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INTRODUCTION

On behalf of Status Design, we confirm having visited the site as requested on the 2
April 2020, the purpose being to obtain structural information of the building, with a

view to checking by calculation if the structure is suitable for renovation.

The building takes the form of a pitched roof steel framed building with a lean-to
attached to the side elevation, and is typical of an agricultural general purpose

building, in this area.
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Preliminary Structural Report / 14020
Status Design

SITE WORKS UNDERTAKEN

A dimensional survey took place to establish the size of the building, together with the

sizes of supporting steel framework.

Please refer to attached drawing No.d 14020/SK01.

DESK STUDY

Incorporating the new roof covering together with industrial loadings all suitable to gain
building regulation approval for domestic occupancy, structural calculations have been
prepared to determine if the existing structure is adequate for the proposed

conversion.

Please refer to Appendix 1, which includes calculation sheets No.d 14020/1 to 88
inclusive,
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Preliminary Structural Report / 14020
Status Design

CONCLUSION
The lean-to structure is suitable for renovation without any structural alterations.

The original pitched steel framed portion, with a central apex, would be satisfactory if

we consider stress within the members alone.

However, the deflection generated by increased loadings, together with the internal
finishes being more susceptible to movement, it is necessary to reduce these
deflections.

Whilst the structural members can remain without changes, it is recommended that a
vertical support in the form of a new column is introduced, as shown on sheet No.d

14020/49.

This can easily be incorporated within the new partition walling.

For and on behalf of SIDEBOTTOM RICHARDSON CHENG LTD

h@mmm

HARDSON | En

AMIStructE

May 2020
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MasterFrame Data File
Loading Cases and Load Combination

Load Group Labels

Load Group UT Unity Load Factor (All Cases)
Load Group D1 Dead Load

Load Group L1 Live Load

Load Group W1 Wind Load

Load Group W2 Wind Load

Load Group W3 Wind Load

Load Group W4 Wind Load

Load Group W5 Wind Load

Load Case 001 : Dead plus Live (Ultimate)
Load Combination +1.00UT+1.40D1+1.60LI1

Load Case 002 : Dead Plus Wind Case 1
Load Combination +1.00 UT+ 1.00 D1 + 1.40 W1

Load Case 003 : Dead Plus Wind Case 2
Load Combination +1.00 UT+ 1.00 D1 + 1.40 W2

Load Case 004 : Dead Plus Wind Case 3
Load Combination +1.00 UT+ 1.00 D1 + 1.40 W3

Load Case 005 : Dead Plus Wind Case 4
Load Combination +1.00UT+1.00DI + 1.40 W4

Load Case 006 : Dead Plus Wind Case 5
Load Combination +1.00 UT+ 1.00 D1 + 1.40 W5

The Nodal Co-ordinates

Node X (m) Y (m) Z (m) Node X (m) Y (m) 2 {m)
1 0.000 0.000 0.000 2 0.000 3.165 0.000
3 8.340 0.000 0.000 4 8.340 4.010 0.000
5 8.340 4.210 0.000 [ 12.745 5.390 0.000
7 17.149 0.000 0.000 8 17.149 4.210 0.000
Member Properties
Members 1 & 7
M G W 254x146 UB 31 [S 275)
A 39.67E-4 Ix 4414E-8 Iy 448.4E-8 J 8.55E-8
E 205.0E6 G 78.85E6
Member 2 (0.800m Haunch End1 (304.8), 0.500m Haunch End2 (228.6))
MEb s s 152x89 UB 16 [S 275]
A 20.32E-4 Ix 835.2E-8 Iy 90.6E-8 J 3.56E-8
E 205.0E6 G 78.85E6
Member 3 (0.500m Haunch End1 (228.6), 0.800m Haunch End2 (304.8))
MD i i 152x89 UB 16 [S 275)
A 20.32E-4 Ix 835.2E-8 Iy 90.6E-8 J 3.56E-8
E 205.0E6 G 78.85E6
Members 4-6
. o 178x102 UB 19 [S 275]
A 24.26E-4 Ix 1357E-8 Iy 137.6E-8 J 4.41E-8

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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E 205.0E6 G 78.85E6
Member Loading
Member Self Weight Density Load Included in Load Group D1, defined by Modulus of Elasticity
E kN/mm? Density kN/m3
>=200.00 77.01
>=20.00 24.00
>=2.00 10.00
Member 1
D1 UDLY -000.793 { kN/m )
L1 UDLY -002.973 { kN/m )
W1l UDLN +003.679 [ kN/m )
W2 UDLN +002.093 [ kN/m )
W3 UDLN +003.171 [ kN/m )
W4 UDLN +001.903 [ kN/m )
W5 UDLN +000.317 [ kKN/m )
UT PartFix 20.00 === 44+ (Mt My Mz)
Member 2
D1 UDLY -000.793 [ kN/m }
L1 UDLY -002.973 [ kN/m |}
W1l UDLN +003.679 [ kN/m )
W2 UDLN +002.093 { kN/m )
W3 UDLN +003.171 { kN/m }
W4 UDLN +001.903 | kN/m |}
W5 UDLN +000.317 I kN/m }
Member 3
D1 UDLY -000.793 { kN/m }
L1 UDLY -002.973 { kKN/m }
Wl UDLN +001.903 [ kN/m |
W2 UDLN +000.317 { kKN/m |}
W3 UDLN +003.171 I kKN/m |
W4 UDLN +003.679 { kKN/m }
W5 UDLN +002.093 [ kKN/m |
Member 6
Wl UDLX +001.268 [ kN/m |
W2 UDLX -000.317 [ kN/m |
W3 UDLX +002.220 [ kN/m |
W4 UDLX -001.586 [ kN/m |
W5 UDLX -003.171 [ kKN/m |
Member 7
Wl UDLX +001.586 [ kKN/m |
W2 UDLX +003.171 [ kN/m }
W3 UDLX -002.220 [ kN/m |}
W4 UDLX -001.268 [ kN/m )
W5 UDLX +000.317 [ kN/m }

Nodal Loading and Support Conditions

NODES 1,3 &7

UT Rs 1 1 1 0 0 0 (Pinned)
NODE 3

UT R= 0 1 G 0 O D

Software produced by wwiv.MasterSeries.com © Civil and Structural Computer Services Limited.
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Nodal Deflections (001 : Dead plus Live (Ultimate))
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
§X 2> Y YA 5 XY X = SY A YA 5 XY
| 0.00 0.00 -0.26 0.00 2 18.05 -0.11 -0.45 18.05
3 0.00 0.00 -0.12 0.00 4 18.02 -0.42 -0.54 18.03
5 20.11 -0.43 -0.66 20.11 & 34.12 -53.21 0.09 63.21
7 0.00 0.00 -1.18 0.00 8 48.18 -0.24 0.39 48.18
Nodal Deflections (002 : Dead Plus Wind Case 1)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
5X 9D 5Y A ®Z A 5 XY 53X sY A ®Z 7 5 XY
1 0.00 0.00 0.22 0.00 2 -15.03 0.06 0.35 15.03
3 0.00 0.00 0.18 0.00 4 -15.03 0.26 0.28 15.03
5 -16.09 0.26 0.33 16.10 [ -20.87 18.46 -0.18 27.86
T 0.00 0.00 0.45 0.00 8 -25.67 0.09 0.02 25.67
Nodal Deflections (003 : Dead Plus Wind Case 2)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
35X 2> 3Y A O A 5 XY §X2> | YA OL A 5 XY
| 0.00 0.00 0.07 0.00 2 -6.36 0.03 0.17 6.36
3 0.00 0.00 0.07 0.00 4 -6.42 0.11 0.14 6.42
5 -6.97 0.12 0.17 6.97 o 9.12 8.11 -0.13 12.21
i 0.00 0.00 0.23 0.00 i -11.29 0.00 0.02 11.29
Nodal Deflections (004 : Dead Plus Wind Case 3)
Nodal Def. (mm and Degrees) Nodal Def. (inm and Degrees)
Node Node
§X 2 sY A OZ A 5 XY §X 2D Y A oL A 5 XY
] 0.00 0.00 0.29 0.00 2 -15.67 0.05 0.30 15.67
3 0.00 0.00 0.22 0.00 4 -15.60 0.22 0.23 15.60
5 -16.48 0.23 0.27 16.48 6 -20.74 16.76 -0.09 26.66
T 0.00 0.00 0.41 0.00 8 -25.02 0.13 0.00 25.02
Nodal Deflections (005 : Dead Plus Wind Case 4)
Nodal Def. (mm and Degrees) Nodal Def. (imm and Degrees)
Node - Node
dX =2 &Y oL A i XY GX =2 &Y of A i XY
I 0.00 0.00 0.39 0.00 2 -19.24 0.02 0.29 19.24
3 0.00 0.00 0.25 0.00 4 -19.23 0.14 0.33 19.23
5 -20.45 0.14 0.37 20.45 6 -27.95 28.38 0.03 39.83
7 0.00 0.00 0.93 0.00 ] -35.46 0.14 -0.27 35.46
Nodal Deflections (006 : Dead Plus Wind Case 5)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
§X 2 3Y A DL P 5 XY X =2 §Y 4 ©Z A & XY
| 0.00 0.00 0.23 0.00 2 -10.57 -0.02 0.11 10.57
3 0.00 0.00 0.13 0.00 4 -10.62 -0.01 0.19 10.62

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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Nodal Deflections (006 : Dead Pius Wind Case 5)
Nodal Def. (inm and Degrees) Nodal Def. (mm and Degrees)
Node Node
53X =2 3Y p OZ A 8 XY §X =D s§Y YA & XY
5 -11.33 -0.01 0.21 11.33 6 -16.20 18.04 0.09 24.25
7 0.00 0.00 0.71 0.00 8 -21.07 0.05 -0.27 21.07
Member Forces Ultimate (001 : Dead plus Live (Ultimate))
Mem Node Axial Shear Bending Maximum Maximum
ber End1 Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
| 2 8.742C 26.329 -19.128 36.476 26.542
4 3.448C -25.920 -17.416 | @ 4.191 | @ 4.191
o 5 15.054C 22.968 -29.379 16.983 11.413
= ] 8.104C -2.975 16.206 | @ 4013 | @ 2.964
3 6 8.506C 1.475 16.206 16.397 7.513
B 15.456C -24.462 -36.198 | @ 0274 | @ 1.322
4 3 52.622C -2.555 0.000 4.470
4 51.573C -2.555 -10.244 i@l 2.446
5 4 26.133C -8.598 -27.659 4.470
: 5 26.080C -8.598 -29.379 @ 2.446
6 T 28.730C B.508 0.000 14.795
: B 27.629C 8.508 36.198 @ 2.442
2 1 28.429C -6.044 0.000 1.358
2 27.076C -6.044 -19.128 ] 1.836
Member Forces Ultimate (002 : Dead Plus Wind Case 1)
Mem Node Axial Shear Bending Maximum Maximum
ber End1 Force Force Moment Moment Deflection
No. End2 (KM} (KN) (kN.m) (kN.m @ m) (mm @ m)
| 2 1.190T -16.858 9.490 -25.488 18.964
4 2.115T 17.191 10.886 | @ 4.108 | @ 4.191
. 5 8.242T -13.744 14.044 -8.140 7.580
- 6 9.333T 5.671 -4.363 | @ 3238 | @ 2.736
3 6 10.918T 0.246 -4.363 3.306
8 9.827T 8.320 15.164 i 3.283
4 3 31.512T 0.568 0.000 1.024
4 32.261T 0.568 2277 i 2.486
< 4 15.371T 4.405 13.163 1.024
’ 5 15.408T 4.405 14.044 it 2486
6 7 9.793T 0.135 0.000 0.005 3718
8 10.580T -7.339 -15.164 | @ 0.084 | @ 2.652

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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Member Forces Ultimate (002 : Dead Plus Wind Case 1)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
7 I 15.925T 6.512 0.000 9.549 0.988
2 16.892T -0.515 9490 | @ 2912 | @ 1.741
Member Forces Ultimate (003 : Dead Plus Wind Case 2)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl1 Force Force Moment Moment Deflection
No. End2 (kN) {kMN} (kN.m) (kN.m @ m) (mm @ m)
I 2 5.252C -7.484 3.311 -11.898 8.920
4 4.327C 7.951 5.266 | @ 4.024 | @ 4.108
" 5 1.348C -6.676 6.559 -4.380 4218
- i 0.257C 2.613 -2.704 | @ 3283 | @ 2.736
3 ] 1.084T 2.392 -2.704 2.239
8 0.007C 0.343 3.530 (e 2.827
4 i 13.659T 0.474 0.000 7.165 0.836
4 14.409T 0.474 1.899 | @ 4010 | @ 2.446
s 4 6.062T -3.030 7.165 7.165 0.836
5 6.100T -3.030 6.559 | @ 4010 | @ 2.446
6 7 0.457C -1.773 0.000 -3.540 2.083
B 0.329T 0.096 -3.530 | @ 3957 | @ 2316
7 1 5.950T 8.071 0.000 7.337 0.871
2 6917T -5.979 3311 | @ 1.804 | @ 1.646
Member Forces Ultimate (004 : Dead Plus Wind Case 3)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
| 2 8.574T -13.795 7.030 -21.371 15.970
4 9.499T 14.291 9.107 | @ 4.108 | @ 4.191
2 5 14.354T -11.207 11.599 -6.110 5.596
6 15.445T 4.964 -2.635 | @ 3.147 | @ 2.736
= 6 15.858T -3.422 -2.635 -4.286 2.152
N 8 14.767T 12.746 18.621 | @ 0957 | @ 3.556
4 3 27.014T 0.075 0.000 0.171
4 27.763T 0.075 0.299 ) 2.687
5 4 14.502T 10.965 9.406 0.171
; 5 14.540T 10.965 11.599 7] 2.687
6 7 15.347T 2.119 0.000 0.723 3.355
8 16.134T -10.965 -18.621 | @ 0.674 | @ 2.863

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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Member Forces Ultimate (004 : Dead Plus Wind Case 3)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
7 I 13.622T -2.697 0.000 -1.170 0.107
2 14.589T 7.139 7.030 | @ 0855 | @ 2.469
Member Forces Ultimate (005 : Dead Plus Wind Case 4)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl1 Force Force Moment Moment Deflection
No. End2 (kN) (kN (kN.m) (kN.m @ m) (mm (@& m}
I 2 1.047T -4.791 -7.124 -14.408 10.847
4 1.971T 8.415 8.067 | @ 3.018 | @ 3.772
= 5 5.568T -8.091 10.631 4.797
- 6 6.660T -0.015 -7.854 7] 3.010
3 & 5.760T -3.343 -7.854 -9.166 5.789
- 8 4.669T 16.068 21.156 | @ 0775 | @ 1.505
4 3 16.644T 0.476 [.000 0.853
4 17.393T 0.476 1,907 7] 2.446
5 4 9.219T 3.285 9.974 0.853
) 5 9.257T 3.285 10.631 il 2.446
p 7 15.942T -9.699 0.000 11.844
8 16.729T -0.351 -21.156 ] 2316
7 I 3.905T -5.060 0.000 -7.212 0.757
2 4.872T 0.558 -7.124 | @ 2849 | @ 1.741
Member Forces Ultimate (006 : Dead Plus Wind Case 5)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN (kN.m) (kN.m @ m) (mm @ m)
| 2 5.395C 4.583 -13.303 2.973 1.651
4 4.470C -0.825 2446 | @ 7125 | @ 1.928
7 5 4.021C -1.023 3.146 1.589
G 2.930C -3.073 -6.195 {cd) 3.375
3 & 4.074C -1.196 -6.195 -6.546 5.004
’ 8 5.165C 8.091 9522 | @ 0593 | @ 1.687
4 3 1.209C 0381 0.000 3.975 0.665
4 0.460C (.381 1.529 | @ 4010 | @ 2.446
& 4 0.089C -4.149 3.975 3.975 0.665
h 5 0.052C -4.149 3.146 | @ 4010 | @ 2.446
6 7 5.692T -11.607 0.000 -15.173 10.353
8 6.478T 7.083 -9.522 | @ 2610 | @ 3l

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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Member Forces Ultimate (006 : Dead Plus Wind Case 5)

Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (k™) (kN) (kN.m) (kN.m @ m) (mm @ m)

- I 6.070C -3.501 0.000 0.883
2 5.103C -4.906 -13.303 @ 1.836
Support Reactions (001 : Dead plus Live (Ultimate))
NG Support Reactions (kN and kN.m) Nod Support Reactions (kN and kN.m)
ode ode
Rx=> (kN) Ry (kN) Mz (kN.m) Rx=>» (kN) Ry (kN) Mz? (kN.m)
I 6.044 28.429 0.000 3 2.555 52.622 0.000
7 -8.598 28.730 0.000 Total 0.000 109.781 0.000
Support Reactions (002 : Dead Plus Wind Case 1)
Nod Support Reactions (kN and kN.m) o Support Reactions (kN and kN.m)
ode ode
Rx=>» (kN) RyA (kN) Mz (kN.m) Rx=> (kN) Ry (kN) Mz? (kN.m)
1 -6.512 -15.925 0.000 3 -0.568 -31.512 0.000
i -0.135 -9.793 0.000 Total -7.215 -57.230 0.000
Support Reactions (003 : Dead Plus Wind Case 2)
Rt Support Reactions (kN and kN.m) S Support Reactions (kN and kN.m)
ode ode
Rx2 (kN) RyA (kN) Mz (kN.m) Rx=> (kN) RyA (kN) Mz? (kN.m)
1 -8.071 -5.950 0.000 3 -0.474 -13.659 0.000
7 1.773 0.457 0.000 Total -6.772 -19.152 0.000
Support Reactions (004 : Dead Plus Wind Case 3)
- Support Reactions (kN and kN.m) Nod Support Reactions (kN and kN.m)
ode ode
Rx=» (kN) RyA (kN) Mz? (kN.m) Rx=> (kN) RyA (kN) Mz? (kN.m)
| 2.697 -13.622 0.000 3 -0.075 -27.014 0.000
7 -2.119 -15.347 0.000 Total 0.503 -55.983 0.000
Support Reactions (005 : Dead Plus Wind Case 4)
i Support Reactions (kN and kN.m) Nod Support Reactions (kN and kN.m)
ode ode
Rx=> (kN) RyA (kN) Mz (kN.m) Rx=>» (kN) RyA (kN) Mz? (kN.m)
| 5.060 -3.905 0.000 3 -0.476 -16.644 0.000
7 9.699 -15.942 0.000 Total 14.284 -36.491 0.000
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Support Reactions (006 : Dead Plus Wind Case 5)

Support Reactions (kN and kN.m)

Support Reactions (kN and kN.m)

Node Node
Rx=> (kN) Ry (kN) Mz (kN.m) Rx=> (kN) RyA (kN) Mz (kN.m)
| 3.501 6.070 0.000 3 -0.381 1.209 0.000
7 11.607 -5.692 0.000 Total 14.726 1.587 0.000
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Axial with Moments (Member)
Member SBL11d 1 @ Level 1
Between 0.000 and 2.000 m, in Load Case 1

Member Loading and Member Forces Hod
Loading Combination : I UT+ 1.4 DI + 1.6 L1
D1 UDLY -000.793
L1 UDLY -002.973
UT PartFix 20.00 ===

( kN/m )
( kN/m )

b (Mt My Mz)

Member Forces in Load Case 1
T Mem Noide Axial Shenr Bending Maximum Mmzimwm
b Endli Force Farce Mumeni Mumeni Dedlectins
M, End2 (kN) [h)y (kN.m) (kN.m @ m) (mm @ m)
; 2 8.742C 26320 e 36.476 1,000
4 3.448C -75 924 17416 | @ 4191 | @ 1,000
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275}
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49, 36.5, 275, 8.74, 36.47,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 13.862/248.886 = 0.056 Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x 351.18 = 108.103 kN.m
Pz= Ag.py 39.67x275= 1090.925 kN
n="F/Pz 8.742/1090.925 = 0.008 0K
Srx = Fn(Sxx, n) 393.1, 0.008 393.06 cm?®
Mrx = Srx.py 393.06 x 275 108.091 kN.m
(Mx/Mrx)%'+(My/Mry)Z2 (21.058/108.091)2+(0)1= 0.038 0K
Compression Resistance Pc
Ax = Lex/rxx 100x1x8.383/10.55 = 79.5 OK
Pcx = Area.pex 39.67x204.544/10= 811.426 kN  Table 24 a
Ay = Ley/ryy 100x1x2/3.36 = 59.5 OK
Pcy = Area.pcy 39.67x221.39/10= 878.235kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my=0.2+( 15My+. 5M3+. 15M )M, 0.2+(.15x7+.5x4+.15x13)/21 > 0.44 0.44 Table 18
m, =0.2+(.IMy+.6My+. IM)/M 0.2+(.1x0+.6x0+, 1x0)/0 > . 8x0/0 ] Table 26
m,=0.2+(. IMy+.6M3+. IM)/M, 0.2+(.1x22+.6x36+.1x23)/36 > .8x36/36 0.925 Table 26
My =02+ IMy+.6Myt. 1M/ M 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2= 2m
A = Leltyy 2/3.36 59.52 OK
v="Fn (x.Le,ryy,A) 29.496, 2, 3.36, 59.52 0.955 Table 19
ALT= WV A Rw 0.88 x 0.955 x 59.524/ 1 50.03
pb=Fn (py,Ai1) 275, 50.03 237.91 N/mm? Table 16
Mb = Sxx.pb< Mc 393.1x237.91<108.103 = 93.524 kN.m
Combined Axial Compression and Bending to Annex I
rb:mLT-MLT/Mb 0.44x21.1/93.5 0.099
1=Fo/Pey 8.7/878.2 0.010
A (AL Ty Y/ (tptre) (0.099+50+0.01+59.5)/(0.099+0.01) 50.892
Aro=17.15¢ (2rytre)/(nytre) 17.15+1(20.099+0.01)/(0.099+0.01) 32.735
Mot= My(1-Fc/Pey) 93.524(1-8.7/878.2) 92.593
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M= Mex(1-Fo/ Pey)” 108.103(1-8.7/878.2)" 107.563
Mox™ Mex(1-Fo/P e )/(14+0.5F/Pey) 108.103(1-8.7/811.4)/(1+0.5+8.7/811.4) 106.365
Moy= Meo(1-Fo/P ey )/(1+ky(Fo/Pey)) 20.255(1-8.7/878.2)/(1+1.0(8.7/878.2)) 19.856
Map=fn(Ar,Arorg, Myy, Mop) 50.892,32.735, 1.000, 107.563, 92.593 102.788
Max=fn(As,g, Mix, Mox) 79.457, 1.000, 108.091, 106.365 106.524
May=fn(Ay.e, My, Moy) 59.524,1.000, 20.255, 19.856 20.009
My My/Max 0.925x36.5/106.5 0.317 OK
merML/Mgp 0.44x21.1/102.8 0.090 OK
My My/Max 0.925x36.5/106.5 0.183 OK
Compare with Simplied to 4.8.3.3 0.36,0.109,0.11 0.36
Compare with MoreExact to 4.8.3.3 0.325,0.109, 0.087 0.325
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Axial with Moments (Member)

Member SBLL11d 1 @ Level 1
Between 2.000 and 4.000 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 DI+ 1.6 L1

D1 UDLY -000.793 ( kN/m )
L1 UDLY -002.973 ( kKN/m )
UT PartFix 20.00 === +4+ (Mt My Mz) %4
Member Forces in Load Case 1
M Mode Axial Shear Bending Mazlamim Maximum
ber End1 Force Farce Mament Meineal Dedflection
Wik End2 (kN) (kN) (kN.m}) (kN.m @ m) {mm @ m)
3 20 26,329 -19.128 A6 LA
] 3.448C 25.920 -17.416 | @ 4.191 @ ALEI

Classification and Properties (BS 5950: 2000)

Section (31.14 kg/m)

Class = Fn(b/T,d/t,py,F,Mx,My)

254x146 UB 31 [S 275]
8.49, 36.5, 275, 8.74, 36.47, 0

Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 1.396/248.886 =
Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x351.18 =
Pz= Ag.py 39.67x 275 =
n=F/Pz 8.742/1090.925 =
Srx = Fn(Sxx, n) 393.1,0.008
Mrx = Srx.py 393.06 x 275
(Mx/Mrx)?!+(My/Mry)#? (36.315/108.091)*+(0)'=

Compression Resistance Pc

Ax = Lex/rxx 100x1x8.383/10.55=
Pcx = Area.pex 39.67x204.544/10=
Ay = Ley/ryy 100x1x2/3.36 =

Pcy = Area.pcy

39.67x221.39/10=

Equivalent Uniform Moment Factors mLT, mx, my and myx

my=0.2+(.15M,+.5My+.15M,)/M

max

0.2+(.15x27+.5x32+.15x35)/36 > 0.44

my=0.2+(.1My+.6My+. TMy) My 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0
m,=0.2+( 1My +.6My+. MM, 0.2+(. 122+ 6x36+.1x23)/36 > .8x36/36
Myy=0.2+( [ My+.6My . TM)/ My 0.2:+(. 1X0+.6X0+. 1x0)/0 > .8x0/0

Lateral Buckling Check Mb

Le=1.00L

A = Lelryy

v =Fn (x.Le,ryy,A)
ALT= WV AABw

pb =Fn (py.Air)
Mb = Sxx.pb< Mc

Ix2=

2/3.36

29.496, 2, 3.36, 59.52

0.88 x 0.955 x 59.52+/ 1
275, 50.03
393.1x237.91<108.103 =

Combined Axial Compression and Bending to Annex I

rb=mLT.MLT/Mb

re=Fo/Pey

A= (roALTH Ay )/ (T+re)
Aeo=17.15g 2rytre)/(tytre)
Mgp= My(1 'Fc/Pcy)

0.894x36.3/93.5

8.7/878.2
(0.347-50+0.01+59.5)/(0.347+0.01)
17.15+1(2-0.347+0.01)/(0.347+0.01)
93.524(1-8.7/878.2)

(Axial: Non-Slender)

0.006
108.103 kN.m
1090.925 kN
0.008

393.06 cm®
108.091 kN.m
0.113

79.5
811.426 kN
59.5
878.235 kN

(.89

0425

2m

39.52

0.955

50.03

237.91 N/mm?
93.524 kN.m

0.347
0.010
50.290
33.822
92.593

Plastic

Low Shear

oK

ORK

OK
Table 24 a
OK
Table 24 b

Table 18
Table 26
Table 26
Table 26

OK
Table 19

Table 16
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Myy= Mex(1-F/ Pey)% 108.103(1-8.7/878.2)" 107.563
Mox= Mex(1-Fo/Pex)/(1+0.5F/Pey) 108.103(1-8.7/811.4)/(1+0.5-8.7/811.4) 106.365
Moy= Meo(1-Fo/Pey)/(1+ky(Fo/Pey)) 20.255(1-8.7/878.2)/(1+1.0(8.7/878.2)) 19.856
Map=fn(Ar, Aro,gs Mxy, Mop) 50.290, 33.822, 1.000, 107.563, 92.593 103.181
Ma=t(Ax,g, M, Mox) 79.457, 1.000, 108.091, 106.365 106.524
May=fi(Ay,g, My, Mgy) 59.524, 1.000, 20.255, 19.856 20.009
My M/Max 0.925x36.5/106.5 0317 OK
my. ML My 0.894x36.3/103.2 0.315 OK
My My/Max 0.925x36.5/106.5 0.315 OK
Compare with Simplied t0 4.8.3.3 0.36,0.357,0.358 0.36
Compare with MoreExact to 4.8.3.3 0.325,0.357,0.305 0.357
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Axial with Moments (Member)
Member SBL11d 1 @ Level 1
Between 4.000 and 6.000 m, in Load Case 1

Member Loading and Member Forces e —
Loading Combination : 1 UT+ 1.4 DI + 1.6 L1

D1 UDLY -000.793 ( kN/m )

L1 UDLY -002.973 ( kN/m )

UT PartFix 20.00 —-— +++ (Mt My Mz) %4

Member Forces in Load Case 1
I Mem Node Axial Shenr Bending Muxdnaim Mailmmin
ber Enall Farce Force Munieni Wl DeMecthum
No. Emi2 (kN) (kN) {kN.m) (kN.m @ m) (mm @ m)
2 = M0 2632 -9 12% 35,476 1,001
1 La4BC 25020 17416 | @ 4191 | @ 0, 0K
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49, 36.5,275, 8.74, 36.47, 0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6

Local Capacity Check

Fvx/Pvx 0.043/248.886 = ' Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x 275 x 351.18 = 108.103 kN.m
Pz=Ag.py 39.67x275= 1090.925 kN
n=F/Pz 8.742/1090.925 = 0.008 QK
Srx = Fn(Sxx, n) 393.1,0.008 393.06 cm®
Mrx = Srx.py 393.06 x 275 108.091 kN.m
(Mx/Mrx)&+(My/Mry)?? (36.47/108.091)%+(0)'= 0.114 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x8.383/10.55= 79.5 OK
Pcx = Area.pex 39.67x204.544/10 = 811.426 kN  Table 24 a
Ay = Ley/ryy 100x1x2/3.36 = 59.5 OK
Pcy = Area.pcy 39.67x221.39/10= 878.235kN  Table 24 b

Equivalent Uniform Moment Factors mLT, mx, my and myx

My =0.2+( 15My+. SMy+. 15M)/M, 0 0.2+(.15x36+.5x35+.15x31)/36 > 0.44 0.953 Table 18
my=0.2+(.1My+.6M;y+. IM)/ M 0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0 1 Table 26
m,=0.2+( 1Myt 6M3+. IM)/M, 0.2+(.1x22+.6x36+.1x23)/36 > 8x36/36 0,925 Table 26
My =0.2:(. 1M+ 6My+. IMg)/M o 0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0 [ Table 26

Lateral Buckling Check Mb
Le=1.00L ] %2.= 2m
A = Le/ryy 2/3.36 59.52 OK
v =Fn (x.Le,ryy,\) 29.496, 2, 3.36, 59.52 0.955  Table 19
AL= U.V.AABw 0.88x0.955x59.524/ 1 50.03
pb=Fn (py.Ai1) 275,50.03 237.91 N/mm? Table 16
Mb = Sxx.pb< Mc 393.1x237.91<108.103 = 93.524 kN.m

Combined Axial Compression and Bending to Annex I
rb:mLT.MLT/Mb 0.953x36.5/93.5 0.371
1=Fc/Pey 8.7/878.2 0.010
A=(ALrHredy Y (mpte) (0.371+50+0.0159.5)/(0.371+0.01) 50.273
Aeo=17.15g (2rptre)/ (o) 17.15+1(2+0.371+0.01)/(0.371+0.01) 33.852
Map= Mp(1-Fc/Pey) 93.524(1-8.7/878.2) 92.593
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Mayy= Mex(1-Fef Py

Mox= Mex(1-Fo/Pex)/(1+0.5F /Pey)
Moy™ Meu(1-Fo/Pey )/ (1+ky(F/Pey))
Mabzfn()\r,xro,& Mxy, Mob)
Maxzfn(}bx,& er, Mox)
May=f(Ay,g, Mry, Moy)

my. My/Max

mpr. My Mg,

M. My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

108.103(1-8.7/878.2)%
108.103(1-8.7/811.4)/(1+0.5-8.7/811.4)
20.255(1-8.7/878.2)/(1+1.0(8.7/878.2))
50.273,33.852, 1.000, 107.563, 92.593
79.457,1.000, 108.091, 106.365
59.524, 1.000, 20.255, 19.856
0.925x36.5/106.5

0.953x36.5/103.2

0.925x36.5/106.5

0.36,0.381,0.382

0.324,0.381,0.327

107.563
106.365
19.856
103.192
106.524
20.009
0317
0.337
0.317
0.382
0.381

OK
OK
OK
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Axial with Moments (Member)
Member SBL11d 1 @ Level 1
Between 6.000 and 8.383 m, in Load Case 1

Member Loading and Member Forces g Mo sl Woobes Cupaciy
Loading Combination : 1 UT+ 1.4 DI + 1.6 L1
D1 UDLY -000.793 ( kN/m )
L1 UDLY -002.973 ( kN/m )

UT PartFix 20.00 —-— +++ (Mt My Mz) %4

Member Forces in Load Case 1
[ Mem Node Axial Shenr Bending Mlandnsiam Maximum
ber Endl Faree Furee Wlomiend Maomisil Deflectinm
Mo, End2 (kN) (ki) (kN.m) (kN.m @ m) {(mm @ m)
| 1 H.T420 6,339 -19.128 36.476 0.000
1 3 4480 285 17416 | @ 4191 | @ £ 041
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49,36.5,275,8.74,36.47,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 11.07/248.886 = 0.044 Low Shear
Mcex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x 351.18 = 108.103 kN.m
Pz= Ag.py 39.67x275= 1090.925 kN
n=F/Pz 8.742/1090.925 = 0.008 OK
Srx = Fn(Sxx, n) 393.1,0.008 393.06 cm®
Mrx = Srx.py 393.06x 275 108.091 kN.m
(Mx/Mrx)?+(My/Mry)?? (26.644/108.091)2+(0)'= 0.061 OK
Compression Resistance Pc
Ax = Lex/rxx 100x1x8.383/10.55= 79.5 OK
Pcx = Area.pcx 39.67x204.544/10= 811.426 kN  Table24 a
Ay = Ley/ryy 100x1x2.383/3.36= 70.9 OK
Pcy = Area.pcy 39.67x200.1/10= 793.794 kN  Table 24 b

Equivalent Uniform Moment Factors mLT, mx, my and myx

m1=0.2+(.15My+. 5My+. 15My)/M 0 0.2+(.15x19+.5x9+.15x3)/27 > 0.44 0.494 Table 18
my=0.2+(. IMp+.6My+ IMy/M, 0.2:+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
m=0.2+(. IMy+.6M3+. 1M )/M, s 0.2+(.1x22+.6x36+.1x23)/36 >.8x36/36 9235 Table 26
My, =0.2+4(. 1My +.6My+ IM)/Mp, 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0 l Table 26

Lateral Buckling Check Mb

Le=1.00L I x2.383 = 2383 m
A = Lelryy 2.383/3.36 70.91 OK
v =Fn (x.Le,ryy,\) 29.496,2.383,3.36, 70.91 0939  Table 19
A= UVAABw 0.88x0.939 x 70.91+/ 1 58.59
pb =Fn (py,Ai1) 275, 58.59 216.75 N/mm? Table 16
Mb = Sxx.pb< Mec 393.1x216.75< 108.103 = 85.204 kN.m
Combined Axial Compression and Bending to Annex I
=M. Mys/M, 0.494x26.6/85.2 0.154
r=Fo/Pey 8.7/793.8 0.011
A= (oALTHrchy (e (0.154+58.6+0.011+70.9)/(0.154+0.011) 59.406
Aeo=17.15¢ (2rptre)/(rotre) 17.1501(2+0.154+0.011)/(0.154+0.011) 33.158
Moo= My(1-Fe/Pey) 85.204(1-8.7/793.8) 84.266
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Mxy= Mcx(l"Fc/ pcy)‘/z

Mox= Mex(1-Fo/Pex)/(1+0.5F o/Pey)
Moy= Moy(1-Fo/P ey )/(1+ky(Fo/Pey))
Mab:fn(xr,xrm& Mxy, Mob)
Maxzfn(}\:x,ga er’ Mox)
May=f(Ay.g, Miy, Mqy)
my.M,/Max

myr.Mpir/Mg,

M. My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

108.103(1-8.7/793.8)"
108.103(1-8.7/811.4)/(1+0.5+8.7/811.4)
20.255(1-8.7/793.8)/(1+1.0(8.7/793.8))
59.406, 33.158, 1.000, 107.506, 84.266
79.457,1.000, 108.091, 106.365
70.914, 1.000, 20.255, 19.814
0.925x36.5/106.5

0.494x26.6/96.2

0.925x36.5/106.5

0.36, 0.165,0.165

0.325,0.165,0.124

107.506
106.365
19.814
96.211
106.524
19.910
0.317
0.137
0.231
0.36
0.325

OK
OK
OK
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Axial with Moments (Member)
Member SBL11d 2 @ Level 1
Between 0.000 and 1.800 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 D1 + 1.6 L1
D1 UDLY -000.793
Ll UDLY -002.973

{ kN/m )
{ kKN/m )

~

Bending Moment and Member Capacity

N

¥ od

—

N

Member Forces in Load Case 1
[ Mem Wode Asminl Shear Bending Maximum Maximum
s Emdl Faree Fares Msment Muoment Deflection
Mii. Ewifiz (kN) (kN) (kN.m) (kN.m @ m) {mm @ m)
3 150540 22,06R 29.379 16.983 1,06
& 8.104C -2.975 16206 | @ 4013 | @ .00}
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07, 275, 15.05,29.38,0 (Axial: Non-Slender) Plastic
Sec. Depth = Fn(X) X=0.8m 152.4 mm
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 18.416/113.157 = 0.163  Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x 123.351.2x275x 109.49 = 33.908 kN.m
Pz= Ag.py 27.17x275= 747.175 kN
n=F/Pz 15.054/747.175 = 0.020 Ok
Srx = Fn(Sxx, n) 304.2,0.02 123.13 cm?
Mrx = Srx.py 123.13 x 275 33.862 kN.m
(Mx/Mrx)?!+(My/Mry)?? (12.826/33.862)>+(0)'= 0.143 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.56/12.17 = 37:5 OK
Pcx = Area.pex 27.17x261.993/10= 711.835kN  Table24a
Ay = Ley/ryy [00x1x1.8/1.82= 99 OK
Pcy = Area.pcy 27.17x142.76/10 = 387.880 kN Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my=0.2+(.15M,+.5My+. 15M,)/M, .. 0.2+(.15x20+.5x1 1+.15x4)/29 > 0.4 | Table 18
m,=0.2+(.1My+.6My+. IM)/M, 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
M =0.2+( 1My+.6My+. IM/M, 0.2+(.1x-7+.6x8+.1x16)/29 > 8x16/29 0,433 Table26
My =0.2+(. IMy+.6My+. IM)/M 0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0 1 Table 26
Lateral Buckling Check Mb @ 0 m
Le=1.00L 1 x1.8= 1.8 m
A= Le/ryy 1.8/1.82 98.95 OK
v =Fn (x.Le,ryy,A) 43.616, 1.8, 1.82,98.95 0.944 Table 19
A= WA Rw 0.864 x 0.944 x 98.954/ | 80.75
pb=Fn (py.Ai1) 275, 80.75 163.16 N/mm? Table 16

Mb = Sxx.pb< Mc 304.2x 163.16< 83.655=

Combined Axial Compression and Bending to Annex I @ 0 m

49.633 kN.m

rb=mLT.MLT/Mb 1x-29.4/49.6 0.592
re=Fc/Pey 15.1/387.9 0.039
A=(tpALTHrcAy Y (rptre) (0.592+80.7+0.039299)/(0.592+0.039) 81.868
Ao=17.15¢ @rptrc)/(rotre) 17.15¢1(2+0.592+0.039)/(0.592+0.039) 33.245
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Mgp= My(1-Fc/Pey) 49.633(1-15.1/387.9) 47.706
M= Mex(1-F/ Pey )% 83.655(1-15.1/387.9)* 82.016
Mox= Mex(1-Fo/P)/(1+0.5F /Py ) 83.655(1-15.1/711.8)/(1+0.5-15.1/711.8) 81.029
Moy= Mev(1-Fe/Pey)/(1+ky(Fe/Pey)) 6.689(1-15.1/387.9)/(1+1.0(15.1/387.9)) 6.189
Mab=0(Ar,Arosg, Mxy, Mob) 81.868,33.245, 1.000, 82.016, 47.706 50.392
Max=fii(Ax.gs My, Mox) 37.466, 1.000, 33.862, 81.029 82.846
May=fn(Ay,e, My, Mgy) 98.955, 1.000, 6.682, 6.189 6.189
M My/Mx 0.433x29.4/82.8 0.154 OK
mLT.MLT/Mab 1X-29.4/50.4 0583 OK
my. My/Max 0.433x29.4/82.8 0.154 OK
Compare with Simplied to 4.8.3.3 0.214,0.631,0.631 0.631
Compare with MoreExact to 4.8.3.3 0.175,0.631,0.363 0.631
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Axial with Moments (Member)
Member SBL1Id 2 @ Level 1
Between 1.800 and 4.560 m, in Load Case 1

Member Loading and Member Forces Bending Moment and Member Capacity
Loading Combination : | UT+ 1.4 D1 + 1.6 L1 \
D1 UDLY -000.793 ( kN/m ) e
L1 UDLY -002.973 ( kN/m ) ;
/ -
Member Forces in Load Case 1
[ Mem Node Axial Shawr Bending Il fimiaim Adasimmm
ber Endl Farce Fairen Moot Momesi Deflection
Mo End2 (kN) (kN) {kN.m) (kN.m @ m) (mm @ m)
1 L] 15.054C I2.5%6E -29.379 16.983 01,0}
: & ERTItS 2415 16206 | @ 4013 | @ .00
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07,275,15.05,29.38,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 0.044/113.157= {1 Low Shear
Mcex = py.Sxx<1.2 py.Zxx 275 x123.3<1.2x 275 % 109.49 = 33.908 kN.m
Pz = Ag.py 20.32x275= 558.8 kN
n=F/Pz 15.054/558.8 = 0.027 0K
Srx = Fn(Sxx, n) 123.3, 0.027 123.13 cm?
Mrx = Srx.py 123.13 x 275 33.862 kN.m
(Mx/Mrx)? ' +(My/Mry)?2 (16.982/33.862)*+(0)'= 0.252 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.56/6.41 = 712 OK
Pcx = Area.pcx 20.32x221.362/10= 449808 kN  Table 24 a
Ay = Ley/ryy 100x1x2.76/2.1 = 131.3 OK
Pcy = Area.pcy 20.32x93.3/10= 189.588 kN  Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my =0.2+(.15My+ SMyt. 15Mg)/M 0y 0.2+(.15x10+.5x15+.15x17)/172 0.4 | Table 18
My =0.2+(. IMy+.6My+. IM)/M, 0.24(.1x0+.6x0+.1x0)/0 > .8x0/0 1 Table 26
mM,=0.2+(. IMy+.6My+. 1M /M, 0.2+(. 1x-7+.6x8+,1x16)/29 > .8x16/29 0.433 Table 26
My, =0.2+( 1My +.6My+. IM)/M 0.2+(. 1x0+.6x0+, 1x0)/0 > .8x0/0 1 Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.76= 276 m
A =Le/ryy 2.76/2.1 131.29 OK
v ="Fn (x.Le,ryy,A) 19.539,2.76,2.1, 131.29 0.744 Table 19
AL WV A Rw 0.891 x 0.744 x 131.294/ 1 87.04
pb =Fn (py,\i1) 275, 87.04 149.54 N/mm? Table 16
Mb = Sxx.pb< Mc 123.3 x 149.54<33.908 = 18.438 kN.m
Simplified Appreach
py.Zx 275x109.49 30.109 kN.m
F/Pctmx. Mx/py.Zx 15.054/189.588+0.433x17/30.1 0.324 OK
F/Pey+my .M, 1/Mb 15.054/189.588+1x17/18.4 1.000 OK
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More Exact Approach
Max=Mocx/(1+.5F/Pcx) 33.9/(1+.5x15.1/449.8) 33.349 kN.m
F/Pex+mx.Mx/Max 15.1/449.8+0.433x17/33.3 0.254 OK
F/Pcy+m, .M, /Mb 15.1/189.6+1x17/18.4 1.000 OK
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Axial with Moments (Member)
Member SBL11d 3 @ Level 1
Between 0.000 and 2.600 m, in Load Case 1

Member Loading and Member Forces Bending Moment and Member Capacily
Loading Combination : 1 UT+ 1.4 DI + 1.6 L1
D1 UDLY -000.793 { kN/m ) e /
Ll UDLY -002.973 { kN/m ) ;
/ \
Member Forces in Load Case 1
I adei Mol Andad Shear Bending Mk Mlaxdmam
b Emdl Fosce Voroe Maowme Al Deflection
No. Emdl {kN) {kN) (kN.m) (kN.m @ m) {mm @ m)
" i H 5060 475 L 206 16.397 13000
3 1 15 456C 24402 36198 | @ 0274 | @ £.000
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07,275, 15.46,36.2,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 1.37/113.157= 0.012 Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x123.3<1.2x275x 109.49 = 33.908 kN.m
Pz= Ag.py 2032x275= 558.8 kN
n=F/Pz 15.456/558.8 = 0.028 OK
Srx = Fn(Sxx, n) 123.3,0.028 123.12 cm?
Mrx = Srx.py 123.12x 275 33.859 kN.m
(MxX/Mrx)*'+(My/Mry)#? (16.23/33.859)2+(0)!= 0.23 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.559/6.41 = 71.2 OK
Pcx = Area.pcx 20.32x221.39/10= 449,865 kN  Table 24 a
Ay = Ley/ryy 100x1x2.6/2.1 = 123.7 OK
Pcy = Area.pcy 20.32x102.82/10= 208.931 kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my7=0. 2+ 15My+ SMy+. 15M /M, 0.2+(. 15x16+.5x13+.15x8)/16 > 0.44 1 Table 18
my=0.2+(. I My+.6My+. IM /M, 0.2+(. 1X0+.6x0+. 1x0)/0 > .8x0/0 I Table26
m,=0.2+( IMy+ 6My+ IMgI/M, .. 0.2+(.1x14+.6x5+.1x-12)/36 > 8x14/36 0314 Table 26
M, =0.2+(. IMa+.6My+. 1My My 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0 I Table26
Lateral Buckling Check Mb
Le=1.00L 1x2.6= 2.6m
A = Le/ryy 2.6/2.1 123.68 OK
v =Fn (x.Le,ryy,A) 19.539, 2.6, 2.1, 123.68 0.76 Table 19
A= wvAABw 0.891 x 0.76 x 123.68+/ 1 83.68
pb=Fn (py, A1) 275, 83.68 156.69 N/mm? Table 16
Mb = Sxx.pb< Mc 123.3 x 156.69< 33.908 = 19.320 kN.m
Combined Axial Compression and Bending to Annex I
rp=mrr.ML/Ms 1x16.2/19.3 0.840
r=F¢/Pey 15.5/208.9 0.074
Ao ALTHrcAy Y(rotre) (0.84+83.7+0.074+123.7)/(0.84+0.074) 86.918
Ar=17.15¢ Crytre)/(rotre) 17.15+1(20.84+0.074)/(0.84+0.074) 32912
Mop= Mp(1-F¢/Pey) 19.320(1-15.5/208.9) 17.891
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Myy= Mx(1-Fof Pgy)* 33.908(1-15.5/208.9)" 32.629
Mox= Mex(1-Fo/Pex)/(140.5F /Pey) 33.908(1-15.5/449.9)/(1+0.5¢15.5/449.9) 32.190
Moy= Mey(1-Fe/Pey)/(1+ky(F/Pey)) 6.682(1-15.5/208.9)/(1+1.0(15.5/208.9)) 5.761
Mab=1(Ar,Arosgs My, Mab) 86.918, 32.912, 1.000, 32.629, 17.891 17.891
Max=f(Ax,g, Mix, Mox) 71.155, 1.000, 33.859, 32.190 32.546
May=f(Ay.g, Mry, Moy) 123.679, 1.000, 6.682, 5.761 5.761
My My/Max 0.314x16.2/32.5 0.156 OK
myr.My/Ma, 1x16.2/17.9 0.907 OK
My My/Max 0.314x16.2/32.5 0.156 OK
Compare with Simplied to 4.8.3.3 0.243,0.914,0914 0914
Compare with MoreExact to 4.8.3.3 0.187,0.914,0.504 0.914
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Axial with Moments (Member)

Member SBL11d 3 @ Level 1

Member Loading and Member Forces

Between 2.600 and 4.559 m, in Load Case 1

Bending Moment and Member Capacity
Loading Combination : 1 UT+ 1.4 D1+ 1.6 L1
D1 UDLY -000.793 ( kN/m ) o /
L1 UDLY -002.973 [ kN/m ) ;
P, \
Member Forces in Load Case 1
[ Mem Noke Aial Shonr Bending Maximum Maxinnm
her Endl Fouee Fosee Mumeni Mumend DieMeciban
Mo, Enall (kN) (kN) (kN.m) (kN.m @ m) {mm @ m)
3 G 8.506C 1475 16206 16,397 0.000
i 15,4560 -2 8062 -36.198 | @ 0274 | @ [ERLEY
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07,275, 15.46,36.2,0 (Axial: Non-Slender) Plastic
Sec. Depth = Fn(X) X=3.759m 152.4 mm
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 19.912/113.157 = 0.176  Low Shear
Mex = py.Sxx<1.2 py.Zxx 275 x 123.3<1.2x 275 % 109.49 = 33.908 kN.m
Pz= Ag.py 27.17x275= 747.175 kN
n=F/Pz 15.456/747.175 = 0.021 Ok
Srx = Fn(Sxx, n) 304.1, 0.021 123.12 cm?®
Mrx = Srx.py 123.12x 275 33.859 kN.m
(Mx/Mrx)2+(My/Mry)22 (18.451/33.859)2+(0)'= 0.297 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.559/12.17= 375 OK
Pex = Area.pex 27.17x261.992/10= 711.832kN  Table 24 a
Ay = Ley/ryy 100x1x1.959/1.82 = 107.7 OK
Pcy = Area.pcy 27.17x127/10 = 345071 kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my=0.2+(. 1 5My+. SM3+. 15M,)/M 0.2+(.15x6+.5x15+.15x25)/36 > 0.44 I Table 18
m,=0.2+( IMy+.6My+ IM)/M, 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 | Table 26
M =0.2+(.IMy+.6M3+. 1M /M,, 0.2+(. 1x14+.6x5+.1x-12)/36>.8x14/36 .314 Table 26
My =0.2+(.IMy+.6My+. IM; /M 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0 1 Table 26
Lateral Buckling Check Mb @ 4.559 m
Le=1.00L 1x1.959= 1.959 m
A = Le/tyy 1.959/1.82 107.7 OK
v =Fn (x,Le,ryy.A) 43.607,1.959, 1.82, 107.7 0.936 Table 19
AL WV AA/Rw 0.864 x 0.936 x 107.7/ 1 87.06
pb =Fn (py,Ai7) 275,87.06 149.5 N/mm? Table 16
Mb = Sxx.pb< Mc¢ 304.1 x 149.5< 83.628 = 45.464 kN.m
Combined Axial Compression and Bending to Annex I @ 4.559 m
ry=mp1.Mp1/My 1x-36.2/45.5 0.796
r=Fo/Pey 15.5/345.1 0.045
AF(roALTH A/ (1yHre) (0.796+87.1+0.045+107.7)/(0.796+0.045) 88.162
A= 17.15¢ 2rptre)/(rotrc) 17.151(2+0.796+0.045)/(0.796+0.045) 33.386
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Mop= My(1-F/Pey) 45.464(1-15.5/345.1) 43.427
Myy= Mex(1-Fo/ Py)” 83.628(1-15.5/345.1)" 81.733
Mox= Mex(1-Fo/Pex)/(1+0.5F o/Pey) 83.628(1-15.5/711.8)/(1+0.5¢15.5/711.8) 80.933
Mgy= Mey(1-Fo/Pey )/(1+ky(Fo/Pey )) 6.689(1-15.5/345.1)/(1+1.0(15.5/345.1)) 6.116
Mab=tn{Ac,Aro,gs Mixys Mob) 88.162, 33.386, 1.000, 81.733, 43.427 43.427
Ma=(As,g, M, Mox) 37.468, 1.000, 33.859, 80.933 82.796
May=(Ay.g, Mry, Mqy) 107.696, 1.000, 6.682,6.116 6.116
M. My/Max 0.314x36.2/82.8 0.137 OK
MLr.MpL/ Mg 1x-36.2/43.4 0.833 OK
My My/Max 0.314x36.2/82.8 0.137 OK
Compare with Simplied to 4.8.3.3 0.201, 0.841, 0.841 0.841
Compare with MoreExact to 4.8.3.3 0.159,0.841, 0.447 0.841
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Member Loading and Member Forces
Loading Combination: 1 UT+ 1.4 D1+ 1.6 L1

Axial with Moments (Member)
Member SCL1Id 4 @ Level 1
Between 0.000 and 2.105 m, in Load Case 1

|

_g

Member Forces in Load Case 1
[ Mem Node Alal Slear Bending Maximum Maximum
ber End1 Force Force Moment Mamani Deflectlan
N, End2 (kN) (kN) (kN.m) (kN.m @ m) {mm @ m)
3 52.622C -2.555 o000 0.000
5 20 H0C #.508 -29.379 i@ 0000
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275}
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41,30.58, 275, 52.62,29.38,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 2.555/140.818= 0.018 Low Shear
Mcx = py.Sxx<1.2 py.Zxx 275x 171.351.2x275x 152.63 = 47.108 kN.m
Pz= Ag.py 24.26x275 = 667.15 kN
n=F/Pz 52.622/667.15 = 0.079 Ok
Srx = Fn(Sxx, n) 171.3,0.079 169.39 cm?®
Mrx = Srx.py 169.39x 275 46.583 kN.m
(Mx/Mrx)2'+(My/Mry)#2 (5.377/46.583)*+(0)'= 0.013 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3 OK
Pcx = Area.pex 24.26x244.084/10= 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 OK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
my 7=0.2+(.15My+.5My+. 15M)/M 0y 0.2+ 15x1+.5x3+.15x4)/5 > 0.44 .6 Table 18
my=0.2+(.1Mp+.6My+. IM)/M, 0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
M, =0.2+( IMy+.6My+. IMYM, . 0.24(.1x-3+.6x-5+.1x-8)/29 > 8x8/29 i.346  Table 26
My, =0.2+( 1My+.6My+. 1M My 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0 | Table26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A = Le/ryy 2.105/2.38 88.45 OK
v="Fn (x.Le,ryy,\) 22.562,2.105,2.38, 88.45 0.867 Table 19
A= UV ABw 0.889 x 0.867 x 88.454/ 1 68.22
pb=Fn (py,hi1) 275,68.22 192.77 N/mm? Table 16
Mb = Sxx.pb< Mc 171.3x 192.77<47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex 1
1,=my1.ML/Mp 0.6x-5.4/33 0.098
r=F¢/Pey 52.6/397.2 0.132
A=(toALTHrchy Y (tpHre) (0.098+68.2+0.132+88.4)/(0.098+0.132) 79.860
Aro=17.15¢ 2rptrc)/(rptre) 17.15¢1(2+0.098+0.132)/(0.098+0.132) 24.431
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SIDEBOTTOM RICHARDSON CHENG LTD. gzb Ref =314020
. Al . eet :
Cons.ultmg Structula! and Civil Engineers Made by : M‘AS
15 High Street, Spalding Date : 09 April 2020 / Ver. 2017.14
Lincolnshire PE11 1TW Checked
Telephone: 01775712660 Approved :
Mop= My(1-Fe/Pcy) 33.022(1-52.6/397.2) 28.647
Myy= Mu(1-F¢/ Pey)” 47.108(1-52.6/397.2)% 43.876
M= Mex(1-Fo/Pex)/(1+0.5F /Pey) 47.108(1-52.6/592.1)/(1+0.552.6/592.1) 41.095
Mgy= Mey(1-Fo/Pey )/(1+ky(Fo/Pey)) 8.973(1-52.6/397.2)/(1+1.0(52.6/397.2)) 6.873
Map=fn(AsArosgs My, Mob) 79.860,24.431, 1.000, 43.876, 28.647 30.383
Ma=f(Ax,g, Mix, Mox) 56.283, 1.000, 46.583, 41.095 43.455
May=fn(Ay,g, Mry, Mgy) 88.445, 1.000, 8.973, 6.873 6.873
M. My/Max 0.346x29.4/43.5 0.234 OK
m.MLMay 0.6x-5.4/30.4 0.106 OK
M. My/Max 0.346x29.4/43.5 0.043 OK
Compare with Simplied to 4.8.3.3 0.375,0.23,0.23 0.375
Compare with MoreExact to 4.8.3.3 0.315,0.23,0.079 0.315
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Consulting Structural and Civil Engineers Sheet 132
: , Made by : MAS
15 High Street, Spalding
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Lincolnshire PE11 1ITW Checked
Telephone: 01775 712660 Approved :

Axial with Moments (Member)
Member SCL11d 4 @ Level 1
Between 2.105 and 4.210 m, in Load Case 1

Member Loading and Member Forces ————Bondug Mlacat sl Mowbis Copaciee
Loading Combination : | UT+ 1.4 D1 + 1.6 L1
[
Member Forces in Load Case 1
I Mem Node Axial Shear Bending Maximum Muaximmn
bsiea Endl Force Farce Mpment Mlomiemt Deflection
M. EndZ (kN) (kN) {(kN.m) (kN.m @ m) {(mm @ m}
i 5146220 -2.555 0.000 i1, 0o
5 26.080C 508 29379 i@ 0,001}
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41,30.58, 275, 52.62,29.38,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 8.598/140.818 = 0.061 Low Shear
Mcx = py.Sxx<1.2 py.Zxx 275x 171.3<1.2x 275 x 152.63 = 47.108 kN.m
Pz = Ag.py 24.26x275= 667.15 kN
n=F/Pz 52.622/667.15= 0.079 Ok
Srx = Fn(Sxx, n) 171.3,0.079 169.39 cm?
Mrx = Srx.py 169.39 x 275 46.583 kN.m
(Mx/Mrx)?'+(My/Mry)%2 (29.379/46.583*+(0)'= 0.398 Ok
Compression Resistance P¢
AXx = Lex/rxx 100x1x4.21/7.48 = 56.3 OK
Pcx = Area.pex 24.26x244.084/10= 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 OK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
mp=0.2+(. 15My+.5M3+. 15M) /M0 0.2+(.15x7+.5x8+.15x9)/29 > 0.44 0.44 Table 18
my=0.2+(.1My+.6My+, IM,) My 0.2+(. 10+.6x0+.1x0)/0 > .8x0/0 | Table26
m,=0.2+( 1My+.6M3+. IM)/M, oy 0.2+(. 1x-3+.6x-5+.1x-8)/29 > .8x8/29 0.346 Table 26
My, =0.2+( IMy+.6My+. IM,)M o 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A =Lelryy 2.105/2.38 88.45 OK
v ="Fn (x.Le,ryy,A) 22.562,2.105,2.38, 88.45 0.867 Table 19
ALT= WVAARw 0.889x 0.867 x 88.45+/ 1 68.22
pb=Fn (py,Ai1) 275,68.22 192.77 N/mm? Table 16
Mb = Sxx.pb< Mc¢ 171.3 x 192.77< 47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex I
re=mp .My 1/My 0.44x-29.4/33 0.391
1=Fo/Pey 52.6/397.2 0.132
A=(rpALrHredy )/(nptre) (0.39168.2+0.132+88.4)/(0.391+0.132) 73.336
Aro=17.15¢ (2rptre)/(rotre) 17.151(2+0.391+0.132)/(0.391+0.132) 29.963
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Lincolnshire PE11 ITW Checked
Telephone: 01775 712660 Approved :
M= Mp(1-Fo/Pey) 33.022(1-52.6/397.2) 28.647
Myy= Mex(1-Fo/ Pey)” 47.108(1-52.6/397.2)" 43.876
M= Mex(1-F/P e )/(140.5F /Pey) 47.108(1-52.6/592.1)/(1+0.552.6/592.1) 41.095
Moy= Mey(1-Fo/Pey )/(1+ky(Fo/Pey)) 8.973(1-52.6/397.2)/(1+1.0(52.6/397.2)) 6.873
Ma=fn{Ar, Aro,g, Miy, Mob) 73.336,29.963, 1.000, 43.876, 28.647 32.651
Max=f(As,g; M, Mox) 56.283, 1.000, 46.583, 41.095 43.455
May=f(Ay,g, My, Moy) 88.445, 1.000, 8.973,6.873 6.873
My My/Max 0.346x29.4/43.5 0.234 OK
myr. ML/Ma 0.44x-29.4/32.7 0.396 OK
My My/M,y 0.346x29.4/43.5 0.234 OK
Compare with Simplied to 4.8.3.3 0.375,0.524, 0.524 0.524
Compare with MoreExact to 4.8.3.3 0.314,0.524,0.315 0.524
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Consulting Structural and Civil Engineers Sheet 34
z . Made by : MAS
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Lincolnshire PE11 1TW Checked
Telephone: 01775 712660 Approved :

Axial with Moments (Member)
Member SCL1Id 5§ @ Level 1
Between 0.000 and 2.105 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 D1+ 1.6 L1

T

Member Forces in Load Case 1
[T Mem Naode Axial Shear Bending Maximum Almimm
beer Enadl Fores Foree Mlnment Moment Deflection
Mo, Enall (kN) (kN) {kN.m) (kN.m @ m) (mm @ m)
B T 20700 B 598 0000 0,001
] 27.629C 5598 619 i 11,00
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275}
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41,30.58,275,28.73,36.2,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 8.598/140.818= 0.061 Low Shear
Mcex = py.Sxx<1.2 py.Zxx 275x 171.351.2x 275 x 152.63 = 47.108 kN.m
Pz = Ag.py 2426 x275= 667.15 kN
n=F/Pz 28.73/667.15 = 0.043 Ok
Srx = Fn(Sxx, n) 171.3,0.043 170.73 cm?
Mrx = Srx.py 170.73 x 275 46.951 kN.m
(Mx/Mrx)?'+(My/Mry)Z2 (18.098/46.951)>+(0)'= 0.149 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3 OK
Pcx = Area.pex 24.26x244.084/10= 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 OK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN  Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
MLr=0.2+( 15My+. 5My+. 15M,) M, o 0.2+(.15x5+.5x9+.15x14)/18 > 0.44 0.6 Table 18
m,=0.2+(. 1My +.6My+. IM)/ M, 0.2+(. 1x0+.6x0+. 1x0)/0 > .8x0/0 | Table26
m,=0.2+(. IMy+.6M3+. IM /M, 0.2+(.1x9+.6x 18+.1x27)/36 > .8x27/36 0.6 Table 26
My =0 2+ IMy+.6My+. MM 0.2+(. 1x0+.6x0+. 1x0)/0 > .8x0/0 | Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A =Le/ryy 2.105/2.38 88.45 OK
v =TFn (x.Le,ryy,A) 22.562,2.105,2.38, 88.45 0.867 Table 19
A= UV AABw 0.889 x 0.867 x 88.45+/ 1 68.22
pb =Fn (py,\i1) 275,68.22 192.77 N/mm? Table 16

Mb = Sxx.pb< Mc 171.3 x 192.77< 47.108 = 33.022 kN.m

Combined Axial Compression and Bending to Annex |

re=m .My /My 0.0x18.1/33 0.329
re=Fo/Pgy 28.7/397.2 0.072
A= (rpALTH A ) (1otre) (0.329+68.2-+0.072+88.4)/(0.329+0.072) 71.868
Ar=17.15¢ 2ro+re)/(rptre) 17.151(2:0.329+0.072)/(0.329+0.072) 31.208
Mov= Mp(1-Fe/Pey) 33.022(1-28.7/397.2) 30.634
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SIDEBOTTOM RICHARDSON CHENG LTD. | JobRer :14020
Consulting Structural and Civil Engincers Sheet :35,
R ] Made by : MAS
L Migh) Street, Spalding Date : 09 April 2020/ Ver. 2017.14
Lincolnshire PEI1 1TW Checked
Telephone: 01775712660 Approved :
M= M(1-Fo/ Pey) 47.108(1-28.7/397.2)" 45.372
Ma= Me(1-Fo/Po)/(14+0.5F/Pey) 47.108(1-28.7/592.1)/(1+0.528.7/592.1) 43.760
Moy= Meu(1-Fo/Pey ) (1+ky(Fe/Pey)) 8.973(1-28.7/397.2)/(1+1.0(28.7/397.2)) 7.762
Mau=fn(AnAiog, Mxy, Mob) 71.868,31.208, 1.000,45.372,30.634 34.798
Max=M(Ax,gs M, Mox) 56.283, 1.000,46.951, 43.760 45.132
May=tn(Ay.g, My, Moy) 88.445,1.000, 8.973,7.762 7.762
My My/Max 0.6x36.2/45.1 0.481 OK
myr.ML/Ma, 0.6x18.1/34.8 0.312 OK
My My/Mag 0.6x36.2/45.1 0.241 OK
Compare with Simplied to 4.8.3.3 0.59,0.401, 0.401 0.59
Compare with MoreExact to 4.8.3.3 0.521,0.401,0.248 0.521
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SIDEBOTTOM RICHARDSON CHENG LTD. | JobRef :14020
Consulting Structural and Civil Engineers G 36,
. . Made by : MAS
15 High Street, Spalding Date : 09 April 2020 / Ver. 2017.14
Lincolnshire PE11 1TW Checked
Telephone: 01775712660 Approved :

Axial with Moments (Member)
Member SCL11d 5 @ Level 1
Between 2.105 and 4.210 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 D1 + 1.6 L1

lending Slarmen and Slember Fapac

Member Forces in Load Case 1
[ Mem Mode Axial Shear Bending Mluskmam Mlosinmm
ber End1 Farce Furce Maonsend Maneeni Deflection
M. End2 (kN) (kN) (kN.m} (kN.m @ m) (mm @ m)
7 ZET30C W Sy 0 OHR {k CHID
“ i 27,629C 8 508 36108 [ {00
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41, 30.58, 275, 28.73, 36.2,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases I-6
Local Capacity Check
Fvx/Pvx 8.598/140.818 = 0.061 Low Shear
Mcex = py.Sxx<1.2 py.Zxx 275x 171.31.2x 275 x 152.63 = 47.108 kN.m
Pz = Ag.py 2426 x275= 667.15 kN
n=F/Pz 28.73/667.15= 0.043 Ok
Srx = Fn(Sxx, n) 171.3,0.043 170.73 cm?
Mrx = Srx.py 170.73 x 275 46.951 kN.m
(Mx/Mrx)?'+(My/Mry)Z? (36.198/46.951+0)'= 0.594 (K
Compression Resistance P¢
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3 OK
Pcx = Area.pex 24.26x244.084/10 = 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 OK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN  Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
My =0.2+(15My+ SMy+. ISM)/M,, 0.2+( 15x23+.5x27+.15x32)/36 > 0.4 0.8 Table 18
m,=0.2+(. | My+.6M+ IM)/M, ¢ 0.2+(.1X0+.6x0+. 1x0)/0 > .8x0/0 I Table26
M =0.2+( [My+.6My+. IMM, . 0.2+(.1x9+.6x18+.1x27)/36 > .8x27/36 0.6i  Table 26
My =02+ IMy+.6M3+. 1M )/M, o 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 1 Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A = Le/ryy 2.105/2.38 88.45 OK
v="Fn (x.Le,ryy,A) 22.562,2.1085, 2.38, 88.45 0.867 Table 19
A= wVAARw 0.889 x 0.867 x 88.45+/ 1 68.22
pb=Fn (py,Ai1) 275, 68.22 192.77 N/mm? Table 16
Mb = Sxx.pb< Mc 171.3x192.77< 47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex I
rp=mp.Mp1/M, 0.8x36.2/33 0.877
1=F¢/Pey 28.7/397.2 0.072
A=(rpAirtrehy Y (rptre) (0.877-68.2+0.072-88.4)/(0.877+0.072) 69.763
Aro=17.15¢ 2rytrc)/(nytre) 17.151(2+0.877+0.072)/(0.877+0.072) 32.993
M= My(1-F¢/Pey) 33.022(1-28.7/397.2) 30.634
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SIDEBOTTOM RICHARDSON CHENG LTD. | JobRef :14020
Consulting Structural and Civil Engineers Sheet :37
! . Made by : MAS
15 High Street, Spalding Date £ 09 April 2020 / Ver. 2017.14
Lincolnshire PE11 1TW Checked
Telephone: 01775712660 Approved :
Myy= M(1-F/ Pey)*” 47.108(1-28.7/397.2)* 45.372
Mox= Mex(1-Fo/Po)/(1+0.5F/Pey) 47.108(1-28.7/592.1)/(140.5+28.7/592.1) 43.760
Moy= Moy(1-Fo/Pey )/(1+ky(F/Pey)) 8.973(1-28.7/397.2)/(1+1.0(28.7/397.2)) 7.762
Mao=t(Ar, Aro,gs My, Mob) 69.763, 32.993, 1.000, 45.372, 30.634 35.589
Mac=t(A,g, Mrx, Mox) 56.283, 1.000, 46.951, 43.760 45.132
May=fn(Ay.g, Mry, Moy) 88.445, 1.000, 8.973, 7.762 7.762
My My/May 0.6x36.2/45.1 0.481 OK
lTlLT.MLT/Mab 0.8x36.2/35.6 0.814 OK
my.My/Mag 0.6x36.2/45.1 0.481 OK
Compare with Simplied to 4.8.3.3 0.59, 0.949, 0.949 0.949
Compare with MoreExact t0 4.8.3.3 0.521,0.949, 0.662 0.949
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Consulting Structural and Civil Engineers Shegt 38
: . Made by : MAS
15 High Streef, Spalding Date : 09 April 2020 / Ver. 2017.14
Lincolnshire PE11 1TW Checked
Telephone: 01775712660 Approved :

Axial with Moments (Member)
Member SCL1Id 6 @ Level 1 in Load Case 1

Member Loading and Member Forces "
Loading Combination : 1 UT+ 1.4 DI + 1.6 L1
Member Forces in Load Case 1
[ Mem Mode Axial Shear Bending Hluakim BMunximum
ler Endl Forew Foren Wlameni AMameni Deflection
Na, End2 (kN) (kN} (kN.m) (kN.m @ m} (mm @ m)
1 | 28 4200 i (144 (L IHE] 13.000
? 2r.mac -6.044 -19.128 i £.000

Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49,36.5,275,28.43, 19.13, 0

Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 6.044 /248.886 =
Mcx = py.Sxx<1.2 py.Zxx 275x393.1<1.2x 275 x 351.18 =
Pz= Agpy 39.67x275=
n=F/Pz 28.429/1090.925 =
Srx = Fn(Sxx, n) 393.1,0.026
Mrx = Srx.py 392.65x 275

(Mx/Mrx)2-+HMy/Mry)22 (19.128/107.98)2+(0)'=

Compression Resistance Pc

Ax = Lex/rxx 100x1x3.165/10.55 =
Pcx = Area.pex 39.67x267.209/10 =
Ay = Ley/ryy 100x1x3.165/3.36=

Pcy = Area.pcy 39.67x152.02/10=

my=0.24(.15My+ SMy+. 15My)Y/M s 0.2+(.15x5+.5x10+.15x14)/19 > 0.44
my=0.2+( IMy*.6My+. M)/ Mo 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0

M =0.2+(.IMy+.6My+. 1M,)/M
My =0.2+(. 1Mo+ 6My+. IM /M0 0.2+(.1x0+.6x0+. 10)/0 > .8x0/0

Lateral Buckling Check Mb

Le=1.00L 1x3.165=

A= Lelryy 3.165/3.36

v =Fn (x.Le,ryy,\) 29.496, 3.165, 3.36, 94.2
AL WV.AABw 0.88x0.902 x 94.24/ 1

pb="Fn (py,Ar7)
Mb = Sxx.pb< Me

275,74.8
393.1x176.87< 108.103 =

Combined Axial Compression and Bending to Annex I
rb:mLT-MLT/Mb 0.6x-19.1/69.5
r=F/Pey 28.4/603.1

- 0.2+(1x-5+.6x-10+. 1x-14)/19 > 8x14/19

Equivalent Uniform Moment Factors mLT, mx, my and myx

A= (rpALTHreAy ) (o tre)

Aro=17.15¢ Qo tre)/(rotre)

Mob= Mb( 1 'FC/PC)')
M.\'y: Mex(1-Fof Pey)”

Mox: Mcx( 1 'Fc/ch)/( | +0-51::(:/ch)

(0.165+74.8+0.047+94.2)/(0.165+0.047)
17.15¢1(200.165+0.047)/(0.165+0.047)
69.526(1-28.4/603.1)
108.103(1-28.4/603.1)%
108.103(1-28.4/1060)/(1+0.5+28.4/1060)

(Axial: Non-Slender)

0.024
108.103 kN.m
1090.925 kN
0.026

392.65 cm?®
107.98 kN.m
0.031

30

1060.020 kN
94.2
603.065 kN

(1.6

.6

3.165m

942

0.902

74.8

176.87 N/mm?
69.526 kN.m

0.165
0.047
79.110
30.491
66.249
105.524
103.811

Plastic

Low Shear

OK

(]9

OK
Table 24 a
OK
Table 24 b

Table 18
Table 26
Table 26
Table 26

OK
Table 19

Table 16
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Lincolnshire PE11 1TW Checked
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Moy= Meo(1-Fo/Pey)/(1+ky(F/Pey)) 20.255(1-28.4/603.1)/(1+1.0(28.4/603.1)) 18.432
Mab=n(Ar,Arosg5 Mixys Mab) 79.110,30.491, 1.000, 105.524, 66.249 71.296
Ma=n(Asg, M, Moy) 30.000, 1.000, 107.980, 103.811 107.200
May=f(Ay,e, Mry, Moy) 94.196, 1.000, 20.255, 18.432 18.432
My My/Max 0.6x19.1/107.2 0.107 OK
my7.ML/Map 0.6x-19.1/71.3 0.161 OK
M. My/Max 0.6x19.1/107.2 0.107 OK
Compare with Simplied to 4.8.3.3 0.166,0.212,0.212 0.212
Compare with MoreExact to 4.8.3.3 0.135,0.212,0.111 0.212
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SIDEBOTTOM RICHARDSON CHENG LTD. | JobRef :14020
Consulting Structural and Civil Engineers Stieet a3
] . Made by :MAS
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End-Plate 280 x 150 x 15 mm (5 keg)
4 No. M20 Grade 8.8 Bolts in 22 mm holes
Welds grd E 35 Plates S 275
Beam 254x146 UB 31 [S275]
Column 254x146 UB 31 [S275|
Top 13 above top flange

Eaves joint at : End 1 of Member SBL11Id 1 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 001 : Dead plus Live (Ultimate)

Basic Data
Integrated Applied Forces at Column/Right Rafter Interface
Right Rafter Forces M, Fvr, Fr 15.9 kNm, 25.5 kN, 8.7 kN
Resultant Forces M, Fv, F 15.9 kNm, 26.3 kN, 6.1 kN
Load directions Top of Joint in Tension, Rafter moving Down and in Compression.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Basic Dimensions
Column-254x146UB31 [28] D=251.4, B=146.1, T=8.6, t=6.0, r=7.6, py=275
Rafter-254x146UB31 [28] D=251.4, B=146.1, T=8.6, t=6.0, r=7.6, py=275
Bolts 20 mm © in 22 mm holes Grade 8.8 Bolts
Plates S 275, Welds E 35
Rafter Capacities Mc, Fvc, Fc 108.8 kN.m, 250.2 kN, 1093.1 kN Mc = 108.8 kN.m (]9

Summary of Results (Unity Ratios)

Moment Capacity 22.0 kNm (for I rows of bolts) (Modified Applied Moment Mm=15.1 kNm) (.64 OK
Shear Capacity ool OK
Flange Welds 0.26 01,26 OK
Web Welds 0.31,0.12 .31 OK
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Sheet P 4
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Checked
Approved :

Basic Data

Eaves joint at : End 1 of Member SBL1Id 1 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 002 : Dead Plus Wind Case 1

Integrated Applied Forces at Column/Right Rafter Interface

Right Rafter Forces M, Fvr, Fr -7.4 kNm, -16.3 kN, -1.2 kN

Resultant Forces M, Fv, F -7.4 kNm, -16.4 kN, 0.5 kN

L.oad directions Bottom of Joint in Tension, Rafter moving Up and in Compression.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95

Rafter Capacities Mc, Fvc, Fc 108.8 kN.m, 250.2 kN, 1093.1 kN Mc = 108.8 kN.m

Summary of Results (Unity Ratios)

0.07
013
031

Moment Capacity 14.3 kNm (for 1 rows of bolts) (Modified Applied Moment Mm=7.3 kNm) 0.51
Shear Capacity

Ilange Welds 0.13

Web Welds 0.31,0.08

Ok

OK
OK
OK
OK
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End-Plate 280 x 150 x 15 mm (5 ke)

4 No. M16 Grade 8.8 Bolts in 18 mm holes Welds grd E 35 Plates S 275

Beam 254x146 UB 31 [S275]
Column 178x102 UB 19 [S275]
Top 84 above top flange

Beam to Column Flange Joint at : End 2 of Member SBL11d 1 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 001 : Dead plus Live (Ultimate)

Basic Data

Integrated Applied Forces at Column/Left Rafter Interface

Left Rafter Forces M, Fvr, Fr
Resultant Forces M, Fv, F
Load directions

Design to

Basic Dimensions
Column-178x102UB19 [28]
Rafter-254x146UB31 [28]
Bolts 16 mm @ in 18 mm holes
Plates S 275, Welds E 35

15.1 kNm, 25.4 kN, 3.4 kN

15.1 kNm, 24.9 kN, 6.0 kN

Top of Joint in Tension, Rafter moving Down and in Compression.
BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95

D=177.8, B=101.2, T=7.9,
D=251.4, B=146.1, T=8.6
Grade 8.8 Bolts

t=4.8, r=7.6, py=275
t=6.0, r=7.6, py=275

>

Rafter Capacities Mc, Fvc, Fc 108.8 kN.m, 250.2 kN, 1093.1 kN Mc=108.8 kN.m Ok
Summary of Results (Unity Ratios)

Moment Capacity 17.4 kNm (for 1 rows of bolts) (Modified Applied Moment Mm=14.4 kNm) (.83 OK

Shear Capacity (.15 OK

Flange Welds 0.25 025 OK

Web Welds 0.30,0.11 0.30 OK

Column Compression stiff Web Weld ~ 0.15 (.15 OK
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Beam to Column Flange Joint at : End 2 of Member SBL1Id 1 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 002 : Dead Plus Wind Case 1

Basic Data
Integrated Applied Forces at Column/Left Rafter Interface
Left Rafter Forces M, Fvr, Fr -9.4 kNm, -16.8 kN, -2.1 kN
Resultant Forces M, Fv, F -9.4 kNm, -16.5 kN, -3.8 kN
Load directions Bottom of Joint in Tension, Rafter moving Up and in Tension.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Rafter Capacities Mc, Fve, Fc 108.8 kN.m, 250.2 kN, 1093.1 kN Mc = 108.8 kN.m (s

Summary of Results (Unity Ratios)

Tensile Capacity 0.04 OK
Moment Capacity 17.9 kNm (for 1 rows of bolts) (Modified Applied Moment Mm=9.8 kNm) 0.55 OK
Shear Capacity 0.10 OK
Shear Capacity (Fv & T) 0.07 OK
Column Tension Stiffener at row 0 0.00,0.15,0.01, 0.06, 0.22 0.22 OK
Flange Welds 0.17 0.17 OK
Web Welds 0.31,0.07 0.31 OK
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End-Plate 325 x 120 x 15 mm (5 ke)

Welds grd E 35 Plates S 275 6 No. M16 Grade 8.8 Bolts in 18 mm holes

Beam 152x89 UB 16 [S275]
Haunch 152x89 UB 16 |S275}

Column 178x102 UB 19 |S275]
Top 50 above top flange

Eaves joint at : End 1 of Member SBL11d 2 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 001 : Dead plus Live (Ultimate)

Basic Data
Integrated Applied Forces at Column/Right Rafter Interface
Right Rafter Forces M, Fvr, Fr 27.3 kNm, 22.4 kN, 15.1 kN
Resultant Forces M, Fv, F 27.3 kNm, 25.6 kN, 8.7 kN
Load directions Top of Joint in Tension, Rafter moving Down and in Compression.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Basic Dimensions
Column-178x102UB19 [28] D=177.8, B=101.2, T=7.9, t=4.8, r=7.6, py=275
Rafter-152x89UB16 [28] D=152.4, B=88.7, T=7.7, t=4.5, r=7.6, py=275
Haunch-152x89UB 16 [28] D=152.4, B=88.7, T=7.7, t=4.5, =7.6, py=275
Bolts 16 mm © in 18 mm holes Grade 8.8 Bolts
Plates S 275, Welds E 35
Rafter Capacities Mc, Fvc, Fc 83.8 kN.m, 226.6 kN, 747.7 kN Mc=83.8 kN.m OK

Summary of Results (Unity Ratios)

Moment Capacity 32.5 kNm (for 2 rows of bolts) (Modified Applied Moment Mm=25.3 kNm) 0.78 OK
Shear Capacity 0.12 OK
Flange Welds 0.62 0.62 OK
Web Welds 0.34,0.11 0.34 OK
Haunch Welds 0.96 0.96 OK
Column Compression stiff Web Weld ~ 0.22 0.22 OK
End of Haunch Compression Zone 0.04, 0.04 0.04 OK
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Eaves joint at : End 1 of Member SBL1Id 2 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 002 : Dead Plus Wind Case 1

Basic Data
Integrated Applied Forces at Column/Right Rafter Interface
Right Rafter Forces M, Fvr, Fr -12.8 kKNm, -13.4 kN, -8.2 kN
Resultant Forces M, Fv, F -12.8 kNm, -15.0 kN, -4.5 kN
Load directions Bottom of Joint in Tension, Rafter moving Up and in Tension.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Rafter Capacities Mc, Fve, Fc 83.8 kN.m, 226.6 kN, 747.7 kN Mc =83.8 kN.m (8114

Summary of Results (Unity Ratios)

Tensile Capacity 0.02 OK
Moment Capacity 21.5 kNm (for 2 rows of bolts) (Modified Applied Moment Mm=13.1 kNm) 0.61 OK
Moment Capacity 21.5 kNm (for the 1 rows of bolts required in the tension zone) 0.61 OK
Shear Capacity 0.05 oK
Shear Capacity (Fv & T) 0.04 OK
Column Tension Stiffener at row 0 0.00,0.16, 0.93, 0.93 0.93 OK
Beam Tension Stiffener at row 1 0.10, 0.44, 0.90 0.90 OK
Flange Welds 0.32 0.32 OK
Web Welds 0.29, 0.05 0.29 OK
Haunch Welds 0.96 0.96 OK
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End-Plate 270 x 120 x 15 mm (4 kg)}
4 No. M16 Grade 8.8 Bolts in 18 mm holes

Left Rafter Forces M, Fvr, Fr
Resultant Forces M, Fv, F
Load directions

Design to

Basic Dimensions
Rafter-152x89UB16 [28]
Bolts 16 mm © in 18 mm holes
Plates S 275, Welds E 35

3
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Apex joint at : End 2 of Member SBL11d 2 - Level 1
Beam to Beam End-Plated Connection to BS 5950
Loading Case 001 : Dead plus Live (Ultimate)

Basic Data

Integrated Applied Forces at End-plate Interface

-16.2 kNm, 3.0 kN, 8.1 kN

-16.2 kNm, 0.8 kN, 8.6 kN

Bottom of Joint in Tension, Rafter moving Down and in Compression.
BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95

D=152.4, B=88.7, T=7.7, t=4.5, r=7.6, py=275
Grade 8.8 Bolts

Rafter Capacities Mc, Fvc, Fc 35.4kN.m, 117.1 kN, 565.4 kN Mc=35.4 kN.m (]
Summary of Results (Unity Ratios)

Moment Capacity 36.2 kNm (for | rows of bolts) (Modified Applied Moment Mm=15.6 kNm) 43 OK

Shear Capacity (.00 OK

Extended End-plate Stiffener 0.47,0.88,0.88 ), 48 OK

Flange Welds 0.43 (.43 OK

Web Welds 0.00, 0.00 (.00 OK
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End-Plate 325 x 120 x 15 mm (5 ke)
6 No. M16 Grade 8.8 Bolts in 18 mm holes

L ]

Welds grd E 35 Plates S 275
Beam 152x89 UB 16 [S275]
Haunch 152x89 UB 16 [S275)

Column 178x102 UB 19 [S275]
Top 70 above top flange

Eaves joint at : End 2 of Member SBL1Id 3 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 001 : Dead plus Live (Ultimate)

Basic Data
Integrated Applied Forces at Column/Left Rafter Interface
Left Rafter Forces M, Fvr, Fr 34.0 kNm, 23.9kN, 15.5 kN
Resultant Forces M, Fv, F 34.0 kNm, 27.1 kN, 8.7 kN
Load directions Top of Joint in Tension, Rafter moving Down and in Compression.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Basic Dimensions
Column-178x102UB19 [28] D=177.8, B=101.2, T=7.9, t=4.8, r=7.6, py=275
Rafter-152x89UB16 [28] D=152.4, B=88.7, T=7.7, t=4.5, r=7.6, py=275
Haunch-152x89UB 6 [28] D=152.4, B=88.7, T=7.7, t=4.5, 1=7.6, py=275
Bolts 16 mm @ in 18 mm holes Grade 8.8 Bolts
Plates S 275, Welds E 35
Rafter Capacities Mc, Fvc, Fc 83.8 kN.m, 226.6 kN, 747.7 kN Mc = 83.8 kN.m K

Summary of Results (Unity Ratios)

Moment Capacity 32.5 kNm (for 2 rows of bolts) (Modified Applied Moment Mm=32.0 kNm) 0.98 OK
Shear Capacity 0.13 OK
Flange Welds 0.78 0.78 OK
Web Welds 0.34,0.11 0.34 OK
Haunch Welds 0.96 0.96 OK
Column Compression stiff Web Weld — 0.27 0.27 OK
End of Haunch Compression Zone 0.06, 0.06 0.06 OK
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Eaves joint at : End 2 of Member SBL11d 3 - Level 1
Beam to Column Flange End-Plated Connection to BS 5950
Loading Case 005 : Dead Plus Wind Case 4

Basic Data
Integrated Applied Forces at Column/Left Rafter Interface
Left Rafter Forces M, Fvr, Fr -19.7 kNm, -15.7 kN, -4.7 kN
Resultant Forces M, Fv, FF -19.7 kNm, -16.4 kN, -0.5 kN
Load directions Bottom of Joint in Tension, Rafter moving Up and in Tension.
Design to BS 5950-1: 2000 and the SCI Green Book: SCI-P-207/95
Rafter Capacities Mc, Fvc, Fc 83.8 kN.m, 226.6 kN, 747.7 kN Mc =83.8 kN.m Ok

Summary of Results (Unity Ratios)

Tensile Capacity 0.00 OK
Moment Capacity 23.1 kNm (for 2 rows of bolts) (Modified Applied Moment Mm=19.7 kNm) 0.86 OK
Moment Capacity 21.9 kNm (for the 1 rows of bolts required in the tension zone) 0.90 OK
Shear Capacity 0.06 OK
Shear Capacity (Fv & T) 0.05 OK
Column Tension Stiffener at row 0 0.00, 0.16, 0.93, 0.93 0.93 OK
Beam Tension Stiffener at row 1 0.10, 0.44, 0.90 0.90 OK
Flange Welds 0.48 0.48 OK
Web Welds 0.29, 0.05 0.29 oK
Haunch Welds 0.96 0.96 OK
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MasterFrame Data File
Loading Cases and Load Combination

Load Group Labels

Load Group UT Unity Load Factor (All Cases)
Load Group D1 Dead Load

Load Group L1 Live Load

Load Group W1 Wind Load

Load Group W2 Wind Load

Load Group W3 Wind Load

Load Group W4 Wind Load

Load Group W35 Wind Load

Load Case 001 : Dead plus Live (Ultimate)
Load Combination +1.00UT+ 1.40D1+1.60 L1

Load Case 002 : Dead Plus Wind Case 1
L.oad Combination +1.00UT+ 1.00 DI + 1.40 W1

Load Case 003 : Dead Plus Wind Case 2
Load Combination + .00 UT+ 1.00DI1 + 1.40 W2

Load Case 004 : Dead Plus Wind Case 3
Load Combination + 1.OOUT+1.00D1+1.40 W3

Load Case 005 : Dead Plus Wind Case 4
Load Combination +1.00UT+ 1.00 D1 + 1.40 W4

Load Case 006 : Dead Plus Wind Case 5
Load Combination +1.00 UT+ 1.00 D1 + 1.40 W5

The Nodal Co-ordinates

Mode X (m) Y {m) Z (m) Node X (m) Y (m) Z  (m)
1 8.340 0.000 0.000 2 11.740 0.000 0.000
3 0.000 0.000 0.000 & 0.000 3.165 0.000
] 8.340 4.010 0.000 & 17.149 0.000 0.000
N 8.340 4.210 0.000 8 11.740 9 il 0.000
3 12.745 5.390 0.000 10 17.149 4.210 0.000
Member Properties
Members | & 7
M ... 2 254x146 UB 31 [S 275])
A 39.67E-4 Ix 4414E-8 Iy 448.4E-8 J 8.55E-8
E 205.0E6 G 78.85E6
Members 2-3  (0.800m Haunch Endl (304.8), 0.500m Haunch End2 (228.6))
MD ... i 152x89 UB 16 (S 275]
A 20.32E-4 Ix 835.2E-8 Iy 90.6E-8 J 3.56E-8
E 205.0E6 G 78.85E6
Member 4 (0.500m Haunch Endl1 (228.6), 0.800m Haunch End2 (304.8))
MD o il 152x89 UB 16 [S 275)
A 20.32E-4 Ix 835.2E-8 Iy 90.6E-8 J 3.56E-8
E 205.0E6 G 78.85E6

Members 5 & 8-9
M ... 178x102 UB 19 [S 275])
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A 24.26E-4 Ix 1357E-8 Iy 137.6E-8 J 4.41E-8
E 205.0E6 G 78.85E6
Member 6
o] e 152x152 UC 23 [5 275]
A 29.24E-4 Ix 1251E-8 Iy 400.8E-8 J 4.63E-8
E 205.0E6 G 78.85E6
Member Loading
Member Self Weight Density Load Included in Load Group D1, defined by Modulus of Elasticity
E kN/mm? Density kN/m?
>=200.00 77.01
>=20.00 24.00
>=2.00 10.00
Member 1
D1 UDLY -000.793 { kN/m )
L1 UDLY -002.973 [ kN/m )
W1l UDLN +003.679 i kN/m )
W2 UDLN +002.093 i kN/m )
W3 UDLN +003.171 i kN/m )
W4 UDLN +001.903 i kN/m )
WS UDLN +000.317 { kN/m )
UT PartFix 20.00 --— +++ (Mt My Mz)
Members 2-3
D1 UDLY -000.793 I kN/m |
L1 UDLY -002.973 [ kN/m |
Wl UDLN +003.679 i kN/m |
W2 UDLN +002.093 [ kN/m |
W3 UDLN +003.171 [ kN/m |
W4 UDLN +001.903 { kN/m |
W5 UDLN +000.317 i kN/m }
Member 4
D1 UDLY -000.793 I kN/m }
L1l YDLY =002.973 I kN/m }
Wl UDLN +001.903 { kN/m }
W2 UDLN +000.317 i kN/m }
W3 UDLN +003.171 i kN/m }
W4 UDLN +003.679 { kN/m |
W5 UDLN +002.093 { kN/m |
Member 7
Wl UDLX +001.586 [ kN/m )
W2 UDLX +003.171 i kN/m )
W3 UDLX -002.220 { kN/m |
W4 UDLX -001.268 | kN/m |
W5 UDLX +000.317 { kN/m |
Member 9
Wl UDLX +001.268 { kN/m |
W2 UDLX -000.317 [ kN/m }
W3 UDLX +002.220 [ kN/m }
W4 UDLX -001.586 [ kN/m }
W5 UDLX =003.171 [ kKN/m }
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Member 6 8 +180.00

NODES 1-3& 6
UT Rs 1 1 1 0 0 0 (Pinned)

NODE 1
UT Rs 01 0000

Member Orientation

Nodal Loading and Support Conditions
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Nodal Deflections (001 : Dead plus Live (Ultimate))
Nodal Def. (imm and Degrees) Nodal Def. (mm and Degrees)
Node Node
AN L QL A & XY EX D aY % L A & XY
| 0.00 0.00 -0.41 0.00 2 0.00 0.00 -0.25 0.00
3 0.00 0.00 -0.29 0.00 4 19.75 -0.11 -0.50 19.75
5 19.70 -0.27 -0.02 19.70 & 0.00 0.00 -0.54 0.00
7 19.77 -0.28 -0.03 19.78 8 19.73 -0.23 -0.16 19.73
9 20.99 -5.01 -0.31 21.58 10 22.24 -0.16 0.16 22.24
Nodal Deflections (002 : Dead Plus Wind Case 1)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
iX2 R Qi A & XY axX-=> 5Y ML A 5 XY
I 0.00 0.00 0.26 0.00 2 0.00 0.00 0.23 0.00
3 0.00 0.00 0.18 0.00 4 -13.29 0.07 0.34 13.29
5 -13.27 0.19 0.04 13.28 ] 0.00 0.00 0.17 0.00
7 -13.44 0.20 0.05 13.44 B -13.36 0.09 0.00 13.36
9 -13.38 0.24 0.01 13.38 10 -13.34 0.06 0.08 13.34
Nodal Deflections (003 : Dead Plus Wind Case 2)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
§X D YA OL A 5 XY X =2 oY BhZ A & XY
| 0.00 0.00 0.10 0.00 2 0.00 0.00 0.10 0.00
3 0.00 0.00 0.04 0.00 4 -5.34 0.03 0.17 5.34
5 -5.39 0.08 0.03 5.40 ] 0.00 0.00 0.10 0.00
7 -5.51 0.08 0.04 5.51 ] -5.52 0.04 -0.02 5.52
9 -5.40 -0.43 -0.03 5.41 10 -5.29 -0.01 0.05 5.29
Nodal Deflections (004 : Dead Plus Wind Case 3)
Nodal Def. (inm and Degrees) Nodal Def. (mm and Degrees)
Node Node
58X =2 YA OZ A 5 XY 86X | Y2 D7 A & XY
| 0.00 0.00 0.29 0.00 K 0.00 0.00 0.22 0.00
3 0.00 0.00 0.25 0.00 | -14.25 0.06 0.29 14.25
5 -14.16 0.17 0.03 14.16 ] 0.00 0.00 0.17 0.00
7 -14.27 0.17 0.03 14.27 b -14.14 0.07 0.03 14.14
9 -14.38 1.11 0.08 14.42 1 -14.50 0.11 0.05 14.50
Nodal Deflections (005 : Dead Plus Wind Case 4)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
X2 Y A PpZ A & XY XD &Y A w7 A 5 XY
| 0.00 0.00 0.39 0.00 2 0.00 0.00 0.25 0.00
i 0.00 0.00 0.39 0.00 4 -19.39 0.02 0.30 19.39
5 -19.37 0.06 0.0§ 19.37 5 0.00 0.00 0.59 0.00
7 -19.52 0.06 0.04 19.53 4 -19.52 0.11 0.15 19.52
g -20.55 3.98 0.25 20.93 0 -21.57 0.10 -0.16 21.57
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Nodal Deflections (006 : Dead Plus Wind Case 5)
Nodal Def. (mm and Degrees) Nodal Def. (mm and Degrees)
Node Node
5X =2 GY QL A & NY R &Y Dz A & XY
1 0.00 0.00 0.23 0.00 2 0.00 0.00 0.13 0.00
i 0.00 0.00 0.25 0.00 4 -11.44 -0.02 0.12 11.44
b -11.49 -0.05 0.04 11.49 6 0.00 0.00 0.52 0.00
7 -11.60 -0.05 0.02 11.60 8 -11.69 0.06 0.13 11.69
g -12.56 3.31 0.20 12.99 10 -13.52 0.03 -0.20 13.52
Member Forces Ultimate (001 : Dead plus Live (Ultimate))

Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)

i 4 9.304C 27.231 -20.610 38.873 28.788
5 4.010C -25.018 -11.335 | @ 4359 | @ 4.275

- 7 6.255C 7.435 -2.562 -11.193 4.086
- 8 0.89iC -12.589 -11.632 | @ 3485 | @ 3.203
3 8 7.516C 13.248 -10.169 -11.193 4.086
9 5.931C 7.329 0535 | @ 3485 | @ 3.203

4 9 1.473C 9312 0.535 8.157 7.735
10 8.422C -16.625 -16.136 | @ 1.641 | @ 1.915

5 [ 34.388C 2.393 0.000 9.502 4.070
’ 5 33.339C 2.393 9.598 | @ 3970 | @ 2.406
6 2 28.285C -0.286 0.000 0.960
B 26.671C -0.286 -1.463 it 2.970

- 3 29.384C -6.512 0.000 1.463
4 28.030C -6.512 -20.610 il 1.836

8 K] 8.853C -4.118 -1.738 9.502 4.070
7 8.800C -4.118 2562 | @ 3970 | @ 2.406

9 & 19.339C 3.833 0.000 6.595
i 18.238C 3.833 16.136 @ 2.442

Member Forces Ultimate (002 : Dead Plus Wind Case 1)

Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)

| 4 2.098T -17.531 12.136 -25.693 19.139
5 3.023T 16.517 7.888 | @ 4275 | @ 4.275
3 i 5311T -(.960 3.165 4.760 1.261
8 6.153T 8.026 5.040 | @ 3485 | @ 161y
1 ] 8.183T -2.542 1.080 4.760 1.261
) 9 8.432T 1.887 0.739 | @ 3485 | @ 1.619
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Member Forces Ultimate (002 : Dead Plus Wind Case 1)

Mem Noile Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) {kN) (kN.m) (kN.m @ m) (mm @ m)

4 9 8.246T -2.581 0.739 -1.142 0.837
RH] 7.155T 5.493 7378 | @ 1.459 | @ 3.556

5 1 23.439T -1.344 0.000 -5.336 2279
5 24.188T -1.344 -5390 | @ 3970 | @ 2.406

& 2 9.580T 0.773 0.000 2.598
8 10.733T 0.773 3.960 7 2.970

7 3 16.686T 7.348 0.000 1.176
4 17.653T 0.321 12.136 ! 1.772

g 3 8.060T 3.329 2.499 -5.336 2.279
7 8.097T 3.329 3.165 | @ 3970 | @ 2.406

9 f 6.371T 1.984 0.000 1.109 0.715
1 7.158T -5.489 -7.378 | @ 1.095 | @ 3.242

Member Forces Ultimate (003 : Dead Plus Wind Case 2)

Mem Nade Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
Nao. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)

| 4 4.767C -7.828 4.726 -11.913 8.942
5 3.843C 7.607 3.801 | @ 4275 | @ 4.191
. 7 2.690C -3.418 1.394 1.853 1.064
= ] 1.848C 3.753 1.984 | @ 3485 | @ 1.830
3 L] 0.935C -1.271 -0.159 1.853 |.064
) 9 0.686C 0.848 -0379 | @ 3485 | @ |.E30
4 9 0.170C 1.077 -0.379 0.912 1.106
Lo 1.262C -0.972 -0.139 | @ 2371 | @ 2.325
s I 9.774T -0.427 0.000 2.090 0.719
3 5 10.524T -(1.427 -1.711 | @ 4010 | @ 2406
5 2 3.936T 0.418 0.000 1.406
8 5.089T 0418 2.142 i 2.970
4 | 6.341T 8.519 0.000 8.173 0.970
4 7.307T -5.532 4726 | @ 1931 | @ 1.646
8 5 2568T -3.483 2.090 2.090 (AR
7 2.605T -3.483 1.394 | @ 4010 | @ 2406
9 [ 2.052C -0.901 0.000 -0.915 0.597
1 1.265C 0.967 0.139 | @ 2021 | @ 2.063
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Member Forces Ultimate (004 : Dead Plus Wind Case 3)

Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)

| 4 9.333T -14.364 9.240 -21.549 16.138
5 10.258T 13.722 6.551 | @ 4275 | @ 4.275

5 7 11.824T -5.405 2272 4.968 0.868
i 8 12.666T 7.077 5215 | @ 3485 | @ 3.379
3 i 14.424T -1.980 1.914 4.968 0.868
. 9 14.673T 1.709 1.773 | @ 3485 | @ 3.379
4 9 13.563T -5.855 1.773 -3.060 1.924
10 12.472T 10.313 11.936 | @ 1.641 | @ 1.687

5 | 20.112T -1.567 0.000 -6.221 2.666
5 20.862T -1.567 -6.283 | @ 3970 | @ 2.406

6 2 8.050T 0.6435 0.000 2166
f 9.203T 06435 3.301 ] 2.970

4 3 14.265T -1.999 0.000 -0.643 0.244
4 15.232T 7.838 9240 | @ 0.633 | @ 2.216

8 5 8.243T 10.022 0.268 -6.221 2.666
i 8.281T 10.022 2272 | @ 3970 | @ 2406

9 6 12.403T 3.707 0.000 2211 0.937
10 13.190T -9.378 -11.936 | @ 1.179 | @ 3.368

Member Forces Ultimate (005 : Dead Plus Wind Case 4)

Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (KN.m @ m) (mm @ m)

i 4 1.539T -5.346 -5.751 -14.823 11.714
5 2.464T 7.859 4779 | @ 31383 | @ 3.940

5 7 1.231T 0.045 -3.170 7.741 3.435
b 2.074T 6.279 7961 | @ 3485 | @ 3.062

3 b 5.286T -7.042 6.203 7.741 3.435
9 5.535T -5.200 -0.165 | @ 3485 | @ 3.062

4 g 2.195T -7.270 -0.165 -6.372 6.392
1 1.104T 12.140 10.937 | @ 1.687 | @ 1.961

5 | 7.059T -2.042 0.000 -8.107 34493
: b 7.808T -2.042 -8.189 | @ 3970 | @ 2.406
6 2 12.546T 0.343 0.000 1.153
13.699T 0.343 1.758 i) 2.970

7 3 4.507T -4.626 0.000 -6.028 0.660
1 5.474T 0.992 5750 | @ 2595 | @ 1.741
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Member Forces Ultimate (005 : Dead Plus Wind Case 4)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
8 5 0.237T 1.201 -3.410 -8.107 3.493
7 0.275T 1.201 -3.170 | @ 3970 | @ 2.406
g 6 11.226T -7.272 0.000 =11.908 7.683
10 12.012T 2.076 -10937 | @ 3284 | @ 2.273
Member Forces Ultimate (006 : Dead Plus Wind Case 5)
Mem Node Axial Shear Bending Maximum Maximum
ber Endl Force Force Moment Moment Deflection
No. End2 (kM) (kN) (kN.m) (kN.m @ m) (mm @ m)
I 4 5.327C 4.356 -13.161 1.548 2.124
5 4.402C -1.051 0.692 | @ 6.706 | @ 2.263
. 7 6.769C 3.588 -4.940 4,965 3.010
- i 5927 G 2.006 4905 | @ 3.520 | @ 2,922
3 8 3.832C -5.771 4.965 4.965 3010
9 3.583C -6.239 -1.283 | @ 3.520 | @ 2.922
4 2 6.222C -3.612 -1.283 -4.485 5.289
10 7.313C 5.675 3420 | @ 1.778 | @ 2.097
5 l 6.606C -1.125 0.000 1.934
’ 5 5.857C -1.125 -4.510 i 2.446
6 2 6.901T -0.012 0.000 0.039
R 8.054T -0.012 -0.060 (il 2.970
7 3 5.838C -3.456 0.000 0.872
4 4.871C -4.861 -13.161 (i |.836
8 5 5.255C -5.610 -3.818 1.934
7 5.217C -5.610 -4.940 il 2.446
9 6 2.803T -10.157 0.000 -11.620 7.895
1o 3.589T 8.532 -3.420 | @ 2273 | @ 2.147
Support Reactions (001 : Dead plus Live (Ultimate))
Nl Support Reactions (kN and kN.m) - Support Reactions (kN and kN.m)
ode ode
Rx=> (kN) RyA (kN) Mz (kN.m) Rx=>» (kN) RyA (kN) Mz (kN.m)
I -2.393 34.388 0.000 2 -0.286 28.285 0.000
i 6.512 29.384 0.000 & -3.833 19.339 0.000
Total 0.000 111.396 0.000
|
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Support Reactions (002 : Dead Plus Wind Case 1)
Soil Support Reactions (kN and kN.m) N Support Reactions (kN and kN.m)
ode ode
Rx=> (kN) Ry (kN) Mz? (kN.m) Rx=> (kN) Ry (kN) Mz? (kN.m)
I 1.344 -23.439 0.000 2 0.773 -9.580 0.000
k| -7.348 -16.686 0.000 & -1.984 -6.371 0.000
Total -7.215 -56.077 0.000
Support Reactions (003 : Dead Plus Wind Case 2)
o Support Reactions (kN and kN.m) Nod Support Reactions (kN and kN.m)
ode ode
Rx=» (kN) RyA (kN) Mz (kN.m) Rx=>» (kN) RyA (kN) Mz (kN.m)
| 0.427 -9.774 0.000 2 0418 -3.936 0.000
3 -8.519 -6.341 0.000 G 0.901 2.052 0.000
Total -6.772 -17.999 0.000
Support Reactions (004 : Dead Plus Wind Case 3)
_— Support Reactions (kN and kN.m) Nod Support Reactions (kN and kN.m)
ode ode
Rx=> (kN) RyA (kN) Mz? (kN.m) Rx2> (kN) RyA (kN) Mz? (kN.m)
I 1.567 -20.112 0.000 2 0.645 -8.050 0.000
3 1.999 -14.265 0.000 & -3.707 -12.403 0.000
Total 0.503 -54.830 0.000
Support Reactions (005 : Dead Plus Wind Case 4)
i Support Reactions (kN and kN.m) A Support Reactions (kN and kN.m)
ode ode
Rx=>» (kN) RyA (kN) Mz? (kN.m) Rx=> (kN) RyA (kN) Mz? (kN.m)
| 2.042 -7.059 0.000 2 0.343 -12.546 0.000
3 4.626 -4.507 0.000 5 242, -11.226 0.000
Total 14284 -35.338 0.000
Support Reactions (006 : Dead Plus Wind Case 5)
Kol Support Reactions (kN and kN.m) N Support Reactions (kN and kN.m)
ode ode
Rx=>» (kN) Ry (kN) Mz? (kN.m) Rx=> (kN) Ry (kN) Mz (kN.m)
| 1.125 6.606 0.000 2 -0.012 -6.901 0.000
3 3.456 5.838 0.000 6 10.157 -2.803 0.000
Total 14.726 2.740 0.000
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Axial with Moments (Member)
Member SBL11d 1 @ Level 1
Between 0.000 and 2.000 m, in Load Case 1

Member Loading and Member Forces ooy Mewsesl acd lesulics Capaciy
Loading Combination : 1 UT+ 1.4 D1 + 1.6 L1
D1 UDLY -000.793 ( kN/m )
L1 UDLY -002.973 ( kN/m )
UT PartFix 20.00 ==— +++ (Mt My Mz)

Member Forces in Load Case 1
Mlem Modw Axlnd Shear Bending Maximmm Marimuin
B Endl Force Faroe Mesiiieni Mloment Defectine
M End2 {kN) {kN) (kN.m) {kN.m @ m) {mm @ m}
i | W Anag 27 231 2610 L] 0.000
- 40 =25.018 SRR T 435 | @ Ak LMD J

Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F.Mx,My) 8.49,36.5,275,9.3,38.86,0
Auto Design Load Cases 1-6

(Axial: Non-Slender) Plastic

Local Capacity Check
Fvx/Pvx 14.765/248.886 = 0.059 Low Shear

Mcx = py.Sxx<1.2 py.Zxx 275 x393.1<1.2x275x 351.18 = 108.103 kN.m

Pz=Ag.py 39.67 x 275 = 1090.925 kN

n=F/Pz 9.304/1090.925 = 0.009 Ok

Srx = Fn(Sxx, n) 393.1,0.009 393.05cm?

Mrx = Srx.py 393.05x 275 108.089 kN.m

(MX/Mrx)Z1+(My/Mry)%2 (21.38/108.089)%+(0)'= 0.039 OK
Compression Resistance Pc

Ax = Lex/rxx 100x1x8.383/10.55= 79.5 OK

Pcx = Area.pex 39.67x204.544/10 = 811.426 kN  Table 24 a

Ay = Ley/ryy 100x1x2/3.36 = 59.5 OK

Pcy = Area.pcy 39.67x221.39/10= 878.235kN  Table24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx

My 7=0.2+(. 1 5My+ 5My+. 15M )Mo 0.2+(.15x8+.5x4+.15x13)/21 > 0.44 0144 Table 18

My =0.24(.IMy+ 6My+. IMy)/M 0.2+(, 1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26

m=0.2+(. I My+.6M3+. 1M, M0 0.2+(. 1x23+.6x39+.1x27)/39 > .8x39/39 0428 Table 26

My =0.2+( M+ 6My+ IMg)/M 0.2+(. 1X0+.6x0+.1x0)/0 > .8x0/0 | Table 26
Lateral Buckling Check Mb

Le=1.00L 1x2= 2m

A = Lelryy 2/3.36 59.52 OK

v =Fn(x.Le,ryy,A) 29.496, 2, 3.36, 59.52 0.955 Table 19

ALT= w.V.ABw 0.88 x 0.955x 59.524/ 1 50.03

pb = Fn (py,Ai1) 275,50.03 237.91 N/mm? Table 16

Mb = Sxx.pb< Mc 393.1x23791< 108.103 = 93.524 kN.m
Combined Axial Compression and Bending to Annex I

rb:mLT.Mn/Mh 0.44x21.4/93.5 0.101

1=Fc/Pey 9.3/878.2 0.011

A=t ALTHrcAy ) (rptre) (0.101250+0.011+59.5)/(0.101+0.011) 50.931

Aro=17.15¢ rytr)/(rotre) 17.15¢1(2:0.101+0.011)/(0.101+0.011) 32.666

Mop= Mp(1-Fe/Pey) 93.524(1-9.3/878.2) 92.533
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M= Mex(1-F¢/ Pey)”

M= Max(1-Fo/Pe)/(140.5F/Pey)
Moy= Meu(1-Fo/P ey )/ (1+ky(F/Pey))
Mab:fn(xr,)\,m,g, Mxys Mch)
Max:ﬁ](}\.x,g, My, Mox)
May=fn(Ay.g, My, Moy}

My My/Max

mer. MLT/Mab

M. M/Mg

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

108.103(1-9.3/878.2)%
108.103(1-9.3/811.4)/(1+0.5+9.3/811.4)
20.255(1-9.3/878.2)/(1+1.0(9.3/878.2))
50.931, 32.666, 1.000, 107.528,92.533
79.457, 1.000, 108.089, 106.254
59.524, 1.000, 20.255, 19.83 1
0.928x38.9/106.4

0.44x21.4/102.7

0.928x38.9/106.4

0.385,0.111,0.112
0.347,0.111,0.089

107.528
106.254
19.831
102.742
106.423
19.993
0.339
0.092
0.186
0.385
0.347

OK
OK
OK
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Axial with Moments (Member)
Member SBL11Id 1 @ Level 1
Between 2.000 and 4.000 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 DIl + 1.6 L1

D1 UDLY -000.793 ( kN/m )
L1 UDLY -002.973 ( kN/m )
UT PartFix 20.00 +4+ (Mt My Mz)

e

Member Forces in Load Case |
" Mem Nade Axial Bhenr Bending Maximum Aluxinsnm
ber Emdl Foree Fsrco Momenl Mlasmil Deflection
No. Emid (kN) (kN) (kN.m}) (kN.m @ m) (mm @ m)
4 L 3L‘6|:'. 27.231 =0 il 1RRTE [N}
! 5 4.010C 25018 1335 | @ 435 | @ 1 0l
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49,36.5,275,9.3,38.86,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6

Local Capacity Check

Fvx/Pvx 2.299/248.886 =

Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x 351.18=

Pz= Ag.py 39.67x275=

n=F/Pz 9.304/1090.925 =

Srx = Fn(Sxx, n) 393.1,0.009

Mrx = Srx.py 393.05x 275

(Mx/Mrx)?'+(My/Mry)?2 (38.442/108.089)>+(0)'=
Compression Resistance Pc

Ax = Lex/rxx 100x1x8.383/10.55 =

Pex = Area.pex 39.67x204.544/10=

Ay = Ley/ryy 100x1x2/3.36 =

Pcy = Area.pcy 39.67x221.39/10=

Equivalent Uniform Moment Factors mLT, mx, my and myx

M =0.2+(.15My+. 5My+. 15M )/ Ma 0.2+(.15x28+.5x33+,15x37)/38 > 0.44
M, =0.2+(.1My+.6My+.1Mg)Myy 0 0.2+(. 1x0+.6x0+. 1x0)/0 > .8x0/0
m=0.2+(.IMy+ 6M3+. IMg)/M e 0.2+(.1x23+.6x39+.1x27)/39 > 8x39/39
My =0.2+(. IMy+ 6M3+. I My) M 0.2:+(. 1x0+.6x0+. 1x0)/0 > .8x0/0

Lateral Buckling Check Mb

Le=1.00L 1x2=

A = Lelryy 2/3.36

v ="Fn (x.Le,ryy.A) 29.496, 2, 3.36, 59.52
AL UV AABw 0.88 x 0.955 x 59.524/ 1
pb=Fn (py,Ai1) 275,50.03

Mb = Sxx.pb< Mc 393.1x23791< 108.103 =

Combined Axial Compression and Bending to Annex I

rp=mur.M1/My 0.881x38.4/93.5

re=Fo/Pey 9.3/878.2

Ae=(ro LAy V(1) (0.362+50+0.011+39.5)/(0.362+0.01 1)
Aro=17.15g (2rytre)/(rotre) 17.15¢1(20.362+0.011)/(0.362+0.011)
Mor= My( I -Fe/Pey) 93.524(1-9.3/878.2)

0.009 Low Shear
108.103 kN.m

1090.925 kN
0.009 (8] 4
393.05 cm?®
108.089 kN.m
0.126 (K
79.5 OK
811.426 kN  Table 24 a
359.5 OK

878.235kN  Table 24 b

(281 Table I8
I Table 26
0,928 Table 26
I Table 26

2m

59.52 OK

0.955 Table 19
50.03

237.91 N/mm? Table 16
93.524 kN.m

0.362
0.011
50.295
33.813
92.533
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Myy= Mex(1-Fo/ Py)”

Moo= Mex(1-Fe/Pe)/(140.5F/Pex)
Moy= Meu(1-Fo/Pey)/( 1+ky(Fo/Pey))
Mabzfn()\tr,)\tro,s, Mxy, Mob)
Ma=f(Ags Mix, Mox)
May=fn(Ay.g. Mrys May)

M. Myo/Max

mr.MLMap

my. My/Max

Compare with Simplied to 4833
Compare with MoreExact to 4833

108.103(1-9.3/878.2)"
108.103(1-9.3/811.4)/(1+0.5:9.3/811.4)
20.255(1-9.3/878.2)/(1+1.0(9.3/878.2))
50.295, 33.813, 1.000, 107.528,92.533
79.457, 1.000, 108.089, 106.254
59.524, 1.000, 20.255, 19.831
0.928x38.9/106.4

0.881x38.4/103.2

0.928x38.9/106.4

0.385,0.373,0.374
0.347,0.373,0.319

107.528
106.254
19.831
103.157
106.423
19.993
0.339
0.328
0.335
0.385
0.373

OK
OK
OK
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Axial with Moments (Member)
Member SBL1Id 1 @ Level 1
Between 4.000 and 6.000 m, in Load Case 1

Member Loading and Member Forces e o
Loading Combination : 1 UT+ 1.4 D1+ 1.6 L1
D1 UDLY -000.793 { kN/m )
L1 UDLY -002.973 ( kKN/m )
UT PartFix 20.00 --- +++ (Mt My Mz) @4
Member Forces in Load Case 1
[ Mem Node Aulal Slhear Bending Maximum Aluximmem
ligr Endl Furce Force Mamend Manseni Deflection
M, End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
| i 0L 27.231 -2nlo LB {5 £
5 40100 25 0HE 11335 | @ 4359 | @ (000
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275}
Class = Fn(b/T,d/t,py,F.Mx,My) 8.49,36.5,275,9.3,38.86,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 0.1/248.886 = {t Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x 35118 = 108.103 kN.m
Pz= Ag.py 39.67x275= 1090.925 kN
n=F/Pz 9.304/1090.925 = 0.009 OK
Srx = Fn(Sxx, n) 393.1,0.009 393.05 cm?
Mrx = Srx.py 393.05x 275 108.089 kN.m
(Mx/Mrx)?'+(My/Mry)#? (38.864/108.089)*+(0)'= 0.129 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x8.383/10.55 = 79.3 OK
Pex = Area.pex 39.67x204.544/10 = 811.426 kN  Table 24 a
Ay = Ley/ryy 100x1x2/3.36 = 59.5 OK
Pcy = Area.pcy 39.67x221.39/10= 878.235kN  Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
mp=0.2+( 1 5My+. 5SMy+. 15SMg /M 0.2:+(.15x39+.5x38+.15x35)/39 2 0.44 (L96HE Table 18
My=0.2+( 1My 6My+. 1My} M 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
M, =0.2+( IMy+ 6My+ IM)M, 0.2+(. 1x23+.6x39+.1x27)/39 > .8x39/39 (1L928 Table 26
My, =0.2+(. IMy+.6My+ IMy)/M e 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb
Le=1.00L Ix2= 2m
A= Lelryy 2/3.36 59.52 OK
v=Fn (x.Le,ryy,A) 29.496, 2, 3.36, 59.52 0.955 Table 19
ALT= WV.AARw 0.88 x 0.955 x 59.52+/ 1 50.03
pb=Fn (py.Ai) 275,50.03 237.91 N/mm? Table 16
Mb = Sxx.pb< Mc 393.1x237.91<108.103 = 93.524 kN.m
Combined Axial Compression and Bending to Annex I
re=my1.Mp1/My 0.968x38.9/93.5 0.402
re=Fc/Pey 9.3/878.2 0.011
A=(rpALTHrcAy Y(rptre) (0.402+50+0.011259.5)/(0.402+0.011) 50.269
Aro=17.15¢ (2rptre)/(rotre) 17.1521(20.402+0.011)/(0.402+0.011) 33.860
M= Mp(1-Fc/Pey) 93.524(1-9.3/878.2) 92.533
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M= Mex(1-Fo/ Pey)”

Mox= Mex(1-Fo/Pe)/(140.5F /Pex)
Moy= Meo(1-Fo/Pey)/(1+ky(Fo/Pey))
Mabzﬂ](}\/r,xrro,{-:, Mxy, Mob)
Maxzfn(xx,g, Mrm Mox)
May=t(Ay.g, Miy, May)

My My/Max

lnLT-MLT/Mab

My My/Ma

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

108.103(1-9.3/878.2)%
108.103(1-9.3/811.4)/(1+0.59.3/811.4)
20.255(1-9.3/878.2)/(1+1.0(9.3/878.2))
50.269, 33.860, 1.000, 107.528, 92.533
79.457, 1.000, 108.089, 106.254
59.524, 1.000, 20.255, 19.831
0.928x38.9/106.4

0.968x38.9/103.2

0.928x38.9/106.4

0.385,0.413,0.414
0.347,0.413,0.354

107.528
106.254
19.831
103.175
106.423
19.993
0.339
0.365
0.339
0.414
0.413

OK
OK
OK
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Axial with Moments (Member)
Member SBL11d 1 @ Level 1
Between 6.000 and 8.383 m, in Load Case 1

Member Loading and Member Forces el ek i ekt
Loading Combination : 1 UT+ 1.4 D1 + 1.6 L1
D1 UDLY -000.793 ( kN/m )
L1 UDLY -002.973 ( kN/m )
UT PartFix 20.00 —--- +++ (Mt My Mz) %ﬂ
Member Forces in Load Case 1
[ Aiem Modle Axinl Khenr Bending Manimn Maxinum
ber Eudl Foree Farce Mlanieni Mlnment Defecting
M End] {kN) (kN) {kN.m) {kN.m @ m) {mm @ m)
| q WI0AE | 2610 WRETD | 0.0
] 4000C -25.018 11335 | @ a1 | @ 0.000
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49, 36.5,275,9.3,38.86,0 (Axial: Non-Slender) Plastic

Auto Design Load Cases 1-6

Local Capacity Check

Fvx/Pvx 10.167 /248.886 = 0.041  Low Shear

Mcex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x351.18 = 108.103 kN.m

Pz = Ag.py 39.67 x 275 = 1090.925 kN

n=F/Pz 9.304/1090.925 = 0.009 ik

Srx = Fn(Sxx, n) 393.1, 0.009 393.05 cm?

Mrx = Srx.py 393.05x 275 108.089 kN.m

(Mx/Mrx)?+(My/Mry)?2 (30.576/108.089)+(0)'= 0.08 0K
Compression Resistance Pc

Ax = Lex/rxx 100x1x8.383/10.55 = 79.5 OK

Pex = Area.pex 39.67x204.544/10 = 811426 kN  Table 24 a

Ay = Ley/ryy 100x1x2.383/3.36= 70.9 OK

Pcy = Area.pcy 39.67x200.1/10= 793.794 kN Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx

m =0.2+(. 1 5My+ SM3+ ISM)/M e 0.2+(.15x23+.5x 14+.15x2)/31 > 0.44 0.557 Table 18

mM,=0.2+( IMy+ 6My+. 1M} Mo 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26

m=0.2+( IMy+.6My+ 1M )/M, 0.2+(.1x23+.6x39+.1x27)/39 > .8x39/39 928 Table 26

My =0.2+( 1My +.6My+ IMOM, 0.2+(. 1x0-+.6x0+.1x0)/0 > ,.8x0/0 I Table 26
Lateral Buckling Check Mb

Le=1.00L 1x2383= 2383 m

A = Le/ryy 2.383/3.36 70.91 OK

v =Fn (x.Le,ryy,A) 29.496, 2.383, 3.36, 70.91 0.939 Table 19

ALT= wv A Bw 0.88x0.939x70.91+/ 1 58.59

pb = Fn (py,Ai1) 275, 58.59 216.75 N/mm? Table 16

Mb = Sxx.pb< Mc 393.1x216.75<108.103 = 85.204 kN.m
Combined Axial Compression and Bending to Annex I

ry=m1.ML1/Mp 0.557x30.6/85.2 0.200

1=l c/Pey 9.3/793.8 0.012

A=(roALTH Ay Y (1o t1e) (0.2+58.6+0.012+70.9)/(0.2+0.012) 59.269

Aro=17.15¢ (2rytre)/(rptre) 17.151(2+0.2+0.012)/(0.2+0.012) 33.350

Mop= My(1-Fc/Pey) 85.204(1-9.3/793.8) 84.206
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M= Mex(1-Fe/ Pey)*

Mox= Mex(1-Fo/Pex)/(140.5F/Pey)
Moy: Mao(1 'Fc/Pcy)/( l+ky( Fc/Pcy))
Mnb=fn(kra}\ro,gs Mxyg Mob)
Ma=f{Ax,g, Mix, Mox)
May=fn(Ay,g, Miy, Moy)

My My/Max

myr.Mpi/May

My My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

108.103(1-9.3/793.8)*
108.103(1-9.3/811.4)/(1+0.59.3/811.4)
20.255(1-9.3/793.8)/(1+1.0(9.3/793.8))
59.269, 33.350, 1.000, 107.467, 84.206
79.457, 1.000, 108.089, 106.254
70.914, 1.000, 20.255, 19.786
0.928x38.9/106.4

0.557x30.6/96.3

0.928x38.9/106.4

0.385,0.211,0.211

0.347,0.211,0.16

107.467
106.254
19.786
96.287
106.423
19.888
0.339
0.177
0.267
0.385
0.347

OK
OK
OK
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Axial with Moments (Membey)
Member SBL11d 2 @ Level 1

Between 0.000 and 2.500 m, in Load €ase 6 /
Member Loading and Member Forces Wb Monsas andt Mecsbs Cogocae /.
Loading Combination : 1 UT+ 1 D1 + 1.4 W5
D1 UDLY -000.793 [ kN/m )
W5 UDLN +000.317 [ KN/m ) %
[ N
i A
Member Forces in Load Case 6 Xi \
™ Mhem Midde Ainl Shenr Bending Maximum Maximum
e Endl Faorce Farce Mol Blnmeni Deflectine
i, Emd? {kN) {5 (kN.m) {kN.m @ m) (mm @ m)
5 & M0 1 588 -4, il 4 & G5 i i
g 1R -6.239 -8y | @ v | @ .00
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F.Mx,My) 5.76,27.07,275,6.77,4.97,0 (Axial: Non-Slender) Plastic

Sec. Depth = Fn(X) X=25m 152.4 mm

Auto Design Load Cases 1-6
Local Capacity Check

Fvx/Pvx 2464/113.157= 0.022 Low Shear

Mex = py.Sxx<1.2 py.Zxx 275 x 123.351.2x 275 x 109.49 = 33.908 kN.m

Pz= Ag.py 27.17x275= 747.175 kN

n=F/Pz 6.769/747.175= 0.009 Ok

Srx = Fn(Sxx, n) 304.2,0.009 123.27 cm?

Mrx = Srx.py 123.27x 275 33.898 kN.m

(Mx/Mrx)2'+(My/Mry)#2 (2.624/33.898)*+(0)!= 0.006 Ok
Compression Resistance Pc

AX = Lex/rxx 100x1x4.56/12.17= 3§75 OK

Pcx = Area.pex 27.17x261.993/10= 711.835kN  Table 24 a

Ay = Ley/ryy 100x1x2.5/1.82 = 137.4 OK

Pcy = Area.pcy 27.17x86.44/10= 234.861 kN Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx

mp=0.2+(. 15My+, SMy+. 15M M. 0.2+(.15x3+.5x1+.15x1)/5> 0.44 I Table 18

my=0.2+(.IMy+.6My+ IM) M, 0.2+(.1x0+,6x0+.1x0)/0 > .8x0/0 I Table 26

m,=0.2+( IMy+.6My+ 1M /M, 0.2+(. 1x-1+.6x2+,1x5)/5 > .8x5/5 (0,758 Table 26

My, =0.2+(.IMy+.6M3+. IM)/M, 0.2+(. 1 x0+.6x0+. 1x0)/0 > .8x0/0 | Table 26
Lateral Buckling Check Mb @ 0 m

Le=1.00L 1x25= 2.5m

A = Lelryy 2.5/1.82 137.44 OK

v ="Fn (x.Le,ryy,A) 43.616,2.5,1.82,137.44 0.904 Table 19

A= WA Rw 0.864 x 0.904 x 137.44+] | 107.37

pb=Tn (py.\i7) 275,107.37 112.94 N/mm? Table 16

Mb = Sxx.pb< Mc 304.2x 112.94< 83.655= 34.357 kN.m
Combined Axial Compression and Bending to Annex I @ 0 m

1=mp1.ML /My 1%-4.9/34.4 0.144

re=F¢/Pey 6.8/234.9 0.029

A=(rp ALy (o tre) (0.144107.440.029+137.4)/(0.144+0.029) 112.393
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Aro=17.15¢ (2rptre)/(rytre)

Moy= Mb(l'Fc/Pcy)

Muy= Mex(1-F¢/ Pey)”

Mox= Mex(1-Fo/P e )/(14+0.5F/Pey)
Moy= Mey(1-Fo/Pey Y (1+ky(F/Pey))
Mab:fn()\.r,xm,g, Mxy, Mob)
Ma=In(Ax.g, M, Mox)
Ma=In(Ay.g, Mry, Mgy)

My My/Mag

my .M/ Map

M. My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

17.15¢1(2+0.144+0.029)/(0. 144+0.029)
34.357(1-6.8/234.9)
83.655(1-6.8/234.9)%
83.655(1-6.8/711.8)/(1+0.5+6.8/711.8)
6.689(1-6.8/234.9)/(1+1.0(6.8/234.9))
112.393, 31.436, 1.000, 82.441, 33.367
37.466, 1.000, 33.898, 82.467

137.437, 1.000, 6.682, 6.314
0.758x4.9/83.3

1x-4.9/33.4

0.758x4.9/83.3

0.08,0.173,0.173

0.054, 0.173,0.06

31.436
33.367
82.441
82.467
6.314
33.367
83.297
6.314
0.045
0.148
0.045
0.173
0.173

OK
OK
OK
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Axial with Moments (Membey)
Member SBL1Id 2 @ Level 1

Between 2.500 and 4.560 m, in Load (ase I

Member Loading and Member Forces | P PR — [
Loading Combination : | UT+ 1.4 DI + 1.6 L1
D1 UDLY ~000.793 { kN/m )
L1 UDLY -002.973 { kN/m ) %
I i
/ AN
Member Forces in Load Case 1 Jf \
T Mem Mode Mxinl Shear Bending Maximum Alaimum
br Endl Farce Farce Blumewi Mumeuw Deflection
Mo Endl (kN) {kN) {kN.m) (kN.m @ m) {mm @ m)
T 6.255C rans 2 AT i -1] 1) 11000
2 5.931C 1.3 0.535 @ 3.485 @ 0000

Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]

Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07,275,7.52,11.63,0 (Axial: Non-Slender) Plastic

Auto Design Load Cases 1-6
Local Capacity Check

Fvx/Pvx 13.248/113.157 = 0.117  Low Shear

Mex = py.Sxx<1.2 py.Zxx 275x123.3<51.2x275x 109.49 = 33.908 kN.m

Pz= Ag.py 20.32x275= 558.8 kN

n=F/Pz 7.516/558.8= 0.013 Ok

Srx = Fn(Sxx, n) 123.3,0.013 123.26 cm?

Mrx = Srx.py 123.26 x 275 33.896 kN.m

(Mx/Mrx)?'+(My/Mry)?? (11.632/33.896)*+(0)'= 0.118 Ok
Compression Resistance Pc

Ax = Lex/rxx 100x1x4.56/6.41 = 71.2 OK

Pex = Area.pex 20.32x221.362/10= 449808 kN Table 24 a

Ly = Ley/ryy 100x1x2.06/2.1 = 98 OK

Pcy = Area.pcy 20.32x144.6/10= 293.825kN  Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx

m1=0.2+(. 1SMy+.5M3+. 1 SM)/M, 04 0.2+(. 15x6+.5x10+.15x4)/10 2 0.44 I Table 18

mM,=0.2+(. IMy+.6M3+. 1M)/M 0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26

m=0.2+( IMy+.6M3+. IM)/M,, ., 0.2+(. 1x2+.6x0+. 1x-10)/12> 8x10/12 0716 Table 26

M, =0.2+( IMy+.6M3+ IMM, 0.2+(. 1X0+.6x0+, 1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb

Le=1.00L 1 x2.06= 2.06 m

A = Le/ryy 2.06/2.1 97.99 OK

v="Fn (x.Le,ryy.A) 19.539,2.06, 2.1, 97.99 0.816 Table 19

ALT= UV A Rw 0.891 x 0.816 x 97.99 1 71.2

pb = Fn (py.\i1) 275 T2 185.49 N/mm? Table 16

Mb = Sxx.pb< Mc 123.3 x 185.49< 33,908 = 22.871 kN.m
Combined Axial Compression and Bending to Annex |

l'bszT.MLT/Mh Ix-11.6/22.9 0.509

re=Fo/Pey 7.5/293.8 0.026

A= (rohurtrehy V(rtee) (0.509+71.2+0.026+98)/(0.509+0.026) 72.487

Aro=17.15¢ Crytre)/(ry+re) 17.151(2+0.509+0.026)/(0.509+0.026) 33.479
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Mob= Mb( 1 'Fc/Pcy)

M= Mex(1-Fe/ Pey)”

Mox= Mcx(]'Fc/ch)/(l+0~5Fc/ch)
Moy= Moy(1-F/Pey /(1 +ky(F/Pey))
Mabzfn(kr,}\ro,g, Mxy, Mob)
Max=fn(kxg8a M, Mox)
May=ti(Ay,e, Miy, Moy)

M. My/May

mur.ML/Mag,

My.My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

22.871(1-7.5/293.8)
33.908(1-7.5/293.8)"
33.908(1-7.5/449.8)/(1+0.5+7.5/449.8)
6.682(1-7.5/293.8)/(1+1.0(7.5/293.8))
72.487,33.479, 1.000,33.471, 22.286
71.170, 1.000, 33.896, 33.065
97.992, 1.000, 6.682, 6.349
0.716x11.6/33.2

Ix-11.6/25.2

0.716x11.6/33.2

0.302,0.534,0.534
0.264,0.534,0.352

22.286
33.471
33.065
6.349
25.240
33.242
6.349
0.250
0.461
0.250
0.534
0.534

OK
OK
OK
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Axial with Moments (Member)
Member SBL11d 3 @ Level 1
Between 0.000 and 3.500 m, in Load Case 1

Member Loading and Member Forces

Bending Moment and Member Capacity
Loading Combination: 1 UT+ 1.4 D1 + 1.6 L1
D1 UDLY -000.793 ( kN/m ) Mg
L1l UDLY -002.973 ( kN/m )

—— e,

- \

Member Forces in Load Case 1
[ Mem Nade Axial Shear Bending Mol fimia iia Maximin
(] Endl Foree Faree Alimnienl Whnmwinl Deflectim
. End2 {kN) (kN) {kN.m) (kN.m @ m) (mm @ m)
, 9 1 AT 9302 0.515 B.157 0000
: ] 4TI -b.625 16,136 | @ e | @ 01 03]
Classification and Properties (BS 5950: 2000)
Section (15.95 kg/m) 152x89 UB 16 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 5.76,27.07,275,8.42,16.14,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6

Local Capacity Check

Fvx/Pvx 0.122/113.157= 0.001  Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x123.3<1.2x275x109.49 = 33.908 kN.m
Pz= Ag.py 20.32x275= 558.8 kN
n=F/Pz 8.422/558.8 = 0.015 (8134
Srx = Fn(Sxx, n) 123.3,0.015 123.25 cm?
Mrx = Srx.py 123.25x 275 33.893 kN.m
(Mx/Mrx)?'+(My/Mry)Z? (8.15/33.893)+(0)'= 0.058 Ok
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.559/6.41 = 71:2 OK
Pcx = Area.pex 20.32x221.39/10= 449865 kN  Table 24 a
Ay = Ley/ryy 100x1x3.5/2.1 = 166.5 OK
Pcy = Area.pcy 20.32x61.91/10= 125796 kN Table 24 b

Equivalent Uniform Moment Factors mLT, mx, my and myx

m=0.2+(.15My+.5M3+. 15M)/M 0.2+(.15x7+.5x8+.15x5)/8 > 0.44 1 Table 18
m,=0.2+(.IMy+.6My+. IM)M 0 0.2+(. 1 X0+.6x0+.1x0)/0 > .8x0/0 1 Table 26
M, =0.24+(. IMy+.6M3+. IM)/M, 0.2+(. Ix7+.6x7+.1x-1)/16> .8x8/16 0.5 Table 26
My =0.2+( M+ 6My+ IM)/M oo 0.2+(. 1x0+.6x0+, 1x0)/0 > .8x0/0 1 Table 26

Lateral Buckling Check Mb
Le=1.00L I x3.5= 35m
A = Le/ryy 3.5/2.1 166.49 OK
v =Fn (x.Le,ryy,A) 19.539,3.5,2.1,166.49 0.682 Table 19
ALT= u.v.ARBw 0.891 x 0.682 x 166.49+/ | 101.09
pb=Fn (py.Ai1) 275,101.09 123.04 N/mm? Table 16
Mb = Sxx.pb< Mc 123.3 x 123.04<33.908 = 15.171 kN.m

Combined Axial Compression and Bending to Annex I
rb=mLT.MLT/Mh 1x8.2/15.2 0.537
r=Fo/Pey 8.4/125.8 0.067
A=(tohirtredy ) (o tre) (0.537-101.1+0.067+166.5)/(0.537+0.067) 108.340
Aro=17.15g (2rptre)/(rotre) 17.15¢1(20.537+0.067)/(0.537+0.067) 32.399
Mop= Mp(1-Fe/Pey) 15.171(1-8.4/125.8) 14,155
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M= Mex(1-Fe/ Pey)”

Moo= Mex(1-Fo/Pe)/(14+0.5F/Pey)
Moy= Moy(1-Fe/Pey )/(1+ky(F/Pey))
Mabzfn()\r,}\ro,{-}y Mxy, Mob)
Maxzfn(}\x,gg er, Mox)
May=1(Ay.g, Miy, Mgy)

M. My/May

mir.Mi/Map

M. My/May

Compare with Simplied to 4.8.3.3
Compare with MoreExact 10 4.8.3.3

33.908(1-8.4/125.8)"
33.908(1-8.4/449.9)/(1+0.5+8.4/449.9)
6.682(1-8.4/125.8)/(1+1.0(8.4/125.8))
108.340, 32.399, 1.000, 32.753, 14.155
71.155, 1.000, 33.893, 32.964
166.491, 1.000, 6.682, 5.843
0.5x8.2/33.2

1x8.2/14.2

0.5x8.2/33.2

0.202, 0.604, 0.604

0.14, 0.604, 0.247

32.753
32.964
5.843
14.155
33.162
5.843
0.123
0.576
0.123
0.604
0.604

OK
OK
OK
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Axial with Moments (Member)
Member SBL1Id 3 @ Level 1
Between 3.500 and 4.559 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT+ 1.4 DI+ 1.6 L1

D1 UDLY

-000.793
L1 UDLY -002.973

{ kKN/m )
{ kN/m )}

™,

Bending Moment and Member Capacity

/

R e

=

\

Member Forces in Load Case 1

Allem Mode
her Endl
No. End2

Axial
Fisree

(kN)

L
i

i

| 4730

H430

Classification and Properties (BS 5950: 2000)

Section (15.95 kg/m)

Class = Fn(b/T,d/t,py,F,Mx,My)

Sec. Depth = Fn(X)
Sec. Depth = Fn(X)

Auto Design Load Cases

Shear Bending M Maximum
Foren Musacii Mupseni Deflection
{kN) (kN.m) (kN.m @ m) (mm @ m)
LBt 0515 H157 £1.000
|6 43S -16.136 | @ 1641 | @ £.000
152x89 UB 16 [S 275]
3.76,27.07,275,8.42,16.14,0 (Axial: Non-Siender) Plastic

Moment Capacity X =4.559 m
Lateral Buckling X =4.559 m
1-6

Local Capacity Check @ 4.559 m

Fvx/Pvx

Mcx = py.Sxx<1.2 py.Zxx

Pz= Ag.py
n=F/Pz

Srx = Fn(Sxx, n)
Mrx = Srx.py

(Mx/Mrx)4+(My/Mry)?2

Compression Resistance Pc

Ax = Lex/rxx
Pcx = Area.pex
Ay = Ley/ryy
Pcy = Area.pcy

16.624 /226.265 =

275 x 304.1<1.2 x 275 x 264.05 =
27.17x275=

8.422/747.175 =

304.1,0.011

304.05 x 275
(16.129/83.613)2+(0)'=

100x1x4.559/12.17 =
27.17x261.992/10 =
100x1x1.059/1.82=
27.17x223.61/10=

Equivalent Uniform Moment Factors mLT, mx, my and myx

my =0.2+(.15My+.5M3+. 1 5M,)/M
my=0.2+(.1My+.6M;+.1My)/M

max

M, =0.24( 1 My+.6M3+ IM)/M,
My, =0.2+(. IMy+.6M3+. IM)/ M0

max

0.2-+(.15x5+.5x8+.15x12)Y/16>0.44
0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0
0.2+(. Ix7+.6x7+.1x-1)/16> .8x8/16
0.2+(. 1x0+.6x0+.1x0)/0 > .8x0/0

Lateral Buckling Check Mb @ 4.559 m

Le=1.00L

A =Lelryy

v=Fn (x.Le,ryy,A)
A= uV.AARw

pb = Fn (py,Ai1)
Mb = Sxx.pb< Mc¢

1x1.059=

1.059/1.82
43.607,1.059, 1.82, 58.22
0.864 x 0.979 x 58.22+/ |
275,49.24
304.1x239.83<83.628 =

Combined Axial Compression and Bending to Annex I @ 4.559 m

l'bszT.ML'[/Mb
r=Fo/Pey

AT ALTHEA ) (o)

1x-16.1/72.9
8.4/607.6
(0.221249.2+0.014+58.2)/(0.221+0.014)

304.7 mm
304.7 mm

0.073
83.628 kN.m
747.175 kN
0.011
304.05 cm?
83.613 kN.m
0.037

375
711.832 kN
58.2
607.555 kN

. .

1.059 m

58.22

0.979

49.24

239.83 N/mm?
72.931 kN.m

(.2121]
N
49770

Low Shear

(I

Ok

OK
Table 24 a
OK
Table 24 b

Table 18
Table 26
Table 26
Table 26

OK
Table 19

[able 16
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Aro=17.15¢ (2rptre)(rotre)

Map= Mp(1-Fe/Pey)

M= Mex(1-F¢/ Pey)%

Mox= Mex(1-Fo/Pe)/(140.5F /P )
Moy= Meu(1-Fo/Pey Y/ (1+ky(Fo/Pey))
Mab:fn(lr,}\—ro,g, Mxy, Mob)
Max:fn()\.x,g, Mr, Mox)
May=fn(hy.e, Mry, Moy)
Mmy.My/Max

MMMy

mMy.My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

17.15+1(2:0.22140.014)/(0.221+0.014)
72.931(1-8.4/607.6)
83.628(1-8.4/607.6)%
83.628(1-8.4/711.8)/(1+0.5:8.4/711.8)
6.689(1-8.4/607.6)/(1+1.0(8.4/607.6))
49.770, 33.288, 1.000, 83.046, 71.920
37.468, 1.000, 83.613, 82.152

58.218, 1.000, 6.689, 6.506
0.5x16.1/83.2

Ix-16.1/79.9

0.5x16.1/83.2

0.125, 0.235, 0.235

0.109, 0.235, 0.196

33.288
71.920
83.046
82.152
6.506
79.943
83.181
6.580
0.097
0.202
0.097
0.235
0.235

OK
OK
oK
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I

Member Loading and Member Forces
Loading Combination : | UT+ 1.4 DI + 1.6 L1

Axial with Moments (Member)
Member SCL11d 4 @ Level 1
Between 0.000 and 2.105 m, in Load Case 1

Denediny A4 Ll Moshar U sesety

e —

Equivalent Uniform Moment Factors mLT, mx, my and myx

my=0.2:+(.1SMy+. SMy+. ISM)M o 0.2+(. 15X 1+.5x3+.15x4)/5 > 0.44

M, =0.2+(. 1 Myt 6My+. 1My M 0.2+(. 1 X0+.6x0+.1x0)/0 > .8x0/0

m=0.2+(1My+.6My+. 1M/ Moy 0.2+(,1x3+.6x5+.1x8)/10> .8x8/10

M =0.2H( 1My +.6My . 1M,/ M, 0.2+(.1x0+.6X0+.1x0)/0 > .8x0/0
Lateral Buckling Check Mb

Le=1.00L I x2.105=

A = Le/ryy 2.105/2.38

v =Fn(x.Le,ryy,\) 22.562,2.105,2.38, 88.45

A= w.vA/Bw 0.889 x 0.867 x 88.45+/ |

pb=Fn (py.\i1) 275,68.22

Mb = Sxx.pb< Mc 171.3x192.77<47.108 =
Combined Axial Compression and Bending to Annex 1

l‘bszT.MLT/Mh 0.6x5/33

r=Fe/Pey 34.4/397.2

A=(rpArTHrchy ) (rotre) (0.092-68.2+0.087-88.4)/(0.092+0.087)

A=17.15g (2nytre)/(rtre) 17.151(2+0.092+0.087)/(0.092+0.087)

Member Forces in Load Case 1
T Mem Node Axial Shear Bending Mlazimum Mhuwinwiim
e Endl Force Foree Maneenn Slanwent (LT LT
No. Endl (kN) (kN) {(kN.m) {(kN.m @@ m) (mm @ m)
I 14 TREC 1) I CHY ooso2 [ARLEA]
7 B.300(° A00% 2562 | @ 1a70 | @ £ i)
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41,30.58, 275, 34.39,9.6, 0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 2.393/140.818= 0.017 Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x 171.3€1.2x 275 x 152.63 = 47.108 kN.m
Pz = Ag.py 24.26x275= 667.15 kN
n=F/Pz 34.388/667.15= 0.052 OK
Srx = Fn(Sxx, n) 171.3,0.052 170.49 cm?
Mrx = Srx.py 170.49 x 275 46.884 kN.m
(Mx/Mrx)?'+(My/Mry)?? (5.038/46.884)2+(0)'= 0.012 DK
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3 OK
Pex = Area.pex 24.26x244.084/10= 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 oK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN Table24 b

0.6 Table 18
| Table 26
(.63 Table 26
I Table 26

2.105m
88.45 OK
0.867 Table 19
68.22
192.77 N/mm? Table 16
33.022 kN.m

0.092
0.087
78.051
25.965
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Mop= Mp(1-Fe/Pey) 33.022(1-34.4/397.2) 30.163
M= Me(1-Fo/ Pey)” 47.108(1-34.4/397.2)" 45.022
Mox= Mox(1-Fo/Pe )/(14+0.5F /Py ) 47.108(1-34.4/592.1)/(1+0.5-34.4/592.1) 43.120
Moy= Mey(1-Fe/Pey J/(1+ky(Fe/Pey)) 8.973(1-34.4/397.2)/(1+1.0(34.4/397.2)) 7.543
Map=f(Ar,Arorgs Miy, Mob) 78.051,25.965, 1.000, 45.022, 30.163 32.329
M=t A, Mix, Mox) 56.283, 1.000, 46.884, 43.120 44,738
May=f(Ay,g, Mry, Moy) 88.445, 1.000, 8.973,7.543 7.543
My My/Ma 0.63x9.6/44.7 0.135 OK
mLT.ML'r/Mab 06X5/323 0.094 OK
M. My/Max 0.63x9.6/44.7 0.071 OK
Compare with Simplied to 4.8.3.3 0.231,0.178,0.178 0.231
Compare with MoreExact to 4.8.3.3 0.19,0.178, 0.07 0.19
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Axial with Moments (Member)
Member SCL11d 4 @ Level 1

Between 2.105 and 4.210 m, in Load Case 1

Member Loading and Member Forces

Loading Combination : | UT+ 1.4 D1 + 1.6 L1

Member Forces in Load Case 1
I Mem Nude Axial Shear Bending Maximum Mlasiimiom
ber Emidl Foree Forwe Maiibrein Wit [ET TR T
No. Emdl (kN) (kN) {kN.m) (kN.m @ m) (mm @ m)
I 4 3IBHC 2393 0.001 5 50 i1 4]
T A0 EANE] -2.562 | i 3970 | @ 041X
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275]
Class = Fn(b/T,d/t,py.F,Mx,My) 6.41,30.58,275,34.39,9.6,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 4.118/140.818= 0.029 Low Shear
Mcx = py.Sxx<1.2 py.Zxx 275x 171.3<1.2x275x 152.63 = 47.108 kN.m
Pz = Ag.py 2426 x275= 667.15 kN
n=F/Pz 34.388/667.15= 0.052 Ok
Srx = Fn(Sxx, n) 171.3,0.052 170.49 cm?
Mrx = Srx.py 170.49 x 275 46.884 kN.m
(Mx/Mrx)2+(My/Mry)22 (9.598/46.884)*+(0)'= 0.042 OK
Compression Resistance Pc
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3 oK
Pex = Area.pex 24.26x244.084/10 = 592.147kN  Table 24 a
Ay = Ley/ryy 100x1x2.105/2.38 = 88.4 OK
Pcy = Area.pcy 24.26x163.71/10= 397.161 kN Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
M =0.2+(. 1 5Myt 5SMy+. 15M)/M, 1 0.2+(.15x6+.5x8+.15%9)/9 > 0.44 0.886  Table 18
my=0.2+(. 1My+.6My+. 1My)/M, 0 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 [ Table 26
m,=0.2+( 1My +.6My+. IM)/M, . 0.2+(.1x3+.6x5+,1x8)/10 > .8x8/10 0.63 Table 26
My =0.2+( IMy+.6My+. IM)/M, .., 0.2+(.1x0+.6x0+. 1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2,105 m
A = Le/ryy 2.105/2.38 88.45 OK
v=Fn (x.Le,ryy,A) 22.562,2.105,2.38, 88.45 0.867 Table 19
A= uvAARw 0.889 x 0.867 x 88.454/ | 68.22
pb = Fn (py.A11) 275, 68.22 192.77 N/mm? Table 16
Mb = Sxx.pb< Mc 171.3x192.77<47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex I
r=mp1.ML/Mp 0.886x9.6/33 0.257
r=F /Py 34.4/397.2 0.087
A (o ALTHrchy )/ (rpHre) (0.257-68.2+0.087-88.4)/(0.257+0.087) 73.312
Aeo=17.13¢g (2rptre)/(rptre) 17.151(20.257+0.087)/(0.257+0.087) 29.984
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SIDEBOTTOM RICHARDSON CHENG LTD! | JobRer 14020
Consulting Structural and Civil Engineers hcet : Bo.
: i Made by : MAS
15 High Street, Spalding Date £ 22 April 2020 / Ver. 2017.14
Lincolnshire PE11 ITW Checked
Telephone: 01775 712660 Approved :
Mop= Mp(1-Fe/Pey) 33.022(1-34.4/397.2) 30.163
M= Mex(1-F¢/ Pey)* 47.108(1-34.4/397.2)" 45.022
M= Mex(1-Fo/Pex )/ (1+0.5F /Py ) 47.108(1-34.4/592.1)/(1+0.5-34.4/592.1) 43.120
Moy= Mey(1-Fe/Pey )/ (1+ky(Fe/Pey)) 8.973(1-34.4/397.2)/(1+1.0(34.4/397.2)) 7.543
Mab=tn(Ar. A rogs My, Mab) 73.312,29.984, 1.000, 45.022, 30.163 33.904
Ma=f(Ax,g, Mexs Mox) 56.283, 1.000, 46.884,43.120 44,738
May=tn(Ay,g, My, Moy) 88.445, 1.000, 8.973, 7.543 7.543
My.M/Max 0.63x9.6/44.7 0.135 OK
mLT.MLT/Mab 0886X96/339 0.251 OK
My Myx/Max 0.63x9.6/44.7 0.135 OK
Compare with Simplied to 4.8.3.3 0.231,0.344,0.344 0.344
Compare with MoreExact to 4.8.3.3 0.19,0.344,0.197 0.344
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. . Made by : MAS
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Axial with Moments (Member)
Member SCL1Id 7 @ Level 1
Between 0.000 and 2.105 m, in Load Case 6

Member Loading and Member Forces
Loading Combination : 1 UT+ 1 D1 + 1.4 W5

W5 UDLX -003.171 ( kN/m )

Member Forces in Load Case 6

M

Mode Axial Shear Bending Maximum Maximum
lier Endl Foree Furici Ml Mol Dellection
Ma, End2 (kN) (kN) (kN.m) (kN.m @ m) (mm @ m)
4 i 28037 B[NES 0000 11 620 11.000
10 1580 8532 3420 | @ 1273 | @ 11,000
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41, 30.58,275,0,11.62,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 0.812/140.818= 0.006  Low Shear
Mex = py.Sxx<1.2 py.Zxx 275 x 171.3€1.2 x275x 152.63 = 47.108 kN.m
Ae = Fn(Ag,A.net,py,Us) 24.26,24.26,275,410 24.26 cm?
Pz = Ae.py 24.26x275 667.15 kN
n=F/Pz -3.589/667.15 = 0.005 Ok
Srx = Fn(Sxx, n) 171.3,0.005 171.29 cm?
Mrx = Srx.py 171.29x 275 47.105 kN.m
(Mx/Mrx)?'+(My/Mry)Z2 (11.545/47.105)*+(0)'= 0.06 (814
Equivalent Uniform Moment Factors mLT, mx, my and myx
My =0.2+(.15My+.SMy+. 1 SMy)/M, 0, 0.2+(15x5+.5x8+.15x11)/12> 0.44 0.754 Table 18
mMy=0.2+(. IMy+.6My+, IMg)/M 0 0.2+(, [x0+.6x0+.1x0)/0 > .8x0/0 | Table 26
M=0.2+(. IMy+.6My+. IMIM,, . 0.2+(. 1x-8+.6x-12+.1x-10)/12> .8x12/12 0933  Table 26
My =0.2( IMy+.6M3+. IM)/M, 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 I Table 26
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A = Le/ryy 2.105/2.38 88.43 OK
v="Fn (x.Le,ryy,A) 22.562,2.105,2.38, 88.45 0.867 Table 19
A= UVAABw 0.889 x 0.867 x 88.45+/ 1 68.22
pb=Fn (py,Ai7) 275,68.22 192.77 N/mm? Table 16
Mb = Sxx.pb< Mc¢ 171.3 x 192.77<47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex 1
r,=mp1.M /My 0.754x-11.5/33 0.264
re=Fc/Poy 0/397.2 0.000
A ALTH A ) (pHre) (0.264+68.2+0+88.4)/(0.264+0) 68.222
Aro=17.15g (2ry+r)/(ry+re) 17.151(2+0.264+0)/(0.264+0) 34.300
M= Mp(1-Fc/Pey) 33.022(1-0/397.2) 33.022
M= Mex(1-Fof Pey)* 47.108(1-0/397.2)% 47.108
Mox™ Mx(1-Fo/Pe)/(1+0.5F/Py) 47.108(1-0/592.1)/(1+0.5+0/592.1) 47.108
Moy™= Mey(1-Fo/Pey )/(1+ky(Fo/Pey)) 8.973(1-0/397.2)/(1+1.0(0/397.2)) 8.973
Ma=fn{As,Arosgs My, Mob) 068.222, 34.300, 1.000,47.108, 33.022 37.830
Ma=f(As,g, Mix, Moy) 56.283,1.000,47.105,47.108 47.108
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Consulting Structural and Civil Engincers Sheet 1 B2,
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15 High Street, Spalding Date : 22 April 2020/ Ver. 2017.14
Lincolnshire PE11 I'TW Checked
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Muy=f(Ay,g, Miy, Moy) 88.445, 1.000, 8.973, 8.973 8.973
My M/Max 0.953x11.6/47.1 0.235 OK
my . ML1/Mgp 0.754x-11.5/37.8 0.230 OK
my. My/May 0.953x11.6/47.1 0.233 OK
Compare with Simplied to 4.8.3.3 0.264, 0.264,0.264 0.264
Compare with MoreExact to 4.8.3.3 0.235,0.264,0.185 0.264
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Axial with Moments (Member)
Member SCL11d 7 @ Level 1
Between 2.105 and 4.210 m, in Load Case 1

Member Loading and Member Forces
Loading Combination : 1 UT + 1.4 DI + 1.6 L1

i it ol At .

%

Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 3.833/140.818 = 0.027
Mcx = py.Sxx<1.2 py.Zxx 275 x 171.3<1.2x 275 x 152.63 = 47.108 kN.m
Pz=Ag.py 24.26x 275 = 667.15kN
n=F/Pz 19.339/667.15= 0.029
Srx = Fn(Sxx, n) 171.3,0.029 171.04 cm®
Mrx = Srx.py 171.04 x 275 47.037 kN.m
(MxX/Mrx)2'+(My/Mry)%2 (16.136/47.037)*+(0)'= 0.118
Compression Resistance Pe
Ax = Lex/rxx 100x1x4.21/7.48 = 56.3
Pex = Area.pex 24.26x244.084/10= 592.147 kN
Ay = Ley/ryy 100x1x2.105/2.38 = 884
Pcy = Area.pcy 24.26x163.71/10 = 397.161 kN
Equivalent Uniform Moment Factors mLT, mx, my and myx
myg=0.2+(15My+ SM3+. 1SM)/M, 0.2+(.15x10+.5x12+.15x14)/16 > 0.44 8
m,=0.2+(. IMy* 6My+ IM)/M, ., 0.2+(.1X0+.6x0+. 1x0)/0 > .8x0/0 |
m=0.2+( IMy+.6My+ IM /M, ¢ 0.2+(. Ix4+.6x8+.1x12)/16 > .8x12/16 0.6
My =0.2+( 1My 6My+. IMg)M ;o 0.2+(.1x0+.6x0+.1x0)/0 > .8x0/0 |
Lateral Buckling Check Mb
Le=1.00L 1x2.105= 2.105m
A = Le/ryy 2.105/2.38 88.45
v ="Fn (x.Le,ryy.A) 22.562,2.105,2.38, 88.45 0.867
A= WA Bw 0.889 x 0.867 x 88.45+/ 1 68.22
pb =TFn (py.Ai1) 275,68.22 192.77 N/mm?
Mb = Sxx.pb< Mc 171.3x 192.77<47.108 = 33.022 kN.m
Combined Axial Compression and Bending to Annex I
rp=mp1.M /My 0.8x16.1/33 0.391
r=Fc/Pey 19.3/397.2 0.049
A= (roALrrrehy Y (rptre) (0.391+68.2+0.049+88.4)/(0.391+0.049) 70.462
Ar=17.15¢ (2rptre)/(rytre) 17.151(2+0.391+0.049)/(0.391+0.049) 32.401
Mob= Mp(1-Fo/Pey) 33.022(1-19.3/397.2) 31.414

Member Forces in Load Case 1
I Mem Mesile Axial Slvenr Bending Maximum Almximnm
ber Eadl Furee Force Moment Manmend Defection
No. End2 (kN) {kN) {kN.m) {kN.m @ m) (mm @ m)
" L §aIec 3in 0.000 04N
1 1B IR0 ¥au 16 136 il 03 {0
Classification and Properties (BS 5950: 2000)
Section (19.04 kg/m) 178x102 UB 19 [S 275}
Class = Fn(b/T,d/t,py,F,Mx,My) 6.41,30.58, 275, 19.34, 16.14, 0 (Axial: Non-Slender) Plastic

Low Shear

Ok

L8]

OK
Table 24 a
OK
Table 24 b

Table 18
Table 26
Table 26
Table 26

OK
Table 19

Table 16
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Mxy= Mcx(l'FJ Pcy)vz

Mox= Mex(1-Fo/Pes)/(1+0.5F/Pey)
Moy= Ma(1-Fo/Pey ) (1+ky(Fo/Pey))
Mnbzfn(}\r’}\tro,sg Mxy, Mob)
Max=fn(Ax,g, Mix, Mox)
May=n(Ay,g, Miy, Moy)
m,.My/Max

myr.Mpt/May

M. My/Max

Compare with Simplied to 4.8.3.3
Compare with MoreExact to 4.8.3.3

47.108(1-19.3/397.2)"
47.108(1-19.3/592.1)/(1+0.5219.3/592.1)
8.973(1-19.3/397.2)/(1+1.0(19.3/397.2))
70.462, 32.401, 1.000, 45.946,31.414
56.283, 1.000,47.037, 44.837

88.445, 1.000, 8.973, 8.139
0.6x16.1/45.8

0.8x16.1/35.9

0.6x16.1/45.8

0.279,0.44,0.44

0.242,0.44,0.288

45.946
44.837
8.139
35.902
45.783
8.139
0.212 OK
0.360 OK
0.211 OK
0.44
0.44
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SIDEBOTTOM RICHARDSON CHENG LTD. | JobRef :14020

. ] ] .. . Sheet : 89S
Cons'ultlng Str uctura! and Civil Enginecrs Madeby :MAS
L3 Hiph Strdet, Spalding Date :22 April 2020 / Ver. 2017.14
Lincolnshire PEI1 1TW Checked
Telephone: 01775 712660 Approved :
Axial with Moments (Member)
Member SCL1Id 6 @ Level 1 in Load Case 1
Member Loading and Member Forces B Mouneut s dewbes Cagacin
Loading Combination : 1 UT+ 1.4 D] + 1.6 L1
.—_ﬁi
Member Forces in Load Case 1
[ Mo Modle Axinl Shenr Bending Maximum Mlaslmiin
LT Endl Frey Force Muonseni Moment Defection
No. Emdl {kN) (kN) (kN.m) {(kN.m @ m) {mm @ m)
P 3 9840 ' 0000 10001
4 28.000C 6512 B b 1000
Classification and Properties (BS 5950: 2000)
Section (31.14 kg/m) 254x146 UB 31 [S 275]
Class = Fn(b/T,d/t,py,F,Mx,My) 8.49,36.5,275,29.38,20.61,0 (Axial: Non-Slender) Plastic
Auto Design Load Cases 1-6
Local Capacity Check
Fvx/Pvx 6.512/248.886 = 0.026  Low Shear
Mex = py.Sxx<1.2 py.Zxx 275x393.1<1.2x275x 351.18= 108.103 kN.m
Pz = Ag.py 39.67x275= 1090.925 kN
n=F/Pz 29.384/1090.925 = 0.027 OK
Srx = Fn(Sxx, n) 393.1,0.027 392.62 cm?
Mrx = Srx.py 392.62 x 275 107.972 kN.m
(Mx/Mrx)y?'+H(My/Mry)Z2 (20.61/107.972)2+(0)}= 0.036 K
Compression Resistance P¢
AX = Lex/rxx 100x1x3.165/10.55= 30 OK
Pex = Area.pex 39.67x267.209/10 = 1060.020 kN Table 24 a
Ay = Ley/ryy 100x1x3.165/3.36= 94.2 OK
Pcy = Area.pcy 39.67x152.02/10= 603.065 kN Table 24 b
Equivalent Uniform Moment Factors mLT, mx, my and myx
ML r=0.2+H( 1 SMy+. SM3+. 1 5My) M0 0.2+(.15x5+.5x10+.15x15)/21 > 0.44 (.6 Table 18
my=0.2+(. 1My +.6M3+, IM)/M, 0 0.2+(.1x0+,6x0+. 1x0)/0 > .8x0/0 I Table 26
m,=0.2+( IMy+.6M3+. IM /M, . 0.2+(.1x-5+.6x-10+.1x-15)/21 > .8x15/21 6 Table 26
My =0.2+( 1My*+.6My+. 1M/ My 0.2+(.1X0+.6x0+.1x0)/0 > .8x0/0 | Table26
Lateral Buckling Check Mb
Le=1.00L 1 x3.165= 3.165m
A= Le/ryy 3.165/3.36 94.2 OK
v =Fn (x.Le,ryy,A) 29.496, 3.165, 3.36, 94.2 0.902 Table 19
ALT= w.v.AABw 0.88x 0.902 x 94.24/ 1 74.8
pb=Fn (py,\i1) 275,74.8 176.87 N/mm? Table 16
Mb = Sxx.pb< Mc¢ 393.1x 176.87< 108.103 = 69.526 kN.m
Combined Axial Compression and Bending to Annex I
rb=mLT.MLT/Mb 06R-20()/695 0.178
1=Fc/Pey 29.4/603.1 0.049
A=(ro ALty W(rytre) (0.17874.8+0.049+94.2)/(0.178+0.049) 78.973
Aeo=17.15¢ (2rytre)/(rptre) 17.15¢1(20.178+0.049)/(0.178+0.049) 30.613
M= Mp(1-Fo/Pey) 69.526(1-29.4/603.1) 66.139
M= M(1-Fo/ Pey)” 108.103(1-29.4/603.1)% 105.436
Mo= Mex(1-F/P)/(140.5F /P ) 108.103(1-29.4/1060)/(1+0.5+29.4/1060) 103.669
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Consulting Structural and Civil Engineers Sheet 1 B6
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Lincolnshire PEI1 ITW Checked
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Moy= Meu(1-Fo/Pey )(1+ky(Fc/Pey)) 20.255(1-29.4/603.1)/(1+1.0(29.4/603.1)) 18.373
Map=fn(Ar. Arorg> Mxy, Mob) 78.973,30.613, 1.000, 105.436, 66.139 71314
Ma=tn(Agg, M, Mox) 30.000, 1.000, 107.972, 103.669 107.166
May=th(Ay,g, Miy, Mgy) 94.196, 1.000, 20.255, 18.373 18.373
my.My/Max 0.6x20.6/107.2 0.115 OK
my.Mi/Mas 0.6x-20.6/71.3 0.173 OK
M. My/Mpg 0.6x20.6/107.2 0.115 OK
Compare with Simplied to 4.8.3.3 0.177,0.227,0.227 0.227
Compare with MoreExact to 4.8.3.3 0.144,0.227,0.119 0.227
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Axial with Moments (Member)
Member SCL11d 5 @ Level 1 in Load Case 1

Member Loading and Member Forces Sy et and Mocaber Capacaty
Loading Combination : 1 UT + 1.4 D1 + 1.6 L1
L = =
Member Forces in Load Case 1

T Nem Node Aodul Shear Bending Maximum Slisdneim

lser Endl Force Furee Manmeni Maeeni Lhelretian

No. Endl ({3} (kN) (kN.m) (kN.m @ m) (mm @ m)
& 2 PRSI i}, YL {10l (3 EHHY
i 266710 . 756 1.463 ) 0 D0

Classification and Properties (BS 5950: 2000)

Section (22.95 kg/m)

152x152 UC 23 [S 275]

Class = Fn(b/T,d/t,py,F,Mx,My) 11.19,21.31, 275, 28.29, 1.46,0 (Axial: Non-Slender) SemiComp

Effective Properties Area=29.24 cm?, Sxx=176.29(182) cm?, Syy=71.41(80.2) cm?

Auto Design Load Cases 1-6
Local Capacity Check

Fvx/Pvx 0.286/145.847 = 0.002 Low Shear

Mcex = py.Sxx<1.2 py.Zxx 275 x 176.29<1.2 x 275 x 164.13 = 48.481 kN.m

Pz= Ag.py 29.24x275= 804.1 kN

n=F/Pz 28.285/804.1= 0.035 OK

F/Ag.py+Mx/Mcx+My/Mcy 28.285/804.1 + 1.463/48.481 +0 = 0.065 OK
Compression Resistance Pc

Ax = Lex/rxx 100x1x5.121/6.54 = 78.3 oK

Pex = Area.pex 29.24x184.953/10= 540.803 kN Table 24 b

Ay = Ley/ryy 100x1x5.121/3.7= 138.4 OK

Pcy = Area.pcy 29.24x77.83/10= 227.563 kN Table 24 ¢
Equivalent Uniform Moment Factors mLT, mx, my and myx

mp=0.2+(.15My+.5My+ 1 5M)/M, 0.2+(.15x0+.5x 1+.15x1)/1 > 0.44 0.6 Table 18

my=0.2+(.1My+.6My+. 1My )Mo 0.2+(.1x0+,6x0+.1x0)/0 > .8x0/0 I Table 26

my=0.2+(. 1My 6My+ IM,)/M, . 0.24( 1X0+.6x-1+.1x-1)/1 > .8x1/1 06 Table26

My =0.2+( IMy+.6My+. IMg)/M, 0.2+(. 1x0+.6x0+. 1x0)/0 > .8x0/0 [ Table 26
Lateral Buckling Check Mb

Le=1.00L I'x5121= 5.121'm

A = Lelryy 5.121/3.7 138.4 OK

v=Fn (x.Le,ryy,\) 20.292,5.121,3.7,138.4 0.74 Table 19

A= uwv A ARw 0.84 x 0.74 x 138.44/ 0.969 84.74

pb=Fn (py.Ai1) 275, 84.74 154.4 N/mm? Table 16

Mb = Sxx.pb< Mc 176.29 x 154.4< 48.481 = 27.220 kN.m
Simplified Approach

py.Zx 275x164.13 45.136 kN.m

F/Pc+mx.Mx/py.Zx 28.285/227.563+0.6x1.5/45.1 0.144 OK

F/Pey+m| .M 1/Mb 28.285/227.563+0.6x-1.5/27.2 0.157 OK
More Exact Approach

Max=Mex/(1+.5/Pcx) 48.5/(1+.5x28.3/540,8) 47.245 kN.m

F/Pex+mx.Mx/Max 28.3/540.8+0.6x1.5/47.2 0.071 Ok
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