TRESOC DART MARINE PARK

Appendix A

Structural reports and cantilever exclusion plan
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This appendix brings together the Buildings B and D cantilever exclusion plan and the complete structureHaus
structural reports for Buildings A, B, C and D. Tenderers should read the relevant building report, including its
calculations, assumptions, exclusions and supporting information.
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Al B and D cantilever exclusion plan 2 1

A2 Building A structural report 3 45
A3 Building B structural report 48 45
A4 Building C structural report 93 44
A5 Building D structural report 137 38

How to use this appendix

Cantilever exclusion

No PV is to be installed in the red-outlined cantilever areas shown in Al for Buildings B and D. The building-specific reports
also identify these exclusions.

Assessment scope

The reports assess the existing building structure for the proposed PV loading. Their conclusions must be read with the stated
limitations; they do not establish the adequacy of the PV-to-roof fixing system.

Document control

All four report letters are dated 21 January 2026. Report pages are reproduced in full and unchanged, including original
pagination and blank pages. Contents page numbers refer to this combined PDF.

Report identification

The supplied Building A and Building D reports both carry reference 07229E_sH_SE_RP_004. Identify each report by its
building title and its position in this appendix.
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APPENDIX A1 BUILDINGS B AND D

Cantilever areas excluded from PV installation

Red outlines identify the excluded areas. Read with the Building B and Building D structural reports.

BUILDING D

BUILDING B

Source graphic: PV Plan for Buildings B & D - no PV on the canterleaver.pdf
DMP-RFT-APP-A1 | PO1 | 21 October 2026 | NTS - do not scale | Appendix PDF page 2 FOR TENDER
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LONDON OFFICE
14 The Green
Richmond - Surrey TW9 1PX

EXETER OFFICE
Bradninch Court
Castle Street

Exeter Devon EX4 3PL

Our ref: 07229E_sH_SE_RP_004

Dr SaIIy Murrall-Smith PhD info@structurehaus.com
. www.structurehaus.com

Totnes Renewable Energy Society

107 High Street

Totnes

TQ9 5SN

21t January 2026

Dear Sally,

Structural Check at Dart Marine Park, Steamer Quay Road, Totnhes, TQ9 5AL
— Building A

As requested, and commissioned, we have carried out a structural survey of the portal frame
building at Dart Marine Park, carried out calculations and prepared this report, for the purpose

of justifying the proposed PV panel installation to the roof.

The building is of a two storey portalised steel frame, we could not measure the floor steel due
to the finishes of the building, we requested ‘As-Built’ drawings, but these haven’t been
available. However, we are confident that the compressive utilisation of the steel columns is not
at question, more the overall stability, as such we have included a tie beam at floor level but not

analysed this element.

The portal steel frame has 203 x 133 x 30 UB Rafters and 203 UC 46 Columns, the portal
frames are at 5.7 metre centres. The dimension of the portal frame is shown in the calculations

within this report.

1132
LONDON OFFICE EXETER OFFICE ASSOCIATED OFFICES
020 8940 7810 01392 363497 Essex

Stuttgart
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The proposed PV system is fixed to the roof, loadings are taken as 0.15kN/m? which is applied
on top of the snow loading at 0.6kN/m? and the dead weight loading of 0.5kN/m? including

services.

Structural calculations have been carried out to check the capacity of these members, and

determine adequacy of the existing structure for the proposed PV panel instillation.

We are pleased to confirm that the steel frame member sizes are adequate to support the

additional vertical loading of the proposed installation.

Therefore, we can confirm that installing the new roof panels upon the existing roof of

this structure will not have a structurally detrimental effect.

This letter confirms cover under our Pl should any failure of the steel frame occur due to

inadequate capacity.

This letter is not intended to and does not relate to the adequacy or assessment of the fixing

system to the Photovoltaics to the roof.

Yours sincerely,
~
i
Mark Harris MIStructE

Director
structureHaus Ltd

Appendix A — Information Provided and Photos

Appendix B — Structural Calculations
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APPENDIX A — INFORMATION PROVIDED &
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Proposed PV layout
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APPENDIX B — STRUCTURAL CALCULATIONS
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Dart Marine Park, Totnes 07229E
Calcs for Start page no./Revision
Wind 2
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 11/11/2025 DALP
WIND LOADING (BS6399)
In accordance with BS6399
Tedds calculation version 3.0.19
=
=
uwy
: 1
JL 3
=
)
= 28500 »| 13500
Plan Elevation
Building data
Type of roof Duopitch
Length of building L = 28500 mm
Width of building W =13500 mm
Height to eaves H = 5600 mm
Pitch of roof oo = 15.0 deg
Reference height Hr = 7409 mm
Dynamic classification
Building type factor (Table 1) Kb =1.0

Dynamic augmentation factor (1.6.1)

Site wind speed

Cr = [Ko x (Hr /(0.1 m) )275] / ( 800 x log( Hr / (0.1 m))) = 0.02

Location Totnes

Basic wind speed (Figure 6 BS6399:Pt 2) Vb=22.5m/s
Site altitude As=1m
Upwind distance from sea to site dsea = 10 km
Direction factor Sda =0.82
Seasonal factor Ss =1.00
Probability factor Sp=1.00
Critical gap between buildings g = 5000 mm

Topography not significant
Altitude factor

Site wind speed

Terrain category

Sa=1+0.001 xAs/1m =1.00
Vs = Vb x Sa x Sd x Ss x Sp =18.5 m/s
Sea

Displacement height (sheltering effect excluded)  Hd = 0mm

The velocity pressure for the windward face of the building with a 0 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)

The velocity pressure for the windward face of the building with a 90 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)
Dynamic pressure - windward wall - Wind 0 deg and roof

Reference height (at which q is sought) Href = 5600mm
Effective height He = max(Href — Hg, 0.4 x Href) = 5600mm
Fetch factor (Table 22) Sc = 0.959
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Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 11/11/2025 DALP
Turbulence factor (Table 22) St=0.190
Gust peak factor gt = 3.44
Terrain and building factor Sb=Scx (1+(gtx Si) + Sn) = 1.59
Effective wind speed Ve =Vs x Sb=29.3 m/s
Dynamic pressure gs = 0.613 kg/m?3 x Ve? = 0.527 kN/m?
Dynamic pressure - windward wall - Wind 90 deg and roof
Reference height (at which q is sought) Href = 7409mm
Effective height He = max(Href — Ha, 0.4 x Href) = 7409mm
Fetch factor (Table 22) Sc = 1.005
Turbulence factor (Table 22) St=0.185
Gust peak factor gt =3.44
Terrain and building factor Sb=Scx (1 + (gt x St) + Sh) = 1.64
Effective wind speed Ve = Vs x Sb = 30.4 m/s
Dynamic pressure gs = 0.613 kg/m? x Ve? = 0.566 kN/m?2
Size effect factors
Diagonal dimension for gablewall 3eg = 14.6 M
External size effect factor gablewall Caeg = 0.903
Diagonal dimension for side wall Qes=29.0m
External size effect factor side wall Caes = 0.841
Diagonal dimension for roof Qer =293 m
External size effect factor roof Caer = 0.840
Room/storey volume for internal size effect factor Vi =1740.000 m?3
Diagonal dimension for internal size effect factors ai=10 x ( Vi )" =120.277 m
Internal size effect factor Cai=0.712
Pressures and forces
Net pressure P = gs x Cpe x Cae - gs x Cpi x Cai
Net force Fw=p x Aret
Roof load case 1 - Wind 0, cpi 0.20, ~Cpe
Zone Ext pressure pr[;igi?;mqs External size Prel\ées!ture Area, Net force,
coefficient, cpe (kN /m2’) factor, Cee p (kN /m2), Aref (M?) Fw (kN)
A (-ve) -1.10 0.57 0.840 -0.60 22.73 -13.71
B (-ve) -0.80 0.57 0.840 -0.46 20.99 -9.67
C (-ve) -0.40 0.57 0.840 -0.27 155.44 -42.06
E (-ve) -1.30 0.57 0.840 -0.70 22.73 -15.87
F (-ve) -0.90 0.57 0.840 -0.51 20.99 -10.66
G (-ve) -0.50 0.57 0.840 -0.32 155.44 -49.44
Total vertical net force Fwv=-136.59 kN
Total horizontal net force Fwn=2.73 kN
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Walls load case 1 - Wind 0, cpi 0.20, -Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (kN)
A -1.40 0.57 0.903 -0.80 17.77 -14.19
B -0.83 0.57 0.903 -0.51 70.04 -35.51
w 0.73 0.53 0.841 0.25 159.60 39.78
| -0.50 0.53 0.841 -0.30 159.60 -47.29
Overall loading
Equiv leeward net force for overall section Fi =Fww = -47.3 kN
Net windward force for overall section Fw = Fuww = 39.8 kKN
Overall loading overall section Fww=0.85x (1 + Cr) x (Fw- Fi + Fwh) = 77.6 kN
Roof load case 2 - Wind 0, cpi -0.3, +Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prel\lszture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Avrer (M?) Fw (kN)
A (+ve) 0.20 0.57 0.840 0.22 22.73 4.91
B (+ve) 0.20 0.57 0.840 0.22 20.99 4.53
C (+ve) 0.20 0.57 0.840 0.22 155.44 33.55
E (+ve) -1.30 0.57 0.840 -0.50 22.73 -11.29
F (+ve) -0.90 0.57 0.840 -0.31 20.99 -6.44
G (+ve) -0.50 0.57 0.840 -0.12 155.44 -18.14
Total vertical net force Fwyv = 6.87 kN
Total horizontal net force Fwh=20.41 kN
Walls load case 2 - Wind 0, ¢cpi -0.3, +Cpe
Zone Ext pressure pgﬁgﬁ?;i,cqs External size Prel\ézture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cee b (kN/m?2) Avref (M?) Fw (kN)
A -1.40 0.57 0.903 -0.60 17.77 -10.61
B -0.83 0.57 0.903 -0.31 70.04 -21.41
w 0.73 0.53 0.841 0.44 159.60 69.70
[ -0.50 0.53 0.841 -0.11 159.60 -17.38

Overall loading
Equiv leeward net force for overall section
Net windward force for overall section

Overall loading

overall section

Fi =Fww = -17.4 kN
Fw= Fw,ww =69.7 kN
Fww = 0.85 x (1 + Cr) X (Fw -Fi+ Fw,h) =929 kN
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Roof load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A (-ve) -1.60 0.57 0.840 -0.84 9.43 -7.93
B (-ve) -1.50 0.57 0.840 -0.79 9.43 -7.48
C (-ve) -0.60 0.57 0.840 -0.37 75.47 -27.59
D (-ve) -0.40 0.57 0.840 -0.27 303.98 -82.25
Total vertical net force Fwv ==120.99 kN
Total horizontal net force Fwn=0.00 kN
Walls load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgﬁgﬁ?;i!cqs External size Prelies'ture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Aver (M2) Fw (kN)
A -1.54 0.53 0.841 -0.75 12.54 -9.47
B -0.88 0.53 0.841 -0.46 50.18 -23.28
C -0.81 0.53 0.841 -0.44 96.88 -42.19
w 0.61 0.57 0.903 0.23 87.81 20.41
I -0.50 0.57 0.903 -0.34 87.81 -29.50
Overall loading
Equiv leeward net force for overall section Fi =Fww = =29.5 kN
Net windward force for overall section Fw = Fuww =20.4 kN
Overall loading overall section Fww=0.85 % (1 + C/) x (Fw- Fi + Fwn) = 43.1 kN
Roof load case 4 - Wind 90, cpi -0.3, -Cpe
Dynamic . Net
e | Gapme | pessweq, | S | e | e, Ml
A (-ve) -1.60 0.57 0.840 -0.64 9.43 -6.03
B (-ve) -1.50 0.57 0.840 -0.59 9.43 -5.58
C (-ve) -0.60 0.57 0.840 -0.16 75.47 -12.39
D (-ve) -0.40 0.57 0.840 -0.07 303.98 -21.04
Total vertical net force Fwy = -43.51 kN
Total horizontal net force Fwh=0.00 kN
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Walls load case 4 - Wind 90, cpi -0.3, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,

coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.57 12.54 -7.12
B -0.88 0.53 0.841 -0.28 50.18 -13.87
C -0.81 0.53 0.841 -0.25 96.88 -24.03
w 0.61 0.57 0.903 0.43 87.81 38.09
I -0.50 0.57 0.903 -0.13 87.81 -11.82

Overall loading

Equiv leeward net force for overall section
Net windward force for overall section

Overall loading overall section

Fi =Fww = -11.8 kN
Fw= Fw,ww =38.1 kN
Fww = 0.85 x (1 + Cr) X (Fw -Fi+ Fw‘h) =43.1 kKN
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STEEL MEMBER ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

Tedds calculation version 4.5.06

ANALYSIS
Tedds calculation version 1.0.38
Geometry
Geometry (m) - Steel (EC3)
T =1
Gl = |
AT 12 TH |
. 7 |
- T
P x 2
Materials
Name Density Youngs Modulus | Shear Modulus |Thermal Coefficient
(kg/m?3) kN/mm?2 kN/mm?2 °C-1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm?) (cm?) (cm?) (cm?)
UKC 203x203x46 58.7 4567.8 1548.2 14.6 40.3
UB 203x133x30 38.2 2895.6 384.7 13.2 23.1
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X Zz X z Rot. Name Angle X z Rot.
(m) (m) Q) (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Fixed 0 0 0 0
2 0 3.4 Free Free Free 0 0 0 0
3 0 57 Free Free Free 0 0 0 0
4 6 7.3 Free Free Free 0 0 0 0
5 12 57 Free Free Free 0 0 0 0
6 12 3.4 Free Free Free 0 0 0 0
7 12 0 Fixed Fixed Fixed 0 0 0 0
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Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 3.4 1 2 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
2 2.3 2 3 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
3 6.21 3 4 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
4 6.21 4 5 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
5 2.3 5 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
6 3.4 6 7 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
7 12 2 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
1 1 1
2 2 2
3 3 3
4 4 4
Memberb5 5 5
Member6 6 6
Loading

Self weight included

Permanent - Loading (kN/m)

L

=] i

X
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s L
o 00
od 6
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Imposed - Loading (kN/m)

E

6.38

6.38

Wind - Loadin

g (kN/m,kNm)

k]

6.38

6.38—@:?"’}5

1
Z

Load combination factors

| & | 3
I 2| §| 8| 2
Load combination E £ S §
s s | E
N o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 1 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5Q + 1.5y0S + 1.5y0W (Strength) 1.35 135 | 1.50 | 0.75
1.0G + 1.0Q + 0.5S + 0.5W (Service) 1.00 | 1.00 | 1.00 | 0.50

GIALLIE W
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Member Loads
Member Load case Load Type Orientation | Description
3 Permanent ubDL GlobalZz 0.68 kN/m
3 Permanent ubDL GlobalZz 2.28 kKN/m
4 Permanent ubDL GlobalZz 2.28 kN/m
3 Imposed uUDL Globalz 2.85 kN/m
4 Imposed uDL Globalz 2.85 kN/m
1 Wind Point Moment GlobalY OkNmatOm
1 Wind ubDL GlobalX 6.38 kN/m
2 Wind ubDL GlobalX 6.38 kN/m
Results
Forces

Strength combinations - Moment envelope (kNm)

1.4

Strength combinations - Shear envelope (kN)

10.9

143

g

481

46,9

5.4

E;-]J
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-FhS

Service combinations - Deflection envelope (mm)

38 452

PA4

Partial factors - Section 6.1

Resistance of cross-sections ymo =1
Resistance of members to instability w1 =1
Resistance of tensile members to fracture w2 =11
1 design

Section details

Section type

Nominal thickness of element
Nominal yield strength
Nominal ultimate tensile strength

Modulus of elasticity

& ENg

UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355

trom = max(tf, tw) = 11 mm

fy = 3565 N/mm?2

fu = 470 N/mm?2

E =210000 N/mm?

= | |
¥ A &
—] 7.2
1 | -
H

F

¥

UKC 203x303 %46 [Tats Stesl Advance|

Seclon dealn, h, 2032 mm

Seclion breadin, b, 203.6 mm

I'-...rr;l:- ihiciness, £, 11 mm

wan Ihlckneds, i1 TEmm

Roal radus. r 102 mm

Area of secion, A, 5573 m¥

Fadlus of gyration asoul y-axs, |, B3.12 mm

Fadlus of gyration acout z-axs, |, 51.343 mm

Elaslic seclian moddis abaut y-axis, W S49588 mny
Elasiiz saclian mockiius about 2-axis, W | 152083 My
Flagllz seclian modbds st yeaxls, '.r".ll__ AGTALE iy
Flaslie saclion moddus aboul 2-3108, I"I"I.-. 2088 iy
Second mameant of aréa about y-axte, |_ A5ETEEE mmr
Secona momeant of area aboul 2-axis |_ 15482057 mimr
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Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 3 - 1.35G + 1.5Q + 1.5yeS + 1.5yoW (Strength)

Classification of cross sections - Section 5.5
e = V[235 N/mm?2/ f,] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section c=d=160.8 mm
a=min([h/2+Ned/ (2 xtwxfy)-(tt+r)]/c, 1) = 0570
C/tw=223=274xe<=398 xe/(13xa-1) Class 1

QOutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tr=8=98x¢g<= 10x¢ Class 2
Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 57.2 kN
Design resistance of section - eq 6.10 Nerd = A x fy / ymo = 2085 kN
Ned / Ncra = 0.027
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lmi_s1 = 3400 mm

Critical buckling force Nery = 2 x E x ly / Lery? = 8189.7 kN
Slenderness ratio for buckling - eq 6.50 Ay = V(A x fy / Nery) = 0,505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ay = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( Aay-0.2)+ A2 =0.679
Buckling reduction factor - eq 6.49 %y = min(1/ (@y + V(Py2 - y2)), 1) = 0.882
Design buckling resistance - eq 6.47 Nb.yRrd = yy x A x fy / ym1 = 1839.3 kN

Ned / Nby,ra = 0.031
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm1_s1_segt = 3400 mm

Critical buckling force Nerz = 12 x E x |z / Ler2?2 = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 2z = V(A x fy / Norz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz =0.49

Buckling reduction determination factor ®z=05x(1+azx( 2z-0.2)+ 22)=1.039
Buckling reduction factor - eq 6.49 yz=min(1/ (Dz + V(@2 - 2A2)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd = %z x A x fy / ym1 = 1293.6 kN

Ned / Nb.zrd = 0.044
PASS - Design buckling resistance exceeds design compression
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Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length

Distance from shear centre to centroid in y axis
Distance from shear centre to centroid in z axis
Radius of gyration

Elastic critical torsional buckling force

Torsion factor

Elastic critical torsional-flexural buckling force
Elastic critical buckling force

Slenderness ratio for torsional buckling - eq 6.52

Ler.T = Lm1_s1_segt_R = 3400 mm
yo = 0.0 mm
zo=0.0 mm
io = V(iy? + i2) = 102.0 mm
Nerm = (G x lt+ w2 x E x lw/ Ler72) /102 = 4180 kN
Br=1-(yolio)2=1
Ner7F = 4180 kN
cr = Min(Ner,, Nere) = 4180 kN
%1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

Check design at start of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

c
or = 0.49
O1=05x(1+arx( AT-0.2)+ A12)=0.873
¥1=min(1/ (O + (@2 - x12)), 1) = 0.721
NbTRd = %7 x A x fy / ym1 = 1502.9 kN
Ned / Nb,T.rd = 0.038
PASS - Design buckling resistance exceeds design compression

hw=h-2xtr=181.2 mm n = 1.000
hw/te=252=309x¢e/n<72x¢&/n
Shear buckling resistance can be ignored

Vyed = 30.7 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) xtr, n x hw x tw) = 1698 mm?
Veyra = Vplyrd = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / Veyrd = 0.088

PASS - Design shear resistance exceeds design shear force

Myed = 40.9 kNm
Mey.Rd = Mply.rd = Wply x fy / ymo = 176.6 KNm
MyEd / MeyRra = 0,231

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.634
Ci=1/ke?=249
v=03
G=E/[2x(1+v)] = 80769 N/mm?
L =1.0 x Lm1_s1_segi_g = 3400 mm
Mor=Cixm2xExl/L2x\(w/lz+L2x G x It/ (n2 x E x I2)) = 865.6
kNm

AT = V(Wi x fy / Mer) = 0.452

Ato=0.4

ALt > ALt - Lateral torsional buckling cannot be ignored
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Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5 b
Imperfection factor - Table 6.3 ot = 0.34
Correction factor for rolled sections B =0.75

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

DLT=0.5 x (1 +arx ( ALT- ALTo) + B x  ALT2) = 0.585

yur = min(1 / (@ + V(@2 - B x ac?)), 1, 1/ ar?) = 0.980
f=min(1-0.5x (1-ke)x [1-2x( AT-0.8)2, 1) = 0.861
¥LTmod = mMin(xLt /£, 1, 1/ A2) = 1.000

Me,y,Rd = yLTmod x Woly x fy / ym1 = 176.6 kNm

Myed / Mo,y.rd = 0.231

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npi,rd, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.247

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
it = 35.916 kNm / -40.856 kNm = -0.879
owt = 4.444 kNm / -40.856 kNm = -0.109
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment

My.rk = WpLy x fy = 176.6 kKNm
Mzrk = Wpiz x fy = 82 kNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.404
kzy =1-0.1 x min(1, &z) x Nea / ((CmL7 - 0.25) x %2 x Nre / ym1) = 0.974
Ned / (%y x Nrk / ym1) + Kyy x Mygd / (%Lt x Myrk / ym1) = 0,126
Ned / (yz x Nrk / ym1) + kzy x Myga / (1 x Myre / ym1) = 0.274
PASS - Combined bending and compression checks are satisfied

hw=h-2xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored

Vyed = 14.4 KN
Av=max(A-2xbxtr+ (tw+ 2 xr1) x t, n x hw x tw) = 1698 mm2
VoyRd = Vply.rd = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed [ Veyrd = 0.042

PASS - Design shear resistance exceeds design shear force

My.ed = 35.9 KNm
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Design bending resistance moment - eq 6.13

Mey.Rd = Mply,Rd = Wpiy x fy / ymo = 176.6 KNm
My.Ed / Mcyrd = 0.203

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.634
C1=1/ke? =249
v=0.3

G=E/[2x (1+v)] = 80769 N/mm?
L =1.0 x Lm1i_s1_seg1_T = 3400 mm
= C1xm2x Ex 2/ L2xV(lw/lz+ L2x G x It/ (r2 x E x |2)) = 865.6
kNm
At = V(Woly x fy / Mor) = 0.452
ALto = 0.4
ALT > Aito - Lateral torsional buckling cannot be ignored

b
act = 0.34
B=0.75

OLT=0.5x (1+arx ( ALT- ALTO) + B x ALT2) = 0.585

xit = min(1 / (Our + WD2 - B x Ar?), 1, 1/ aur?) = 0.980
f=min(1-0.5 x (1-ke)x [1-2x( AT-0.8)7, 1) = 0.861
¥LTmod = min(yct/f, 1,1/ At2) = 1,000

Mb.y,Rd = %LTmod x WoLy x fy / ym1 = 176.6 kKNm

My,ed / Mb,y,rd = 0.203

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wit = 35.916 kNm / -40.856 kNm = -0.879
oLt = 4.444 KNm / -40.856 kNm = -0.109
Cmit = max(0.2 + 0.8 x av1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Whpiy x fy = 176.6 KNm
Mzrk = Whpiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
Kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yy x Nrk / ym1)) = 0.404
kzy = 1-0.1 x min(1, &z) x Nea / ((Crmit - 0.25) x yz x Nrk / ym1) = 0.975
Ned / (xy x NRrk / ym1) + Kyy x Mygd / (LT x MyRrk / ym1) = 0.114
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.245
PASS - Combined bending and compression checks are satisfied
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Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 3199 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

2 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 4.8 mm
Oy.Allowable = Lm1_s1 / 100 = 34 mm
Sy I Sy.Alowable = 0.14
PASS - Allowable deflection exceeds design deflection

UKC 203x203x46 (Tata Steel Advance)
S355

thom = max(tr, tw) = 11 mm

fy = 355 N/mm?2

fu =470 N/mm?2

E = 210000 N/mm?

| UKC 2035303 ¢4 [Tata Stesl Advance)

Seclion deglh, b, 2332 mm

Seclicn breadih, b, 2053 & mm

Fraogd Ihkrmds, £ 71 mim

Wi [l cknads, i TEmm

Foot radus. r 102 mm

Arga of sechon, & 5373 mm¥

FaOWE of gyration aoout y-axs, |, 65 1% mm

Radlus of gyration atoud z-axis, |, §1.343 mm

Elaslic saclian modiis Msaul y-axis, W 449588 mpy
Elastic seclion modlils abaut 2-axs, W ' 152083 My
Flasilo gechon moddils abayf v, W AETEIS rIm
Flaslio seclion modays abaul 2-2aq0s, ""',., 230854 mimy
Secend moment of area about -axis, | | ASETEISE mmy
Secona mament of srea aboul 2-axs I: 15482057 mm?

&
: = |

T -
;:;

— w72

* | N
W uEE

S

i"' 2035 +|

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = \V[235 N/mm?/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

c=d=160.8 mm
a=min([h/2+Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.566
C/tw=223=274x<=3%8 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/tr=8=98xg<= 10x¢ Class 2

Section is class 2
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Check compression - Section 6.2.4
Design compression force Ned = 54 kN
Design resistance of section - eq 6.10 Nerd = A x fy [ ymo = 2085 kN

Ned / Nere = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lm2_s1 = 2300 mm

Critical buckling force Nery = 2 x E x ly / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy =0.34

Buckling reduction determination factor Oy=05x(1+ayx( Aay-0.2)+ 1?) =0.582
Buckling reduction factor - eq 6.49 Ay =min(1/ (Dy + V(@2 - 12), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1978.1 kN

Ned / Nbyrd = 0.027
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm2_s1_segt = 2300 mm

Critical buckling force Nerz = 2 x E x Iz / Ler 2?2 = 6065.9 kN
Slenderness ratio for buckling - eq 6.50 hz = V(A x fy / Nerz) = 0.586

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®z=05x(1+0azx( hz-0.2)+ A2)=0.766
Buckling reduction factor - eq 6.49 vz = min(1/ (@2 + V(@22 - 22)), 1) = 0.793
Design buckling resistance - eq 6.47 NbzRd = ¥z x A x fy / ym1 = 1654.4 kN

Ned / NbzRrd = 0.033
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm2_s1_segt_R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force Nert= (G x h+ w2 x E x lw/ Ler12) /i02 = 7097.8 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner, 1, Nor7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 Xt = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c
Imperfection factor - Table 6.1 ot = 0.49
Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.873

Buckling reduction factor - eq 6.49 xT=min(1/ (d1+ V(@72 - A12), 1) = 0.721
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Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 1502.9 kN

Ned / Nb,T.Rd = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xtr=181.2 mm n = 1.000
hw/tw=252=309 xe/n<72x¢eln
Shear buckling resistance can be ignored

Design shear force VyEed = 46.9 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+ 2 xr1) xt, nx hwx tw) = 1698 mm?
Design shear resistance - ¢l 6.2.6(2) Veyrd = Vply.rd = Av x (fy £ V(3)) / ymo = 347.9 kN

Vy,Ed / Vc,y,Rd =0.135
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment MyEd = 41.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Whply x fy / ymo = 176.6 kNm
My.ed / Mcyrd = 0.237
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci1=1/ke?=2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?

Unrestrained effective length L =1.0 x Lm2_s1_seg1_T = 2300 mm

Elastic critical buckling moment Mar=Cixm2xExl/L2xV(w/lz+L2x G x It/ (n2xE xI2)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling Lt = V(Woiy x fy / Mer) = 0.334

Limiting slenderness ratio ALto= 0.4

ALt < Aute - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €9.6.33 & €q.6.34  Nyim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 231.6 kN
Ned / Nyim = 0.233
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy =41.933 kNm / -65.866 kNm = -0.637
oy =-11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wir = 41.933 kNm / -65.866 kNm = -0.637
ot =-11.966 kNm / -65.866 kNm = 0.182
CmLt = max(0.6 + 0.4 x w1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2
Characteristic moment resistance My.rk = Wply x fy = 176.6 kKNm
Characteristic moment resistance Mzrk = Whpiz x fy = 82 kKNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN




Project Job no.
Dart Marine Park - Building A 07229E
Calcs for Start page no./Revision
Steel Frame Check 21
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 21/01/2026

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (xy x Nrk / ym1)) = 0.402
kzy = 1-0.1 x min(1, Az) x Nea / ((CmL7 - 0.25) x 3z x Nrk / ym1) = 0.987
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt x MyRk / ym1) = 0.123
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.267
PASS - Combined bending and compression checks are satisfied

hw=h-2 xt=181.2 mm n =1.000
hw/tw=252=309 xe/n<72xgln
Shear buckling resistance can be ignored

VyEd = 46.9 kN
Av=max(A-2xbxti+ (tw+ 2 xr) x ti, n x hw x tw) = 1698 mm?2
VeyRd = VplyRd = Av x (fy / V(3)) / yvo = 347.9 kN
VyEd [ VeyRrd = 0.135

PASS - Design shear resistance exceeds design shear force

My.ed = 65.9 KNm
Mey.Rd = Mply.rd = Wply x fy / ymo = 176.6 KNm
MyEed / Mey.rd = 0.373

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.65
C1=1/ke? =2.367
v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L = 1.0 x Lmz_s1_seg1_B = 2300 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (72 x E x Iz)) = 1584.8
kNm

ALT = \f(WpLy x fy / Mer) = 0.334

ALto= 0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 41.933 kNm / -65.866 kNm = -0.637
oy = -11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wit = 41.933 kNm / -65.866 kNm = -0.637
oLt =-11.966 kNm / -65.866 kNm = 0.182
Cmit = max(0.6 + 0.4 x yu1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Myrk = Woly x fy = 176.6 kNm

Mzrk = Wpiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Nea / (xy x Nrk / ymt)) = 0.402
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Interaction formulae - eq 6.61 & eq 6.62

kzy =1-0.1 x min(1, Az) x Ned / (CmLT - 0.25) x %z x Nrk / ymt) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Mygd / (Lt x MyRk / ym1) = 0.176

Ned / (%z x NRk / ym1) + kay x MyEd / (LT x MyRrk / ym1) = 0.4

PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

3 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

Oy = 4.7 mm
Sy.Allowable = Lm2_s1 / 100 = 23 mm
Sy / dy.allowable = 0.205
PASS - Allowable deflection exceeds design deflection

UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
S275

tnom = max(tr, tw) = 9.6 mm

fy = 275 N/mm?

fu =410 N/mm?

E = 210000 N/mm?

| UB 23x133:x30 (Britieh 3teel Sacllon Range 2022 {B54-1]

Section dept, b 205 Emm

Secton Greacth, & 133.% mm

Flange inksraes, 1, 5.6 mm

W IhlcEass, IJ_ 6.4 i

Faot radis, 1, 7.8 min

Area atsectian, A, 3827 iy

Fadus of qyratdon aboud y-axis, 1, 87 057 mm

Faclus of gyration about z-als, 1, 31.728 mm

Elastic s20tion modulus abau y-ads, W, | 280036
Elaslic seclon modukis about -ads, W, | 57454 mm
Fiastic sacton modukls abou y-AxE, W, | 314358
Flaslic saclion modulis aboul 2-ands, W BEZ2d mm
Spaond marrent af ahed abat Y, | I FRIRERRY
Sgctnyd mamend of ares asoud 2axs | 3845542 M

"-r
?
B
— £
_._;._
x |
f

Lateral restraint
Upper flange has full lateral restraint

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2/ f,] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

c=d=1724 mm
oa=min([h/2+ Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.597
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C/tw=269=291%x<=396 xe/(13xa-1) Class 1

Qutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2="56.1mm
c/tr=5.8=63xec<=9x¢ Class 1
Section is class 1
Check compression - Section 6.2.4
Design compression force Ned = 58.8 kN
Design resistance of section - eq 6.10 Nerd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.056
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lory = Lm3_s1 = 6210 mm

Critical buckling force Nery = m2 x E x ly / Lery?2 = 1556.4 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 oy =0.21

Buckling reduction determination factor Dy=05x(1+ayx( Ay-0.2)+ A2) =0.903
Buckling reduction factor - eq 6.49 %y = min(1/ (Dy + V(D2 - Ay2)), 1) = 0.783
Design buckling resistance - eq 6.47 Nb.y.Rd =y x A x fy / ym1 = 822.9 kN

Ned / Nby,rd = 0.071
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm3_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force Nert= (G x lt+ 12 x E % lw/ Ler12) /i0?2 = 7239.5 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner,1, Ner 1) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy / Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 or = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (D1 + V(@12 - A12)), 1) = 0.884
Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 928.5 kN

Ned / Nbo,T.rd = 0.063
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2 x tr=187.6 mm 1 =1.000
hw/tw=29.3=31.7xe/n<72x¢ln
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Shear buckling resistance can be ignored

Design shear force Vy.ed = 38.7 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+ 2 xr1) xt, N x hw x tw) = 1458 mm?
Design shear resistance - cl 6.2.6(2) VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN

VyEd / Veyrd = 0.167
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment My.Ed = 65.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.,rd = Wply x fy / ymo = 86.5 kKNm
My.ed / Mey.rd = 0.762
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.823
C1=1/ke?=1.478

Poissons ratio v=03

Shear modulus G=E/[2x(1+v)]=280769 N/mm?

Unrestrained effective length L =1.0 x Lm3_s1_segi_8 = 1200 mm

Elastic critical buckling moment Mer=C1xm2xExlz/L2x(lw/lz+L2x G x It/ (2 x E x Iz)) = 866.8
kNm

Slenderness ratio for lateral torsional buckling ALt = V(Woly x fy / Mer) = 0.316

Limiting slenderness ratio o= 0.4

At < Auro - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyjim = 0.356
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199
oy = 13.982 kNm / -65.866 kNm = -0.212
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
yut = -25.433 kNm / -65.866 kNm = 0.386
oLt = -44.142 kNm / -65.866 kNm = 0.670
Cmit = max(0.2 + 0.8 x awt, 0.4) = 0.736

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86,5 kNm
Characteristic moment resistance Mzrk = Whoiz x fy = 24.3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrx/ ym1)) = 0.418
kzy = 1-0.1 x min(1, z) x Nea / ((CmL7 - 0.25) x 3z x Nr / ym1) = 0.991
Interaction formulae - eq 6.61 & eq 6.62 Ned / (y x NRk / ym1) + Kyy x MyEd / (LT x MyRk / ym1) = 0.39

Ned / (yz x Nrk / ym1) + kzy x Mygd / (L1 x Myre / ym1) = 0.826
PASS - Combined bending and compression checks are satisfied
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Check design 4623 mm along span
Check bending moment - Section 6.2.5
Design bending moment My.ed = 23.6 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Wply x fy / ymo = 86.5 kNm

Mygd / Mcyrd = 0.273
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199

oy = 13.982 kNm / -65.866 kNm = -0.212

Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

it = 15.693 kNm / -25.433 kNm = -0.617

oLt = 19.251 kNm / -25.433 kNm = -0.757

CmLt = max(0.2 + 0.8 x art, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wy x fy = 86.5 kNm
Characteristic moment resistance Mzrk = Wiz x fy = 24,3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.415
kzy =1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x %z x Nrx / ywmt) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 Ned / (xy x NRrk / ym1) + Kyy x Myed / (L1 x Myre / ym1) = 0.172

Ned / (yz x NRk / yM1) + Kzy x Mygd / (LT x MyRrk / ym1) = 0.325
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 5668 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection Oy = 28.7 mm
Allowable deflection Sy.allowable = Lm3 s1 / 100 = 62.1 mm
Oy / Sy.Allowable = 0.462
PASS - Allowable deflection exceeds design deflection

4 design

Section details

Section type UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
Steel grade - EN 10025-2:2004 S275

Nominal thickness of element tnom = max(tr, tw) = 9.6 mm

Nominal yield strength fy = 275 N/mm?2

Nominal ultimate tensile strength fu =410 N/mm?2

Modulus of elasticity E = 210000 N/mm?
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= 'J" I | UB 33x133:30 (Britieh 3tesl Sactlon Range 2022 {B54-1]
? R Sechon deptn, h 205 8mm
Secion Baacth, B, 1335 mm
Flange thiress. |, 5.6 mm
‘Wit hickness, | 6.4 rm
Rast Fadis, F, 7 & min
Area of seclian, A, 3829 mmy
Radus f qyraion abou y-auis, |, 87 057 e
Faclus of gyradon abeut 2-als, 1, 31.728 mm
= Elaslic sacion modulus aboal y-ads, W, | 280036 mm
i Elastz gaction modubls about z-axds, W, . 57454 mm
Flasllc seclion moduks aboul y-a0ls, W, | 314355 mm
Flasic sa0tion modukls aboun 2-ans, W, | BEZ24 mm
—f 54 Second mamant of ated acaut y-axi | 25684 My
Spoond mamend af area abeul Z-axis 1, S8EE4E mnp
£
x
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Lateral restraint
Upper flange has full lateral restraint

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2 / ;] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=172.4 mm
a=min(fh /2 + Nea / (2 x tw x fy) - (tr + )] / ¢, 1) = 0.598
c/tw=269=291xe<=396 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=56.1mm
c/tr=58=63xeg<=9x¢ Class 1
Section is class 1

Ned = 47 kN
Nerd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.045
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = Lm4_51 = 6210 mm
Ncr,y =nZx E x |y / Lcr,y2 =1556.4 kN
Xy = N’(A X fy ! Ncr‘y) =0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

a

oy =0.21

Dy=05x(1+ayx( Ay-0.2)+ A2)=0.903
yy = min(1/ (®y + V(@2 - 1,2), 1) = 0.783
Nb.yRd = yy x A x fy / ym1 = 822.9 kN
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Ned / Nb,y,rd = 0.057
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lmd_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo0= 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force NerT = (G x It + w2 x E x lw/ Ler7?) 02 = 7239.5 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner.1r = 4180 kN

Elastic critical buckling force Ner = min(Ner, T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - €q 6.52 A1 = V(A x fy / Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 or = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ ir2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (@1 + V(@12 - A1?)), 1) = 0.884
Design buckling resistance - eq 6.47 Nb.TRd = 37 x A x fy / ym1 = 928.5 kN

Ned / Nb,T.rd = 0.051
PASS - Design buckling resistance exceeds design compression

Check design 1396 mm along span

Check bending moment - Section 6.2.5
Design bending moment Myed = 19.4 KNm
Design bending resistance moment - eq 6.13 Mcy.Rd = Mply.rd = Wpiy x fy / ymo = 86.5 KNm
My.ed / Mcyrd = 0.225
PASS - Design bending resistance moment exceeds design bending moment
Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyjim = 0.301
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wir = 19.282 kNm / -59.945 kNm = -0.322
oLt = 1.235 kNm / -59.945 kNm = -0.021
Cmit = max(0.2 + 0.8 x avt, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86.5 kNm

Characteristic moment resistance Mzrk = Wiz x fy = 24.3 kNm

Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN

Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (xy x Nrx / ym1)) = 0.415

kzy = 1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x %z x Nrk / ym1) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 Ned / (3y x NRrx / ym1) + Kyy x Mygd / (L1 x MyRrk / ym1) = 0.154




Project Job no.
Dart Marine Park - Building A 07229E
Calcs for Start page no./Revision
Steel Frame Check 28
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 21/01/2026

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (yz x NRk / ym1) + Kzy x My.gd / (1 x Myrk / ym1) = 0.279
PASS - Combined bending and compression checks are satisfied

hw=h -2 x tr=187.6 mm n = 1.000
hw/tw=293=31.7Txe/n<72x¢eln
Shear buckling resistance can be ignored

Vyed = 36 kN
Av=max(A-2xbxtr+ (tw+ 2 xr) x t, n x hw x tw) = 1458 mm?
VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN
Vyed / Veyrd = 0.156

PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y,Rd = Mply,Rd = Wply x fy / ymo = 86.5 KNm
My,Ed / Mc.y,Rd =0.779

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

ke = 0.97
C1=1/k?=1.064
v=0.3

G=E/[2x(1+v)]=80769 N/mm?2
L =1.0 x Lm4_s1_segz B =210 mm
Mer=Cixm2xE xlz/LZx\(lw/lz+L2x G x It/ (2 x E x Iz)) = 19063.4
kNm
AT = V(Woly x fy / Mer) = 0.067
Aito=0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
it = -59.945 kNm / -67.339 kNm = 0.890
oLt = -63.601 kNm /-67.339 kNm = 0.944
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.956

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wely x fy = 86.5 kKNm

Mzrk = Wiz x fy = 24.3 kNm

Nrk = A x fy = 1050.8 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yxy x Nrx / ym1)) = 0.418

kzy = 1-0.1 x min(1, Az) x Nea / ((CriT - 0.25) x 2 x Nre / ym1) = 0.994
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt x MyRk / ym1) = 0.398

Ned / (3z x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.846
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PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

Member5 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 24.1 mm
Oy.Allowable = Lma4_s1 / 100 = 62.1 mm
dy / Oy,Allowable = 0.388

UKC 203x203x46 (Tata Steel Advance)

8355

tnom = max(tr, tw) = 11 mm
fy = 355 N/mm?2

fu =470 N/mm?

E = 210000 N/mm?

TEo |

¥ ”
E

— w72

+ | h
W e

¥

i"' 2035 +|

Lateral restraint
Right flange has full lateral restraint

Left flange has lateral restraint at supports only

UKC 20352303 ¢4 [Tata Stesl Advance)

Seclion degln, h, 2332 mm
Seclicn breadih, b, 205 & mm
Fiangi ihlcoess, £ 11 mim
Wik [hlcknids, L TEmm

Fool radus. r, 102 mm

Area of sechien, A 5573 My

RaTIE of qyration about y-axs, |, B&.18 mm
Radlus of gyratian about z-axs, |, 51.343 mm

PASS - Allowable deflection exceeds design deflection

Elaslic saclian moddils sbaul y-axls, W--. 249588 mry

Elastic seclion madlile abaut 2-axs, W
Flagilo gechon moddkls abayf yeauls, L
Flaslio saclion modaus abaut 2-200s, W

. 152082 miry
AETEIS I
230854 mimy

Secend moment of area aboul y-axis. | | 45E7E15E M
Secona mamenl of area aboul 2-axis, | 15482057 mmr

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

e = \[235 N/mm?2/ f,] = 0.81

c=d=160.8 mm
o=min([h /2 + Neda/ (2 x twx fy) - (tr+r)] /¢, 1) = 0.563
C/tw=223=274xg<=3% xe/(13xa-1) Class 1
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Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tr=8=98xe<= 10x¢ Class 2

Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 50.1 kN
Design resistance of section - eq 6.10 Necrd = A x fy / ymo = 2085 kN
Ned / Nera = 0.024
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lms_s1 = 2300 mm

Critical buckling force Nery = 12 x E x ly / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x Ty / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( hy-02)+ A2 =0.582
Buckling reduction factor - eq 6.49 2y = min(1 7 (By + V(D2 - 1y2)), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1978.1 kN

Ned / Nb,yrd = 0.025
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lms_s1_seg1 R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis 2o = 0.0 mm

Radius of gyration io = V(iy2 + i2) = 102.0 mm

Elastic critical torsional buckling force Nerr= (G x i+ 12 x E x lw/ Ler,12) [ i0?2 = 7097.8 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner7F = 4180 kN

Elastic critical buckling force cr = min(Ner,t, Ner,7F) = 4180 kN

Slenderness ratio for torsional buckling - 9 6.52 At = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor OT=05x(1+orx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 ¥t =min(1/ (D1 + V(@2 - A1?)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb.TRd = %7 x A x fy / ym1 = 1502.9 kN

Ned / Nb,TRa = 0.033
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2 xtr=181.2 mm n =1.000
hw/tw=252=309 xe/n<72x¢gln
Shear buckling resistance can be ignored
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Design shear force Vy.Ed = 48.1 kN

Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Av=max(A-2xbxti+ (tw+ 2 xr) xt;, n x hw x tw) = 1698 mm?2
VeyRd = Vply.Rd = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.Eed/ Veyrd = 0.138
PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y.Rd = Mply,Rd = Wply x fy / ymo = 176.6 KNm
My.ed / Mcyra = 0.381

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.216

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 43.2 kNm / -67.339 kNm = -0.642
oy = -12.069 kNm / -67.339 kNm = 0.179
Crmy = max(0.6 + 0.4 x sy, 0.4) = 0.400
wiT = 43.2 kNm / -67.339 kNm = -0.642
owt = -12.069 kNm / -67.339 kNm = 0.179
CrLT = max(0.6 + 0.4 x i1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.re = WLy x fy = 176.6 kNm
Mzrk = Whpiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( &y - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Ned / (CmLT - 0.25) x %z x Nrx / ymt) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Myed / (3.7 x Myrk / ym1) = 0.178
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.407
PASS - Combined bending and compression checks are satisfied

hw=h-2 xt=181.2 mm n = 1.000
hw/tw=252=309x¢g/n<72x¢gln
Shear buckling resistance can be ignored

Vyes = 48.1 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) x tr, n x hw x tw) = 1698 mm?
VeyRrd = Vply.Ra = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / VeyRrd = 0.138

PASS - Design shear resistance exceeds design shear force

My.ed = 43.2 KNm
Me.y.rd = Mply.rRd = Woply x fy / ymo = 176.6 kNm
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My.ed / McyRrd = 0.245
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci=1/ke? = 2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?2

Unrestrained effective length L =1.0 x Lms_s1_seg1._ T = 2300 mm

Elastic critical buckling moment Mer=Ctxm2xExlz/LZxV(lw/lz+L2x G x |t/ (72 x E x Iz)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling At = V(Woy x fy / Mer) = 0.334

Limiting slenderness ratio ALto = 0.4

ALt < Auro - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 43.2 kNm / -67.339 kNm = -0.642
oy =-12.069 kNm / -67.339 kNm = 0.179
Crmy = max(0.6 + 0.4 x vy, 0.4) = 0.400
yit = 43.2 kKNm / -67.339 kNm = -0.642
ot =-12.069 kNm /-67.339 kNm = 0.179
Cmit =max(0.6 + 0.4 x yi1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Woly x fy = 176.6 KNm
Characteristic moment resistance Mzrk = Wopiz x fy = 82 KNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN
Interaction factors kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Nea / (CmL7 - 0.25) x %2 x Nre / ymt) = 0.988
Interaction formulae - eq 6.61 & eq 6.62 NEd / (xy x NRk / ym1) + Kyy x MyEgd / (LT x MyRrk / ym1) = 0.124

Ned / (%z x NRrk / ym1) + Kzy x Mygd / (3T x MyRrk / ym1) = 0.273
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection dy=15.2 mm
Allowable deflection Oy.Allowable = Lms_s1 / 100 = 23 mm
Sy / Sy.Alowable = 0.662
PASS - Allowable deflection exceeds design deflection

Member6 design

Section details

Section type UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355
Nominal thickness of element tnom = max(tf, tw) = 11 mm

Nominal yield strength fy = 355 N/mm?
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Nominal ultimate tensile strength
Modulus of elasticity

fu = 470 N/mm?2
E = 210000 N/mm?

| UKC 20352303 4% [Tata Stesl Advance|

Seclion degln, h, 2332 mm

Seclicn breadih, b, 205 & mm

Framgi Ihkermds, £ 71 mim

Vi IRl cknids, { TEmm

Footradus. r. 102 mm

Area of sectien, A 5573 mmy¥

FaduG of gyratian asoul y-axs, |, B&.19mm

Fadlus of ;yfalbr‘-a:cul Z-awe, |, 51.343 mm

Elaslic saclion moduils about y-aals, W | 449388 mmy
Elastic saclion meddiue abaut 2-ax18, W. ] 152082 mury
Flasilo gechion moddhls abauf yeduls, W, a8 TA3% Ty
Flaslio saclion modays abauyf 2-2aq0s, l.-'dl : 230854 mime
Second momant of area about ¥-axis, |, 45578158 mme
Second imament of aréa abodl 2-axis, | 15482057 rmim

ok
ES -~
— w72
L .
2 ?_

Lateral restraint

L 4

Both flanges have lateral restraint at supports only

Consider Combination 1 -1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

e = V[235 N/mm?/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Qutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=160.8 mm
a=min([h/2+ Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.569
C/tw=223=274x<=39% xc/ (13 xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/ti=8=98xe<= 10x¢ Class 2
Section is class 2

Ned = 54.6 kN
Ncrd = A x fy [ ymo = 2085 kN
Ned / Ncra = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = LmG_s‘l = 3400 mm
Ncr,y =n2x E x |y ! Lcr,y2 = 8189.7 kN
Ay = V(A x fy / Nery) = 0.505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49

b
ay = 0.34

®y=05x(1+ayx( Ay-0.2)+ A2 =0.679
ay = min(1/ (Oy + V(@2 - 1,2)), 1) = 0.882
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Design buckling resistance - eq 6.47 Nb.y.Rd = yy x A x fy /ym1 = 1839.3 kN

Ned / Nbyrd = 0.03
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lmé_s1_segt = 3400 mm

Critical buckling force Nerz = 2 x E x Iz / Lerz? = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 hz = V(A x fy / Nerz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®:=05x(1+o0zx( 2z-0.2)+ 212 =1.039
Buckling reduction factor - eq 6.49 ¥z = min(1/ (®z + V(D2 - 22)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd =z x A x fy [ ym1 = 1293.6 kN

Ned / Nb.zrd = 0.042
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LorT = Lmé_s1_seqt_R = 3400 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo=0.0 mm

Radius of gyration io = \(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force NerT= (G x h+ m2xE x lw/ Ler2) [ i0?2 = 4180 kN
Torsion factor Br=1-(yo/lio)2=1

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner,T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 A1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor Or=05x(1+arx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 ¥7=min(1/ (01 + V(D12 - A12)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb,TRd = 31 x A x fy / ym1 = 1502.9 kKN

Ned / No,T.ra = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm n =1.000
hw/tw=25.2=309xe/n<72xsg/ln
Shear buckling resistance can be ignored

Design shear force Vyed =13.1 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ ({tw+2xr)xt, nxhwxtw) = 1698 mm?
Design shear resistance - cl 6.2.6(2) VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 347.9 kN

VyEed [ Veyrd = 0.038
PASS - Design shear resistance exceeds design shear force
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Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.ed = 31.2 KNm
Me,y.Rd = Mply,rd = Wply x fy / ymo = 176.6 kNm
My.ed / Mcyra = 0.177

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=2.19
v=0.3

G=E/[2x(1+v)]=80769 N/mm?
L = 1.0 x Lmé_s1_seg1_T = 3400 mm
r=Cix 2 x Ex /L2 xV(lw/lz+ L2 x G x It/ (a2 x E x I2)) = 761.3
kNm
AT = V(Woly x fy / Mer) = 0.482
Ao = 0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

b
oact = 0.34
p=0.75

OLT=0.5x (1+arx( ALT- ALTO)+ B x ALT2) = 0.601

yir = min(1 /(O + V(@2 - B x Ar2)), 1,1/ ar?) = 0.968
f=min(1-0.5x (1-ke) x [1-2x( AT-0.8)2], 1) = 0.871
yLT.mod = min(xLt /f, 1, 1/ Aut2) = 1.000

Mb.y,Rd = %LT.mod x WLy x fy / ym1 = 176.6 KNm

My.ed / Moy.Rd = 0.177

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.236

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

wy = -13.355 kKNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286
Crmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
wit = -13.355 kNm / 31,171 kNm = -0.428
ot = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x wir, 0.4) = 0.429

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

My.rk = WLy x fy = 176.6 kNm

Mzrk = Wiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0,432

kzy = 1-0.1 x min(1, Az) x Nea / ((CmiT - 0.25) x 3z x Nre / ym1) = 0.980
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Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (xy x NRk / ym1) + kyy x Mygd / (L1 x MyRrk / ym1) = 0.109
Ned / (xz x Nrk / ym1) + Kzy x Myga / (3Lt x MyRrk / ym1) = 0.221
PASS - Combined bending and compression checks are satisfied

hw=h -2 xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored

Vyed = 13.1 kKN
Av=max(A-2xbxtr+ (tw+ 2 xr1) xt, n x hw x tw) = 1698 mm?
VoyRrd = Vply.ra = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed [ Veyrd = 0.038

PASS - Design shear resistance exceeds design shear force

Myed = 13.4 KNm
Mecy.rd = Mply.rd = Wpiy x fy / ymo = 176.6 KNm
Myed / Mcyrd = 0.076

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=2.19
v=0.3

G=E/[2x(1+v)]=280769 N/mm?

L =1.0 x Lmé_s1_seg1_B = 3400 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (n2 x E xIz)) = 761.3
kNm

et = V(Woly x fy / Mer) = 0.482

Ato = 0.4

At > Auto - Lateral torsional buckling cannot be ignored

b
act = 0.34
B =0.75

OLT=0.5x (1+arx ( ALT- ATo) + B x ALT2) = 0.601

yir = min(1 / (DLt + (D2 - B x Ar2)), 1,1/ ar?) = 0.968
f=min(1-0.5 x (1 -ke) x [1-2x( AT-0.8)2], 1) = 0.871
¥LTmod = min(ycr /£, 1, 1/ At2) = 1.000

Mo.y,Rd = yLT.mod x WoLy x fy / ym1 = 176.6 kKNm

My.ed / Mb,y,rd = 0.076

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =-13.355 kNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286
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Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
it = -13.355 kNm / 31.171 kNm = -0.428
oLt = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x yu1, 0.4) = 0.429

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 176.6 KNm
Mzrk = Whiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Nea/ (yy x Nrx / ym1)) = 0.433
kzy =1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nrk / ym1) = 0.979
Ned / (yy x NRrk / ym1) + Kyy x Myed / (LT x Myrk / ym1) = 0.065
Ned / (3z x NRk / ym1) + Kzy x My,ga / (L1 x Myrk / ym1) = 0.12
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

oy =5.1 mm
Sy Allowable = Lme_s1 / 100 = 34 mm
By / Sy,alowabie = 0.149
PASS - Allowable deflection exceeds design deflection
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Dr Sally Murrall-Smith PhD Infamstructurenaus Eom
www.structurehaus.com

Totnes Renewable Energy Society

107 High Street

Totnes

TQ9 5SN

21t January 2026
Dear Sally,

Structural Check at Dart Marine Park, Steamer Quay Road, Totnhes, TQ9 5AL
— Building B

As requested, and commissioned, we have carried out a structural survey of the portal frame
building at Dart Marine Park, carried out calculations and prepared this report, for the purpose

of justifying the proposed PV panel installation to the roof.

The building is of a two storey portalised steel frame, we could not measure the floor steel due
to the finishes of the building, we requested ‘As-Built’ drawings, but these haven’t been
available. However, we are confident that the compressive utilisation of the steel columns is not
at question, more the overall stability, as such we have included a tie beam at floor level but not

analysed this element.

The portal steel frame has 203 x 133 x 30 UB Rafters and 203 UC 46 Columns, the portal
frames are at 5.7 metre centres. The dimension of the portal frame is shown in the calculations

within this report.

An element of the building is cantilevering over the river path, due to the finishes of the building
we could not measure the steels in this area, we requested ‘As-Built’ drawings, but these haven’t

been available. Therefore, we can not justify this area on the building.
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The proposed PV system is fixed to the roof, loadings are taken as 0.15kN/m? which is applied
on top of the snow loading at 0.6kN/m? and the dead weight loading of 0.5kN/m? including

services.

Structural calculations have been carried out to check the capacity of these members, and

determine adequacy of the existing structure for the proposed PV panel instillation.

We are pleased to confirm that the steel frame member sizes are adequate to support the

additional vertical loading of the proposed installation.

Therefore, we can confirm that installing the new roof panels upon the existing roof of

this structure will not have a structurally detrimental effect.

EXCEPT THE CANTILEVER AREA AS BELOW: -

Red box shown above in the no PV zone
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This letter confirms cover under our Pl should any failure of the steel frame occur due to

inadequate capacity.

This letter is not intended to and does not relate to the adequacy or assessment of the fixing

system to the Photovoltaics to the roof.

Yours sincerely,

P 7/
Mark Harris MIStructE
Director
structureHaus Ltd
Appendix A — Information Provided and Photos

Appendix B — Structural Calculations
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APPENDIX A — INFORMATION PROVIDED &
SITE PHOTOS
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S / Airbus. Getmannina nlc.

Proposed PV layout
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APPENDIX B — STRUCTURAL CALCULATIONS

8132

structureHaus Ltd - reg. in England & Wales N°09023335 - reg. office: Harscombe House - 1 Darklake View - Plymouth PLG 7TL
VAT Registration N° GB 190 6091 09



| Date L»/ﬂ)/" 26
Calculation Contract /)&-// S cine /oK Sheet [/
By /7O

/S, St g i

V) |

¥
[\/\

| s2.0

Cflers  203%153x 30 oiF

info@structurehaus.com
-T09 -

www. structurehaus.com



Project Job no.
Dart Marine Park, Totnes 07229E
Calcs for Start page no./Revision
Wind 2
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 11/11/2025 DALP
WIND LOADING (BS6399)
In accordance with BS6399
Tedds calculation version 3.0.19
=
=
uwy
: 1
JL 3
=
)
= 28500 »| 13500
Plan Elevation
Building data
Type of roof Duopitch
Length of building L = 28500 mm
Width of building W =13500 mm
Height to eaves H = 5600 mm
Pitch of roof oo = 15.0 deg
Reference height Hr = 7409 mm
Dynamic classification
Building type factor (Table 1) Kb =1.0

Dynamic augmentation factor (1.6.1)

Site wind speed

Cr = [Ko x (Hr /(0.1 m) )275] / ( 800 x log( Hr / (0.1 m))) = 0.02

Location Totnes

Basic wind speed (Figure 6 BS6399:Pt 2) Vb=22.5m/s
Site altitude As=1m
Upwind distance from sea to site dsea = 10 km
Direction factor Sda =0.82
Seasonal factor Ss =1.00
Probability factor Sp=1.00
Critical gap between buildings g = 5000 mm

Topography not significant
Altitude factor

Site wind speed

Terrain category

Sa=1+0.001 xAs/1m =1.00
Vs = Vb x Sa x Sd x Ss x Sp =18.5 m/s
Sea

Displacement height (sheltering effect excluded)  Hd = 0mm

The velocity pressure for the windward face of the building with a 0 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)

The velocity pressure for the windward face of the building with a 90 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)
Dynamic pressure - windward wall - Wind 0 deg and roof

Reference height (at which q is sought) Href = 5600mm
Effective height He = max(Href — Hg, 0.4 x Href) = 5600mm
Fetch factor (Table 22) Sc = 0.959
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Turbulence factor (Table 22) St=0.190
Gust peak factor gt = 3.44
Terrain and building factor Sb=Scx (1+(gtx Si) + Sn) = 1.59
Effective wind speed Ve =Vs x Sb=29.3 m/s
Dynamic pressure gs = 0.613 kg/m?3 x Ve? = 0.527 kN/m?
Dynamic pressure - windward wall - Wind 90 deg and roof
Reference height (at which q is sought) Href = 7409mm
Effective height He = max(Href — Ha, 0.4 x Href) = 7409mm
Fetch factor (Table 22) Sc = 1.005
Turbulence factor (Table 22) St=0.185
Gust peak factor gt =3.44
Terrain and building factor Sb=Scx (1 + (gt x St) + Sh) = 1.64
Effective wind speed Ve = Vs x Sb = 30.4 m/s
Dynamic pressure gs = 0.613 kg/m? x Ve? = 0.566 kN/m?2
Size effect factors
Diagonal dimension for gablewall 3eg = 14.6 M
External size effect factor gablewall Caeg = 0.903
Diagonal dimension for side wall Qes=29.0m
External size effect factor side wall Caes = 0.841
Diagonal dimension for roof Qer =293 m
External size effect factor roof Caer = 0.840
Room/storey volume for internal size effect factor Vi =1740.000 m?3
Diagonal dimension for internal size effect factors ai=10 x ( Vi )" =120.277 m
Internal size effect factor Cai=0.712
Pressures and forces
Net pressure P = gs x Cpe x Cae - gs x Cpi x Cai
Net force Fw=p x Aret
Roof load case 1 - Wind 0, cpi 0.20, ~Cpe
Zone Ext pressure pr[;igi?;mqs External size Prel\ées!ture Area, Net force,
coefficient, cpe (kN /m2’) factor, Cee p (kN /m2), Aref (M?) Fw (kN)
A (-ve) -1.10 0.57 0.840 -0.60 22.73 -13.71
B (-ve) -0.80 0.57 0.840 -0.46 20.99 -9.67
C (-ve) -0.40 0.57 0.840 -0.27 155.44 -42.06
E (-ve) -1.30 0.57 0.840 -0.70 22.73 -15.87
F (-ve) -0.90 0.57 0.840 -0.51 20.99 -10.66
G (-ve) -0.50 0.57 0.840 -0.32 155.44 -49.44
Total vertical net force Fwv=-136.59 kN
Total horizontal net force Fwn=2.73 kN
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Walls load case 1 - Wind 0, cpi 0.20, -Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A -1.40 0.57 0.903 -0.80 17.77 -14.19
B -0.83 0.57 0.903 -0.51 70.04 -35.51
w 0.73 0.53 0.841 0.25 159.60 39.78
| -0.50 0.53 0.841 -0.30 159.60 -47.29
Overall loading
Equiv leeward net force for overall section Fi =Fww = -47.3 kN
Net windward force for overall section Fw = Fuww = 39.8 kN
Overall loading overall section Fww=0.85x (1 + Cr) x (Fw- Fi + Fwh) = 77.6 kN
Roof load case 2 - Wind 0, cpi -0.3, +Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prel\lszture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Avef (M?) Fw (kN)
A (+ve) 0.20 0.57 0.840 0.22 22.73 4.91
B (+ve) 0.20 0.57 0.840 0.22 20.99 4.53
C (+ve) 0.20 0.57 0.840 0.22 155.44 33.55
E (+ve) -1.30 0.57 0.840 -0.50 22.73 -11.29
F (+ve) -0.90 0.57 0.840 -0.31 20.99 -6.44
G (+ve) -0.50 0.57 0.840 -0.12 155.44 -18.14
Total vertical net force Fwyv=6.87 kN
Total horizontal net force Fwh=20.41 kN
Walls load case 2 - Wind 0, ¢pi -0.3, +Cpe
Zone Ext pressure pgﬁgﬁ?;i,cqs External size Prel\ézture, Area, Net force,
coefficient, cpe (kN/m2) factor, Cee p (kN/m?2) Avref (M?) Fw (kN)
A -1.40 0.57 0.903 -0.60 17.77 -10.61
B -0.83 0.57 0.903 -0.31 70.04 -21.41
w 0.73 0.53 0.841 0.44 159.60 69.70
[ -0.50 0.53 0.841 -0.11 159.60 -17.38

Overall loading
Equiv leeward net force for overall section
Net windward force for overall section

Overall loading

overall section

Fi =Fww = -17.4 kN
Fw= Fw,ww =69.7 kN
Fww = 0.85 x (1 + Cr) X (Fw -F+ Fw,h) =929 kN
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Roof load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A (-ve) -1.60 0.57 0.840 -0.84 9.43 -7.93
B (-ve) -1.50 0.57 0.840 -0.79 9.43 -7.48
C (-ve) -0.60 0.57 0.840 -0.37 75.47 -27.59
D (-ve) -0.40 0.57 0.840 -0.27 303.98 -82.25
Total vertical net force Fwv ==120.99 kN
Total horizontal net force Fwn=0.00 kN
Walls load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgﬁgﬁ?;i!cqs External size Prelies'ture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Avref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.75 12.54 -9.47
B -0.88 0.53 0.841 -0.46 50.18 -23.28
cC -0.81 0.53 0.841 -0.44 96.88 -42.19
w 0.61 0.57 0.903 0.23 87.81 20.41
I -0.50 0.57 0.903 -0.34 87.81 -29.50
Overall loading
Equiv leeward net force for overall section Fi =Fww = =29.5 kKN
Net windward force for overall section Fw = Fww =20.4 kN
Overall loading overall section Fww=0.85 % (1 + C/) x (Fw- Fi + Fwn) = 43.1 kN
Roof load case 4 - Wind 90, c¢pi -0.3, -Cpe
Dynamic . Net
e | Gabme | pesswreq, | ST | e | e,
A (-ve) -1.60 0.57 0.840 -0.64 9.43 -6.03
B (-ve) -1.50 0.57 0.840 -0.59 9.43 -5.58
C (-ve) -0.60 0.57 0.840 -0.16 75.47 -12.39
D (-ve) -0.40 0.57 0.840 -0.07 303.98 -21.04
Total vertical net force Fwy = -43.51 kN
Total horizontal net force Fwh=0.00 kN
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Walls load case 4 - Wind 90, cpi -0.3, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,

coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A -1.54 0.53 0.841 -0.57 12.54 -7.12
B -0.88 0.53 0.841 -0.28 50.18 -13.87
C -0.81 0.53 0.841 -0.25 96.88 -24.03
w 0.61 0.57 0.903 0.43 87.81 38.09
I -0.50 0.57 0.903 -0.13 87.81 -11.82

Overall loading

Equiv leeward net force for overall section
Net windward force for overall section

Overall loading overall section

Fi =Fww = -11.8 kN
Fw= Fw,ww =38.1 kN
Fww = 0.85 x (1 + Cr) X (Fw -Fi+ Fw‘h) =43.1 kKN
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STEEL MEMBER ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

Tedds calculation version 4.5.06

ANALYSIS
Tedds calculation version 1.0.38
Geometry
Geometry (m) - Steel (EC3)
T =1
Gl = |
AT 12 TH |
. 7 |
- T
P x 2
Materials
Name Density Youngs Modulus | Shear Modulus |Thermal Coefficient
(kg/m?3) kN/mm?2 kN/mm?2 °C-1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm?) (cm?) (cm?) (cm?)
UKC 203x203x46 58.7 4567.8 1548.2 14.6 40.3
UB 203x133x30 38.2 2895.6 384.7 13.2 23.1
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X Zz X z Rot. Name Angle X z Rot.
(m) (m) Q) (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Fixed 0 0 0 0
2 0 3.4 Free Free Free 0 0 0 0
3 0 57 Free Free Free 0 0 0 0
4 6 7.3 Free Free Free 0 0 0 0
5 12 57 Free Free Free 0 0 0 0
6 12 3.4 Free Free Free 0 0 0 0
7 12 0 Fixed Fixed Fixed 0 0 0 0
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Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 3.4 1 2 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
2 2.3 2 3 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
3 6.21 3 4 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
4 6.21 4 5 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
5 2.3 5 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
6 3.4 6 7 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
7 12 2 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
1 1 1
2 2 2
3 3 3
4 4 4
Memberb5 5 5
Member6 6 6
Loading

Self weight included

Permanent - Loading (kN/m)

L

=] i

X
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s L
o 00
od 6
".|

Imposed - Loading (kN/m)

E

6.38

6.38

Wind - Loadin

g (kN/m,kNm)

k]

6.38

6.38—@:?"’}5

1
Z

Load combination factors

| & | 3
I 2| §| 8| 2
Load combination E £ S §
s s | E
N o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 ] 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5Q + 1.5y0S + 1.5y0W (Strength) 1.35 135 | 1.50 | 0.75
1.0G + 1.0Q + 0.5S + 0.5W (Service) 1.00 | 1.00 | 1.00 | 0.50

GIALLIE W




Project Job no.
Dart Marine Park - Building B 07229E
Calcs for Start page no./Revision
Steel Frame Check 12
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 21/01/2026
Member Loads
Member Load case Load Type Orientation | Description
3 Permanent ubDL GlobalZz 0.68 kN/m
3 Permanent ubDL GlobalZz 2.28 kKN/m
4 Permanent ubDL GlobalZz 2.28 kN/m
3 Imposed uUDL Globalz 2.85 kN/m
4 Imposed uDL Globalz 2.85 kN/m
1 Wind Point Moment GlobalY OkNmatOm
1 Wind ubDL GlobalX 6.38 kN/m
2 Wind ubDL GlobalX 6.38 kN/m
Results
Forces

Strength combinations - Moment envelope (kNm)

1.4

Strength combinations - Shear envelope (kN)

10.9

143

g

481

46,9

5.4

E;-]J
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-FhS

Service combinations - Deflection envelope (mm)

38 452

PA4

Partial factors - Section 6.1

Resistance of cross-sections ymo =1
Resistance of members to instability w1 =1
Resistance of tensile members to fracture w2 =11
1 design

Section details

Section type

Nominal thickness of element
Nominal yield strength
Nominal ultimate tensile strength

Modulus of elasticity

& ENg

UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355

trom = max(tf, tw) = 11 mm

fy = 3565 N/mm?2

fu = 470 N/mm?2

E =210000 N/mm?

= | |
¥ A &
—] 7.2
1 | -
H

F

¥

UKC 203x303 %46 [Tats Stesl Advance|

Seclon dealn, h, 2032 mm

Seclion breadin, b, 203.6 mm

I'-...rr;l:- ihiciness, £, 11 mm

wan Ihlckneds, i1 TEmm

Roal radus. r 102 mm

Area of secion, A, 5573 m¥

Fadlus of gyration asoul y-axs, |, B3.12 mm

Fadlus of gyration acout z-axs, |, 51.343 mm

Elaslic seclian moddis abaut y-axis, W S49588 mny
Elasiiz saclian mockiius about 2-axis, W | 152083 My
Flagllz seclian modbds st yeaxls, '.r".ll__ AGTALE iy
Flaslie saclion moddus aboul 2-3108, I"I"I.-. 2088 iy
Second mameant of aréa about y-axte, |_ A5ETEEE mmr
Secona momeant of area aboul 2-axis |_ 15482057 mimr
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Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 3 - 1.35G + 1.5Q + 1.5yeS + 1.5yoW (Strength)

Classification of cross sections - Section 5.5
e = V[235 N/mm?2 [ f,] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section c=d=160.8 mm
a=min([h/2+Ned/ (2 xtwxfy)-(tr+1)]/c, 1) = 0570
C/tw=223=274xe<=398 xe/(13xa-1) Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/t=8=98x¢g<= 10x¢ Class 2
Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 57.2 kN
Design resistance of section - eq 6.10 Nerd = A x fy / ymo = 2085 kN
Ned / Ncra = 0.027
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lmi_s1 = 3400 mm

Critical buckling force Nery = 12 x E x ly / Lery? = 8189.7 kN
Slenderness ratio for buckling - eq 6.50 Ay = V(A x fy / Nery) = 0,505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ay = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( Aay-0.2)+ A2) =0.679
Buckling reduction factor - eq 6.49 %y = min(1/ (Dy + V(Py2 - y2)), 1) = 0.882
Design buckling resistance - eq 6.47 Nb.yrd = yy x A x fy /ym1 = 1839.3 kN

Ned / Nbyy,ra = 0.031
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm1_s1_segt = 3400 mm

Critical buckling force Nerz = 12 x E x |z / Ler2?2 = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 2z = V(A x fy / Norz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 ¢

Imperfection factor - Table 6.1 oz =0.49

Buckling reduction determination factor ®z=05x(1+azx( 2z-0.2)+ 22)=1.039
Buckling reduction factor - eq 6.49 yz=min(1/ (Dz + V(@2 - 22)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd = %z x A x fy / ym1 = 1293.6 kN

Ned / Nb.zrd = 0.044
PASS - Design buckling resistance exceeds design compression
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Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length

Distance from shear centre to centroid in y axis
Distance from shear centre to centroid in z axis
Radius of gyration

Elastic critical torsional buckling force

Torsion factor

Elastic critical torsional-flexural buckling force
Elastic critical buckling force

Slenderness ratio for torsional buckling - eq 6.52

LerT = Lm1_s1_segt_R = 3400 mm
yo = 0.0 mm
zo=0.0 mm
io = V(iy? + i2) = 102.0 mm
Nerm = (G x lt+ w2 x E x lw/ Ler72) /102 = 4180 kN
Br=1-(yolio)2=1
Ner7F = 4180 kN
cr = Min(Ner,, Nere) = 4180 kN
%1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

Check design at start of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

c
or = 0.49
O1=05x(1+arx( AT-0.2)+ Ar2)=0.873
¥1=min(1/ (D1 + (@72 - %12)), 1) = 0.721
NbTRd = %7 x A x fy / ym1 = 1502.9 kN
Ned / No,T.rd = 0.038
PASS - Design buckling resistance exceeds design compression

hw=h-2xtr=181.2 mm n =1.000
hw/te=252=309x¢c/n<72x¢&/n
Shear buckling resistance can be ignored

Vyed = 30.7 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) xtr, n x hw x tw) = 1698 mm?
Veyra = Vplyrd = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / Veyrd = 0.088

PASS - Design shear resistance exceeds design shear force

My.ed = 40.9 kNm
Mey.Rd = Mply.rd = Wply x fy / ymo = 176.6 KNm
MyEd / Meyra = 0,231

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.634
Ci=1/ke? =249
v=03
G=E/[2x(1+v)] = 80769 N/mm?

L =1.0 x Lm1_s1_segi_g = 3400 mm
Mor=Cixm2xExlz/L2x\(w/lz+L2x G x It/ (n2 x E x I2)) = 865.6
kNm

At = V(Wi x fy / Mer) = 0.452

Ato=0.4

ALt > ALt - Lateral torsional buckling cannot be ignored
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Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5 b
Imperfection factor - Table 6.3 ot = 0.34
Correction factor for rolled sections B =0.75

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

DLT=0.5 x (1 +arx ( ALT- ALTo) + B x  ALT2) = 0.585

yur = min(1 / (@ + V(@2 - B x ac?)), 1,1/ ar?) = 0.980
f=min(1-0.5x (1-ke)x [1-2x( AT-0.8)2, 1) = 0.861
¥LTmod = Min(xLt /£, 1, 1/ A2) = 1.000

Me,y,Rd = yLTmod x Woly x fy / ym1 = 176.6 kNm

Myed / Mo,y.rd = 0.231

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npi,rd, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.247

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
it = 35.916 kNm / -40.856 kNm = -0.879
owt = 4.444 kNm / -40.856 kNm = -0.109
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment

My.rk = WpLy x fy = 176.6 kKNm
Mzrk = Wpiz x fy = 82 kNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (xy x NRrk / ym1)) = 0.404
kzy =1-0.1 x min(1, %z) x Nea / ((Cm7 - 0.25) x %2 x Nre / ym1) = 0.974
Ned / (%y x Nrk / ym1) + Kyy x Mygd / (%Lt x Myrk / ym1) = 0,126
Ned / (yz x Nrk / ym1) + kzy x Myga / (L1 x Myre / ym1) = 0.274
PASS - Combined bending and compression checks are satisfied

hw=h-2xt=181.2 mm n = 1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored

Vyed = 14.4 KN
Av=max(A-2xbxtr+ (tw+ 2 xr1) x t, n x hw x tw) = 1698 mm2
VoyRrd = Vply.rd = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed / Veyrd = 0.042

PASS - Design shear resistance exceeds design shear force

My.ed = 35.9 KNm
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Design bending resistance moment - eq 6.13

Mey.Rd = Mply,Rd = Wply x fy / ymo = 176.6 KNm
My.Ed / Mcyrd = 0.203

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.634
C1=1/ke? =249
v=0.3

G=E/[2x (1+v)] = 80769 N/mm?
L =1.0 x Lm1_s1_seg_T = 3400 mm
= C1xm2x Ex 2/ L2xV(lw/lz + L2x G x It/ (72 x E x |2)) = 865.6
kNm
At = V(Woly x fy / Mor) = 0.452
ALro = 0.4
ALT > Aito - Lateral torsional buckling cannot be ignored

b
act = 0.34
B=0.75

OLT=0.5x (1+arx ( ALT- ALTO) + B x ALT2) = 0.585

xit = min(1 / (Our + WD2 - B x ), 1, 1/ aur?) = 0.980
f=min(1-0.5 x (1-ke)x [1-2x ( AT-0.8)7, 1) = 0.861
¥LTmod = min(yct/f, 1,1/ At2) = 1,000

Mb.y.Rd = %LTmod x WoLy x fy / ym1 = 176.6 kKNm

My,ed / Mb,y,rd = 0.203

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wit = 35.916 kNm / -40.856 kNm = -0.879
oLt = 4.444 KNm / -40.856 kNm = -0.109
Cmit = max(0.2 + 0.8 x av1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Whpiy x fy = 176.6 kKNm
Mzrk = Whpiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
Kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yy x Nrx / ym1)) = 0.404
kzy =1-0.1 x min(1, &z) x Nea / ((Cmt - 0.25) x %z x Nrx / ym1) = 0.975
Ned / (xy x NRk / ym1) + Kyy x Mygd / (LT x MyRrk / ym1) = 0.114
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.245
PASS - Combined bending and compression checks are satisfied
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Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 3199 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

2 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 4.8 mm
Oy.Allowable = Lm1_s1 / 100 = 34 mm
Sy I Sy.Alowable = 0.14
PASS - Allowable deflection exceeds design deflection

UKC 203x203x46 (Tata Steel Advance)
S355

thom = max(tr, tw) = 11 mm

fy = 355 N/mm?2

fu =470 N/mm?2

E = 210000 N/mm?

| UKC 2035303 ¢4 [Tata Stesl Advance)

Seclion deglh, b, 2332 mm

Seclicn breadih, b, 205 & mm

Framg Ihkrmds, £ 71 mim

Wi [l cknads, i TEmm

Footradus. 1 102 mm

Arga of sechon, & 5373 mm¥

FaOWE of gyration aoout y-axs, |, 65 1% mm

Radlus of gyration atoud Z2-axie, |, §1.343 mm

Elaslic saclian modiis Msaul y-axis, W 449588 mpy
Elastic seclion odlils abaut 2-axs, W ' 15Z083 My
Flasilo gechon moddils abayf v, W AETEIS rIm
Flaslio seclion modays abauf 2-2aq0s, ""',., 230854 mimy
Secend moment of area about -axis, | | ASETEISE mmy
Secona mament of sréa aboul 2-axs I: 15482057 mm?

&
: = |

ES -
;:;

— w72

+ | N
W uEE

¥

i"' 2035 +|

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

¢ = \V[235 N/mm2/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

c=d=160.8 mm
a=min([h/2+Neda/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.566
C/tw=223=274x<=3%8 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/tr=8=98xg<= 10x¢ Class 2

Section is class 2
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Check compression - Section 6.2.4
Design compression force Ned = 54 kN
Design resistance of section - eq 6.10 Ncrd = A x fy [ ymo = 2085 kN

Ned / Nere = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lmz_s1 = 2300 mm

Critical buckling force Nery = 2 x E x ly / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy =0.34

Buckling reduction determination factor Oy=05x(1+ayx( Ay-0.2)+ 1?) =0.582
Buckling reduction factor - eq 6.49 sy =min(1/ (Dy + V(@2 - 12), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy / ym1 = 1978.1 kN

Ned / Nbyrd = 0.027
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm2_s1_segt = 2300 mm

Critical buckling force Nerz = 12 x E x Iz / Ler 2?2 = 6065.9 kN
Slenderness ratio for buckling - eq 6.50 hz = V(A x fy / Nerz) = 0.586

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®z=05x(1+0azx( hz-0.2)+ A2)=0.766
Buckling reduction factor - eq 6.49 yz = min(1/ (@2 + V(@22 - 22)), 1) = 0.793
Design buckling resistance - eq 6.47 NbzRd = ¥z x A x fy / ym1 = 1654.4 kN

Ned / Nb,zRrd = 0.033
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm2_s1_segt_ R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force Nert= (G x h+ w2 x E x lw/ Ler12) / i02 = 7097.8 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner, 7, Nor7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 Xt = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c
Imperfection factor - Table 6.1 ot = 0.49
Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.873

Buckling reduction factor - eq 6.49 xT=min(1/ (b1 + V(@12 - A12)), 1) = 0.721
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Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 1502.9 kN

Ned / Nb,T.Rd = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xtr=181.2 mm n = 1.000
hw/tw=252=309 xe/n<72x¢gln
Shear buckling resistance can be ignored

Design shear force VyEed = 46.9 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxtr+ (tw+ 2 xr1) xt, nx hwx tw) = 1698 mm?
Design shear resistance - ¢l 6.2.6(2) Veyrd = Vply.rd = Av x (fy £ V(3)) / ymo = 347.9 kN

Vy,Ed / Vc,y,Rd =0.135
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment MyEd = 41.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Whply x fy / ymo = 176.6 kNm
My.ed / Mcyrd = 0.237
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci1=1/ke?=2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?

Unrestrained effective length L =1.0 x Lm2_s1_seg1_T = 2300 mm

Elastic critical buckling moment Mer=Cixm2xExl/L2xV(w/lz+L2x G x It/ (n2xE xI2)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling Lt = V(Woiy x fy / Mer) = 0.334

Limiting slenderness ratio ALto= 0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €9.6.33 & €q.6.34  Nyim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 231.6 kN
Ned / Nyim = 0.233
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy =41.933 kNm / -65.866 kNm = -0.637
oy =-11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wit = 41.933 kNm / -65.866 kNm = -0.637
ot =-11.966 kNm / -65.866 kNm = 0.182
CmLt = max(0.6 + 0.4 x w1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2
Characteristic moment resistance My.rk = Wply x fy = 176.6 KNm
Characteristic moment resistance Mzrk = Wpiz x fy = 82 KNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN
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Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (xy x Nrk / ym1)) = 0.402
kzy = 1-0.1 x min(1, Az) x Nea / ((CmL7 - 0.25) x 3z x Nrk / ym1) = 0.987
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt x MyRk / ym1) = 0.123
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.267
PASS - Combined bending and compression checks are satisfied

hw=h-2xt=181.2 mm n =1.000
hw/tw=252=309 xe/n<72xgln
Shear buckling resistance can be ignored

VyEd = 46.9 kN
Av=max(A-2xbxti+ (tw+ 2 xr) x ti, n x hw x tw) = 1698 mm?2
VeyRd = VplyRd = Av x (fy / V(3)) / yvo = 347.9 kN
VyEd [ VeyRrd = 0.135

PASS - Design shear resistance exceeds design shear force

My.ed = 65.9 KNm
Mey.Rd = Mply.rd = Wply x fy / ymo = 176.6 KNm
MyEed / Mey.rd = 0.373

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.65
C1=1/ke? =2.367
v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L = 1.0 x Lmz_s1_seg1_B = 2300 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (72 x E x Iz)) = 1584.8
kNm

AT = \f(WpLy x fy / Mer) = 0.334

ALto= 0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 41.933 kNm / -65.866 kNm = -0.637
oy = -11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wit = 41.933 kNm / -65.866 kNm = -0.637
oLt =-11.966 kNm / -65.866 kNm = 0.182
Cmit = max(0.6 + 0.4 x y1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Myrk = Wiy x fy = 176.6 kKNm

Mzrk = Wpiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.402
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Interaction formulae - eq 6.61 & eq 6.62

kzy =1-0.1 x min(1, Az) x Ned / (CmLT - 0.25) x %z x Nrk / ymt) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Mygd / (Lt x MyRk / ym1) = 0.176

Ned / (yz x NRk / ym1) + Kzy x Myga / (LT x MyRrk / ym1) = 0.4

PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

3 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

Oy = 4.7 mm
Sy.Allowable = Lm2_s1 / 100 = 23 mm
Sy / dy.allowable = 0.205
PASS - Allowable deflection exceeds design deflection

UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
S275

tnom = max(tr, tw) = 9.6 mm

fy = 275 N/mm?

fu =410 N/mm?

E = 210000 N/mm?

| UB 23x133:x30 (Britieh 3teel Sacllon Range 2022 {B54-1]

Section dept, b 205 Emm

Secton Greacth, & 133.% mm

Flange inksraes, 1, 5.6 mm

W IhlcEass, IJ_ 6.4 i

Faot radis, 1, 7.8 min

Area atsectian, A, 3827 iy

Fadus of qyratdon aboud y-axis, 1, 87 057 mm

Faclus of gyration about z-als, 1, 31.728 mm

Elastic s20tion modulus abau y-ads, W, | 280036
Elaslic seclon modukis about -ads, W, | 57454 mm
Fiastic sacton modukls abou y-AxE, W, | 314358
Flaslic saclion modulis aboul 2-ands, W BEZ2d mm
Spaond marrent af ahed abat Y, | I FRIRERRY
Sgctnyd mamend of ares asoud 2axs | 3845542 M

"-r
?
B
— £
_._;._
x |
f

Lateral restraint
Upper flange has full lateral restraint

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2 / f,] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

c=d=1724 mm
oa=min([h/2+Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.597
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C/tw=269=291%xe<=396 xe/(13xa-1) Class 1

Qutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2="56.1mm
c/tri=5.8=63xec<=9x¢ Class 1
Section is class 1
Check compression - Section 6.2.4
Design compression force Ned = 58.8 kN
Design resistance of section - eq 6.10 Necrd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.056
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lory = Lma_s1 = 6210 mm

Critical buckling force Nery = m2 x E x ly / Lery?2 = 1556.4 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 oy =0.21

Buckling reduction determination factor Dy=05x(1+ayx( Ay-0.2)+ A2) =0.903
Buckling reduction factor - eq 6.49 %y = min(1/ (Dy + V(D2 - Ay2)), 1) = 0.783
Design buckling resistance - eq 6.47 Nb.y.Rd =y x A x fy / ym1 = 822.9 kN

Ned / Nby,rd = 0.071
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm3_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force Nert= (G x i+ 12 x E % lw/ Ler12) /i0?2 = 7239.5 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner,1, Ner 1) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy / Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 or = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (D1 + V(@12 - A12)), 1) = 0.884
Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 928.5 kN

Ned / Nbo,T.rd = 0.063
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h -2 x tr=187.6 mm 1 =1.000
hw/tw=29.3=317xe/n<72x¢ln
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Shear buckling resistance can be ignored

Design shear force Vyed = 38.7 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+ 2 xr1) xt, N x hw x tw) = 1458 mm?
Design shear resistance - cl 6.2.6(2) VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN

VyEd / Veyrd = 0.167
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment My.Ed = 65.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply,rd = Wply x fy / ymo = 86.5 kKNm
My.ed / Mey.rd = 0.762
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.823
C1=1/k?=1.478

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=280769 N/mm?

Unrestrained effective length L =1.0 x Lm3_s1_segi_8 = 1200 mm

Elastic critical buckling moment Mer=C1xm2xExlz/L2x(lw/lz+L2x G x It/ (2 x E x Iz)) = 866.8
kNm

Slenderness ratio for lateral torsional buckling ALt = V(Woly x fy / Mer) = 0.316

Limiting slenderness ratio o= 0.4

At < Auro - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyjim = 0.356
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199
oy = 13.982 kNm / -65.866 kNm = -0.212
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
yut = -25.433 kNm / -65.866 kNm = 0.386
oLt = -44.142 kNm / -65.866 kNm = 0.670
Cmit = max(0.2 + 0.8 x awt, 0.4) = 0.736

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86,5 kNm
Characteristic moment resistance Mzrkx = Whoiz x fy = 24.3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Nea/ (xy x Nrx/ ym1)) = 0.418
kzy =1-0.1 x min(1, &z) x Nea / ((CrmL7 - 0.25) x 3z x Nr / ymt) = 0.991
Interaction formulae - eq 6.61 & eq 6.62 Ned / (xy x NRk / ym1) + Kyy x MyEd / (LT x MyRk / ym1) = 0.39

Ned / (yz x Nrk / ym1) + kzy x Mygd / (L1 x Myre / ym1) = 0.826
PASS - Combined bending and compression checks are satisfied
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Check design 4623 mm along span
Check bending moment - Section 6.2.5
Design bending moment My.ed = 23.6 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Wply x Ty / ymo = 86.5 kNm

Mygd / Mcyrd = 0.273
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199

oy = 13.982 kNm / -65.866 kNm = -0.212

Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

it = 15.693 kNm / -25.433 kNm = -0.617

oLt = 19.251 kNm / -25.433 kNm = -0.757

CmLt = max(0.2 + 0.8 x art, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86.5 kNm
Characteristic moment resistance Mzrk = Wiz x fy = 24,3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.415
kzy =1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nre / ywmt) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 Ned / (xy x NRrk / ym1) + Kyy x Mygd / (L1 x Myre / ym1) = 0.172

Ned / (xz x NRk / yMm1) + Kzy x Mygd / (LT x MyRrk / ym1) = 0.325
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 5668 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection Oy = 28.7 mm
Allowable deflection Sy.allowable = Lm3 s1 / 100 = 62.1 mm
Oy / Sy.Allowable = 0.462
PASS - Allowable deflection exceeds design deflection

4 design

Section details

Section type UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
Steel grade - EN 10025-2:2004 S275

Nominal thickness of element tnom = max(tr, tw) = 9.6 mm

Nominal yield strength fy = 275 N/mm?2

Nominal ultimate tensile strength fu =410 N/mm?2

Modulus of elasticity E = 210000 N/mm?
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Lateral restraint
Upper flange has full lateral restraint

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2 / ;] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=172.4 mm
a=min([h /2 + Nea / (2 x tw x fy) - (tr + )] / ¢, 1) = 0.598
c/tw=269=291xe<=396 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=56.1mm
c/tr=58=63xeg<=9x¢ Class 1
Section is class 1

Ned = 47 kN
Nerd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.045
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = Lm4_51 = 6210 mm
Ncr,y =nZx E x |y / Lcr,y2 = 1556.4 kN
Xy = N’(A X fy / Ncr‘y) =0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

a

oy =0.21

Dy=05x(1+ayx( Ay-0.2)+ A2)=0.903
yy = min(1/ (®y + V(@2 - 1,2), 1) = 0.783
Nb.yRd = yy x A x fy / ym1 = 822.9 kN
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Ned / Nb,y,rd = 0.057
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lmd_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo0= 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force Nert= (G x It + w2 x E x lw/ Ler7?) /i02 = 7239.5 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner.1r = 4180 kN

Elastic critical buckling force Ner = min(Ner, T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy / Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ot = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (@1 + V(@12 - A12)), 1) = 0.884
Design buckling resistance - eq 6.47 Nb.TRd = 37 x A x fy / ym1 = 928.5 kN

Ned / Nb,.rd = 0.051
PASS - Design buckling resistance exceeds design compression

Check design 1396 mm along span

Check bending moment - Section 6.2.5
Design bending moment Myed = 19.4 KNm
Design bending resistance moment - eq 6.13 Mcy.rd = Mply.rd = Wpiy x fy / ymo = 86.5 KNm
My.ed / Mcyrd = 0.225
PASS - Design bending resistance moment exceeds design bending moment
Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npi,rg, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyjim = 0.301
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wir = 19.282 kNm / -59.945 kNm = -0.322
oLt = 1.235 kNm / -59.945 kNm = -0.021
Cmit = max(0.2 + 0.8 x avt, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86.5 kNm

Characteristic moment resistance Mzrk = Wiz x fy = 24.3 kNm

Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN

Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrx / ym1)) = 0.415

kzy = 1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nrk / ym1) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 NEed / (3y x NRrx / ym1) + Kyy x Mygd / (L1 x MyRrk / ym1) = 0.154
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Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (yz x NRk / ym1) + Kzy x My.gd / (1 x Myrk / ym1) = 0.279
PASS - Combined bending and compression checks are satisfied

hw=h-2 x tr=187.6 mm n = 1.000
hw/tw=29.3=31.7Txe/n<72x¢eln
Shear buckling resistance can be ignored

Vyed = 36 kN
Av=max(A-2xbxtr+ (tw+ 2 xr) x tr, n x hw x tw) = 1458 mm?
VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN
Vyed/ Veyrd = 0.156

PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y,Rd = Mply,Rd = Woply x fy / ymo = 86.5 kKNm
My,Ed / Mc.y,Rd =0.779

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

ke = 0.97
C1=1/k? =1.064
v=0.3

G=E/[2x(1+v)]=80769 N/mm?2
L =1.0 x Lm4_s1 segz B =210 mm
Mer=Cixm2xE xlz/LZxV(lw/lz+L2x G x It/ (® x E x Iz)) = 19063.4
kNm
AT = V(Woly x fy / Mer) = 0.067
Ao = 0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
yut = -59.945 kNm / -67.339 kNm = 0.890
oLt = -63.601 kNm /-67.339 kNm = 0.944
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.956

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Myrk = WeLy x fy = 86.5 kKNm

Mzrk = Whoiz x fy = 24.3 kNm

Nrk = A x fy = 1050.8 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yxy x Nrx / ym1)) = 0.418

kzy = 1-0.1 x min(1, Az) x Nea / ((CriT - 0.25) x 2z x Nre / ym1) = 0.994
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt x MyRk / ym1) = 0.398

Ned / (3z x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.846
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PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

Member5 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 24.1 mm
Oy.Allowable = Lma4_s1 / 100 = 62.1 mm
dy / Oy,Allowable = 0.388

UKC 203x203x46 (Tata Steel Advance)

8355

tnom = max(tr, tw) = 11 mm
fy = 355 N/mm?2

fu =470 N/mm?

E = 210000 N/mm?

T |

¥ -~
E

— w72

+ | h
W e

¥

i"' 2035 +|

Lateral restraint
Right flange has full lateral restraint

Left flange has lateral restraint at supports only

UKC 2035203 ¢4 [Tata Stesl Advance)

Seclion degln, b, 2332 mm
Seclicrn breadih, b, 205 & mm
Fiangi ihlcoess, £ 11 min
Wik [hlcknids, { TEmm

Fool radus. r, 102 mm

Area of sectien, A 5573 My

RATIE of qyration about y-axs, |, B&.1% mm
Fadlus of gyratian about z-axs, |, 51.343 mm

PASS - Allowable deflection exceeds design deflection

Elaslic saclian moddils sbaul y-axls, W--. 249588 mry

Elastic seclion madlile abaut 2-3ms, W
Flasilo sechon moddkls abauf yeacls, W
Flaslio saclion modaus abaut 2-200s, W

. 152082 mry
AETEIS T
230854 mimy

Becend moment of area aboul y-axis. | | 45E7E15E M
Secona mamenl of area aboul 2-axis, | 15482057 mme

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

e = V[235 N/mm?2/ f,] = 0.81

c=d=160.8 mm
oo=min([h /2 + Neda/ (2 x twx fy)- (tr+r)] /¢, 1) = 0.563
C/tw=223=274xg<=3% xe/(13xa-1) Class 1
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Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tr=8=98xe<= 10x¢ Class 2

Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 50.1 kN
Design resistance of section - eq 6.10 Necrd = A x fy / ymo = 2085 kN
Ned / Nera = 0.024
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lms_s1 = 2300 mm

Critical buckling force Nery = 12 x E x ly / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 dy = V(A x fy / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( hy-02)+ A2 =0.582
Buckling reduction factor - eq 6.49 2y = min(1 7 (By + V(D2 - 1y2)), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1978.1 kN

Ned / Nb,yrd = 0.025
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lms_s1_seg1 R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis 2o = 0.0 mm

Radius of gyration io = V(iy2 + i2) = 102.0 mm

Elastic critical torsional buckling force Nerr= (G x i+ 12 x E x lw/ Ler,12) /[ i0?2 = 7097.8 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner7F = 4180 kN

Elastic critical buckling force cr = min(Ner,t, Ner,7F) = 4180 kN

Slenderness ratio for torsional buckling - 9 6.52 At = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor OT=05x(1+orx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 ¥t =min(1/ (D1 + V(@2 - A1?)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb.TRd = %7 x A x fy /ym1 = 1502.9 kN

Ned / No,TRa = 0.033
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2 xtr=181.2 mm n = 1.000
hw/tw=252=309 xe/n<72x¢gln
Shear buckling resistance can be ignored
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Design shear force Vy.ed = 48.1 kN

Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Av=max(A-2xbxtr+ (tw+ 2 xr) x t, n x hw x tw) = 1698 mm?2
VeyRd = Vply.Rd = Av x (fy / V(3)) / ymo = 347.9 kN
VyEed/ Veyrd = 0.138
PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y.Rd = Mply,rd = Wply x fy / ymo = 176.6 KNm
My.ed / Mcyra = 0.381

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.216

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 43.2 kNm / -67.339 kNm = -0.642
ay = -12.069 kNm / -67.339 kNm = 0.179
Cmy = max(0.6 + 0.4 x sy, 0.4) = 0.400
wiT = 43.2 kNm / -67.339 kNm = -0.642
owt = -12.069 kNm / -67.339 kNm = 0.179
CrLT = max(0.6 + 0.4 x yi1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.re = WLy x fy = 176.6 kNm
Mzrk = Wiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( &y - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Ned / (CmLT - 0.25) x %z x Nrx / ymt) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Myed / (3.1 x Myrk / ym1) = 0.178
Ned / (3z x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.407
PASS - Combined bending and compression checks are satisfied

hw=h-2 xt=181.2 mm n = 1.000
hw/tw=252=309x¢e/n<72x¢gln
Shear buckling resistance can be ignored

Vyes = 48.1 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) x tr, n x hw x tw) = 1698 mm?
VeyRrd = Vply.Ra = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / VeyRrd = 0.138

PASS - Design shear resistance exceeds design shear force

My.ed = 43.2 KNm
Me.y.rd = Mply.rRd = Woply x fy / ymo = 176.6 kNm
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My.ed / McyRrd = 0.245
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci=1/ke? = 2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?2

Unrestrained effective length L =1.0 x Lms_s1_seg1._ T = 2300 mm

Elastic critical buckling moment Mer=Ctixm2xExlz/LZxV(lw/lz+L2x G x |t/ (7 x E x Iz)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling At = V(Woy x fy / Mer) = 0.334

Limiting slenderness ratio ALto = 0.4

ALt < Auro - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 43.2 kNm / -67.339 kNm = -0.642
oy =-12.069 kNm / -67.339 kNm = 0.179
Crmy = max(0.6 + 0.4 x vy, 0.4) = 0.400
yit = 43.2 kKNm / -67.339 kNm = -0.642
ot =-12.069 kNm /-67.339 kNm = 0.179
Cmit =max(0.6 + 0.4 x yi1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Woly x fy = 176.6 KNm
Characteristic moment resistance Mzrk = Wpiz x fy = 82 KNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN
Interaction factors kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Nea / (CmL7 - 0.25) x 3z x Nrx / ymt) = 0.988
Interaction formulae - eq 6.61 & eq 6.62 NEd / (yy x NRk / ym1) + Kyy x Mygd / (LT x MyRrk / ym1) = 0.124

Ned / (%z x NRrk / ym1) + Kzy x My,gd / (LT x MyRrk / ym1) = 0.273
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection Sy =15.2 mm
Allowable deflection Oy.Allowable = Lms_s1 / 100 = 23 mm
Sy / Sy.Alowable = 0.662
PASS - Allowable deflection exceeds design deflection

Member6 design

Section details

Section type UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355
Nominal thickness of element tnom = max(tr, tw) = 11 mm

Nominal yield strength fy = 355 N/mm?
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Nominal ultimate tensile strength
Modulus of elasticity

fu = 470 N/mm?2
E = 210000 N/mm?

| UKC 20352303 ¢4 [Tata Stesl Advance|

Seclion degln, h, 2332 mm

Seclicn breadih, b, 205 & mm

Framgd Ihkermas, £ 71 mim

VWi IRl cknids, { TEmm

Footradus. r. 102 mm

Area of sechien, A 5573 mmy¥

RadluG of gyratian asoul y-axs, |, B& 19 mm

Fadlus of ;yfalbr‘-a:cul Z-awe, |, 51.343 mm

Elaslic saclion moduils about y-aals, W | 449388 mry
Elasiic saclion meddius abaut 2-ax18, W. ] 152082 rury
Flasilo gechion moddhls abauf yeaus, W, a8 TAI% Ty
Flaslio saclion modays abauyf 2-200s, l.-'dl : 230854 mire
Second momant of area about ¥-axis, |, 45578158 mme
Second imament of aréa abodl 2-axis, | 15482057 mim

ok
ES -~
— w72
L .
2 ?_

Lateral restraint

L 4

Both flanges have lateral restraint at supports only

Consider Combination 1 -1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm?/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

QOutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=160.8 mm
a=min([h/2+ Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.569
C/tw=223=274xe<=39% xc/ (13 xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/tri=8=98xe<= 10x¢ Class 2
Section is class 2

Ned = 54.6 kN
Ncrd = A x fy [ ymo = 2085 kN
Ned / Ncra = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = LmG_s‘l = 3400 mm
Ncr,y =n2x E x |y ! Lcr,y2 = 8189.7 kN
v = V(A x fy / Nery) = 0.505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49

b
ay = 0.34

®y=05x(1+ayx( Ay-0.2)+ A2 =0.679
ay = min(1/ (Oy + V(@2 - 1,2)), 1) = 0.882
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Design buckling resistance - eq 6.47 Nb.y.Rd = yy x A x fy /ym1 = 1839.3 kN

Ned / Nbyrd = 0.03
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lme_s1_segt = 3400 mm

Critical buckling force Nerz = 2 x E x |2/ Lerz? = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 Kz = V(A x fy / Nerz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®:=05x(1+o0zx( 2z-0.2)+ A2 =1.039
Buckling reduction factor - eq 6.49 ¥z = min(1/ (®z + V(D2 - 22)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd =z x A x fy [ ym1 = 1293.6 kN

Ned / Nb.zrd = 0.042
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Lor.T = Lmé_s1_seqt_R = 3400 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo=0.0 mm

Radius of gyration io = (iy? + i2) = 102.0 mm

Elastic critical torsional buckling force NerT= (G x h+ w2 x E x lw/ Ler2) [ i0%2 = 4180 kN
Torsion factor Br=1-(yo/lio)2=1

Elastic critical torsional-flexural buckling force Ner,7r = 4180 kN

Elastic critical buckling force Ner = min(Ner,T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 a1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 ¢

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor Or=05x(1+arx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 x7=min(1/ (Ot + V(D12 - A12)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb,TRd = 317 x A x fy / ym1 = 1502.9 kKN

Ned / Nb,T.rd = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm n =1.000
hw/tw=25.2=309xe/n<72xsg/ln
Shear buckling resistance can be ignored

Design shear force Vyed =13.1 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ ({tw+2xr)xt, nxhwxtw) = 1698 mm?
Design shear resistance - ¢l 6.2.6(2) VeyRd = Vply.Rd = Av x (fy £ V(3)) / ymo = 347.9 kN

VyEed / Veyrd = 0.038
PASS - Design shear resistance exceeds design shear force
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Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.ed = 31.2 KNm
Me,y.Rd = Mply,rd = Wply x fy / ymo = 176.6 kNm
My.ed / Mcyra = 0.177

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=2.19
v=0.3

G=E/[2x(1+v)]=80769 N/mm?
L = 1.0 x Lmé_s1_seg1_T = 3400 mm

r=Cix 2 x Ex /L2 xV(lw/lz+ L2 x G x It/ (a2 x E x I2)) = 761.3
kNm

AT = V(Woly x fy / Mer) = 0.482

Ao = 0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

b
ot = 0.34
p=0.75

OLT=0.5x (1+arx( ALT- ALTO)+ B x ALT2) = 0.601

yir = min(1 /(O + V(@2 - px Ar2)), 1,1/ ar?) = 0.968
f=min(1-0.5x (1-ke) x [1-2x( AT-0.8)2], 1) = 0.871
yLTmod = min(xLt /f, 1, 1/ Aur2) = 1.000

Mb.y,Rd = %LT.mod x Wply x fy / ym1 = 176.6 KNm

My.ed / Moy.Rd = 0.177

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npir¢, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.236

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

wy = -13.355 kKNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286
Crmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
wit = -13.355 kNm / 31,171 kNm = -0.428
oLt = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x wiT, 0.4) = 0.429

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

My.rk = WLy x fy = 176.6 kNm

Mzrk = Wiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.432

kzy = 1-0.1 x min(1, Az) x Nea / ((CmiT - 0.25) x 3z x Nrk / ym1) = 0.980
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Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (xy x NRk / ym1) + kyy x Mygd / (L7 x MyRrk / ym1) = 0.109
Ned / (xz x Nrk / ym1) + Kzy x Myga / (3Lt x MyRrk / ym1) = 0.221
PASS - Combined bending and compression checks are satisfied

hw=h -2 xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72x¢eln
Shear buckling resistance can be ignored

Vyed = 13.1 kN
Av=max(A-2xbxtr+ (tw+ 2 xr1) x 1, n x hw x tw) = 1698 mm?
VoyRrd = Vply.ra = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed / Veyrd = 0.038

PASS - Design shear resistance exceeds design shear force

MyEed = 13.4 KNm
Mecy.rd = Mply.,rd = Wpiy x fy / ymo = 176.6 KNm
Myed / Mcyrd = 0.076

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=219
v=0.3

G=E/[2x(1+v)]=280769 N/mm?

L =1.0 x Lmé_s1_seg1_B = 3400 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (n2 x E x I2)) = 761.3
kNm

it = V(Woiy x fy / Mer) = 0.482

Wto = 0.4

At > Auto - Lateral torsional buckling cannot be ignored

b
act = 0.34
B =0.75

OLT=0.5x (1+ T x( AT- ATo) + B x ALT2) = 0.601

yir = min(1 / (DLt + V(D2 - B x Ar2)), 1, 1/ ar?) = 0.968
f=min(1-0.5 x (1 -ke) x [1-2x( AT-0.8)2], 1) = 0.871
¥LTmod = min(yxct /£, 1, 1/ At2) = 1.000

Mo.y,Rd = yLT.mod x WoLy x fy / ym1 = 176.6 kKNm

My.ed / Mb,y,rd = 0.076

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =-13.355 kNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286
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Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
it = -13.355 kNm / 31.171 kNm = -0.428
oLt = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x y1, 0.4) = 0.429

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 176.6 KNm
Mzrk = Whoiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yy x Nrx / ym1)) = 0.433
kzy = 1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x 3z x NRk / ym1) = 0.979
Ned / (xy x NRk / ym1) + Kyy x Myed / (L7 x Myrk / ym1) = 0.065
Ned / (3z x NRk / ym1) + Kzy x My,ga / (L1 x Myrk / ym1) = 0.12
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

oy =5.1 mm
Sy Allowable = Lme_s1 / 100 = 34 mm
By / Sy,alowabie = 0.149
PASS - Allowable deflection exceeds design deflection
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LONDON OFFICE
14 The Green
Richmond - Surrey TW9 1PX

EXETER OFFICE
Bradninch Court
Castle Street

Exeter Devon EX4 3PL

Our ref: 07229E_sH_SE_RP_003

Dr SaIIy Murrall-Smith PhD info@structurehaus.com
. www.structurehaus.com

Totnes Renewable Energy Society

107 High Street

Totnes

TQ9 5SN

21t January 2026

Dear Sally,

Structural Check at Dart Marine Park, Steamer Quay Road, Totnhes, TQ9 5AL
— Building C

As requested, and commissioned, we have carried out a structural survey of the portal frame
building at Dart Marine Park, carried out calculations and prepared this report, for the purpose

of justifying the proposed PV panel installation to the roof.

The building is of a two storey portalised steel frame, we could not measure the floor steel due
to the finishes of the building, we requested ‘As-Built’ drawings, but these haven’t been
available. However, we are confident that the compressive utilisation of the steel columns is not
at question, more the overall stability, as such we have included a tie beam at floor level but not

analysed this element.

The portal steel frame has 203 x 133 x 30 UB Rafters and 203 UC 46 Columns, the portal
frames are at 5.7 metre centres. The dimension of the portal frame is shown in the calculations

within this report.

1132
LONDON OFFICE EXETER OFFICE ASSOCIATED OFFICES
020 8940 7810 01392 363497 Essex

Stuttgart

structureHaus Ltd - reqg. in England & Wales N°09023335 - req. office: Harscombe House - 1 Darklake View - Plymouth PLG 7TL
VAT Registration N° GB 190 6091 09
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The proposed PV system is fixed to the roof, loadings are taken as 0.15kN/m? which is applied
on top of the snow loading at 0.6kN/m? and the dead weight loading of 0.5kN/m? including

services.

Structural calculations have been carried out to check the capacity of these members, and

determine adequacy of the existing structure for the proposed PV panel instillation.

We are pleased to confirm that the steel frame member sizes are adequate to support the

additional vertical loading of the proposed installation.

Therefore, we can confirm that installing the new roof panels upon the existing roof of

this structure will not have a structurally detrimental effect.

This letter confirms cover under our Pl should any failure of the steel frame occur due to

inadequate capacity.

This letter is not intended to and does not relate to the adequacy or assessment of the fixing

system to the Photovoltaics to the roof.

Yours sincerely,
~
i
Mark Harris MIStructE

Director
structureHaus Ltd

Appendix A — Information Provided and Photos

Appendix B — Structural Calculations

2132

structureHaus Ltd - reg. in England & Wales N°09023335 - reg. office: Harscombe House - 1 Darklake View - Plymouth PLG 7TL
VAT Registration N° GB 190 6091 09



consulting . engineering . designing

APPENDIX A — INFORMATION PROVIDED &
SITE PHOTOS
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Proposed PV layout
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Site Visit Photo
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APPENDIX B — STRUCTURAL CALCULATIONS
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WIND LOADING (BS6399)
In accordance with BS6399
Tedds calculation version 3.0.19
=
=
uwy
: 1
JL 3
=
)
= 28500 »| 13500
Plan Elevation
Building data
Type of roof Duopitch
Length of building L = 28500 mm
Width of building W =13500 mm
Height to eaves H = 5600 mm
Pitch of roof oo = 15.0 deg
Reference height Hr = 7409 mm
Dynamic classification
Building type factor (Table 1) Kb =1.0

Dynamic augmentation factor (1.6.1)

Site wind speed

Cr = [Ko x (Hr /(0.1 m) )275] / ( 800 x log( Hr / (0.1 m))) = 0.02

Location Totnes

Basic wind speed (Figure 6 BS6399:Pt 2) Vb=22.5m/s
Site altitude As=1m
Upwind distance from sea to site dsea = 10 km
Direction factor Sda =0.82
Seasonal factor Ss =1.00
Probability factor Sp=1.00
Critical gap between buildings g = 5000 mm

Topography not significant
Altitude factor

Site wind speed

Terrain category

Sa=1+0.001 xAs/1m =1.00
Vs = Vb x Sa x Sd x Ss x Sp =18.5 m/s
Sea

Displacement height (sheltering effect excluded)  Hd = 0mm

The velocity pressure for the windward face of the building with a 0 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)

The velocity pressure for the windward face of the building with a 90 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)
Dynamic pressure - windward wall - Wind 0 deg and roof

Reference height (at which q is sought) Href = 5600mm
Effective height He = max(Href — Hg, 0.4 x Href) = 5600mm
Fetch factor (Table 22) Sc = 0.959
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Turbulence factor (Table 22) St=0.190
Gust peak factor gt = 3.44
Terrain and building factor Sb=Scx (1+(gtx Si) + Sn) = 1.59
Effective wind speed Ve =Vs x Sb=29.3 m/s
Dynamic pressure gs = 0.613 kg/m?3 x Ve? = 0.527 kN/m?
Dynamic pressure - windward wall - Wind 90 deg and roof
Reference height (at which q is sought) Href = 7409mm
Effective height He = max(Href — Ha, 0.4 x Href) = 7409mm
Fetch factor (Table 22) Sc = 1.005
Turbulence factor (Table 22) St=0.185
Gust peak factor gt =3.44
Terrain and building factor Sb=Scx (1 + (gt x St) + Sh) = 1.64
Effective wind speed Ve = Vs x Sb = 30.4 m/s
Dynamic pressure gs = 0.613 kg/m? x Ve? = 0.566 kN/m?2
Size effect factors
Diagonal dimension for gablewall 3eg = 14.6 M
External size effect factor gablewall Caeg = 0.903
Diagonal dimension for side wall Qes=29.0m
External size effect factor side wall Caes = 0.841
Diagonal dimension for roof Qer =293 m
External size effect factor roof Caer = 0.840
Room/storey volume for internal size effect factor Vi =1740.000 m?3
Diagonal dimension for internal size effect factors ai=10 x ( Vi )" =120.277 m
Internal size effect factor Cai=0.712
Pressures and forces
Net pressure P = gs x Cpe x Cae - gs x Cpi x Cai
Net force Fw=p x Aret
Roof load case 1 - Wind 0, cpi 0.20, ~Cpe
Zone Ext pressure pr[;igi?;mqs External size Prel\ées!ture Area, Net force,
coefficient, cpe (kN /m2’) factor, Cee p (kN /m2), Aref (M?) Fw (kN)
A (-ve) -1.10 0.57 0.840 -0.60 22.73 -13.71
B (-ve) -0.80 0.57 0.840 -0.46 20.99 -9.67
C (-ve) -0.40 0.57 0.840 -0.27 155.44 -42.06
E (-ve) -1.30 0.57 0.840 -0.70 22.73 -15.87
F (-ve) -0.90 0.57 0.840 -0.51 20.99 -10.66
G (-ve) -0.50 0.57 0.840 -0.32 155.44 -49.44
Total vertical net force Fwv=-136.59 kN
Total horizontal net force Fwn=2.73 kN
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Walls load case 1 - Wind 0, cpi 0.20, -Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (kN)
A -1.40 0.57 0.903 -0.80 17.77 -14.19
B -0.83 0.57 0.903 -0.51 70.04 -35.51
w 0.73 0.53 0.841 0.25 159.60 39.78
| -0.50 0.53 0.841 -0.30 159.60 -47.29
Overall loading
Equiv leeward net force for overall section Fi =Fww = -47.3 kN
Net windward force for overall section Fw = Fuww = 39.8 kN
Overall loading overall section Fww=0.85x (1 + Cr) x (Fw- Fi + Fwh) = 77.6 kN
Roof load case 2 - Wind 0, cpi -0.3, +Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prel\lszture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Avef (M?) Fw (kN)
A (+ve) 0.20 0.57 0.840 0.22 22.73 4.91
B (+ve) 0.20 0.57 0.840 0.22 20.99 4.53
C (+ve) 0.20 0.57 0.840 0.22 155.44 33.55
E (+ve) -1.30 0.57 0.840 -0.50 22.73 -11.29
F (+ve) -0.90 0.57 0.840 -0.31 20.99 -6.44
G (+ve) -0.50 0.57 0.840 -0.12 155.44 -18.14
Total vertical net force Fwyv = 6.87 kN
Total horizontal net force Fwh=20.41 kN
Walls load case 2 - Wind 0, ¢pi -0.3, +Cpe
Zone Ext pressure pgﬁgﬁ?;i,cqs External size Prel\ézture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cee p (kN/m?2) Avref (M?) Fw (kN)
A -1.40 0.57 0.903 -0.60 17.77 -10.61
B -0.83 0.57 0.903 -0.31 70.04 -21.41
w 0.73 0.53 0.841 0.44 159.60 69.70
[ -0.50 0.53 0.841 -0.11 159.60 -17.38

Overall loading
Equiv leeward net force for overall section
Net windward force for overall section

Overall loading

overall section

Fi =Fww = -17.4 kN
Fw= Fw,ww =69.7 kN
Fww = 0.85 x (1 + Cr) X (Fw -F+ Fw,h) =929 kN
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Roof load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A (-ve) -1.60 0.57 0.840 -0.84 9.43 -7.93
B (-ve) -1.50 0.57 0.840 -0.79 9.43 -7.48
C (-ve) -0.60 0.57 0.840 -0.37 75.47 -27.59
D (-ve) -0.40 0.57 0.840 -0.27 303.98 -82.25
Total vertical net force Fwv ==120.99 kN
Total horizontal net force Fwn=0.00 kN
Walls load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgﬁgﬁ?;i!cqs External size Prelies'ture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Avref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.75 12.54 -9.47
B -0.88 0.53 0.841 -0.46 50.18 -23.28
cC -0.81 0.53 0.841 -0.44 96.88 -42.19
w 0.61 0.57 0.903 0.23 87.81 20.41
I -0.50 0.57 0.903 -0.34 87.81 -29.50
Overall loading
Equiv leeward net force for overall section Fi =Fww = =29.5 kKN
Net windward force for overall section Fw = Fww =20.4 kN
Overall loading overall section Fww=0.85 % (1 + C/) x (Fw- Fi + Fwn) = 43.1 kN
Roof load case 4 - Wind 90, c¢pi -0.3, -Cpe
Dynamic . Net
e | Gabme | pessweq, | ST | e | el
A (-ve) -1.60 0.57 0.840 -0.64 9.43 -6.03
B (-ve) -1.50 0.57 0.840 -0.59 9.43 -5.58
C (-ve) -0.60 0.57 0.840 -0.16 75.47 -12.39
D (-ve) -0.40 0.57 0.840 -0.07 303.98 -21.04
Total vertical net force Fwy = -43.51 kN
Total horizontal net force Fwh=0.00 kN
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Walls load case 4 - Wind 90, cpi -0.3, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,

coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.57 12.54 -7.12
B -0.88 0.53 0.841 -0.28 50.18 -13.87
C -0.81 0.53 0.841 -0.25 96.88 -24.03
w 0.61 0.57 0.903 0.43 87.81 38.09
I -0.50 0.57 0.903 -0.13 87.81 -11.82

Overall loading

Equiv leeward net force for overall section
Net windward force for overall section

Overall loading overall section

Fi =Fww = -11.8 kN
Fw= Fw,ww =38.1 kN
Fww = 0.85 x (1 + Cr) X (Fw -Fi+ Fw‘h) =43.1 kN
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STEEL MEMBER ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

Tedds calculation version 4.5.06

ANALYSIS
Tedds calculation version 1.0.38
Geometry
Geometry (m) - Steel (EC3)
T =1
Gl = |
AT 12 TH |
. 7 |
- T
[P % 7
Materials
Name Density Youngs Modulus | Shear Modulus |Thermal Coefficient
(kg/m?3) kN/mm?2 kN/mm?2 °C-1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm?) (cm?) (cm?) (cm?)
UKC 203x203x46 58.7 4567.8 1548.2 14.6 40.3
UB 203x133x30 38.2 2895.6 384.7 13.2 23.1
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X Zz X z Rot. Name Angle X z Rot.
(m) (m) Q) (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Fixed 0 0 0 0
2 0 3.4 Free Free Free 0 0 0 0
3 0 57 Free Free Free 0 0 0 0
4 6 7.3 Free Free Free 0 0 0 0
5 12 57 Free Free Free 0 0 0 0
6 12 3.4 Free Free Free 0 0 0 0
7 12 0 Fixed Fixed Fixed 0 0 0 0
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Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 3.4 1 2 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
2 2.3 2 3 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
3 6.21 3 4 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
4 6.21 4 5 UB 203x133x30 Steel (EC3) Fixed Fixed Fixed
5 2.3 5 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
6 3.4 6 7 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
7 12 2 6 UKC 203x203x46 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
1 1 1
2 2 2
3 3 3
4 4 4
Memberb5 5 5
Member6 6 6
Loading

Self weight included

Permanent - Loading (kN/m)

L

=] i

X
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s L
o 00
od 6
".|

Imposed - Loading (kN/m)

E

6.38

6.38

Wind - Loadin

g (kN/m,kNm)

k]

6.38

6.38—@:?"’}5

1
Z

Load combination factors

| & | 3
I 2| §| 8| 2
Load combination E £ S §
s s | E
N o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 ] 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5Q + 1.5y0S + 1.5y0W (Strength) 1.35 135 | 1.50 | 0.75
1.0G + 1.0Q + 0.5S + 0.5W (Service) 1.00 | 1.00 | 1.00 | 0.50

GIALLIE W
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Member Loads
Member Load case Load Type Orientation | Description
3 Permanent ubDL GlobalZz 0.68 kN/m
3 Permanent ubDL GlobalZz 2.28 kKN/m
4 Permanent ubDL GlobalZz 2.28 kN/m
3 Imposed uUDL Globalz 2.85 kN/m
4 Imposed uDL Globalz 2.85 kN/m
1 Wind Point Moment GlobalY OkNmatOm
1 Wind ubDL GlobalX 6.38 kN/m
2 Wind ubDL GlobalX 6.38 kN/m
Results
Forces

Strength combinations - Moment envelope (kNm)

1.4

Strength combinations - Shear envelope (kN)

10.9

143

g

481

46,9

5.4

E;-]J
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-FhS

Service combinations - Deflection envelope (mm)

38 452

PA4

Partial factors - Section 6.1

Resistance of cross-sections ymo =1
Resistance of members to instability w1 =1
Resistance of tensile members to fracture w2 =11
1 design

Section details

Section type

Nominal thickness of element
Nominal yield strength
Nominal ultimate tensile strength

Modulus of elasticity

& ENg

UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355

trom = max(tf, tw) = 11 mm

fy = 3565 N/mm?2

fu = 470 N/mm?2

E =210000 N/mm?

= | |
¥ A &
—] 7.2
1 | -
H

F

¥

UKC 203x303 %46 [Tats Stesl Advance|

Seclon dealn, h, 2032 mm

Seclion breadin, b, 203.6 mm

I'-...rr;l:- ihiciness, £, 11 mm

wan Ihlckneds, i1 TEmm

Roal radus. r 102 mm

Area of secion, A, 5573 m¥

Fadlus of gyration asoul y-axs, |, B3.12 mm

Fadlus of gyration acout z-axs, |, 51.343 mm

Elaslic seclian moddis abaut y-axis, W S49588 mny
Elasiiz saclian mockiius about 2-axis, W | 152083 My
Flagllz seclian modbds st yeaxls, '.r".ll__ AGTALE iy
Flaslie saclion moddus aboul 2-3108, I"I"I.-. 2088 iy
Second mameant of aréa about y-axte, |_ A5ETEEE mmr
Secona momeant of area aboul 2-axis |_ 15482057 mimr
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Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 3 - 1.35G + 1.5Q + 1.5yeS + 1.5yoW (Strength)

Classification of cross sections - Section 5.5
£ = V[235 N/mm?2/ f,] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section c=d=160.8 mm
a=min([h/2+Ned/ (2 xtwxfy)-(tr+1)]/c, 1) = 0570
C/tw=223=274xe<=398 xe/(13xa-1) Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/t=8=98x¢g<= 10x¢ Class 2
Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 57.2 kN
Design resistance of section - eq 6.10 Nerd = A x fy / ymo = 2085 kN
Ned / Ncra = 0.027
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lmi_s1 = 3400 mm

Critical buckling force Nery = 2 x E x ly / Lery? = 8189.7 kN
Slenderness ratio for buckling - eq 6.50 Ay = V(A x fy / Nery) = 0,505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ay = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( Aay-0.2)+ A2) =0.679
Buckling reduction factor - eq 6.49 %y = min(1/ (Dy + V(Py2 - Ay2)), 1) = 0.882
Design buckling resistance - eq 6.47 Nb.yrd = yy x A x fy /ym1 = 1839.3 kN

Ned / Nbyy,ra = 0.031
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm1_s1_segt = 3400 mm

Critical buckling force Nerz = m2 x E x |z / Ler2?2 = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 2z = V(A x fy / Norz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz =0.49

Buckling reduction determination factor Gz=05x(1+azx( 2z-0.2)+ 22)=1.039
Buckling reduction factor - eq 6.49 yz=min(1/ (Dz + V(@2 - 2A2)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd = %z x A x fy [ ym1 = 1293.6 kN

Ned / Nb.zrd = 0.044
PASS - Design buckling resistance exceeds design compression
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Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length

Distance from shear centre to centroid in y axis
Distance from shear centre to centroid in z axis
Radius of gyration

Elastic critical torsional buckling force

Torsion factor

Elastic critical torsional-flexural buckling force
Elastic critical buckling force

Slenderness ratio for torsional buckling - eq 6.52

Ler.T = Lm1_s1_segt_R = 3400 mm
yo = 0.0 mm
zo=0.0 mm
io = V(iy? + i2) = 102.0 mm
Nerm = (G x lt+ w2 x E x lw/ Ler72) /102 = 4180 kN
Br=1-(yolio)2=1
Ner7F = 4180 kN
cr = Min(Ner,1, Nere) = 4180 kN
%1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

Check design at start of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

c
or = 0.49
O1=05x(1+arx( AT-0.2)+ A12)=0.873
¥1=min(1/ (O + (@2 - x12)), 1) = 0.721
NbTRd = %7 x A x fy / ym1 = 1502.9 kN
Ned / Nb,T.rd = 0.038
PASS - Design buckling resistance exceeds design compression

hw=h-2xtr=181.2 mm n = 1.000
hw/te=252=309x¢e/n<72x¢&/n
Shear buckling resistance can be ignored

Vyed = 30.7 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) x tr, n x hw x tw) = 1698 mm?
Veyrd = Vplyrd = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / Veyrd = 0.088

PASS - Design shear resistance exceeds design shear force

My.ed = 40.9 kNm
Mey.Rd = Mply.rd = Wply x Ty / ymo = 176.6 KNm
MyEd / MeyRra = 0,231

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.634
Ci=1/ke?=249
v=03
G=E/[2x(1+v)] = 80769 N/mm?
L =1.0 x Lm1_s1_segi_g = 3400 mm
Mor=Cixm2xExl/L2x\(w/lz+L2x G x It/ (n2 x E x I2)) = 865.6
kNm

AT = V(Wi x fy / Mer) = 0.452

Ato=0.4

ALt > ALt - Lateral torsional buckling cannot be ignored
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Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5 b
Imperfection factor - Table 6.3 ot = 0.34
Correction factor for rolled sections B =0.75

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

DLT=0.5 x (1 +arx ( ALT- ALTo) + B x  ALT2) = 0.585

yur = min(1 / (@ + V(@2 - px ac?)), 1, 1/ ar?) = 0.980
f=min(1-0.5x (1-ke)x [1-2x( AT-0.8)7, 1) = 0.861
¥LTmod = mMin(xLt /£, 1, 1/ A) = 1.000

Me,y,Rd = yLTmod x Woly x fy / ym1 = 176.6 kNm

Myed / Mo,y.rd = 0.231

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npi,rd, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.247

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy =max(0.2 + 0.8 x ay, 0.4) = 0.400
it = 35.916 kNm / -40.856 kNm = -0.879
owt = 4.444 kNm / -40.856 kNm = -0.109
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment

My.rk = WpLy x fy = 176.6 kKNm
Mzrx = Wpiz x fy = 82 kNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.404
kzy =1-0.1 x min(1, %z) x Nea / ((CmL7 - 0.25) x %2 x Nre / ym1) = 0.974
Ned / (%y x Nrk / ym1) + Kyy x Mygd / (%Lt x Myrk / ym1) = 0,126
Ned / (yz x Nrk / ym1) + Kzy x Myga / (1 x Myre / ym1) = 0.274
PASS - Combined bending and compression checks are satisfied

hw=h-2xt=181.2 mm n = 1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored

Vyed = 14.4 KN
Av=max(A-2xbxtr+ (tw+ 2 xr1) xt, n x hw x tw) = 1698 mm2
VoyRd = Vply.rd = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed [ Veyrd = 0.042

PASS - Design shear resistance exceeds design shear force

My.ed = 35.9 KNm
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Design bending resistance moment - eq 6.13

Mey.Rd = Mply,Rd = Wpiy x fy / ymo = 176.6 KNm
My.Ed / Mcyrd = 0.203

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.634
C1=1/ke? =249
v=0.3

G=E/[2x (1+v)] = 80769 N/mm?
L =1.0 x Lm1i_s1_seg1_T = 3400 mm
= C1xm2x Ex 2/ L2xV(lw/lz + L2x G x It/ (72 x E x |2)) = 865.6
kNm
Mt = V(Woly x fy / Mor) = 0.452
ALro = 0.4
ALT > Aito - Lateral torsional buckling cannot be ignored

b
act = 0.34
B=0.75

OLT=0.5x (1+awr x ( ALT- ALTO) + B x ALT2) = 0.585

xit = min(1 / (Our + WD2 - B x ), 1, 1/ aur?) = 0.980
f=min(1-0.5 x (1-ke)x [1-2x( AT-0.8)7, 1) = 0.861
¥LTmod = min(yct/f, 1,1/ At2) = 1,000

Mb.y.Rd = %LTmod x WoLy x fy / ym1 = 176.6 kKNm

My,ed / Mb,y,rd = 0.203

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 35.916 kNm / -40.856 kNm = -0.879
oy = 4.444 kNm / -40.856 kNm = -0.109
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wit = 35.916 kNm / -40.856 kNm = -0.879
oLt = 4.444 KNm / -40.856 kNm = -0.109
Cmit = max(0.2 + 0.8 x av1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 176.6 KNm
Mzrk = Whpiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
Kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yy x Nrx / ym1)) = 0.404
kzy =1-0.1 x min(1, &z) x Nea / ((Cmt - 0.25) x %z x Nrx / ym1) = 0.975
NEd / (xy x NRk / ym1) + Kyy x Mygd / (LT x MyRrk / ym1) = 0.114
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.245
PASS - Combined bending and compression checks are satisfied
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Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 3199 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

2 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 4.8 mm
Oy.Allowable = Lm1_s1 / 100 = 34 mm
Sy I Sy.Alowable = 0.14
PASS - Allowable deflection exceeds design deflection

UKC 203x203x46 (Tata Steel Advance)
S355

thom = max(tr, tw) = 11 mm

fy = 355 N/mm?2

fu =470 N/mm?2

E = 210000 N/mm?

| UKC 2035303 ¢4 [Tata Stesl Advance)

Seclion deglh, b, 2332 mm

Seclicn breadih, b, 2053 & mm

Fraogd Ihkrmds, £ 71 mim

Wi [l cknads, i TEmm

Foot radus. r 102 mm

Arga of sechon, & 5373 mm¥

FaOWE of gyration aoout y-axs, |, 65 1% mm

Radlus of gyration atoud z-axis, |, §1.343 mm

Elaslic saclian modiis Msaul y-axis, W 449588 mpy
Elastic seclion modlils abaut 2-axs, W ' 152083 My
Flasilo gechon moddils abayf v, W AETEIS rIm
Flaslio seclion modays abaul 2-2aq0s, ""',., 230854 mimy
Secend moment of area about -axis, | | ASETEISE mmy
Secona mament of srea aboul 2-axs I: 15482057 mm?

&
: = |

T -
;:;

— w72

* | N
W uEE

S

i"' 2035 +|

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = \V[235 N/mm?/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

c=d=160.8 mm
a=min([h/2+Neda/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.566
C/tw=223=274x<=3%8 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/tr=8=98xg<= 10x¢ Class 2

Section is class 2
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Check compression - Section 6.2.4
Design compression force Ned = 54 kN
Design resistance of section - eq 6.10 Nerd = A x fy [ ymo = 2085 kN

Ned / Nera = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lm2 s1 = 2300 mm

Critical buckling force Nery = 2 x E x Iy / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy =0.34

Buckling reduction determination factor Oy=05x(1+ayx( ay-0.2)+ 1?) =0.582
Buckling reduction factor - eq 6.49 Ay =min(1/ (Dy + V(@2 - 12), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1978.1 kN

Ned / Nbyrd = 0.027
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lm2_s1_segt = 2300 mm

Critical buckling force Nerz = 12 x E x Iz / Ler 2?2 = 6065.9 kN
Slenderness ratio for buckling - eq 6.50 hz = V(A x fy / Nerz) = 0.586

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®z=05x(1+0azx( hz-0.2)+ A2)=0.766
Buckling reduction factor - eq 6.49 vz = min(1/ (@2 + V(@22 - 22)), 1) = 0.793
Design buckling resistance - eq 6.47 NbzRd = ¥z x A x fy / ym1 = 1654.4 kN

Ned / NbzRrd = 0.033
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm2_s1_segt_ R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force Nert= (G x h+ w2 x E x lw/ Ler12) /i02 = 7097.8 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner, 7, Nor7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 X1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c
Imperfection factor - Table 6.1 ot = 0.49
Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.873

Buckling reduction factor - eq 6.49 xT=min(1/ (D1 + V(@2 - A12)), 1) = 0.721
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Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 1502.9 kN

Ned / Nb,T.Rd = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xtr=181.2 mm n = 1.000
hw/tw=252=309 xe/n<72x¢ln
Shear buckling resistance can be ignored

Design shear force VyEed = 46.9 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxtr+ (tw+ 2 xr1) xt, nx hwx tw) = 1698 mm?
Design shear resistance - ¢l 6.2.6(2) Veyrd = Vply.rd = Av x (fy £ V(3)) / ymo = 347.9 kN

Vy,Ed / Vc,y,Rd =0.135
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment MyEd = 41.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Woply x fy / ymo = 176.6 kNm
My.ed / Mcyrd = 0.237
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci1=1/ke?=2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?

Unrestrained effective length L =1.0 x Lm2_s1_seg1_T = 2300 mm

Elastic critical buckling moment Mer=Cixm2xExl/L2ZxV(w/lz+L2x G x It/ (n2xE xI2)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling Lt = V(Woiy x fy / Mer) = 0.334

Limiting slenderness ratio ALto= 0.4

ALt < it - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €9.6.33 & €q.6.34  Nyim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 231.6 kN
Ned / Nyim = 0.233
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy =41.933 kNm / -65.866 kNm = -0.637
oy =-11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wir = 41.933 kNm / -65.866 kNm = -0.637
ot =-11.966 kNm / -65.866 kNm = 0.182
CmLt = max(0.6 + 0.4 x w1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2
Characteristic moment resistance My.rk = Wply x fy = 176.6 KNm
Characteristic moment resistance Mzrk = Wpiz x fy = 82 kKNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN
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Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (xy x Nrk / ym1)) = 0.402
kzy = 1-0.1 x min(1, Az) x Nea / ((CmL7 - 0.25) x 3z x Nrk / ym1) = 0.987
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt % MyRk / ym1) = 0.123
Ned / (32 x NRk / ym1) + Kzy x Mygd / (L1 x MyRrk / ym1) = 0.267
PASS - Combined bending and compression checks are satisfied

hw=h-2 xt=181.2 mm n =1.000
hw/tw=252=309 xe/n<72xgln
Shear buckling resistance can be ignored

VyEd = 46.9 kN
Av=max(A-2xbxti+ (tw+ 2 xr) xti, n x hw x tw) = 1698 mm?2
VeyRd = VplyRd = Av x (fy / V(3)) / yvo = 347.9 kN
VyEd [ Veyrd = 0.135

PASS - Design shear resistance exceeds design shear force

My.ed = 65.9 KNm
Mey.Rd = Mply.rd = Wply x fy / ymo = 176.6 KNm
MyEed / Mey.rd = 0.373

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

ke = 0.65
C1=1/ke?=2.367
v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L = 1.0 x Lmz_s1_seg1_B = 2300 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (72 x E x Iz)) = 1584.8
kNm

ALT = \f(WpLy x fy / Mer) = 0.334

ALto= 0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 41.933 kNm / -65.866 kNm = -0.637
oy = -11.966 kNm / -65.866 kNm = 0.182
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
wit = 41.933 kKNm / -65.866 kNm = -0.637
oLt =-11.966 kNm / -65.866 kNm = 0.182
Cmit = max(0.6 + 0.4 x y1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Myrk = Woly x fy = 176.6 kNm

Mzrk = Wpiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Nea / (xy x Nrk / ymt)) = 0.402
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Interaction formulae - eq 6.61 & eq 6.62

kzy = 1-0.1 x min(1, Az) x Ned / (CmLT - 0.25) x %z x Nrk / ywmt) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Mygd / (Lt x MyRk / ym1) = 0.176

Ned / (yz x NRk / ym1) + kzy x Myga / (LT x MyRrk / ym1) = 0.4
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

3 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

Oy = 4.7 mm

Sy.Allowable = Lm2_s1 / 100 = 23 mm
Sy / dy.allowable = 0.205

PASS - Allowable deflection exceeds design deflection

UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
S275

tnom = max(tr, tw) = 9.6 mm
fy = 275 N/mm?

fu =410 N/mm?

E =210000 N/mm?

TI| |
?
B
— £
_._;._
x |
f

Lateral restraint
Upper flange has full lateral restraint

UB 23x133:x30 [Britieh 3tesl Sacllon Range 2022 {B54-1)
Section depin, b 2058 mm

Secton oreacth, & 133.% mm

Flange inksrees, 1, 5.6 mm

W hlcEass, IJ_ 6.4 i

Faot radis, 1, 7.6 mn

Area atseclian, A 3827 s

Fadus of qyratdon aboud y-axis, |, B7 057 mm

Faclus of gyration about z-acls, 1, 31.728 mm

Elastic s20tion modulus abaa y-ads, W, | 280036
Elasic seolon moduks about -ads, W, | 57454 mm
Fiastic sacton modukls abo y-axE, W, | 314358 mm
Flaslic saction modukis aboud 2-ands, W BEZ2d mm
Spaond marrent af ahed abait Y, | I FRIREARY e
Sgctryd mamend of ares asoud 2aks | 3845542 M

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2/ f,] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)
c=d=172.4 mm

Width of section

oa=min([h/2+Nea/ (2 xtwxfy)-(ti+r)]/c, 1) = 0.597
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C/tw=269=291%x<=396 xe/(13x0a-1) Class 1

Qutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2="56.1mm
c/tr=5.8=63xec<=9x¢ Class 1
Section is class 1
Check compression - Section 6.2.4
Design compression force Ned = 58.8 kN
Design resistance of section - eq 6.10 Ncrd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.056
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lma_s1 = 6210 mm

Critical buckling force Nery = m2 x E x ly / Lery?2 = 1556.4 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 oy = 0.21

Buckling reduction determination factor Dy=05x(1+ayx( Ay-0.2)+ A2) =0.903
Buckling reduction factor - eq 6.49 %y = min(1/ (Dy + V(D2 - Ay2)), 1) = 0.783
Design buckling resistance - eq 6.47 Nb.y.Rd =y x A x fy / ym1 = 822.9 kN

Ned / Nby,rd = 0.071
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lm3_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force Nert= (G x lt+ 12 x E % lw/ Ler12) /i0?2 = 7239.5 kN
Torsion factor Br=1-(yo/i0)?=

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner,1, Ner 1) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy / Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 or = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (D1 + V(@12 - A12)), 1) = 0.884
Design buckling resistance - eq 6.47 NbTRd = %7 x A x fy / ym1 = 928.5 kN

Ned / Nbo,T.rd = 0.063
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2 x tr=187.6 mm 1 =1.000
hw/tw=29.3=31.7xe/n<72x¢ln
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Shear buckling resistance can be ignored

Design shear force Vyed = 38.7 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+ 2 xr1) xt, N x hw x tw) = 1458 mm?
Design shear resistance - cl 6.2.6(2) VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN

VyEd [ Veyrd = 0.167
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment My.Ed = 65.9 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply,rd = Wply x fy / ymo = 86.5 kKNm
My.ed / Mey.rd = 0.762
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.823
C1=1/k?=1.478

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=280769 N/mm?

Unrestrained effective length L =1.0 x Lm3_s1_segi_8 = 1200 mm

Elastic critical buckling moment Mer=Crxm2xExlz/L2x(lw/lz+L2x G x It/ (2 x E x Iz)) = 866.8
kNm

Slenderness ratio for lateral torsional buckling ALt = V(Woly x fy / Mer) = 0.316

Limiting slenderness ratio Aro= 0.4

At < Auro - Lateral torsional buckling can be ignored

Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npi,rg, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyjim = 0.356
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199
oy = 13.982 kNm / -65.866 kNm = -0.212
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
yit = -25.433 kNm / -65.866 kNm = 0.386
oLt = -44.142 kNm / -65.866 kNm = 0.670
Cmit = max(0.2 + 0.8 x avt, 0.4) = 0.736

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86,5 KNm
Characteristic moment resistance Mzrk = Woiz x fy = 24.3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Nea/ (yxy x Nrx/ ym1)) = 0.418
kzy =1-0.1 x min(1, &z) x Nea / ((CrmL7 - 0.25) x 3z x Nrx / ymt) = 0.991
Interaction formulae - eq 6.61 & eq 6.62 Ned / (y x NRk / ym1) + Kyy x MyEd / (LT x MyRk / ym1) = 0.39

Ned / (yz x Nrk / ym1) + kzy x Mygd / (L1 x Myre / ym1) = 0.826
PASS - Combined bending and compression checks are satisfied
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Check design 4623 mm along span
Check bending moment - Section 6.2.5
Design bending moment My.ed = 23.6 KNm
Design bending resistance moment - eq 6.13 Mey.Rd = Mply.rd = Wply x fy / ymo = 86.5 kNm

Mygd / Mcyrd = 0.273
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 13.09 kNm / -65.866 kNm = -0.199

oy = 13.982 kNm / -65.866 kNm = -0.212

Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

it = 15.693 kNm / -25.433 kNm = -0.617

oLt = 19.251 kNm / -25.433 kNm = -0.757

CmLt = max(0.2 + 0.8 x art, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86.5 kNm
Characteristic moment resistance Mzrk = Wiz x fy = 24,3 KNm
Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN
Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.415
kzy =1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nrx / ywmt) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 Ned / (7y x NRrk / ym1) + Kyy x Myed / (L1 x Myre / ym1) = 0.172

Ned / (yz x NRk / yM1) + Kzy x Mygd / (LT x MyRrk / ym1) = 0.325
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 5668 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection Oy = 28.7 mm
Allowable deflection Sy.allowable = Lm3 s1 / 100 = 62.1 mm
Oy / Sy.Allowable = 0.462
PASS - Allowable deflection exceeds design deflection

4 design

Section details

Section type UB 203x133x30 (British Steel Section Range 2022 (BS4-1))
Steel grade - EN 10025-2:2004 S275

Nominal thickness of element tnom = max(tr, tw) = 9.6 mm

Nominal yield strength fy = 275 N/mm?

Nominal ultimate tensile strength fu =410 N/mm?2

Modulus of elasticity E = 210000 N/mm?2




Project Job no.
Dart Marine Park - Building C 07229E
Calcs for Start page no./Revision
Steel Frame Check 26
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 21/01/2026
E
= 'J" I | UB 33x133:30 (Britieh 3tesl Sactlon Range 2022 {B54-1]
? R Sechon deptn, h 205 8mm
Secion Baacth, B, 1335 mm
Flange thiress. |, 5.6 mm
‘Wit hickness, | 6.4 rm
Rast Fadis, F, 7 & min
Area of seclian, A, 3829 mmy
Radus f qyraion abou y-auis, |, 87 057 e
Faclus of gyradon abeut 2-als, 1, 31.728 mm
= Elaslic sacion modulus aboal y-ads, W, | 280036 mm
i Elastz gaction modubls about z-axds, W, . 57454 mm
Flasllc seclion moduks aboul y-a0ls, W, | 314355 mm
Flasic sa0tion modukls aboun 2-ans, W, | BEZ24 mm
—f 54 Second mamant of ated acaut y-axi | 25684 My
Spoond mamend af area abeul Z-axis 1, S8EE4E mnp
£
x
f

Lateral restraint
Upper flange has full lateral restraint

Lower flange has lateral restraint at supports plus 1200 & 6000 mm

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm2 / ;] = 0.92

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=172.4 mm
a=min([h /2 + Nea / (2 x tw x fy) - (tr + )] / ¢, 1) = 0.598
c/tw=269=291xe<=396 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=56.1mm
c/tr=58=63xeg<=9x¢g Class 1
Section is class 1

Ned = 47 kN
Nerd = A x fy / ymo = 1050.8 kN
Ned / Ncrd = 0.045
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = Lm4_51 = 6210 mm
Ncr,y =nZx E x |y / Lcr,y2 = 1556.4 kN
Xy = N’(A X fy ! Ncr‘y) =0.822

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

a

oy =0.21

Dy=05x(1+ayx( Ay-0.2)+ A42)=0.903
yy = min(1/ (®y + V(@2 - 1,2), 1) = 0.783
Nb.y.Rd = yy x A x fy / ym1 = 822.9 kN
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Ned / Nb,y,rd = 0.057
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lmd_s1_segt_R = 1200 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo0= 0.0 mm

Radius of gyration io = V(iy? + i2) = 92.7 mm

Elastic critical torsional buckling force NerT= (G x It + w2 x E x lw/ Ler7?) [i02 = 7239.5 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner.1r = 4180 kN

Elastic critical buckling force Ner = min(Ner T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy/ Ner) = 0.501

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ot = 0.34

Buckling reduction determination factor Or=05x(1+orx( Ar-0.2)+ Ar2)=0.677
Buckling reduction factor - eq 6.49 ¥ =min(1/ (@1 + V(@2 - A12)), 1) = 0.884
Design buckling resistance - eq 6.47 NbTRd = 37 x A x fy / ym1 = 928.5 kN

Ned / Nb,rd = 0.051
PASS - Design buckling resistance exceeds design compression

Check design 1396 mm along span

Check bending moment - Section 6.2.5
Design bending moment Myed = 19.4 KNm
Design bending resistance moment - eq 6.13 Mecy.rd = Mply.rd = Wpiy x fy / ymo = 86.5 KNm
My.ed / Mcyrd = 0.225
PASS - Design bending resistance moment exceeds design bending moment
Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 165.1 kN
Ned / Nyim = 0.301
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
wir = 19.282 kNm / -59.945 kNm = -0.322
oLt = 1.235 kNm / -59.945 kNm = -0.021
Cmit = max(0.2 + 0.8 x avt, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wiy x fy = 86.5 kNm

Characteristic moment resistance Mzrk = Wiz x fy = 24.3 kNm

Characteristic resistance to normal force Nrk = A x fy = 1050.8 kN

Interaction factors kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrx/ ym1)) = 0.415

kzy =1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nrk / ym1) = 0.977
Interaction formulae - eq 6.61 & eq 6.62 Ned / (3y x NRrx / ym1) + Kyy x Mygd / (L1 x MyRrk / ym1) = 0.154
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Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (yz x NRk / ym1) + Kzy x My.gd / (1 x Myrk / ym1) = 0.279
PASS - Combined bending and compression checks are satisfied

hw=h -2 x tr=187.6 mm n =1.000
hw/tw=29.3=31.7Txe/n<72x¢eln
Shear buckling resistance can be ignored

Vyed = 36 kN
Av=max(A-2xbxtr+ (tw+ 2 xr) x tr, n x hw x tw) = 1458 mm?
VeyRd = Vply.rd = Av x (fy / V(3)) / ymo = 231.4 kN
Vy.Eed / Veyrd = 0.156

PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y,Rd = Mply,Rd = Woply x fy / ymo = 86.5 KNm
My,Ed / Mc.y,Rd =0.779

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

ke = 0.97
C1=1/k? =1.064
v=0.3

G=E/[2x(1+v)]=80769 N/mm?2

L =1.0 x Lm4_s1_segz B =210 mm
Mer=Ctxm2xExlz/LZx\(lw/lz+L2x G x It/ (r? x E x Iz)) = 19063.4
kNm

AT = V(Woly x fy / Mer) = 0.067

Aito=0.4

ALt < Ao - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =12.131 kNm / -67.339 kNm = -0.180
oy = 8.49 kNm / -67.339 kNm = -0.126
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400
it = -59.945 kNm / -67.339 kNm = 0.890
oLt = -63.601 kNm /-67.339 kNm = 0.944
Cmit =max(0.2 + 0.8 x a1, 0.4) = 0.956

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Myrk = WeLy x fy = 86.5 kKNm

Mzrk = Whoiz x fy = 24.3 kNm

Nrk = A x fy = 1050.8 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (yxy x Nrx / ym1)) = 0.418

kzy =1-0.1 x min(1, Az) x Nea / ((CriT - 0.25) x 2 x Nrx / ym1) = 0.994
Ned / (xy x NRk / ym1) + kyy x MyEd / (3Lt x MyRk / ym1) = 0.398

Ned / (3z x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.846
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PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

Member5 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

dy = 24.1 mm
Oy.Allowable = Lm4_s1 / 100 = 62.1 mm
dy / Oy,Allowable = 0.388

UKC 203x203x46 (Tata Steel Advance)

8355

tnom = max(tr, tw) = 11 mm
fy = 355 N/mm?2

fu = 470 N/mm?

E = 210000 N/mm?

TEo |

¥ -
E

— w72

+ | h
W e

¥

i"' 2035 +|

Lateral restraint
Right flange has full lateral restraint

Left flange has lateral restraint at supports only

UKC 20352303 ¢4 [Tata Stesl Advance)

Seclion degln, b, 2332 mm
Seclicrn breadih, b, 205 & mm
Fiangi inlcoess, £ 11 min
Wik [hlcknids, { TEmm

Fool radus. r, 102 mm

Area of sectien, A 5573 My

RaTIE of qyration about y-axs, | , B&.1% mm
Radlus of gyratian about z-axs, |, 51.343 mm

PASS - Allowable deflection exceeds design deflection

Elaslic saclian moddils sbaul y-axls, W--. 249588 mry

Elastic seclion madlils abaut 2-axs, W
Flagilo gechon moddkls atayf yeauls, L
Flaslio saclion modaus abaut 2-200s, W

. 152082 mry
AETEIS I
230854 mimy

Secend moment of area aboul y-axis. | | 4557R15E M
Secona mamenl of area aboul 2-axis, | 15482057 mme

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

e = \[235 N/mm?2/ f,] = 0.81

c=d=160.8 mm
oo=min([h /2 + Neda/ (2 x twx fy) - (tr+r)] /¢, 1) = 0.563
C/tw=223=274xg<=3% xe/(13xa-1) Class 1
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Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tr=8=98xe<= 10x¢ Class 2

Section is class 2

Check compression - Section 6.2.4
Design compression force Ned = 50.1 kN
Design resistance of section - eq 6.10 Necrd = A x fy / ymo = 2085 kN
Ned / Nera = 0.024
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lms_s1 = 2300 mm

Critical buckling force Nery = 12 x E x ly / Lery? = 17896.7 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.341

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oy = 0.34

Buckling reduction determination factor Oy=05x(1+ayx( hy-02)+ A2 =0.582
Buckling reduction factor - eq 6.49 2y = min(1 7 (By + V(D2 - 1y2)), 1) = 0.949
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1978.1 kN

Ned / Nb,yrd = 0.025
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler,T = Lms_s1_seg1 R = 2300 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis 20 = 0.0 mm

Radius of gyration io = V(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force Nerr= (G x i+ 12 x E x lw/ Ler,12) [ i0?2 = 7097.8 kN
Torsion factor Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner,7r = 4180 kN

Elastic critical buckling force cr = min(Ner,t, Ner,7F) = 4180 kN

Slenderness ratio for torsional buckling - €9 6.52 At = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor OT=05x(1+orx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 ¥t =min(1/ (D1 + V(@2 - A1?)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb.TRd = %7 x A x fy /ym1 = 1502.9 kN

Ned / No,TRa = 0.033
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored
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Design shear force Vy.ed = 48.1 kN

Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Av=max(A-2xbxt+ (tw+ 2 xr) xt;, n x hw x tw) = 1698 mm?2
Veyrd = Vply.rd = Av x (fy / V(3)) / ymo = 347.9 kN
Vyed/ Veyrd = 0.138
PASS - Design shear resistance exceeds design shear force

My.ed = 67.3 KNm
Me,y.,Rd = Mply,Rrd = Wply x fy / ymo = 176.6 KNm
My.ed / Mcyra = 0.381

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.216

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

wy = 43.2 kNm / -67.339 kNm = -0.642
ay = -12.069 kNm / -67.339 kNm = 0.179
Cmy = max(0.6 + 0.4 x sy, 0.4) = 0.400
wiT = 43.2 kNm / -67.339 kNm = -0.642
out = -12.069 kNm / -67.339 kNm = 0.179
CrLT = max(0.6 + 0.4 x i1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.re = WLy x fy = 176.6 kNm
Mzrk = Wiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( &y - 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Nea / (CmLT - 0.25) x %z x Nrx / ym1) = 0.988
Ned / (xy x NRk / ym1) + Kyy x Myed / (3.7 x Myrk / ym1) = 0.178
Ned / (3z x NRk / ym1) + Kzy x Mygd / (L1 x Myrk / ym1) = 0.407
PASS - Combined bending and compression checks are satisfied

hw=h-2 xt=181.2 mm n = 1.000
hw/tw=252=309x¢e/n<72x¢gln
Shear buckling resistance can be ignored

Vyes = 48.1 kN
Av=max(A-2 xbxti+ (tw+ 2 xr) x tr, n x hw x tw) = 1698 mm?2
VeyRrd = Vply.Ra = Av x (fy / V(3)) / ymo = 347.9 kN
Vy.ed / VeyRrd = 0.138

PASS - Design shear resistance exceeds design shear force

My.ed = 43.2 KNm
Me.y.rd = Mply.rRd = Woply x fy / ymo = 176.6 kNm
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My.ed / McyRrd = 0.245
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.65
Ci=1/ke? = 2.367

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?2

Unrestrained effective length L =1.0 x Lms_s1_seg1._ T = 2300 mm

Elastic critical buckling moment Mer=Ctxm2xExlz/LZxV(lw/lz+L2x G x |t/ (72 x E x I)) = 1584.8
kNm

Slenderness ratio for lateral torsional buckling At = V(Woy x fy / Mer) = 0.334

Limiting slenderness ratio ALto = 0.4

ALT < Auto - Lateral torsional buckling can be ignored

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 yy = 43.2 kNm / -67.339 kNm = -0.642
oy =-12.069 kNm / -67.339 kNm = 0.179
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
yit = 43.2 kKNm / -67.339 kNm = -0.642
ot =-12.069 kNm / -67.339 kNm = 0.179
Cmit =max(0.6 + 0.4 x yi1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Woly x fy = 176.6 kKNm
Characteristic moment resistance Mzrk = Wpiz x fy = 82 KNm
Characteristic resistance to normal force Nrk = A x fy = 2085 kN
Interaction factors kyy = Cmy x (1 + min( Ay- 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.401
kzy =1-0.1 x min(1, &z) x Nea / (CmL7 - 0.25) x 3z x Nrx / ym1) = 0.988
Interaction formulae - eq 6.61 & eq 6.62 NEd / (yy x NRk / ym1) + Kyy x MyEgd / (LT x MyRrk / ym1) = 0.124

Ned / (%z x NRrk / ym1) + Kzy x Mygd / (3T x MyRrk / ym1) = 0.273
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection Sy =15.2 mm
Allowable deflection Oy.Allowable = Lms_s1 / 100 = 23 mm
Sy / Sy.Alowable = 0.662
PASS - Allowable deflection exceeds design deflection

Member6 design

Section details

Section type UKC 203x203x46 (Tata Steel Advance)
Steel grade - EN 10025-2:2004 S355
Nominal thickness of element tnom = max(tr, tw) = 11 mm

Nominal yield strength fy = 355 N/mm?
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Nominal ultimate tensile strength
Modulus of elasticity

fu = 470 N/mm?2
E = 210000 N/mm?

| UKC 20352303 4% [Tata Stesl Advance|

Seclion degln, h, 2332 mm

Seclicn breadih, b, 205 & mm

Framgi Ihkermds, £ 71 mim

Vi IRl cknids, { TEmm

Footradus. r. 102 mm

Area of sectien, A 5573 mmy¥

FaduG of gyratian asoul y-axs, |, B&.19mm

Fadlus of ;yfalbr‘-a:cul Z-awe, |, 51.343 mm

Elaslic saclion moduils about y-aals, W | 449388 mmy
Elastic saclion meddiue abaut 2-ax18, W. ] 152082 mury
Flasilo gechion moddhls abauf yeduls, W, a8 TA3% Ty
Flaslio saclion modays abauyf 2-2aq0s, l.-'dl : 230854 mime
Second momant of area about ¥-axis, |, 45578158 mme
Second imament of aréa abodl 2-axis, | 15482057 rmim

ok
ES -~
— w72
L .
2 ?_

Lateral restraint

L 4

Both flanges have lateral restraint at supports only

Consider Combination 1 -1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

e = V[235 N/mm?/ fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Qutstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=160.8 mm
a=min([h/2+ Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.569
C/tw=223=274x<=39%6 xc/ (13 xa-1) Class 1

c=(b-tw-2xr)/2=88mm
c/tri=8=98xe<= 10x¢ Class 2
Section is class 2

Ned = 54.6 kN
Ncra = A x fy [ ymo = 2085 kN
Ned / Ncra = 0.026
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force
Slenderness ratio for buckling - eq 6.50

Lcr,y = LmG_s‘l = 3400 mm
Ncr,y =n2x E x |y ! Lcr,y2 = 8189.7 kN
Ay = V(A x fy / Nery) = 0.505

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49

b
ay = 0.34

®y=0.5x(1+ayx( Ay-0.2)+ A2 =0.679
ay = min(1/ (Oy + V(@2 - 1,2)), 1) = 0.882
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Design buckling resistance - eq 6.47 Nb.yRd = yy x A x fy /ym1 = 1839.3 kN

Ned / Nbyrd = 0.03
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lme_s1_segt = 3400 mm

Critical buckling force Nerz = 2 x E x Iz / Ler2? = 2775.8 kN
Slenderness ratio for buckling - eq 6.50 Kz = V(A x fy / Nerz) = 0.867

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 c

Imperfection factor - Table 6.1 oz = 0.49

Buckling reduction determination factor ®:=05x(1+o0zx( 2z-0.2)+ A2 =1.039
Buckling reduction factor - eq 6.49 ¥z = min(1/ (®z + V(D2 - 22)), 1) = 0.62
Design buckling resistance - eq 6.47 NbzRd =z x A x fy [ ym1 = 1293.6 kN

Ned / Nb.zrd = 0.042
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Lor.T = Lmé_s1_seqt_R = 3400 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo=0.0 mm

Radius of gyration io = V(iy? + i2) = 102.0 mm

Elastic critical torsional buckling force NerT= (G x h+ w2 x E x lw/ Ler2) [ i0%2 = 4180 kN
Torsion factor Br=1-(yo/lio)2=1

Elastic critical torsional-flexural buckling force Ner,7F = 4180 kN

Elastic critical buckling force Ner = min(Ner,T, Ner7r) = 4180 kN

Slenderness ratio for torsional buckling - eq 6.52 A1 = V(A x fy / Ner) = 0.706

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 ¢

Imperfection factor - Table 6.1 ot = 0.49

Buckling reduction determination factor Or=05x(1+oarx( Ar-0.2)+ Ar2)=0.873
Buckling reduction factor - eq 6.49 ¥7=min(1/ (O + V(D12 - A12)), 1) = 0.721
Design buckling resistance - eq 6.47 Nb,TRd = 31 x A x fy / ym1 = 1502.9 kN

Ned / No,T.ra = 0.036
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72xsgln
Shear buckling resistance can be ignored

Design shear force Vyed =13.1 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ ({tw+2xr)xt, nxhwxtw) = 1698 mm?
Design shear resistance - ¢l 6.2.6(2) VeyRd = Vply.Rd = Av x (fy £ V(3)) / ymo = 347.9 kN

VyEed / Veyrd = 0.038
PASS - Design shear resistance exceeds design shear force
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Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.ed = 31.2 KNm
Me,y.Rd = Mply,rd = Wply x fy / ymo = 176.6 kNm
My.ed / Mcyra = 0.177

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=219
v=0.3

G=E/[2x(1+v)]=80769 N/mm?
L = 1.0 x Lmé_s1_seg1_T = 3400 mm

r=Cix 2 x Ex /L2 x V(lw/lz+ L2 x G x It/ (a2 x E x I2)) = 761.3
kNm

AT = V(Woly x fy / Mer) = 0.482

Ao = 0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

b
act = 0.34
p=0.75

OLT=0.5x (1+arx( ALT- ALTO)+ B x ALT2) = 0.601

yir = min(1 /(O + V(@2 - fx Ar2)), 1,1/ ar?) = 0.968
f=min(1-0.5 x (1 -Ke) x [1-2 x ( AT-0.8)2], 1) = 0.871
yLT.mod = min(xLt /f, 1, 1/ Aut2) = 1.000

Mb.y,Rd = %LT.mod x Woly x fy / ym1 = 176.6 KNm

My.ed / Moy.Rd = 0.177

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 231.6 kN

Ned / Nyjim = 0.236

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

wy = -13.355 kKNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286
Crmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
wit = -13.355 kNm / 31,171 kNm = -0.428
ot = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x wir, 0.4) = 0.429

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

My.rk = Wiy x fy = 176.6 KNm

Mzrk = Wiz x fy = 82 KNm

Nrk = A x fy = 2085 kN

kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0,432

kzy = 1-0.1 x min(1, Az) x Nea / ((CmiT - 0.25) x 3z x Nrk / ym1) = 0.980
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Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (xy x NRk / ym1) + kyy x Mygd / (L7 x MyRrk / ym1) = 0.109
Ned / (xz x Nrk / ym1) + Kzy x Myga / (3Lt x MyRrk / ym1) = 0.221
PASS - Combined bending and compression checks are satisfied

hw=h -2 xt=181.2 mm n =1.000
hw/tw=252=309xe/n<72x¢ln
Shear buckling resistance can be ignored

Vyed = 13.1 kN
Av=max(A-2xbxtr+ (tw+ 2 xr1) x t, n x hw x tw) = 1698 mm?
VeyRrd = Vply.ra = Av x (fy / V(3)) / ymo = 347.9 kN
VyEed [ Veyrd = 0.038

PASS - Design shear resistance exceeds design shear force

Myed = 13.4 KNm
Mecy.rd = Mply,rd = Wpiy x fy / ymo = 176.6 KNm
Myed / Mcyrd = 0.076

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.676
Ci=1/k2=219
v=0.3

G=E/[2x(1+v)]=280769 N/mm?

L =1.0 x Lmé_s1_seg1_B = 3400 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (n2 x E xIz)) = 761.3
kNm

et = V(Woly x fy / Mer) = 0.482

Ato = 0.4

At > Auto - Lateral torsional buckling cannot be ignored

b
act = 0.34
B=0.75

OLT=0.5x (1+ o x ( ALT- ATo) + B x  ALT2) = 0.601

yir = min(1 / (Lt + V(D2 - B x Ar2)), 1, 1/ Ar?) = 0.968
f=min(1-0.5 x (1 -ke) x [1-2x( AT-0.8)2], 1) = 0.871
¥LTmod = min(yxcr /£, 1, 1/ At2) = 1.000

Mb.y,Rd = yLT.mod x WoLy x fy / ym1 = 176.6 kKNm

My.ed / Mb,y,rd = 0.076

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy =-13.355 kNm / 31.171 kNm = -0.428
oy = 8.908 kNm / 31.171 kNm = 0.286




Project Job no.
Dart Marine Park - Building C 07229E
Calcs for Start page no./Revision
Steel Frame Check 37
Calcs by Calcs date Checked by Checked date Approved by Approved date
structureHaus Ltd MDH 21/01/2026

Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.429
it = -13.355 kNm / 31.171 kNm = -0.428
oLt = 8.908 kNm / 31.171 kNm = 0.286
Cmit = max(0.6 + 0.4 x y1, 0.4) = 0.429

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 176.6 KNm
Mzrk = Wiz x fy = 82 KNm
Nrk = A x fy = 2085 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrx / ym1)) = 0.433
kzy = 1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x 3z x Nrk / ym1) = 0.979
Ned 7 (xy x NRrk / ym1) + Kyy x Myed / (L7 x Myrk / ym1) = 0.065
Ned / (3z x NRk / ym1) + Kzy x My,ga / (L1 x Myrk / ym1) = 0.12
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

oy =5.1 mm
Sy Allowable = Lme_s1 / 100 = 34 mm
By / Sy.Alowabie = 0.149
PASS - Allowable deflection exceeds design deflection
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LONDON OFFICE
14 The Green
Richmond - Surrey TW9 1PX

EXETER OFFICE
Bradninch Court
Castle Street

Exeter Devon EX4 3PL

Our ref: 07229E_sH_SE_RP_004

Dr SaIIy Murrall-Smith PhD info@structurehaus.com
. www.structurehaus.com

Totnes Renewable Energy Society

107 High Street

Totnes

TQ9 5SN

21t January 2026

Dear Sally,

Structural Check at Dart Marine Park, Steamer Quay Road, Totnhes, TQ9 5AL
— Building D

As requested, and commissioned, we have carried out a structural survey of the portal frame
building at Dart Marine Park, carried out calculations and prepared this report, for the purpose

of justifying the proposed PV panel installation to the roof.

The original building is of a full height portalised steel frame, there is an internal mezzanine
across a large majority of the building, but this doesn’t affect the capacity checks as it's not

entirely across the building and could be removed at a later date.

An element of the building is cantilevering over the river path, due to the finishes of the building
we could not measure the steels in this area, we requested ‘As-Built’ drawings, but these haven’t

been available. Therefore, we can not justify this area on the building.

The portal steel frame has 305 x 165 x 40 UB Rafters and 406 x 178 x 54 UB Columns, the
portal frames are at 5.7 metre centres. The dimension of the portal frame are shown in the

calculations within this report.

1132
LONDON OFFICE EXETER OFFICE ASSOCIATED OFFICES
020 8940 7810 01392 363497 Essex

Stuttgart

structureHaus Ltd - reqg. in England & Wales N°09023335 - req. office: Harscombe House - 1 Darklake View - Plymouth PLG 7TL
VAT Registration N° GB 190 6091 09
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The proposed PV system is fixed to the roof, loadings are taken as 0.15kN/m? which is applied
on top of the snow loading at 0.6kN/m? and the dead weight loading of 0.5kN/m? including

services.

Structural calculations have been carried out to check the capacity of these members, and

determine adequacy of the existing structure for the proposed PV panel instillation.

We are pleased to confirm that the steel frame member sizes are adequate to support the

additional vertical loading of the proposed installation.

Therefore, we can confirm that installing the new roof panels upon the existing roof of

this structure will not have a structurally detrimental effect.

EXCEPT THE CANTILEVER AREA AS BELOW: -

Red box shown above in the no PV zone

2|32
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This letter confirms cover under our Pl should any failure of the steel frame occur due to

inadequate capacity.

This letter is not intended to and does not relate to the adequacy or assessment of the fixing

system to the Photovoltaics to the roof.

Yours sincerely,

e

Mark Harris MIStructE

Director

structureHaus Ltd

Appendix A — Information Provided and Photos

Appendix B — Structural Calculations
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APPENDIX A — INFORMATION PROVIDED &
SITE PHOTOS
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Proposed PV layout
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Site Visit Photo
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APPENDIX B — STRUCTURAL CALCULATIONS
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WIND LOADING (BS6399)
In accordance with BS6399
Tedds calculation version 3.0.19
=
=
uwy
: 1
JL .
=
4
b 28500 »| 13500
Plan Elevation
Building data
Type of roof Duopitch
Length of building L = 28500 mm
Width of building W =13500 mm
Height to eaves H = 5600 mm
Pitch of roof oo = 15.0 deg
Reference height Hr = 7409 mm
Dynamic classification
Building type factor (Table 1) Kb =1.0

Dynamic augmentation factor (1.6.1)

Site wind speed

Cr = [Ko x (Hr /(0.1 m) )075] / ( 800 x log( He / (0.1 m))) = 0.02

Location Totnes

Basic wind speed (Figure 6 BS6399:Pt 2) Vb=22.5m/s
Site altitude As=1m
Upwind distance from sea to site dsea = 10 km
Direction factor Sda =0.82
Seasonal factor Ss =1.00
Probability factor Sp=1.00
Critical gap between buildings g = 5000 mm

Topography not significant
Altitude factor

Site wind speed

Terrain category

Sa=1+0.001 xAs/1m =1.00
Vs = Vb x Sax Sd x Ss x Sp=18.5 m/s
Sea

Displacement height (sheltering effect excluded)  Hd = 0mm

The velocity pressure for the windward face of the building with a 0 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)

The velocity pressure for the windward face of the building with a 90 degree wind is to be considered as 1 part as
the height h is less than b (cl.2.2.3.2)
Dynamic pressure - windward wall - Wind 0 deg and roof

Reference height (at which q is sought) Hret = 5600mm
Effective height He = max(Href — Hd, 0.4 x Href) = 5600mm
Fetch factor (Table 22) Sc = 0.959
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Turbulence factor (Table 22) St=0.190
Gust peak factor gt = 3.44
Terrain and building factor Sb=Scx (1+(gtx Si) + Sn) = 1.59
Effective wind speed Ve =Vs x Sb=29.3 m/s
Dynamic pressure gs = 0.613 kg/m?3 x Ve? = 0.527 kN/m?
Dynamic pressure - windward wall - Wind 90 deg and roof
Reference height (at which q is sought) Href = 7409mm
Effective height He = max(Href — Ha, 0.4 x Href) = 7409mm
Fetch factor (Table 22) Sc = 1.005
Turbulence factor (Table 22) St=0.185
Gust peak factor gt =3.44
Terrain and building factor Sb=Scx (1 + (gt x St) + Sh) = 1.64
Effective wind speed Ve = Vs x Sb = 30.4 m/s
Dynamic pressure gs = 0.613 kg/m? x Ve? = 0.566 kN/m?2
Size effect factors
Diagonal dimension for gablewall 3eg = 14.6 M
External size effect factor gablewall Caeg = 0.903
Diagonal dimension for side wall Qes=29.0m
External size effect factor side wall Caes = 0.841
Diagonal dimension for roof Qer =293 m
External size effect factor roof Caer = 0.840
Room/storey volume for internal size effect factor Vi =1740.000 m?3
Diagonal dimension for internal size effect factors ai=10 x ( Vi )" =120.277 m
Internal size effect factor Cai=0.712
Pressures and forces
Net pressure P = gs x Cpe x Cae - gs x Cpi x Cai
Net force Fw=p x Aret
Roof load case 1 - Wind 0, cpi 0.20, ~Cpe
Zone Ext pressure pr[;igi?;mqs External size Prel\ées!ture Area, Net force,
coefficient, cpe (kN /m2’) factor, Cee p (kN /m2), Aref (M?) Fw (kN)
A (-ve) -1.10 0.57 0.840 -0.60 22.73 -13.71
B (-ve) -0.80 0.57 0.840 -0.46 20.99 -9.67
C (-ve) -0.40 0.57 0.840 -0.27 155.44 -42.06
E (-ve) -1.30 0.57 0.840 -0.70 22.73 -15.87
F (-ve) -0.90 0.57 0.840 -0.51 20.99 -10.66
G (-ve) -0.50 0.57 0.840 -0.32 155.44 -49.44
Total vertical net force Fwv=-136.59 kN
Total horizontal net force Fwn=2.73 kN




Praject Job no.
Dart Marine Park, Totnes 07229E
Calcs for Start page no./Revision
Wind 4
Calcs by Calcs date Checked by Checked date Approved by | Approved date
structureHaus Ltd MDH 11/11/2025 DALP
Walls load case 1 - Wind 0, cpi 0.20, -Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A -1.40 0.57 0.903 -0.80 17.77 -14.19
B -0.83 0.57 0.903 -0.51 70.04 -35.51
w 0.73 0.53 0.841 0.25 159.60 39.78
| -0.50 0.53 0.841 -0.30 159.60 -47.29
Overall loading
Equiv leeward net force for overall section Fi =Fww = -47.3 kN
Net windward force for overall section Fw = Fuww = 39.8 kN
Overall loading overall section Fww=0.85x (1 + Cr) x (Fw- Fi + Fwh) = 77.6 kN
Roof load case 2 - Wind 0, cpi -0.3, +Cpe
Zone Ext pressure pgigﬁ?;i!cqs External size Prel\lszture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Avef (M?) Fw (kN)
A (+ve) 0.20 0.57 0.840 0.22 22.73 4.91
B (+ve) 0.20 0.57 0.840 0.22 20.99 4.53
C (+ve) 0.20 0.57 0.840 0.22 155.44 33.55
E (+ve) -1.30 0.57 0.840 -0.50 22.73 -11.29
F (+ve) -0.90 0.57 0.840 -0.31 20.99 -6.44
G (+ve) -0.50 0.57 0.840 -0.12 155.44 -18.14
Total vertical net force Fwyv=6.87 kN
Total horizontal net force Fwh=20.41 kN
Walls load case 2 - Wind 0, ¢pi -0.3, +Cpe
Zone Ext pressure pgﬁgﬁ?;i,cqs External size Prel\ézture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cee b (kN/m?2) Avref (M?) Fw (kN)
A -1.40 0.57 0.903 -0.60 17.77 -10.61
B -0.83 0.57 0.903 -0.31 70.04 -21.41
w 0.73 0.53 0.841 0.44 159.60 69.70
[ -0.50 0.53 0.841 -0.11 159.60 -17.38

Overall loading
Equiv leeward net force for overall section
Net windward force for overall section

Overall loading

overall section

Fi =Fww = -17.4 kN
Fw= Fw,ww =69.7 kN
Fww = 0.85 x (1 + Cr) X (Fw -F+ Fw,h) =929 kN
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Roof load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (KN)
A (-ve) -1.60 0.57 0.840 -0.84 9.43 -7.93
B (-ve) -1.50 0.57 0.840 -0.79 9.43 -7.48
C (-ve) -0.60 0.57 0.840 -0.37 75.47 -27.59
D (-ve) -0.40 0.57 0.840 -0.27 303.98 -82.25
Total vertical net force Fwv ==120.99 kN
Total horizontal net force Fwn=0.00 kN
Walls load case 3 - Wind 90, cpi 0.20, -Cpe
Zone Ext pressure pgﬁgﬁ?;i!cqs External size Prelies'ture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Avref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.75 12.54 -9.47
B -0.88 0.53 0.841 -0.46 50.18 -23.28
cC -0.81 0.53 0.841 -0.44 96.88 -42.19
w 0.61 0.57 0.903 0.23 87.81 20.41
I -0.50 0.57 0.903 -0.34 87.81 -29.50
Overall loading
Equiv leeward net force for overall section Fi =Fww = =29.5 kKN
Net windward force for overall section Fw = Fww =20.4 kN
Overall loading overall section Fww=0.85 % (1 + C/) x (Fw- Fi + Fwn) = 43.1 kN
Roof load case 4 - Wind 90, c¢pi -0.3, -Cpe
Dynamic . Net
e | Gabme | pessweq, | ST | e | Mo, e
A (-ve) -1.60 0.57 0.840 -0.64 9.43 -6.03
B (-ve) -1.50 0.57 0.840 -0.59 9.43 -5.58
C (-ve) -0.60 0.57 0.840 -0.16 75.47 -12.39
D (-ve) -0.40 0.57 0.840 -0.07 303.98 -21.04
Total vertical net force Fwy = -43.51 kN
Total horizontal net force Fwh=0.00 kN
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Walls load case 4 - Wind 90, cpi -0.3, -Cpe
Zone Ext pressure pgigi?;i!cqs External size Prelizture, Area, Net force,

coefficient, cpe (kN/m?) factor, Cae p (kN/m?) Aref (M2) Fw (kN)
A -1.54 0.53 0.841 -0.57 12.54 -7.12
B -0.88 0.53 0.841 -0.28 50.18 -13.87
C -0.81 0.53 0.841 -0.25 96.88 -24.03
w 0.61 0.57 0.903 0.43 87.81 38.09
I -0.50 0.57 0.903 -0.13 87.81 -11.82

Overall loading

Equiv leeward net force for overall section
Net windward force for overall section

Overall loading overall section

Fi =Fww = -11.8 kN
Fw= Fw,ww =38.1 kN
Fww = 0.85 x (1 + Cr) X (Fw -Fi+ Fw‘h) =43.1 kKN
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STEEL MEMBER ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national

annex
Tedds calculation version 4.5.06
ANALYSIS
Tedds calculation version 1.0.38
Geometry
Geometry (m) - Steel (EC3)
|
= * :_- :.:u. U:
e = 1| 2]
|
| |
L& b |
FiA ]
PeteX %2
Materials
Name Density Youngs Modulus | Shear Modulus |Thermal Coefficient
(kg/m?3) kN/mm? kN/mm? °Cc-
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm?) (cm*) (cm?) (cm?)
UB 305x165x40 51.3 8502.6 764 .4 18.2 30.3
UB 406x178x54 69.4 18893.3 1021.5 31 34.9
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X Y4 X Z Rot. Name Angle X Z Rot.
(m) (m) ©) (kN/m) | (kN/m) kNm/°
1 0 0 Fixed Fixed Fixed 0 0 0 0
2 0 5.7 Free Free Free 0 0 0 0
3 6.75 7.3 Free Free Free 0 0 0 0
4 13.5 5.7 Free Free Free 0 0 0 0
5 13.5 0 Fixed Fixed Fixed 0 0 0 0
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Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 5.7 1 2 UB 406x178x54 Steel (EC3) Fixed Fixed Fixed
2 6.937 2 3 UB 305x165x40 Steel (EC3) Fixed Fixed Fixed
3 6.937 3 4 UB 305x165x40 Steel (EC3) Fixed Fixed Fixed
4 5.7 4 5 UB 406x178x54 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
Member1 1 1
Member2 2 2
Member3 3 3
Member4 4 4
Loading

Self weight included

Permanent - Loading (kN/m)
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6.38

6.38

M emb

.

¥

L 4
L J
>

Imposed - Loading (kN/m)

e e
= =
o

m
i

Wind - Loading (kN/m)

Load combination factors

5| 5|3
L. © g @ g
Load combination E E e §
o s | E
N o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5Q + 1.5y0S + 1.5y0W (Strength) 1.35 [ 1.35 | 1.50 | 0.75
1.0G + 1.0Q + 0.5S + 0.5W (Service) 1.00 | 1.00 | 1.00 | 0.50
Member Loads
Member Load case Load Type Orientation | Description
Member2 Permanent uUbDL Globalz 2.85 kN/m




Strength combinations - Moment envelope (kNm)
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Strength combinations - Shear envelope (kN)
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Member Load case Load Type Orientation | Description
Member2 Permanent uUDL Globalz 0.68 kN/m
Member3 Permanent uDL Globalz 2.85 kN/m
Member2 Imposed uDL Globalz 3.42 KN/m
Member3 Imposed ubDL Globalz 3.42 kKN/m
Member1 Wind uDL GlobalX 6.38 kN/m
Results
Forces
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Service combinations - Deflection envelope (mm)

14
-7.3

[

=

Partial factors - Section 6.1
Resistance of cross-sections
Resistance of members to instability

Resistance of tensile members to fracture

Member1 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

iy
T

3 I$
g
&

—||a-
- F

Lateral restraint

a1 Fia
ymo =1
=1
2 =1.1

2309

o |

|

UB 406x178x54 (British Steel Section Range 2022 (BS4-1))

S355

thom = max(tr, tw) = 10.9 mm
fy = 355 N/mm?2

fu =470 N/mm?2

E =210000 N/mm?

Wl A00e17ExEd (Briish Sleal daalicn Rarge 2022 {0541}
dachon depth, b 4026 mm

Bechon bresdth, b, 77
Flange thickness, 1, (0.5 rm

Wvet thicknes, L, 7.7 mm

®ooi racus, , 12.7 mm

Aren of seciion, A 2344 mm®

Madion of g radion sonul axh, | T 040 me

Radhes of gyration aooul z-axks, [, 38.354 mm

Elnsik section medubes aboud p-axfs, W, 9IBEEI mm
Elastic section paoduis apeut Z-axis, W, . 114572 mm'
Flasiic seciinn meduia abou r-aids, W, 1053808 mm
Fiasilc section maduls abeat 2-avs, W, . 1TEEEE mm
Jecond raoment of area aoout y-axis. 1, 28932782 mm?
Secend mamenl of ares apoul 2-axh, |, 10216298 mm*

T rmm

Both flanges have lateral restraint at supports only
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Consider Combination 1 -1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5
£ = \V[235 N/mm2/ f,] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section c=d=355.4 mm
oa=min([h/2+Ned/(2xtwxfy)-(tt+r)]/c,1)=0539
C/tw=46.2=56.7xe<=398 xe/ (13 xa-1) Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=723 mm
c/tr=6.6=82xg<=9x¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force Ned = 75.1 kN
Design resistance of section - eq 6.10 Nerd = A x fy / ymo = 2465.3 kN
Ned / Nera = 0.03
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lmi_s1 = 5700 mm

Critical buckling force Nery = 2 x E x Iy / Lery? = 12052.5 kN
Slenderness ratio for buckling - eq 6.50 oy = (A x fy / Nery) = 0.452

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 ay =0.21

Buckling reduction determination factor Dy=05x(1+ayx( Aay-0.2)+ A2 =0.629
Buckling reduction factor - eq 6.49 xy = min(1/ (@y + V(D2 - 1y2)), 1) = 0.938
Design buckling resistance - eq 6.47 Nb.y.Rd = yy x A x fy /ym1 = 2313.6 kN

Ned / Nb,y.Rrd = 0.032
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lmit_s1_segt = 5700 mm

Critical buckling force Nerz = 12 x E x |z / Ler2?2 = 651.7 kN
Slenderness ratio for buckling - eq 6.50 Az = V(A x fy / Nerz) = 1.945

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oz =0.34

Buckling reduction determination factor ®z=05x(1+o0zx( 2z-0.2) + A2 =2.688
Buckling reduction factor - eq 6.49 yz = min(1/ (Pz + V(@22 - 1:2)), 1) = 0.22
Design buckling resistance - eq 6.47 NbzRd = %z x A x fy / ym1 = 542.6 kN

Ned / Nb.zrd = 0.138
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LerT = Lmi_s1_segi_R = 5700 mm
Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm
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Radius of gyration

Elastic critical torsional buckling force

Torsion factor

Elastic critical torsional-flexural buckling force
Elastic critical buckling force

Slenderness ratio for torsional buckling - eq 6.52

io = V(i + i2) = 169.3 mm
Nerm= (G x i+ 12 x E x lw/ L) / 102 = 1557.3 kN
pr=1-(yo/i0)2=1
Ner.TF = 1557.3 kN
Ner = min(Ner, Ner7e) = 1557.3 kN
At = V(A x fy / Ner) = 1.258

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49

Design buckling resistance - eq 6.47

Check design at start of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

b
or = 0.34
O1=05x(1+arx( Aat-0.2)+ Ar2)=1.471
yT=min(1/ (D1 + V(D12 - A12)), 1) = 0.448
No,TRa = 37 x A x fy / ym1 = 1103.4 kN
Ned / Nb,T.ra = 0.068
PASS - Design buckling resistance exceeds design compression

hw=h-2 x tr=380.8 mm n =1.000
hw/tw=495=60.8xe/n<72x¢gln
Shear buckling resistance can be ignored

Vyed = 37.9 kN
Av=max(A-2xbxti+ (tw+ 2 xr1) xt, N x hw x tw) = 3431 mm2
VeyRrd = Vply.rd = Av x (fy / V(3)) / ymo = 703.3 kN
VyEed / Veyrd = 0.054

PASS - Design shear resistance exceeds design shear force

My.ed = 94 kNm
Me,y,Rd = Mply,Rd = Wply x fy / ymo = 377.7 KNm
My.ed / Mcy,rd = 0.249

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

ke = 0.65
C1=1/ke? = 2.367
v=0.3

G=E/[2x(1+v)]=80769 N/mm?
L =1.0 x Lm1i_s1_segi_T = 5700 mm
= C1x 2 x Ex /L2 xY(lw/lz + L2x G x It/ (n2 x E x |2)) = 403.8
kNm
At = V(Woly x fy / Mer) = 0.967
Aro=0.4
ALT > Aito - Lateral torsional buckling cannot be ignored

c
oLt = 0.49
B=0.75
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LTB reduction determination factor OLT= 0.5 x (1+ T x ( ALT- ALTO) + B x  ALT2) = 0.990
LTB reduction factor - eq 6.57 yur = min(1 / (@ + V(@2 - B x A?)), 1, 1/ ar?) = 0.659
Modification factor f=min(1-0.5 x (1-ke)x [1-2x( AT-0.8)7, 1) =0.835
Modified LTB reduction factor - eq 6.58 ¥LTmod = Min(yxLr /£, 1, 1/ ALt2) = 0,790
Design buckling resistance moment - eq 6.55 Me,y.Ra = yLT.mod x WLy x fy / ym1 = 298.2 kKNm

Myed / Mb,y.ra = 0.315
PASS - Design buckling resistance moment exceeds design bending moment
Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x NpiRrd, 0.5 x hw x tw x fy / ym0) = 520.5 kN
Ned / Nyim = 0,144
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3 yy = 93.991 kNm / -121.889 kNm = -0.771
oy =-13.949 kNm / -121.889 kNm = 0.114
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400
it = 93,991 kNm /-121.889 kNm = -0.771
out =-13.949 kNm / -121.889 kNm = 0.114
CmLt = max(0.6 + 0.4 x 1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance My.rk = Wely x fy = 377.7 KNm
Characteristic moment resistance MzRrk = Wiz x fy = 63.4 KNm
Characteristic resistance to normal force Nrk = A x fy = 2465.3 kN
Interaction factors kyy = Cmy x (1 + min{ Ay- 0.2, 0.8) x Nea / (xy x Nrk / ym1)) = 0.403
kzy = 1-0.1 x min(1, Az) x Nea / ((CmiT - 0.25) x ¥z x Nrk / ym1) = 0.908
Interaction formulae - eq 6.61 & eq 6.62 Ned / (xy x NRri / ym1) + Kyy x Mygd / (311 x Myre / ym1) = 0.185

NEd / (xz x NRk / yM1) + Kzy x MyEd / (LT x MyRrk / ym1) = 0.481
PASS - Combined bending and compression checks are satisfied

Check design at end of span
Check shear - Section 6.2.6
Height of web hw=h-2 x tr=380.8 mm 1 =1.000

hw/tw=49.5=60.8xe/n<72xg/n
Shear buckling resistance can be ignored

Design shear force Vyed = 37.9 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+ 2 xr) xt, n x hw x tw) = 3431 mm?2
Design shear resistance - cl 6.2.6(2) Vey,Rd = Vply.rd = Av x (fy / \f(3)) [ymo = 703.3 kN

Vy.ed / Veyrd = 0.054
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Myed = 121.9 kNm
Design bending resistance moment - eq 6.13 Me,y.Rd = Mply,Rd = Wply x fy / ymo = 377.7 KNm
Mygd / Mcyrd = 0.323
PASS - Design bending resistance moment exceeds design bending moment
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Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6 ke = 0.65
C1=1/ke? =2.367

Poissons ratio v=0.3

Shear modulus
Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

G=E/[2x(1+v)]=80769 N/mm?
L =1.0 x Lmi_s1_segi_B = 5700 mm
r = C1x 2 x Ex 2/ L2 x Y(lw/ |z + L2x G x It/ (n2 x E x |2)) = 403.8
kNm
Lt = V(Woiy x fy / Mer) = 0.967
Ao = 0.4

ALt > Auro - Lateral torsional buckling cannot be ignored

C
oLt = 0.49
p=0.75

OLT=0.5x (1+ T x ( AT- ATO)+ B x ALT2) = 0.990

yir = min(1 / (DLt + (D2 - B x Ar2)), 1,1/ wwr?) = 0.659
f=min(1-0.5x(1-ke)x[1-2x( AT-0.8)2], 1)=0.835
¥LTmod = min(ycr /f, 1,1/ Ar2) = 0.790

Me.y.Rd = yLT.mod x WoLy x fy / ym1 = 298.2 kNm

My.ed / Mo,y,rd = 0.409

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 93.991 KNm /-121.889 kNm = -0.771
oy =-13.949 kNm / -121.889 kNm = 0.114
Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400

wir = 93.991 kNm /-121.889 kNm = -0.771
ot =-13.949 kNm / -121.889 kNm = 0.114
Cmit = max(0.6 + 0.4 x yu1, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design 5026 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

My.rk = Wiy x fy = 377.7 kNm
Mzrk = Wiz x fy = 63.4 KNm
Nrk = A x fy = 2465.3 kN
Ky = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (xy x Nrx / ym1)) = 0.403
key =1-0.1 x min(1, &z) x Ned / ((CmLT - 0.25) x %z x Nre / ym1) = 0.913
Ned / (xy x NRrk / ym1) + Kyy x Mygd / (L7 x Myr / ym1) = 0.228
Ned / (yz x Nrk / ym1) + kzy x Myga / (1 x Myre / ym1) = 0.578
PASS - Combined bending and compression checks are satisfied

oy =10.5 mm
Oy,Allowable = Lm1is1 /150 = 38 mm
Sy I’ Sy,Allowable = 0276
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Member2 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

=

|
5

'.F -
“
#

=] [

&

ha
L3 i I A ]
- F

|+ 165 o

Lateral restraint

Both flanges have lateral restraint at supports only

PASS - Allowable deflection exceeds design deflection

UB 305x165x40 (British Steel Section Range 2022 (BS4-1))

S355

tnom = max(tr, tw) = 10.2 mm
fy = 355 N/mm?

fu = 470 N/mm?2

E = 210000 N/mm?

UE E0Ex166c&d (Britich Elosl Geolon Rangs I0I2 (814.1)
Seclcrn cepin, f. 305.4 mm

Seciien eresdih, & 65 P

Fange niceress, 1, 160.2 =m

Wet thickness & & mm

Resd radlies, r; B.3 mim

Ares of secilan, &, 5132 mny

Fagius of gyration aooul y-axh, | 128 Tie mm

Ragius of gyation aboul 2-ax, | 38593 mm

Higslie seciien mesuls abcgt y-auis W, BEGIEE s
Elastic seclion moaiu ks ot z-ouds: W, 32650 men
Plisslls SEcIEh Msdi o ahut j=aals W, | BIIETE S
Plastic saclion modukes about z-awds, W, #41733 manr'
Secand mamenl of aoka aboul paxh, |, BROZEETS et
DJECone moment of ares sboul I-axm, |, THE3588 me'

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5

& = V[235 N/mm?2 / fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=265.2 mm

a=min([h /2 + Ned/ (2 x twx fy) - (tr+ )] / c, 1) = 0.547

c/tw=442=543 xeg<=39% xe/ (13 xa-1)

c=(b-tw-2xr)/2=70.6 mm

c/tr=6.9=85xg<=9x¢g Class 1

Ned = 53.2 kN
Ncrd = A x fy / ymo = 1821.9 kN
Ned / Ncra = 0.029

Class 1

Section is class 1

PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length

Lcr,y = LmZ_s‘l = 6937 mm
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Critical buckling force Nery = 2 x E x ly / Lery? = 3662 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.705
Check y-y axis flexural buckling resistance - Section 6.3.1.1
Buckling curve - Table 6.2 a
Imperfection factor - Table 6.1 oy =0.21
Buckling reduction determination factor Oy=05x(1+ayx( hy-0.2)+ A2 =0.802
Buckling reduction factor - eq 6.49 Ay =min(1/ (Qy + V(@2 - W?), 1) = 0.845
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy / ym1 = 1539.9 kN

Ned / Nbyrd = 0.035
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lorz = Lm2_s1_segt = 6937 mm

Critical buckling force Nerz = 12 x E x |z / Lerz?2 = 329.2 kN
Slenderness ratio for buckling - eq 6.50 Kz = V(A x fy / Norz) = 2.352

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oz = 0.34

Buckling reduction determination factor ®z=05x(1+0zx( Az-0.2) + A2 =3.633
Buckling reduction factor - eq 6.49 ¥z =min(1/ (®z + V(@2 - 22)), 1) = 0.156
Design buckling resistance - eq 6.47 NbzRd = 1z x A x fy [ ym1 = 284.6 kN

Ned / NbzRd = 0.187
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length Ler.T = Lm2_s1_segt_ R = 6937 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(i? + i2) = 134.4 mm

Elastic critical torsional buckling force Nerm1= (G x lt+ w2 x E x lw/ Ler72) [ i02 = 1050.9 kN
Torsion factor Br=1-(yo/lio)2=1

Elastic critical torsional-flexural buckling force Ner,7F = 1557.3 kKN

Elastic critical buckling force Ner = min(Ner, 7, Ner77) = 1050.9 kN

Slenderness ratio for torsional buckling - eq 6.52 1= V(A x fy / Ner) = 1.317

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 ot = 0.34

Buckling reduction determination factor ®r=05x(1+orx( AT-0.2) + &2 =1.557
Buckling reduction factor - eq 6.49 y1=min(1/ (O1 + V(D12 - A12)), 1) = 0.419
Design buckling resistance - eq 6.47 Nb.TRd = %7 x A x fy / ym1 = 763.2 kN

Ned / Nb,T,Rd = 0.07
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h-2 xtr=283 mm n =1.000
he/tw=47.2=58 xe/n<72x¢/n
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Shear buckling resistance can be ignored
Design shear force Vy.ed = 60.3 kN

Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Av=max(A-2xbxti+ (tw+ 2 xr1) xt, n x hw x tw) = 2009 mm?
VeyRd = Vply.ra = Av x (fy / V(3)) / ymo = 411.7 kN
VyEd / Veyrd = 0.146
PASS - Design shear resistance exceeds design shear force

MyEed = 121.9 KNm
Mey.Rd = Mply.,rd = Wply x fy / ymo = 221.2 kNm
My.ed / Mcyra = 0.551

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58

Design buckling resistance moment - eq 6.55

ke = 0.579
C1=1/k:?=2.985
v=0.3

G=E/[2x(1+vV)]=80769 N/mm?

L =1.0 x Lm2_s1_seg1_B = 6937 mm
Mer=Cixm2xExlz/LZx(lw/lz+L2x G x It/ (n? x E x Iz)) = 235.9
kNm

AT = \/(Wpl.y x fy / Mer) = 0.968

o= 0.4

ALr > Airo - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
p=0.75

OT=0.5x(1+ ot x ( ALT- ALTO) + B x ALT2) = 0.948

yur = min(1 / (Dt + V(@2 - Bx ar?)), 1,1/ wr?) = 0.719
f=min(1-0.5 x (1-ke) x [1-2x( aLT-0.8)7], 1) = 0.801
¥LTmod = Min(xLt /£, 1, 1/ AL2) = 0.897

Mb.y,Rd = yLTmod X Wply x fy / ym1 = 198.5 KNm

My.ed / Mob,y.rd = 0.614

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 301.4 kN

Ned / Nyjim = 0.177

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 52.198 kNm /-121.889 kNm = -0.428
oy = 26.196 kNm /-121.889 kNm = -0.215
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

yir = 52.198 kNm /-121.889 kNm = -0.428
out = 26.196 kNm /-121.889 kNm = -0.215
Cmit =max(0.2 + 0.8 x av1, 0.4) = 0.400
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Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design 5942 mm along span

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.re = WLy x fy = 221.2 kNm
MzRrk = Wiz x fy = 50.3 KNm
Nrk = A x fy = 1821.9 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (xy x Nrx / ym1)) = 0.407
kzy = 1-0.1 x min(1, &z) x Nea / ((Cmit - 0.25) x yz x Nrk / ym1) = 0.875
Ned / (yy x NRrk / ym1) + Kyy x Mygd / (3.7 x Myrk / ym1) = 0.346
Ned / (xz x NRk / yM1) + Kzy x Mygd / (LT x MyRrk / ym1) = 0.858
PASS - Combined bending and compression checks are satisfied

Myed = 57.2 KNm
Me.y.Rd = Mply.Rd = WLy x fy / ymo = 221.2 kNm
My.ed / Mcyrd = 0.259

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58

Design buckling resistance moment - eq 6.55

ke = 0.579
C1=1/ke?=2.985
v=0.3

G=E/[2x(1+v)] = 80769 N/mm?
L =1.0 x Lm2_s1_seg1_T = 6937 mm
Mer=Crxm2xExlz/L2Zx(lw/lz+L2x G x It/ (n? x E x Iz)) = 235.9
kNm
ALt = V(Woly x fy / Mer) = 0.968
o= 0.4
AT > Airo - Lateral torsional buckling cannot be ignored

b
act = 0.34
p=0.75

OLr=0.5 x (1 +aurx ( AT- ATo) + B x ALT?) = 0.948

yur = min(1 / (DLt + V(DL - B x Ar?)), 1,1/ ar?) = 0.719
f=min(1-0.5x (1-ke) x [1-2x( At-0.8)2, 1) = 0.801
yLTmod = min(ycr /£, 1,1/ ar2) = 0.897

Mb.y,Rd = yLTmod X Wply x fy / ym1 = 198.5 KNm

My.ed / Mo,y.rd = 0.288

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 52.198 KNm / -121.889 kNm = -0.428
oy = 26.196 kNm / -121.889 kNm = -0.215
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

wit = 52.198 KNm /-121.889 kNm = -0.428
oLt = 26.196 kNm /-121.889 kNm = -0.215
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Cmit = max(0.2 + 0.8 x avrt, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design 6826 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection

Allowable deflection

Member3 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

o

|
3

Lateral restraint

_F -~
]
L

— [

-]

ha
1 _+_ I - 1
T

| 168 ]

Both flanges have lateral restraint at supports only

Myrk = Wiy x fy = 221.2 KNm
Mzrk = Wpiz x fy = 50.3 KNm
Nrk = A x fy = 1821.9 kN
Ky = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrk / ym1)) = 0.405
kzy = 1-0.1 x min(1, Az) x Ned / ((CmL7 - 0.25) x 32 x Nrk / ym1) = 0.909
Ned / (xy x NRk / ym1) + Kyy x Mygd / (LT % MyRk / ym1) = 0.171
Ned / (3z x NRre / ym1) + Kzy x Myga / (3Lt x MyRrk / ym1) = 0.464
PASS - Combined bending and compression checks are satisfied

Sy = 44.3 mm
Oy.allowable = Lmz_s1 / 150 = 46.2 mm

By / Sy.AIIowabIe =0.958
PASS - Allowable deflection exceeds design deflection

UB 305x165x40 (British Steel Section Range 2022 (BS4-1))
S355

tnom = max(tr, tw) = 10.2 mm

fy = 355 N/mm?

fu =470 N/mm?

E = 210000 N/mm?2

UE E0Ex16Ecad (Britich sl Geokon Rangs 022 (814.1)
Seciion depih, i 305.4 mim

Seciien breadih, B 165 pa

Fiange miccress, 1. 102 ™m

Wes thichnese £, & mm

Rt radlies, 1, B2 mm

Area of secilan, A, 5132 mmr

Radiys of gymton ataut yaxhk, | 128 716 mm

Ragius of gyiation aboul 2-axi, | 38 283 mm

Wiaslie sacllen msdi e abce j-auls W, BRGARE P
ElFatic s2Clon meou ks a0 2-ams. W, o 2650 P
Plastie saciian modu s skt jagain A - B2 5578
Plastic sacilon modlu ks aoeu z-aads, W, , #4733 mm'
Becard mamenl of area aleul axm, |, BR0ZSSTY et
Secaond moment of ares sbou r-axks, |, 7623588 me*
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Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5
& = \[235 N/mm?2/ f;] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section c=d=265.2 mm
a=min([h /2 + Ned/ (2 xtwx fy) - (tr + )]/ c, 1) = 0.550
C/tw=442=543 x£<=398 xs/(13xa-1) Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=70.6 mm
c/tri=69=85xeg<=9x¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force Ned = 41.4 kN
Design resistance of section - eq 6.10 Ncrd = A x fy / ymo = 1821.9 kN
Ned / Nerd = 0.023
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length Lery = Lma_s1 = 6937 mm

Critical buckling force Nory = n2 x E x Iy / Lery? = 3662 kN
Slenderness ratio for buckling - eq 6.50 oy = V(A x fy / Nery) = 0.705

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 ay = 0.21

Buckling reduction determination factor Oy=05x(1+ayx( hy-0.2)+ M2 =0.802
Buckling reduction factor - eq 6.49 xy = min(1 / (®y + V(@2 - 12)), 1) = 0.845
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 1539.9 kN

Ned / Nbyrd = 0.027
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Ler,z = Lm3_s1_segt = 6937 mm

Critical buckling force Nerz = n2 x E x |z / Lerz2 = 329.2 kN
Slenderness ratio for buckling - eq 6.50 hz = V(A x fy / Neriz) = 2.352

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oz = 0.34

Buckling reduction determination factor ®:=05x(1+ozx( 2z-0.2)+ A2)=3.633
Buckling reduction factor - eq 6.49 xz = min(1/ (®z + (D2 - 2:2)), 1) = 0.156
Design buckling resistance - eq 6.47 Nb.zrd = yz x A x fy / ym1 = 284.6 kN

Ned / NbzRd = 0.145
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4
Torsional buckling length Ler,T = Lm3 s1_segt R = 6937 mm
Distance from shear centre to centroid in y axis yo = 0.0 mm
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Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration

Elastic critical torsional buckling force
Torsion factor

Elastic critical torsional-flexural buckling force
Elastic critical buckling force

Slenderness ratio for torsional buckling - eq 6.52

io = V(i + i2) = 134.4 mm
Nert= (G x h+ w2 x E x lw/ Ler12) / i02 = 1050.9 kN
Br=1-(yo/i0)?=
Nermr = 1557.3 kKN
Ner = min(Nert, Nere) = 1050.9 kN
21 = V(A x fy / Ner) = 1.317

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2

Imperfection factor - Table 6.1

Buckling reduction determination factor
Buckling reduction factor - eq 6.49
Design buckling resistance - eq 6.47

Check design 792 mm along span

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

b
ot = 0.34
Or=05x(1+orx( Ar-0.2)+ Ar?)=1.557
¥ =min(1/ (@1 + V(@2 - %12)), 1) = 0.419
No,TRa = %7 x A x fy [ ym1 = 763.2 kN
Ned / No,Trd = 0.054
PASS - Design buckling resistance exceeds design compression

My.ed = 51.3 KNm
Mc,y,Rd = Mpl,y,Rd = WpIAy X fy / yMo = 221.2 kNm
My.ed / Mcyrd = 0.232

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.57
Ci1=1/ke?=3.077
v=0.3

G=E/[2x(1+v)] = 80769 N/mm?
L = 1.0 x Lma_s1_seg1_T = 6937 mm
Mer=Cixm2xExlz/L2x(lw/lz+L2x G x |t/ (n2 x E x I)) = 243.2
kNm
A = V(Woty x fy / Mer) = 0.954
ALTo = 0.4
ALT > Aito - Lateral torsional buckling cannot be ignored

b
oact = 0.34
p=0.75

DLT=0.5 x (1+arx ( ALT- ALTo) + B x AL2) = 0.935

yir = min(1 / (@ + V(@2 - B x a?)), 1,1/ ar?) = 0.728
f=min(1-0.5x (1-ke)x [1-2x( AT-0.8)2, 1) =0.795
¥LTmod = Min(xLt /£, 1, 1/ A2) = 0.915

Me,y.Rd = yLTmod x Woly x fy / ym1 = 202.5 kNm

Myed / Moy,rd = 0.253

PASS - Design buckling resistance moment exceeds design bending moment
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Check bending and axial force - Section 6.2.9

Bending and axial force check - €9.6.33 & €q.6.34 Nyjim = min(0.25 x Npird, 0.5 x hw x tw x fy / ymo) = 301.4 kN

Ned / Nyjim = 0.143

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 48.399 kNm / -123.405 kNm = -0.392
oy = 18.165 kNm / -123.405 kNm = -0.147
Cmy = max(0.2 + 0.8 x ay, 0.4) = 0.400

wit = 48.399 kNm /-123.405 kNm = -0.392
oLt = 18.165 kNm / -123.405 kNm = -0.147
Cmit = max(0.2 + 0.8 x avrt, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - ¢l 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

My.rk = Wiy x fy = 221.2 KNm
Mzrk = Wiz x fy = 50.3 kNm
Nrk = A x fy = 1821.9 kN
kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Nea/ (3y x Nrk / ym1)) = 0.406
kzy = 1-0.1 x min(1, Az) x Nea / ((CmLT - 0.25) x %z x Nrk / ym1) = 0,899
Ned / (yy x Nrk / ym1) + Kyy x Myed / (L7 x Myrk / ym1) = 0.157
Ned / (yz x NRk / ym1) + Kzy x Mygd / (Lt x MyRrk / ym1) = 0.438
PASS - Combined bending and compression checks are satisfied

hw=h-2 xtr=283 mm n =1.000
hw/tw=472=58 xe/n<72x¢e/ln
Shear buckling resistance can be ignored

Vy.ed = 56.9 kKN
Av=max(A-2xbxti+ (tw+ 2 xr) x ti, n x hw x tw) = 2009 mm?
VeyRd = VplyRd = Av x (fy / V(3)) / ymo = 411.7 kN
Vyed/ Veyrd = 0,138

PASS - Design shear resistance exceeds design shear force

MyEed = 123.4 kNm
Mey.Rrd = Mply.rd = Wply x fy / ymo = 221.2 kNm
My,Ed / Mc,y,Rd = 0.558

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

ke = 0.57

Ci1=1/ke?=3.077

v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L =1.0 x Lm3_s1_seg1_B = 6937 mm
Mer=Cixm2xExlz/L2xV(lw/lz+L2x G x It/ (n2 x E x Iz)) = 243.2
kNm
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Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58

Design buckling resistance moment - eq 6.55

XLT = \/(Wpl.y X fy/ Mcr) =0.954
Ao =0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

b
ot = 0.34
p=0.75

OLT=0.5x (1 +arx ( AT- ATo)+ B x ALT2) = 0.935

¥t = min(1 / (O + V(@2 - B x Ar2)), 1,1/ awr?) = 0.728
f=min(1-0.5x(1-ke)x[1-2x( A7-0.8)2], 1)=0.795
¥LTmod = Min(gLt /£, 1,1/ AL2) = 0.915

Mb.y,Rd = yLT.mod x Woly x fy / ym1 = 202.5 kKNm

My.ed / Mo,y.rd = 0.61

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

vy = 48.399 kNm /-123.405 kNm = -0.392
oy = 18.165 kNm / -123.405 kNm = -0.147
Cmy =max(0.2 + 0.8 x ay, 0.4) = 0.400

wit = 48.399 kNm /-123.405 kNm = -0.392
oLt = 18.165 kNm / -123.405 kNm = -0.147
Cmit =max(0.2 + 0.8 x avt, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 221.2 kNm
Mzrk = Wiz x fy = 50.3 kNm
Nrk = A x fy = 1821.9 kN
kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Ned / (yy x Nrk / ym1)) = 0.407
kzy =1 -0.1 x min(1, Az) x Nea / ((CriT - 0.25) x ¥z x NRrk / ym1) = 0.867
Ned / (3y x Nrk / ym1) + Kyy x Myed / (L7 x Myr / ym1) = 0.349
Ned / (yz x Nrk / ym1) + Kzy x Mygd / (1 x Myrk / ym1) = 0.864
PASS - Combined bending and compression checks are satisfied

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Check design at start of span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

Member4 design

Section details

Section type

Steel grade - EN 10025-2:2004
Nominal thickness of element

oy =441 mm
Sy.allowable = Lm3_s1 / 150 = 46.2 mm
Oy | Sy.Allowable = 0.953
PASS - Allowable deflection exceeds design deflection

UB 406x178x54 (British Steel Section Range 2022 (BS4-1))
S355
tnom = max(tr, tw) = 10.9 mm
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Nominal yield strength
Nominal ultimate tensile strength
Modulus of elasticity

|

i
_+_

CFan

-+ s

T
|

Lateral restraint

E

fy = 355 N/mm?
fu = 470 N/mm?2
E = 210000 N/mm?

Wil 4001 TELEd (Wydish Sleal Saalion Range 3022 (BE4-1)
Eechion depth. k. 326 mm

DecHon bresdih, b,
Flange hisknes, 1, 105 pam

V.7 mm

Wet inkknesa, b, 7.7 mm

Soul reduE, 1227 mm

Aren of seciion, A E244 mm*

Bead by of garatken aooul eaxhs, 184,040 me
Fadhkee of goratlon moo z-axks, | 3B.354 mm

Eimstlc section moduba abosd p-ars, W, . 92053 mm
Elaslic section puoduis aocud z-avis, 8, o 114572 mm'
Flaxtc sechicn meduia dbowd raids, W, 1853806 miry

PIRLT Lorman Moauis Joe Z-axe, W, 1TEEES mim
Zecond romend of grea about y-awts, 1, PE89327E2 mm!
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Both flanges have lateral restraint at supports only

Consider Combination 3 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5

¢ = \[235 N/mm? / fy] = 0.81

Internal compression parts subject to bending and compression - Table 5.2 (sheet 1 of 3)

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section

Check compression - Section 6.2.4
Design compression force
Design resistance of section - eq 6.10

c=d=355.4 mm
a=min([h/2+Nea/ (2 xtwxfy)-(tr+r)]/c, 1) = 0.537

Cc/tw=462=56.7x£<=398 xe/(13xa-1) Class 1

c=(b-tw-2xr)/2=723 mm
c/ti=6.6=82xec<=9xsg Class 1

Section is class 1

Ned = 68.4 kN
Ncrd = A x fy [ ymo = 2465.3 kN
Ned / Ncre = 0.028

PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length
Critical buckling force

Slenderness ratio for buckling - eq 6.50

Lcr,y = Lm4_s1 = 5700 mm
Ncr,y =n2xE x |y ! Lcr,y2 =12052.5 kN
Xy = N‘(A X fy / Ncr‘y) =0.452

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2
Imperfection factor - Table 6.1
Buckling reduction determination factor

a
Qy = 0.21
Oy=05x(T+ayx( hy-02)+ X2 =0.629
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Buckling reduction factor - eq 6.49 %y = min(1/ (Oy + V(D2 - 3y2)), 1) = 0.938
Design buckling resistance - eq 6.47 NbyRd = yy x A x fy /ym1 = 2313.6 kN

Ned / Nbyrd = 0.03
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length Lerz = Lma_s1_segt = 5700 mm

Critical buckling force Nerz = 12 x E x Iz / Ler? = 651.7 kN
Slenderness ratio for buckling - eq 6.50 Az = (A x fy / Nerz) = 1.945

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 oz =0.34

Buckling reduction determination factor ®z=05x(1+azx( 2z-0.2)+ )12 =2.688
Buckling reduction factor - eq 6.49 yz=min(1/ (dz + V(@2 - 22)), 1) = 0.22
Design buckling resistance - eq 6.47 NbzRd = yz x A x fy / ym1 = 542.6 kN

Ned / Nbzrd = 0.126
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length LorT = Lma_s1_segi_R = 5700 mm

Distance from shear centre to centroid in y axis yo = 0.0 mm

Distance from shear centre to centroid in z axis zo = 0.0 mm

Radius of gyration io = V(iy? + i2) = 169.3 mm

Elastic critical torsional buckling force Nerr= (G x h+ 2% E x lw/ Ler12) /i02 = 1557.3 kN
Torsion factor pr=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force Ner,1F = 1557.3 kN

Elastic critical buckling force Ner = min(Ner,1, Ner1r) = 1557.3 kN

Slenderness ratio for torsional buckling - eq 6.52 At = V(A x fy / Ner) = 1.258

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2 b

Imperfection factor - Table 6.1 or = 0.34

Buckling reduction determination factor OT=05x(1+orx( AT-0.2)+ A12) =1.471
Buckling reduction factor - eq 6.49 yT=min(1/ (D1 + V(D2 - A12)), 1) = 0.448
Design buckling resistance - eq 6.47 Nob.TRd = %7 x A x fy /ym1 = 1103.4 kN

Ned / Nb,T.rd = 0.062
PASS - Design buckling resistance exceeds design compression

Check design at start of span

Check shear - Section 6.2.6
Height of web hw=h -2 x tr=380.8 mm n =1.000
hw/tw=49.5=60.8xe/n<72x¢g/n
Shear buckling resistance can be ignored

Design shear force VyEed = 42 kKN
Shear area - ¢l 6.2.6(3) Av=max(A-2xbxtr+ (tw+ 2 xr1) xt, n x hw x tw) = 3431 mm2
Design shear resistance - cl 6.2.6(2) VeyRrd = Vply.rd = Av x (fy / ¥(3)) / ymo = 703.3 kN

VyEed / Veyrd = 0.06
PASS - Design shear resistance exceeds design shear force
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Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Myed = 123.4 KNm
Me,y.Rd = Mply,rd = WpLy x fy / ymo = 377.7 kNm
My.ed / Mcyra = 0.327

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio
Shear modulus
Unrestrained effective length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling
Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.65
C1=1/7ke?=2.367
v=0.3

G=E/[2x(1+V)]=280769 N/mm?
L =1.0 x Lma_s1_segt_B = 5700 mm
e =Cix 2 x Ex lz/L2xV(lw/ lz+ L2x G x It/ (n2 x E x Iz)) = 403.8
kNm
AT = V(Woly x fy / Mer) = 0.967
Ao = 0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

c
oLt = 0.49
p=0.75

OLT=0.5x (1+arx ( ALT- ALTo) + B x ALT2) = 0.990

yir = min(1 /(O + V(@2 - fx Ar?)), 1,1/ ar?) = 0.659
f=min(1-0.5x (1-ke) x [1-2 x( AT-0.8)7, 1) = 0.835
yLT.mod = min(yLt /f, 1, 1/ Aut2) = 0.790

Mb.y,Rd = yLT.mod x WpLy x fy / ym1 = 298.2 kKNm

My.ed / Moy.Rd = 0.414

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34 Nyjim = min(0.25 x Npirg, 0.5 x hw x tw x fy / ymo) = 520.5 kN

Ned / Nyjim = 0.131

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

wy = 115.77 kNm / -123.405 kNm = -0.938
oy = -3.818 kNm / -123.405 kNm = 0.031
Crmy = max(0.6 + 0.4 x yy, 0.4) = 0.400

wir = 115.77 kNm / -123.405 kNm = -0.938
ot = -3.818 kNm / -123.405 kNm = 0.031
Cmit = max(0.6 + 0.4 x wir, 0.4) = 0.400

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force
Interaction factors

My.rk = Woly x fy = 377.7 KNm

Mzrx = Wiz x fy = 63.4 kKNm

Nrk = A x fy = 2465.3 kN

kyy = Cmy x (1 + min{ Ay - 0.2, 0.8) x Ned / (xy x Nrk / ym1)) = 0.403

kzy = 1-0.1 x min(1, Az) x Nea / ((CmiT - 0.25) x yz x Nrx / ym1) = 0.916
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Interaction formulae - eq 6.61 & eq 6.62

Check design at end of span

Check shear - Section 6.2.6
Height of web

Design shear force
Shear area - ¢l 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
Design bending resistance moment - eq 6.13

Ned / (xy x NRk / ym1) + kyy x Mygd / (L7 x MyRk / ym1) = 0.229
Ned / (%z x Nrk / ym1) + kzy x My,ga / (L1 x Myrk / ym1) = 0.58
PASS - Combined bending and compression checks are satisfied

hw=h - 2 x tr = 380.8 mm n =1.000
hw/tw=49.5=608xe/n<72x¢ln
Shear buckling resistance can be ignored

VyEed = 42 KN
Av=max(A-2xbxtr+ (tw+ 2 xr1) x t, n x hw x tw) = 3431 mm?2
VeyRrd = Vply.ra = Av x (fy / V(3)) / ymo = 703.3 kN
Vyed / Veyrd = 0.06

PASS - Design shear resistance exceeds design shear force

Myed = 115.8 KNm
Mecy.rd = Mply,rd = Wpiy x fy / ymo = 377.7 KNm
Myed / Mcyrd = 0.307

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Poissons ratio

Shear modulus

Unrestrained effective length
Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5

Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57

Modification factor

Modified LTB reduction factor - eq 6.58
Design buckling resistance moment - eq 6.55

ke = 0.65
C1=1/ke? =2.367
v=0.3

G=E/[2x(1+v)]=80769 N/mm?

L =1.0 x Lm4_s1_seg1_T = 5700 mm
Mer=Ctxm2xExlz/L2x(lw/lz+L2x G x It/ (= x E x Iz)) = 403.8
kNm

et = V(Woiy x fy / Mer) = 0.967

Ato = 0.4

A > Auto - Lateral torsional buckling cannot be ignored

Cc
act = 0.49
B=0.75

Ot =0.5x (1 + oLt x ( LT - Xmo) + B x XLTz) =0.990

yir = min(1 / (DLt + V(D2 - B x Ar2)), 1,1/ ar?) = 0.659
f=min(1-0.5 x (1-ko) x [1-2x( aT-0.8)7], 1) = 0.835
¥LTmod = mMin(ycr /£, 1, 1/ At2) = 0.790

Mo.y,Rd = yLT.mod x WoLy x fy / ym1 = 298.2 kKNm

My.ed / Mo,y,rd = 0.388

PASS - Design buckling resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3

yy = 115.77 kNm / -123.405 kNm = -0.938
oy = -3.818 kKNm /-123.405 kNm = 0.031
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Cmy = max(0.6 + 0.4 x yy, 0.4) = 0.400

wir = 115.77 kNm /-123.405 kNm = -0.938
oLt =-3.818 kNm /-123.405 kNm = 0.031
Cmit = max(0.6 + 0.4 x yu1, 0.4) = 0.400

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance
Characteristic moment resistance
Characteristic resistance to normal force

Interaction factors

Interaction formulae - eq 6.61 & eq 6.62

My.rk = Wiy x fy = 377.7 KNm
Mzrk = Wiz x fy = 63.4 KNm
Nrk = A x fy = 2465.3 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea/ (yxy x Nrx / ym1)) = 0.403
kzy = 1-0.1 x min(1, Az) x Nea / ((CrLT - 0.25) x 2z x Nrx / ym1) = 0.911
Ned / (xy x NRrk / ym1) + Kyy x Myed / (L7 x Myrk / ym1) = 0.219
Ned / (3z x NRrx / ym1) + kzy x Mygd / (L1 x Myrk / ym1) = 0.557
PASS - Combined bending and compression checks are satisfied

Consider Combination 4 - 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Check design 141 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection
Allowable deflection

oy =10.9 mm
Sy Allowable = Lma_s1 / 180 = 31.7 mm
By / Sy.alowable = 0.344
PASS - Allowable deflection exceeds design deflection




