0.047 1.000x10°% -1.450x10°% 1.450x10°% (0.13xMot) -0.00004
5 0.033 1.000x10°% 1.324x10° 1.324x10° (0.11xMot) 0.00002
6 0.019 1.000x10°% 0.468x10° 0.468x10° (0.04xMot) 0.00000
7 0.016 1.000x10°% -0.887x10° 0.887x10° (0.08xMot) 0.00000
8 0.015 1.000x103 -1.297x108 1.068x10°% (0.09xMot) 0.00000
M ot = 11.586x10°%Kg 11.586x10°% (1. 00xM ot)
Modal displacement vectors
ul u2 u3 ud ub u6 u7 us8
. x10° . x10° . x10~ . x10~ . x10° . x10° . x10~
0.000x10°%  0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
1.446x10°%  0.071x10°%  6.747x10°% -9.594x10° -6.090x10°® -0.007x10® 2.201x10°®
9.062x10°% -0.005x10°% 4.603x10°% 1.219x10°® -0.592x10°® -0.891x10® 0.312x10°®
0.004x10°%  0.004x10° -0.345x10°® 0.917x10°® 0.457x10® 0.077x10® 0.272x10°®
0.855x103 -0.142x107° -10.714x10°® 13.580x10°® 5.678x10°® 0.149x10® 0.301x10°®
9.068x10°%  0.000x10°%  4.834x10° 0.000x10°® -0.957x10°® 0.000x10® 0.000x10°®
0.000x102% 2.807x10% 0.000x10°® -8.842x10°¢ 0.000x10°® -0.136x10° -0.317x10°®
-0.423x10°°  0.000x10°% 30.907x10°® 0.000x10® 5.858x10° 0.000x10°® 0.000x10°
9.062x102  0.005x10° 4.603x10°% -1.219x10°® -0.592x10°% 0.891x10°® -0.312x10°
-0.004x10°%  0.004x10% 0.345x10°® 0.917x10°® -0.457x10°® 0.077x10® 0.272x10°°
0.855x10°  0.142x10° -10.714x10°® -13.580x10°® 5.678x10°° -0.149x10® -0.301x10°®
0.000x10°% 0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
0.000x10°%  0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
1.446x10°% -0.071x10°% 6.747x10°% 9.594x10°% -6.090x10® 0.007x10°® -2.201x10°®
Modal internal forces
0.813s 0.312s 0.098s 0.047s 0.033s 0.019s 0.016s 0.015s
Col umms
-2.4 -2.5 0.2 -0.5 -0.3 0.0 -0.2 -0.3
NB kN -2.4 -2.5 0.2 -0.5 -0.3 0.0 -0.2 -0.3
VA kN 2.8 1.0 0.1 -0.1 0.0 0.0 0.0 0.0
VB kN -2.8 -1.0 -0.1 0.1 0.0 0.0 0.0 0.0
MA kNm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MB kNm -19.9 -7.1 -0.6 0.6 0.2 0.0 0.1 0.1
Rafters
NA KN — -1.3 -1.0 0.0 0.2 0.1 -0.2 0.1 0.0
NB kN -1.3 -1.0 0.0 0.2 0.1 -0.2 0.1 0.0
VA kN -2.2 -1.9 -0.1 -0.1 0.0 0.0 0.0 0.0
VB kN 2.2 1.9 0.1 0.1 0.0 0.0 0.0 0.0
MA kNm 20.3 8.3 0.0 0.4 0.2 0.0 0.0 0.0
MB kNm -0.2 8.8 0.6 0.1 0.2 0.0 0.0 0.0
Maxi mum i nternal forces, Mddal Response Spectrum Anal ysis (EC8 84.3.3.3.2 (2))
Col umm
NedA = -56.8-+[ 2.42+ 2.52+ 0.22+ 0.52+ 0.32+ 0.02+ 0.22+ 0.32]= -60.3 kN
NedB = -45.8-+[ 2.42+ 2.52+ 0.22+ 0.52+ 0.32+ 0.02+ 0.22+ 0.32]= -49.3 kN
VedA = -17.7-4[ 2.82+ 1.02+ 0.12+ 0.12+ 0.02+ 0.02+ 0.02+ 0.02]= 20.6 kN
VedB = -17.7-4[ 2.82+ 1.02+ 0.12+ 0.12+ 0.02+ 0.02+ 0.02+ 0.02]= 20.6 kN
MedA = 0.0+y[ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02]= 0.0 kNm
MedB = -128.2-+[ 19.92+ 7.12+ 0.62+ 0.62+ 0.22+ 0.02+ 0.12+ 0.12]= -149.3 kNm
Nedmax = -60.3 kN
Vedmax= 20.6 kN
Medmax = 149. 3 kNm
Hori zontal deflection at the top of colum dx=9.2 mm
—, SteelPortalFrameEC3 Fenerbahce =
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Raft er

Ned A= -17.7-4[ 1.32+ 1.02+ 0.02+ 0.22+ 0.12+ 0.22+
Ned B= -17.7-4[ 1.32+ 1.02+ 0.02+ 0.22+ 0.12+ 0.22+
Ved A= 45.8+4[ 2.22+ 1.92+ 0.12+ 0.12+ 0.02+ 0.02+
Ved B= 0.0-+[ 2.22+ 1.92+ 0.12+ 0.12+ 0.02+ 0.02+
Med A= -128.2-4[ 20.32+ 8.32+ 0.02+ 0.42+ 0.22+ 0.02+
Med B= 77.9+4[ 0.22+ 8.82+ 0.62+ 0.12+ 0.22+ 0.02+
Nedmax = -19.3 kN

Vedmax= 48.7 kN

Medmax = 150. 2 kNm

9.4. Design for seisnmic |oading

[eNeololoNoXa]

12+

12+
02+
02+

.02+
.02+

Maxi mum desi gn val ues for Deflections, internal forces and moments

ColT ums

NedA = -60. 3kN
NedB = -49. 3kN
VedA = 20. 7kN
VedB = 20. 7kN
MedA = 0. OkNm
MedB = 150. 2kNm
Nedmax = -60. 3kN
Vedmax = 20. 7kN
Medmax = 150. 2kNm

Hori zontal deflection at the top of colum dx=9.9 mm

Rafters

NedA = -20. 7kN

NedB = -20. 7kN

VedA = 48. TkN

VedB = 2. 9kN

MedA = 150. 2kNm

MedB = 86. 7kNm

Nedmax = -20. 7kN

Vedmax = 48. TkN

Medmax = 150. 2kNm at haunch-start Medmax = 120. 1kNm

9.5. Second Order effects

o=Ptot - dr/(Vtot-h)=113. 7x9. 9/ (6. 1x7250) =0. 026

6=0. 026 <=0.20, 1/(1l-6)=1/(1-0.026)=1.026

Second Order effects are taken into account by multiplying the
seism c actions by a factor 1/(1-6)=1.026

9.6. Maxi mum forces and bendi ng noments for seismc |oad

Col ums

Ned=Ned, g+1. 1- yov- Q- [1/(1-6)] - Ned, e
Ved=Ved, g+1.1-yov-Q-[1/(1-86)] - Ved, e
Med=Med, g+1. 1-yov- Q- [1/(1-6)] - Med, e
Rafters

Ned=Ned, g+[ 1/ (1-8)] - Ned, e
Ved=Ved, g+[ 1/ (1-8)] - Ved, e
Med=Med, g+[ 1/ (1-6)] - Med, e

yov=1. 25
o=Mpl , rd/ Med=[ 10 ®] x( 1.307x10%x275/1.00)/120. 1=2. 992

Col umns

"NedA = -56.8+1. 10x1. 25x2. 992x1. 026X( 56. 8- 60. 3) = -71. 6kN
NedB = -45.8+1. 10x1. 25x2. 992x1. 026x( 45, 8- 49. 3) = -60. 6kN
VedA = 17.7+1.10x1. 25x2. 992x1. 026x( 20.7- 17.7)= 30. 5kN
VedB = 17.7+1.10x1. 25x2. 992x1. 026X( 20.7- 17.7) = 30. 5kN
MedA = 0. 0+1. 10x1. 25x2. 992x1. 026x( 0. 0- 0.0)= 0. OkNm
MedB = 128. 2+1. 10x1. 25x2. 992x1. 026x( 150.2- 128.2)= 220. 9kNm
Nedmax= -71. 6kN

Vedmax= 30. 5kN

Medmax = 220. 9kNm

[eNeololoNoXa]

Pg. 22
-19.3 kN
-19.3 kN

48. 7 kN

2.9 kN
-150.2 kNm

86.7 kNm

(EN1998-1-1, 8§6)

(EC8 §4.4.2.2(2))

(EC8 §4.4.2.2(3))

(EC8 §6.6)

(EC8 §6.6.3(1))

(EC8 §6.6.2(2))

(EC8 §6.2(3))
(EC8 §6.6.3(1))

(EC8 §6.6.3(1))
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[

Rafters (EC8B 86.6.2(2))
NedA = -17.7+1.026x( 17.7- 20.7)= -20. 8kN

NedB = -17.7+1. 026x( 17.7- 20.7)= -20. 8kN

VedA = 45, 8+1. 026x( 48. 7- 45.8) = 48. 8kN

VedB = 0. 0+1. 026x( 2.9- 0.0)= 3. 0kN

MedA = 128.2+1.026x( 150.2- 128.2)= 150. 8kNm

MedB = 77.9+1.026x( 86.7- 77.9)= 87. OkNm

Nedmax = -20. 8kN

Vedmax= 48. 8kN

Medmax = 150. 8kNm
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10.

Desi gn of Purlins

Purlin laterally restrained,
Sinply supported purlin, L=

10.1. Materials, Purlins

Steel: S 275

7230025 S 275

6.250 m s=

LT

1.400 m

l\

6.250
230025

—

| 1.400 m—}— 1.400 m|

t<= 40 mm Yield strength fy= 275 N m#, Ul ti
40mmxt <= 80 mm Yield strength fy= 255 N/ mr?, Ulti

Modul us of elasticity E=210000 N/ m®?,

Partial safety factors for

vG, sup= 1.35, yQ= 1.50, yG, inf= 1.00,

Partial factors for materials
yMO= 1.00, yMl= 1.00, yM2= 1.25

10.2. Loading, Purlins

Roof | oads

Roof sl ope

Load of roof covering

I nposed | oad (category H)
Snow | oad

W nd pressure

W nd uplift

Load on purlin

Purlin spacing

Load of roof covering
Purlin wei ght

Per manent | oad

I nposed | oad (category H)
Snow | oad

W nd uplift

Load on purlin main axis(z)

actions
0= 0.70

a = 0.00°

gkl = 0.200 kN/ e
gk = 0.400 kN/ n?

gsk = 0.960 kN/ n?
wk = 0.000 kN/ nt
wk =-0.379 kN n?
s= 1.400 m

(EN1993-1-1, 8§83.2)
mate strength fu= 430 N mm?
mate strength fu= 410 N mm?

Poi sson ratio v=0.30, Unit mass p= 7850 Kg/ nd

(EN1990, Annex Al)

(EN1993-1-1, §6.1)

(EN1991-1-1 )

(EN1991-1-1 §5)
(EN1991-1-1 §6.3. 4. 2)
(EN1991-1- 3 §5.3)
(EN1991-1-4 §7.2)

Gk1l= 1.400x0.200= 0.28kN/' m
Gk2= 0.10 kN/'m
Gk =CGk1+Gk2=0.28+0.10=0.38 kN/'m
Qkk= 1.400x0.400= 0.56kN/ m
Qsk= 1.400x0.960= 1.34kN/' m
Qwk=-1.400x0. 379=-0. 53kN/ m

and transverse direction(y)

Per manent | oad
I nposed | oad (category H)
Snow | oad

CGk,z =

0. 38xcos(0.00) =
Qkk, z= 0. 56xcos(0.00)=
sk, z= 1.34xcos(0.00)=

0.38kN/'m Gk, y 0. 38xsin(0.00)= 0.00kN/ m
0. 56kN/ m Qkk,y= 0.56xsin(0.00)= 0.00kN/ m
1.34kN/'m Qsk,y= 1.34xsin(0.00)= 0.00kN/ m
0. OOkN/' m Qwk, y= 0
0. 0

[

W nd pressure Quk, z= . 00kN/ m
Wnd uplift Qnk, z= - 0.53kKN/m Qwk, y= . 00KN/ m
— SteelPortalFrameEC3 Fenerbahce 2
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10. 3. Design values of Actions, Load combinations, Purlins
Utimte Limt State, Load conbinations (EN1990 86.4.3.2, T.Al.2A, T.Al.2B)
Saggi ng vG, sup- Gk, z+yQ Qk, z+yQ- yo- Qwk, z= 1.35x0.38 +1.50x1.34 +1.50x0.60x0.00 = 2.52kN/'m
Hoggi ng vG, i nf - Gk, z- yQ Qwk, z = 1.00x0.38 -1.50x0.53 = -0.41kN/'m
Serviceability Limt State (SLS), Load conbinations (EN1990 86.5.3, T.Al.4)
Saggi ng Gk, z+QK, z+yo- Qwk, z = 0.38+1. 34+0. 60x0.00 = 1.72kN/' m
Hoggi ng Gk, z+Qwk, z = 0.38-0.53 = -0.15kN/ m

10. 4. Design actions, Purlins
Design actions, U timte Limt State

Saggi ng Myed= 2.52x6.2502/8= 12.32 kNm Vzed= 2.52x6.250/2= 7.88 kN
Hoggi ng Myed= - 0.41x6.2502/8= -2.03 kNm Vzed= 0.41x6.250/2= 1.30 kN
Desi gn actions, Serviceability Limt State (SLS)
Saggi ng Myed= 1.72x6.2502/ 8= 8.40 kNm Vzed= 1.72x6.250/2= 5.38 kN
Hoggi ng Myed= - 0.15x6.2502/8= -0.73 kNm Vzed= 0.15x6.250/2= 0.47 kN
10.5. Steel cross-section properties, Purlins
Cross-section Z30025-S 275
T 25
Di mensi ons of cross section -
Depth of cross section h=300.00 mm MD a i
W dth of cross section b= 91. 00 mm
Web depth hw= 297.50 mm
Depth of straight portion of web dw= 285.00 nm ‘aL Yy
Web thickness tw= 2.50 mm
Fl ange thi ckness tf= 2.50 mm
Radi us of root fillet r= 5.00 mm
Mass = 9.91 Kg/ m
| S—
Properties of cross section
Ar ea A= 1265 mm?
Second monent of area ly=16.791x10% mm"* lz= 0.314x10% mm* -+
Section nodul us W=110.07x10% nm® W= 3.450x10% mm®
Plastic section modul us Wy=110.07x10% mm® Wz= 3.450x10°% mm°®
Radi us of gyration iy= 115.2 mm iz= 15.8 mm
Shear area Avz= 744 P Avy= 455 mm? h
Torsi onal constant It= 0.003x10% mm* i p= 116 nm
Tor si onal modul us W= 1.263x10% mm’
War pi ng const ant Iw= 6.947x10° mm® -
10.6. Serviceability Limt State (SLS), Purlins (EN1993-1-1, 8§7)
Purlin deflections, Sagging
Loadi ng G+Q w=5x 1.72x6250% (384x2.1x10°x16.791x10% = 9.69nm = L/ 645<L/ 200
Loadi ng Q w=5x 1.34x6250% (384x2.1x10°x16.791x10% = 7.55mm = L/828<L/ 250
Purlin deflections, Hogging
Loadi ng G+Q Ww=5x- 0. 15x6250%/ (384x2. 1x10°%x16. 791x10%) = -0.85mm = L/ 7393<L/ 200
Loadi ng Q w=5x-0.53x6250% (384x2. 1x10°x16. 791x108) = -2.99nmm = L/ 2091<L/ 250
Purlin deflections, Serviceability Limt State (SLS), |Is verified
10.7. Classification of steel cross-section, Bending My (Purlin section) (EN19093-1-1, 85.5)
fy
Web +/
c=300. 0- 2x2. 5- 2x5. 0=285.0 mm t=2.5 mm c/t=285.0/2.5=114.00 c
S 275 , t= 2.5<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 é c/2
83e=83x0.92=76. 36<c/t=114. 00<=124¢=124x0.92=114. 08
The web is class 3 (EN1993-1-1, Tab.5. 2) fy
~_ SteelPortalFrameEC3 Fenerbahce e
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1

Fl ange

c=***=91.0 mm t=2.5 mm c/t=91.0/2.5=36.40

S 275 , t= 2.5<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 E
c/t=36.40>14e=14x0. 92=12. 88 o

The flange is class 4 (EN1993-1-1, Tab.5.2) Eik__Q__4

Overall classification of cross-section is Class 4, Bending My, ed

Ef fective cross-section properties of Class 4 cross-sections (EN1993-1-1, 86.2.2.5)

Ef fective area Aeff=1265 mm?

Fl ange

Ap=(b/t)/[28.40¢+(Ko)] (EN1993-1-5, 84.4.2, Eq.4.2, Tabl.4.1)
b=c=91. 0mm t=2.5mm ¢=0.92, y=1.00, Ko=0.43, ip=2.125

Ap=2.125>0.673 p=[1-0.188/2.125]/2.125=0.429 (p<l1l.0), ceff=p-c=0.429x91=39.0 mm

Ef fective area Aeff=0-1x(91.0-39.0)x2.50=-130 mm?

emy %{300.0-2.5)x(0/-130-1)=-148.75 mm |y, eff= 0.000x10® nm*
Ef fective section nmodul us W, ef f= 0.000x10% (300.0/2+-148.75)= 0.000x10° nm?

0.8. Resistance of cross-section, Purlin section (EN1993-1-1, 8§6.2)

Ef fective cross-section properties of Class 4 cross-sections (EN1993-1-1, 86.2.2.5)

Ef fective area Aeff=1265 mm?
eny=0.00 nm Iy, eff=16.791x10% nm’
Effective section nodulus W, eff=16.791x10°% (300.0/2+0.00)=111. 94x10% mm?

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
My.ed= 12.32 kNm

Bendi ng Resi stance Moy, rd=wWeffy.fy/yMO=[ 10°% x111. 94x103x275/ 1. 00= 30. 78kNm

My, ed= 12.32 kNm < 30.78 kNm =My, rd=Mpl y, rd, I's verified

My, ed/ My, rd= 12.32/30.78= 0.400<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Vz.ed= 7.88 kN

Av=hw. t =297. 5x2. 5=744m?

Plastic Shear Resistance Vpl,z,rd=Av(fy/«3)/yMO= [103]x744x(275/1.73)/1.00= 118. 09kN

Vz,ed= 7.88 kN < 118.09 kN =Vz,rd=Vpl, z, rd, I's verified

Vz,ed/ Vz,rd= 7.88/118.09= 0.067<1

hw/ t w=( 300. 0- 2x2. 5)/ 2. 5=297. 5/ 2. 5=119. 00>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275 , t= 2.5<= 40 mm fy=275 N/ m?, e=(235/275) %5=0.92

Shear buckling resistance nmust be verified (EC3 §6.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AW=(285.0/2.5)/(37.4x0.92x+(5.34))=1.434, Kr=5.34 (EC3-1-5 85, Eq.5.6, A.3)
aw=1.434 >= 1.08, xv=0.83/1.434=0.579 (EC3-1-5 Tab.5.1)
Vb, rd=xv- fyw hw-t/ ( 4y3yML) =0. 001x275x0. 579x285. 0x2. 5/ (1. 73x1. 00) =65. 49kN (EC3-1-5 Tab.5.1)

Ved=8 kN < 65=Vb, rd kN, Is verified
Ved/ Vb, rd= 7.88/65.49= 0.120<1

Utimte Limt State, Verification for axial force, shear and bending (EN1993-1-1, 86.2.9)
N. ed= 0. 00kN, Vz.ed= 7.88kN, My.ed= 3.08kNm

My.ed= 12.32 kNm

Mc, y, rd=30. 78kNm  Vpl, z, rd=65. 49kN

[

Ned=0 kN, Effect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=7. 88kN <= 0.50x65.49=0. 50xVpl , rd=32. 74kN

Ef fect of shear force is neglected (EC3 §6.2.8.2)
— SteelPortalFrameEC3 Fenerbahce %
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10.9. Lateral restraining of sheeting, Purlins (EC3 EN1993-1-3:2005, §10.1)

Sheeting thickness tw=0.100 nm Profile depth hw=5.0 mm

Shear stiffness of sheeting (EN1993-1-3, 810.1.1Eq. 10.1b)
S=t 15(50+10b%%) s/ hw=0. 100 1°x(50+10x6250°*x1400/ 5. 0=2074 kNm' m
M ni mum required shear stiffness, for lateraly restrained purlin (810.1. 1Eqg. 10. 1a)

Sm n=[m2E- IwW L2+G- |t +m2E- 1 z(h/2)2/L2]-70/ h= [2x2. 1x10 °x6. 947x10°% 62502

+8. 1x10%x0. 003x108+n2x2. 1x10°x0. 314x10°x 1502/ 62502] x70/ 3002] X[ 103] =777kNm/ m
s=2074 KNm'm > 777 kKNm m
The sheeting can be considered as sufficientely stiff to restrain the purlins

Rot ati onal restraint given by the sheeting Cd=1/(1/Cd, a+1/Cd, c) (EN1993-1-3, 8§10.1.5.2)
Cd,c=k-E-leff/s, k=2, leff=0.3x0.10x4.902=1mm* m s=1400mm (Eq. 10. 16)
cd, c=[10°%] 2x2. 1x10°%x0. 7/ 1400=0. 2 kNm/ m

Cd, a=C100- kba- kt - kbr - ka- kbt (EN1993-1-3, Egq.10.17)

C100=2.0, kba=1.25x300/100=3.75, kt=(0.10/0.75)%=0.05, kbr=1.0, ka=1.0, kbt=1.0
Cd, a=2. 0x3. 75x0. 05x1. Ox1. 0x1. 0=0. 4kNm' m
Cd=Cd, a= 0. 1kNm' m

10. 10. Lateral torsional buckling (Purlin laterally restrained) (EN1993-1-1, 86.3.2)

El astic critical monent for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGrawHill, 1961

Mcr=Cl- [n2El z/ (kL) 2] { N[ (kz/kw)2(lw/ | z)+(kL)2Glt,eq/ (n2Elz)+(C2-zg-C3-2zj)2] -(C2-z9-C3-zj)}

Met hod of conputation Cl1,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006

G=E/ (2(1+v))=210000/ (2( 1+0. 30) ) =80769=8. 1x10*% N/ nm?, It,eq=It+Cd- (kL)2/(n2 Q)

Hoggi ng
k- L=6250mm  zg=- 150mm zj =0nm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl1=1.127, C2=0.454, C3=0.000
Mcr=[ 1075 1. 127x[ n2x2. 1x10°x0. 314x10°/ 62502]
x{ [(1.0/1.0)2x(6.947x10°% 0.314x105)
+62502 x8. 1x10“x0. 010x108/ (m2x2. 1x10°5x0. 314x10°)
+(-0.454x150)2] %5-(-0.454x150) }= 6.4 kNm
I't,eq=(0.003x10%+103%x0. 1x62502/ (n28. 1x104) )= 0.010x10% nm*

Al t=y(Wpl,y-fy/Mer)=+{[ 10 x111. 94x103x275/ 6. 4} =2. 193 (EC3 Eq. 6. 56)
h/ b=300/91=3. 30>2. 00 buckling curve: c
i mperfection factor: o, | t=0.49, g=0.75, x,|t=0.208 (T.6.3, T.6.5, Fig.6.4)

® 1t=0.5[1+o, [t ( A, lt-2A,1t0)+pAr, | t2]=0.5x[1+0.49x(2.193-0.40)+0. 75x2.1932] =2, 743
o It=1/[o, [ t+(o, 1t2-8XA,1t2)]=1/[2.743++(2.7432-0. 75x2. 7432)]=0. 212
Reduction factor x,It=1/[o, It++(®, It2-gA,1t2)], x It<=1.0, 1/ A,1t2, x, |t=0.208 (Eq. 6.57)

Mo, rd=y, | t-Weff,y-fy/yMl= 0.208x[ 10 ®x111.94x10%x275/ 1. 00=6. 40k Nm (EC3 Eg. 6.55)
My, ed= 2.03 kNm < 6.40 kNm =M, rd, Is verified
My, ed/ Mb, rd= 2.03/6.40= 0.317<1

[
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11. Gl obal analysis (EN1993-1-1, 8§5.2)
11.1. Effects of deformed geometry of the structure (EN1993-1-1, 85.2.1)
ocr =( Hnhf/ Ved) (h/ &h, ed) (Eqg. 5. 2)
From el astic analysis we obtain, L.C 202: 1.35Ck+1.50Qs1
Vertical reaction at the base of colum Ved= 143.1 kN
Hori zontal reaction at the base of colum Hed= 49.5 kN
Axial force at rafters Nred= 49.5 kN
Noti onal horizontal force applied at the top of the colums Hnhf = 1.0 kN
Hori zontal deflection at column top for notional force dh, ed= 3.25 mm
acr=(1.0/143.1)(7250/ 3. 25)=15. 58 (Eq. 5. 2)
Check axial conpression of rafters. Axial conpression is significant if (85.2.1,(4)B)
A = (A -fy/Ncr) > 0.3+(A-fy/Ned), Ned>0. 09Ncr (85.2.1 Eq.5.3)

Devel opment | ength of the rafter pair fromcolum to colum L=18000/co0s0.00° =18000mm
Ncr=m2El / L2=n2x210x231. 30x10 %/ (18000)2=1479. 6kN

Maxi mum axi al force in the rafters Ned=49.5 kN, L.C. 202: 1.35CGk+1.50Qs1

A= +(8446x275/1479618) =1.25 <= 0.3 +(8446x275/49516) =2. 05

Axi al conpression of rafters is not significant, we can use Eq.5.2

acr=15.58 > 10 (Eg.5.1)
First-order elastic analysis may be used (85.2.2.1)
Amplification factor for design moments &=1/(1-1/«cr)=1/(1-1/15.58)=1.07 (Eq. 5. 4)
11.2. Inperfections for global analysis (EN1993-1-1, §5.3.2)
p=¢o- ah- am 5=( 1/ 200) x0. 743x0. 866x1. 069=3. 437x10 =1/ 291 (Eq.5.5)
@o=1/200, oh=2/ h=2/ 7.250=0. 743 2/ 3<=ch<=1.0, onF+/(0.5(1+1/2))=0.866

Sway i nperfection may be di sregarded where Hed>0.15Ved (85.3.2(4) Eq.5.7)
Ef fect of initial sway inmperfection Heq:3.437x103xVed (85.3.2 (5))
11.3. Sway inperfections for colums (EN1993-1-1, 85.3.2)

Reacti ons at the supports, Horizontal Force Hed [kN], Vertical Force Ved [kN]

Left support 1 Ri ght support 2 Hedl+Hed2 Vedl+Ved2 ¢- Ved
Hed, 1 Ved, 1 Hed, 2 Ved, 2 Hed Ved Hed/ Vhe Heq kN

[

202 ULS-STR 49.5 143. 1 -49.5 143.1 0.0 286. 3 0. 00 0.492
203 ULS-STR -19.2 21.7 -22.8 38.6 -42.0 60. 3 0.70 0. 000
210 ULS-STR -24.0 5.6 -18.1 22.5 -42.0 28.0 1.50 0. 000
211 ULS-STR 27.0 118.9 -52.2 129.0 -25.2 247.9 0.10 0. 443
212 ULS-STR -3.6 62.2 -38.4 79.1 -42.0 141.3 0. 30 0. 000
231 ULS-STR 11. 4 78. 4 -36.6 88.5 -25.2 166. 9 0.15 0. 000
251 ULS-STR 24. 3 109. 6 -49.5 119. 8 -25.2 229.5 0.11 0.412
252 ULS- STR -6.3 53.0 -35.7 69.9 -42.0 122.8 0.34 0. 000
11.4. Internal forces and bending noments with inperfection effect
11.5. Axial forces Ned [kN]
Ceft colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4

L.C. Ned, 1 Ned, 2 Ned, 3 Ned, 4
201 ULS-STR -88.3 -31. 4 -31. 4 -88.6
202 ULS-STR -135.5 -49.8 -49.8 -135.9
203 ULS-STR -14. 2 -10. 2 -10. 2 -31.2
210 ULS-STR 0.0 -5.5 -5.5 -17.0
211 ULS-STR -111. 2 -44.9 -44.9 -121.8
212 ULS-STR -54.7 -25.9 -25.9 -71.7
231 ULS-STR -70.9 -29.1 -29.1 -81.1
251 ULS- STR -103.1 -42.2 -42.2 -113.6
252 ULS- STR -46.6 -23.2 -23.2 -63.5
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11.6. Shearing forces Ved [kN]
Ceft colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. VedA, 1 VedB, 1 VedA, 2 VedC, 2 VedB, 2 VedA, 3 VedC, 3 VedB, 3 VedA, 4 VedB, 4
201 ULS-STR -31.1 -31.1 80.9 64.7 -0.1 -0.1 -64.9 -81.1 31. 4 31.4
202 ULS-STR -49.3 -49.3 128.1 102.4 -0.2 -0.2 -102.8 -128.5 49. 8 49.8
203 ULS-STR 19.2 -10.2 6.8 3.7 -8.5 -8.5 -20.7 -23.7 10. 2 22.8
210 ULS-STR 24.0 -5.5 -5.5 -6.1 -8.5 -8.5 -10.9 -11.5 5.5 18.1
211 ULS-STR -26.8 -44.5 103.8 82.0 -5.3 -5.3 -92.5 -114.3 44.9 52.5
212 ULS-STR 3.6 -25.9 47.3 36.1 -8.5 -8.5 -53.1 -64.2 25.9 38.4
231 ULS-STR -11.4 -29.1 63.5 49. 8 -5.1 -5.1 -59.9 -73.6 29.1 36.6
251 ULS-STR -24.1 -41.8 96. 8 76. 4 -5.2 -5.2 -86.9 -107.3 42.2 49. 8
252 ULS-STR 6.3 -23.2 40.3 30.5 -8.5 -8.5 -47.5 -57.2 23.2 35.7
“A:left end, C:haunch end, B: right end
11.7. Bending nonents Med [ kNm
Ceft colum 1 Ri ght colum 4
L. C MedA, 1 MedM 1 MedB, 1 MedA, 4 MedM 4 MedB, 4
201 ULS-STR 0.0 -112.8 -225.5 -227.9 -114.0 0.0
202 ULS-STR 0.0 -178.6 -357.2 -360. 8 -180.4 0.0
203 ULS-STR 0.0 45. 4 32.5 -119.8 -59.9 0.0
210 ULS-STR 0.0 70.6 66. 8 -85.5 -42.8 0.0
211 ULS-STR 0.0 -129.2 -258.5 -353.1 -176.6 0.0
212 ULS- STR 0.0 1.6 -80.8 -233.2 -116.6 0.0
231 ULS-STR 0.0 -73.4 -146. 7 -238.2 -119.1 0.0
251 ULS-STR 0.0 -119.5 -239.0 -333.4 -166.7 0.0
252 ULS- STR 0.0 4.9 -61.2 -213.6 -106.8 0.0
“A:left end, C:haunch end, M span, B: right end
Left rafter 2 Ri ght rafter 3
L.C. MedA, 2 MedC2 MedM, 2 MedB, 2 MedA, 3 MedM 3 MedC3 MedB, 3
201 ULS-STR -225.5 -94.5 137.8 137.8 137.8 -45.1 -96.5 -227.9
202 ULS-STR -357.2 -149. 8 218.2 218.2 218.2 -71.3 -152.6 -360.8
203 ULS-STR 32.5 42.0 46. 1 25.0 25.0 -47. 4 -79.9 -119.8
210 ULS-STR 66.8 56. 4 35.5 4.1 4.1 -40.7 -65.4 -85.5
211 ULS-STR -258.5 -91.3 186. 1 184.9 184.9 -84.1 -167.0 -353.1
212 ULS- STR -80.8 -5.7 99.7 93.9 93.9 -69.6 -127.6 -233.2
231 ULS-STR -146.7 -44.8 117.7 116. 1 116.1 -61.1 -118.0 -238.2
251 ULS-STR -239.0 -83.1 174.3 173.0 173.0 -80.2 -158.6 -333.4
252 ULS- STR -61.2 2.5 88.6 82.0 82.0 -65.8 -119. 4 -213.6
A:Teft end, C: haunch end, M span, B: right end
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12. Serviceability Limt State (SLS) (EN1993-1-1, 87)
12.1. Vertical deflection at the apex (EN1993-1-1, 87.2.1)
Maxi mum vertical deflection, L.C. 302: Gk + Qs1 Dy= 74.1 mm=18000/ 243=L/ 243
Vertical deflection due to inmposed |oad only Dy= 18.7 mm=18000/401=L/963
Vertical deflection due to snow only Dy= 44.9 mm=18000/401=L/401
Limt for vertical deflection L/200, |Is verified
12.2. Horizontal deflection at the top of colum (EN1993-1-1, 87.2.2)

Maxi mum hori zont al

Hori zont al

Limt for

deflection, L.C. 312:

defl ection due to wind only

hori zont al

defl ection H 150, Is verified

Gk + Qwl + 0.50Qs1

Dx= 24.7 mme 7250/ 294=h/ 294
Dx= 24.5 m¥ 7250/ 296=h/ 296

[

12.3. Dynam c effects (EN1993-1-1, 87.2.3)
Ei genfrequenci es and Ei genperi ods of the structure
Mass of building, for loading: L.C. 601: Gk + 0.20Qs1
1 f= 1.230 Hz T= 0.813 sec
2 f= 3.203 Hz T= 0.312 sec
3 f= 10.184 Hz T= 0. 098 sec
4 = 21.273 Hz T= 0. 047 sec
5 f= 30.560 Hz T= 0. 033 sec
6 f= 52.032 Hz T= 0. 019 sec
7 f= 61.248 Hz T= 0.016 sec
8 f= 65.695 Hz T= 0. 015 sec
9 f=104.240 Hz T= 0.010 sec
10 f= 142.826 Hz T= 0. 007 sec
11 f= 149.742 Hz T= 0. 007 sec
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13. Columm verification (Utimte Limt State) (EN1993-1-1, 86)
Profile : HE 400 B-S 275
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Ned = 143.3 kN
Ved = 49.8 kN
Myed = 360.8 kNm  Mzed =0.0 kNm
Myed = 330.9 kNm (Colum top under the haunch)
Buckling | ength, | n-plane buckling Lcr,y =7250mm (System | engt h) (EC3 85.5.2.(7))
Buckl i ng | engt h, Qut - of - pl ane buckling Lcr,z =6650nm (Col utmm hei ght wi t hout haunch)
Buckling | ength, Torsional buckling Ler,t =6650mMm
Buckling | ength, Lateral torsional buckling Lcr,lt=6650mm
Maxi mum desi gn values for seism c | oading
Ned = 71.6 kN
Ved = 30.5 kN
Myed = 220.9 kNm  Mzed =0.0 kNm
Myed = 202.6 kNm (Columm top under the haunch)
13.1. Classification of steel cross-section, Colum (EN1993-1-1, 85.5)

1

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y * Mzed/ Wl .z
0=[10% 143.30/19780 + [10° 360.80/2884.0x10% + [10° 0.00/721.3x103
0l1=132 N/ mm?, o02=-118 N/ mm? (conmpression positive)

Web

©=400. 0- 2x24. 0- 2x27. 0=298. 0 mm t=13.5 mm c¢/t=298.0/13.5=22.07 fy

S 275 , t=13.5<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92 Ty
Position of neutral axis for conmbined Bending and conpression FCC
Ned/ (2t w- fy/ yM0) =143300/ (2x13. 5x275/ 1. 00) =19. 3 nm —
o=(298.0/2+19. 3)/298. 0=0. 565>0. 5 L::;
c/t=22.07<=396x0. 92/ (13x0. 565-1) =57. 45 y

The web is class 1 (EN1993-1-1, Tab.5. 2)

Fl ange

c=300.0/2-13.5/2-27.0=116.3 mm t=24.0 mm c/t=116.3/24.0=4. 84

S 275 , t=24.0<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 +
c/t=4.84<=9¢=9x0. 92=8. 28 o

The flange is class 1 (EN1993-1-1, Tab.5.2)

:

Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed

3.2. Resistance of cross-section, Colum (U timate Limt State) (EN1993-1-1

Utimte Limt State, Verification for conpression (EN1993-1-1
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed=143. 30 kN
Conpressi on Resistance Nplrd= A-fy/vyMO=[ 103 x19780x275/ 1. 00=5439. 50kN
Ned= 143.30 kN < 5439.50 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 143. 30/ 5439. 50= 0. 026<1

Utimate Limt State, Verification for bending monment y-y (EN1993-1-1
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

My. ed=360. 80 kNm

Bendi ng Resi stance Nbly,rd:MpIy-fy/yMO:[lOﬁ]x3232.Ox103x275/1.00= 888. 80kNm

My, ed= 360. 80 kNm < 888.80 kNm =My, rd=Mply,rd, |Is verified

My, ed/ My, rd= 360. 80/ 888. 80= 0. 406<1

., §6.2)

§6. 2. 4)

§6.2.5)

[
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Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl

Vz.ed= 52.50 kN

Av=A-2b-tf+(tw+2r)tf=19780-2x300. 0x24. 0+(13. 5+2x27. 0) x24. 0=7000mm? (EC3 86.2.6.3)
Av= 7000m? > n-hw-tw= 1.00x(400.0-2x24.0)x13.5=1.00x376.0x13. 5= 5076nmm?

Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x7000x(275/l.73)/1.00= 1111. 40kN
Vz,ed= 52.50 kN < 1111.40 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz,ed/ Vz,rd= 52.50/1111. 40= 0. 047<1

hw/ t w=(400. 0- 2x24.0)/13.5=376. 0/ 13. 5=27. 85<=72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1.00)
S 275 , t=13.5<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92
Shear buckling resistance is not necessary to be verified (EC3 86.2.6.6)

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

N. ed= 143. 30kN (Conpression), Vz.ed= 49.80kN, My.ed= 360.80kNm

Npl r d=5439. 50kN, Mpl,y, rd=888. 80kNm Vpl,z,rd=1111. 40kN

Ned=143. 30kN <= 0. 25x5439. 50=0. 25xNpl rd=1359. 88kN

Ned=143. 30kN <= [ 10'3] x0.5x376.0x13.5x275/ 1. 00=0. 5hw-t w- fy/ yM0=697. 95 kN

n=Ned/ Npl r d=143/5440= 0. 026

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=49. 80kN <= 0.50x1111. 40=0. 50xVpl , rd=555. 70kN
Ef fect of shear force is neglected (EC3 §6.2.8.2)

My, ed= 360.80 kNm < 888.80 kNm =Mply,rd, |Is verified
My, ed/ Mply, rd= 360. 80/ 888.80= 0.406<1

13.3. Flexural Buckling, Colum (U timate Limt State) (EN1993-1-1, 86.3.1)

1

Nc, ed=143. 30 kN, Lcr,y=7.250 m Lcr,z=6.650 m

Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

Buckling | engths: Lcr,y=1.000x7250=7250mm, Lcr, z=0.917x7250=6650nm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Ner,y)=(Ler,y/iy)-(1/a1)=(7250/170.8)x(1/86.39)=0.491

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(6650/ 74.0)x(1/86.39)=1.041

Al=n+(E/fy)=93.9¢=86.39, £=+(235/fy)=0.92

h/ b=400/300=1. 33>=1. 20, tf=24.0mx=40 mm

y-y buckling curve:a, inperfection factor: ay=0.21, xy=0.927 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +Ay2]=0. 5x[ 1+0. 21x(0. 491- 0. 2) +0. 4912] =0. 651

xy=1/[oy++(®y2- Ay2)]=1/[0.651++(0.6512-0.4912)]=0.927 <=1 yxy=0.927

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.571

®z=0. 5[ 1+oz( Az-0.2) +xrz2]=0.5x[ 1+0. 34x(1. 041-0.2)+1.0412]=1. 185

xz=1/[ ®z+(®z2- Az2)]=1/[1.185+(1.1852-1.0412)]=0.571 <=1 xz=0.571

Reduction factor y=1/[o++(®2-a2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.571 (EC3 Eq. 6. 49)
Nb, rd=x- A-fy/ yM1= 0.571x[10 3] x19780x275/ 1. 00=3105. 95kN (EC3 Eq. 6. 47)
Nc, ed= 143.30 kN < 3105.95 kN =Nb,rd, |Is verified

Nc, ed/ Nb, rd= 143. 30/ 3105. 95= 0. 046<1

3.4. Lateral torsional buckling, Columm (ULS) (EN1993-1-1, 8§6.3.2)

My, ed=330. 91 kN, L=7.250m Lcr,y=7.250m Lcr,z=6.650m Lcr,|It=6.650m
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
El astic critical monent for lateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2Elz)+(C2-zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl1,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
y=Mb/ Ma=0. 0/ - 330. 9=0. 00, C1=1.770, C2=0.000, C3=1.000
G;=E/(2(1+v))=210000/(2(1+0.30))=80769:8.1x104 N/ rm?
k- L=6650mm,~ zg=h/2=400/2=200mm_ zj =0nm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.770, C2=0.000, C3=1.000
Mcr=[ 10 1. 770x[ n2 x2. 1x10°x108. 20x105/ 66502]
x{ [(1.0/1.0)2x(3817.2x10° 108.20x10°)
+66502 x8. 1x10“x3. 557x105/ (m2x2. 1x10°x108. 20x108) ] %% } = 2721.6 kNm

[
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1

A lt=y(Wpl, y-fy/ Mer)=+{[ 107 x3232. 0x103x275/ 2721. 6} =0. 571 (EC3 Eq. 6.56)
h/ b=400/ 300=1. 33<=2. 00 buckling curve: b
i mperfection factor: o, | t=0.34, g=0.75, ¥, 1t=0.930 (T.6.3, T.6.5, Fig.6.4)

® 1t=0.5[1+c, [t ( A, lt-A,1to)+pAx,lt2]=0.5x[1+0.34x(0.571-0.40)+0.75x0.5712]=0. 652
o lt=1/[o, I t+y(o It2-8X,1t2)]=1/[0.652++(0.6522-0. 75x0. 6522)]=0. 930

Reduction factor y,lt=1/[a, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,lt2, x, 1t=0.930 (Eqg. 6.57)
w, 1t,md=yx, 1 t/f, x It,md<=1, x, |t,md<=1/ x,|t2=1/0.5712=3.06 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( X, 1t-0.8)2]=1-0.5x(1-0.752)[1-2.0x(0.571-0.8)2]=0.889, f<=1.0
. 1t, mod=y, 1 t/f=0.930/0.889=1. 046, x,|t,md<=1.0, x, |t, md<=3.06,  It,nmd=1.000

Mo, rd=y, I t-wWl,y-fy/yMl= 1.000x[ 10 ® x3232.0x103x275/ 1. 00=888. 80kNm (EC3 Eg. 6. 55)
My, ed= 330.91 kNm < 888.80 kNm =Mo,rd, |Is verified
My, ed/ Mb, rd= 330.91/888.80= 0.372<1

3.5. Axial force and bending monment, Column (ULS) (EN1993-1-1, 86.3.3)

Ned=143. 30 kN, My, ed=330.91 kNm

Ned/ ( xy- Nrk/yM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eq. 6. 61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eg. 6. 62)
Nrk=A- fy=[ 1073 x19780x275=5439. 5 kN (Tab. 6. 7)

My, rk=wpl ,y-fy=[ 107 x3232. 0x103x275=888. 8 kNm

xy- Nrk/yMl=yy- A- fy/yMl= 0.927x[10 3] x19780x275/ 1. 00=5042. 4kN

xz- Nrk/ yMl=yz- A - fy/ yMl= 0.571x[ 10 ] x19780x275/ 1. 00=3106. OkN

XLT- My, rk/ yML=yLT-Wpl ,y-fy/yMl= 1.000x[ 10 6] x3232. 0x103x275/ 1. 00=888. 8kNm

Interaction factors, Method of computation: Method 1 Annex A (EC3 AnnexA)

kyy=Cny- CnLT( ny/ (1- Ned/ Ncr,y)(1/Cyy), ny=(21-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab.A. 1)
kzy=Cmy- CmLT(nz/ (1- Ned/ Ncr,y) (1/Czy)0.60+(wy/wz), uz=(1l-Ned/Ncr,z)/(1-xz-Ned/ Ncr, z)

Ncr, y=m2EIy/ | cr,y2=3.142x[ 10 3] x210000x576. 80x10® 72502= 22744 kN

Ncr, z=m2EIz/|cr,z2=3.142x[ 10 %] x210000x108. 20x10®% 66502= 5071 kN

Ner,t=(1/ip2)x(G It + m2EIW Lcr,t2) (EC3 NCCI SN003b- EN- EU)
Ner, t=[ 1073 x(1/1862)[80769x 3.557x10%+n12x210000x3817. 2x10°% 66502] =13463 kN

ny=(1- Ned/ Ncr,y)/ (1-xy-Ned/ Ncr,y)=(1- 143.3/ 22744)/(1-0.927x 143.3/ 22744)=1.000
pz=(1-Ned/ Ncr, z)/ (1-xz- Ned/ Ner, z) =(1- 143.3/ 5071)/(1-0.571x 143.3/ 5071)=0.988
alt=1-1t/1y>=0=1- 3.557x10% 576.80x10%=0. 994 (EC3 Annex A.1)

wy=Wpl , y/ Vel , y<=1.50, wy= 3.232x10% 2.884x10°=1.121 <= 1.50 (EC3 Annex A. 1)
wz=Wpl , z/ Vel , z<=1.50, wz= 1.104x105 0.721x10%=1.531 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ yM1) =143. 30/ (5439. 50/ 1. 00) =0. 026

Amax=max(0. 491, 1. 041) =1. 040 (EC3 Annex A.1)
Mcr, 0=(1.00/1.77)x2721.60=1537.6, C1=1.00

Ao=+([ 10 x3232. 0x103x275/ 1537. 6) =0. 760

2o, linme0.2+C1 [(1-Ned/Ncr, z)(1-Ned/Ner,t)] %% (EC3 Annex A.1)
2o, line0.2+1.770 [(1-143.3/5071)(1-143.3/13463)] °®=0. 263

ey=(My, ed/ Ned) ( A/ Wel ) =([ 10°] x330. 91/ 143. 30) x(19780. 0/ 2884. 0x10°) =15. 84

Cry, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(143. 30/ 22744. 0) =1. 002, (y=1.00) (EC3 Annex A, T.A. 1)
20=0.760 > ko, lin=0.263
Cny=Cny, o+(1-Cmy, 0) (ey-alt)/ (1++ey-alt)=
=1.002+(1-1.002)x(+15.838x0.994)/(1++15.838x0.994) = 1.000
Cml t=Cny2-alt/~[(1-Ned/ Ncr,z)(1-Ned/Ncr,t)] >=1
Cml t=1.0002x0.994/ [ (1-143.3/5071.0)(1-143.3/13463.0)]=1.014, Cmt=1.014

[
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Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cmy2- Amax2/wy) npl -bl t]>=Wel, y/ Wl ,y (Annex A, T.A. 1)
bl t=0.5alt-x02[My,ed/ (x, It-Ml,y,rd)](M,ed/ Ml,z,rd) =

=0. 5x0. 994x0. 7602 [ 330. 9/ (1. 000x793. 1)] (0. 0/ 198. 4) = 0. 000
Cyy=1+(1.121-1)[(2-1.6x1.0002x1.040/1.121-1.6x1.0002x1.0402/1.121)x0.026-0.000]=0.997
Cyy>=2884. 0x103%/ 3232. 0x103=0. 892, Cyy=0.997

Czy=1+(wy-1)[(2-14. OCnyz-eralewy5)an -dlt]>=0.6+(wy/wz) (el ,y/ Wl ,vy) (Annex A, T.A 1)
dit=2alt [ 2o/ (0.1+xz*) ][ M, ed/ (Cmy-x, It -Ml,y,rd)][M,ed/ (Cmz Ml ,z,rd)]=

=20. 994x[ 0. 760/ (0. 1+1. 0414 ]1[330. 9/ (1. 000x1. 000x793.1)][0. 0/ (0. 000x198. 4)] =0. 000
Czy=1+(1.121-1)[(2-14.0x1.0002x1.0402/1.121% 0.026-0.000] =0. 979
Czy>=0.6+/(1.121/1.500) (2884. 0x10%/ 3232. 0x103%) =0. 463, Czy=0.979

Cyy=0.997, Czy=0.979 (Annex A, T.A. 1)
kyy=1.000x1.014x1. 000/ (1-143.30/22744.0)x(1/0.997)=1.023
kzy=1.000x1. 014x0.988/(1-143.30/22744.0)x(1/0.979)x0.6x+(1.121/1.500)=0.534

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eg. 6.61)
143.3/(0.927x5439.5/1.00) +1. 023x330. 9/ (1. 000x888. 8/ 1. 00) =0. 028+0. 381=0. 409

0.409< 1. 000, I's verified
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eq. 6.62)
143.3/(0.571x5439. 5/ 1. 00) +0. 534x330. 9/ (1. 000x888. 8/ 1. 00) =0. 046+0. 199=0. 245

0. 245< 1. 000, I's verified

[
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14. Rafter

verification (Utimte Limt State)

-85 7 .ZkN m

Bend. moments kNm

-149.8 -152.

(EN1993-1-1, §6)

\I\I\I\I J

—1s~ﬂI 60 ]

T

-span region

218 .2

R after end-span reR_after m id

Profile : I PE 400-S 275

Maxi mum desi gn values. Verification for |oad case: L.C 202
Ned = 49.8 kN

Ved = 102.8 kN

Myed = 218.2 kNm  Mzed =0.0 kNm

Myed = 218.2 kNm (at mi d-span)

Myed = -152.6 kNm (at haunch-start)

Myed = -335.1 kNm (at haunch end)

Myed = -360.8 kNm (at columm axis point)

Maxi mum desi gn val uesRafter-Uplift conditions: L.C. 210

Ned = 5.5 kN
Ved = 10.9 kN
Myed = -40.7 kNm

Maxi mum desi gn val ues for seism c | oading

1.35Gk+1.50Qs1

1.00Gk+1. 50Qwl

[

Ned = 20.8 kN

Ved = 48.8 kN

Myed = 120.6 kNm  Mzed =0.0 kNm
Myed = 120.6 kNm (at haunch-start)
Myed = 147.4 kNm (at haunch end)

14.1. Classification of steel cross-section, Rafter (EN1993-1-1, 8§5.5)
Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/ Wl .y Mzed/ Wl . z
0=[10%49. 80/ 8446 + [10°]218.20/1156.0x103 + [10°]0.00/146. 4x10°3
0l1=195 N/ m?, o2=-183 N/ m? (conpression positive)

Web

c=400. 0- 2x13. 5- 2x21. 0=331. 0 mm t=8.6 mm c/t=331.0/8.6=38.49 fy

S 275 , t= 8.6<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 4
Position of neutral axis for combi ned Bendi ng and conpression FCC
Ned/ (2t w- f y/ vMD) =49800/ ( 2x8. 6x275/ 1. 00) =10. 5 mm —
«=(331.0/2+10.5)/331. 0=0.532>0. 5 L:;;
c/t=38.49<=396x0. 92/ (13x0.532-1)=61. 61 y

The web is class 1 (EN1993-1-1, Tab.5.2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 mm c/t=64.7/13.5=4.79

S 275 , t=13.5<= 40 mm fy=275 N/ m?, e=(235/275) %5=0.92 [::E:::
c/t=4.79<=9¢=9x0. 92=8. 28 ]
The flange is class 1 (EN1993-1-1, Tab.5.2) Efk__Q__4
Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed
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1

4.2. Resistance of cross-section, Rafter (U timate Limt State) (EN1993-1-1, 86.2)

1

Utimte Limt State, Verification for conpression (EN1993-1-1, 86.2.4)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed= 49.80 kN
Conpressi on Resistance Nplrd= A-fy/yMO:[loﬁ]x8446x275/1.00=2322.65kN
Ned= 49.80 kN < 2322.65 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 49.80/2322. 65= 0.021<1

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35Ck+1.50Qs1

My. ed=218.20 kNm

Bendi ng Resi stance Mply, rd=wWpl y- fy/yMO=[ 10 ] x1307. 0x10°3x275/ 1. 00= 359. 42kNm

My, ed= 218.20 kNm < 359.42 kNm =My, rd=Mply,rd, |Is verified

My, ed/ My, rd= 218. 20/ 359. 42= 0. 607<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

Vz.ed=102.80 kN

Av=A-2b-tf+(tw+2r)tf=8446-2x180.0x13.5+(8.6+2x21.0)x13.5=4269m? (EC3 86.2.6.3)
Av= 4269m? > n-hw-tw= 1.00x(400.0-2x13.5)x8.6=1.00x386.5x8. 6= 3324m?

Pl astic Shear Resistance Vpl, z,rd=Av(fy/ +3)/yMO0= [103]x4269x(275/l.73)/1.00= 677.81kN

Vz, ed= 102.80 kN < 677.81 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz,ed/ Vz,rd= 102.80/677.81= 0.152<1

hw/ t w=(400. 0- 2x13.5)/ 8. 6=386. 5/ 8. 6=44. 94<=72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1.00)
S 275 , t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92
Shear buckling resistance is not necessary to be verified (EC3 86.2.6.6)

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

N. ed= 49. 80kN (Conpression), Vz.ed= 102.80kN, My.ed= 218.20kNm

Npl rd=2322. 65kN, Mpl,y, rd=359. 42kNm Vpl, z, rd=677. 81kN

Ned=49. 80kN <= 0. 25x2322. 65=0. 25xNpl rd=580. 66kN

Ned=49. 80kN <= [103]X0.5x386.5x8.6X275/1.OO:O.5hW-tW-fy/yND:457.04 kN

n=Ned/ Npl r d=50/2323= 0. 021

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=102. 80kN <= 0.50x677.81=0.50xVpl, rd=338. 90kN
Ef fect of shear force is neglected (EC3 §6.2.8.2)

My, ed= 218. 20 kNm < 359.42 kNm =Mply,rd, |Is verified
My, ed/ Mply, rd= 218. 20/ 359. 42= 0. 607<1

4.3. Buckling resistance, Rafter m d-span region (U timate Limt State)

1

Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Ned = 49.8 kN

Ved = 128.5 kN

Myed = 218.2 kNm  Mzed =0.0 kNm

Rafter length Lr=18000 nm

Buckl i ng | ength,In-plane buckling
ocr=15.58, Ned=49. 8kN, Lcr,y=n+[El/acr-Ned] <= Lr=18000 nm
Lcr,y:nJ[210000x231.30x106/(15.58x49.8x103):24867nn1, Lcr, y=18000mm
Buckling | ength,In-plane buckling Lcr, y=18000mm ( System | engt h)
Buckl i ng | engt h, Out - of - pl ane buckling Lcr,z=1400nm (Purlin spacing)

4.4. Flexural Buckling, Rafter m d-span region (U timte Limt State) (EN1993-1-1, 86.3.1)

Nc, ed=49. 76 kN, Lcr,y=18.000 m Lcr,z=1.400 m

Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

Buckling lengths: Lcr,y=1.000x18000=18000mm Lcr,z=0.078x18000=1400mm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Necr,y)=(Ler,y/iy)-(1/2a1)=(18000/165.5)x(1/86.39)=1.259

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(1400/ 39.5)x(1/86.39)=0.410

Al=n+(E/fy)=93.9¢=86.39, e=+(235/fy)=0.92

[
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1

h/ b=400/ 180=2.22>=1. 20, tf=13.5mx=40 mm

y-y buckling curve:a, inmperfection factor: ay=0.21, xy=0.494 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +Ay2]=0. 5x[ 1+0. 21x( 1. 259-0. 2) +1. 2592] =1. 404

Xy=1/[oy++(®y2- Ay2)]=1/[1.404+(1.4042-1.2592)]=0.494 <=1 yxy=0.494

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.922

®z=0. 5[ 1+az( Az-0.2) +xrz2]=0.5x[ 1+0. 34x(0. 410- 0. 2) +0. 4102] =0. 620

xz=1/[ ®z+(®z2- Az2)]=1/[0.620++(0.6202-0.4102)]=0.922 <=1 xz=0.922

Reduction factor y=1/[o++(®2-A2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.494 (EC3 Eq. 6. 49)
Nb, rd=y- A-fy/ yM1l= 0.494x[ 10 3] x8446x275/ 1. 00=1147. 39kN (EC3 Eq. 6.47)
Nc, ed= 49.76 kN < 1147.39 kN =Nb, rd, I's verified

Nc, ed/ Nb, rd= 49. 76/ 1147.39= 0. 043<1

4.5. Lateral torsional buckling, Rafter m d-span region (ULS) (EN1993-1-1, 86.3.2)

1

My, ed=218. 20 kN, L=18.000m Lcr,y=18.000m Lcr,z=1.400m Lcr,lt=1.400m
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1
El astic critical moment for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2El z)+(C2-2zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
u=Mo/ M=qL2/ 8M=3. 5/ 218. 2=0. 02, ¢=Mb/ Ma=-39.5/218.2=-0.18, Cl=1.613, C2=0.060
G=E/ (2(1+v))=210000/ (2( 1+0. 30)) =80769=8. 1x10* N/ rm?
k-L=1400mm  zg=h/2=400/2=200mm zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.613, C2=0.060, C3=0.000
Mcr=[ 1076 1. 613x[ n2x2. 1x10°x13. 180x10°/ 14002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x10°)
+14002 x8. 1x10“x0. 511x10%/ (m2x2. 1x10°%x13. 180x10°)
+(0.060x200) 2] %5- (0. 060x200) }= 4243.4 kNm

A lLt=y(Wpl,y-fy/ Mer)=+{[ 10 x1307. 0x103x275/ 4243. 4} =0. 291 (EC3 Eq. 6.56)
A, lt<= 0.40, % It=1.00 (EC3 8§6.3.2.2.4)
x, It,mod=y, It/f, x It,mod<=1, x, It,mod<=1/ A,lt2=1/0.2912=11.81 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( A, t-0.8)2]=1-0.5x(1-1.000)[ 1-2.0x(0.291-0.8)2]=1.000, f<=1.0
x, |'t, md=y, 1t/f=1.000/1.000=1.000, x, It,md<=1.0, x, It,md<=11.81, x, It, md=1.000

Mo, rd=y, I t-Wl,y-fy/yMl= 1.000x[10 % x1307.0x103x275/ 1. 00=359. 42kNm (EC3 Eg. 6. 55)
My, ed= 218. 20 kNm < 359.42 kNm =Mb,rd, Is verified
My, ed/ Mb, rd= 218. 20/ 359. 42= 0. 607<1

4.6. Axial force and bending noment, Rafter m d-span region (ULS) (EN1993-1-1, 86.3.3)

Ned=49.76 kN, My, ed=218.20 kNm

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eqg. 6.61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eqg. 6.62)
Nrk=A- fy=[ 1073 x8446x275=2322. 6 kN (Tab.6.7)

My, rk=wpl ,y-fy=[ 107 x1307. 0x103x275=359. 4 kNm

xy- Nrk/ yMl=yy- A-fy/ yM1l= 0.494x[ 10 °] x8446x275/ 1. 00=1147. 4kN

xz- Nrk/ yMl=yz- A - fy/ yMl= 0.922x[ 10 ] x8446x275/ 1. 00=2141. 5kN

XLT- My, rk/ yML=yxLT- Wl ,y- fy/yMl= 1.000x[ 10 “®] x1307. 0x103x275/ 1. 00=359. 4kNm

Interaction factors, Method of conmputation: Method 1 Annex A (EC3 AnnexA)

kyy=Cnmy- CmLT(ny/ (1- Ned/ Ncr,y) (1/Cyy), ny=(1-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab. A. 1)
kzy=Cny- CnLT( pz/ (1- Ned/ Ncr,y)(1/ Czy) 0. 60~(wy/wz), nz=(21-Ned/Ncr,z)/(1-xz-Ned/Ncr, z)

Ner, y=m ETy/ | cr, y2=3. 142 x[ 10 3] x210000x231. 30x10% 180002= 1480 kN

Ner, z=m? EIz/ | cr, z2=3. 142 x[ 10 3] x210000x13. 180x10% 14002= 13937 kN

Ner,t=(1/ip2)x(G 1t + mEIW Ler, t2) (EC3 NCCl SN003b- EN- EU)
Ner, t=[ 103 x(1/1702)[80769x 0.511x105+m2x210000x490. 05x109/ 14002]=19328 kN

[
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ny=(1-Ned/ Ncr,y)/(1-xy-Ned/ Ncr,y)=(1- 49.8/ 1480)/(1-0.494x 49.8/ 1480)=0.983
pz=(1- Ned/ Ncr, z)/(1-xz- Ned/ Ncr, z)=(1- 49.8/ 13937)/(1-0.922x 49.8/ 13937)=1.000
alt=1-1t/1y>=0=1- 0.511x105 231.30x10°=0. 998 (EC3 Annex A.1)
wy=Wpl , y/ Vel , y<=1.50, wy= 1.307x10% 1.156x10%=1.131 <= 1.50 (EC3 Annex A.1)
wz=Wpl , z/ Wel , z<=1. 50, wz= O. 229x108 0.146x10%=1.564 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ yM1) =49. 76/ (2322. 60/ 1. 00) =0. 021
amax=max(1.259, 0. 410) =1. 260 (EC3 Annex A.1)
Mcr, 0=(1.00/1.61)x4243. 40=2630. 1, C1l=1. 00
A0=+([ 107 x1307. 0x103x275/ 2630. 1) =0. 370
20, linE0.24C1 [(1-Ned/Ncr, z)(1-Ned/Ncr,t)] %% (EC3 Annex A.1)
2o, linE0.241.613 [(1-49.8/13937)(1-49.8/19328)] %%=0. 254
ey=( My, ed/ Ned) (A/ Wel ) =([10°%] x218. 20/ 49. 76) x( 8446. 0/ 1156. 0x10°%) =32. 04
Cmy, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(49. 76/ 1480. 0) =1. 008, (y=1.00) (EC3 Annex A, T.A. 1)
20=0.370 > Ao, |im=0. 254
Cnmy=Cny, 0o+(1-Cmy, 0) (Jey-alt)/ (1++ey-alt)=
=1.008+(1-1.008) x(+32.037x0.998)/(1+~32.037x0.998) = 1.001
Cml t=Cny2-alt/~[(1-Ned/ Ncr,z)(1-Ned/Ncr,t)] >=1
Cml t=1.0012x0.998/ [ (1-49.8/13937.0)(1-49.8/19328.0)]=1.003, Cmt=1.003
Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cmy2- Amax2/wy) npl -bl t]>=Wel, y/ Wl ,y (Annex A, T.A. 1)
bl t=0.5alt-x02[ My, ed/ (x,It-Ml,y,rd)](M,ed Mpl,z,rd) =
=0. 5x0. 998x0. 3702[ 0. 0/ (1. 000x317.9)] (0. 0/40.3) = 0.000
Cyy=1+(1.131-1)[(2-1.6x1.0012x1.260/1.131-1.6x1.0012x1.2602/1.131)x0.021-0.000]=0.994
Cyy>=1156. 0x103/ 1307. 0x103=0. 884, Cyy=0.994
Czy=1+(wy-1)[(2-14.0Cny2- eralewy5) npl -dl t]>=0.6+(wy/wz) (el ,y/ Wl ,vy) (Annex A, T.A 1)
dit=2alt [ xo/(0.1+xz*) ][ My, ed/ (Cmy-x, It -Ml,y,rd)][M,ed/ (Crz Ml ,z,rd)]=
=20. 998x[ 0. 370/ (0. 1+0. 4104 ][ 0. 0/ (1. 001x1. 000x317. 9)] [ 0. 0/ (0. 000x40. 3)]=0. 000
Czy=1+(1.131-1)[(2-14.0x1.0012x1.2602/1.131°%0.021-0.000] =0. 972
Czy>=0.6+/(1.131/1.500)(1156.0x10%/ 1307. 0x103%) =0. 461, Czy=0.972
Cyy=0.994, Czy=0.972 (Annex A, T.A. 1)
kyy=1.001x1. 003x0.983/(1-49.76/1480.0)x(1/0.994)=1.027
kzy=1.001x1. 003x1. 000/ (1-49.76/1480.0)x(1/0.972)x0.6x+(1.131/1.500)=0.557
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eg. 6.61)
49.8/(0.494x2322.6/1.00)+1.027x218. 2/ (1. 000x359.4/1.00)=0.043+0. 624=0. 667
0.667< 1.000, I's verified
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eq. 6.62)
49.8/(0.922x2322.6/1.00)+0.557x218. 2/ (1. 000x359. 4/1.00)=0.023+0. 338=0. 361
0.361< 1. 000, I's verified
14.7. Buckling resistance, Rafter end-span region (Utimte Limt State)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1
Ned = 49.8 kN
Ved = 128.5 kN
Myed = 207.7 kNm  Mzed =0.0 kNm
Rafter length Lr=18000 nm
Buckling | ength, | n-plane buckling Lcr,y=18000mm ( System | engt h)
Buckl i ng | engt h, Out - of - pl ane buckling Lcr,z=6000nm ( Torsional restrains of rafters)
14.8. Flexural Buckling, Rafter end-span region (Utimte Limt State) (EN1993-1-1, §6.3.1)
Nc, ed=49.76 kN, Lcr,y=18.000 m Lcr,z=6.000 m
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Buckling |l engths: Lcr,y=1.000x18000=18000mm Lcr,z=0.333x18000=6000mm
Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Ncr,y)=(Ler,y/iy)-(1/2a1)=(18000/165.5)x(1/86.39)=1.259
rz=+(A - fy/Ncr,z)=(Lcr,z/iz)-(1/2a1l)=(6000/ 39.5)x(1/86.39)=1.758
Al=n+(E/fy)=93.9¢=86.39, &=+(235/fy)=0.92
—, SteelPortalFrameEC3 Fenerbahce =
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1

h/ b=400/ 180=2.22>=1. 20, tf=13.5mx=40 mm

y-y buckling curve:a, inmperfection factor: ay=0.21, xy=0.494 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +Ay2]=0. 5x[ 1+0. 21x( 1. 259- 0. 2) +1. 2592] =1. 404

xy=1/ [ oy+(®y2- Ay2)] =1/[1.404+~(1.4042-1,2592)]=0. 494 <=1 xy=0. 494

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.263

z=0. 5[ 1+o0z( Az-0.2) +Arz2]=0. 5x[ 1+0. 34x(1. 758-0. 2) +1. 7582] =2. 310

xz=1/[ dz+(®z2- Az2)]=1/[2.310++(2.3102-1.7582)]=0.263 <=1 xz=0.263

Reduction factor y=1/[o++(®2-A2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.263 (EC3 Eq. 6. 49)
Nb, rd=y- A-fy/ yMl= 0.263x[ 10 ] x8446x275/ 1. 00=610. 86kN (EC3 Eq. 6.47)
Nc, ed= 49.76 kN < 610.86 kN =Nb, rd, I's verified

Nc, ed/ Nb, rd= 49. 76/ 610. 86= 0. 081<1

4.9. Lateral torsional buckling, Rafter end-span region (ULS) (EN1993-1-1, 86.3.2)

1

My, ed=207.70 kN, L=18.000m Lcr,y=18.000m Lcr,z=6.000m Lcr,|t=6.000m
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1
El astic critical moment for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2El z)+(C2-2zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
u=Mo/ M=qL2/8M=64. 1/ 207. 7=0. 31, y=Md/ Ma=-152.6/207.7=-0.73, Cl=1.771, C2=0.180
G=E/ (2(1+v))=210000/ (2( 1+0. 30)) =80769=8. 1x10* N/ rm?
k- L=6000mm  zg=h/2=400/2=200mm _zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.771, C2=0.180, C3=0.000
Mcr=[ 1076 1. 771x[ n2x2. 1x10°x13. 180x10°/ 60002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x10°)
+60002x8. 1x10%x0. 511x108/ (m2x2. 1x10°x13. 180x10°)
+(0.180x200) 2] %5~ (0. 180x200) }= 361.1 kNm

A Lt=J(Wpl,y-fy/ Mer)=+{[ 106 x1307. 0x10°x275/ 361. 1} =0. 998 (EC3 Eg. 6. 56)
h/ b=400/180=2. 22>2. 00 buckling curve:c
i mperfection factor: o, | t=0.49, g=0.75, ¥, 1t=0.641 (T.6.3, T.6.5, Fig.6.4)

® 1t=0.5[1+o, [t (A, lt-A,1to)+pAx,lt2]=0.5x[1+0.49x(0.998-0.40)+0.75x0.9982]=1. 020
o lt=1/[o, I t+y(o, It2-8A,1t2)]=1/[1.020++(1.0202-0. 75x1.0202)]=0. 641

Reduction factor y,lt=1/[o, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,lt2, x, 1t=0.641 (Eq. 6.57)
w, 1t,md=y, 1 t/f, x It,md<=1, x, It, md<=1/ x,|t2=1/0.9982=1.00 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( X, [t-0.8)2]=1-0.5x(1-0.752)[1-2. 0x(0.998-0.8)2]=0.886, f<=1.0
x, |t, md=x, 1 t/f=0.641/0.886=0.724, x, |t,md<=1.0, x |t,md<=1.00, x, |t,nod=0.724

Mo, rd=y, I t-Wl,y-fy/yMl= 0.724x[10 % x1307.0x103x275/ 1. 00=260. 22kNm (EC3 Eg. 6. 55)
My, ed= 207. 70 kNm < 260.22 kNm =Mo,rd, |Is verified
My, ed/ Mo, rd= 207.70/260.22= 0.798<1

4.10. Axial force and bending monent, Rafter end-span region (ULS) (EN1993-1-1, 86.3.3)

Ned=49.76 kN, My, ed=207.70 kNm

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eq. 6. 61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eg. 6. 62)
Nrk=A- fy=[ 1073 x8446x275=2322. 6 kN (Tab. 6. 7)

My, rk=wpl ,y-fy=[ 10 x1307. 0x103x275=359. 4 kNm

xy- Nrk/yMl=yy- A- fy/yMl= 0.494x[ 10 °] x8446x275/ 1. 00=1147. 4kN

xz- Nrk/ yMl=yz- A- fy/ yMl= 0.263x[ 10 ] x8446x275/ 1. 00=610. 9kN

xLT- My, rk/ yM1=¢LT-Wpl ,y-fy/yM1l= 0.724x[10 ©] x1307.0x103x275/ 1. 00=260. 2kNm

Interaction factors, Method of computation: Method 1 Annex A (EC3 AnnexA)

kyy=Cny- CnLT( ny/ (1- Ned/ Ncr,y)(1/Cyy), ny=(21-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab.A. 1)
kzy=Cmy- CmLT( nz/ (1- Ned/ Ncr,y) (1/Czy)0.60+(wy/wz), uz=(1l-Ned/Ncr,z)/(1-xz-Ned/ Ncr, z)

[
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Ner, y=m2ETy/ | cr, y2=3.142x[ 10 3] x210000x231. 30x10% 180002= 1480 kN

Ner, z=m2ETz/ | cr, z2=3. 142x[ 10 3] x210000x13. 180x10% 60002= 759 kN

Ner,t=(1/ip2)x(G It + mEIW Ler, t2) (EC3 NCCl SN003b- EN- EU)
Ner, t=[ 103 x(1/1702)[80769x 0.511x105+n2x210000x490. 05x10% 60002] =2400 kN

py=(1-Ned/ Ncr,y)/(1-xy-Ned/ Ncr,y)=(1- 49.8/ 1480)/(1-0.494x 49.8/ 1480)=0.983
nz=(1-Ned/ Ncr, z)/(1-xz-Ned/ Ncr,z)=(1- 49.8/  759)/(1-0.263x 49.8/  759)=0.951
alt=1-1t/1y>=0=1- 0.511x10% 231.30x10°=0. 998 (EC3 Annex A. 1)

wy=Wpl , y/ Vel , y<=1.50, wy= 1.307x10% 1.156x10%=1.131 <= 1.50 (EC3 Annex A. 1)
wz=Wpl , z/ W&l , z<=1. 50, wz= 0.229x10% 0.146x10%=1.564 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ vM1) =49. 76/ (2322. 60/ 1. 00) =0. 021

amax=max(1.259, 1. 758) =1. 760 (EC3 Annex A.1)
Mcr, 0=(1.00/1.77)x361.10=203.9, C1=1.00

A0=+([10°%x1307. 0x103x275/ 203. 9) =1. 330

20, linmeE0. 24C1 [(1-Ned/Ncr, z)(1-Ned/Ncr,t)] %% (EC3 Annex A.1)
2o, im0, 241. 771 [(1-49.8/759) (1-49.8/2400)] °%®=0. 260

ey=( My, ed/ Ned) (A/ Wel ) =([ 10°%] x207. 70/ 49. 76) x( 8446. 0/ 1156. 0x10°%) =30. 50

Cny, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(49. 76/ 1480. 0) =1. 008, (y=1.00) (EC3 Annex A, T.A. 1)
20=1.330 > Ao, linr0. 260
Cnmy=Cny, o+(1-Cmy, 0) (Jey-alt)/ (1++ey-alt)=
=1.008+(1-1.008)x(+30.495x0.998)/(1++30.495x0.998) = 1.001
Cm t=Cny2-alt/+[(1-Ned/Ncr,z)(1-Ned/Ncr,t)] >=1
Cm t=1.0012x0.998/ [ (1-49.8/759.0)(1-49.8/2400.0)]=1.045, Cmt=1.045

Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cry2- Amax2/wy) npl -bl t]>=Wel , y/ Wl ,y (Annex A, T.A.1)
bl t=0.5alt- x02[My,ed/(x, It-Ml,y,rd)] (M, ed/ Ml,z,rd) =

=0. 5x0. 998x1. 3302[ 0. 0/ (0. 724x317. 9)] (0. 0/40.3) = 0.000
Cyy=1+(1.131-1)[(2-1.6x1.0012x1.760/1.131-1.6x1.0012x1.7602/1.131)x0.021-0.000]=0.987
Cyy>=1156. 0x103%/ 1307. 0x103=0. 884, Cyy=0.987

Czy=1+(wy-1) [ (2-14.0Cny2 - Amax2/wy %) npl -dl t]>=0. 6(wy/ wz) (Vel , y/ Wl ,y) (Annex A, T.A 1)
dit=2alt [ xo/(0.1+Axz*) ][ My, ed/ (Cmy-x,It-Ml,y,rd)][M,ed/ (Crz Ml ,z,rd)]=

=20.998x[ 1.330/ (0. 1+1. 7584 ][ 0.0/ (1.001x0. 724x317.9)][0. 0/ (0. 000x40. 3)] =0. 000
Czy=1+(1.131-1)[(2-14.0x1.0012x1.7602/1.131°% 0. 021-0.000] =0. 941
Czy>=0. 6+(1.131/1.500) (1156.0x10% 1307. 0x10%) =0. 461, Czy=0.941

Cyy=0.987, Czy=0.941 (Annex A, T.A. 1)
kyy=1.001x1. 045x0. 983/ (1-49.76/1480.0)x(1/0.987)=1.078
kzy=1.001x1. 045x0. 951/ (1-49. 76/1480.0) x(1/0.941)x0. 6x+(1.131/1.500)=0.570

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Gk+1.50Qs1

1

Ned/ (xy- Nrk/vyM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) = (EC3 Eqg. 6.61)
49.8/(0.494x2322.6/1.00)+1.078x207.7/(0.724x359.4/1.00)=0.043+0. 860=0. 904
0.904< 1.000, Is verified

Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, r k/ yM1) = (EC3 Eqg.6.62)
49.8/(0.263x2322.6/1.00)+0.570x207.7/(0.724x359.4/1.00)=0.081+0. 455=0. 536

0.536< 1. 000, I's verified
4.11. Buckling resistance, Rafter-Uplift conditions (Utimte Limt State)

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Ned = 5.5 kN

Ved = 10.9 kN

MWed = 40.7 kNm  Mzed =0.0 kNm

Rafter length Lr=18000 nm

Buckling | ength, | n-plane buckling Lcr, y=18000mm ( System | engt h)

Buckl i ng | ength, Out - of - pl ane buckling Lcr,z=6000mm ( Torsional restrains of rafters)

[
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14.12. Flexural Buckling, Rafter-Uplift conditions (U timate Limt State) (EN1993-1-1, §6.3.1)

Nc, ed=5.52 kN, Lcr,y=18.000 m Lcr,z=6.000 m

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1

Buckling | engths: Lcr,y=1.000x18000=18000nm Lcr,z=0.333x18000=6000nm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
ry=+(A-fy/Ncr,y)=(Lecr,y/iy)-(1/2a1)=(18000/165.5)x(1/86.39)=1.259

rz=+(A - fy/Ncr,z)=(Lcr,z/iz)-(1/2a1l)=(6000/ 39.5)x(1/86.39)=1.758

Al=n+(E/fy)=93.9¢=86.39, &=+(235/fy)=0.92

h/ b=400/ 180=2. 22>=1. 20, tf=13.5mx=40 nmm

y-y buckling curve:a, inmperfection factor: ay=0.21, xy=0.494 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +ry2]=0.5x[1+0. 21x(1. 259-0. 2) +1. 2592] =1. 404
xy=1/[@y+~(oy2- Ay2)] =1/[ 1. 404+~(1.4042-1.2592)]=0. 494 <=1 xy=0.494

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.263

©z=0. 5[ 1+0z( Az-0.2)+Az2] =0. 5x[ 1+0. 34x( 1. 758- 0. 2) +1. 7582] =2. 310

xz=1/ [ ®z+( ®z2- Az2)]=1/[2.310++(2.3102-1. 7582)] =0. 263 <=1 xz=0. 263

Reduction factor x=1/[o++(®2- A2)], x<=1.0, @=0.5[1+a( Ar-0.2)+a2], x=0.263 (EC3 Eq. 6. 49)
Nb, rd=y- A- fy/ yMl= 0.263x[ 10 ] x8446x275/ 1. 00=610. 86kN (EC3 Eq.6.47)
Nc, ed= 5.52 kN < 610.86 kN =Nb, rd, Is verified

Nc, ed/ Nb, rd= 5.52/610. 86= 0. 009<1

14.13. Lateral torsional buckling, Rafter-Uplift conditions (ULS) (EN1993-1-1, 86.3.2)

My, ed=40. 69 kN, L=18.000m Lcr,y=18.000m Lcr,z=6.000m Lcr,|It=6.000m
Maxi mum desi gn values. Verification for |oad case: L.C. 210: 1.00Ck+1.50Qwl

Hoggi ng
k- L=6000mm  zg=-200mm zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, C1=1.000, C2=0.000, C3=1.000
Mcr=[ 105 1. 000x[ n2x2. 1x10°x13. 180x10°%/ 60002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x109)
+60002x8. 1x10%x0. 511x108/ (m2x2. 1x10°x13. 180x10°%) 1% }= 229.6 kNm

Al t=y(Wpl,y-fy/ Mer)=+{[ 10 x1307. 0x103x275/ 229. 6} =1. 251 (EC3 Eq. 6.56)
h/ b=400/ 180=2. 22>2. 00 buckling curve:c
i nperfection factor: o, 1 t=0.49, p=0.75, x,1t=0.499 (T.6.3, T.6.5, Fig.6.4)

@, 1t=0.5[1+c, [t (X, lt-A,1to)+pAx,lt2]=0.5x[1+0.49x(1.251-0.40)+0.75x1.2512]=1. 296
o lt=1/[o, It+y(o, 1t2-8A,1t2)]=1/[1.296++(1.2962-0.75x1.2962)]=0.499

Reduction factor y,lt=1/[a, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,It2, x, 1t=0.499 (Eq. 6.57)
x, It,mod=x, 1t/f, x It,md<=1, x, It,md<=1/ x,1t2=1/1.2512=0. 64 (EC3 8§6.3.2.3(2), Eq. 6.58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0.00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( A, t-0.8)2]=1-0.5x(1-0.752)[1-2.0x(1.251-0.8)2]=0.926, f<=1.0
x, |'t, md=x, 1 t/f=0.499/0.926=0.539, x, |t,md<=1.0, x |t, md<=0.64, x, |t, md=0.539

Mo, rd=y, I t-wWl,y-fy/yMl= 0.539x[ 10 % x1307.0x103x275/ 1. 00=193. 73kNm (EC3 Eg. 6. 55)
My, ed= 40.69 kNm < 193.73 kNm =M, rd, I's verified
My, ed/ Mo, rd= 40.69/193. 73= 0.210<1

[
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15.

Haunch verification (Utimate Limt State)

The haunch is fabricated by cutting and wel ding of an | PE 400 section -

Maxi mum desi gn values. Verification for |oad case: L.C. 202

1.35Gk+1.50Qs1

at haunch end at haunch-m ddl e at haunch-start
Ned = 49.8 kN Ned = 49.8 kN Ned = 49.8 kN
Ved = 128.5 kN Ved = 115.6 kN Ved = 102.8 kN
Myed = 335.1 kNm Myed = 250.9 kNm Myed = 152.6 kNm
Buckling | ength, I n-plane buckling Lcr, y=1800nmm

Buckl i ng | ength, Out - of - pl ane buckling Lcr,z=1800mm

Maxi mum desi gn values. Verification for |oad case: Seism c |oading

at haunch end at haunch-m ddl e at haunch-start
Ned = 20.8 kN Ned = 20.8 kN Ned = 20.8 kN
Ved = 48. 8 kN Ved = 48.8 kN Ved = 48.8 kN
Myed = 147.4 kNm Myed = 135.7 kNm Myed = 120.6 kNm

15.1. Classification of steel cross-section, at haunch end

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y + Mzed/ We
0=[ 1031 49. 80/ 11508 + [10°335.10/2706.7x103 + [10° 0. 00/ 146. 3x103

01=128 N/ mm?, o02=-119 N/ mm? (conpression positive)

Web

c=800. 0- 2x13. 5-2x21.0=731.0 mm t=8.6 nm c/t=731.0/8.6=85.00
S 275 , t= 8.6<= 40 nm fy=275 N/ mm?, e=(235/275) %5=0.92
Position of neutral axis for conmbined Bendi ng and conpression
Ned/ (2t w- f y/ yMD) =49800/ ( 2x8. 6x275/ 1. 00) =10. 5 mm
a=(731.0/2+10.5)/731.0=0.514>0. 5

c/t=85.00>456x0.92/ (13x0.514-1)=73.77

The web is not class 1 or 2

o=Ned/ AxWyed- (0.5d) /1y, o1=117 N/ m?, o2=-109 N m?
y=-109/117=-0.930 > -1

c/t=85.00 <= 42x0.92/(0.67+0.33x-0.930)=106. 42

The web is class 3 (EN1993-1-1, Tab.5. 2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 mm c/t=64.7/13.5=4.79
S 275 , t=13.5<= 40 nmm fy=275 N/ m?, e=(235/275) %5=0.92
c/t=4.79<=9¢=9x0. 92=8. 28

The flange is class 1 (EN1993-1-1, Tab.5.2)

(EN1993-1-1, §6)

S 275

(EN1993-1-1, §5.5)

. Z

Overall classification of cross-section is Class 3, Bending and conpression Nc, ed+My, ed

15.2. Resistance of cross-section, at haunch end (U timte Limt State)

Utimate Limt State, Verification for conpression
Maxi mum desi gn values. Verification for |oad case: L.C. 202
Nc. ed= 49.80 kN

(EN1993-1-1, §6.2)

(EN1993-1-1, §6.2.4)

1.35Gk+1.50Qs1

Conpressi on Resistance Nplrd= A-fy/vMOZ[lOG]X11508X275/l.00=3164.65kN

Ned= 49.80 kN < 3164.65 kN =Nc,rd=Nplrd, Is verified
Ned/ Nc, rd= 49.80/3164. 65= 0. 016<1

Utimte Limt State, Verification for bending monent y-y
Maxi mum desi gn values. Verification for |oad case: L.C. 202
My. ed=335. 10 kNm

(EN1993-1-1, §6.2.5)

1.35Gk+1.50Qs1

Bendi ng Resi stance Nbly,rd=V@Iy-fy/yMO:[loﬁ]x2706.7x103x275/1.00: 744. 34kNm

My, ed= 335.10 kNm < 744.34 kKNm =My, rd=Mply,rd, |Is verified
My, ed/ My, rd= 335. 10/ 744. 34= 0. 450<1

[
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Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Vz.ed=128.50 kN
Av=A-2b-tf+(tw+2r)tf=11508-2x180. 0x13. 5+(8. 6+2x21. 0) x13. 5=7331m? (EC3 86.2.6.3)
Av= 7331mm? > n-hw-tw= 1.00x(800.0-2x13.5)x8.6=1.00x786.5x8. 6= 6764m?
Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x7331x(275/l.73)/1.00= 1163. 94kN
Vz, ed= 128.50 kN < 1163.94 kN =Vz,rd=Vpl,z,rd, |Is verified
Vz,ed/Vz,rd= 128.50/1163.94= 0.110<1

hw/ t w=( 800. 0- 2x13. 5)/ 8. 6=786. 5/ 8. 6=91. 45>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275 , t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92

Shear buckling resistance nust be verified (EC3 86.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AW=(731.0/8.6)/(37.4x0.92x+(5.34))=1.069, Kr=5.34 (EC3-1-5 85, Eq.5.6, A.3)
0.83/n <= Aw=1.069 < 1.08, xv=0.83/1.069=0.776 (n=1.00) (EC3-1-5 Tab.5.1)
Vb, rd=yv- fyw- hw- t/ ( y3yML) =0. 001x275x0. 776x731. 0x8. 6/ (1. 73x1. 00) =774. 98kN (EC3-1-5 Tab.5.1)

Ved=129 kN < 775=Vb, rd kN, Is verified
Ved/ Vb, rd= 128.50/774.98= 0. 166<1

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1

N. ed= 49. 80kN (Conpression), Vz.ed= 128.50kN, My.ed= 335.10kNm

Npl rd=3164. 65kN, Mel,y, rd=744.34kNm Vpl,z,rd=774. 98kN

Ned=49. 80kN <= 0.25x3164.65=0. 25xNpl rd=791. 16kN

Ned=49. 80kN <= [ 107 x0. 5x786. 5x8. 6x275/ 1. 00=0. 5hw- t w- f y/ yM0=930. 04 kN

n=Ned/ Npl rd=50/ 3165= 0. 016

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=128. 50kN <= 0.50x774.98=0. 50xVpl, rd=387. 49kN
Ef fect of shear force is neglected (EC3 86.2.8.2)

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael +* Myed/Wel.y * Mzed/ W&l .z

0=[10°%0.00/ 11508 * [10°335.10/2706.7x10% + [10° 0.00/146. 3x10°

0l=124 N/ mm?, o2=-124 N/ mm? (conpression positive)

ox.ed=124 < 275/1.00=275=fy/yMO N/ nm?, I's verified (EC3 Eg. 6.42)

15. 3. Out-of-plane buckling, at haunch end (U timate Limt State) (EN1993-1-1, 8§6.3.2.4)

We check an equivalent T-section for the conpressive part of the haunch section
The equivalent T-section is made of the bottom flange and 1/3 of the compressed part of the web

Properties of equivalent T-section

Depth of cross section hf = 133 mm
W dth of cross section bf = 180 mm
Web thickness tw = 8.60 mMm
Fl ange thickness tf = 13.50 mm
Ar ea Af = 3461 mnt
Second monent of area If,z = 6.561x10% nm*
Radi us of gyration if,z =4( 6.561x106/3461) =43.5 mm

Conmpression in the T-section

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1
Ned, f =Ned- Af / A+Med- Af / Wel , y=49. 8x3461/ 11508+335. 1x3461x10°%/ 2706. 7x10°3=443. 4kN
Maxi mum desi gn values. Verification for |oad case: Seism c |oading
Ned, f =Ned- Af / A+Med- Af / Wel , y=20. 8x3461/ 11508+147. 4x3461x10°%/ 2706. 7x103=194. 7kN
Ned=max(443. 4,194.7)= 443.4 kN

xz=+y(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(1800/ 43.5)x(1/86.39)=0.479

f,z-f,z buckling curve:c, inmperfection factor: of,z=0.49, xf,z=0.855 (T.6.2,T.6.1,Fig.6.4)
of , z=0. 5[ 1+of , z( Af, z-0.2) +Af, 2z2] =0. 5x[ 1+0. 49x( 0. 479-0. 2) +0. 4792] =0. 683

xf,z=1/[of ,z++(of ,z2- Af,2z2)]=1/[0.683++(0.6832-0.4792)]=0.855 <=1 xf,z=0.855

Nb, rd=xz- A- fy/ yM1l= 0. 855x3461x275/ 1. 00=813. 67kN (EC3 Eq. 6.47)
Nc, ed= 443.41 kN < 813.67 kN =Nb,rd, |Is verified

Nc, ed/ Nb, rd= 443.41/813. 67= 0. 545<1

[
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1

5.4. Classification of steel cross-section, at haunch-m ddle (EN1993-1-1, 8§5.5)

1

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y * Mzed/ Wl .z
0=[10%49.80/9788 + [10°250.90/1842.8x103 + [10°]0.00/146. 1x10°
0l=141 N/ mm?, o02=-131 N/ mm? (conmpression positive)

Web

c=600. 0- 2x13. 5- 2x21. 0=531. 0 mm t=8.6 mm c¢/t=531.0/8.6=61.74 fy

S 275, t= 8.6<= 40 mm fy=275 N/ m?, e=(235/275) %5=0.92 Ty
Position of neutral axis for combi ned Bendi ng and conpression FCC
Ned/ (2t w- f y/ yMD) =49800/ ( 2x8. 6x275/ 1. 00) =10. 5 nm —
o=(531.0/2+10. 5)/531. 0=0. 520>0. 5 L;:;
c/t=61.74<=396x0. 92/ ( 13x0. 520- 1) =63. 27 fy

The web is class 1 (EN1993-1-1, Tab.5.2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 mm «c/t=64.7/13.5=4.79

S 275 , t=13.5<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 [::E:::
c/t=4.79<=9:=9x0. 92=8. 28

The flange is class 1 (EN1993-1-1, Tab.5.2) Efk__Q__4

Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed

5.5. Resistance of cross-section, at haunch-middle (Utimte Limt State) (EN1993-1-1, 8§6.2)

Utimte Limt State, Verification for conpression (EN1993-1-1, 86.2.4)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed= 49.80 kN
Conpressi on Resistance Nplrd= A-fy/yMO:[loﬁ]x9788x275/1.00=2691.64kN
Ned= 49.80 kN < 2691.64 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 49.80/2691. 64= 0.019<1

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35Ck+1.50Qs1

My. ed=250. 90 kNm

Bendi ng Resi stance Nbly,rd:MpIy-fy/yMO:[lOﬁ]x2131.1x103x275/1.00= 586. 05kNm

My, ed= 250.90 kNm < 586.05 kNm =My, rd=Mply,rd, |Is verified

My, ed/ My, rd= 250. 90/ 586. 05= 0. 428<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

Vz. ed=115. 60 kN

Av=A-2b-tf+(tw+2r)tf=9788-2x180.0x13.5+(8.6+2x21.0)x13. 5=5611m? (EC3 86.2.6.3)
Av= 5611mm? > n-hw-tw= 1.00x(600.0-2x13.5)x8.6=1.00x586.5x8. 6= 5044m?

Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x5611x(275/l.73)/1.00= 890. 85kN

Vz, ed= 115. 60 kN < 890.85 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz,ed/ Vz,rd= 115. 60/ 890. 85= 0. 130<1

hw/ t w=( 600. 0- 2x13. 5) / 8. 6=586. 5/ 8. 6=68. 20>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275, t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92

Shear buckling resistance nust be verified (EC3 86.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AwW=(531.0/8.6)/(37.4x0.92x+(5.34))=0.777, Ki=5.34 (EC3-1-5 85, Eq.5.6, A.3)
Aw=0. 777 < 0.83/n, xv=n=1.000 (n=1.00) (EC3-1-5 Tab.5.1)
Vb, rd=yv- fyw- hw- t/ ( y3yML) =0. 001x275x1. 000x531. 0x8. 6/ (1. 73x1. 00) =725. 07kN (EC3-1-5 Tab.5.1)

Ved=116 kN < 725=Vb,rd kN, Is verified
Ved/ Vb, rd= 115. 60/ 725.07= 0. 159<1
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Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

N. ed= 49. 80kN (Conpression), Vz.ed= 115.60kN, My.ed= 250.90kNm

Npl rd=2691. 64kN, Ml ,y, rd=586.05kNm Vpl, z,rd=725. 07kN

Ned=49. 80kN <= 0. 25x2691. 64=0. 25xNpl rd=672. 91kN

Ned=49. 80kN <= [ 1073 x0. 5x586. 5x8. 6x275/ 1. 00=0. 5hw- t w- f y/ yM0=693. 54 kN

n=Ned/ Npl r d=50/ 2692= 0. 019

Ef fect of axial force is neglected (EC3 86.2.9.1 Eqg.6.33, Eq.6.34, Eqg.6.35)
Ved=115. 60kN <= 0.50x725.07=0. 50xVpl, rd=362. 54kN
Ef fect of shear force is neglected (EC3 86.2.8.2)

My, ed= 250. 90 kNm < 586.05 kNm =Mply,rd, Is verified
My, ed/ Mply, rd= 250. 90/ 586. 05= 0. 428<1

15.6. Out-of-plane buckling, at haunch-mddle (Utimte Limt State) (EN1993-1-1, 8§6.3.2.4)

We check an equivalent T-section for the conpressive part of the haunch section
The equival ent T-section is made of the bottom flange and 1/3 of the compressed part of the web
Properties of equivalent T-section

Depth of cross section hf = 100 nm
W dt h of cross section bf = 180 nm
Web t hickness tw = 8.60 nmm
Fl ange thickness tf = 13.50 mm
Ar ea Af = 3174 m?
Second moment of area If,z = 6.561x10% nm*
Radi us of gyration if,z =4( 6.561x106/3174) =45.5 mm

Conmpression in the T-section

Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Ned, f =Ned- Af / A+Med- Af / Wel , y=49. 8x3174/ 9788+250. 9x3174x103/ 1842. 8x10°%=448. 3kN
Maxi mum desi gn values. Verification for |oad case: Seism c |oading
Ned, f =Ned- Af / A+Med- Af / Wel , y=20. 8x3174/ 9788+135. 7x3174x103%/ 1842. 8x10°%=240. 4kN
Ned=max(448. 3, 240. 4) = 448.3 kN

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(1800/ 45.5)x(1/86.39)=0.458

f,z-f,z buckling curve:c, inperfection factor: of,z=0.49, xf,z=0.866 (T.6.2,T.6.1,Fig.6.4)
of , z=0. 5[ 1+aof , z( Af, z-0.2) +rf, z2]=0. 5x[ 1+0. 49x( 0. 458- 0. 2) +0. 4582] =0. 668

xf,z=1/[of , z+y(of ,z2- Af,22)]=1/[0. 668++(0.6682-0.4582)]=0.866 <=1 xf,z=0.866

Nb, rd=xz- A- fy/yMl= 0.866x3174x275/1. 00=755. 86kN (EC3 Eq. 6.47)
Nc, ed= 448.33 kN < 755.86 kN =Nb,rd, Is verified

Nc, ed/ Nb, rd= 448. 33/ 755. 86= 0. 593<1
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Connecti ons

[

16. Connection data (EN1993-1-8 )
16.1. Bolt connection data (eave, apex) (EN1993-1-8 )
Type of connection End- pl at e connection, non-prel oaded bolts
Cat egory of connection Cat egory A: Bearing type (EC3-1-8 83.4.1)

Category D: Non-prel oded (EC3-1-8 83.4.2)
End Pl ate Thi ckness tp=25 mm S 275
Pl ate of Eave connecion 180x935x25 mm S 275
Bol ts M24, Strength grade 10.9
Bolt di aneter d =24 mm
Di amet er of hol es do = 26 mMm
Nom nal area nd2/ 4 =nx242] 4= 452. 4 mnt
Tensile stress area As = 353.0 nmm?
Bolt strength grade 10.9, fyb=900N/ mm#, fub=1000N/ nm? (EC3-1-8 83.1.1)
16. 2. Edge distances and spacing of bolts (eave, apex) (EN1993-1-8, 83.5, Tab.3.3)
M ni rum edge di stances el=1. 2do=1.2x26=32 mMm
e2=1.2do=1. 2x26=32 nm
Maxi mum edge di stances el=4t +40=4x24. 0+40=137 mm
e2=4t +40=4x24. 0+40=137 mm
M ni mrum spaci ng of bolts pl=2.2do=2.2x26=58 nm
p2=2. 4do=2. 4x26=63 nm
Maxi mum spaci ng of bolts pl=m n(14t, 200) =m n(14x24.0, 200) =200 mm
p2=m n(14t, 200) =m n( 14x24. 0, 200) =200 nm
Di stance of plate edge to bolt line el=e2=ex= 45 mm
Di stance of section edge to bolt line ec= 41 mm
Di stance of flange enge to bolt Iine ef= 45 mm
Pitch between bolt rows pl=p3=p= 90 nm
Spaci ng between cross centers p2=g =w= 90 nm
Fl ange to end-plate weld atf>= 0.55tf=0.55x13.5= 8 mm
Web to end-plate weld aw>= 0. 55tw=0.55x 8.6= 6 nm
16. 3. Design resistance of individual bolts (eave, apex) (EC3-1-8 83.6.1, Tab.3.4)
Bolt strength grade=10.9, fub =1000N/ mm?, As=353.0m¢#, yWM2=1.25
Tension resistance of bolts Ft,rd=k2-fub- As/ yM2, (k2=0.90 )
Ft,rd=[ 107 x0. 90x1000x353. 0/ 1. 25=254 kN
Shear resistance of bolts Fv, rd=av- fub- As/ yM2, (oav=0.50)
Fv, rd=[ 10%] x0. 50x1000x353. 0/ 1. 25=141 kN
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17. Eave connection

17.1. Basic data (Eave connection)

Design forces of connection (Eave connecti on)
Maxi mum desi gn val ues for actions (L.C. 202: 1.35Gk+1.50Qs1)
Ned = -49.8 kN
Ved = 128.1 kN
Med = -335.2 kNm
Maxi mum desi gn values for actions(Seism c |oading)
Ned = -20.8 kN
Ved = 48.8 kN
Med = -141.0 kNm

17.2. Connection data (Eave connection)

Bolt connection data 5H Db
End Pl ate 180x935x25 mm S 275 - 0T
Bol ts M24, Bolt strength grade 10.9 §_ ¥ %
=\ |
Number of Bolts top 2x3=6 4|4
bottom 2x1=2 &[4
Total nunmber of bolts =8 g
Di amet er of holes do = 26 mMm
Shear pl ane of bolt through the threated portion @ U]
Edge di stances and spacing of bolts
Di stance of plate edge to bolt |ine el=e2=ex= 45 mm
Di stance of section edge to bolt line ec= 41 mm 4|+
Di stance of flange enge to bolt line ef= 45 mm —— i
Pitch between bolt rows pl=p3=p= 90 mm - 1
Spaci ng between cross centers p2=g =w= 90 nm — B .
Fl ange to end-plate weld atf>= 0.55tf=0.55x13.5= 8 mm
Web to end-plate weld aw>= 0. 55t w=0.55x 8.6= 6 nmm
Compression stiffener at the bottom of haunch
Conpression stiffener with thickness ts= 25.0 nm
17.3. Connection geometry of end-plate (Eave connecti on) (EC3-1-8 86.2.4.1, Fig.6.2)
e=ex=45 mm em n=45 nmm
mx, x=(90- 8. 6- 2x0. 8x6x+/2) /2= 33.9 mMm
nx, y=45- 0. 8x8x+2= 35.9 mm
nx, x= emn <=1.25mx,x = m n(45.0,1.25x33.9=42.4)= 42. 4 nm
nx,y= emn <=1.25nx,y = m n(45.0,1.25x35.9=44.9)= 44.9 mm
mn(nx,x, mx,y)=mn(33.9,35.9)=33.9mm max(nmx, x, nx,y)=max(33.9, 35.9)=35.9mm
mn(nx, X, nx,y)=mn(42.4,44.9)=42. 4mm  max(nx, x, nx,y)=max(42.4,44.9)=44.9mm
17.4. Effective lengths of end-plate (Eave connection) (EC3-1-8 86.2.6.5 Tab.6.6)
Bolt-row outside tension flange of beam
leff=2n- mx  =2nx35. 9= 225.6 mm
=m- mx+w =nx35. 9+90. 0= 202.8 nm
=n- MXx+2e=nx35. 9+2x45. 0= 202.8 mm
=4mx+1. 25ex = 4x35.9+1. 25x45.0=199.9 mMm
=—e+2mx+0. 625ex = 45. 0+2x35. 9+0. 625x45. 0=144.9 mm
=0. 5bp = 0.5x180= 90.0 mm
=0. 5w+2mx+0. 625ex=0. 5x90. 0+2x35. 9+0. 625x45. 0= 144.9 nm
| ef f, 1lb=m n(225.6, 202.8, 202.8, 199.9, 144.9, 90.0, 144.9)= 90.0 mMm
| eff,1b= 90.0 mm
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Bolt next to tension flange al one

leff=2n-mx =2nx33.9= 213.0 mm

=o-m =6.28x33.9=213. 0 nm (a1l=22=m' ( mte) =0. 43, «=6.28)
ef f,2b=m n(213.0, 213.0)= 213.0 mMm
eff,2b= = 213.0 mm

Bolt next to tension flange in a group

leff=2n-mx =2nx33.9= 213.0 mm
=a-m =6. 28x33.9=213. 0 mm (Al=22=m ( m+e) =0. 43, «=6.28)
=momtp =nx33.9+90. 0= 196.5 mm

(EC3-1-8 Fig.6.11)

=0. 5p+o- m (2m+0. 625€) =0. 5x90. 0+6. 3x33. 9- (2x33. 9+0. 625x45. 0) = 162. 1 mm
| eff,3b=mi n(213.0, 213.0, 196.5, 162.1)= 162.1 mm
leff,3b= = 162.1 mm

Inner Bolt-row in a group

| ef f=2n-mx =2nx33.9= 213.0 nm

=4m+l. 25e =4x33.9+1. 25x45. 0= 191.9 mm
=2p =2x90.0= 180.0 mm
=p = 90.0 mm

| eff, 4b=m n(213.0, 191.9, 180.0, 90.0)= 90.0 mm
leff,4b= = 90.0 mm

17.

5. End-Pl ate, Resistance of T-stub flange (Eave connection)

Bolt-row outside tension flange of beam

(EC3-1-8 §6.2.4.1, Tab.6.2)

Mpl, 1, rd=Mpl, 2,rd=0.25l eff-tfz.fy/yMI=[ 105 x0. 25x90. 0x25. 02x275/ 1. 00=3. 867kNm
Mode 1 Ft,1,rd= 4Mpl,1rd/ m =[ 103 x4x3.867/35.9 = 431 kN

Mode 2

Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN
Ft,rd= mn(431, 378, 508)= 378 kN

Bolt next to tension flange al one

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (m+n) =([ 103 x2x3. 867+44. 9x2x254) / ( 35. 9+44. 9) =378kN

Mol , 1, rd=Mpl, 2, rd=0. 25l eff-tf2-fy/yMO=[ 10 %] x0. 25x213. 0x25. 02x275/ 1. 00=9. 152kNm
Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 10% x4x9. 152/33.9 = 1080 kN

Mode 2

Mode 3 Ft,3,rd= zFt,rd =2x254 = 508 kN
Ft,rd= m n(1080, 522, 508)= 508 kN

Bolt next to tension flange in a group

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (m+n) =([ 103 x2x9. 152+42. 4x2x254) / ( 33. 9+42. 4) =522kN

Mol , 1, rd=Mpl, 2, rd=0. 25l eff-tf2-fy/yMO=[ 10 % x0. 25x162. 1x25. 02x275/ 1. 00=6. 965k Nm
Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103] x4x6. 965/33.9 = 822 kN

Mode 2

Mode 3 Ft,3,rd= gFt,rd =2x254 = 508 kN

Ft

,rd= mn(822, 465, 508)= 465 kN

I nner Bolt-row in a group

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (m+n) =([ 103 x2x6. 965+42. 4x2x254) / (33. 9+42. 4) =465kN

Mpl, 1, rd=Mpl, 2,rd=0.25l eff-tf2-fy/vMO=[ 10 ® x0. 25x90. 0x25. 02x275/ 1. 00=3. 867kNm
Mode 1 Ft,1,rd= 4Mpl,1rd/ m =[10% x4x3.867/35.9 = 431 kN

Mode 2

Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN

Ft

17.

,rd= mn(431, 378, 508)= 378 kN

6. Rafter flange and web in conpression (Eave connection)

Fc,fb,rd= Mc,rd/ (h-tf), M, rd= Wel,y-fy/yM
Wel , y=(180x13. 5x786. 52 +8. 6x773. 03/ 6) / 800=2706. 5x10°3 m#
Mc, rd= [107° x2706.5x10%x275/ 1. 00=744kNm Fc, fb, rd=[ 10%] x744/ 786. 5= 946kN
Fc,fb, rd, max=(1/0.8)b-t-fy/ yMd= (1/0.8)x[10% x180.0x13. 5x275/ 1. 00= 835 kN (h>600mnm)
Fc,fb, rd= min(946, 835)= 835 kN

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (mn)=([ 103 x2x3. 867+44. 9x2x254) / ( 35. 9+44. 9) =378kN

(EC3-1-8 §6.2.6.7)
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17.7. Rafter web in tension (Eave connection) (EC3-1-8 86.2.6.8)

Ft,wb,rd = beff,t,wb-twb:fy, wb/ yM0
beff,t,wb=Leff=min(leff,3b, Ieff,4b)=mn(162.1, 90.0) =90.0 mm
Ft,wb,rd = [107%x90. 0x8. 6x275/ 1. 00= 213 kN

mn Ft,rd=m n(378, 508, 465, 378, 213)= 213 kN

17.8. Connection geometry of column-side (Eave connection) (EC3-1-8 86.2.4.1, Fig.6.2)

e=ex=45 mm em n=45 mm

mx, x=(90-13. 5-2x0. 8x27)/2= 16.6 mm

nx, y=45-0. 8x8x+/2= 35.9 nm

nx, x= emn <=1.25mx,x = m n(45.0,1.25x16.6=20.8)= 20.8 nm

nx,y= emn <=1.25nmx,y = mn(45.0,1.25x35.9=44.9)= 44.9 nmm

mn(nx, x, mx,y)=mn(16.6,35.9)=16.6mm max(nmx, x, nx,y)=max(16.6, 35.9)=35.9nm
m n(nx, X, nx,y)=m n(20.8,44.9)=20.8mm max(nx, X, nx,y)=max(20.8,44.9)=44.9mm

17.9. Effective lengths of colum-side (Eave connecti on) (EC3-1-8 8§86.2.6.4 Tab.6.4)

End Bolt-row in a group
leff=2n-m =2nx16. 6= 104.3 nm
=n- m+2el =nx16. 6+2x45. 0= 142.2 mm
=4m+1l. 25e =4x16. 6+1. 25x45. 0= 122. 7 mm
=2m+0. 63e+el =2x16.6+0. 63x45. 0+45. 0= 106. 3 nm
=m-mtp =nXx16. 6+90. 0= 142.2 mm
=2el+p =2x45.0+90. 0= 180.0 mm
=2m+0. 63e+0. 5p =2x16. 6+0. 63x45. 0+0. 5x90. 0= 106. 3 nm
=el+0. 5p =45.0+0.5x90.0= 90.0 mm
leff,lc=m n(104.3, 142.2, 122.7, 106.3, 142.2, 180.0, 106.3, 90.0)= 90.0 mm
leff,1c= = 90.0 mm

Inner Bolt-row in a group
leff=2n-m =2nx16.6= 104.3 nm
=4m+1l. 25e =4x16. 6+1. 25x45. 0= 122.7 mm
=2p =2x90.0= 180.0 mm
=p = 90.0 mm
| eff,2c=m n(104.3, 122.7, 180.0, 90.0)= 90.0 nmm
leff,2c= = 90.0 nm

17.10. Column-Side, Resistance of T-stub flange (Eave connection) (EC3-1-8 86.2.4.1, Tab.6.2)

End Bolt-row in a group

Mpl, 1, rd=Mpl, 2,rd=0.25leff-tf2.-fy/yMI=[ 105 x0. 25x90. 0x24. 02x275/ 1. 00=3. 564kNm

Mode 1 Ft, 1, rd= 4Nb|,1rd/n1=[1O3]X4x3.564/16.6 = 859 kN

Mode 2 Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (mtn)=([ 10°%] x2x3. 564+20. 8x2x254) / (16. 6+20. 8) =473kN
Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN

Ft,rd= m n(859, 473, 508)= 473 kN

Inner Bolt-row in a group

Mpl, 1, rd=Mpl, 2, rd=0.25l eff-tf2-fy/vMO=[ 10 ®] x0. 25x90. 0x24. 02x275/ 1. 00=3. 564kNm

Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x3. 564/ 16.6 = 859 kN

Mode 2 Ft,2,rd= (2Nb|,2rd+nth,rd)/(nwn):([103]x2x3.564+20.8x2x254)/(16.6+20.8)=473kN
Mode 3 Ft,3,rd= 3sFt,rd =2x254 = 508 kN

Ft,rd= m n(859, 473, 508)= 473 kN

17.11. Column-web in transverse tension (Eave connecti on) (EC3-1-8 86.2.6.3)

Ft,wc,rd = o-beff,t,wc-twc-fy, c/yM

B=1, w=wl=1l/ [1+1.3(beff,c-twc/Avc)2], beff,c=90.0 mm (EC3-1-8 86.2.6.2, Tab.6.3)
w=1/ [ 1+1. 3x(90. 0x13.5/7000)2]]= 0.98

Ft,wc,rd = [10°%] x0.98x90. 0x13. 5x275/ 1. 00= 327 kN
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17.12. Design resistance of conpression stiffener (Eave connection) (EC3-1-5 §9.1)
Conpression stiffener at the bottom of haunch ts= 25.0 mm
fy=275N/ mr?, bs=(180-13.5-2x27.0)/2=56.2mm ts=25.0mm tw=13.5mm e=+(235/fy)=0.92
Aef f, s=2x56. 2x25. 0+(2x15x0. 92x13. 5+25. 0) x13. 5=8178 mm? (EC3-1-5 89.1(2)
Leff,s=m n(56.2, 14x0.92x25.0)=m n(56.2, 322.00)=56.2 mm (EC3 Tab.5.2)

| ef f, s=(2x56.2+13.5) 3x25. 0/ 12= 4157.5x10% mm*
i eff,s=+(4158x103/8178) =22.5mm Al=n~(E/fy)=93.9¢=86.39

Lcr=0. 75x(400- 2x24.0)= 264.0 mm

(EC3-1-5 §9.4(2)

A=lcr/ (ieff, s Al)=264.0/(22.5x86.39)= 0.14 (EC3 §6.3.1.3(1)

A<= 0.20, x=1.00

(EC3 §6.3.1.2.4)

Fc,we,rd = x-Aeff,s-fy,c/yML= 1.000x8178x275/ 1. 00=2249 kN > Fc,fb, rd=835 kN

Conpression stiffener, 1Is verified

17.13. Monent resistance of connection

(Eave connecti on) (EN1993-1-8, §6.2.7.2)

M,rd = % hr-Ftr,rd

hr: row numbering fromtop, distances
End-pl ate in bending

Force distribution in bolt rows
Bolt-row 1, hr= 838.3 mm Ft,rd= 378
Bolt-row 2, hr= 734.8 mm Ft,rd= 465
Bolt-row 3, hr= 644.8 mm Ft,rd= 378
Fc, ed=sFt,rd=378 + 465 + 378= 1221 kN

End-plate in bending

Force distribution in bolt rows
Bolt-row 1, hr= 838.3 mm Ft,rd= 473
Bolt-row 2, hr= 734.8 mm Ft,rd= 473
Bolt-row 3, hr= 644.8 mm Ft,rd= 473
Fc, ed=sFt,rd=473 + 473 + 473= 1419 kN

Rafter web in tension

Ft,wb,rd = 213 kN

Rafter flange and web in conpression
Fc,fb,rd= 835 kN

Ft, rd<=Ft, wb, rd=213 kN, Fc, ed=xzFt, rd<=

Fc, ed=zFt, rd<=Fc, wc, rd=2249 kN

Force distribution in bolt rows

Bolt-row 1, hr= 838.3 mm Ft,rd= 213
Bolt-row 2, hr= 734.8 mm Ft,rd= 213
Bolt-row 3, hr= 644.8 mm Ft,rd= 213
Fc, ed=3sFt, rd=213 + 213 + 213= 639 kN

Moment resistance of connection

(EN1993-1-8, 8§6.2.7.2Eq.6.25
from center of bottom (conpression) flange
(EC3-1-8 86.2.4.5

kN

kN
kN

(EC3-1-8 86.2.4.4
kN

kN
kN

(EC3-1-8 §6.2.6.8)
(EC3-1-8 §6.2.4.7

Fc, fb,rd=835 kN

(EC3-1-8 §6.2.7.2.(7))
kN
kN
kN

(EN1993-1-8, §6.2.7.2(10)

M,rd =[1073] x[ 213x838. 3+213x734. 8+213x644. 8]

M,rd = 472 kNm

Med= 335.2 kNm < 472.4 kNm =M ,rd, |s verified

17.14. Shear resistance (Eave connection) (EN1993-1-8, 8§3.6.1 Tab. 3.4)

Shear resistance of bolts

Fv, rd=av- fub- As/ yM2=[ 10 %] x0. 50x1000x353. 0/ 1. 25=141 kN
Shear plane of bolt:through the threated portion

[
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Bearing resistance of bolts
Fb, rd=k1-ob-fu-d-t/yM2

End- Pl at e
t=25.0mMmm d=24mm do=26mm el=45mm e2=45mm pl=90mm fub=1000kN/ m®#, fu=430kN/ m?,
ob=mi n[fub/fu, 1.0, el/3do, pl/3do-1/4]=
=m n[ 1000/ 430, 1.0, 45/(3x26), 90/(3x26)-0.25]=0.58
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x45/26-1.7,1.4x90/26-1.7,2.5]=2.50
Fb, rd=k1l-ob-fu-d-t/yM= [103]x2.50x0.58x430x24x25.0/1.25=298 kN

Col um- Si de
t=24.0mm d=24mm do=26mm el=45mm e2=45mm pl1=90mm fub=1000kN/ nm?, fu=430kN/ m®,
ob=mi n[fub/fu, 1.0, el/3do, pl/3do-1/4]=
=m n[ 1000/ 430, 1.0, 45/(3x26), 90/ (3x26)-0.25]=0.58
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x45/26-1.7,1.4x90/26-1.7,2.5]=2.50
Fb, rd=k1-ob-fu-d-t/yM= [lOG]XZ.50X0.58X43OX24X24.O/1.25:286 kN

Desi gn resistance of one bolt in shear =m n(141, 298, 286)=141 kN

Bendi ng noment and shear (EN1993-1-8, 83.6.1 Tab.3.4)
Maxi mum tension force in bolts
Ft,ed=213/2=106 kN
Reduction of shear resistance due to bending
o=1-Ft, ed/ 1. 40Ft, rd=1-106/(1.40x254)=0.70
Shear acting together with bending noment for all the bolts
Vr d=8x0. 70x141 =790 kN

Ved= 128 kN < 790 kN =vrd, Is verified
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18. Columm base Connection

18.1. Basic data (Base connection)

Design forces of connection (Base connection)

Axi al force (conpression) Ned=- 143 kN, L.C. 202: 1.35Gk+1.50Qs1

Axi al force (tension) Ned= 0 kN,
Shear force Ved= 52 kN, L.C. 211: 1.35Gk+1.50Qs1+0.60x1.50Qwl= 1.35xGk+1.50Qs1+0. 90¢(
Moment Med= 0 kNm

Seism ¢ | oading

Conpression force at base Ned= -60 kN
Tension force at base Ned= 0 kN
Shear force at base Ved= 21 kN

Connection data (Base connection)

Base plate steel grade 500x400x30 mm S 275
Anchor bolts M24, Grade 5.6
Shear plane of bolt through the threated portion 150 I 0 I i)

m ddl e 2x2=4 T a: ' ' T
Total nunmber of bolts =4 [ ]
Di amet er of holes do = 26 nm \( H
Steel section for colum HE 400 B, S 275
Spaci ng between cross centers 100 mm -q;- -q;- 4
Fl ange to end-plate weld 14 mm g |
Web to end-plate weld 8 mm -$- -$- <4
Edge di stances and spacing of bolts

[ N ]
Di stance of plate edge to bolt line el=e2=ex= 150 mm
Di stance of section edge to bolt Iine ec= 43 mm - .
Di stance of flange enge to bolt Iine ef= 45 mm
Pitch between bolt rows pl=p3=p= 90 nm
Spaci ng between cross centers p2=g =w= 100 mm
Fl ange to end-plate weld atf>= 0.55tf=0.55x24.0= 14 mm
Web to end-plate weld aw>= 0. 55t w=0.55x13. 5= 8 nm
Concrete of foundation
Concrete-Steel class C25/ 30- B500C (EC2 83.1, 83.2)
Partial factors for materials yc=1.50, ys=1.15 (EC2 8§82.4.2.4)
Desi gn conpressive strength fcd=acc- fck/yc=1.00x25/1.50=16. 67 N/ mm? (EC2 83.1.6)
Design tensile strength fctd=act-fctk05/yc=1.00x2/1.50=1.20 N/ mmt
Bearing strength fjd=p- yAcl/ Aco- fcd=(2/3)x1l.5x16.67=16. 67N/ nm? (EC2 86.7)
18. 2. Design resistance of individual bolts (Base connection) (EC3-1-8 83.6.1, Tab.3.4)
Bolt strength grade=5.6, fub =500N/ mm?, As=353.0m?, yM2=1.25
Tensi on resistance of bolts Ft,rd=k2- fub- As/ yM2, (k2=0.90 )
Ft,rd=[ 10 x0. 90x500x353. 0/ 1. 25=127 kN
Shear resistance of bolts Fv, rd=ov- fub- As/ yM2, (oav=0.60)
Fv, rd=[ 10% x0. 60x500x353. 0/ 1. 25=85 kN

18.3. Connection geometry of end-plate (Base connecti on) (EC3-1-8 86.2.4.1, Fig.6.2)
e=ex=150 nm em n=150 mm
nx, x=(100-13. 5- 2x0. 8x8x+2)/ 2= 34.2 mm
mX,y= 34.2 mm
nx, x= em n <=1.25nmx, x = m n(150.0, 1. 25x34.2=42.8)= 42.8 mm
nx,y= emn <=1.25nx,y = m n(150.0, 1. 25x34.2=42.8)= 42.8 mm
mn(nx, x, mx,y)=mn(34.2,34.2)=34.2mm max(nmx, x, nx,y)=max(34.2,34.2)=34.2mMm
m n(nx, X, nx,y)=mn(42.8,42.8)=42.8mm max(nx, x, nx,y)=max(42.8,42.8)=42.8mm
—, SteelPortalFrameEC3 Fenerbahce 22
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18.4. Effective lengths of end-plate (Base connection) (EC3-1-8 8§86.2.6.5 Tab.6.6)

I nner Bolt-row in a group
leff=2n-mx =2nx34.2= 214.9 nm
=4m+1l. 25e =4x34.2+1.25x150. 0= 324.3 mm
=2p =2x90.0= 180.0 nm
=p = 90.0 nm
| eff,4b=m n(214.9, 324.3, 180.0, 90.0)= 90.0 mm
| eff,4b= = 90.0 mm

18.5. End-Plate, Resistance of T-stub flange (Base connection) (EC3-1-8 86.2.4.1, Tab.6.2)

Inner Bolt-row in a group

Mol , 1, rd=Mpl, 2, rd=0.25l eff-tf2.fy/vM=[ 105 x0. 25x90. 0x30. 02x275/ 1. 00=5. 569k Nm

Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x5.569/34.2 = 651 kN

Mode 2 Ft,2,rd= (2Np|,2rd+nth,rd)/(nwn):([103]x2x5.569+42.8x2x127)/(34.2+42.8):286kN
Mode 3 Ft,3,rd= sFt,rd =2x127 = 254 kN

Ft,rd= m n(651, 286, 254)= 254 kN

18.6. Colum web in tension (Base connection) (EC3-1-8 86.2.6.8)

Ft,wb,rd = beff,t,wb-twb-fy, wb/yvM
beff,t,wb=Leff= leff,4b = =90.0 mm
Ft,wb, rd = [107%]x90. 0x13. 5x275/ 1. 00= 334 kN

mn Ft,rd=mn(254, 334)= 254 kN

18.7. Tension resistance of connection (EN1993-1-8, 86.2.4
Uplift force of connection Ft,ed= 0 kN
Tensi on resistance of connection Ft,rd= 2x254 = 508 kN

Ned= 0 kN < 508 kN =Nrd, Is verified

18. 8. Shear resistance (Base connection) (EN1993-1-8, 8§3.6.1 Tab. 3.4)

Shear resistance of bolts
Fv, rd=av- f ub- As/ yM2=[ 10 3] x0. 60x500x353. 0/ 1. 25=85 kN
Shear plane of bolt:through the threated portion

Bearing resistance of bolts

Fb, rd=k1-ob-fu-d-t/yM2
t =30. 0mMm d=24mm do=26mm el1=150mm e2=150mMm pl1=90mm fub=500kN/ mm?, fu=430kN mm?#,
ob=m n[fub/fu, 1.0, el/3do, pl/3do-1/4]=

=m n[ 500/ 430, 1.0, 150/(3x26), 90/(3x26)-0.25]=0.90
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x150/26-1.7,1.4x100/26-1.7,2.5]=2.50
Fb, rd=k1-ob-fu-d-t/vM2= [10 3 x2.50x0. 90x430x24x30. 0/ 1. 25=560 kN

Desi gn resistance of one bolt in shear =m n(85, 560)=85 kN

Tensi on and shear (EN1993-1-8, 8§3.6.1 Tab. 3.4)
Maxi mum t ensi on force in bolts
Ft, ed=254/2=127 kN
Reduction of shear resistance due to tension
o=1-Ft,ed/ 1. 40Ft,rd=1-127/(1.40x127)=0. 29
Shear acting together with tension for all the bolts
Vrd=4x0.29x85 =99 kN

Ved= 52 kN < 99 kN =Vrd, Is verified
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18.9. Bearing resistance (Base connection) (EN1993-1-8, 8§6.2.5)
Conpression resistance of T-stub flange Fc,rd= fjd-beff-leff (86.2.5(3)Eq.6.4), 86.2.5(7)
fjd=p- y(Acl/ Aco) - fcd=(2/3) x+(2.25)x16.67=16. 67N/ nm? (EC2 EN1992-1-1:2004, §6.7,Eq.6.63)
h=400. 0mm b=300. 0mm tf=24.0mm tw=13.5mm tp=30.0mMm
c=tp- (fy/ (3fjd-yM) %°=30x(275. 00/ (3x16. 67x1. 00) ®°=70. 3, <50.0, c=50.0mm (Eg. 6. 5)
2c+bf =2x50. 0+300=400. Onm <= bp=400mm, | ef f =400. Omm
Aco, f=leff-(2c+tf)=400.0x(2x50.0+24.0) = 49600 mm? (EC3-1-8 ,Fig.6.4)

Aco, w=(h-2tf-2c) - (tw+2c)= (400.0-2x24.0-2x50.0)x(13.5+2x50.0)= 28602 m?
Nj,rd= [107%] x16. 7x(2x49600+28602) =[ 103] x16. 7x127802= 2134kN
Nj , ed= 143 kN < 2134 kN =Nj,rd, |Is verified

Bendi ng resistance of base plate (EN1993-1-8, §6.2.6.10)

Mp, r d=Veel - fy/ vMD=[ 10 ] (400x30. 02/ 6) x275/ 1. 0= 16 kNm (86.2.5)
Mp, ed=bp- ged- c2/2=[ 10°% [ 400x143339/ ( 2x49600+28602. 0) ] x50. 02/ 2= 1 kNm
Mp, ed= 1.0 kNm < 16.0 kNm =Mp,rd, Is verified

18.10. Anchoring resistance (Base connecti on) (EN1993-1-8, 86.2.6.12)

Anchoring with washer plate (86.2.6.12, CEN/ TS 1992-4-2)

Nunmber of fasteners: 4, of mnimum |l ength 250mm and m ni num di aneter of anchor head 60nm
yMp=yMsp=yMs=yMc=1. 50 (CEN/ TS 1992-4-1:2009 84.4.3.1)

Pul |l -out failure of fasteners (CEN/ TS 1992-4-2:2009 §6.2.4)

Di amet er of anchor head dh= 60 mm Ah=n/4(602-242)=2375 mm?

Nrk, p=6- Ah- f ck- y=[ 10 3] x6x2375x25. 0x1. 0=356 kN, (uy=1.0) (CEN/ TS 1992-4-2:2009 Eg.2)
Nrd, p= Nrk, p/ yMo= 356/1.50= 237 kN, Njrd, p= 4x237= 948 kN

Nj,ed= 0 kN < 948 kN =Njrd, p, I's verified

Concrete cone failure (CEN/ TS 1992-4-2:2009 86.2.5)
Nr k, c=Nr kO, c- (Ac, N/ AcO, N) - ysn- yren- yecn (CEN/ TS 1992-4-2:2009 Eq. 4)
Nr kO, c=kcr - f ck%5. hef 15 (CEN/ TS 1992-4-2:2009 Eq.5)

kcr=8.5, hef=250mm NrkO, c=[ 107 x8. 5x25. 0%x250%%= 168 kN

Ac, N/ Ac0, N=1. 0, ysn=0.70, yren=0.5+250/200<=1, yren=1.00, yecn=1.00 (CEN/ TS 1992-4-2Eq. 8, 9, 10)
Nrk, c=168x1. 00x0. 70x1. 00x1. 00= 118 kN

Nrd,c= Nrk,c/yMc= 118/1.50= 79 kN, Njrd,c= 4x79= 316 kN

Nj,ed= 0 kN < 316 kN =Njrd, c, I's verified

Splitting failure (CEN/ TS 1992-4-2:2009 §6.2.6)

Nrk, sp=NrkO- (Ac, N/ AcO, N) - ysn- yr en- yecn- vhsp (CEN/ TS 1992-4-2:2009 Eq.18)
NrkO=m n(Nrk, p, NrkO)=m n(356,168) =168 kN

Ac, N/ AcO, N=1. 0, ysn=0.70, vyren=1.00, yecn=1.00, vyhsp=1.00

Nrk, sp=168x1. 00x0. 70x1. 00x1. 00x1. 00= 118 kN

Nrd, sp= Nrk,sp/yMc= 118/1.50= 79 kN, Njrd, sp= 4x79= 316 kN

Nj,ed= 0 kN < 316 kN =Njrd,sp, |Is verified

[
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STOGINE NR.2 (jungtys)

1. BRACE-001

Vertical bracing system
( EC3 EN1993-1-1:2005, )

Design of lateral bracing system H=16.000m Ly=7.250m Qed2=4.00kN

Qed2=36.00kN
Ve

7.250 m

H

Q<
90

A \ﬂé

1.1. Design codes

EN1990: 2002, Eurocode 0 Basis of Structural Design
EN1991-1-1: 2002, Eurocode 1-1 Actions on structures
EN1993- 1-1: 2005, Eurocode 3 1-1 Design of steel structures
EN1993- 1- 3: 2005, Eurocode 3 1-3 Col d-formed nenbers
EN1993- 1-5: 2006, Eurocode 3 1-5 Plated structural elements
EN1993- 1-8: 2005, Eurocode 3 1-8 Design of Joints

1.2. Materials

Steel: S 275 N/ NL (EN1993-1-1, 8§3.2)
t<= 40 mm Yield strength fy= 275 N m#, U timte strength fu= 390 N m?

40m<t<= 80 mm Yield strength fy= 255 NNmm?, U timte strength fu= 370 N/ mm?

Modul us of elasticity E=210000 N/ m®, Poisson ratio v=0.30, Unit mass p= 7850 Kg/n?

Partial safety factors for actions (EN1990, Annex Al)
yG= 1.35, yQ= 1.30

Partial factors for materials (EN1993-1-1, 86.1)
yMO= 1.00, yM1l= 1.00, yM2= 1.25

1. 3. Di mensions and | oads (EN1991-1-1 )

H 7.250 m
Ly 6. 000 m
Load on bracing system roof |level Qed2 = 36.000 kN
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1.4. Steel cross-section properties

Cross-section L80x80x8 -S 275 N/ NL

Di mensi ons of cross section _37*

Depth of cross section h= 80. 00 nm

W dth of cross section b= 80. 00 mm

Web depth hw= 80. 00 mm

Depth of straight portion of web dw= 80. 00 mm SBL———Ei
Web thickness t w= 8.00 mm

Fl ange thickness tf= 8.00 mm B 45 -y
Radi us of root fillet r= 10. 00 mm MZ
Mass = 9.66 Kg/m 17T

Properties of cross section

Area A= 1230 nm?

Second moment of area ly= 0.723x10°% mm"* lz= 0.723x10% mm"*

Second moment of area lu= 1.150x10°% mm* Iv= 0.296x10°% mm*

Section nodul us W=12.600x10% nm® W=12.600x10% nm®

Plastic section modul us Wy=54.272x10% nmm® Wz=26.624x10°% mm’

Radi us of gyration iy= 24.2 mm iz= 24.2 mm

Radi us of gyration iu= 30.6 nm iv= 15.5 mm

Shear area Avz= 662 mm’ Avy= 640 mm? -
Torsional constant It= 0.037x10% mm* i p= 34 mm

Torsi onal modul us W= 4.673x10% mm®

Vr pi ng const ant Iw= 0.442x10° mm®

1.

5. Horizontal | oadings

Vertical

(wall) braced girder

1.

The vertical brace systemis |oaded with point

at the top of the colum h= 7.250m
Length of braced girder menmbers 9.411 m inclination ¢=50.39°, tane=7.250/6.000=1.208
Forces in bracing members

Tension Nted2= 1.00x36.0/co0s50.39= 56.5 kN
Conpressi on on colums Nced2=56. 5xsi n50. 39=43. 5kN

hori zontal | oad Qed2=36. 00kN

6. Classification of steel cross-section, Compression Nc (Bracing menber)

1.

h/t=80.0/8.0=10. 00,

(b+h)/2t=(80.0+80. 0)/ (2x8. 0) =10.
S 275 NINL , t= 8.0<= 40 nm fy=275 N/ m®, e=(235/275) %5=0.92

h/t=10.00<=15¢=13. 80, (b+h)/2t=10.00<=11.5¢=10.58

Overall classification of cross-section is Class 3

7. Resistance of cross-section, Bracing menber

Utimte Limt State, Verification for tension

Nt . ed= 56.50 kN

Tensi on Resi stance Nplrd=
Nt, ed= 56.50 kN < 338.25 kN =Nt, rd=Npl rd,

Nt, ed/ Nt,rd= 56.50/338.25= 0.167<1

00

Conmpressi on Nc, ed

A-fy/yMoz[103]x1230x275/1.00=338.25kN
I's verified

(EN1993-1-1, §5.5)

(EN1993-1-1, §6.2)

(EN1993-1-1, §6.2.3)
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1.8. Bolts connecting braces

Bolt connection data, Bracing nenber (EN1993-1-8 )
Type of connection End- pl ate connection, non-preloaded bolts

Cat egory of connection Cat egory A: Bearing type (EC3-1-8 83.4.1)
Connected nenbers Thi ckness t=8 mm

Bol ts M24, Strength grade 8.8

Bolt di ameter d =24 mm

Di amet er of holes do = 26 mMm

Nomi nal area nd?/ 4 =nx242] 4= 452.4 mt?

Tensile stress area As = 452.4 mmt

Bolt strength grade 8.8, fyb=640N/ m?, fub=800N/ mm? (EC3-1-8 83.1.1)
Shear resistance of bolts (EN1993-1-8, 8§3.6.1 Tab.3.4)

Fv, rd=ov- fub- As/ yM2=[ 10 '3] x0. 60x800x452. 4/ 1. 25=173. 7 kN

Bearing resistance of bolts (EN1993-1-8, 83.6.1 Tab.3.4)
Fb, rd=k1-ob-fu-d-t/yM2

t=8.0mm d=24mm do=26mm el1l=50mm e2=50mnm pl=100mm fub=800kN/ mr?, fu=430kN/ nmm?,

ob=m n[fub/fu, 1, el/3do, pl/3do-1/4]=m n[800/430, 1, 50/(3x26), 100/ (3x26)-0.25]=0.64

kl=m n[2.8e2/do-1.7, 2.5]=m n[2.8x50/26-1.7, 2.5]=2.50

Fb, rd=k1l-ob-fu-d-t/yM= [10'3]x2.50x0. 64x430x24x8.0/1.25=105.8 kN

Necessary bolts per brace 56.5/105.8= 1 M24, Grade 8.8
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PER 01/ 09/ 2022 STOGINE NR. 3 (karkasas)
] TPE 400
S275
£ -
% A 4 HE 400 A ,3539““
% Lo
15.000 m
1. Design codes
EN1990: 2002, Eurocode 0 Basis of Structural Design
EN1991-1-1: 2002, Eurocode 1-1 Actions on structures
EN1991- 1-3: 2003, Eurocode 1-3 Snow | oads
EN1991- 1- 4: 2005, Eurocode 1-4 W nd actions
EN1993- 1-1: 2005, Eurocode 3 1-1 Design of steel structures
EN1993- 1- 3: 2005, Eurocode 3 1-3 Col d-formed nenbers
EN1993- 1-5: 2006, Eurocode 3 1-5 Plated structural elenents
EN1993- 1-8: 2005, Eurocode 3 1-8 Design of Joints
CEN/ TS 1992-4-1:2009, Design of fastenings in concrete, Genera
CEN/ TS 1992-4-2:2009, Design of fastenings, Headed Fasteners
EN1998- 1-1: 2004, Eurocode 8 Design in earthquake environment
2. Basic data
2.1. Geometry of frame structure
Bay wi dth L = 15.000 m
Tot al hei ght (max) H= 7.650 m
Col um hei ght HlL = 7.650 m
Total length B = 30.000 m (4x7.500m)
Spaci ng of frames s = 7.500 m
Roof sl ope o = 0.00°
Haunch size L1 =L/10.0= 1.500 m
Cl addi ng Sheeting thickness tw=0.100 mm Profile depth hw=5.0 nm
Purlin spacing = 1.400 m
Purlin laterally restrained, Simply supported purlin
2.2. Steel sections
Col umn section HE 400 A - S 275
Rafter section | PE 400 - S 275
Purlin section Z30030 - S 275
Transverse restraint system L90x90x8 - S 275
Lateral bracing of colums Lml= 7.050 m
Torsional restrains of rafters Lm2= 4.000 m
Conpression stiffener at the bottom of haunch
"= StedlPortalFrameEC3 Fenerbahce 1
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2.3. Steel joints

Type of connection End- pl ate connection, non-preloaded bolts
Cat egory of connection Cat egory A: Bearing type
Cat egory D: Non-prel oded
End Pl ate Thi ckness tp=20 mm S 275
Bol ts M24, Grade 10.9

3. Materials and Code paranmeters

3.1. Materials

Steel: S 275 (EN1993-1-1, 83.2)
t<= 40 mm Yield strength fy= 275 N mm#, U timte strength fu= 430 N m?

40mm<t<= 80 mm, Yield strength fy= 255 N/m?, U timate strength fu= 410 N mm?

Modul us of elasticity E=210000 N/ m®, Poisson ratio v=0.30, Unit mass p= 7850 Kg/n?

Partial factors for materials (EN1993-1-1, 86.1)
yMO= 1.00, yM1l= 1.00, yM2= 1.25

4. Loads
4.1. Permanent | oads (EN1991-1-1 )
Sel f wei ght of purlins and finishing gkl = 0.300+0.117/1.400= 0.384kN/ nt
Sel f weight of ceiling under the roof gk2 = 0.000kN/ nmt gk =gkl+gk2 = 0.384kN/ n?
Spaci ng of frames s = 7.500 m
Roof | oad on frame (gkl+gk2)-s = 0.384x7.500= 2.88kN/ m
Sel f weight of rafters G(I PE 400)= 0. 65kN/ m
Per mnent | oad on frame Gk = 2.88+0.65= 3.53kN/'m
Sel f wei ght of columns G(HE 400 A)= 1.23kN/'m
LT Ty ee Cemenentioso
A A
4.2. | mposed | oads (EC1 EN1991-1-1:2002 Tab.6.10)
Roof sl ope o = 0. 00°
I nposed | oad (category H) gk = 0. 40k N/
Roof | oad on frane gk-s = 0.40x7.500= 3.00kN/' m
LI TE T Ty pea ok (mosea oo
A A
4.3. Snow | oad (EC1 EN1991-1-3:2003 )
Snow | oad on the ground (EN1991-1-3 84, Annex C)

Characteristic value of snow | oad on the ground: sk=1.200 kN/ n?
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Snow | oad on the roof (EC1 EN1991-1-3:2003 85)
pitched roof (EC1-1-3 85.3.3))
Angl e of pitch of roof : «l=0.000° ) (e 0
Angle of pitch of roof : «2=0.000° o -
Exposure coefficient : Ce=1.000 (EC1l-1-3 85.2(7)) () 0’%
Thermal coefficient : Ct=1.000 (EC1-1-3 85.2(8)) o l“':“"% ®
Shape coefficients ul(al)=ul(a2)=0.800 (EC1-1-3 T.5.2)) T p
S(ol) =pl(al) - Ce: Ct- Sk=0.800x1. 000x1. 000x1.200=0. 960kN/ n? CETE O o
S(o2) =pl(a2) - Ce: Ct - Sk=0.800x1. 000x1. 000x1. 200=0. 960kN/ n? 77
Snow | oad (EC1 EN1991-1-3:2003, 85.2, §5.3.3)
Load case (I) , S(Left)=S(al) =0.960 kN/ n?, S(Right)=S(a2)= 0.960 KN/ n?
4.4. Snow |l oad on frane (EC1 EN1991-1-3:2003 )
Snow | oad on the ground sk= 1.200 kN nt
Snow | oad on the roof Sk= 0.8x1.200x1. 00x1.00=0.960 kN/ m?
Spaci ng of frames s= 7.500 m
Snow | oad on frame Sk1l= 0. 960x7.500/ cos0. 00°=7. 20kN/ m
Sk2=0. 5x0. 960x7. 500/ cos0. 00°=3. 60kN/ m
Load case(l) Sk1l= 7.20 kN/m Sk2=7.20 kN/' m
LT T ygepea et (Srowosd)

4.5. Wnd | oad (EC1 EN1991-1-4:2005 )

Ref erence velocity (EN1991-1-4, 8§4.2)
vbo=0.00 m's, , Zone: 2
vb= Cdir-Cseason-Vbo = 24.00 m's

Terrain effects (EN1991-1-4, 84.3.2, Annex A)
Terrain category : |11 (EN1991-1-4, Tab.4.1)
Area with regular cover of vegetation or buildings (villages, suburban terrain, forest)
Roughness factor Cr(z) (EN1991-1-4, 84.3.2)
Terrain category:I1Ill, z=7.650m zo=0.300m zm n=5m znmax:=200m zoll=0.050m

kr=0.19- (0. 300/ 0. 05) %97=0. 215
Cr(z)=kr-1n(z/zo)=0.215x| n(7.650/0.300)=0.698

Or ography factor Co(z) (EN1991-1-4, 84.3.3)
Co(z)=1.000 (EN1991-1-4, 84.3.3)
Tur bul ence factor Kt (EN1991-1-4, 84.4)
Kt =1. 000

Exposure factor Ce(z) (EN1991-1-4, 84.5)
Terrain category: |11 (EN1991-1-4, Tab.4.1 )

z= 7.65 m kr=0.215, I1v(z)=0.309, Ce(z)= 1.538 (EC1 EN1991-1-4:2005, eq.A 4.8,4.7,4.4,4.3)
q(z)=Ce(z) (¥p) Vb2=[0.001] x1.538x0. 625x24. 002=0. 554 kN/ nt
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W nd peak velocity pressure q(z)=Ce(z)-gb =Ce(z)-(0.625)- Vb2 (EN1991-1-4, 84.5)
Vb=24.00m sec 2 [m]
z=7.650m 100 7
90
Cr(z)=0.698 80 K v_|] |||/ il o
Co(z)=1.000 o1 /
Kt =1.000 60 |
Ce(z)=1.538 50 |
w ] /
a(z)=Ce(z) - (¥p) - Vb2 oI
=[0.001] 1. 538x0. 625x2 .. {
= 0.554 kN/ nt o T vl
0.0 1.0 2.0 3.0 4.0 " Ce(z) 50
W nd forces on flat roof, wind direction: 0.00 (EN1991-1-4, 87.2.3)
W nd pressure coefficients Cpe (EN1991-1-4, Tab. 7.2)
15597 §597
wind direction: e=0.00 sl ]
b=30. 00m d=15.00m h=7.65m e=nmin(b, 2h)=15.30m :
e/ 4=3.83m e/10=1.53m e/2=7.65m
Roof type: Sharp eaves
|j> EHT | é [
Zone : F, A= 5.85m?, Cpe, 10=-1.80, Cpe, 1=-2.50
Zone : G, A= 34.20m*, Cpe,10=-1.20, Cpe,1=-2.00 ]
Zone : H, A= 183.60n%, Cpe, 10=-0.70, Cpe, 1=-1.20 :“%k
Zone : |, A= 220.50m?, Cpe, 10=%0.20, Cpe, 1=%0.20 — Eom
W nd pressure on roof surfaces we=q(z)- -Cpe=0.554xCpe [ kN n?#] (EN1991-1-4, 5.1)
F G H |
we, 10 we, 1 we, 10 we, 1 we, 10 we, 1 we, 10 we, 1
-0.997 -1.385 -0.665 -1.108 -0.388 -0.665 +0.111 -0.111
W nd forces on vertical walls (EN1991-1-4, 87.2.2)
W nd pressure coefficients Cpe A g (EN1991-1-4, Tab.7.1)
h/ d=7.65/15. 00=0. 510, e=15.30m
Zone : A, ( 3.06xh), Cpe, 10=-1.20, Cpe, 1=-1.40 Q Tl
Zone : B, ( 11.94xh), Cpe, 10=-0.80, Cpe, 1=-1.10
Zone : D, ( 30.00xh), Cpe, 10= 0.80, Cpe, 1= 1.00 e
Zone : E, ( 30.00xh), Cpe,10=-0.37, Cpe, 1=-0.37 A 8
W nd pressure on wall surfaces we=q(z)-Cpe [kN n?] (EN1991-1-4, 5.1)
A B D E
we, 10 we, 1 we, 10 we, 1 we, 10 we, 1 we, 10 we, 1
z= 7.65~ 0.00m -0.665 -0.776 -0.443 -0.609 0.443 0.554 -0.205 -0.205
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4.6. Wnd | oad on frane (EC1 EN1991-1-4:2005 )
W nd pressure on vertical surface wk= 0.554 kN n?
W nd internal pressure wi = 0.000 kN/ nt?
Spaci ng of frames s= 7.500 m
Left colum Wk1= 0.443x7.500= 3.32kN/'m
Left rafter Wk2=-0.388x7.500= -2.91kN/'m
Ri ght rafter Wk3=-0.388x7.500= -2.91kN/' m
Ri ght col um Wk4=-0.205x7.500= -1.53kN/m
FTTTETE T PT T T e Qs Windioad
—b -
—B -
—o |
o 1
- i
M—p —{Co
—b -
—o |
—o |
A Ly
4.7. Seismc |oading (EC8 EN1998-1-1:2004, 8§83)
Hori zontal acceleration ratio (83.2.2.2) agr/ g=0. 040 3 <
Verti./horiz. acceleration (83.2.2.3) avg/ agr=0.90
I nportance factor (83.2.1, T.4.3) vi =1. 00
Soil factor [horizontal] (83.2.2.2) S=1. 00 )
Behavi or factor [horizontal] (83.2.2.5) gq=1.50 — ot
Behavi or factor [vertical] gv=1.50 —feid
Spectral shape factor [horizontal] (83.2.2.5) gh(T)=2.50 SadrzoRn
Spectral shape factor [vertical] (83.2.2.3) gv(T)=3.00 1
Correction factor (84.3.3.2.2.1) A=1. 00 \\\\ \\\\\\\§
Force distribution ¢=ziW/3zzjW (84.3.3.2.3) ¢=1.50 gﬁmgﬁi\_§_\\\\\\_\
Fundament al vibration period (84.3.3.2.2.3) (sec)=0.77
Live | oad conbination factor (ECO T.Al.1) 12=0. 30 0 o o2
Snow | oad combination factor (ECO T.Al.1) 12=0. 20
Characteristic spectral periods [horizontal] Tb=0. 15sec, Tc=0.50sec, Td=2.00sec
Characteristic spectral periods [vertical] Tb=0. 05sec, Tc=0.15sec, Td=1.00sec

Sd(T1=0.77s) =0
Sv(T1=0.77s) =0

040x1.00x1. 00x[ (2. 50/1.50)x(0.50/0.772)] =0. 424 s2
90x0. 040x1. 00x[ (3. 00/ 1.50)x(0. 15/ 0. 772)] =0. 137n¥ s2

(EC8 §3.2.2.5(4), Eq.3.13)
(EC8 §3.2.2.5(5)

Fenerbahce
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Pg. 6

5. Design values of Actions (EN1990

5. 1.

Load conbi nati on factors

Cat egory H (roofs)

Snow | oads on buil di ngs
W nd | oads on buil dings

Qk $o=0.00, y1=0.00
Qs ¢o0=0.50, y1=0.20
Qv yo=0.60, y1=0.20

5.2. Utimte Limt State (ULS) (EQU)
Ed = vG Gk + yvQ k1l + vQ Yo k2

vG, sup=1. 35 (Unfavorable)

vG, i nf =0. 90 (Favorable )

vQ =1.30 (Unfavorable)

vQ =0. 00 (Favorable )
Load conbi nations (ULS) (EQU),
Permanent | oad Gk, |nposed |oad Qk, Snow |load Qsl1l, Wnd |oad Qwl
L.C. 101: 1.35CGk+1.30Qk
L.C. 102: 1.35CGk+1.30Qs1
L.C. 103: 1.35CGk+1.30Qwl
L.C. 111: 0.90CGk+1.30Qwl
L.C. 121: 1.35Gk+1.30Qs1+0.60x1.30Qwl= 1.35xCGk+1.30Qs1+0.78Qwl
L.C. 122: 1.35Gk+1.30Qwl+0.50x1.30Qs1= 1.35xCk+1.30Qwl+0.65Qs1

5.3.

Utimte Limt

State (ULS) (STR)

Ed =
Ed =
Ed =

vQ
vQ

£=0. 850

vG Gk + yQ k1 + yQ yo- k2
vG Gk + vQ yo- k1 + vQ yo- k2
£ yG Gk + vQ k1 + vQ vo- Qk2
vG, sup=1. 35 (Unfavorable)

vG, i nf=1.00 (Favorable )

=1.50 (Unfavorable)

=0. 00 (Favorable )

£ yvG=0. 850x1. 35=1. 15

Load combi nations (ULS)(STR),

Per manent
201:
202:
203:
210:
211:
212:
231:
251:
252:

.C

5.4.

rr-r-r-ororre e
O0000000(

1
1
1
1
1.
1
1
0
0

| oad Gk,

. 35Gk+1.
. 35Gk+1.
. 35Gk+1.
. 00GKk+1.
35Gk+1.
. 35Gk+1.
. 35Gk+1.
. 850x1. 35CGk+1. 50Qs1+1. 50x0. 60Qwl= 1.15xG+1.50Qs1+0.900Qwl
. 850x1. 35CGk+1. 50Qwl+1. 50x0. 50Qs1= 1.15xG+1. 50Qwl+0. 75Qs1

I mposed | oad Qk, Snow | oad Qsl, Wnd |oad Qwl
500k

50Qs1

50Qwl

50Qwl

50Qs1+0. 60x1. 50Qwl= 1. 35xCGk+1.50Qs1+0.90Qwl
50Qwl+0. 50x1. 50Qs1= 1. 35xCGk+1.50Qwl+0. 75Qs1
50x0.50Qs1 +1.50x0.60Qwl= 1.35xG+0.75Qs1+0.90Qwl

Serviceability Limt State (SLS)

Ed
Ed
Ed =

Gk

+ k1

+ Yo- Qk2 + yo-Qk3 (Characteristic combination)

Gk + yl-Qkl + y2-Qk2 + y2-Qk3 (Frequent conbination)
Gk + y2-Qkl + y2-Qk2 + y2- k3 (Quasi-permanent conbination)

NA Latvia LVS, 8§6.4,

¥2=0. 00
¥2=0. 00
¥2=0. 00

(EN1990

§6. 5)

(EN1990 Tab. Al.1)

§6.4.3.2, T.Al.2A)

(Eq. 6.10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(EN1990 §6.4.3.2, T.Al.2B)
(Eq. 6.10)
(Eq. 6. 10a)
(Eq. 6. 10b)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6.10)
(Eq. 6. 10)
(Eq. 6. 10)
(Eq. 6. 10a)
(Eq. 6. 10b)
(Eq. 6.10b)
(EN1990 §6.5.3, T.Al.4)
(Eq. 6. 14)
(Eq. 6. 15)
(Eq. 6. 16)
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PFR 01/09/2022 Pg.7
Load conmbi nati ons (SLS)
Permanent | oad Gk, |nposed |oad Qk, Snow |load Qsl1l, Wnd | oad Qwl
L.C. 301: Gk + Qk (Eq. 6. 14a)
L.C. 302: Gk + Qs1 (Eqg. 6. 14a)
L.C. 303: Gk + Quwi (Eq. 6. 14a)
L.C. 311: Gk + Q1 + 0.60Qwl (Eq. 6. 14a)
L.C. 312: Gk + Qwl + 0.50Qs1 (Eq. 6. 14a)
L.C. 331: Gk + 0.20Qs1 + 0.00Qwm1 (Eq. 6. 15a)
L.C. 332: Gk + 0.200Qwl1 + 0.00Qs1 (Eq. 6. 15a)
L.C. 351: Gk + 0.00Qs1 + 0.00Qwl (Eq. 6. 16a)
5.5. Utimte Limt State (ULS)Seism c situation
Ed = Gk + Aed + ¢2- Qkl + ¢2- Qk2 + y2- k3 (Eq. 6.12b)
Snow |l oad Qs, Wnd |load Qw, Seismc |oad Aed
L.C. 601: Gk + 0.20Qs1 + Aed (Eqg. 6. 14a)
5.6. Summary of | oad conbination

Per mnent | oad Gk, |mposed |oad Qk, Snow | oad Qs1l, Wnd | oad Qwl

1 L.C. 101 (ULS)(EQU) 1.35Gk+1.30Qk+0.00Qs1+0.00Qwl

2 L.C. 102 (ULS)(EQU) 1.35Gk+0.00Qk+1.30Qs1+0.00Qwl

3 L.C. 103 (ULS)(EQU) 1.35Gk+0.00Qk+0.00Qs1+1.30Qwl

4 L.C. 111 (ULS)(EQU) 0.90Gk+0.00Qk+0.00Qs1+1.30Qwl

5 L.C. 121 (ULS)(EQU) 1.35Ck+0.00Qk+1.30Qs1+0.78Qwl

6 L.C. 122 (ULS)(EQU) 1.35Ck+0.00Qk+0.65Qs1+1. 30Qwl

7 L.C. 201 (ULS)(STR) 1.35Gk+1.500Qk+0.00Qs1+0.00Qwl

8 L.C. 202 (ULS)(STR) 1.35Gk+0.00Qk+1.50Qs1+0.00Qwl

9 L.C. 203 (ULS)(STR) 1.35Gk+0.00Qk+0.00Qs1+1.50Qwl
10 L.C. 210 (ULS)(STR) 1.00Gk+0.00Qk+0.00Qs1+1.50Qwl
11 L. C. 211 (ULS)(STR) 1.35Gk+0.00Qk+1.50Qs1+0.90Qwl
12 L.C. 212 (ULS)(STR) 1.35Gk+0.00Qk+0.75Qs1+1.50Qwl
13 L.C. 231 (ULS)(STR) 1.35Gk+0.00Qk+0.75Qs1+0. 90Qwl
14 L.C. 251 (ULS)(STR) 1.15Gk+0.00Qk+1.50Qs1+0.90Qwl
15 L.C. 252 (ULS)(STR) 1.15Gk+0.00Qk+0.75Qs1+1.50Qwl
16 L.C. 301 (SLS) 1.00Gk+1. 000Qk+0. 00Qs1+0. 00Qw1
17 L.C. 302 (SLS) 1.00Gk+0. 000Qk+1. 00Qs1+0. 00Qw1
18 L. C. 303 (SLS) 1.00Gk+0. 00Qk+0. 00Qs1+1. 00Qwl
19 L.C. 311 (SLS) 1.00Gk+0. 00Qk+1. 00Qs1+0. 60Qwl
20 L.C. 312 (SLS) 1.00Gk+0. 00Qk+0. 50Qs1+1. 00Qwl
21 L.C. 331 (SLS) 1.00Gk+0. 00Qk+0. 20Qs1+0. 00Qw1
22 L.C. 332 (SLS) 1. 00Gk+0. 00Qk+0. 00Qs1+0. 20Qwl
23 L.C. 351 (SLS) 1.00Gk+0. 00Qk+0. 00Qs1+0. 00Qwl
24 L.C. 601 (SEISM 1.00Gk+0. 00Qk+0. 20Qs1+0. 00Qw1 + Aed
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6.

St eel sections

6.

1. Columm section

Steel cross-section

properties

Cross-section HE 400 A-S 275

Di mensi ons of cross section

Depth of cross section h=390.00 mm
W dth of cross section b= 300.00 mm
Web depth hw= 371.00 mm
Depth of straight portion of web dw= 298.00 nm
Web thickness tw= 11.00 mm I 1L
Fl ange thickness tf= 19.00 nm zZ
Radi us of root fillet = 27.00 mm
Mass = 125.00 Kg/m
Properties of cross section b
Area A= 15900 mm? [ |
Second monent of area | y=450.70x10% mm®* | z=85. 640x10° mm"* teT] H -
Section nodul us W=2311.0x10% nm® W =571.00x10% nm® f
Plastic section modul us Wy=2562.0x10% mm® Wpz=872.90x10°% mm°®
Radi us of gyration iy= 168.4 mm iz= 73.4 mm
Shear area Avz= 5735 7 Avy= 11400 nm?
Torsi onal constant It= 1.890x10°% mm* i p= 184 mm
Tor si onal nodul us W =99. 494x10°% mm®
Vr pi ng const ant | w=2942. 1x10° mm® | 1 1
z
6.2. Rafter section
Steel cross-section properties _].8) -
Cross-section |PE 400-S 275 8 |’\Z.
Di mensi ons of cross section ":Ezm 86
Depth of cross section h=400.00 mm
W dth of cross section b= 180.00 mm _| ' @
Web depth hw= 386.50 mm
Depth of straight portion of web dw= 331.00 nm |
Web thickness tw= 8.60 mm
Fl ange thi ckness tf= 13.50 mm |
Radi us of root fillet r= 21.00 nm
Mass =  66.30 Kg/m YA
Properties of cross section b
Ar ea A= 8446 m? [ |
Second monent of area | y=231.30x10% mm"* | z=13.180x10% mm"* |
Section nodul us W=1156. 0x10°% nm® W =146. 40x10°% nm®
Plastic section modul us Wy=1307.0x10% mm® Wpz=229. 00x10° mm°®
Radi us of gyration iy= 165.5 mm iz= 39.5 mm
Shear area Avz= 4269 nmm? Avy= 4860 nmm?
Torsi onal constant It= 0.511x10% mm* i p= 170 mm
Tor si onal modul us W =37. 834x10°% mm°
War pi ng const ant | w=490. 05x10° nm® 1

[
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6. 3. Haunch section at haunch end

Steel cross-section properties
Wel ded section

Cross-section haunch-end-S 275

Di mensi ons of cross section

Depth of cross section h=800.00 nmm I —Y g
W dth of cross section b= 180.00 mm
Web depth hw= 786.50 mm |
Depth of straight portion of web dw= 713.60 nm
Web t hickness tw= 8.60 mm |
Fl ange thickness tf= 13.50 mm —_—
Radi us of root fillet r= 21.00 mm zZ
Mass = 90. 39 Kg/m
Properties of cross section
Area A= 11508 mm? | b |
Second moment of area ly=1082. 7x10% mm"* 1 z=13. 163x10°% mm* z
Section modul us W=2706. 7x103% mm® We=146. 26x10°% mm® Gl A ( '
Plastic section modul us Wy=3195.9x10% nmm° Wpz=232.99x10°% mm°® |
Radi us of gyration iy= 306.7 mm i z= 33.8 mm ty b
Shear area Avz= 6764 mv Avy= 4860 mm? PO — y
Torsi onal constant It= 0.454x10°% mm* i p= 309 mm
Tor si onal nodul us W =33. 646x10° mm®
Var pi ng const ant | w=2029. 3x10° mm®
wel d a= 21.0x10° nm | 71 |
z
6. 4. Haunch section at haunch-m ddl e
Steel cross-section properties l_]g) %
Wel ded section r
Cross-section haunch-m ddle-S 275
rardnictle 1%
Di mensi ons of cross section |
Depth of cross section h=600.00 mm | —Y g
W dth of cross section b= 180.00 mm
Web depth hw= 586.50 mm |
Depth of straight portion of web dw= 513.60 nm
Web thickness tw= 8.60 mMm |
Fl ange thi ckness tf= 13.50 mm —
Radi us of root fillet r= 21.00 mm YA
Mass = 76.88 Kg/m
Properties of cross section
Area A= 9788 m? [ b |
Second moment of area | y=552. 84x10°% mm"* 1 z=13.152x10°% mm"* z
Section modul us W=1842. 8x103 mm? We=146. 14x103 mm? G Il ’ '
Plastic section modul us Wy=2131.1x10% mm® Wz=229.29x10°% mm°® r
Radi us of gyration iy= 237.7 mm iz= 36.7 nmm tw
Shear area Avz= 5044 nm? Avy= 4860 nmm? PO — v
Torsional constant It= 0.412x10% mm* i p= 240 mm
Tor si onal nodul us W =30. 505x10°% mm’
War pi ng const ant | w=1128. 4x10° mrP
vel d a= 21.0x10° nm | |
z
—, SteelPortalFrameEC3 Fenerbahce 9
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7

Finite El ement Analysis

The 2-di mensiona
The colum bases are assunmed to be pinned.

The connecti on of

The increased stiffness of the haunches
The gl obal or loca

finite el ement

program FRAME2Dexpres© RUNET is used for

(EN1993-1-1, §5.1)

rafter to colum are assumed to be fully rigid.

Li near-elastic analysis is used for

The seism c design is based on latera

is taken into account.
imperfections are taken into account

by equival ent | oads

the design of static |oads

by modal superposition spectrum analysis.

7.1. Data used for

el astic analysis

Nodal points

force method and on dynami c anal ysis

Node x [ y[ i
1 0 0
2 0 7650
3 7500 7650
4 15000 7650
5 15000 0
Supports
Node ki nd ux[ mm uy[ mm ur[rad]
1 pi n ux=uy=0
5 pi n ux=uy=0
El ement s
El ement node 1 node 2 length(mm angle(®) E( GPa) A( mm?) I ()
1 1 2 7650 90. 00 210 15900 450700x10°3
2 2 3 7500 0. 00 210 8446 231300x10°3
3 3 4 7500 0. 00 210 8446 231300x10°3
4 4 5 7650 270. 00 210 15900 450700x10°

Finite element model (FEM)

A

©

Linear elastic analysis

the anal ysis.

[
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7.2. Element uniform | oads, q perpendicular to elenment, qy vertical, gx horisontal [kN n

Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C q qy ax q qy gx q qy gx q qy gx
101 ULS-EQU 0.00 1.66 0 0. 00 8.67 0 0.00 8.67 0 0.00 1.66 0
102 ULS- EQU 0. 00 1.66 0 0.00 14.13 0 0.00 14.13 0 0.00 1.66 0
103 ULS-EQU 4.32 1.66 0 -3.78 4.77 0 -3.78 4. 77 0 -1.99 1.66 0
111 ULS- EQU 4.32 1.11 0 -3.78 3.18 0 -3.78 3.18 0 -1.99 1.11 0
121 ULS- EQU 2.59 1.66 0 -2.27 14.13 0 -2.27 14.13 0 -1.20 1.66 0
122 ULS- EQU 4.32 1.66 0 -3.78 9. 45 0 -3.78 9. 45 0 -1.99 1.66 0
201 ULS-STR 0. 00 1.66 0 0. 00 9. 27 0 0. 00 9. 27 0 0. 00 1.66 0
202 ULS-STR 0. 00 1.66 0 0.00 15.57 0 0.00 15.57 0 0.00 1.66 0
203 ULS-STR 4.99 1.66 0 -4.36 4.77 0 -4.36 4. 77 0 -2.30 1.66 0
210 ULS-STR 4.99 1.23 0 -4.36 3.53 0 -4.36 3.53 0 -2.30 1.23 0
211 ULS-STR 2.99 1.66 0 -2.62 15.57 0 -2.62 15.57 0 -1.38 1.66 0
212 ULS-STR 4.99 1.66 0 -4.36 10.17 0 -4.36 10.17 0 -2.30 1.66 0
231 ULS-STR 2.99 1.66 0 -2.62 10.17 0 -2.62 10.17 0 -1.38 1.66 0
251 ULS-STR 2.99 1.41 0 -2.62 14.86 0 -2.62 14.86 0 -1.38 1.41 0
252 ULS-STR 4.99 1.41 0 -4.36 9. 46 0 -4.36 9. 46 0 -2.30 1.41 0
301 SLS 0. 00 1.23 0 0. 00 6.53 0 0.00 6.53 0 0.00 1.23 0
302 SLS 0. 00 1.23 0 0.00 10.73 0 0.00 10.73 0 0. 00 1.23 0
303 SLS 3.32 1.23 0 -2.91 3.53 0 -2.91 3.53 0 -1.53 1.23 0
311 SLS 1.99 1.23 0 -1.75 10.73 0 -1.75 10.73 0 -0.92 1.23 0
312 SLS 3.32 1.23 0 -2.91 7.13 0 -2.91 7.13 0 -1.53 1.23 0
331 SLS 0. 00 1.23 0 0.00 4.97 0 0.00 4.97 0 0.00 1.23 0
332 SLS 0. 66 1.23 0 -0.58 3.53 0 -0.58 3.53 0 -0.31 1.23 0
351 SLS 0. 00 1.23 0 0. 00 3.53 0 0. 00 3.53 0 0. 00 1.23 0
601 SEI SM 0. 00 1.23 0 0. 00 4.97 0 0. 00 4. 97 0 0. 00 1.23 0
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8. Results of static-linear-elastic analysis
8.1. Displacenents [mm]
Hor. defl. Col umm Vert. defl. Apex Bendi ng Defl. Rafter
L. C Dx mm Dy mm w mm
101 ULS-EQU 0.078 36. 565 7.410
102 ULS-EQU 0.127 59. 595 12. 079
103 ULS-EQU 48. 484 3.416 9. 447
111 ULS- EQU 48. 470 3.290 8. 089
121 ULS- EQU 29.191 49. 576 15. 303
122 ULS- EQU 48.526 23. 156 13. 449
201 ULS-STR 0.083 39. 096 7.923
202 ULS-STR 0.139 65. 669 13. 311
203 ULS-STR 55. 937 0. 846 10. 274
210 ULS-STR 55. 926 4.369 9.217
211 ULS-STR 33.676 54.108 17.030
212 ULS-STR 55. 985 23.623 14. 891
231 ULS-STR 33. 627 31.331 12. 412
251 ULS- STR 33.670 51.128 16. 426
252 ULS-STR 55.979 20. 643 14. 288
301 SLS 0. 059 27.554 5.584
302 SLS 0. 096 45. 270 9.176
303 SLS 37.294 2.054 7.151
311 SLS 22.454 37.562 11. 655
312 SLS 37.327 17. 239 10. 230
331 SLS 0. 045 20.974 4.250
332 SLS 7.484 12. 331 3.845
351 SLS 0. 032 14.900 3.019
8.2. Reactions at the supports
Hori zontal Force Hed [kN], Vertical Force Ved [kN], Moment Med [ kNm
Left support 1 Ri%h supgort 2
L.C. Hed, 1 kN Ved,1 kN Med, 1 kNm Hed, 2 k Ved, 2 kN Med, 2 kNm
101 ULS-EQU 18. 4 7.7 0.0 -18.4 77.7 0.0
102 ULS- EQU 29.9 118.6 0.0 -29.9 118. 6 0.0
103 ULS-EQU -26.3 7.8 0.0 -22.0 32. 4 0.0
111 ULS- EQU -29.7 -8.4 0.0 -18.6 16.3 0.0
121  ULS- EQU 8.1 94. 2 0.0 -37.1 109.0 0.0
122 ULS- EQU -16. 4 42.9 0.0 -31.9 67.5 0.0
201 ULS-STR 19.6 82.2 0.0 -19.6 82.2 0.0
202 ULS-STR 33.0 129. 4 0.0 -33.0 129. 4 0.0
203 ULS-STR -31.9 1.5 0.0 -23.8 29.9 0.0
210 ULS-STR -34.5 -11.1 0.0 -21.2 17. 4 0.0
211 ULS-STR 7.8 101. 3 0.0 -41.2 118. 3 0.0
212 ULS-STR -20.5 42.0 0.0 -35.3 70. 4 0.0
231 ULS-STR -3.7 60. 8 0.0 -29.8 77.8 0.0
251 ULS-STR 6.3 94.1 0.0 -39.7 111.2 0.0
252 ULS-STR -22.0 34.8 0.0 -33.8 63. 3 0.0
301 SLS 13.8 58. 4 0.0 -13.8 58. 4 0.0
302 SLS 22.7 89.9 0.0 -22.7 89.9 0.0
303 SLS -20.5 4.6 0.0 -16.6 23.5 0.0
311 SLS 5.9 71.1 0.0 -28.2 82.5 0.0
312 SLS -12.9 31.6 0.0 -24.3 50.5 0.0
331 SLS 10.5 46.7 0.0 -10.5 46. 7 0.0
332 SLS 1.9 29.6 0.0 -9.3 33.4 0.0
351 SLS 7.5 35.9 0.0 -7.5 35.9 0.0
—, SteelPortalFrameEC3 Fenerbahce 2
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8.3. Axial forces Ned [kN]
Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. Ned, 1 Ned, 2 Ned, 3 Ned, 4
101 ULS-EQU -71.3 -18. 4 -18. 4 -71.3
102 ULS- EQU -112.3 -29.9 -29.9 -112.3
103 ULS-EQU -1.4 -6.7 -6.7 -26.1
111 ULS- EQU 12.6 -3.4 -3.4 -12.0
121 ULS- EQU -87.9 -27.9 -27.9 -102.7
122 ULS- EQU -36.5 -16.7 -16.7 -61.2
201 ULS-STR -75.8 -19.6 -19.6 -75.8
202 ULS-STR -123.1 -33.0 -33.0 -123.1
203 ULS-STR 4.8 -6.2 -6.2 -23.6
210 ULS-STR 15.8 -3.6 -3.6 -12.7
211 ULS-STR -94.9 -30.7 -30.7 -112.0
212 ULS-STR -35.7 -17.7 -17.7 -64.1
231 ULS-STR -54. 4 -19.2 -19.2 -71.5
251 ULS-STR -88.7 -29.2 -29.2 -105.8
252 ULS-STR -29.4 -16. 2 -16. 2 -57.9
301 SLS -53.7 -13.8 -13.8 -53.7
302 SLS -85.2 -22.7 -22.7 -85.2
303 SLS 0.1 -4.9 -4.9 -18.8
311 SLS -66.4 -21.2 -21.2 -77.8
312 SLS -26.9 -12.5 -12.5 -45.8
331 SLS -42.0 -10.5 -10.5 -42.0
332 SLS -24.9 -7.0 -7.0 -28.7
351 SLS -31.2 -7.5 -7.5 -31.2
8.4. Shearing forces Ved [kN]
Left colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. VedA, 1 VedB, 1 VedA, 2 VedC, 2 VedB, 2 VedA, 3 VedC, 3 VedB, 3 VedA, 4 VedB, 4
101 ULS-EQU -18.4 -18.4 65.0 52.0 0.0 0.0 -52.0 -65.0 18. 4 18. 4
102 ULS-EQU -29.9 -29.9 105.9 84.8 0.0 0.0 -84.8 -105.9 29.9 29.9
103 ULS-EQU 26.3 -6.7 -4.9 -6.4 -12.3 -12.3 -18.2 -19.7 6.7 22.0
111 ULS- EQU 29.7 -3.4 -16.9 -15.9 -12.3 -12.3 -8.7 -7.8 3.4 18.6
121 ULS- EQU -8.1 -27.9 81.5 63.7 -7.4 -7.4 -78.5 -96.3 27.9 37.1
122  ULS- EQU 16.4 -16.7 30. 2 21.7 -12.3 -12.3 -46.3 -54.8 16. 7 31.9
201 ULS-STR -19.6 -19.6 69.5 55.6 0.0 0.0 -55.6 -69.5 19.6 19.6
202 ULS-STR -33.0 -33.0 116.7 93. 4 0.0 0.0 -93.4 -116.7 33.0 33.0
203 ULS-STR 31.9 -6.2 -11.2 -11.8 -14.2 -14.2 -16.6 -17.2 6.2 23.8
210 ULS-STR 34.5 -3.6 -20.5 -19.2 -14.2 -14.2 -9.2 -8.0 3.6 21.2
211 ULS-STR -7.8 -30.7 88.6 69. 2 -8.5 -8.5 -86.2 -105.6 30.7 41. 2
212 ULS-STR 20.5 -17.7 29.3 20.6 -14.2 -14.2 -49.0 -57.7 17.7 35.3
231 ULS-STR 3.7 -19.2 48.1 36.8 -8.5 -8.5 -53.8 -65.1 19.2 29.8
251 ULS- STR -6.3 -29.2 83.3 64.9 -8.5 -8.5 -82.0 -100.3 29.2 39.7
252 ULS-STR 22.0 -16.2 24.0 16.4 -14.2 -14.2 -44.8 -52.4 16. 2 33.8
301 SLS -13.8 -13.8 49.0 39.2 0.0 0.0 -39.2 -49.0 13.8 13.8
302 SLS -22.7 -22.7 80.5 64. 4 0.0 0.0 -64.4 -80.5 22.7 22.7
303 SLS 20.5 -4.9 -4.8 -5.7 -9.5 -9.5 -13.2 -14.1 4.9 16. 6
311 SLS -5.9 -21.2 61.7 48. 2 -5.7 -5.7 -59.6 -73.1 21.2 28.2
312 SLS 12.9 -12.5 22.2 15.9 -9.5 -9.5 -34.8 -41.1 12.5 24.3
331 SLS -10.5 -10.5 37.3 29.8 0.0 0.0 -29.8 -37.3 10.5 10.5
332 SLS -1.9 -7.0 20. 2 15.8 -1.9 -1.9 -19.6 -24.0 7.0 9.3
351 SLS -7.5 -7.5 26.5 21.2 0.0 0.0 -21.2 -26.5 7.5 7.5
A:left end, C:haunch end, B: right end
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8.5. Bending noments Med [ kNnj
Left colum 1 Ri ght colum 4
L.C. MedA, 1 MedM 1 MedB, 1 MedA, 4 MedM, 4 MedB, 4
101 ULS-EQU 0.0 -70.2 -140.5 -140.5 -70.2 0.0
102 ULS- EQU 0.0 -114.5 -229.0 -229.0 -114.5 0.0
103 ULS-EQU 0.0 80.1 74.8 -110.0 -55.0 0.0
111 ULS- EQU 0.0 101.9 100. 6 -84.2 -42.1 0.0
121 ULS- EQU 0.0 -68.9 -137.8 -248. 6 -124.3 0.0
122 ULS- EQU 0.0 31.1 -1.0 -185.9 -92.9 0.0
201 ULS-STR 0.0 -75.1 -150. 2 -150. 2 -75.1 0.0
202 ULS-STR 0.0 -126.2 -252. 4 -252. 4 -126.2 0.0
203 ULS-STR 0.0 102.1 98. 2 -115.0 -57.5 0.0
210 ULS-STR 0.0 119.6 118. 3 -95.0 -47.5 0.0
211 ULS-STR 0.0 -73.5 -147.1 -275.0 -137.5 0.0
212 ULS-STR 0.0 42.0 10.7 -202.6 -101.3 0.0
231 ULS-STR 0.0 2.2 -59.5 -187.5 -93.7 0.0
251 ULS-STR 0.0 -67.8 -135.6 -263. 6 -131.8 0.0
252 ULS-STR 0.0 48. 4 22.1 -191.1 -95.6 0.0
301 SLS 0.0 -52.9 -105.9 -105.9 -52.9 0.0
302 SLS 0.0 -87.0 -174.0 -174.0 -87.0 0.0
303 SLS 0.0 63. 4 59. 8 -82.4 -41.2 0.0
311 SLS 0.0 -51.9 -103.8 -189.1 -94.5 0.0
312 SLS 0.0 25.0 1.4 -140.8 -70.4 0.0
331 SLS 0.0 -40.3 -80.6 -80.6 -40.3 0.0
332 SLS 0.0 -16.9 -33.8 -62.3 -31.1 0.0
351 SLS 0.0 -28.6 -57.2 -57.2 -28.6 0.0
A:left end, C:haunch end, M span, B: right end
Left rafter 2 Ri ght rafter 3
L.C. MedA, 2 MedC2 MedM 2 MedB, 2 MedA, 3 MedM 3 MedC3 MedB, 3
101 ULS-EQU -140.5 -52.8 -18.6 103. 2 103.2 -18.6 -52.8 -140.5
102 ULS-EQU -229.0 -86.0 -30.4 168. 3 168. 3 168. 3 -86.0 -229.0
103 ULS-EQU 74.8 66. 3 42.5 10.1 10.1 -49.9 -81.5 -110.0
111 ULS- EQU 100. 6 76.0 45.9 -8.8 -8.8 -46.5 -71.9 -84.2
121 ULS-EQU -137.8 -28.8 142. 6 140. 3 140. 3 -54.2 -117.5 -248.6
122 ULS- EQU -1.0 37.8 79.3 65.9 65.9 -60.0 -110.0 -185.9
201 ULS-STR -150.2 -56.4 -19.9 110. 4 110. 4 -19.9 -56.4 -150. 2
202 ULS-STR -252.4 -94.8 -33.5 185. 4 185. 4 -33.5 -94.8 -252. 4
203 ULS-STR 98. 2 81.0 50. 6 2.9 2.9 -56.0 -89.6 -115.0
210 ULS-STR 118. 3 88.5 53.2 -11.8 -11.8 -53.4 -82.1 -95.0
211 ULS-STR -147.1 -28.8 155.9 153.1 153.1 -60.9 -131.1 -275.0
212 ULS-STR 10.7 48. 1 84.7 67.3 67.3 -67.6 -122.5 -202.6
231 ULS-STR -59.5 4.1 93.6 88.8 88. 8 -49.3 -98.2 -187.5
251 ULS-STR -135.6 -24.5 147.7 144.7 144.7 -59.4 -126.8 -263. 6
252 ULS- STR 22.1 52. 4 78.7 58.9 58.9 -66.1 -118. 2 -191.1
301 SLS -105.9 -39.8 -14.0 77.8 77.8 -14.0 -39.8 -105.9
302 SLS -174.0 -65.3 -23.1 127.8 127.8 -23.1 -65.3 -174.0
303 SLS 59. 8 51.8 33.0 6.2 6.2 -38.1 -61.9 -82.4
311 SLS -103.8 -21.3 108.1 106. 3 106. 3 -41. 4 -89.6 -189.1
312 SLS 1.4 29.9 59.7 49.0 49.0 -45.9 -83.8 -140. 8
331 SLS -80.6 -30.3 -10.7 59.2 59. 2 -10.7 -30.3 -80.6
332 SLS -33.8 -6.8 35.5 34.9 34.9 -13.7 -29.6 -62.3
351 SLS -57.2 -21.5 -7.6 42.0 42.0 42.0 -21.5 -57.2
“A:left end, C:haunch end, M span, B: right end
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-252.4 kNm -252.4 kNm
5x=0.1 mm L.C. 202 Displacements mm,, 2524 kN \’\'\ L.C. 202 Bend. moments KNmy, ,\m
185.4 kNm
dy=65.7 mm
A
116.7 kN
TI\I\FL.C. 202 Shear forces kN L.C. 202 Axial forces kN
=— -33.0
B T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
133.0kN
-116.HN -
A
-33.0kN 33.0kN -129.4 kN -129.4 kN
sx=55.0mm L.C. 203 Displacements mm Sx=55.9 mm 98.2 kKNm L.C. 203 Bend. moments KNy,
08.2 —T1 1 | 1 1 1
Sy=0.8 mm : 2.9 kNm
L.C. 203 Shear forces kN L.C. 203 Axial forces kN
-11.2 -6.2 kN
7.2k 6.2
31.9 kN 23.8 kN -1.5 kN -29.9 kN
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sx=55.90mm L.C. 210 Displacements mm___ s-s55.9 mm

V dy=4.4 mm V

L.C. 210 Shear forces kN

118.3 KNm L.C. 210 Bend. moments kNm,,

113? -11.8 kNm ’

L.C. 210 Axial forces kN

20,5 b -3.6,kN
80 36
345KN 21.2kN 11.1kN A7.4kN
2750 kNm
5x=33.7 mm L.C. 211 Displacements MMy,—33 4 mm ,14'71_‘1‘1-,%,,5{'“\ L.C.211 Bend. moments kle_O KNm
I [ [T~
153.1 kNm
8y=54.1 mm
88.6 kN .
L.C. 211 Shear forces kN L.C. 211 Axial forces kN
-30.7 e e e e e e e e e e e s e e
Bozhn
105.6.kN —
A A
-7.8 kN 41.2 kN -101.3 kN -118.3 kN
7= StedlPortalFrameEC3 Fenerbahce 16
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sx=s6.0mm L.C. 212 Displacements mm 5558 mm 197 Kim L.C. 212 Bend.me?tsl kIN’n]mkNm
[ s S I - —
67.3kNm
By=23.6 mm
A
29.3 kN L.C. 212 Shear forces kN L.C. 212 Axial forces kN
—— 7.7
N‘E 0
-57.7
20.5 kN 35.3 kN -42.0 kN -70.4 kN
sx=336mm L.C.231 Displacements mm g.335mm ) L.C. 231 Bend. moment‘smkrl\i;ﬁ":(Nm
88.8 kNm
dy=31.3 mm
A
48.1kN L.C. 231 Shear forces kN L.C. 231 Axial forces kN
(T T Tr——— -19.2
W .k
-65.1
A
3.7kN 29.8 kN -60.8 kN -77.8 kN
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9. Results of dynam c analysis

9.1. Eigenfrequencies and Ei genperiods of the structure

Mass of building, for loading: L.C. 601: Gk + 0.20Qs1
Total vertical |oad of building, for loading: L.C. 601: Gk + 0.20Qs1l, G=93.4 kN
Mass of building: me93.369x1000/9.81=9.52x10°%kg

1 f= 1.296 Hz T= 0.772 sec
2 f= 4.415 Hz T= 0.226 sec
3 f= 13.667 Hz T= 0.073 sec
4 f= 23.609 Hz T= 0. 042 sec
5 f= 33.820 Hz T= 0. 030 sec
6 f= 57.224 Hz T= 0.017 sec
7 f= 63.558 Hz T= 0.016 sec
8 f= 65.592 Hz T= 0. 015 sec
9 f=122.342 Hz T= 0. 008 sec
10 f= 137.031 Hz T= 0. 007 sec
11 f= 148.601 Hz T= 0. 007 sec
Mode shape :1, f=1.296[Hz], T=0.772[sec] Mode shape :2, f=4.415[Hz], T=0.22

shape :4, =23 Hz], T=0.042[sgc]

Mode shape 820[Hz], T= 0 ec] Mflde shape :6, f=57.224[Hz], T=0.0l7[sec§
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9.2. Seism c action, Lateral Force Method (EN1998-1-1, 84.3.3.2)
Det erm nati on of Base Shear Force (EN1998-1-1, 84.3.3.2.2)
Approxi mate val ue fundamental period of vibration T1 (EC8 84.3.3.2.2(3), Eqg.4.6)
T1=0. 085- H*™=0. 085x7. 65%®=0. 391 sec
Val ue of fundamental period of vibration resulting fromdynam c analysis T1=0.772 sec
From Hori zontal design spectrumwi th period of vibration T1=0.772sec we obtain
Sd(T1) = 0.040x1.00x1.00x[(2.50/1.50)x(0.50/0.772)]=0.043-9g=0.424 m s?
From Vertical design spectrumwith period of vibration T1=0.772sec we obtain
Sve(T1l)= 0.90x0.040x1.00x[(3.00/1.50)x(0.15/0.772)]=0.014-9g=0.137 m s?
Total vertical |oad of building, for loading: L.C. 601: Gk + 0.20Qs1, G=93.4 kN
Mass of building: m=93.369x1000/9. 81=9. 52x10°%g
Seism c Base shear force Fb=S(T1l)-m A (EC8 84.3.3.2.2, Eqg.4.5)
S(T1) =0. 424m s2, nE9.52x10%g, A=1.00, Fb=0.424x9.52x1.00=4.0 kN
Anmplification factor for torsional effects (EC8 84.3.3.2.3, Eqg.4.12)
5=1+0. 60- x/ Lc=1+0. 60x15000/ 30000=1. 30
Sei sm c Base shear force Fb=1.30x4.0=5.2 kN
Hori zontal seism c force Fb=5.24kN is applied at |ever H=7.650m
Vertical seismc force Fv=0.137x9.52=1.3 kN
Di spl acements and internal forces MV,N fromlinear elastic analysis
Di spl acenents [ mm
Hor. defl. Colum Vert. defl. Apex Bendi ng Defl. Rafter
L. C Dx mm Dy mm w mm
602 9.538 20.979 4. 250
Reactions at the supports
or 1 zont a orce ] , Vertical Force Ved [kN], Moment Med [ kNm
Left support 1 Ri ght support 2
L. C Hed, 1 kN Ved,1 kN Med, 1 kNm Hed, 2 kN Ved,2 kN Med, 2 kNm
602 7.9 44.0 0.0 -13.2 49. 4 0.0
Axi al forces Ned [KkN]
Ceft colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. Ned, 1 Ned, 2 Ned, 3 Ned, 4
602 -39.3 -13.2 -13.2 -44.7
Shearing forces Ved [kN]
Ceft column 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C VedA, 1 VedB, 1 VedA, 2 VedC, 2 VedB, 2 VedA, 3 VedC, 3 VedB, 3 VedA, 4 VedB, 4
602 -7.9 -7.9 34.6 0.0 -2.7 -2.7 0.0 -39.9 13.2 13.2
A Teft end, C: haunch end, B right end
Bendi ng moments Med [ kNni
Ceft colum 1 Ri ght colum 4
L. C MedA, 1 MedM 1 MedB, 1 MedA, 4 MedM 4 MedB, 4
602 0.0 -30.3 -60.5 -100.6 -50.3 0.0
ATTeft end, C:haunch end, M span, B: right end
Left rafter 2 Ri ght rafter 3
L. C MedA, 2 MedC2 MedM, 2 MedB, 2 MedA, 3 MedM 3 MedC3 MedB, 3
602 -60.5 59.2 59.2 -100.6
A Teft end, C haunch end, M span, B: right end
Maxi mum i nternal forces, Lateral Force Method (EC8 84.3.3.2.2)
Col ums
NedA = -49. 4kN
NedB = -39. 9kN
VedA = 13. 2kN
VedB = 13. 2kN
MedA = 0. OkNm
MedB = 100. 6kNm
Nedmax = -49. 4kN
Vedmax = 13. 2kN
Medmax = 100. 6kNm

Hori zontal deflection at the top of colum dx=9.5 mm

[
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L.C. 602 Bend. moments kKNmy,

59.2 kNm

L.C. 602 Axial forces kN

Rafters
NedA = -13. 2kN
NedB = -13. 2kN
VedA = 39. 9kN
VedB = 2. 7kN
MedA = 100. 6kNm
MedB = 59. 2kNm
Nedmax = -13. 2kN
Vedmax = 39. 9kN
Medmax = 100. 6kNm
Estimate of seismc forces at supports
max Downwar ds support force Fv- = -49.4 -1.3/2 = -50.0 kN
max Upwar ds support force Fv+ = -44.0 +1.3/2 = 0.0 kN
5%=9.5 mm L.C. 602 Displacements mm_g 4 mm _66GKANT
Oy=21.0 mm
34.6 kN L.C. 602 Shear forces kN
I I s e -13.2
-39.9KN

a
-7.9kN

9.3. Seismc act

on, Moda

13.2kN

-44.0 kN

Response Spectrum Anal ysis

Ef fecti ve nodal

masses of

the structure

-13P KN

-49.4 kN

(EN1998-1-1, §4.3.3.3)
(EN1998-1-1, §4.3.3.3.1 (3))

From ei genval ue analysis we have the structure eigenperiods and eigenvectors
accel eration val ues

From response spectrum we obtain the nmpda

spectra

T sec Sd(T)/g Sd(T) m s2 Sve(T)/g Sve(T)m s2
1 0.772 0.043 0.42Z24 0.014 0.137
2 0.226 0. 067 0. 654 0. 048 0.468
3 0.073 0. 046 0.453 0.072 0.706
4 0.042 0. 038 0.372 0. 065 0.634
5 0.030 0.035 0. 339 0. 052 0.514
6 0.017 0.031 0. 307 0.041 0. 400
7 0.016 0.031 0. 303 0. 039 0.384
8 0.015 0.031 0. 301 0.039 0.379

Sd(T): horizontal

el astic spectrum Sve(T):vertica

el astic spectrum
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Modal masses M =oi T-m o
Modal excitations Li=ai T-mli
Effective modal masses m =Li 2/ M
Modal anplitudes qi :(Li/M)-Sd(T)-T2/4n2
Modal displacement vectors ui =&- qi - @i
Modal internal forces Ei =Ke- ui
Maxi mum i nternal forces Ee=+[ sEi 2]
Amplification factor for torsional effects (EC8 84.3.3.2.3, Eq.4.12)
5=1+0. 60- x/ Lc=1+0. 60x15000/ 30000=1. 30
T sec M kg Li kg m kg gi m
. . X . X . X . X [e] .
2 0.226 1.000x10° 2.132x10°3 2.132x10° (0.22xMot) 0.00236
3  0.073 1.000x10°% 0.344x10° 0.344x10° (0.04xMot) 0.00003
4 0.042 1.000x10°% -1.254x10°% 1.254x10°% (0.13xMot) -0.00003
5 0.030 1.000x10°% 0.799x10° 0.799x10° (0.08xMot) 0.00001
6 0.017 1.000x10°% 1.095x10°% 1.095x10°% (0.12xMot) 0.00000
7 0.016 1.000x10°% 0.074x10° 0.074x10% (0.01xMot) 0.00000
8 0.015 1.000x103 1.229x10°3 0.803x10° (0.08xMot) 0.00000
M ot = 9.518x10°3Kg 9.518x10° (1.00xM ot)
Modal displacement vectors
ul u2 u3 ud ub u6 u7 us8
. x10° . x10° . x10~ . x10~ . x10° . x10° . x10~
0.000x10°%  0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
1.376x10°%  0.061x10°%  2.942x10°% -9.215x10°® -4.206x10® 2.873x10® -0.070x10°®
8.679x10° -0.003x10° 1.136x10°® 0.721x10°® -0.308x10°® -0.287x10°® -0.103x10°®
0.006x10°  0.004x10° -0.211x10°® 0.873x10°® 0.200x10°® 0.549x10® 0.002x10°®
0.646x10°3 -0.120x10° -4.509x10°® 10.457x10°® 2.492x10® 0.810x10°® 0.002x10°®
8.683x10°  0.000x10° 1.206x10°® 0.000x10°® -0.456x10°® 0.000x10® 0.000x10°®
0.000x10%  1.466x102 0.000x10°® -4.980x10°¢ 0.000x10® -0.678x10° -0.002x10°®
-0.315x10°°  0.000x10% 9.270x10°® 0.000x10°® 3.241x10°® 0.000x10® 0.000x10°
8.679x10°%  0.003x10° 1.136x10°® -0.721x10°® -0.308x10°® 0.287x10® 0.103x10°®
-0.006x10°%  0.004x10% 0.211x10°® 0.873x10°® -0.200x10°® 0.549x10°% 0.002x10°
0.646x10°  0.120x10° -4.509x10°® -10.457x10°® 2.492x10°® -0.810x10® -0.002x10°®
0.000x10°% 0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
0.000x10°%  0.000x10° 0.000x10°® 0.000x10°® 0.000x10® 0.000x10°® 0.000x10°®
1.376x10°% -0.061x10°%  2.942x10°% 9.215x10°® -4.206x10°% -2.873x10® 0.070x10°®
Modal internal forces
0.772s 0.226s 0.073s 0.042s 0.030s 0.017s 0.016s 0.015s
Col umms
-2.5 -1.9 0.1 -0.4 -0.1 -0.2 0.0 -0.3
NB kN -2.5 -1.9 0.1 -0.4 -0.1 -0.2 0.0 -0.3
VA kN 2.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0
VB kN -2.4 -0.6 0.0 0.0 0.0 0.0 0.0 0.0
MA kNm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MB kNm -18.2 -4.4 -0.2 0.3 0.0 0.1 0.0 0.1
Rafters
NA KN — -1.1 -0.6 0.0 0.2 0.0 -0.1 0.0 0.0
NB kN -1.1 -0.6 0.0 0.2 0.0 -0.1 0.0 0.0
VA kN -2.5 -1.5 0.0 -0.1 0.0 0.0 0.0 0.0
VB kN 2.5 1.5 0.0 0.1 0.0 0.0 0.0 0.0
MA kNm 18.5 5.1 0.0 0.3 0.1 0.0 0.0 0.0
MB kNm -0.1 6.2 0.2 0.1 0.1 0.0 0.0 0.0
Maxi mum i nternal forces, Mddal Response Spectrum Anal ysis (EC8 84.3.3.3.2 (2))
Col umm
NedA = -46.7-+[ 2.52+ 1.92+ 0.12+ 0.42+ 0.12+ 0.22+ 0.02+ 0.32]= -49.9 kN
NedB = -37.3-4[ 2.52+ 1.92+ 0.12+ 0.42+ 0.12+ 0.22+ 0.02+ 0.32]= -40.5 kN
VedA = -10.5-+[ 2.42+ 0.62+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02]= 13.0 kN
VedB = -10.5-+[ 2.42+ 0.62+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02]= 13.0 kN
MedA = 0.0+y[ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02+ 0.02]= 0.0 kNm
MedB = -80.6-+[ 18.22+ 4.42+ 0.22+ 0.32+ 0.02+ 0.12+ 0.02+ 0.12]= -99.3 kNm
Nedmax = -49.9 kN
Vedmax= 13.0 kN
Medmax = 99. 3 kNm
Hori zontal deflection at the top of colum dx=8.7 mm
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Raft er

Ned A= -10.5-+4[ 1.12+ 0.62+ 0.02+ 0.22+ 0.02+ 0.12+ O
Ned B= -10.5-+[ 1.12+ 0.62+ 0.02+ 0.22+ 0.02+ 0.12+ 0.
Ved A= 37.3+4y[ 2.52+ 1.52+ 0.02+ 0.12+ 0.02+ 0.02+ O
Ved B= 0.0++[ 2.52+ 1.52+ 0.02+ 0.12+ 0.02+ 0.02+ O
Med A= -80.6-+[ 18.52+ 5.12+ 0.02+ 0.32+ 0.12+ 0.02+ O
Med B= 59.2+4[ 0.12+ 6.22+ 0.22+ 0.12+ 0.12+ 0.02+ O
Nedmax = -11.8 kN

Vedmax= 40. 2 kN

Medmax = 99.8 kNm

9.4. Design for seisnmic |oading

.02+

02+
02+
02+

.02+
.02+

Maxi mum desi gn val ues for Deflections, internal forces and moments

ColT ums

NedA = -49. 9kN
NedB = -40. 5kN
VedA = 13. 2kN
VedB = 13. 2kN
MedA = 0. OkNm
MedB = 100. 6kNm
Nedmax = -49. 9kN
Vedmax = 13. 2kN
Medmax = 100. 6kNm

Hori zontal deflection at the top of colum dx=9.5 mm

[eNeololoNoXa]

-11.
-11.
40.

kN
kN
kN
kN
kNm
kNm

-99.
65.

N
H» 00 ON 0o

(EN1998-1-1, 8§6)

[

Rafters
NedA = -13. 2kN
NedB = -13. 2kN
VedA = 40. 2kN
VedB = 2. 9kN
MedA = 100. 6kNm
MedB = 65. 4kNm
Nedmax = -13. 2kN
Vedmax = 40. 2kN
Medmax = 100. 6kNm at haunch-start Medmax = 80. 5kNm
9.5. Second Order effects (EC8 84.4.2.2(2))
6=Pt ot -dr/ (Vtot-h)=93.4x9.5/(5.2x7650)=0.022
6=0. 022 <=0.20, 1/(1-6)=1/(1-0.022)=1.023
Second Order effects are taken into account by multiplying the (EC8 84.4.2.2(3))
seism c actions by a factor 1/(1-6)=1.023
9.6. Maxi mum forces and bendi ng noments for seismc |oad (EC8 86.6)
Col umms (EC8 8§6.6.3(1))
Ned=Ned, g+1.1- yvov-Q-[1/(1-6)] - Ned, e
Ved=Ved, g+1.1-yov-Q-[1/(1-86)] - Ved, e
Med=Med, g+1. 1-yov- Q- [1/(1-6)] - Med, e
Rafters (EC8B 86.6.2(2))
Ned=Ned, g+[ 1/ (1-8)] - Ned, e
Ved=Ved, g+[ 1/ (1-8)] - Ved, e
Med=Med, g+[ 1/ (1-0)] - Med, e
yov=1. 25 (EC8 86.2(3))
Q=Mpl , rd/ Med=[ 10 ®] x( 1.307x105x275/1.00)/80. 5=4. 465 (EC8B 86.6.3(1))
Col ums (EC8 8§6.6.3(1))
NedA = -46.7+1.10x1. 25x4. 465x1. 023x( 46.7- 49.9)= -67. 0OkN
NedB = -37.3+1.10x1. 25x4. 465x1. 023x( 37.3- 40.5)= -57. 6kN
VedA = 10.5+1. 10x1. 25x4. 465x1. 023x( 13.2- 10.5)= 27. 0kN
VedB = 10. 5+1. 10x1. 25x4. 465x1. 023x( 13.2- 10.5)= 27. OkN
MedA = 0. 0+1. 10x1. 25x4. 465x1. 023x( 0. 0- 0.0)= 0. OkNm
MedB = 80. 6+1. 10x1. 25x4. 465x1. 023x( 100.6- 80.6)= 206. 4kNm
Nedmax= -67. 0kN
Vedmax= 27. 0kN
Medmax = 206. 4kNm
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[

Rafters (EC8B 86.6.2(2))
NedA =  -10.5+1.023x( 10.5- 13.2)= -13. 2kN

NedB = -10. 5+1. 023x( 10. 5- 13.2) = -13. 2kN

VedA = 37.3+1. 023x( 40. 2- 37.3)= 40. 2kN

VedB = 0. 0+1. 023x( 2.9- 0.0)= 2. 9kN

MedA = 80. 6+1. 023x( 100. 6- 80. 6) = 101. 1kNm

MedB = 59.2+1.023x( 65.4- 59.2)= 65. 5kNm

Nedmax = -13. 2kN

Vedmax= 40. 2kN

Medmax = 101. 1kNm
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10.

Desi gn of Purlins

Purlin laterally restrained,
Sinply supported purlin, L=

10.1. Materials, Purlins

Steel: S 275

Z30030 S 275

7.500 m s=

LT

1.400 m

l\

7500
Z30030

B

| 1.400 m—}— 1.400 m|

t<= 40 mm Yield strength fy= 275 N m#, Ul ti
40mmxt <= 80 mm Yield strength fy= 255 N/ mr?, Ulti

Modul us of elasticity E=210000 N/ m®?,

Partial safety factors for

vG, sup= 1.35, yQ= 1.50, yG, inf= 1.00,

Partial factors for materials
yMO= 1.00, yMl= 1.00, yM2= 1.25

10.2. Loading, Purlins

Roof | oads

Roof sl ope

Load of roof covering

I nposed | oad (category H)
Snow | oad

W nd pressure

W nd uplift

Load on purlin

Purlin spacing

Load of roof covering
Purlin wei ght

Per manent | oad

I nposed | oad (category H)
Snow | oad

W nd uplift

Load on purlin main axis(z)

actions
0= 0.70

a = 0.00°

gkl = 0.300 kN/ e
gk = 0.400 kN/ n?

gsk = 0.960 kN/ n?
wk = 0.000 kN/ nt
wk =-0.388 kN nt
s= 1.400 m

(EN1993-1-1, 8§83.2)
mate strength fu= 430 N mm?
mate strength fu= 410 N mm?

Poi sson ratio v=0.30, Unit mass p= 7850 Kg/ nd

(EN1990, Annex Al)

(EN1993-1-1, §6.1)

(EN1991-1-1 )

(EN1991-1-1 §5)
(EN1991-1-1 §6.3. 4. 2)
(EN1991-1- 3 §5.3)
(EN1991-1-4 §7.2)

Gk1l= 1.400x0.300= 0.42kN/' m
Gk2= 0.12 kN/'m
Gk =CGk1+Gk2=0.42+0.12=0.54 kN/'m
Qkk= 1.400x0.400= 0.56kN/ m
Qsk= 1.400x0.960= 1.34kN/' m
Qwk=-1.400x0. 388=-0. 54kN/ m

and transverse direction(y)

Per manent | oad
I nposed | oad (category H)
Snow | oad

CGk,z =

0. 54xcos(0.00) =
Qkk, z= 0. 56xcos(0.00)=
sk, z= 1.34xcos(0.00)=

0. 54kN/'m Gk, y 0. 54xsin(0.00)= 0.00kN/ m
0. 56kN/ m Qkk,y= 0.56xsin(0.00)= 0.00kN/ m
1.34kN/'m Qsk,y= 1.34xsin(0.00)= 0.00kN/ m
0. OOkN/' m Qwk, y= 0
0. 0

[

W nd pressure Quk, z= . 00kN/ m
W nd uplift Qwk, z= - 0.54kN/m OQwk, y= . 00kN/ m
— SteelPortalFrameEC3 Fenerbahce 2
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10. 3. Design values of Actions, Load combinations, Purlins

Utimte Limt State, Load conbinations (EN1990 §6.4.3.2, T.Al.2A, T.Al.2B)
Saggi ng vG, sup- Gk, z+yQ Qk, z+yQ vo- Qwk, z= 1. 35x0.54 +1.50x1.34 +1.50x0.60x0.00 = 2.74kN/' m
Hoggi ng vG, i nf - Gk, z- yQ Qwk, z = 1.00x0.54 -1.50x0.54 = -0.27kN/' m
Serviceability Limt State (SLS), Load conbinations (EN1990 86.5.3, T.Al.4)
Saggi ng Gk, z+QK, z+yo- Qwk, z = 0.54+1. 34+0. 60x0. 00 = 1.88kN/' m

Hoggi ng Gk, z+Qwk, z = 0.54-0.54 = 0.00kN/' m

10. 4. Design actions, Purlins

Design actions, U timte Limt State
Saggi ng Myed= 2.74x7.5002/8= 19.26 kNm Vzed= 2.74x7.500/2= 10.27 kN
Hoggi ng Myed= - 0.27x7.5002/8= -1.90 kNm Vzed= 0.27x7.500/2= 1.01 kN

Desi gn actions, Serviceability Limt State (SLS)
Saggi ng Myed= 1.88x7.5002/8= 13.22 kNm Vzed= 1.88x7.500/2= 7.05 kN

10.5. Steel cross-section properties, Purlins

Cross-section Z30030-S 275

f T *3
Di mensi ons of cross section

Depth of cross section h=300.00 mm ml) I S _I
W dth of cross section b= 95. 00 mm

Web depth hw= 297.00 mm

Depth of straight portion of web dw= 284.00 nmm ‘é‘ Y

Web thickness tw= 3.00 mm

Fl ange thickness tf= 3.00 mm

Radi us of root fillet r= 5.00 mm

Mass = 11. 97 Kg/ m .

Properties of cross section

N

Ar ea A= 1508 mm
Second monent of area ly=19. 836x10°% mm"* lz= 2.271x10% mm* T
Section nodul us W=118.11x10% nm® W =22.480x10°% nm®
Plastic section modul us Wy=118.11x10% nmm® Wpz=22.480x10°% mm°®
Radi us of gyration iy= 114.7 mm iz= 38.8 nmm
Shear area Avz= 891 nmm? Avy= 570 mm? h
Torsi onal constant It= 0.005x10°% mm* i p= 121 mm
Tor si onal modul us W= 1.758x10° mm®
Var pi ng const ant Iw= 9.454x10° mm® -
10.6. Serviceability Limt State (SLS), Purlins (EN1993-1-1, 8§87)
Purlin deflections, Sagging
Loading G+Q w=5x 1.88x7500% (384x2.1x10°%x19.836x10% = 18.59mm = L/ 404<L/ 200
Loadi ng Q@ w=5x 1.34x7500% (384x2.1x10°x19.836x10%) = 13.25nmm = L/566<L/ 250
Purlin deflections, Hogging
Loadi ng Q w=5x-0.54x7500% (384x2.1x10°x19. 836x10%) = -5.34nm = L/ 1403<L/ 250
Purlin deflections, Serviceability Limt State (SLS), I's verified
10.7. Classification of steel cross-section, Bending My (Purlin section) (EN1993-1-1, 85.5)
fy
web 7
¢=300. 0- 2x3. 0- 2x5. 0=284. 0 mm t=3.0 nm c/t=284.0/3.0=94.67 c
S 275 , t= 3.0<= 40 nm fy=275 N/ mm?, e=(235/275) %5=0.92 szi c/2
83e=83x0. 92=76. 36<c/t=94. 67<=124:=124x0. 92=114. 08 £
The web is class 3 (EN1993-1-1, Tab.5.2) y
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1

Fl ange

c=***=95.0 mm t=3.0 mm c/t=95.0/3.0=31.67

S 275 , t= 3.0<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 [::E:::
c/t=31.67>14e=14x0. 92=12. 88 o

The flange is class 4 (EN1993-1-1, Tab.5.2) Eik__Q__4

Overall classification of cross-section is Class 4, Bending My, ed

Ef fective cross-section properties of Class 4 cross-sections (EN1993-1-1, 86.2.2.5)

Ef fective area Aeff=1508 mm?

Fl ange

Ap=(b/t)/[28.40¢+(Ko)] (EN1993-1-5, 84.4.2, Eq.4.2, Tabl.4.1)
b=c=95. 0mm t=3.0mm ¢=0.92, y=1.00, Ko=0.43, Aip=1.848

Ap=1.848>0.673 p=[1-0.188/1.848]/1.848=0.486 (p<l.0), ceff=p c=0.486x95=46.2 mm

Ef fective area Aeff=0-1x(95.0-46.2)x3.00=-146 m?

enmy %4{300.0-3.0)x(0/-146-1)=-148.50 mm |y, eff= 0.000x10® nm*
Ef fective section nmodul us W, ef f= 0.000x10% (300.0/2+-148.50)= 0.000x10°% nm?

0.8. Resistance of cross-section, Purlin section (EN1993-1-1, 8§6.2)

Ef fective cross-section properties of Class 4 cross-sections (EN1993-1-1, 86.2.2.5)

Ef fective area Aeff=1508 mm?
eny=0.00 mm Iy, eff=19.836x10% nm’
Effective section nodulus W, eff=19.836x10°% (300.0/2+0.00)=132.24x10% m?

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
My. ed= 19.26 kNm

Bendi ng Resi stance Moy, rd=wWeffy. fy/ yMO=[ 10 % x132. 24x103x275/ 1. 00= 36. 37kNm

My, ed= 19.26 kNm < 36.37 kNm =My, rd=Mpl y, rd, I's verified

My, ed/ My, rd= 19. 26/ 36. 37= 0. 530<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Vz.ed= 10.27 kN

Av=hw. t =297. 0x3. 0=891mm?

Plastic Shear Resistance Vpl,z,rd=Av(fy/«3)/yMO= [103]x891x(275/1.73)/1.00= 141.47kN

Vz,ed= 10.27 kN < 141.47 kN =Vz,rd=Vpl, z, rd, I's verified

Vz,ed/ Vz,rd= 10.27/141.47= 0.073<1

hw/ t w=( 300. 0- 2x3. 0) / 3. 0=297. 0/ 3. 0=99. 00>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275 , t= 3.0<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92

Shear buckling resistance nmust be verified (EC3 §6.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AwW=(284.0/3.0)/(37.4x0.92x+(5.34))=1.191, Kr=5.34 (EC3-1-5 85, Eq.5.6, A.3)
aw=1.191 >= 1.08, xv=0.83/1.191=0.697 (EC3-1-5 Tab.5.1)
Vb, rd=xv- fyw hw-t/ ( 4y3yML) =0. 001x275x0. 697x284. 0x3. 0/ (1. 73x1. 00) =94. 31kN (EC3-1-5 Tab.5.1)

Ved=10 kN < 94=Vb,rd kN, I's verified
Ved/ Vb, rd= 10.27/94. 31= 0.109<1

Utimte Limt State, Verification for axial force, shear and bending (EN1993-1-1, 86.2.9)
N. ed= 0. 00kN, Vz.ed= 10.27kN, My.ed= 4.82kNm

My.ed= 19.26 kNm

Mc,y, rd=36. 37kNm  Vpl, z, rd=94. 31kN

[

Ned=0 kN, Effect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=10. 27kN <= 0. 50x94. 31=0. 50xVpl, rd=47. 15kN

Ef fect of shear force is neglected (EC3 §6.2.8.2)
— SteelPortalFrameEC3 Fenerbahce %
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10.9. Lateral restraining of sheeting, Purlins (EC3 EN1993-1-3:2005, §10.1)

Sheeting thickness tw=0.100 nm Profile depth hw=5.0 mm

Shear stiffness of sheeting (EN1993-1-3, 810.1.1Eq. 10.1b)
S=t 15(50+10b%%) s/ hw=0. 100 1°x(50+10x7500°%x1400/ 5. 0=2176 kNm' m
M ni mum required shear stiffness, for lateraly restrained purlin (810.1. 1Eqg. 10. 1a)

Sm n=[m2E- I W L2+G- |t +m2E- 1 z(h/2)2/L2]-70/ h= [2x2. 1x10 °x9. 454x10°% 75002

+8. 1x10%x0. 005x108+12x2. 1x10°x2. 271x10°x 1502/ 75002] x70/ 3002 ] x[ 10°3] =206 7kNm' m
$=2176 kKNm'm > 2067 kNm' m
The sheeting can be considered as sufficientely stiff to restrain the purlins

Rot ati onal restraint given by the sheeting Cd=1/(1/Cd, a+1/Cd, c) (EN1993-1-3, 8§10.1.5.2)
Cd,c=k-E-leff/s, k=2, leff=0.3x0.10x4.902=1mm* m s=1400mm (Eq. 10. 16)
cd, c=[10°%] 2x2. 1x10°%x0. 7/ 1400=0. 2 kNm/ m

Cd, a=C100- kba- kt - kbr - ka- kbt (EN1993-1-3, Egq.10.17)

C100=2.0, kba=1.25x300/100=3.75, kt=(0.10/0.75)%=0.05, kbr=1.0, ka=1.0, kbt=1.0
Cd, a=2. 0x3. 75x0. 05x1. Ox1. 0x1. 0=0. 4kNm' m
Cd=Cd, a= 0. 1kNm' m

10. 10. Lateral torsional buckling (Purlin laterally restrained) (EN1993-1-1, 86.3.2)

El astic critical monent for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGrawHill, 1961

Mcr=Cl- [n2El z/ (kL) 2] { N[ (kz/kw)2(lw/ | z)+(kL)2Glt,eq/ (n2Elz)+(C2-zg-C3-2zj)2] -(C2-z9-C3-zj)}

Met hod of conputation Cl1,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006

G=E/ (2(1+v))=210000/ (2( 1+0. 30) ) =80769=8. 1x10*% N/ nm?, It,eq=It+Cd- (kL)2/(n2 Q)

Hoggi ng
k- L=7500mm  zg=-150mm zj =0nm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl1=1.127, C2=0.454, C3=0.000
Mcr=[ 1076 1. 127x[ n2x2. 1x10°%x2. 271x10°/ 75002]
x{ [(1.0/1.0)2x(9.454x10°% 2.271x105)
+75002 x8. 1x104x0. 015x108/ (m2x2. 1x10°5x2. 271x10°)
+(-0.454x150)2] %5 (-0.454x150) }= 20.8 kNm
I't,eq=(0.005x10%+103%x0. 1x75002/ (n28. 1x104) )= 0.015x10% nm*

Al t=y(Wpl,y-fy/ Mer)=+{[ 10 x132. 24x103x275/ 20. 8} =1. 322 (EC3 Eq. 6. 56)
h/ b=300/95=3. 16>2. 00 buckling curve: c
i mperfection factor: o, | t=0.49, g=0.75, x,|t=0.464 (T.6.3, T.6.5, Fig.6.4)

@, | t=0.5[1+c, It ( A, It-2,1to)+pA, | t2]=0.5x[1+0.49x(1.322-0.40)+0. 75x1. 3222] =1. 382
,lt=1/[o, It++(® 1t2-pA, 1t2)]=1/[1.382++(1.3822-0.75x1.3822)]=0.464
Reduction factor x,It=1/[o, It+~(®, 1t2-gA,1t2)], x It<=1.0, 1/ A,1t2, x, |t=0.464 (Eg. 6.57)

Mo, rd=y, | t-Weff,y-fy/yMl= 0.464x[ 10 % x132. 24x10%x275/ 1. 00=16. 87kNm (EC3 Eg. 6.55)
My, ed= 1.90 kNm < 16.87 kNm =M, rd, Is verified
My, ed/ Mb, rd= 1.90/16.87= 0.113<1

[
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11. Gl obal analysis (EN1993-1-1, 8§5.2)
11.1. Effects of deformed geometry of the structure (EN1993-1-1, 85.2.1)
ocr =( Hnhf/ Ved) (h/ &h, ed) (Eqg. 5. 2)
From el astic analysis we obtain, L.C 202: 1.35Ck+1.50Qs1
Vertical reaction at the base of colum Ved= 129.4 kN
Hori zontal reaction at the base of colum Hed= 33.0 kN
Axial force at rafters Nred= 33.0 kN
Noti onal horizontal force applied at the top of the colums Hnhf = 1.0 kN
Hori zontal deflection at column top for notional force dh, ed= 3.62 mm
acr=(1.0/129. 4) (7650/ 3. 62) =16. 32 (Eq. 5. 2)
Check axial conpression of rafters. Axial conpression is significant if (85.2.1,(4)B)
A = (A -fy/Ncr) > 0.3+(A-fy/Ned), Ned>0. 09Ncr (85.2.1 Eq.5.3)

Devel opment | ength of the rafter pair fromcolum to colum L=15000/co0s0.00° =15000mm
Ncr=m2 El / L2=n2x210x231. 30x10 %/ (15000) 2=2130. 7kN

Maxi mum axi al force in the rafters Ned=33.0 kN, L.C. 202: 1.35CGk+1.50Qs1

A= +/(8446x275/2130650) =1.04 <= 0.3 +/(8446x275/32989)=2.52

Axi al conpression of rafters is not significant, we can use Eq.5.2

acr=16.32 > 10 (Eg.5.1)
First-order elastic analysis may be used (85.2.2.1)
Amplification factor for design nmoments =1/ (1-1/«acr)=1/(1-1/16.32)=1.07 (Eqg. 5. 4)
11.2. Inperfections for global analysis (EN1993-1-1, §5.3.2)
@=¢o- oh- am &=( 1/ 200) x0. 723x0. 866x1. 065=3. 336x10 =1/ 300 (Eqg.5.5)
@o=1/200, oh=2/ +h=2/ 7.650=0. 723 2/3<=ch<=1.0, onF+/(0.5(1+1/2))=0.866

Sway i nperfection may be di sregarded where Hed>0.15Ved (85.3.2(4) Eq.5.7)
Ef fect of initial sway inmperfection Heq:3.336x103xVed (85.3.2 (5))
11.3. Sway inperfections for colums (EN1993-1-1, 85.3.2)

Reacti ons at the supports, Horizontal Force Hed [kN], Vertical Force Ved [kN]

Left support 1 Ri ght support 2 Hedl+Hed2 Vedl+Ved2 ¢- Ved
Hed, 1 Ved, 1 Hed, 2 Ved, 2 Hed Ved Hed/ Vhe Heq kN

[

202 ULS-STR 33.0 129. 4 -33.0 129. 4 0.0 258.9 0. 00 0.432
203 ULS-STR -31.9 1.5 -23.8 29.9 -55.8 31.4 1.77 0. 000
210 ULS-STR -34.5 -11.1 -21.2 17. 4 -55.8 6.3 8.81 0. 000
211 ULS-STR 7.8 101. 3 -41. 2 118. 3 -33.5 219.6 0.15 0. 000
212 ULS-STR -20.5 42.0 -35.3 70. 4 -55.8 112. 4 0.50 0. 000
231 ULS-STR -3.7 60. 8 -29.8 77.8 -33.5 138. 6 0.24 0. 000
251 ULS-STR 6.3 94.1 -39.7 111.2 -33.5 205.3 0.16 0. 000
252 ULS- STR -22.0 34.8 -33.8 63.3 -55.8 98.1 0.57 0. 000
11.4. Internal forces and bending noments with inperfection effect
11.5. Axial forces Ned [kN]
Ceft colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4

L.C. Ned, 1 Ned, 2 Ned, 3 Ned, 4
201 ULS-STR -75.7 -19.8 -19.8 -76.0
202 ULS-STR -122.9 -33.2 -33.2 -123.3
203 ULS-STR 4.8 -6.2 -6.2 -23.6
210 ULS-STR 15.8 -3.6 -3.6 -12.7
211 ULS-STR -94.9 -30.7 -30.7 -112.0
212 ULS-STR -35.7 -17.7 -17.7 -64.1
231 ULS-STR -54. 4 -19.2 -19. 2 -71.5
251 ULS- STR -88.7 -29.2 -29.2 -105.8
252 ULS- STR -29.4 -16.2 -16.2 -57.9
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11.6. Shearing forces Ved [kN]
Ceft colum 1 Left rafter 2 Ri ght rafter 3 Ri ght colum 4
L.C. VedA, 1 VedB, 1 VedA, 2 VedC, 2 VedB, 2 VedA,g VedC, 3 VedB, 3 VedA, 4 VedB, 4

201 ULS-STR -19.5 -19.5 69. 4 55.5 -0.1 -0.1 -55.7 -69.6 19.8 19.8
202 ULS-STR -32.8 -32.8 116.5 93.2 -0.2 -0.2 -93.6 -117.0 33.2 33.2
203 ULS-STR 31.9 -6.2 -11.2 -11.8 -14.2 -14.2 -16.6 -17.2 6.2 23.8
210 ULS-STR 34.5 -3.6 -20.5 -19.2 -14.2 -14.2 -9.2 -8.0 3.6 21.2
211 ULS-STR -7.8 -30.7 88.6 69.2 -8.5 -8.5 -86.2 -105.6 30.7 41.2
212 ULS-STR 20.5 -17.7 29.3 20.6 -14.2 -14.2 -49.0 -57.7 17.7 35.3
231 ULS-STR 3.7 -19.2 48. 1 36.8 -8.5 -8.5 -53.8 -65.1 19.2 29.8
251 ULS-STR -6.3 -29.2 83.3 64.9 -8.5 -8.5 -82.0 -100.3 29.2 39.7
252 ULS-STR 22.0 -16.2 24.0 16.4 -14.2 -14.2 -44.8 -52.4 16. 2 33.8
“A:left end, C:haunch end, B: right end

11.7. Bending nonments Med [ kNm

Ceft colum 1 Ri ght colum 4
L. C MedA, 1 MedM 1 MedB, 1 MedA, 4 MedM 4 MedB, 4
201 ULS-STR 0.0 -74.6 -149.2 -151.3 -75.6 0.0
202 ULS-STR 0.0 -125. 4 -250.7 -254.0 -127.0 0.0
203 ULS-STR 0.0 102.1 98.2 -115.0 -57.5 0.0
210 ULS-STR 0.0 119. 6 118.3 -95.0 -47.5 0.0
211 ULS-STR 0.0 -73.5 -147.1 -275.0 -137.5 0.0
212 ULS- STR 0.0 42.0 10.7 -202.6 -101.3 0.0
231 ULS-STR 0.0 2.2 -59.5 -187.5 -93.7 0.0
251 ULS-STR 0.0 -67.8 -135.6 -263.6 -131.8 0.0
252 ULS- STR 0.0 48. 4 22.1 -191.1 -95.6 0.0
“A:left end, C:haunch end, M span, B: right end
Left rafter 2 Ri ght rafter 3
L.C. MedA, 2 MedC2 MedM, 2 MedB, 2 MedA, 3 MedM 3 MedC3 MedB, 3

201 ULS-STR -149.2 -55.6 110. 4 110.4 110.4 -20.5 -57.2 -151.3
202 ULS-STR -250.7 -93.4 185. 4 185. 4 185. 4 -34.3 -96.1 -254.0
203 ULS-STR 98.2 81.0 50. 6 2.9 2.9 -56.0 -89.6 -115.0
210 ULS-STR 118.3 88.5 53.2 -11.8 -11.8 -53.4 -82.1 -95.0
211 ULS-STR -147.1 -28.8 155.9 153.1 153.1 -60.9 -131.1 -275.0
212 ULS- STR 10. 7 48.1 84.7 67.3 67.3 -67.6 -122.5 -202.6
231 ULS-STR -59.5 4.1 93.6 88.8 88. 8 -49.3 -98.2 -187.5
251 ULS-STR -135.6 -24.5 147.7 144.7 144.7 -59.4 -126.8 -263.6
252 ULS- STR 22.1 52. 4 78.7 58.9 58.9 -66.1 -118. 2 -191.1
A:Teft end, C: haunch end, M span, B: right end
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12. Serviceability Limt State (SLS) (EN1993-1-1, 87)
12.1. Vertical deflection at the apex (EN1993-1-1, 87.2.1)
Maxi mum vertical deflection, L.C. 302: Gk + Qs1 Dy= 45.3 mm=15000/331=L/ 331
Vertical deflection due to inmposed |oad only Dy= 12.7 mm=15000/493=L/1181
Vertical deflection due to snow only Dy= 30.4 mm=15000/493=L/ 493
Limt for vertical deflection L/200, |Is verified
12.2. Horizontal deflection at the top of colum (EN1993-1-1, 87.2.2)

Maxi mum hori zont al

Hori zont al

Limt for

deflection, L.C. 312:

defl ection due to wind only

hori zont al

defl ection H 150, Is verified

Gk + Qwl + 0.50Qs1

Dx= 37.3 mme 7650/ 205=h/ 205
Dx= 37.3 mm¥ 7650/ 205=h/ 205

[

12.3. Dynam c effects (EN1993-1-1, 87.2.3)
Ei genfrequenci es and Ei genperi ods of the structure
Mass of building, for loading: L.C. 601: Gk + 0.20Qs1
1 f= 1.296 Hz T= 0.772 sec
2 f= 4.415 Hz T= 0. 226 sec
3 f= 13.667 Hz T= 0.073 sec
4 = 23.609 Hz T= 0. 042 sec
5 f= 33.820 Hz T= 0. 030 sec
6 f= 57.224 Hz T= 0.017 sec
7 f= 63.558 Hz T= 0.016 sec
8 f= 65.592 Hz T= 0. 015 sec
9 f=122.342 Hz T= 0.008 sec
10 f= 137.031 Hz T= 0. 007 sec
11 f= 148.601 Hz T= 0. 007 sec
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13.

Colum verification (Utimte Limt State) (EN1993-1-1, 86)

1

Profile : HE 400 A-S 275

Maxi mum desi gn values. Verification for |load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl
Ned = 118.3 kN
Ved = 41.2 kN

Myed = 275.0 kNm  Mzed =0.0 kNm

Myed = 256.4 kNm (Colum top under the haunch)

Buckling | ength, | n-plane buckling Lcr,y =7650mm (System | engt h) (EC3 85.5.2.(7))
Buckl i ng | engt h, Qut - of - pl ane buckling Lcr,z =7050nm (Col utmm hei ght wi t hout haunch)

Buckling | ength, Torsional buckling Ler,t =7050mMm

Buckling | ength, Lateral torsional buckling Lcr,lt=7050mm

Maxi mum desi gn values for seism c | oading

Ned = 67.0 kN

Ved = 27.0 kN

Myed = 206.4 kNm  Mzed =0.0 kNm

Myed = 190.2 kNm (Colum top under the haunch)
3.1. Classification of steel cross-section, Colum (EN1993-1-1, 8§5.5)

1

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y * Mzed/ Wl .z
0=[10% 118.30/ 15900 * [10% 275.00/2311. 0x10% + [10% 0.00/571.0x103
0l1=126 N/ mm?, o02=-112 N/ mm? (conmpression positive)

Web

©=390. 0- 2x19. 0- 2x27. 0=298. 0 mm t=11.0 mm c/t=298.0/11.0=27.09 fy

S 275 , t=11.0<= 40 nmm fy=275 N/ m?, e=(235/275) %5=0.92 Ty
Position of neutral axis for conmbined Bending and conpression FCC
Ned/ (2t w- fy/yM0) =118300/ (2x11. 0x275/ 1. 00) =19. 6 nm —
o=(298.0/2+19. 6)/298. 0=0.566>0.5 L::;
c/t=27.09<=396x0. 92/ (13x0. 566- 1) =57. 35 y

The web is class 1 (EN1993-1-1, Tab.5. 2)

Fl ange

c=300.0/2-11.0/2-27.0=117.5 mm t=19.0 nm c¢/t=117.5/19.0=6. 18

S 275 , t=19.0<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 +
c/t=6.18<=9¢=9x0. 92=8. 28 T

The flange is class 1 (EN1993-1-1, Tab.5.2)

:

Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed

3.2. Resistance of cross-section, Colum (U timate Limt State) (EN1993-1-1, 8§6.2)

Utimte Limt State, Verification for conpression (EN1993-1-1, 86.2.4)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed=129. 70 kN
Conpressi on Resistance Nplrd= A-fy/vyMO=[ 103 x15900%x275/ 1. 00=4372. 50kN
Ned= 129.70 kN < 4372.50 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 129. 70/ 4372. 50= 0. 030<1

Utimate Limt State, Verification for bending monment y-y (EN1993-1-1, §6.2.5)
Maxi mum desi gn values. Verification for |load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl

My. ed=275. 00 kNm

Bendi ng Resi stance Moly, rd=wply-fy/yMO=[ 10 %] x2562. 0x10°x275/ 1. 00= 704. 55kNm

My, ed= 275. 00 kNm < 704.55 kNm =My, rd=Mply,rd, |Is verified

My, ed/ My, rd= 275. 00/ 704. 55= 0. 390<1

[
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Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl

Vz.ed= 41.20 kN

Av=A-2b-tf+(tw+2r)tf=15900-2x300. 0x19. 0+(11. 0+2x27. 0) x19. 0=5735m? (EC3 86.2.6.3)
Av= 5735m? > n-hw-tw= 1.00x(390.0-2x19.0)x11.0=1.00x371.0x11. 0= 4081nm?

Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x5735x(275/l.73)/1.00= 910. 55kN

Vz,ed= 41.20 kN < 910.55 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz,ed/ Vz,rd= 41.20/910. 55= 0. 045<1

hw/ t w=(390. 0-2x19.0)/11. 0=371. 0/ 11. 0=33. 73<=72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1.00)
S 275 , t=11.0<= 40 nmm fy=275 N/ m?, e=(235/275) %5=0.92
Shear buckling resistance is not necessary to be verified (EC3 86.2.6.6)

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl

N. ed= 118. 30kN (Conpression), Vz.ed= 41.20kN, My.ed= 275.00kNm

Npl rd=4372. 50kN, Mpl,y, rd=704.55kNm Vpl,z, rd=910. 55kN

Ned=118. 30kN <= 0. 25x4372. 50=0. 25xNpl rd=1093. 12kN

Ned=118. 30kN <= [ 10'3] x0.5x371. 0x11. 0x275/ 1. 00=0. 5hw- t w- fy/ yM0=561. 14 kN

n=Ned/ Npl rd=118/4373= 0. 027

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=41. 20kN <= 0.50x910. 55=0. 50xVpl , r d=455. 27kN
Ef fect of shear force is neglected (EC3 §6.2.8.2)

My, ed= 275.00 kNm < 704.55 kNm =Mply,rd, |Is verified
My, ed/ Mply, rd= 275. 00/ 704. 55= 0. 390<1

13.3. Flexural Buckling, Colum (U timate Limt State) (EN1993-1-1, 86.3.1)

1

Nc, ed=129. 70 kN, Lcr,y=7.650 m Lcr,z=7.050 m

Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

Buckling | engths: Lcr,y=1.000x7650=7650mm Lcr, z=0.922x7650=7050nm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Ner,y)=(Ler,y/iy)-(1/a1l)=(7650/168. 4)x(1/86.39)=0.526

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/A1)=(7050/ 73.4)x(1/86.39)=1.112

Al=n+(E/fy)=93.9¢=86.39, £=+(235/fy)=0.92

h/ b=390/300=1. 30>=1. 20, tf=19.0mMmx=40 nm

y-y buckling curve:a, inmperfection factor: ay=0.21, xy=0.916 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +Ay2]=0. 5x[ 1+0. 21x(0. 526- 0. 2) +0. 5262] =0. 673

Xy=1/[oy++(®y2- Ay2)]=1/[0.673++(0.6732-0.5262)]=0.916 <=1 xy=0.916

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.528

®z=0. 5[ 1+oz( Az-0.2) +xrz2]=0.5x[ 1+0. 34x(1.112-0.2)+1.1122]=1.273

xz=1/[ ®z+(®z2- Az2)]=1/[1.273+(1.2732-1.1122)]=0.528 <=1 xz=0.528

Reduction factor y=1/[o++(®2-a2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.528 (EC3 Eq. 6. 49)
Nb, rd=y- A- fy/yMl= 0.528x[ 10 %] x15900x275/ 1. 00=2308. 68kN (EC3 Eq. 6. 47)
Nc, ed= 129. 70 kN < 2308.68 kN =Nb, rd, I's verified

Nc, ed/ Nb, rd= 129. 70/ 2308. 68= 0. 056<1

3.4. Lateral torsional buckling, Columm (ULS) (EN1993-1-1, 8§6.3.2)

My, ed=256. 37 kN, L=7.650m Lcr,y=7.650m Lcr,z=7.050m Lcr,It=7.050m
Maxi mum desi gn values. Verification for |load case: L.C. 211: 1.35xCGk+1.50Qs1+0.90Qwl
El astic critical monent for lateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2Elz)+(C2-zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl1,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
y=Mb/ Ma=0. 0/ - 256. 4=0. 00, Cl1=1.770, C2=0.000, C3=1.000
G=E/(2(1+v))=210000/(2(1+0.30))=80769=8.1x104 N/ rm?
k- L=7050mm, zg=h/2=390/2=195mm zj =0nm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.770, C2=0.000, C3=1.000
Mcr=[ 10 1. 770x[ n2 x2. 1x10 °x85. 640x105/ 70502]
x{ [(1.0/1.0)2x(2942.1x10°% 85.640x10°)
+70502 x8. 1x10%x1. 890x105/ (m2x2. 1x10°x85. 640x106) ] %% } = 1755.3 kNm

[

. SteelPortalFrameEC3 Fenerbahce 32
1 software by RUNET (c)
C:\Program Files (x86)\RUNET\SteelPortalFrameEC3\Projects\st8 25/10/2023 5:59:46 PM



PFR 01/09/2022 Pg. 33

1

A Lt=y(Wpl,y-fy/ Mer)=+{[ 10 x2562. 0x103x275/ 1755. 3} =0. 634 (EC3 Eg. 6. 56)
h/ b=390/ 300=1. 30<=2. 00 buckling curve:b
i mperfection factor: o, | t=0.34, g=0.75, ¥, 1t=0.902 (T.6.3, T.6.5, Fig.6.4)

® 1t=0.5[1+c, [t ( A, lt-A,1to)+pAx,lt2]=0.5x[1+0.34x(0.634-0.40)+0.75x0. 6342]=0.690
o lt=1/[o, I t+y(o It2-8A,1t2)]=1/[0.690++(0.6902-0.75x0.6902)]=0.902

Reduction factor y,lt=1/[o, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,lt2, x, 1t=0.902 (Eqg. 6.57)
w, 1t,mod=y, 1 t/f, x It,md<=1, x, |t, md<=1/ x,|t2=1/0.6342=2.49 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( X, 1t-0.8)2]=1-0.5x(1-0.752)[1-2. 0x(0.634-0.8)2]=0.883, f<=1.0
. 1t, mod=y, 1 t/f=0.902/0.883=1.022, x,|t,md<=1.0, x, |t, mod<=2.49, , It,nod=1.000

Mo, rd=y, I t-wWl,y-fy/yMl= 1.000x[10 ® x2562.0x103x275/ 1. 00=704. 55kNm (EC3 Eg. 6. 55)
My, ed= 256. 37 kNm < 704.55 kKNm =Mb, rd, |Is verified
My, ed/ Mb, rd= 256. 37/ 704.55= 0.364<1

3.5. Axial force and bending monment, Column (ULS) (EN1993-1-1, 86.3.3)

Ned=118.30 kN, My, ed=256.37 kNm

Ned/ ( xy- Nrk/yM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eq. 6. 61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eg. 6. 62)
Nrk=A- fy=[ 1073 x15900x275=4372. 5 kN (Tab. 6. 7)

My, rk=wpl ,y-fy=[ 107 x2562. 0x103x275=704. 5 kNm

xy- Nrk/yMl=xy- A- fy/yM1= 0.916x[ 10 3] x15900x275/ 1. 00=4005. 2kN

xz- Nrk/ yMl=yz- A - fy/ yMl= 0.528x[ 10 ] x15900x275/ 1. 00=2308. 7kN

xLT- My, rk/ yM1=¢LT-Wpl ,y-fy/yM1l= 1.000x[10 ©] x2562. 0x103x275/ 1. 00=704. 5kNm

Interaction factors, Method of computation: Method 1 Annex A (EC3 AnnexA)

kyy=Cny- CnLT( ny/ (1- Ned/ Ncr,y)(1/Cyy), ny=(21-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab.A. 1)
kzy=Cmy- CmLT(nz/ (1- Ned/ Ncr,y) (1/Czy)0.60+(wy/wz), uz=(1l-Ned/Ncr,z)/(1-xz-Ned/ Ncr, z)

Ncr, y=m2EIy/ | cr,y2=3.142x[ 10 %] x210000x450. 70x10®% 76502= 15962 kN

Ncr, z=m2EIz/|cr,z2=3.142x[ 10 %] x210000x85. 640x10°% 70502= 3571 kN

Ner,t=(1/ip2)x(G It + m2EIW Lcr,t2) (EC3 NCCI SN003b- EN- EU)
Ncr, t=[ 103 x(1/1842)[80769x 1.890x10%+12x210000x2942. 1x10°% 70502]=8163 kN

ny=(1- Ned/ Ncr,y)/ (1-xy-Ned/ Ncr,y)=(1- 118.3/ 15962)/(1-0.916x 118.3/ 15962)=0.999
pz=(1-Ned/Ncr, z)/ (1-xz- Ned/ Ner, z)=(1- 118.3/ 3571)/(1-0.528x 118.3/ 3571)=0.984
alt=1-1t/1y>=0=1- 1.890x10°% 450. 70x10%=0. 996 (EC3 Annex A.1)

wy=Wpl , y/ Vel , y<=1.50, wy= 2.562x10% 2.311x10%=1.109 <= 1.50 (EC3 Annex A. 1)
wz=Wpl , z/ W&l , z<=1.50, wz= 0.873x10% 0.571x10°=1.529 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ yM1) =118. 30/ (4372. 50/ 1. 00) =0. 027

Amax=max(0.526, 1. 112) =1. 110 (EC3 Annex A.1)
Mcr, 0o=(1.00/1.77)x1755.30=991.7, Cl1=1.00

2o=+([ 10 x2562. 0x103x275/ 991. 7) =0. 840

2o, linme0.2+C1 [(1-Ned/Ncr, z)(1-Ned/Ner,t)] %% (EC3 Annex A.1)
2o, line0.2+1.770 [(1-118.3/3571)(1-118.3/8163)] %%®=0. 263

ey=(My, ed/ Ned) ( A/ Wel ) =([ 10°] x256. 37/ 118. 30) x(15900. 0/ 2311. 0x10°%) =14. 91

Cry, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(118. 30/ 15962. 0) =1. 002, (y=1.00) (EC3 Annex A, T.A. 1)
20=0.840 > ko, lin=0.263
Cny=Cny, o+(1-Cmy, 0) (ey-alt)/ (1++ey-alt)=
=1.002+(1-1.002) x(+14.910x0.996)/(1++14.910x0.996) = 1.000
Cml t=Cny2-alt/~[(1-Ned/ Ncr,z)(1-Ned/Ncr,t)] >=1
Cml t=1.0002x0.996/ [ (1-118.3/3571.0)(1-118.3/8163.0)]=1.020, Cmt=1.020

[
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Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cmy2- Amax2/wy) npl -bl t]>=Wel, y/ Wl ,y (Annex A, T.A. 1)
bl t=0.5alt-x02[My,ed/ (x, It-Ml,y,rd)](M,ed/ Ml,z,rd) =

=0. 5x0. 996x0. 8402 [ 256. 4/ (1. 000x635.5)] (0. 0/ 157.0) = 0. 000
Cyy=1+(1.109-1)[(2-1.6x1.0002x1.110/1.109-1.6x1.0002x1.1102/1.109)x0.027-0.000]=0.996
Cyy>=2311. 0x103%/ 2562. 0x103=0. 902, Cyy=0. 996

Czy=1+(wy-1)[(2-14. OCnyz-eralewy5)an -dlt]>=0.6+(wy/wz) (el ,y/ Wl ,vy) (Annex A, T.A 1)
dit=2alt [ 2o/ (0.1+xz*) ][ M, ed/ (Cmy-x, It -Ml,y,rd)][M,ed/ (Cmz Ml ,z,rd)]=

=20. 996x[ 0. 840/ (0. 1+1.112%) ][ 256. 4/ (1. 000x1. 000x635.5)][0. 0/ (0. 000x157. 0)] =0. 000
Czy=1+(1.109-1)[(2-14.0x1.0002x1.1102/1.109% 0.027-0.000]=0.976
Czy>=0.6+/(1.109/1.500)(2311.0x10%/ 2562. 0x103%) =0. 465, Czy=0.976

Cyy=0.996, Czy=0.976 (Annex A, T.A. 1)
kyy=1.000x1. 020x0. 999/ (1-118.30/15962.0)x(1/0.996)=1.031
kzy=1.000x1. 020x0. 984/ (1-118. 30/ 15962. 0)x(1/0.976)x0. 6x+/(1.109/1.500)=0.534

Maxi mum desi gn values. Verification for |oad case: L.C. 211: 1.35xGk+1.50Qs1+0.90Qwl

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eg. 6.61)
118.3/(0.916x4372.5/1.00)+1. 031x256. 4/ (1.000x704.5/1.00)=0.030+0. 375=0. 405

0. 405< 1. 000, I's verified
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eq. 6.62)
118.3/(0.528x4372.5/ 1. 00) +0. 534x256. 4/ (1. 000x704.5/ 1. 00) =0. 051+0. 194=0. 246

0.246< 1.000, I's verified

[
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14. Rafter verification (Utimate Limt State) (EN1993-1-1, 86)
-250.7kNm -254 .0kNm
-93.4 L .c. 202 Bend. moments kKN m -96 .1
A
185 .4

R after end-spaR after m id-span region

Profile : | PE 400-S 275

Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

Ned = 33.2 kN

Ved = 93.6 kN

Myed = 185.4 kNm  Mzed =0.0 kNm

Myed = 185.4 kNm (at mi d-span)

Myed = -96.1 kNm (at haunch-start)

Myed = -231.2 kNm (at haunch end)

Myed = -275.0 kNm (at columm axis point)

Maxi mum desi gn val uesRafter-Uplift conditions: L.C. 210: 1.00Ck+1.50Qwl
Ned = 3.6 kN

Ved = 14.2 kN

Myed = -53.4 kNm

Maxi mum desi gn val ues for seism c | oading

Ned = 13.2 kN

Ved = 40.2 kN

Wed = 80.9 kNm  Mzed =0.0 kNm
MWed = 80.9 kNm (at haunch-start)
MWed = 98.4 kNm (at haunch end)

14.1. Classification of steel cross-section, Rafter (EN1993-1-1, 8§5.5)

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y * Mzed/ Wl .z
0=[10%]33.20/8446 + [10°]185.40/1156.0x103 + [10°] 0. 00/ 146. 4x10°3
0l=164 N/ m?, o2=-156 N/ m? (conpression positive)

Web

c=400. 0- 2x13. 5- 2x21. 0=331. 0 mm t=8.6 mm c¢/t=331.0/8.6=38.49 fy

S 275 , t= 8.6<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 4
Position of neutral axis for combi ned Bendi ng and conpression FCC
Ned/ (2t w- fy/ yM0) =33200/ (2x8. 6x275/ 1. 00) =7.0 nm —
o=(331.0/2+7.0)/331. 0=0.521>0.5 L:;;
c/t=38.49<=396x0. 92/ (13x0.521-1)=63. 08 y

The web is class 1 (EN1993-1-1, Tab.5.2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 nm c/t=64.7/13.5=4.79

S 275 , t=13.5<= 40 mm fy=275 N/ m?, e=(235/275) %5=0.92 [::E:::
c/t=4.79<=9¢=9x0. 92=8. 28 T

The flange is class 1 (EN1993-1-1, Tab.5.2) TP ch—

Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed
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1

4.2. Resistance of cross-section, Rafter (U timate Limt State) (EN1993-1-1, 86.2)

1

Utimte Limt State, Verification for conpression (EN1993-1-1, 86.2.4)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed= 33.20 kN
Conpressi on Resistance Nplrd= A-fy/yMO:[loﬁ]x8446x275/1.00=2322.65kN
Ned= 33.20 kN < 2322.65 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 33.20/2322. 65= 0.014<1

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35Ck+1.50Qs1

My. ed=185.40 kNm

Bendi ng Resi stance Mply, rd=wWpl y- fy/yMO=[ 10 ] x1307. 0x10°3x275/ 1. 00= 359. 42kNm

My, ed= 185.40 kNm < 359.42 kNm =My, rd=Mply,rd, |Is verified

My, ed/ My, rd= 185. 40/ 359. 42= 0. 516<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

Vz.ed= 93.60 kN

Av=A-2b-tf+(tw+2r)tf=8446-2x180.0x13.5+(8.6+2x21.0)x13.5=4269m? (EC3 86.2.6.3)
Av= 4269m? > n-hw-tw= 1.00x(400.0-2x13.5)x8.6=1.00x386.5x8. 6= 3324m?

Pl astic Shear Resistance Vpl, z,rd=Av(fy/ +3)/yMO0= [103]x4269x(275/l.73)/1.00= 677.81kN

Vz,ed= 93.60 kN < 677.81 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz,ed/ Vz,rd= 93.60/677.81= 0.138<1

hw/ t w=(400. 0- 2x13.5)/ 8. 6=386. 5/ 8. 6=44. 94<=72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1.00)
S 275 , t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92
Shear buckling resistance is not necessary to be verified (EC3 86.2.6.6)

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

N. ed= 33. 20kN (Conpression), Vz.ed= 93.60kN, M.ed= 185.40kNm

Npl rd=2322. 65kN, Mpl,y, rd=359. 42kNm Vpl, z, rd=677. 81kN

Ned=33. 20kN <= 0. 25x2322. 65=0. 25xNpl rd=580. 66kN

Ned=33. 20kN <= [ 10'3] x0.5x386. 5x8. 6x275/ 1. 00=0. 5hw- t w- f y/ yM0=457. 04 kN

n=Ned/ Npl rd=33/2323= 0. 014

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=93. 60kN <= 0.50x677.81=0. 50xVpl, rd=338. 90kN
Ef fect of shear force is neglected (EC3 §6.2.8.2)

My, ed= 185.40 kNm < 359.42 kNm =Mply,rd, |Is verified
My, ed/ Mply, rd= 185. 40/ 359. 42= 0.516<1

4.3. Buckling resistance, Rafter m d-span region (U timate Limt State)

1

Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Ned = 33.2 kN

Ved = 117.0 kN

Myed = 185.4 kNm  Mzed =0.0 kNm

Rafter length Lr=15000 nm

Buckl i ng | ength,In-plane buckling
ocr=16. 32, Ned=33. 2kN, Lcr,y=n+[El/acr-Ned] <= Lr=15000 nm
Lcr,y:nJ[210000x231.30x106/(16.32x33.2x103):29743nn1, Lcr, y=15000mm
Buckling | ength,In-plane buckling Lcr, y=15000mm ( System | engt h)
Buckl i ng | engt h, Out - of - pl ane buckling Lcr,z=1400nm (Purlin spacing)

4.4. Flexural Buckling, Rafter m d-span region (U timte Limt State) (EN1993-1-1, 86.3.1)

Nc, ed=33. 20 kN, Lcr,y=15.000 m Lcr,z=1.400 m

Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1

Buckling lengths: Lcr,y=1.000x15000=15000mm Lcr, z=0.093x15000=1400nmm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Necr,y)=(Ler,y/iy)-(1/a1)=(15000/165.5)x(1/86.39)=1.049

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(1400/ 39.5)x(1/86.39)=0.410

Al=n+(E/fy)=93.9¢=86.39, e=+(235/fy)=0.92

[
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1

h/ b=400/ 180=2.22>=1. 20, tf=13.5mx=40 mm

y-y buckling curve:a, inperfection factor: ay=0.21, xy=0.631 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +Ay2]=0.5x[ 1+0. 21x( 1. 049-0. 2) +1. 0492] =1. 139

xy=1/[oy++(®y2- Ay2)]=1/[1.139++(1.1392-1.0492)]=0.631 <=1 xy=0.631

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.922

®z=0. 5[ 1+az( Az-0.2) +xrz2]=0.5x[ 1+0. 34x(0. 410- 0. 2) +0. 4102] =0. 620

xz=1/[ ®z+(®z2- Az2)]=1/[0.620++(0.6202-0.4102)]=0.922 <=1 xz=0.922

Reduction factor y=1/[o++(®2-A2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.631 (EC3 Eq. 6. 49)
Nb, rd=y- A-fy/ yM1l= 0. 631x[10 3] x8446x275/ 1. 00=1465. 59kN (EC3 Eq. 6.47)
Nc, ed= 33.20 kN < 1465.59 kN =Nb, rd, I's verified

Nc, ed/ Nb, rd= 33. 20/ 1465. 59= 0. 023<1

4.5. Lateral torsional buckling, Rafter m d-span region (ULS) (EN1993-1-1, 86.3.2)

1

My, ed=185. 42 kN, L=15.000m Lcr,y=15.000m Lcr,z=1.400m Lcr,lt=1.400m
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1
El astic critical moment for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2El z)+(C2-2zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
u=Mo/ M=qL2/ 8M=3. 8/ 185. 4=0. 02, ¢=Mb/ Ma=60. 0/ 185. 4=0. 32, Cl=1.307, C2=0.050
G=E/ (2(1+v))=210000/ (2( 1+0. 30)) =80769=8. 1x10* N/ rm?
k-L=1400mm  zg=h/2=400/2=200mm zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.307, C2=0.050, C3=0.000
Mcr=[ 1076 1. 307x[ n2x2. 1x10°x13. 180x10°/ 14002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x10°)
+14002 x8. 1x10“x0. 511x10%/ (m2x2. 1x10°%x13. 180x10°)
+(0. 050%x200) 2] %5- (0. 050x200) }= 3471.5 kNm

A lLt=y(Wpl,y-fy/ Mer)=+{[ 10 x1307. 0x103x275/ 3471. 5} =0. 322 (EC3 Eq. 6.56)
A, lt<= 0.40, %, It=1.00 (EC3 8§86.3.2.2.4)
x, | t,md=y, It/f, x It,md<=1, x, It, mod<=1/ A, |1t2=1/0.3222=9.66 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( A, t-0.8)2]=1-0.5x(1-1.000)[ 1-2.0x(0.322-0.8)2]=1.000, f<=1.0
x, I't, md=x, 1t/f=1.000/1.000=1.000, x, It,md<=1.0, x |t, md<=9.66, x, |t, md=1.000

Mo, rd=y, I t-Wl,y-fy/yMl= 1.000x[10 % x1307.0x103x275/ 1. 00=359. 42kNm (EC3 Eg. 6. 55)
My, ed= 185. 42 kNm < 359.42 kNm =Mb,rd, |Is verified
My, ed/ Mo, rd= 185. 42/ 359. 42= 0.516<1

4.6. Axial force and bending noment, Rafter m d-span region (ULS) (EN1993-1-1, 86.3.3)

Ned=33. 20 kN, My, ed=185.42 kNm

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eqg. 6.61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, r k/ yM1) <=1 (EC3 Eqg. 6.62)
Nrk=A- fy=[ 1073 x8446x275=2322. 6 kN (Tab.6.7)

My, rk=wpl ,y-fy=[ 107 x1307. 0x103x275=359. 4 kNm

xy- Nrk/ yMl=yy- A-fy/ yM1l= 0.631x[ 10 °] x8446x275/ 1. 00=1465. 6kN

xz- Nrk/ yMl=yz- A - fy/ yMl= 0.922x[ 10 ] x8446x275/ 1. 00=2141. 5kN

XLT- My, rk/ yML=yxLT- Wl ,y- fy/yMl= 1.000x[ 10 “®] x1307. 0x103x275/ 1. 00=359. 4kNm

Interaction factors, Method of conmputation: Method 1 Annex A (EC3 AnnexA)

kyy=Cnmy- CmLT(ny/ (1- Ned/ Ncr,y) (1/Cyy), ny=(1-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab. A. 1)
kzy=Cny- CnLT( pz/ (1- Ned/ Ncr,y)(1/ Czy) 0. 60~(wy/wz), nz=(21-Ned/Ncr,z)/(1-xz-Ned/Ncr, z)

Ner,y=m ETy/ | cr, y2=3. 142 x[ 10 3] x210000x231. 30x10% 150002= 2131 kN

Ner, z=m? EIz/ | cr, z2=3. 142 x[ 10 3] x210000x13. 180x10% 14002= 13937 kN

Ner,t=(1/ip2)x(G 1t + mEIW Ler, t2) (EC3 NCCl SN003b- EN- EU)
Ner, t=[ 103 x(1/1702)[80769x 0.511x105+m2x210000x490. 05x109/ 14002]=19328 kN

[
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ny=(1- Ned/ Ncr,y)/(1-xy-Ned/Ncr,y)=(1- 33.2/ 2131)/(1-0.631x 33.2/ 2131)=0.994
pz=(1- Ned/ Ncr, z)/(1-xz- Ned/ Ncr, z)=(1- 33.2/ 13937)/(1-0.922x 33.2/ 13937)=1.000
alt=1-1t/1y>=0=1- 0.511x105 231.30x10°=0. 998 (EC3 Annex A.1)
wy=Wpl , y/ Vel , y<=1.50, wy= 1.307x10% 1.156x10%=1.131 <= 1.50 (EC3 Annex A.1)
wz=Wpl , z/ Wel , z<=1. 50, wz= O. 229x108 0.146x10%=1.564 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ yM1) =33. 20/ (2322. 60/ 1. 00) =0. 014
amax=max(1. 049, 0. 410) =1. 050 (EC3 Annex A.1)
Mcr, 0=(1.00/1.31)x3471. 50=2655. 6, C1l=1. 00
A0=+([ 107 x1307. 0x103x275/ 2655. 6) =0. 370
20, linE0.24C1 [(1-Ned/Ncr, z)(1-Ned/Ncr,t)] %% (EC3 Annex A.1)
2o, line0.241.307 [(1-33.2/13937)(1-33.2/19328)] %%=0. 228
ey=( My, ed/ Ned) (A/ Wel ) =([10°%] x185. 42/ 33. 20) x( 8446. 0/ 1156. 0x10°%) =40. 80
Cmy, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(33.20/2131.0) =1. 004, (y=1.00) (EC3 Annex A, T.A. 1)
20=0.370 > Ao, |ime0. 228
Cnmy=Cny, 0o+(1-Cmy, 0) (Jey-alt)/ (1++ey-alt)=
=1.004+(1-1.004) x( 40.798x0.998)/ (1+~40. 798x0.998) = 1.001
Cml t=Cny2-alt/~[(1-Ned/ Ncr,z)(1-Ned/Ncr,t)] >=1
Cml t=1.0012x0.998/ [ (1-33.2/13937.0)(1-33.2/19328.0)]=1.002, Cmt=1.002
Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cmy2- Amax2/wy) npl -bl t]>=Wel, y/ Wl ,y (Annex A, T.A. 1)
bl t=0.5alt-x02[ My, ed/ (x,It-Ml,y,rd)](M,ed Mpl,z,rd) =
=0. 5x0. 998x0. 3702[ 0. 0/ (1. 000x317.9)] (0. 0/40.3) = 0.000
Cyy=1+(1.131-1)[(2-1.6x1.0012x1.050/1.131-1.6x1.0012x1.0502/1.131)x0.014-0.000]=0.998
Cyy>=1156. 0x103/ 1307. 0x103=0. 884, Cyy=0.998
Czy=1+(wy-1)[(2-14.0Cny2- eralewy5) npl -dl t]>=0.6+(wy/wz) (el ,y/ Wl ,vy) (Annex A, T.A 1)
dit=2alt [ xo/(0.1+xz*) ][ My, ed/ (Cmy-x, It -Ml,y,rd)][M,ed/ (Crz Ml ,z,rd)]=
=20. 998x[ 0. 370/ (0. 1+0. 4104 ][ 0. 0/ (1. 001x1. 000x317. 9)] [ 0. 0/ (0. 000x40. 3)]=0. 000
Czy=1+(1.131-1)[(2-14.0x1.0012x1.0502/1.131°% 0. 014-0.000] =0. 988
Czy>=0.6+/(1.131/1.500)(1156.0x10%/ 1307. 0x10%) =0. 461, Czy=0.988
Cyy=0.998, Czy=0.988 (Annex A, T.A. 1)
kyy=1.001x1.002x0. 994/ (1-33.20/2131.0)x(1/0.998)=1.015
kzy=1.001x1.002x1. 000/ (1-33.20/2131.0)x(1/0.988)x0.6x+(1.131/1.500)=0.537
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eg. 6.61)
33.2/(0.631x2322.6/1.00)+1.015x185. 4/ (1.000x359.4/1.00)=0.023+0.524=0. 546
0.546< 1. 000, I's verified
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, rk/ yM1) = (EC3 Eq. 6.62)
33.2/(0.922x2322.6/1.00)+0.537x185.4/(1.000x359.4/1.00)=0.016+0.277=0. 293
0.293< 1.000, I's verified
14.7. Buckling resistance, Rafter end-span region (Utimte Limt State)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1
Ned = 33.2 kN
Ved = 117.0 kN
Myed = 153.8 kNm  Mzed =0.0 kNm
Rafter length Lr=15000 nm
Buckling | ength, | n-plane buckling Lcr, y=15000mm ( System | engt h)
Buckl i ng | ength, Out - of - pl ane buckling Lcr,z=4000nm ( Torsional restrains of rafters)
14.8. Flexural Buckling, Rafter end-span region (Utimte Limt State) (EN1993-1-1, §6.3.1)
Nc, ed=33.20 kN, Lcr,y=15.000 m Lcr,z=4.000 m
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Buckling |l engths: Lcr,y=1.000x15000=15000mm Lcr,z=0.267x15000=4000mm
Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
Ay=+(A fy/Ncr,y)=(Ler,y/iy)-(1/a1)=(15000/165.5)x(1/86.39)=1.049
xz=+y(A - fy/Ncr,z)=(Lcr,z/iz)-(1/2a1l)=(4000/ 39.5)x(1/86.39)=1.172
Al=n+(E/fy)=93.9¢=86.39, &=+(235/fy)=0.92
—, SteelPortalFrameEC3 Fenerbahce =
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1

h/ b=400/ 180=2. 22>=1. 20, tf=13.5mx=40 mm

y-y buckling curve:a, inperfection factor: ay=0.21, xy=0.631 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+oy( Ay-0.2)+Ay2]=0.5x[ 1+0. 21x( 1. 049- 0. 2) +1. 0492] =1. 139

xy=1/[oy++(®y2- Ay2)]=1/[1.139++(1.1392-1.0492)]=0.631 <=1 xy=0.631

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.494

z=0. 5[ 1+0z( Az-0.2) +Az2]=0. 5x[ 1+0. 34x(1.172-0. 2) +1. 1722] =1. 352

xz=1/[ ®z+(®z2- Az2)]=1/[1.352++(1.3522-1.1722)]=0.494 <=1 xz=0.494

Reduction factor y=1/[o++(®2-A2)], x<=1.0, @=0.5[1+a( A-0.2)+a2], x=0.494 (EC3 Eq. 6. 49)
Nb, rd=y- A-fy/ yM1l= 0.494x[ 10 3] x8446x275/ 1. 00=1147. 39kN (EC3 Eq. 6.47)
Nc, ed= 33.20 kN < 1147.39 kN =Nb, rd, I's verified

Nc, ed/ Nb, rd= 33.20/1147.39= 0.029<1

4.9. Lateral torsional buckling, Rafter end-span region (ULS) (EN1993-1-1, 86.3.2)

1

My, ed=153. 84 kN, L=15.000m Lcr,y=15.000m Lcr,z=4.000m Lcr,Ilt=4.000m
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35CGk+1.50Qs1
El astic critical moment for |ateral-torsional buckling (EC3 86.3.2.2.2, EN1993:2002 AnnexC)
Ti moshenko, S. P, Gere,J.M Theory of elastic stability, McGraw-Hill, 1961
Mcr=Cl-[m2El z/ (kL) 2] { V[ (kz/kw)2(Iw | z)+(kL)2Gl t/(n2El z)+(C2-2zg-C3-2zj)2] -(C2-zg-C3-zj)}
Met hod of conputation Cl,C2,C3 : ECCS 119/ Gal ea SNO30a- EN- EU Access Steel 2006
u=Mo/ M=qL2/8M=31. 1/ 153. 8=0. 20, y=Mo/ Ma=-96.1/153.8=-0.62, Cl=1.920, C2=0.127
G=E/ (2(1+v))=210000/ (2( 1+0. 30)) =80769=8. 1x10* N/ rm?
k- L=4000mm  zg=h/2=400/2=200mm zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, Cl=1.920, C2=0.127, C3=0.000
Mcr=[ 1076 1. 920x[ n2x2. 1x10°x13. 180x10°/ 40002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x10°)
+40002x8. 1x10%x0. 511x10%/ (m2x2. 1x10°x13. 180x10°)
+(0.127x200) 2] %5- (0. 127x200) }= 732.9 kNm

A lLt=J(Wpl,y-fy/ Mer)=+{[ 106 x1307. 0x10°x275/ 732. 9} =0. 700 (EC3 Eq. 6.56)
h/ b=400/180=2. 22>2. 00 buckling curve:c
i mperfection factor: o, | t=0.49, =0.75, ¥, 1t=0.826 (T.6.3, T.6.5, Fig.6.4)

® 1t=0.5[1+c, [t ( A, lt-A,1to)+pAx,lt2]=0.5x[1+0.49x(0.700-0.40)+0.75x0.7002]=0.757
o lt=1/[o, I t+y(o I t2-8XA,1t2)]=1/[0.757++(0.7572-0. 75x0. 7572)] =0. 826

Reduction factor y,lt=1/[o, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,lt2, x,1t=0.826 (Eq. 6.57)
w, 1t,md=yx, 1 t/f, x It,md<=1, x, |t, md<=1/ x,|t2=1/0.7002=2.04 (EC3 §6.3.2.3(2), Eq. 6. 58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0. 00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( A, 1t-0.8)2]=1-0.5x(1-0.752)[1-2.0x(0.700-0.8)2]=0.878, f<=1.0
. 1t, mod=y, |1 t/f=0.826/0.878=0.940, x,|t,md<=1.0, x, |t, mod<=2.04, , It,md=0.940

Mo, rd=y, I t-wWl,y-fy/yMl= 0.940x[ 10 ® x1307.0x103x275/ 1. 00=337. 86kNm (EC3 Eg. 6. 55)
My, ed= 153.84 kNm < 337.86 kNm =Mb,rd, |Is verified
My, ed/ Mb, rd= 153. 84/ 337.86= 0.455<1

4.10. Axial force and bending monent, Rafter end-span region (ULS) (EN1993-1-1, 86.3.3)

Ned=33. 20 kN, My, ed=153.84 kNm

Ned/ ( xy- Nrk/ yM1) +kyy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eq. 6. 61)
Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ (xLT- My, r k/ yM1) <=1 (EC3 Eg. 6. 62)
Nrk=A- fy=[ 1073 x8446x275=2322. 6 kN (Tab. 6. 7)

My, rk=wpl ,y-fy=[ 10 x1307. 0x103x275=359. 4 kNm

xy- Nrk/yMl=yy- A- fy/yMl= 0.631x[ 10 °] x8446x275/ 1. 00=1465. 6kN

xz- Nrk/ yMl=yz- A fy/ yMl= 0.494x[ 10 ] x8446x275/ 1. 00=1147. 4kN

xLT- My, rk/ yM1=¢LT-Wpl ,y-fy/yM1l= 0.940x[ 10 ©] x1307.0x103x275/ 1. 00=337. 9kNm

Interaction factors, Method of computation: Method 1 Annex A (EC3 AnnexA)

kyy=Cny- CnLT( ny/ (1- Ned/ Ncr,y)(1/Cyy), ny=(21-Ned/Ncr,y)/(1-xy-Ned/Ncr,y) (EC3 Tab.A. 1)
kzy=Cmy- CmLT( nz/ (1- Ned/ Ncr,y) (1/Czy)0.60+(wy/wz), uz=(1l-Ned/Ncr,z)/(1-xz-Ned/ Ncr, z)

[
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Ner, y=m2 ETy/ | cr, y2=3.142x[ 10 3] x210000x231. 30x10% 150002= 2131 kN

Ner, z=m2ETz/ | cr, z2=3. 142x[ 10 3] x210000x13. 180x10% 40002= 1707 kN

Ner,t=(1/ip2)x(G It + mEIW Ler, t2) (EC3 NCCl SN003b- EN- EU)
Ner, t=[ 103 x(1/1702)[80769x 0.511x105+n2x210000x490. 05x10°% 40002]=3618 kN

py=(1-Ned/ Ncr,y)/(1-xy-Ned/Ncr,y)=(1- 33.2/ 2131)/(1-0.631x 33.2/ 2131)=0.994
nz=(1-Ned/ Ncr, z)/ (1-xz-Ned/ Ncr,z)=(1- 33.2/ 1707)/(1-0.494x 33.2/ 1707)=0.990
alt=1-1t/1y>=0=1- 0.511x10% 231.30x10°=0. 998 (EC3 Annex A. 1)

wy=Wpl , y/ Vel , y<=1.50, wy= 1.307x10% 1.156x10%=1.131 <= 1.50 (EC3 Annex A. 1)
wz=Wpl , z/ W&l , z<=1. 50, wz= 0.229x10% 0.146x10%=1.564 > 1.50 , wz=1.50
npl =Ned/ ( Nr k/ yM1) =33. 20/ (2322. 60/ 1. 00) =0. 014

amax=max(1.049,1.172)=1.170 (EC3 Annex A.1)
Mcr, 0o=(1.00/1.92)x732.90=381.8, C1=1.00

A0=+([10°%x1307. 0x103x275/ 381. 8) =0. 970

20, linmeE0. 24C1 [(1-Ned/Ncr, z)(1-Ned/Ncr,t)] %% (EC3 Annex A.1)
20, 1im=0.2+41.920 [(1-33.2/1707)(1-33.2/3618)] %®=0.275

ey=( My, ed/ Ned) (A/ Wel ) =([ 10°%] x153. 84/ 33. 20) x(8446. 0/ 1156. 0x10°%) =33. 85

Cny, 0=0. 79+0. 21y+0. 36( y- 0. 33) x(33. 20/ 2131. 0) =1. 004, (vy=1.00) (EC3 Annex A, T.A. 1)
20=0.970 > Ao, linr0.275
Cnmy=Cny, o+(1-Cmy, 0) (Jey-alt)/ (1++ey-alt)=
=1.004+(1-1.004)x(+33.851x0.998)/(1++33.851x0.998) = 1.001
Cm t=Cny2-alt/+[(1-Ned/Ncr,z)(1-Ned/Ncr,t)] >=1
Cm t=1.0012x0.998/ [ (1-33.2/1707.0)(1-33.2/3618.0)]=1.015, Cnmt=1.015

Cyy=1+(wy-1)[(2-1.6Cmy2- Amax/wy-1. 6Cry2- Amax2/wy) npl -bl t]>=Wel , y/ Wl ,y (Annex A, T.A.1)
bl t=0.5alt- x02[My,ed/(x, It-Ml,y,rd)] (M, ed/ Ml,z,rd) =

=0. 5x0. 998x0. 9702[ 0. 0/ (0. 940x317. 9)] (0. 0/ 40.3) = 0. 000
Cyy=1+(1.131-1)[(2-1.6x1.0012x1.170/1.131-1.6x1.0012x1.1702/1.131)x0.014-0.000]=0.997
Cyy>=1156. 0x103%/ 1307. 0x103=0. 884, Cyy=0.997

Czy=1+(wy-1) [ (2-14.0Cny2 - Amax2/wy %) npl -dl t]>=0. 6(wy/ wz) (Vel , y/ Wl ,y) (Annex A, T.A 1)
dit=2alt [ xo/(0.1+Axz*) ][ My, ed/ (Cmy-x,It-Ml,y,rd)][M,ed/ (Crz Ml ,z,rd)]=

=20.998x[ 0. 970/ (0. 1+1.172% ][ 0.0/ (1.001x0. 940x317.9)][0. 0/ (0. 000x40. 3)]=0. 000
Czy=1+(1.131-1)[(2-14.0x1.0012x1.1702/1.131°%0.014-0.000]=0.985
Czy>=0. 6+(1.131/1.500) (1156.0x10% 1307. 0x10%) =0. 461, Czy=0.985

Cyy=0.997, Czy=0.985 (Annex A, T.A. 1)
kyy=1.001x1.015x0. 994/ (1-33.20/2131.0)x(1/0.997)=1.029
kzy=1.001x1.015x0. 990/ (1-33.20/2131.0)x(1/0.985)x0.6x+(1.131/1.500)=0.540

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Gk+1.50Qs1

1

Ned/ (xy- Nrk/vyM1) +kyy- My, ed/ ( xLT- My, r k/ yM1) = (EC3 Eqg. 6.61)
33.2/(0.631x2322.6/1.00)+1.029x153. 8/ (0.940x359. 4/ 1. 00) =0. 023+0. 469=0. 491
0.491< 1.000, Is verified

Ned/ ( xz- Nrk/ yM1) +kzy- My, ed/ ( xLT- My, r k/ yM1) = (EC3 Eqg.6.62)
33.2/(0.494x2322.6/1.00)+0. 540x153. 8/ (0. 940x359. 4/ 1. 00) =0. 029+0. 246=0. 275

0.275< 1. 000, I's verified
4.11. Buckling resistance, Rafter-Uplift conditions (Utimte Limt State)

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Ned = 3.6 kN

Ved = 14.2 kN

MWed = 53.4 kNm  Mzed =0.0 kNm

Rafter length Lr=15000 mm

Buckling | ength, | n-plane buckling Lcr, y=15000mm ( System | engt h)

Buckl i ng | ength, Out - of - pl ane buckling Lcr,z=4000nm ( Torsional restrains of rafters)

[
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14.12. Flexural Buckling, Rafter-Uplift conditions (U timate Limt State) (EN1993-1-1, §6.3.1)

Nc, ed=3.61 kN, Lcr,y=15.000 m Lcr,z=4.000 m

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1

Buckling |l engths: Lcr,y=1.000x15000=15000nm Lcr,z=0.267x15000=4000nm

Non- di mensi onal sl enderness (Cross-section Class: 1) (EC3 86.3.1.3)
ry=+(A-fy/Ncr,y)=(Lecr,y/iy)-(1/2a1)=(15000/165.5)x(1/86.39)=1.049

rz=+(A - fy/Ncr,z)=(Lcr,z/iz)-(1/2a1l)=(4000/ 39.5)x(1/86.39)=1.172

Al=n+(E/fy)=93.9¢=86.39, &=+(235/fy)=0.92

h/ b=400/ 180=2. 22>=1. 20, tf=13.5mx=40 nmm

y-y buckling curve:a, inmperfection factor: ay=0.21, xy=0.631 (T.6.2,T.6.1,Fig.6.4)
oy=0. 5[ 1+ay( Ay-0.2) +ry2]=0.5x[1+0. 21x( 1. 049-0. 2) +1. 0492] =1. 139

xy=1/[ oy+(oy2- Ay2)]=1/[1.139++(1.1392-1.0492)]=0.631 <=1 xy=0.631

z-z buckling curve:b, inmperfection factor: az=0.34, xz=0.494

©z=0. 5[ 1+0z( Az-0.2) +Az2]=0. 5x[ 1+0. 34x(1.172-0. 2) +1. 1722] =1. 352

xz=1/ [ @z+( ®z2- Az2)] =1/[1.352++(1.3522-1.1722)]=0. 494 <=1 xz=0. 494

Reduction factor x=1/[o++(®2- A2)], x<=1.0, @=0.5[1+a( Ar-0.2)+a2], x=0.494 (EC3 Eq. 6. 49)
Nb, rd=y- A- fy/ yMl= 0.494x[10 3] x8446x275/ 1. 00=1147. 39kN (EC3 Eq.6.47)
Nc, ed= 3.61 kN < 1147.39 kN =Nb, rd, Is verified

Nc, ed/ Nb, rd= 3. 61/1147.39= 0.003<1

14.13. Lateral torsional buckling, Rafter-Uplift conditions (ULS) (EN1993-1-1, 86.3.2)

My, ed=53. 38 kN, L=15.000m Lcr,y=15.000m Lcr,z=4.000m Lcr,It=4.000m
Maxi mum desi gn values. Verification for |oad case: L.C. 210: 1.00Ck+1.50Qwl

Hoggi ng
k- L=4000mm  zg=-200mm zj =0mm (EN1993: 2002 Eq. C. 11)
ky=1.0, kz=1.0, kw=1.0, C1=1.000, C2=0.000, C3=1.000
Mcr=[ 105 1. 000x[ n2 x2. 1x10°x13. 180x10°/ 40002]
x{ [(1.0/1.0)2x(490.05x10°% 13.180x109)
+40002x8. 1x10%x0. 511x108/ (m2x2. 1x10°x13. 180x10°%) ] % }= 422.9 kNm

Al t=y(Wpl,y-fy/ Mer)=+{[ 10 x1307. 0x103x275/ 422. 9} =0. 922 (EC3 Eq. 6.56)
h/ b=400/ 180=2. 22>2. 00 buckling curve:c
i nperfection factor: o, 1 t=0.49, p=0.75, x,1t=0.687 (T.6.3, T.6.5, Fig.6.4)

@, 1t=0.5[1+c, [t (A, lt-A,1to)+pAx,lt2]=0.5x[1+0.49x(0.922-0.40)+0. 75x0. 9222] =0. 947
o lt=1/[o, I t+y(o It2-8A,1t2)]=1/[0.947++(0.9472-0. 75x0. 9472)] =0. 687

Reduction factor y,lt=1/[a, It++(®, It2-8x,1t2)], x, It<=1.0, 1/ x,It2, x, 1t=0.687 (Eq. 6.57)
x, It,mod=x,1t/f, x It,md<=1, x,It,md<=1/ x,1t2=1/0.9222=1.18 (EC3 86.3.2.3(2), Eq. 6.58)
Kc=1/(1.33-0.33y) =0. 752, ¢=0.00 (EC3 Tab. 6. 6)

f=1-0.5(1-kc)[1-2.0( A, lt-0.8)2]=1-0.5x(1-0.752)[1-2.0x(0.922-0.8)2]=0.880, f<=1.0
x, |'t, md=x, 1t/f=0.687/0.880=0.781, x, It,md<=1.0, x |t,md<=1.18, x, |t, md=0.781

Mo, rd=y, I t-wWl,y-fy/yMl= 0.781x[10 % x1307.0x103x275/ 1. 00=280. 71kNm (EC3 Eg. 6. 55)
My, ed= 53.38 kNm < 280.71 kNm =M, rd, I's verified
My, ed/ Mo, rd= 53.38/280. 71= 0.190<1

[
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15.

Haunch verification (Utimate Limt State)

The haunch is fabricated by cutting and wel ding of an | PE 400
Maxi mum desi gn values. Verification for |oad case: L.C. 202

(EN1993-1-1, §6)

section - S 275

1.35Gk+1.50Qs1

at haunch end at haunch-m ddl e at haunch-start
Ned = 33.2 kN Ned = 33.2 kN Ned = 33.2 kN
Ved = 117.0 kN Ved = 105.3 kN Ved = 93.6 kN
Myed = 231.2 kNm Myed = 170.7 kNm MWyed = 96.1 kNm
Buckling | ength, I n-plane buckling Lcr, y=1500mm

Buckl i ng | ength, Out - of - pl ane buckling Lcr,z=1500mm

Maxi mum desi gn values. Verification for |oad case: Seismc |lo
at haunch end at haunch-m ddl e at ha
Ned = 13.2 kN Ned = 13.2 kN Ned
Ved = 40.2 kN Ved = 40. 2 kN Ved
Myed = 98.4 kNm Wed = 91. 0 kNm Myed

15.1. Classification of steel cross-section, at haunch end

adi ng
unch-start

= 13.2 kN
= 40. 2 kN
80.9 kNm

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y + Mzed/ We
0=[103]33. 20/ 11508 + [10°231.20/2706.7x103 + [10%] 0. 00/ 146. 3x103

01=88 N/ mm?, 02=-83 N/ mm? (conpression positive)

Web

c=800. 0- 2x13. 5-2x21.0=731.0 mm t=8.6 nm c/t=731.0/8.6=85.00
S 275 , t= 8.6<= 40 nm fy=275 N/ mm?, e=(235/275) %5=0.92
Position of neutral axis for conmbined Bendi ng and conpression
Ned/ (2t w- fy/ yMD) =33200/ (2x8. 6x275/ 1. 00) =7. 0 nm
a=(731.0/2+7.0)/731.0=0.510>0.5

c/t=85.00>456x0.92/ (13x0.510-1)=74.58

The web is not class 1 or 2

o=Ned/ AxMWyed- (0.5d) /1y, o01=81 N m?, o2=-75 N/ mm?
y=-75/81=-0.930 > -1

c/t=85.00 <= 42x0.92/(0.67+0.33x-0.930)=106. 42
The web is class 3 (EN1993-1-1, Tab.5. 2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 mm c/t=64.7/13.5=4.79
S 275 , t=13.5<= 40 nmm fy=275 N/ m?, e=(235/275) %5=0.92
c/t=4.79<=9¢=9x0. 92=8. 28

The flange is class 1 (EN1993-1-1, Tab.5.2)

(EN1993-1-1, §5.5)

. Z

Overall classification of cross-section is Class 3, Bending and conpression Nc, ed+My, ed

15.2. Resistance of cross-section, at haunch end (U timte Limt State)

Utimate Limt State, Verification for conpression

Maxi mum desi gn values. Verification for |oad case: L.C. 202
Nc. ed= 33.20 kN

(EN1993-1-1, §6.2)

(EN1993-1-1, §6.2.4)

1.35Gk+1.50Qs1

Conpressi on Resistance Nplrd= A-fy/vMOZ[lOG]X11508X275/l.00=3164.65kN

Ned= 33.20 kN < 3164.65 kN =Nc,rd=Nplrd, Is verified
Ned/ Nc, rd= 33.20/3164. 65= 0. 010<1

Utimte Limt State, Verification for bending monent y-y

Maxi mum desi gn values. Verification for |oad case: L.C. 202
My.ed=231. 20 kNm

(EN1993-1-1, §6.2.5)

1.35Gk+1.50Qs1

Bendi ng Resi stance Nbly,rd=V@Iy-fy/yMO:[loﬁ]x2706.7x103x275/1.00: 744. 34kNm

My, ed= 231. 20 kNm < 744.34 kNm =My, rd=Mply,rd, |Is verified
My, ed/ My, rd= 231. 20/ 744.34= 0.311<1

[
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Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

Vz.ed=117. 00 kN

Av=A-2b-tf+(tw+2r)tf=11508-2x180. 0x13. 5+(8. 6+2x21. 0) x13. 5=7331m? (EC3 86.2.6.3)
Av= 7331mm? > n-hw-tw= 1.00x(800.0-2x13.5)x8.6=1.00x786.5x8. 6= 6764m?

Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x7331x(275/l.73)/1.00= 1163. 94kN
Vz,ed= 117.00 kN < 1163.94 kN =Vz,rd=Vpl,z,rd, |Is verified
Vz,ed/Vz,rd= 117.00/1163.94= 0.101<1

hw/ t w=( 800. 0- 2x13. 5)/ 8. 6=786. 5/ 8. 6=91. 45>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275 , t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92

Shear buckling resistance nust be verified (EC3 86.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AW=(731.0/8.6)/(37.4x0.92x+(5.34))=1.069, Kr=5.34 (EC3-1-5 85, Eq.5.6, A.3)
0.83/n <= Aw=1.069 < 1.08, xv=0.83/1.069=0.776 (n=1.00) (EC3-1-5 Tab.5.1)
Vb, rd=yv- fyw- hw- t/ ( y3yML) =0. 001x275x0. 776x731. 0x8. 6/ (1. 73x1. 00) =774. 98kN (EC3-1-5 Tab.5.1)

Ved=117 kN < 775=Vb, rd kN, Is verified
Ved/ Vb, rd= 117.00/774.98= 0. 151<1

Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1

N. ed= 33. 20kN (Conpression), Vz.ed= 117.00kN, My.ed= 231.20kNm

Npl rd=3164. 65kN, Mel,y, rd=744.34kNm Vpl,z,rd=774. 98kN

Ned=33. 20kN <= 0.25x3164. 65=0. 25xNpl rd=791. 16kN

Ned=33. 20kN <= [ 107 x0. 5x786. 5x8. 6x275/ 1. 00=0. 5hw- t w- f y/ yM0=930. 04 kN

n=Ned/ Npl rd=33/3165= 0. 010

Ef fect of axial force is neglected (EC3 86.2.9.1 Eq.6.33, Eq.6.34, Eq.6.35)
Ved=117. 00kN <= 0.50x774.98=0. 50xVpl, rd=387. 49kN
Ef fect of shear force is neglected (EC3 86.2.8.2)

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael +* Myed/Wel.y * Mzed/ W&l .z

0=[ 10%] 0. 00/ 11508 + [10% 231.20/2706. 7x10% + [10% 0. 00/ 146. 3x103

0l=85 N/ m?, o2=-85 N/ mm? (conpression positive)

ox.ed=85 < 275/1.00=275=fy/vMO N/ m#, I's verified (EC3 Eg. 6.42)

15. 3. Out-of-plane buckling, at haunch end (U timate Limt State) (EN1993-1-1, 8§6.3.2.4)

We check an equivalent T-section for the conpressive part of the haunch section
The equivalent T-section is made of the bottom flange and 1/3 of the compressed part of the web

Properties of equivalent T-section

Depth of cross section hf = 133 mm
W dth of cross section bf = 180 mm
Web thickness tw = 8.60 mMm
Fl ange thickness tf = 13.50 mm
Ar ea Af = 3461 mnt
Second monent of area If,z = 6.561x10% nm*
Radi us of gyration if,z =4( 6.561x106/3461) =43.5 mm

Conmpression in the T-section

Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35CGk+1.50Qs1
Ned, f =Ned- Af / A+Med- Af / Wel , y=33. 2x3461/ 11508+231. 2x3461x10°%/ 2706. 7x10°3=305. 6kN
Maxi mum desi gn values. Verification for |oad case: Seism c |oading
Ned, f =Ned- Af / A+Med- Af / Wel , y=13. 2x3461/ 11508+98. 4x3461x103%/ 2706. 7x10°=129. 8kN
Ned=max(305. 6, 129. 8) = 305.6 kN

xz=+y(A - fy/Ncr,z)=(Lcr,z/iz)-(1/2a1l)=(1500/ 43.5)x(1/86.39)=0.399

f,z-f,z buckling curve:c, inmperfection factor: of,z=0.49, xf,z=0.898 (T.6.2,T.6.1,Fig.6.4)
of , z=0. 5[ 1+of , z( Af, z-0.2)+rf,z2]=0. 5x[ 1+0. 49x( 0. 399-0. 2) +0. 3992] =0. 628

xf,z=1/[of ,z++(of ,z2- Af,2z2)]=1/[0.628++(0.6282-0.3992)]=0.898 <=1 xf,z=0.898

Nb, rd=xz- A- fy/ yM1l= 0.898x3461x275/ 1. 00=854. 59kN (EC3 Eq. 6.47)
Nc, ed= 305.58 kN < 854.59 kN =Nb,rd, 1Is verified

Nc, ed/ Nb, rd= 305. 58/ 854.59= 0. 358<1

[

. SteelPortalFrameEC3 Fenerbahce B
1 software by RUNET (c)
C:\Program Files (x86)\RUNET\SteelPortalFrameEC3\Projects\st8 25/10/2023 5:59:46 PM



PFR 01/09/2022 Pg. 44

1

5.4. Classification of steel cross-section, at haunch-m ddle (EN1993-1-1, 8§5.5)

1

Maxi mum and m ni mum cross-section stresses o=Ned/ Ael * Myed/Wel.y * Mzed/ Wl .z
0=[10%33.20/9788 + [10°]170.70/1842.8x10% + [10°]0.00/146. 1x10°
0l1=96 N/ m?, o02=-89 N/ mm? (conpression positive)

Web

c=600. 0- 2x13. 5- 2x21. 0=531. 0 mm t=8.6 mm c¢/t=531.0/8.6=61.74 fy

S 275, t= 8.6<= 40 mm fy=275 N/ m?, e=(235/275) %5=0.92 Ty
Position of neutral axis for combi ned Bendi ng and conpression FCC
Ned/ (2t w- fy/ yMD) =33200/ ( 2x8. 6x275/1. 00) =7.0 mm —
o=(531.0/2+7.0)/531. 0=0.513>0.5 L;:;
c/t=61.74<=396x0. 92/ (13x0. 513- 1) =64. 23 fy

The web is class 1 (EN1993-1-1, Tab.5.2)

Fl ange

c=180.0/2-8.6/2-21.0=64.7 mm t=13.5 mm «c/t=64.7/13.5=4.79

S 275 , t=13.5<= 40 mm fy=275 N/ m?, &=(235/275) %5=0.92 [::E:::
c/t=4.79<=9:=9x0. 92=8. 28 o

The flange is class 1 (EN1993-1-1, Tab.5.2) Efk__Q__4

Overall classification of cross-section is Class 1, Bending and conpression Nc, ed+My, ed

5.5. Resistance of cross-section, at haunch-middle (Utimte Limt State) (EN1993-1-1, 8§6.2)

Utimte Limt State, Verification for conpression (EN1993-1-1, 86.2.4)
Maxi mum desi gn values. Verification for |oad case: L.C. 202: 1.35Ck+1.50Qs1
Nc. ed= 33.20 kN
Conpressi on Resistance Nplrd= A-fy/yMO:[loﬁ]x9788x275/1.00=2691.64kN
Ned= 33.20 kN < 2691.64 kN =Nc,rd=Nplrd, |Is verified
Ned/ Nc, rd= 33.20/2691. 64= 0.012<1

Utimte Limt State, Verification for bending monent y-y (EN1993-1-1, 86.2.5)
Maxi mum desi gn values. Verification for |load case: L.C. 202: 1.35Ck+1.50Qs1

My.ed=170. 70 kNm

Bendi ng Resi stance Nbly,rd:MpIy-fy/yMO:[lOﬁ]x2131.1x103x275/1.00= 586. 05kNm

My, ed= 170. 70 kNm < 586. 05 kNm =My, rd=Mply,rd, Is verified

My, ed/ My, rd= 170. 70/ 586. 05= 0. 291<1

Utimate Limt State, Verification for shear z (EN1993-1-1, §6.2.6)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

Vz.ed=105.30 kN

Av=A-2b-tf+(tw+2r)tf=9788-2x180.0x13.5+(8.6+2x21.0)x13. 5=5611m? (EC3 86.2.6.3)
Av= 5611mm? > n-hw-tw= 1.00x(600.0-2x13.5)x8.6=1.00x586.5x8. 6= 5044m?

Pl asti c Shear Resistance Vpl, z,rd=Av(fy/ +3)/yM0= [103]x5611x(275/l.73)/1.00= 890. 85kN

Vz, ed= 105.30 kN < 890.85 kN =Vz,rd=Vpl,z,rd, |Is verified

Vz, ed/ Vz,rd= 105. 30/890. 85= 0.118<1

hw/ t w=( 600. 0- 2x13. 5) / 8. 6=586. 5/ 8. 6=68. 20>72x0. 92/ 1. 00=72¢/ n=66. 24 (n=1. 00)
S 275, t= 8.6<= 40 nm fy=275 N/ m?, e=(235/275) %5=0.92

Shear buckling resistance nust be verified (EC3 86.2.6.6)
Shear buckling resistance (EC3 EN1993-1-5:2006, 85)
AwW=(531.0/8.6)/(37.4x0.92x+(5.34))=0.777, Ki=5.34 (EC3-1-5 85, Eq.5.6, A.3)
Aw=0. 777 < 0.83/n, xv=n=1.000 (n=1.00) (EC3-1-5 Tab.5.1)
Vb, rd=yv- fyw- hw- t/ ( y3yML) =0. 001x275x1. 000x531. 0x8. 6/ (1. 73x1. 00) =725. 07kN (EC3-1-5 Tab.5.1)

Ved=105 kN < 725=Vb, rd kN, Is verified
Ved/ Vb, rd= 105.30/725.07= 0. 145<1
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Utimate Limt State, Verification for axial force, shear and bending (EN1993-1-1, §6.2.9)
Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1

N. ed= 33. 20kN (Conpression), Vz.ed= 105.30kN, My.ed= 170.70kNm

Npl rd=2691. 64kN, Ml ,y, rd=586.05kNm Vpl, z,rd=725. 07kN

Ned=33. 20kN <= 0. 25x2691. 64=0. 25xNpl rd=672. 91kN

Ned=33. 20kN <= [107%] x0. 5x586. 5x8. 6x275/ 1. 00=0. 5hw- t w- f y/ yM0=693. 54 kN

n=Ned/ Npl r d=33/2692= 0. 012

Ef fect of axial force is neglected (EC3 86.2.9.1 Eqg.6.33, Eq.6.34, Eqg.6.35)
Ved=105. 30kN <= 0.50x725.07=0. 50xVpl, rd=362. 54kN
Ef fect of shear force is neglected (EC3 86.2.8.2)

My, ed= 170. 70 kNm < 586.05 kNm =Mply,rd, Is verified
My, ed/ Mply, rd= 170. 70/ 586. 05= 0. 291<1

15.6. Out-of-plane buckling, at haunch-mddle (Utimte Limt State) (EN1993-1-1, 8§6.3.2.4)

We check an equivalent T-section for the conpressive part of the haunch section
The equival ent T-section is made of the bottom flange and 1/3 of the compressed part of the web
Properties of equivalent T-section

Depth of cross section hf = 100 nm
W dt h of cross section bf = 180 nm
Web t hickness tw = 8.60 nmm
Fl ange thickness tf = 13.50 mm
Ar ea Af = 3174 m?
Second moment of area If,z = 6.561x10% nm*
Radi us of gyration if,z =4( 6.561x106/3174) =45.5 mm

Conmpression in the T-section

Maxi mum desi gn values. Verification for |load case: L.C 202: 1.35Ck+1.50Qs1
Ned, f =Ned- Af / A+Med- Af / Wel , y=33. 2x3174/ 9788+167. 7x3174x103/ 1842. 8x10°=299. 6kN
Maxi mum desi gn values. Verification for |oad case: Seism c |oading
Ned, f =Ned- Af / A+Med- Af / Wel , y=13. 2x3174/ 9788+91. 0x3174x10°%/ 1842. 8x103=161. OkN
Ned=max(299. 6, 161. 0) = 299.6 kN

xz=+(A fy/Ncr,z)=(Ler,z/iz)-(1/2a1)=(1500/ 45.5)x(1/86.39)=0.382

f,z-f,z buckling curve:c, inperfection factor: of,z=0.49, xf,z=0.907 (T.6.2,T.6.1,Fig.6.4)
of , z=0. 5[ 1+aof , z( Af, z-0.2)+rf, z2]=0. 5x[ 1+0. 49x( 0. 382-0. 2) +0. 3822] =0. 618

xf,z=1/[of , z+(of ,z2- Af,22)]=1/[0. 618++(0.6182-0.3822)]=0.907 <=1 xf,z=0.907

Nb, rd=xz- A- fy/yMl= 0.907x3174x275/ 1. 00=791. 65kN (EC3 Eq. 6.47)
Nc, ed= 299.60 kN < 791.65 kN =Nb,rd, |Is verified

Nc, ed/ Nb, rd= 299. 60/ 791. 65= 0. 378<1

[
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Connecti ons

[

16. Connection data (EN1993-1-8 )
16.1. Bolt connection data (eave, apex) (EN1993-1-8 )
Type of connection End- pl at e connection, non-prel oaded bolts
Cat egory of connection Cat egory A: Bearing type (EC3-1-8 83.4.1)

Category D: Non-prel oded (EC3-1-8 83.4.2)
End Pl ate Thi ckness tp=20 mm S 275
Pl ate of Eave connecion 180x935x20 mm S 275
Bol ts M24, Strength grade 10.9
Bolt di aneter d =24 mm
Di amet er of hol es do = 26 mMm
Nom nal area nd2/ 4 =nx242] 4= 452. 4 mnt
Tensile stress area As = 353.0 nmm?
Bolt strength grade 10.9, fyb=900N/ mm#, fub=1000N/ nm? (EC3-1-8 83.1.1)
16. 2. Edge distances and spacing of bolts (eave, apex) (EN1993-1-8, 83.5, Tab.3.3)
M ni rum edge di stances el=1. 2do=1.2x26=32 mMm
e2=1.2do=1. 2x26=32 nm
Maxi mum edge di stances el=4t +40=4x19. 0+40=117 mm
e2=4t +40=4x19. 0+40=117 mm
M ni mrum spaci ng of bolts pl=2.2do=2.2x26=58 nm
p2=2. 4do=2. 4x26=63 nm
Maxi mum spaci ng of bolts pl=m n(14t, 200) =m n(14x19. 0, 200) =200 mMm
p2=m n(14t, 200) =m n( 14x19. 0, 200) =200 nm
Di stance of plate edge to bolt line el=e2=ex= 45 mm
Di stance of section edge to bolt line ec= 41 mm
Di stance of flange enge to bolt Iine ef= 45 mm
Pitch between bolt rows pl=p3=p= 90 nm
Spaci ng between cross centers p2=g =w= 90 nm
Fl ange to end-plate weld atf>= 0.55tf=0.55x13.5= 8 mm
Web to end-plate weld aw>= 0. 55tw=0.55x 8.6= 6 nm
16. 3. Design resistance of individual bolts (eave, apex) (EC3-1-8 83.6.1, Tab.3.4)
Bolt strength grade=10.9, fub =1000N/ mm?, As=353.0m¢#, yWM2=1.25
Tension resistance of bolts Ft,rd=k2-fub- As/ yM2, (k2=0.90 )
Ft,rd=[ 107 x0. 90x1000x353. 0/ 1. 25=254 kN
Shear resistance of bolts Fv, rd=av- fub- As/ yM2, (oav=0.50)
Fv, rd=[ 10%] x0. 50x1000x353. 0/ 1. 25=141 kN
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17. Eave connection

17.1. Basic data (Eave connection)

Design forces of connection (Eave connecti on)

Maxi mum desi gn val ues for actions (L.C. 202: 1.35Gk+1.50Qs1)
Ned = -33.2 kN
Ved = 116.5 kN
Med = -231.3 kNm

Maxi mum desi gn values for actions(Seism c |oading)

Ned = -13.2 kN
Ved = 40. 2 kN
Med = -93.2 kNm

17.2. Connection data (Eave connection)

Bolt connection data 5H Db

End Pl ate 180x935x20 mm S 275 - 0T

Bol ts M24, Bolt strength grade 10.9 §_ ¥ % i
=\ |

Number of Bolts top 2x2=4 4|4

bottom 2x1=2

Total nunmber of bolts =6 g

Di amet er of holes do = 26 mMm

Shear pl ane of bolt through the threated portion @ U]

Edge di stances and spacing of bolts

Di stance of plate edge to bolt |ine el=e2=ex= 45 mm

Di stance of section edge to bolt line ec= 41 mm 4|+

Di stance of flange enge to bolt line ef= 45 mm —— i

Pitch between bolt rows pl=p3=p= 90 mm - 1

Spaci ng between cross centers p2=g =w= 90 nm — B .

Fl ange to end-plate weld atf>= 0.55tf=0.55x13.5= 8 mm

Web to end-plate weld aw>= 0. 55t w=0.55x 8.6= 6 nmm

Compression stiffener at the bottom of haunch

Conpression stiffener with thickness ts= 20.0 nm

17.3. Connection geometry of end-plate (Eave connecti on) (EC3-1-8 86.2.4.1, Fig.6.2)

e=ex=45 nm em n=45 mm

mx, x=(90- 8. 6- 2x0. 8x6x+/2) /2= 33.9 mMm

nx, y=45- 0. 8x8x+2= 35.9 mm

nx, x= emn <=1.25mx,x = m n(45.0,1.25x33.9=42.4)= 42. 4 nm

nx,y= emn <=1.25nmx,y = mn(45.0,1.25x35.9=44.9)= 44.9 nm

mn(nx,x, mx,y)=mn(33.9,35.9)=33.9mm max(nmx, x, nx,y)=max(33.9, 35.9)=35.9mm
mn(nx, X, nx,y)=mn(42.4,44.9)=42. 4mm  max(nx, x, nx,y)=max(42.4,44.9)=44.9mm

17.4. Effective lengths of end-plate (Eave connection) (EC3-1-8 86.2.6.5 Tab.6.6)

Bolt-row outside tension flange of beam
leff=2o- mx  =2nx35. 9= 225.6 mm
= mx+w =nx35. 9+90. 0= 202.8 nm
=n- Mx+2e=nx35. 9+2x45. 0= 202. 8 mm
=4mx+1. 25ex = 4x35.9+1. 25x45.0=199.9 mm
—e+2mx+0. 625ex = 45. 0+2x35. 9+0. 625x45. 0=144.9 mm
=0. 5bp = 0.5x180= 90.0 mm
=0. 5w+2mx+0. 625ex=0. 5x90. 0+2x35. 9+0. 625x45. 0= 144.9 nm
| ef f, 1lb=m n(225.6, 202.8, 202.8, 199.9, 144.9, 90.0, 144.9)= 90.0 mMm
| eff,1b= 90.0 mm
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Bolt next to tension flange al one

leff=2n-mx =2nx33.9= 213.0 mm

=o-m =6.28x33.9=213. 0 nm (a1l=22=m' ( mte) =0. 43, «=6.28)
ef f,2b=m n(213.0, 213.0)= 213.0 mMm
eff,2b= = 213.0 mm

Bolt next to tension flange in a group

leff=2n-mx =2nx33.9= 213.0 mm
=a-m =6. 28x33.9=213. 0 mm (Al=22=m ( m+e) =0. 43, «=6.28)
=momtp =nx33.9+90. 0= 196.5 mm

(EC3-1-8 Fig.6.11)

=0. 5p+o- m (2m+0. 625€) =0. 5x90. 0+6. 3x33. 9- (2x33. 9+0. 625x45. 0) = 162. 1 mm
| eff,3b=mi n(213.0, 213.0, 196.5, 162.1)= 162.1 mm
leff,3b= = 162.1 mm

Inner Bolt-row in a group

| ef f=2n-mx =2nx33.9= 213.0 nm

=4m+l. 25e =4x33.9+1. 25x45. 0= 191.9 mm
=2p =2x90.0= 180.0 mm
=p = 90.0 mm

| eff, 4b=m n(213.0, 191.9, 180.0, 90.0)= 90.0 mm
leff,4b= = 90.0 mm

17.

5. End-Pl ate, Resistance of T-stub flange (Eave connection)

Bolt-row outside tension flange of beam

(EC3-1-8 §6.2.4.1, Tab.6.2)

Mpl, 1, rd=Mpl, 2,rd=0.25l eff-tfz.fy/vMI=[ 105 x0. 25x90. 0x20. 02x275/ 1. 00=2. 475kNm
Mode 1 Ft,1,rd= 4Mpl,1rd/ m =[ 103 x4x2.475/35.9 = 276 kN

Mode 2

Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN
Ft,rd= m n(276, 344, 508)= 276 kN

Bolt next to tension flange al one

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (men) =([ 103 x2x2. 475+44. 9x2x254) / ( 35. 9+44. 9) =344kN

Mol , 1, rd=Mpl, 2, rd=0. 25l eff-tf2-fy/yMO=[ 10 x0.25x213. 0x20. 02x275/ 1. 00=5. 858kNm
Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103] x4x5. 858/33.9 = 691 kN

Mode 2

Mode 3 Ft,3,rd= zFt,rd =2x254 = 508 kN
Ft,rd= m n(691, 436, 508)= 436 kN

Bolt next to tension flange in a group

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (m+n) =([ 103 x2x5. 858+42. 4x2x254) / ( 33. 9+42. 4) =436kN

Mol , 1, rd=Mpl, 2, rd=0. 25l eff-tf2-fy/yMO=[ 10 % x0. 25x162. 1x20. 02x275/ 1. 00=4. 458kNm
Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103] x4x4. 458/33.9 = 526 kN

Mode 2

Mode 3 Ft,3,rd= gFt,rd =2x254 = 508 kN

Ft

,rd= mn(526, 399, 508)= 399 kN

I nner Bolt-row in a group

Ft, 2, rd= (2Mpl, 2rd+nsFt, rd)/ (m+n) =([ 103 x2x4. 458+42. 4x2x254) / (33. 9+42. 4) =399kN

Mpl, 1, rd=Mpl, 2,rd=0.25l eff-tf2-fy/vMO=[ 10 ® x0. 25x90. 0x20. 02x275/ 1. 00=2. 475kNm
Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x2. 475/35.9 = 276 kN

Mode 2

Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN

Ft

17.

,rd= mn(276, 344, 508)= 276 kN

6. Rafter flange and web in conpression (Eave connection)

Fc,fb,rd= Mc,rd/ (h-tf), M, rd= Wel,y-fy/yM
Wel , y=(180x13. 5x786. 52 +8. 6x773. 03/ 6) / 800=2706. 5x10°3 m#
Mc, rd= [107° x2706.5x10%x275/ 1. 00=744kNm Fc, fb, rd=[ 10%] x744/ 786. 5= 946kN
Fc,fb, rd, max=(1/0.8)b-t-fy/ yMd= (1/0.8)x[10% x180.0x13. 5x275/ 1. 00= 835 kN (h>600mnm)
Fc,fb, rd= min(946, 835)= 835 kN

Ft,2,rd= (2Mpl, 2rd+nsFt, rd)/ (mn)=([ 103 x2x2. 475+44. 9x2x254) / ( 35. 9+44. 9) =344KkN

(EC3-1-8 §6.2.6.7)

[

. SteelPortalFrameEC3 Fenerbahce

software by RUNET (c)
C:\Program Files (x86)\RUNET\SteelPortalFrameEC3\Projects\st8

48

25/10/2023 5:59:46 PM



PFR 01/09/2022 Pg. 49

17.7. Rafter web in tension (Eave connection) (EC3-1-8 86.2.6.8)

Ft,wb,rd = beff,t,wb-twb:fy, wb/ yM0
beff,t,wb=Leff=min(leff,3b, Ieff,4b)=mn(162.1, 90.0) =90.0 mm
Ft,wb,rd = [107%x90. 0x8. 6x275/ 1. 00= 213 kN

mn Ft,rd=m n(276, 436, 399, 276, 213)= 213 kN

17.8. Connection geometry of column-side (Eave connection) (EC3-1-8 86.2.4.1, Fig.6.2)

e=ex=45 mm em n=45 mm

mx, x=(90-11. 0- 2x0. 8x27)/2= 17.9 mm

nx, y=45-0. 8x8x+/2= 35.9 nm

nx, x= emn <=1.25mx,x = m n(45.0,1.25x17.9=22.4)= 22.4 mm

nx,y= emn <=1.25nmx,y = mn(45.0,1.25x35.9=44.9)= 44.9 nmm

mn(mx, x, nmx,y)=mn(17.9,35.9)=17.9mm max(nx, x, nmx,y)=max(17.9, 35.9)=35.9mm
m n(nx, X, nx,y)=mn(22.4,44.9)=22. 4mm max(nx, X, nx,y)=max(22.4,44.9)=44.9mm

17.9. Effective lengths of colum-side (Eave connecti on) (EC3-1-8 8§86.2.6.4 Tab.6.4)

End Bolt-row in a group
leff=2on-m =2nx17.9= 112.5 nm
=n- m+2el =nx17.9+2x45. 0= 146.2 mm
=4m+1l. 25e =4x17.9+1. 25x45. 0= 127.8 mm
=2m+0. 63e+el =2x17.9+0. 63x45. 0+45. 0= 108.9 nm
=m-mtp =nox17.9+90. 0= 146.2 mm
=2el+p =2x45.0+90. 0= 180.0 mm
=2m+0. 63e+0. 5p =2x17. 9+0. 63x45. 0+0. 5x90. 0= 108.9 mm
=el+0. 5p =45.0+0.5x90.0= 90.0 mm
|l eff,lc=m n(112.5, 146.2, 127.8, 108.9, 146.2, 180.0, 108.9, 90.0)= 90.0 mm
leff,1c= = 90.0 mm

Inner Bolt-row in a group
leff=2n-m =2nx17.9= 112.5 nm
=4m+1l. 25e =4x17.9+1. 25x45. 0= 127.8 mm
=2p =2x90.0= 180.0 mm
=p = 90.0 mm
leff,2c=m n(112.5, 127.8, 180.0, 90.0)= 90.0 nmm
leff,2c= = 90.0 nm

17.10. Column-Side, Resistance of T-stub flange (Eave connection) (EC3-1-8 86.2.4.1, Tab.6.2)

End Bolt-row in a group

Mpl, 1, rd=Mpl, 2,rd=0.25l eff-tf2.-fy/yMI=[ 105 x0. 25x90. 0x19. 02x275/ 1. 00=2. 234kNm

Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x2. 234/ 17.9 = 499 kN

Mode 2 Ft,2,rd= (2Mpl, 2rd+nsFt,rd)/ (men) =([ 10°%] x2x2. 234+22. 4x2x254) [ (17. 9+22. 4) =393kN
Mode 3 Ft,3,rd= sFt,rd =2x254 = 508 kN

Ft,rd= m n(499, 393, 508)= 393 kN

Inner Bolt-row in a group

Mpl, 1, rd=Mpl, 2, rd=0.25l eff-tf2-fy/vMO=[ 10 ®] x0. 25x90. 0x19. 02x275/ 1. 00=2. 234kNm

Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x2.234/17.9 = 499 kN

Mode 2 Ft,2,rd= (2Nb|,2rd+nth,rd)/(nwn):([103]x2x2.234+22.4x2x254)/(17.9+22.4)=393kN
Mode 3 Ft,3,rd= 3sFt,rd =2x254 = 508 kN

Ft,rd= m n(499, 393, 508)= 393 kN

17.11. Column-web in transverse tension (Eave connecti on) (EC3-1-8 86.2.6.3)

Ft,wc,rd = o-beff,t,wc-twc-fy, c/yM

B=1, w=wl=1l/ [1+1.3(beff,c-twc/Avc)2], beff,c=90.0 mm (EC3-1-8 86.2.6.2, Tab.6.3)
w=1/ [ 1+1. 3x(90. 0x11. 0/5735)2]]= 0.98

Ft,wc,rd = [107°] x0.98x90. 0x11. 0x275/1. 00= 267 kN
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17.12. Design resistance of conpression stiffener (Eave connection) (EC3-1-5 §9.1)
Conpression stiffener at the bottom of haunch ts= 20.0 mm
fy=275N/ mr?, bs=(180-11.0-2x27.0)/2=57.5mm ts=20.0mm tw=11.0nmm e=+/(235/fy)=0.92
Aef f, s=2x57. 5x20. 0+(2x15x0. 92x11. 0+20. 0) x11. 0=5860 nm? (EC3-1-5 89.1(2)
Leff,s=m n(57.5, 14x0.92x20.0)=m n(57.5, 257.60)=57.5 mm (EC3 Tab.5.2)

leff, s=(2x57.5+11. 0) 3x20. 0/ 12= 3334.0x10°% mm*
i ef f,s=+(3334x103/5860) =23.9mm Al=n+(E/fy)=93.9¢=86.39

Lcr=0. 75x(390-2x19.0)= 264.0 mm

(EC3-1-5 §9.4(2)

A=lcr/ (ieff, s al)=264.0/(23.9x86.39)= 0.13 (EC3 §6.3.1.3(1)

A<= 0.20, x=1.00

(EC3 §6.3.1.2.4)

Fc,wc,rd = x- Aeff,s-fy,c/yML= 1.000x5860x275/1.00=1611 kN > Fc, fb, rd=835 kN

Conpression stiffener, 1Is verified

17.13. Monent resistance of connection

(Eave connecti on) (EN1993-1-8, §6.2.7.2)

M,rd = % hr-Ftr,rd

hr: row numbering fromtop, distances
End-pl ate in bending

Force distribution in bolt rows
Bolt-row 1, hr= 838.3 mm Ft,rd= 276
Bolt-row 2, hr= 734.8 mm  Ft,rd= 436
Fc, ed=zFt,rd=276 + 436= 712 kN

End- pl ate in bending

Force distribution in bolt rows
Bolt-row 1, hr= 838.3 mm Ft,rd= 393
Bolt-row 2, hr= 734.8 mm Ft,rd= 393
Fc, ed=sFt, rd=393 + 393= 786 kN

Rafter web in tension

Ft,wb, rd = 213 kN

Rafter flange and web in conpression
Fc, fb,rd= 835 kN

Ft, rd<=Ft, wb, rd=213 kN, Fc, ed=zFt, rd<=

Fc, ed=sFt, rd<=Fc, wc, rd=1611 kN

Force distribution in bolt rows
Bolt-row 1, hr= 838.3 mm Ft,rd= 213
Bolt-row 2, hr= 734.8 mm Ft,rd= 213
Fc, ed=sFt, rd=213 + 213= 426 kN

Moment resistance of connection

M,rd =[107% x[213x838. 3+213x734. 8]
M ,rd = 335 kNm

(EN1993-1-8, 8§6.2.7.2Eq.6.25
from center of bottom (conpression) flange
(EC3-1-8 86.2.4.5

kN
kN

(EC3-1-8 §6.2.4.4

kN
kN

(EC3-1-8 §6.2.6.8)
(EC3-1-8 §6.2.4.7

Fc, fb,rd=835 kN

(EC3-1-8 §6.2.7.2.(7))
kN
kN

(EN1993-1-8, §6.2.7.2(10)

Med= 231.3 kNm < 335.0 kNm =M, rd, Is verified

17.14. Shear resistance (Eave connection) (EN1993-1-8, 8§3.6.1 Tab. 3.4)

Shear resistance of bolts

Fv, rd=av- fub- As/ yM2=[ 10 3] x0. 50x1000x353. 0/ 1. 25=141 kN
Shear plane of bolt:through the threated portion

[
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Bearing resistance of bolts
Fb, rd=k1-ob-fu-d-t/yM2

End- Pl at e
t =20. 0mm d=24mm do=26mm el=45mm e2=45mm pl=90mm fub=1000kN/ m?#, fu=430kN/ m?,
ob=mi n[fub/fu, 1.0, el/3do, pl/3do-1/4]=
=m n[ 1000/ 430, 1.0, 45/(3x26), 90/(3x26)-0.25]=0.58
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x45/26-1.7,1.4x90/26-1.7,2.5]=2.50
Fb, rd=k1l-ob-fu-d-t/yM= [103]x2.50x0.58x430x24x20.0/1.25=238 kN

Col um- Si de
t=19. 0mm d=24mm do=26mm el=45mm e2=45mm pl1=90mm fub=1000kN/ nm?, fu=430kN/ m®,
ob=mi n[fub/fu, 1.0, el/3do, pl/3do-1/4]=
=m n[ 1000/ 430, 1.0, 45/(3x26), 90/ (3x26)-0.25]=0.58
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x45/26-1.7,1.4x90/26-1.7,2.5]=2.50
Fb, rd=k1-ob-fu-d-t/yM= [lOG]XZ.50X0.58X43OX24X19.0/1.25:226 kN

Desi gn resistance of one bolt in shear =m n(141, 238, 226)=141 kN

Bendi ng noment and shear (EN1993-1-8, 83.6.1 Tab.3.4)
Maxi mum tension force in bolts
Ft,ed=213/2=106 kN
Reduction of shear resistance due to bending
o=1-Ft, ed/ 1. 40Ft, rd=1-106/(1.40x254)=0.70
Shear acting together with bending noment for all the bolts
Vr d=6x0. 70x141 =592 kN

Ved= 117 kN < 592 kN =Vvrd, Is verified
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18. Columm base Connection

18.1. Basic data (Base connection)

Design forces of connection (Base connection)

Axi al force (conpression) Ned=-130 kN, L.C. 202: 1.35Gk+1.50Qs1

Axi al force (tension) Ned= 11 kN, L.C. 210: 1.00Gk+1.50Qwl
Shear force Ved= 41 kN, L.C. 211: 1.35Gk+1.50Qs1+0.60x1.50Qwl= 1.35xGk+1.50Qs1+0. 90¢(
Moment Med= 0 kNm

Seism ¢ | oading

Conpression force at base Ned= -50 kN
Tension force at base Ned= 0 kN
Shear force at base Ved= 13 kN

Connection data (Base connection)

Base plate steel grade 490x400x30 mm S 275
Anchor bolts M24, Grade 5.6
Shear plane of bolt through the threated portion 5 I 0 I 5

m ddl e 2x2=4 __a: ' ' T
Total number of bolts =4 [ N ]
Di ameter of holes do = 26 mm &
Steel section for colum HE 400 A, S 275
Spaci ng between cross centers 100 mm -qa- -$- -+
Fl ange to end-plate weld 11 mm g S
Web to end-plate weld 6 mm -qa- -$- 4
Edge di stances and spacing of bolts

[ <\ ]
Di stance of plate edge to bolt line el=e2=ex= 150 mm
Di stance of section edge to bolt Iine ec= 45 mm - .
Di stance of flange enge to bolt Iine ef= 45 mm
Pitch between bolt rows pl=p3=p= 90 nm
Spaci ng between cross centers p2=g =w= 100 mm
Fl ange to end-plate weld atf>= 0.55tf=0.55x19.0= 11 mm
Web to end-plate weld aw>= 0. 55t w=0.55x11. 0= 6 nm
Concrete of foundation
Concrete-Steel class C25/ 30- B500C (EC2 83.1, 83.2)
Partial factors for materials yc=1.50, ys=1.15 (EC2 8§82.4.2.4)
Desi gn conpressive strength fcd=acc- fck/yc=1.00x25/1.50=16. 67 N/ mm? (EC2 83.1.6)
Design tensile strength fctd=act-fctk05/yc=1.00x2/1.50=1.20 N/ mmt
Bearing strength fjd=p- yAcl/ Aco- fcd=(2/3)x1l.5x16.67=16. 67N/ nm? (EC2 86.7)
18. 2. Design resistance of individual bolts (Base connection) (EC3-1-8 83.6.1, Tab.3.4)
Bolt strength grade=5.6, fub =500N/ mm?, As=353.0m?, yM2=1.25
Tensi on resistance of bolts Ft,rd=k2- fub- As/ yM2, (k2=0.90 )
Ft,rd=[ 10 x0. 90x500x353. 0/ 1. 25=127 kN
Shear resistance of bolts Fv, rd=ov- fub- As/ yM2, (oav=0.60)
Fv, rd=[ 10% x0. 60x500x353. 0/ 1. 25=85 kN

18.3. Connection geometry of end-plate (Base connecti on) (EC3-1-8 86.2.4.1, Fig.6.2)

e=ex=150 mMm em n=150 nm

nx, x=(100-11. 0- 2x0. 8x6x+2)/ 2= 37.7 mm

mx,y= 37.7 mm

nx, x= emn <=1.25nmx,x = m n(150.0, 1.25x37.7=47.1)= 47.1 mm

nx,y= emn <=1.25nmx,y = m n(150.0, 1.25x37.7=47.1)= 47.1 mm

mn(nx,x, mx,y)=mn(37.7,37.7)=37.7mm, max(nmx, x, nx,y)=max(37.7,37.7)=37.7mm
mn(nx, X, nx,y)=mn(47.1,47.1)=47. 1lmm max(nx, x, nx,y)=max(47.1,47.1)=47.1mm
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18.4. Effective lengths of end-plate (Base connection) (EC3-1-8 8§86.2.6.5 Tab.6.6)

I nner Bolt-row in a group
leff=2n-mx =2nx37.7= 236.9 nm
=4m+1l. 25e =4x37.7+1.25x150. 0= 338.3 mm
=2p =2x90.0= 180.0 nm
=p = 90.0 nm
| eff,4b=m n(236.9, 338.3, 180.0, 90.0)= 90.0 mm
| eff,4b= = 90.0 mm

18.5. End-Plate, Resistance of T-stub flange (Base connection) (EC3-1-8 86.2.4.1, Tab.6.2)

Inner Bolt-row in a group

Mol , 1, rd=Mpl, 2, rd=0.25l eff-tf2.fy/vM=[ 105 x0. 25x90. 0x30. 02x275/ 1. 00=5. 569k Nm

Mode 1 Ft,1,rd= 4Mpl, 1rd/ m =[ 103 x4x5.569/37.7 = 591 kN

Mode 2 Ft,2,rd= (2Np|,2rd+nth,rd)/(nwn):([103]x2x5.569+47.1x2x127)/(37.7+47.1):272kN
Mode 3 Ft,3,rd= sFt,rd =2x127 = 254 kN

Ft,rd= m n(591, 272, 254)= 254 kN

18.6. Colum web in tension (Base connection) (EC3-1-8 86.2.6.8)

Ft,wb,rd = beff,t,wb-twb-fy, wb/yvM
beff,t,wb=Leff= leff,4b = =90.0 mm
Ft,wb, rd = [107%]x90. 0x11. 0x275/1.00= 272 kN

mn Ft,rd=mn(254, 272)= 254 kN

18.7. Tension resistance of connection (EN1993-1-8, 86.2.4
Uplift force of connection Ft,ed= 11 kN
Tensi on resistance of connection Ft,rd= 2x254 = 508 kN

Ned= 11 kN < 508 kN =Nrd, Is verified

18. 8. Shear resistance (Base connection) (EN1993-1-8, 8§3.6.1 Tab. 3.4)

Shear resistance of bolts
Fv, rd=av- f ub- As/ yM2=[ 10 3] x0. 60x500x353. 0/ 1. 25=85 kN
Shear plane of bolt:through the threated portion

Bearing resistance of bolts

Fb, rd=k1-ob-fu-d-t/yM2
t =30. 0mMm d=24mm do=26mm el1=150mm e2=150mMm pl1=90mm fub=500kN/ mm?, fu=430kN mm?#,
ob=m n[fub/fu, 1.0, el/3do, pl/3do-1/4]=

=m n[ 500/ 430, 1.0, 150/(3x26), 90/(3x26)-0.25]=0.90
kl=m n[ 2. 8e2/do-1.7,1.4p2/do-1.7,2.5]=m n[2.8x150/26-1.7,1.4x100/26-1.7,2.5]=2.50
Fb, rd=k1-ob-fu-d-t/vM2= [10 3 x2.50x0. 90x430x24x30. 0/ 1. 25=560 kN

Desi gn resistance of one bolt in shear =m n(85, 560)=85 kN

Tensi on and shear (EN1993-1-8, 8§3.6.1 Tab. 3.4)
Maxi mum t ensi on force in bolts
Ft, ed=254/2=127 kN
Reduction of shear resistance due to tension
o=1-Ft,ed/ 1. 40Ft,rd=1-127/(1.40x127)=0. 29
Shear acting together with tension for all the bolts
Vrd=4x0.29x85 =99 kN

Ved= 41 kN < 99 kN =Vrd, Is verified
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18.9. Bearing resistance (Base connection) (EN1993-1-8, 8§6.2.5)
Conpression resistance of T-stub flange Fc,rd= fjd-beff-leff (86.2.5(3)Eq.6.4), 86.2.5(7)
fjd=p- y(Acl/ Aco) - fcd=(2/3) x+(2.25)x16.67=16. 67N/ nm? (EC2 EN1992-1-1:2004, §6.7,Eq.6.63)
h=390. 0mm b=300.0mm tf=19.0mm tw=11.0mm tp=30.0mMm
c=tp- (fy/ (3fjd-yM) %°=30x(275. 00/ (3x16. 67x1. 00) ®°=70. 3, <50.0, c=50.0mm (Eg. 6. 5)
2c+bf =2x50. 0+300=400. Onm <= bp=400mm, | ef f =400. Omm
Aco, f=l eff-(2c+tf)=400.0x(2x50.0+19.0) = 47600 mmt (EC3-1-8 ,Fig.6.4)

Aco, w=(h-2tf-2c)- (tw+2c)= (390.0-2x19.0-2x50.0)x(11.0+2x50.0)= 27972 mm?¢
Nj, rd= [103]x16.7x(2x47600+27972)=[103]x16.7x123172= 2057kN
Nj , ed= 130 kN < 2057 kN =Nj, rd, Is verified

Bendi ng resistance of base plate (EN1993-1-8, §6.2.6.10)

Mp, r d=Veel - fy/ vMD=[ 10 ] (400x30. 02/ 6) x275/ 1. 0= 16 kNm (86.2.5)
Mp, ed=bp- ged- c2/2=[ 10°% [ 400x129664/ ( 2x47600+27972. 0) ] x50. 02/ 2= 1 kNm
Mp, ed= 1.0 kNm < 16.0 kNm =Mp,rd, Is verified

18.10. Anchoring resistance (Base connecti on) (EN1993-1-8, 86.2.6.12)

Anchori ng hook (EN1992-1-1 88.4)

Number of fasteners: 4, of diameter 24mm As= 353mm?

Basi c required anchorage length Ib,rqd, Design anchorage |ength |bd=0.70lb,rqd
I b, rqd=( @/ 4) (osd/fbd)=(24/4)x(7.8/1.20)=39 mm

osd=[ 103 x11/ (4x353)=7.8 N/ nmm?, fbd=fctd= 1.20 N/ mm®

Desi gn anchorage | ength | bd=0.70x39 >(10x24,100) |bd=250 nm

[
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STOGINE NR. 3 (jungtys)

1. BRACE-001

Vertical bracing system
( EC3 EN1993-1-1:2005, )

Design of lateral bracing system H=16.000m Ly=7.650m Qed2=4.00kN

Qed2=30.00kN
Ve

7.650 m

H

Q¢
,(00

A \ﬂé

1.1. Design codes

EN1990: 2002, Eurocode 0 Basis of Structural Design
EN1991-1-1: 2002, Eurocode 1-1 Actions on structures
EN1993- 1-1: 2005, Eurocode 3 1-1 Design of steel structures
EN1993- 1- 3: 2005, Eurocode 3 1-3 Col d-formed nenbers
EN1993- 1-5: 2006, Eurocode 3 1-5 Plated structural elements
EN1993- 1-8: 2005, Eurocode 3 1-8 Design of Joints

1.2. Materials

Steel: S 275 N/ NL (EN1993-1-1, 8§3.2)
t<= 40 mm Yield strength fy= 275 N m#, U timte strength fu= 390 N m?

40m<t<= 80 mm Yield strength fy= 255 NNmm?, U timte strength fu= 370 N/ mm?

Modul us of elasticity E=210000 N/ m®, Poisson ratio v=0.30, Unit mass p= 7850 Kg/n?

Partial safety factors for actions (EN1990, Annex Al)
yG= 1.35, yQ= 1.30

Partial factors for materials (EN1993-1-1, 86.1)
yMO= 1.00, yM1l= 1.00, yM2= 1.25

1. 3. Di mensions and | oads (EN1991-1-1 )

H 7.650 m
Ly 7.500 m
Load on bracing system roof |level Qed2 = 30.000 kN
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1.4. Steel cross-section properties

Cross-section L80x80x8 -S 275 N/ NL

Di mensi ons of cross section _37*

Depth of cross section h= 80. 00 nm

W dth of cross section b= 80. 00 mm

Web depth hw= 80. 00 mm

Depth of straight portion of web dw= 80. 00 mm SBL———Ei
Web thickness t w= 8.00 mm

Fl ange thickness tf= 8.00 mm B 45 -y
Radi us of root fillet r= 10. 00 mm MZ
Mass = 9.66 Kg/m 17T

Properties of cross section

Area A= 1230 nm?

Second moment of area ly= 0.723x10°% mm"* lz= 0.723x10% mm"*

Second moment of area lu= 1.150x10°% mm* Iv= 0.296x10°% mm*

Section nodul us W=12.600x10% nm® W=12.600x10% nm®

Plastic section modul us Wy=54.272x10% nmm® Wz=26.624x10°% mm’

Radi us of gyration iy= 24.2 mm iz= 24.2 mm

Radi us of gyration iu= 30.6 nm iv= 15.5 mm

Shear area Avz= 662 mm’ Avy= 640 mm? -
Torsional constant It= 0.037x10% mm* i p= 34 mm

Torsi onal modul us W= 4.673x10% mm®

Vr pi ng const ant Iw= 0.442x10° mm®

1.

5. Horizontal | oadings

Vertical

(wall) braced girder

1.

The vertical brace systemis |oaded with point

at the top of the colum h= 7.650m
Length of braced girder menmbers 10.713 m inclination ¢=45.57°, tane=7.650/7.500=1.020
Forces in bracing members

Tension Nted2= 1.00x30.0/cos45.57= 42.9 kN
Conpressi on on colums Nced2=42. 9xsi n45. 57=30. 6kN

hori zontal | oad Qed2=30. 00kN

6. Classification of steel cross-section, Compression Nc (Bracing menber)

1.

h/t=80.0/8.0=10. 00,

(b+h)/2t=(80.0+80. 0)/ (2x8. 0) =10.
S 275 NINL , t= 8.0<= 40 nm fy=275 N/ m®, e=(235/275) %5=0.92

h/t=10.00<=15¢=13. 80, (b+h)/2t=10.00<=11.5¢=10.58

Overall classification of cross-section is Class 3

7. Resistance of cross-section, Bracing menber

Utimte Limt State, Verification for tension

Nt . ed= 42.90 kN

Tensi on Resi stance Nplrd=
Nt, ed= 42.90 kN < 338.25 kN =Nt, rd=Npl rd,

Nt, ed/ Nt,rd= 42.90/338.25= 0.127<1

00

Conmpressi on Nc, ed

A-fy/yMoz[103]x1230x275/1.00=338.25kN
I's verified

(EN1993-1-1, §5.5)

(EN1993-1-1, §6.2)

(EN1993-1-1, §6.2.3)
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1.8. Bolts connecting braces

Bolt connection data, Bracing nenber (EN1993-1-8 )
Type of connection End- pl ate connection, non-preloaded bolts

Cat egory of connection Cat egory A: Bearing type (EC3-1-8 83.4.1)
Connected nenbers Thi ckness t=8 mm

Bol ts M24, Strength grade 8.8

Bolt di ameter d =24 mm

Di amet er of holes do = 26 mMm

Nomi nal area nd?/ 4 =nx242] 4= 452.4 mt?

Tensile stress area As = 452.4 mmt

Bolt strength grade 8.8, fyb=640N/ m?, fub=800N/ mm? (EC3-1-8 83.1.1)
Shear resistance of bolts (EN1993-1-8, 8§3.6.1 Tab.3.4)

Fv, rd=ov- fub- As/ yM2=[ 10 '3] x0. 60x800x452. 4/ 1. 25=173. 7 kN

Bearing resistance of bolts (EN1993-1-8, 83.6.1 Tab.3.4)
Fb, rd=k1-ob-fu-d-t/yM2

t=8.0mm d=24mm do=26mm el1l=50mm e2=50mnm pl=100mm fub=800kN/ mr?, fu=430kN/ nmm?,

ob=m n[fub/fu, 1, el/3do, pl/3do-1/4]=m n[800/430, 1, 50/(3x26), 100/ (3x26)-0.25]=0.64

kl=m n[2.8e2/do-1.7, 2.5]=m n[2.8x50/26-1.7, 2.5]=2.50

Fb, rd=k1l-ob-fu-d-t/yM= [10'3]x2.50x0. 64x430x24x8.0/1.25=105.8 kN

Necessary bolts per brace 42.9/105.8= 1 M24, Grade 8.8
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ISVADOS

. Pagal pirmajg ribine buseng — ULS:
pjaviai parenkami 85 % laikomosios galios ribose;
- armatdra mazesné uz didZiausig leisting, tai yra apie 1,6%;
- sekcijos, kaip ir sekcijy elementai yra stabilts lenkimo ir vietinio sulenkimo metu;
- laikymo momentas kombinacijose virSija apvertimo momentg daugiau nei 1,5
karto;
- plieniniy ir gelzbetoniniy elementy jtempiai nevirsija leistiny riby.

. Pagal antrgjg ribine biseng — SLS:
- didziausi vertikalUs judesiai priimtinose ribose (L/f < 1/250);
- didziausi horizontalGs judesiai priimtinose ribose (h/f <1/150).

. According to the first limit state — ULS:

selected sections bear about 85% of bearing capacity;

reinforcement is less than the maximum permissible, which is about 1,6%;

sections, as well as section elements, are both stable during buckling and local
buckling;

the holding moment in combinations exceeds the overturning moment by more than
1,5 times;

stresses in steel and reinforced concrete elements are within acceptable limits;

. According to the second limit state — SLS
maximum vertical deformations not exceed acceptable limits (L/f < 1/250);
maximum horizontal deformations not exceed acceptable limits (h/f <1/150).
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Tekstiniai priedai

Inzineriniy geologiniy tyrimy techniné uzduotis;

Leidimas tirti Zemés gelmes;

Tyrimy tasky koordinaciy ir altitudziy Ziniarastis;

Geotechniniy bandymy (CPT) jrangos metrologiné patikra;

Grunto fiziniy savybiy laboratoriniy tyrimy protokolas;

Ataskaitoje naudoti sutrumpinimai, dydziai, Zymenys ir matavimo vienetai.

NI

Grafiniai priedai

Tyrimy vietos padéties vietovéje schema;

Tiriamojo ploto padéties vietovéje ir tyrimo viety iSdéstymo planas;
Greziniy stulpeliai su geotechninio bandymo CPT kreivémis;
Geologinis pjuvis.
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AISKINAMASIS RASTAS
IVADAS

UAB ,JGEO* jmon¢ (leidimas tirti Zemés gelmes 2020-04-14 Nr. 1764351), pagal su
Uzsakovu (UAB Syenergy Solutions) suderintg techning uzduotj (1 priedas), atliko projektuojamo
sandéliavimo pastato ir stoginiy Lakany g. 3, Siauliy m. projektinius inZinerinius geologinius
tyrimus. Tyrimy tikslas — gauti objektyvig informacija apie geologing sklypo, kuriame yra
projektuojamas ypatingas pastatas, sandara, sudaryti pagrindy skai¢iavimo schemas, iSskiriant
inzinerinius geologinius geotechninius sluoksnius (IGS) ir nustatyti jy buidinggsias vertes. Pagal
darby techning uzduotj (1 priedas), teritorijoje turi buti atlikti antros geotechninés kategorijos
inzineriniai geologiniai tyrimai. Tyrimy vietos pagal LKS-94 koordinates nurodytos 3 priede.

Lauko darbai atlikti §. m. rugpjicio mén. 18 dieng. Teritorijos inzinerinés geologinés
salygos tirtos 8-uose taskuose (zr. 2 grafinj prieda). Visuose tyrimy taSkuose buvo iSgrezti uzsakovo
nurodyto gylio tiriamieji gr¢ziniai (zr. 3 grafinj prieda). Visose vietose, be grezimo darby, atliktas
statinis bandymas ktiginiu penetrometru (CPT) (zr. 3 grafinj prieda) ir nustatytos grunto fizinés
savybés (zr. 3 lentele).

Bandymas kiuginiu penetrometru (CPT)

CPT bandymo metu, tiesiogiai matuojami ir 1 cm ilgio intervalais fiksuojami parametrai:
kiiginis stipris, Soninés trinties stipris ir zondavimo ilgis. Zondavimo jrangos techniniai duomenys ir
kalibravimo rezultatai pateikti 4 priede. Matavimams naudojama sistema, sudaryta is:

a) CPTU zondo Nr. GL0370 (kiigio pagrindo plotas 10 cm?® kigio kampas 60°, kiigio
skersmuo 35,7 mm, Soninés trinties movos plotas 150 cm?, maksimali apkrova kiigiui 50 kN,
maksimali apkrova Soninei trin¢iai 15 kN, maksimali apkrova vandens poriniam slégiui 20 bar,
leistina visy davikliy perkrova 150 %), kurio metrologiné patikra pateikta 4 tekstiniame priede;

b) zondavimo Stangy (skersmuo 32 mm, ilgis 1 m);

c¢) duomeny registratoriaus (gylmatis, duomeny interfeisas, zondavimo kabelis 30 m, lauko
kompiuteris Panasonic CF — 19;

d) programinés jrangos (,,Geologiniai matavimai®).

Bandymai atlikti pagal LST EN ISO 22476 — 1 reikalavimus [6].

GrezZimo darbai, pirminé grunty klasifikacija ir bandiniy paémimo principai

Greziniai iSgrezti sraigtiniu biidu 115 mm skersmens graztais. Grezimas vykdytas 1,5 m
graztais, kaskart iskeliant po vieng grazta.

Grezinio kernas tyrimy vietoje vizualiai apzilirétas ir atlikta pirminé grunto atpazintis
nustatant pagrinding frakcijg bei aprasant antrines frakcijas. Tokiu biidu gruntas priskirtas vienam i$
SeSiy tipy, dazniausiai nusakanciy pagrindines geotechnines savybes: rieduliai, gargzdas, zvyras,
smeélis, dulkis ir molis. Jeigu gruntas susideda i§ organiniy medziagy, jis priskiriamas organiniam
gruntui. Piltinis ar perkastas gruntas priskiriamas dirbtiniams gruntams.
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Laboratoriniai tyrimai

Grunto bandiniy laboratorinius tyrimus atliko Klaipédos Universiteto Jiros Tyrimy Instituto
laborantas j.m.d. Mindaugas Kazbaris. Bandymy rezultaty suvestiné lentel¢ pateikta 5 tekstiniame
priede. Atsizvelgiant | pirminés atpazinties metu nustatyta grunto tipa, parinkti atitinkami tyrimy
metodai tiksliam grunty klasifikavimui j klases:

o granuliometriné sudétis (zvyras, smélis, dulkis ir molis). Labai rupiems gruntams

neatlickama;

e gamtinis tankis, kietyjy daleliy tankis (molis);

o gamtinis, takumo ir plastingumo drégnis (molis);

e filtracijos koeficientas (zvyras ir smélis).

Ataskaitos paruoSimas

Tyrimy ataskaita parengta vadovaujantis STR 1.04.02:2011 ,,InZineriniai geologiniai ir
geotechniniai tyrimai“ [1] ir Lietuvos geologijos tarnybos parengty projektiniy inzineriniy
geologiniy ir geotechniniy tyrimy rekomendacijy [3] reikalavimais. Naudota programiné jranga
nanoCAD 5.0, Microsoft Office (Word, Exel). Zemiau apra$oma geologinio modelio sudarymo
metodika.

1. BENDRIEJI DUOMENYS APIE STATYBOS TERITORIJA

Gamtinés sqlygos

Projektuojamas sandéliavimo paskirties pastatas ir stoginés yra Lakiiny g. 3, Siauliy m.
Geomorfologiniu pozifiriu tyrinéta teritorija priklauso Zemai¢iy - Kur$o srityje esaniam Ryty
Zemai¢iy plynaukstés rajono Siauliy kalvoto moreninio giibrio mikrorajonui. Reljefo absoliutiniai
auksciai tyrimy vietose siekia 129,84 — 130,80 m.

Tyrimy plote yra paplite trijy genetiniy tipy nuogulos. Tai augalinis sluoksnis (pdIV),
paskutinio apledéjimo Baltijos stadijos fliuvioglacialiniai (fIlIbl) dariniai ir paskutinio apled¢jimo
Baltijos stadijos krastiniai glacialiniai (gtllIbl) dariniai. Pagal zemés pavirSiuje atsidengianciy
skirtingy genetiniy nuoguly tipy skaiciy (3—4) tyrimo ploto geomorfologinés salygos yra vidutinés
(1 lentelé).

Zemés pavirsiaus nuolydis nevirsija 10°. Sklype eroziniy, termokarstiniy, sufoziniy ir kity
neigiamy reljefo formy néra. Atstumas iki nepastoviy $laity ir eroduojamy kranty didesnis nei 100
m.Pagal Siuos pozymius sklypo geomorfologinés salygos yra paprastos.

Klimatas (pagal Meteo duomenis)

Sklypas yra vidutiniy platumy klimato zonoje ir priklauso Atlanto kontinentinés misky
srities pietvakarinio posri¢io Vidurio Zemumos rajono MiiSos — Nevézio parajoniui. Vidutiné
metiné oro temperattra 6,5-7,0 °C. Sausis yra $al¢iausias ménuo, kurio vidutiné oro temperatiira -
3,6— -3,1. Absoliutus temperatiiros minimumas -33,6 °C. Krituliy kiekis per metus 560 — 700 mm.
Laikotarpio su sniego danga trukmé 75— 90 dieny. Svarbiausi procesai, sglygojantys tarprajoninius
klimato skirtumus yra adiabatinis oro leidimasis nuo gretimy aukstumy ir blogos vandens nuotékio
plokséiu pavirSiumi salygos, dirvoZzemiy perdrékinimas.

1 lentelé. Statybos sklypo inZineriniy geologiniy sqlygy sudétingumas pagal [1]

1. Geomorfologinés paprastos vidutinés sudétingos
Reljefo genetiniy tipy skaicius 12 34 >4
Technogeniniai reljefo pokycéiai néra nedideli poky¢iai labai pakeistas reljefas




2022 m. rugséjo men.

Projektuojamas sandéliavimo paskirties pastatas ir stokinés Lakiiny g. 3, Siauliy m.

Zemés pavirsiaus nuolydziai,’ <10 10-25 >25
Erozinés, termokarstinés,
sufozinés ir kitos neigiamos néra yra nedaug ir mazy yra daug ir dideliy
reljefo formos
Atstumas iki nepastoviy $laity ir =100 100-50 <50
eroduojamy kranty, m

2. Geologinés paprastos vidutinés sudétingos

Podirvio sluoksnio (jzemio)
genezé

ikikvarterinés uolienos,
pagrindiné morena,
fliuvioglacialiniai, senojo
aliuvio, vagos aliuvio dariniai

hipergeniné morena,
limnoglacialiniai, juriniai,
eoliniai, aliuviniai dariniai

sukarstéjeikikvarterinés uolienos,
kraStiniai dariniai, senvagiy aliuvio,
biogeninés ir technogeninés
nuogulos

Jzemio gruntai

Zvyras, smeélis, moreninis molis
ir dulkis (jy atmainos), uoliena

molis, juostinis molis, aliuvinis
molis ir dulkis, jdaléjusi uoliena

dumblas, sapropelis, durpés,
dribsmélis, technogeniniai dariniai

Skirtingy litologiniy tipy

. o <3 3-5 >5

sluoksniy skaiéius
Ikikvarteriniy sluoksniy uolienos néra gali bati yra sukarstéjusiy ar sudiléjusiy

et .. R sligso virSutingje pjavio dalyje ir - e .

lygiskai silpni sluoksnia néra A . sliigso giliau ir didelio storio

SalygiSkai silpni sl ! nedidelio storio Ugso grhiau 1 ! !
Supiltines, suplautines ar néra planingai suformuotos, betvarkes, nesutankintos ar
perkastos storymes sutankintos ar sutankéjusios nesutankéjusios

Sluoksniuotumo pobudis

horizontals ir subhorizontalas
i§tisiniai sluoksniai

ikypi nevientisi sluoksniai ir
lgSiai

sudétingos konfigiiracijos
sluoksniai, lesiai, lustai

Palaidotos paleoreljefo formos néra gali bati yra palaidoty paleojréziy
3. Hidrogeologinés paprastos vidutinés sudétingos

Gn’mtmlo vandens  sligsojimo >3 3 <

gylis, m

Galima pozeminio vandens lygio <05 0.5-1 -1

kitimo amplitudé, m

Vandeningojo sluoksnio
i§plitimas

vienodas, iStisinis

diskretus, nevienodo storio

komplikuotas, sudétingas

Duomenys apie pozeminio
vandens korozinj agresyvuma

vanduo neagresyvus

nustatytas silpnas agresyvumas

vanduo agresyvus

Drenazo jrenginiai ar vandens néra yra  veikiantys, hidraulikai | neaisku arba yra netvarkingi ar
turintys vamzdynai i§bandyti neveikia
Sluoksnio vandens laidumas vandenspara nedidelis didelis ar labai nevienodas

Spudinio vandeningojo sluoksnio
sligsojimo gylis ir hidrostatinis
spudis

spudinio sluoksnio néra

gylis per 20 m, pjezometrinis
lygis giliau nei 2 m nuo Zemés
pavirSiaus

gylis mazesnis nei 20 m,
pjezometrinis lygis mazesniame nei
2 m gylyje

Gruntinio vandens saveika su
pavir§iniais vandenimis

sgveikos néra

saveika silpna

yra hidrauliné saveika

Pozeminio vandens iskrovos

zona, Zaltiniai, versmés néra gretimoje vietovéje paciame sklype
4. Geodinaminés paprastos vidutinés sudétingos

Seismingumas pagal EMS 98 iki 3 baly iki 6 baly daugiau kaip 6 balai
Karstinio proceso apraiskos ir . .

AN néra néra yra
reikiniai
Nuqs hauzos,vkl'tos Slaity néra stabilizuotos aktyvios
stabilumo pazeidos
Kl.tvl ge_o@mammlal procesatir néra lokalts intensyviis
reiskiniai
Statiniy deformacijos néra gretimoje vietovéje paciame sklype

Pastaba: paryskinta ta lentelés grafa, kuri tiksliausiai apibtdina sklypo salygas.

2. GEOLOGINE SANDARA

Sklypo geologing sandarg iki 12,03 m gylio sudaro: augalinis
Pleistoceno Baltijos posvités fliuvioglacialinés (fIIIbl) nuogulos ir virSutinio Pleistoceno Baltijos

posvites krastinés glacialinés (gtIlIbl) nuogulos.

Augalinis sluoksnj (pdIlV) sudaro:

sluoksnis (pdIV), virSutinio

e Juodzemis (Or). Kompleksas iSskirtas visuose tyrimy taSkuose. Jo storis siekia 0,10
iki 0,50 m.
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Virsutinio Pleistoceno Baltijos posvités fliuvioglacialines nuogulas (fI1Ibl) sudaro:

Dulkingas smélis, pilkai rudas, Slapias, vidutinio tankumo (siSa). Kompleksas
i§skirtas visuose tyrimy taskuose. Jo storis siekia nuo 0,5 iki 3,33 m.

Dulkingas smélis, pilkai rudas, vandeningas, tankus (siSa). Kompleksas iSskirtas
tyrimy taSkuose Nr. 1, 7. Jo storis siekia nuo 1,50 iki 4,96 m.

Dulkingas smélis, rudai pilkas, Slapias, tankus (siSa). Kompleksas iSskirtas tyrimy
taskuose Nr. 2, 4, 5, 6. Jo storis siekia nuo 5,00 iki 6,56 m.

Blogai isruSiuotas mazai dulkingas-molingas smeélis, pilkai rudas, Slapias, tankus
(SaFP). Kompleksas isskirtas tyrimy taske Nr. 7. Jo storis siekia 4,00 m.

Virsutinio Pleistoceno Baltijos posvités krastines glacialines nuogulas (etlllbl) sudaro:

Mazo plastiSkumo molis ir dulkis, pilkai rudas, vandeningas, moreninis, stiprus
(CIL-SiL). Kompleksas i$skirtas tyrimy taskuose Nr. 1, 2, 3, 4, 6, 7. Jo storis sickia
nuo 0,22 iki 3,19 m.

Smélingas maZzo plastiSkumo dulkis, pilkai rudas, Slapias, moreninis, labai stiprus
(saSiL). Kompleksas isskirtas visuose tyrimy taskuose. Jo storis siekia nuo 0,12 iki
5,64 m.

Mazo plastiSkumo molis, pilkai rudas, vandeningas, moreninis, vidutinio stiprumo
(CIL). Kompleksas i$skirtas tyrimy taskuose Nr. 5, 8. Jo storis siekia nuo 2,11 iki
2,58 m.

3. HIDROGEOLOGINES SALYGOS

Gruntinis vanduo grezimo metu pasiektas apie 0,5 m nuo Zemés pavirSiaus. Gruntinio

vandens lygis gali kisti >1,0 m nuo iSmatuoto lygio lauko darby metu, kadangi sausuoju mety
laikotarpiu gruntinio vandens lygis pazemés, o drégnuoju — pakils.

Pozeminio vandens iSkrovos zony, Saltiniy, versmiy néra. Hidrauliné sgveika tarp gruntinio

ir pavirSinio vandens tyrimy sklype yra. Vandeningojo sluoksnio i$plitimas yra nevienodo storio, o
sluoksniy laidumas yra nedidelis. Tyrimy sklype néra veikianciy, hidrauliskai isbandyty vandens
vamzdyny. Spiidinio vandeningojo sluoksnio sliigsojimo gylis per 20 m, o pjezometrinis lygis yra
giliau nei 2 m nuo Zemés pavirSiaus. Pagal hidrogeologiniy poZzymiy visumg tirtos teritorijos
hidrogeologinés sglygos turéty biiti apibréziamos kaip vidutingés.

4. GRUNTU SUDETIS IR INZINERINIAI GEOLOGINIAI SLUOKSNIAI

Pagal tyrimy medziaga iSskirti 8 inzineriniai geologiniai sluoksniai (IGS), kuriy apraSymai

pateikti 2 lenteléje.

2 lentelé. IGS geologinis aprasymas

INGrS Sluoksnio geologinis aprasymas (pagal LST EN ISO 14688-1)

1 Juodzemis (Or). Kompleksas i$skirtas visuose tyrimy taskuose. Jo storis siekia 0,10 iki 0,50 m.

2 Dulkingas smélis, pilkai rudas, Slapias, vidutinio tankumo (siSa). Kompleksas isskirtas visuose tyrimy
taskuose. Jo storis siekia nuo 0,5 iki 3,33 m.

3 Dulkingas smélis, pilkai rudas, vandeningas, tankus (siSa). Kompleksas i$skirtas tyrimy taskuose Nr. 1, 7. Jo
storis siekia nuo 1,50 iki 4,96 m.

4 Mazo plastiSkumo molis ir dulkis, pilkai rudas, vandeningas, moreninis, stiprus (CIL-SiL). Kompleksas

6
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INC:‘S Sluoksnio geologinis aprasymas (pagal LST EN ISO 14688-1)
i$skirtas tyrimy taskuose Nr. 1, 2, 3, 4, 6, 7. Jo storis siekia nuo 0,22 iki 3,19 m.

5 Smélingas mazo plastiskumo dulkis, pilkai rudas, $lapias, moreninis, labai stiprus (saSiL). Kompleksas
i$skirtas visuose tyrimy taskuose. Jo storis siekia nuo 0,12 iki 5,64 m.

6 Dulkingas smélis, rudai pilkas, Slapias, tankus (siSa). Kompleksas isskirtas tyrimy taSkuose Nr. 2, 4, 5, 6. Jo
storis siekia nuo 5,00 iki 6,56 m.

7 Mazo plastiSkumo molis, pilkai rudas, vandeningas, moreninis, vidutinio stiprumo (CIL). Kompleksas
i§skirtas tyrimy taskuose Nr. 5, 8. Jo storis siekia nuo 2,11 iki 2,58 m.

8 Blogai iSriiSiuotas mazai dulkingas-molingas smélis, pilkai rudas, $lapias, tankus (SaFP). Kompleksas
iSskirtas tyrimy taSke Nr. 7. Jo storis siekia 4,00 m.

5. GRUNTU FIZIKINES IR MECHANINES SAVYBES

Grunto CPT bandymai buvo atlikti visuose greziniy vietose (zr. 3 grafinj prieda). ISskirty

inzineriniy geologiniy sluoksniy (IGS) geotechninio zondavimo vertés, pagrindiniai statistiniai
rodikliai ir fizikiniy bei mechaniniy savybiy suvestinés vertés pateiktos 3 lenteléje.

3 lentelé. Grunty geotechninio zondavimo verciy, pagrindiniy statistiniy rodikliy, fizikiniy ir

mechaniniy savybiy verciy suvestiné lentele.

Eleon
RPN, o l:“I'G'l"':ll\lllr Koglais ':I:l'::.- B sl ':;:ﬂ::': ;:':";;l I-d.-|.|.|-.j:|r. e il o L:I‘.ul..-:. Planiks g Miaisni Takoma
indeibamy | Nr. | pagsl (50 s mipmiz £, = modala, B exphos p. (tanhin g, —I.r"I i .F-.u drdgais w, wodifkbes [ =
Liggp | =ML Affn Mg im® | Mg tmndeiy p.| b T 4 by
Me'w
pdlV 1 (0 5 HET. 1.71 Wik PRITSIL Sl
ST H 1 s T2 4347 1112 LY 1.30 Z & i3 1130 Lo
1 n 1178 FEEE HI1T 1.4 §.E0 T T 1213 b
<l [ CHAL L84 EET 3040 2.13 1.0 2B R 1053 W 4B T3]
A 1 St 114 L0 1513 el 1. TH I8 17 1R I Lid 142
§ 15 kl ] i 1200 BitTd A58 14 HE- R YA o LR -
gt ki 1 i 28 4731 140 -NE] 1.1 2 aR T 13 D4 1263 13 38 03
FIH ] uff 1341 Ii6.ad 4718 1.7 1.35 265 L

6. GEOLOGINIAI PROCESAI IR REISKINIAI

I$ Siuolaikiniy fiziniy ir geologiniy procesy, kurie galéty turéti neigiamos jtakos jrengiant ir

eksploatuojant statinius, nenustatyta. Pagal karsto sufozijos pavojinguma, teritorija priskiriama
nepavojingai.

98]

9,

7. ISVADOS IR REKOMENDACIJOS

Projektuojamas sandéliavimo paskirties pastatas ir stoginés yra Lakiny g. 3, Siauliy m.
Geomorfologiniu pozifriu tyrinéta teritorija priklauso Zemai¢iy - Kuro srityje esan¢iam
Ryty Zemaiéiy plynaukstés rajono Siauliy kalvoto moreninio giibrio mikrorajonui.

Reljefo absoliutiniai auks$¢iai tyrimy vietose siekia 129,84 — 130,80 m.

Pagal karsto sufozijos pavojinguma, teritorija priskiriama nepavojingai.

Sklypo geologine sandarg iki 12,03 m gylio sudaro: augalinis sluoksnis (pdIV), Pleistoceno
Baltijos posvités fliuvioglacialinés (fIlIbl) nuosédos. ir Pleistoceno Baltijos posvités
krastinés glacialinés (gtllIbl) nuosédos.

Gruntinis vanduo grezimo metu pasiektas apie 0,5 m. nuo Zemés pavirsiaus.

Gruntinio vandens lygis gali kisti >1,0 m nuo iSmatuoto lygio lauko darby metu, kadangi
sausuoju mety laikotarpiu gruntinio vandens lygis pazemes, o drégnuoju — pakils.
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7. Sklypo geologiniame modelyje iSskirti 8 inzineriniai geologiniai sluoksniai (IGS), kuriy
sliigsojimo salygos parodytos greziniy litologiniuose stulpeliuose (3 grafinis priedas).

8. Apskaiciuotos IGS grunty fizikiniy mechaniniy savybiy budingosios vertés pateiktos
ataskaitos 7 skyriuje (3 lentele).

9. Statybos sklypo hidrogeologinés salygos yra vidutinés, o geomorfologinés, geologinés ir
geodinaminés — paprastos.

10. Statybos metu pasteb¢jus, kad pateiktas geologinis modelis neatitinka faktinés situacijos,
bitina apie tai informuoti rangova.
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2. Statybos techninis reglamentas STR 1.01.03:2017 ,,Statiniy klasifikavimas®. Teisés akty
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3. Projektiniy inZineriniy geologiniy ir geotechniniy tyrimy rekomendacijos. Teisés akty registras,
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Standartai

4. LST EN ISO 14688-1. Geotechniniai tyrinéjimai ir bandymai. Grunty atpazintis ir
klasifikavimas. 1 dalis. Atpazintis ir apraSymas.

5. LST EN ISO 14688-2. Geotechniniai tyrin¢jimai ir bandymai. Grunty atpaZintis ir
klasifikavimas. 2 dalis. Klasifikavimo principai.

6. LST EN ISO 22476-1. Geotechniniai tyrin¢jimai ir bandymai. Lauko bandymai. 1 dalis.
Ispaudimo bandymas, naudojant elektrinj ir pjezoelektrinj kiigj.

7. LST EN 1997-2. Eurokodas 7. Geotechninis projektavimas. 2 dalis. Pagrindo tyriné¢jimai ir
bandymai.
Interneto adresai
8. www.lgt.It (ZGR, GEOLIS informacija)
9. www.meteo.lt (klimato duomenys)
10. www.maps.lt (interneto Zemélapiy informacija)
11. www.geoportal.lt (kartografiniai duomenys)
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2 tekstinis priedas

Lietuvos geologijos tarnybos prie
Aplinkos ministerijos direktoriaus
2020 m. geguzés 14 d. jsakymo Nr. 1-
priedas

LIETUVOS GEOLOGIJOS TARNYBA
PRIE APLINKOS MINISTERIJOS

LEIDIMAS

TIRTI ZEMES GELMES

2020-04-14 Nr. 1764351
(data)

Vadovaujantis Lietuvos Respublikos Zemés gelmiy jstatymu,leidziama:

UAB Igeo
(kodas 300112034, buveinéSiauliai, Tilzés g. 170-334)

nuo 2020-04-14
(leidimo jsigaliojimo data)

atlikti:

inzinerinj geologinj (geotechninj) tyrima.

Direktorius Giedrius Giparas
A.V. (para$as) (vardas ir pavardé)




3 tekstinis priedas

Tyrimy viety geodeziniy koordinaciy LKS-94 ir altitudziy ZiniaraStis

Eil. Tvri . LKS koordinaciy sistema Zemés pavirSiaus altitude,
Nr. "yrimo vietos Nr. v X m abs.a.

1 Gr./CPT-1 461576 6195279 129,84

2 Gr./CPT-2 461599 6195265 129,84

3 Gr./CPT-3 461617 6195255 130,07

4 Gr./CPT-4 461636 6195261 130,34

5 Gr./CPT-5 461653 6195261 130,43

6 Gr./CPT-6 461635 6195243 130.19

7 Gr./CPT-7 461600 6195242 130,80

8 Gr./CPT-8 461584 6195260 129,84
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KLAIPEDOS UNIVERSITETO
JUROS TYRIMUY INSTITUTAS

Vie$oji jstaiga, Herkaus Manto g. 84, 92294 Klaipéda, tel.: (8 46) 398 846, faks.: (8 46) 398 999, el. p. info@apc.ku.lt
Duomenys kaupiami ir saugomi Juridiniy asmeny registre, kodas 211951150

Grunty laboratoriniy tyrimy protokolas Nr. TP-0851-2022

Data
UZsakovas:

Projektas:

Objektas:

Grunty pridavimo data:
Grunto bandiniy kiekis:
Tyrimai atlikti pagal:

Protokolo priedai:

Parengé:

2022-09-09
UAB "Igeo", Vilniaus g. 274A, LT-76308 Siauliai
Sandéliavimo paskirties ir kitos paskirties inZineriniai statiniai- stoginés Lakany g. 3, Siauliy m

Gruntas
2022-08-26
9

*LST EN ISO 14688-1:2018 Geotechniniai tyrinéjimai ir bandymai. Grunty identifikavimas ir
klasifikavimas. 1 dalis. Identifikavimas ir apraSymas (ISO 14688-1:2017)

*LST EN ISO 14688-2:2018 Geotechniniai tyrinéjimai ir bandymai. Grunty identifikavimas ir
klasifikavimas. 2 dalis. Klasifikavimo principai (ISO 14688-2:2017)

*LST EN ISO 17892-1:2015 Geotechniniai tyrinéjimai ir bandymai. Laboratoriniai grunto bandymai.
1 dalis. Vandens kiekio nustatymas (ISO 17892-1:2014)

*LST EN ISO 17892-2:2015 Geotechniniai tyrinéjimai ir bandymai. Laboratoriniai grunto bandymai.
2 dalis. Tarinio tankio nustatymas (ISO 17892-2:2014)

*LST EN ISO 17892-3:2016 Geotechniniai tyrinéjimai ir bandymai. Laboratoriniai grunto bandymai.
3 dalis. Daleliy tankio nustatymas (ISO 17892-3:2015)

*LST EN ISO 17892-4:2017 Geotechniniai tyrinéjimai ir bandymai. Laboratoriniai grunto bandymai.
4 dalis. Granuliometrinés sudéties nustatymas (ISO 17892-4:2016)

*LST EN ISO 17892-12:2018 Geotechniniai tyrinéjimai ir bandymai. Laboratoriniai grunto
bandymai. 12 dalis. Takumo ir plastiSkumo riby nustatymas (ISO 17892-12:2018)

1. Laboratoriniy tyrimy rezultatai - 1 lapas
2. Granuliometrinés sudéties kreivés - 2 lapai
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KLAIPEDOS UNIVERSITETO
JUROS TYRIMY INSTITUTAS

VieSoji jstaiga, Herkaus Manto g. 84, 92294 Klaipéda, tel.: (8 46) 398 846, faks.: (8 46) 398 999, el. p. info@apc.ku.lt
Duomenys kaupiami ir saugomi Juridiniy asmeny registre, kodas 211951150
Laboratoriniy tyrimy rezultatai
Data 2022-09-09
Protokolo nr. TP-0851-2022
UZsakovas: UAB "Igeo", Vilniaus g. 274A, LT-76308 Siauliai
Projektas: Sandéliavimo paskirties ir kitos paskirties inZineriniai statiniai- stoginés Lakany g. 3, Siauliy m
Papildoma informacija:
Laboratorine analize atliko: j.m.d. Mindaugas Kazbaris parasas:
Paijdrio aplinkos ir biochemijos laboratorijos vadovas: dr. Mindaugas Zilius parasas:
e S . o S
' Skaitiklyje-likes gruntas,vardiklyje-i$sijotas per sietg gruntas , % . . & o Smulkiosios frakcijos P N
Gylis, m Tankis, Mg*m-3 8 Drégnis, % . o k> Grunto pavadinimas
Siety akugiy dydziai, mm 3 plastiSkumas, % D 2
g £ 13
. X = [0}
s z 2 17 % 5 E
z kel o o 8 € 3 3
kel N £ oc S o c
o £ N 2 g 2 = 2 = o
Z B s = | £ s E ) g
i 5} & |nuofiki,m| 31.5 20 6.3 4 2 1 0.63 02 | 0.125 | 0.063 a el p ps Pq g w W /Wp e/ 3 o '3 LST EN ISO 14688-2:2018
1 1 1 4,8-5,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.92 19.43 | 45.73 | 29.30 1.88 2.67 1.60 17.44 22.15 0.00 siSa  |dulkingas smélis
100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 [ 100.00 | 100.00 | 97.08 | 77.65 | 31.93 2.62
2 1 2 9,6-9,8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.89 8.93 72.33 2.01 2.68 1.74 14.98 19.92 3.04 saSiL |smélingas mazo plastiskumo dulkis
100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 [ 100.00 | 100.00 | 100.00 | 87.11 | 78.18 5.85 16.88 -0.62
3 2 1 1,2-1,4 0.00 0.00 0.00 1.27 2.69 7.66 15.29 | 22.76 4.01 12.84 | 29.13 1.87 2.67 1.70 10.28 21.80 0.00 siSa  |dulkingas smélis
100.00 | 100.00 | 100.00 [ 98.73 | 96.04 | 88.38 | 73.09 | 50.32 | 46.31 33.47 4.34
4 2 2 7,4-7,6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.46 | 27.03 | 26.90 [ 29.23 1.88 2.67 1.66 13.60 23.55 0.00 siSa  |dulkingas smélis
100.00 | 100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 | 100.00 | 87.54 | 60.51 | 33.62 4.39
5 5 1 4,0-4,2 0.00 0.00 0.00 0.19 0.67 0.53 1.31 23.41 | 22.24 | 20.64 | 28.70 1.83 2.67 1.61 13.78 22.28 0.00 siSa  |dulkingas smélis
100.00 | 100.00 | 100.00 [ 99.81 [ 99.13 | 98.60 | 97.29 | 73.88 | 51.64 | 31.00 2.30
6 5 2 9,6-9,8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 85.79 2.15 2.69 1.82 18.28 22.95 10.30 CIL  |mazo plastiskumo molis
100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 99.59 | 13.80 12.65 0.55
7 6 1 9,6-9,8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 5.65 86.96 2.13 2.68 1.84 16.24 19.58 4.83 CIL-SiL |mazo plastiskumo molis ir dulkis
100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 [ 100.00 | 100.00 | 99.99 | 99.99 | 94.34 7.38 14.75 0.31
8 7 1 0,6-0.8 0.00 0.00 0.29 2.08 2.01 3.14 5.00 5.17 11.55 | 36.44 | 29.06 1.88 2.68 1.71 9.77 18.33 3.43 siSa  |dulkingas smélis
100.00 | 100.00 | 99.71 [ 97.64 [ 95.63 | 9249 | 87.49 | 8232 | 70.77 | 34.33 5.27 14.90
9 7 2 7,4-7,6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17.38 | 33.04 | 3555 [ 12.12 1.78 2.66 1.56 14.27 SaFP blogai iSrisiuotas mazai dulkingas-molingas
100.00 | 100.00 | 100.00 | 100.00 [ 100.00 [ 100.00 | 100.00 | 82.62 | 49.58 | 14.03 1.92 smélis
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Sandéliavimo paskirties ir kitos paskirties inZineriniai statiniai- stoginés Lakany g. 3, Siauliy m

Eil. Nr.| Simbolis| Gr. Nr. [Pvz. Nr| Gylis, m|D10%, mm[D30%, mm|D50%, mm|D60%, mm| Cu Cc
1 —- 1 1 4,8-5,0 | 0.0190 0.0569 0.083 0.096 5.06 1.78
2 —@— 1 2 9,6-9,8 | 0.0055 0.0149 0.029 0.038 6.92 1.05
3 —— 2 1 1,2-1,4 | 0.0076 0.0494 0.193 0.319 42.13 | 1.01
4 2 2 7,4-7,6 | 0.0071 0.0445 0.096 0.123 17.32 | 2.25

Atliko: j.m.d. Mindaugas Kazbaris
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KLAIPEDOS UNIVERSITETO
JUROS TYRIMY INSTITUTAS

10 1 0.1 0.01 0.001 0.0001
Daleliy dydis, mm

Sandéliavimo paskirties ir kitos paskirties inZineriniai statiniai- stoginés Lakany g. 3, Siauliy m

Eil. Nr.| Simbolis| Gr. Nr. [Pvz. Nr| Gylis, m|D10%, mm[D30%, mm|D50%, mm| D60%, mm Cu Cc
6 —-| 5 1 [4042]| 0.0176 | 0.0595 0.118 0.149 845 | 1.35
7 & 5 2 9,6-9,8 | 0.0011 0.0069 0.012 0.017 14.41 | 247
8 —— 6 1 9,6-9,8 | 0.0032 0.0124 0.024 0.030 9.33 1.59
9 7 1 0,6-0.8 | 0.0039 0.0436 0.085 0.102 25.86 | 4.72
10 —A— 7 2 7,4-7,6 [ 0.0305 0.0857 0.126 0.145 4.76 1.66

Atliko: j.m.d. Mindaugas Kazbaris
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6tekstinis priedas

Ataskaitoje naudoti sutrumpinimai, dydziai, Zymenys ir matavimo vienetai

Y — savitasis sunkis, kN/m’

vw — vandens savitasis sunkis, kN/m’

p — gamtinis (masés) tankis, Mg /m>

ps — kiety daleliy (masés) tankis, Mg /m?

e — poringumo koeficientas, vnt.d.

w — gamtinis drégnis, %

w,, — takumo drégnis, %

w,, — plastingumo drégnis, %

I, — plastingumo rodiklis, %

I; — takumo rodiklis, vnt.d.

Ip — tankumo rodiklis, vnt.d.

k — filtracijos koeficientas, m/d

p. — atmosferos slégis, MPa

o v — efektyvus vertikalus jtempis, MPa

g — laisvojo kritimo pagreitis, m/s’

E — Jungo modulis, MPa

E( —deformacijy modulis (visuminés deformacijos modulis), MPa
Go — §lyties modulis (mazy deformacijy zonai), MPa

cy — nedrenuotoji sankiba, kPa, MPa

o' — efektyviosios vidinés trinties kampas, laipsniai

I, — konsistencijos rodiklis, vnt.d.

q. — kiiginis stipris, MPa

q: — koreguotas kiiginis stipris, MPa

Q. — normalizuotas kiiginis stipris, jvertinus vertikaly jtempj, vnt.d.
Q¢ — normalizuotas koreguotas kiiginis stipris, jvertinus vertikaly jtempj, vnt.d.
Qcn — normalizuotas kiiginis stipris, jvertinus vertikaly jtempj ir jo priklausomybe nuo grunto tipo,
vnt. d.

Qum — normalizuotas koreguotas kiiginis stipris, jvertinus vertikaly jtempj ir jo priklausomybe nuo
grunto tipo, vnt.d.

f; — Soninés trinties stipris, kPa

R¢— Soninés trinties stiprio ir kliginio stiprio santykis, %

Icsgr — SBT (gruntyelgsenostipo) indeksas, vnt.d.

Qc — spudumo koeficientas

Qocr — perkonsoliavimo koeficientas

Qa —nuoguly amziaus koeficientas

n — imtis

X — imties vidurkis

S — standartinis nuokrypis

Gr. — grezinys

IGS — inZinerinis geologinis sluoksnis

X, y —koordinatés (LKS 94), m

Abs.a. — absoliutinis aukstis, m

GVG — gruntinio vandens sligsojimo gylis, m

GVL - gruntinio vandens lygis, m abs.a.

CPT — bandymas kiiginiu penetrometru

Pastaba: Zymuo su ; raide rodo biudinggjg (charakteristing) verte.



GRAFINIAI PRIEDAI



1 grafinis priedas

Objekto vieta
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3 grafinis priedas

Greziniy stulpeliai su geotechninio bandymo CPT Kkreivémis
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CPT/Gr.

CPT/ Gr.
1

Projektas

Projektuojamas sandéliavimo paskirties pastatas ir stoginé Lakiiny g. 3, Siauliy m.

Projekto Nr. 20322

Grezimo staklés

Unimog

Tyrimo pradzia 8/18/2022
Tyrimo pabaiga 8/18/2022

Koordinaté X 6195279.00
Koordinaté Y 461576.00
Koordinaté Z 129.84 m

&
& i
g E o2 | IGS = | Sluoksnio aprasymas - Klasifikacija pagal |sesrms | Kuginis Soning
4 g =g = coctinis | stipris | K{iginis stipris MPa | trintis | Soniné trintis kPa
2 - =0 T EN ISO 14688-1 e R P
= £5 =
o €]
=
129.84
0.00 7 -
IGS[T\ 0.00 - [\ Juodzemis (Or) pd [T\2 | 209/
1 0.10 v
0.50
1.00
1507 . . . . . . ..
Gs | o.10- Dulkingas §méhs, pilkai rudas, $lapias, vidutinio 9.30 6451
2004 2 320 tankumo (siSa)
2.50
3.00
3.50
4.00
1
450 bl
5.00
550 . e .
IGS | 3.20- Dulkmga's smelis, pilkai rudas, vandeningas, 1102 15030
3 8.16 tankus (siSa)
6.00
6.50
7.00
7.50
8.00
8.507 IGS | 8.16- Mazo plastiskumo molis ir dulkis, pilkai rudas,
4 9.59 vandeningas, moreninis, stiprus (CIL-SiL) 286 .
9.00 ’ ’
IGé\ / 9.59 - / Smélingas mazo plastiskumo dulkis, pilkai rudas, gt 111
9.50 5 10.13 Slapias, moreninis, labai stiprus (saSiL) bl
1G! 10.13 - Mazo plastiSkumo molis ir dulkis, pilkai rudas, 7,57 13541
10.00 7 4 10.53 $lapias, moreninis, stiprus (CIL-SiL)
IG! 10.53 - J Smelingas mazo plastisSkumo dulkis, pilkai rudas, 2,74 81,28
o 5 10.70 §lapias, moreninis, labai stiprus (saSiL) Clae1| = - 151,88 i
10 = T T T T T 1 1
51015202530 500
qc [MPa]
Zyméjimas
- Méginys:

[GEOS - Stratigraphy | version 5.2021.13.0 | hardware key 11043 / 1 | Igeo UAB | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[Intelligent BIM Solutions, UAB | +370 5 20 34 333| info@ibimsolutions.com| http://www.ibimsolutions.It/]
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CPT/Gr.

CPT/ Gr.
2

Projektas

Projektuojamas sandéliavimo paskirties pastatas ir stoginé Lakiiny g. 3, Siauliy m.

Projekto Nr.

20322

Grezimo staklés

Unimog

Tyrimo pradzia 8/18/2022
Tyrimo pabaiga 8/18/2022

Koordinaté X 6195265.00
Koordinaté Y 461599.00
Koordinaté Z 129.84 m

o
E .
g o &% | 1GS = | Sluoksnio aprasymas - Klasifikacija pagal |sesrms | Kuginis Soniné
] = =g = ecinis | stipris | K iiginis stipris MPa | trintis | Soniné trintis kPa
g =T | Ee N 2 EN ISO 14688-1 e | Mipa | 1SS SHP Pa
= E3 =,
& (€]
=
129.84
0.00 -
IGS+ 0.00 - Juodzemis (Or) pd &2 217
0504 osof 1 /]\0.17 v '
1.00
1.50
Dulkingas smélis, rudas, drégnas, vidutinio 376 6263
2004 IGS | 0.17 - . - g :
. 2 350 tankumo (saGr) nuo 1,5 m. pilkai rudas, $lapias
250
3.00
350
4.00
450
I
5.00 bl
5.50
6.00
IGS | 3.50- Dulkingas smélis, pilkai rudas, $lapias, tankus l0s2 Lo146
6.50 - 6 9.18 (siSa) ’ '
7.00
7.50
8.00
8.50
9.00
9.50 IGS | 9.18 - Mazo plastis8kumo molis ir dulkis, pilkai rudas,
4 10.16 §lapias, moreninis, stiprus (CIL-SiL) gt IIT | 322 7734
10.00 Al 3 ¥ i milkai bl
IGS _/ 10.16 - J Smeélingas mazo plastiSkumo dulkis, pilkai rudas,
o 5 10.40 §lapias, moreninis, labai stiprus (saSiL) 2095 T o e
40 = T T T T T 1
51015202530
qc [MPa]
Zyméjimas
_V Vanduo - Meginys

[GEOS - Stratigraphy | version 5.2021.13.0 | hardware key 11043 / 1 | Igeo UAB | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[Intelligent BIM Solutions, UAB | +370 5 20 34 333| info@ibimsolutions.com| http://www.ibimsolutions.It/]




CPT/ Gr.
L == CPTIGr.

” FLO P INA GEOLOG R A TYRMAL S
Projektas Projektuojamas sandéliavimo paskirties pastatas ir stoginé Lakiiny g. 3, Siauliy m.

Projekto Nr. 20322

Grezimo staklés

Unimog

Tyrimo pradzia 8/18/2022
Tyrimo pabaiga 8/18/2022

Koordinaté X 6195255.00
Koordinaté Y 461617.00
Koordinaté Z 130.07 m

&
& .
d o &% | 1GS = | Sluoksnio aprasymas - Klasifikacija pagal |sesrms | Kuginis Soniné
£ g =5 = P y Ja pag enctinis | stipris | K iiginis stipris MPa | trinti Soniné trintis kP
: s 3 é Nr. z EN ISO 14688-1 G || tiginis stipris MPa | wintis | - Soniné trintis kPa
= Es &
)
=
130.07
0.00 7 -
IGS, \ 0.00 - [\ JuodZemis (Or) pd 0.44 | &8/
0504 0.50| 1 0.10 v
1.00
1.50
Dulkingas smélis, rudas, Siek tiek drégnas, 637 4836
200 IGS | 0.10- vidutinio tankumo (siSa) 11
2 3.50 bl
2.50
3.00
350
4.00
4.50
5.00
550 . . o
IGS | 3.50- Smeélingas mazo plastiSkumo dulkis, pilkai rudas, s 15735
6.00- 5 8.00 §lapias, moreninis, labai stiprus (saSiL) ’ ’
6.50
7.00
7.50 gthIII
8.00
8.50
9.00
050 IGS | 8.00 - Mazo plastiSkumo molis ir dulkis, pilkai rudas, B
’ 4 11.19 $lapias, moreninis, stiprus (CIL-SiL) 3,88 7595
10.00 =
10.50 =
e s\ 1119/ Smeélingas mazo plastiSkumo dulkis, pilkai rudas,
5 11.51 §lapias, moreninis, labai stiprus (saSiL) B39s| T Ly |
1s= LI R S |
51015202530
qc [MPa]
Zyméjimas
_V Vanduo

[GEOS - Stratigraphy | version 5.2021.13.0 | hardware key 11043 / 1 | Igeo UAB | Copyright © 2021 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
[Intelligent BIM Solutions, UAB | +370 5 20 34 333| info@ibimsolutions.com| http://www.ibimsolutions.It/]
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CPT/Gr.

CPT/ Gr.
4

Projektas

Projektuojamas sandéliavimo paskirties pastatas ir stoginé Lakiiny g. 3, Siauliy m.

Projekto Nr.

20322

Grezimo staklés

Unimog

Tyrimo pradzia 8/18/2022
Tyrimo pabaiga 8/18/2022

Koordinaté X 6195261.00
Koordinaté Y 461636.00
Koordinaté Z 130.34 m

&
£ i
g o &% | 1GS 2 Sluoksnio aprasymas - Klasifikacija pagal |swiens | Kaginis Soniné
£ g =5 = P y Ja pag enctinis | stipris | K iiginis stipris MPa | trinti Soniné trintis kP
£ : z é Nr. = EN ISO 14688-1 G || tiginis stipris MPa | wintis oniné trintis kPa
= Es &
)
=
130.34
0.00 7 -
IGS, \ 0.00 - [\ JuodZemis (Or) pd 0.45 | &8/
0.504 050 1 0.10 v
oo Gs | o.10- Dui(kingas §mélis, rudas, drégnas, vidutinio 6.16 267
- 2 150 tankumo (siSa)
1.50
2,00
2.50
3.00
3.50 f1II
IGS 1.50 - Dulkingas smélis, rudai pilkas, vandeningas, bl
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