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B A S I S  O F  D E S I G N

The following calculations are based on the structural arrangement as shown on Mär-

raum drawings issued 22/01/2018, project 0199.1, DWG No: C4-42. This document 

takes into account minor ammendments from the calulctaions issue of May 2014 SLC 

Ref: 14-0118.

The frame is essentially a series of half trusses supported by a ridge beam and eaves 

beam. The 114x3.6 HF-CHS columns, which support the ridge beam are designed as 

fixed base to provide lateral stability to the structure as a whole. Knee braces also 

provide lateral stability as do cap-plate connection to the eaves beam. 

The roof membrane is stretched over battens projecting above the main roof but posi-

tively held in position with purlin cleats. The membrane adds significantly to the roof 

stiffness but has not been included in theses calculations as a stiffening effect. The 

columns are fixed to a continuous concrete ring beam at 450mm below existing 

ground. This also carries a retaining wall and ground slab.

Steel to steel connections where visible should be approved by Michael Hormann, as 

well as SLC. Bolting will be permitted, though lock nuts should be used to prevent 

unauthorized removal of bolts. Sketches of principle connections are appended to 

theses calculations. All steel work must be constructued to National Steelwork Specifi-

cations.
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Loadings to BS 5950 
 
 

1.  Roof Loads kN/m2 

 Sail Cover 0.03 

 SWT Steel 0.15 

  0.18 

   

 
Services (lighting, stage equipment, etc) 0.10 

 
  

 
  

 
Imposed (Category H) 0.60 

 
2. Wind Load 

 

In accordance with BS EN 1991-1-4:2005: 
 
Vb = 23.5ms-1               Alt =25.0m  
 
See attached analysis 

 

 
A Cp factor of 1 – 3 has been taken on the dynamic pressures 
to account for wind uplift / canopy effect. 
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Dynamic Pressure Results
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Out of plane stability checks to BS5950:Part 1:2000

Check areas restrained on the compression flange using section 4.8.3.3 generally and 
section 5.3.3 adjacent to hinge positions.

In accordance with 5.3.4 and G.1.4 check areas between restraints to the tension flange 
to 4.8.3.3 generally or 5.3.3 for lengths adjacent to a plastic hinge.

Clauses 5.3.1 and 5.3.4 state that spacings need never be less than Lm (5.3.3), therefore 
Quikport only applies a 4.8.3.3 check where 5.3.3 fails.

Lastly check in accordance with Annex G.2 those areas between effective torsional 
restraints to both flanges which are restrained at intervals on the tension flange.

Quikport assumes all haunches to be three flanged. Whilst checking haunched rafters 
adjacent to a plastic hinge Quikport applies the criteria outlined in 5.3.5.1

In the application of the Annex G checks, a virtual torsional restraint is assumed at points 
of contraflexure. Section 5.5.5 of the standard gives the following guidance as to when 
this is reasonable.

• The rafter is an I section with D/B > 1.2.

• Dh is not greater than 2Ds. For definitions of Dh and Ds, refer to Table 17 in the standard.

• Every length of purlin has at least two bolts in each purlin to rafter connection.

• The depth of the purlin is not less than 0.25 times the depth of the rafter.
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Lincs PE11 3XA
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Detailed calculations: 

--------------------------------------------------------------------------------

M1           - From (0.000,3.450) to (6.606,3.810) length = 6.616               

               200x100x5.0HF-RHS S355 x-x Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+Ultimate Wind' of Combination set: 'BS5950-1'              

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.000               3.5.5

  R2         = 0.000

  Class      = Plastic             b/t=17.0  d/t=37.0                          

  Out of plane                    

  R1         = 0.001               3.5.5

  R2         = 0.000

  Class      = Slender             b/t=37.0  d/t=17.0                          

Properties

  A,eff      = 27.83    cm2.                                                   

  1.2 Zx     = 179.4    cm3.                                                   

Axial capacity

  Fc         =     0.19 kN.        Compression                                 

Axial capacity

  Ft         =     0.24 kN.        Tension                                     

  Pc         = A,eff.Py            =   988.13 kN.    Unity = Fc/Pc =  0.00 pass

  Pt         = A,eff.Pyx 0.60      =   592.88 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     3.61 kN.

  Pv         = 0.6 Py.Av           =   407.99 kN.    Unity = Fv/Pv =  0.01 pass

Moment capacity with low shear

  M          =     3.87 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    63.67 kN.m.  Unity = M/Mc  =  0.06 pass

LT Buckling length  0.000 to  6.616 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.00     0.06     0.03    -1.88    -0.00     3.87

  mLT        = 0.44

  Lambda     = Le/Ry = ( 6616 x 1.00 + 200.0 x 0.00)/ 41.9 = 157.8

  Using B.2.6.1

  Yb         =  0.4569

  Øb         =  0.6725

  ßw         =  0.9694

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  22.8

  From Table 16                    Pb = 355.0  N/mm2.

  Mb         =  1.2 Zx.Pb             =  63.67 kN.m.

  Mx         =   3.87  kN.m.                     Unity = mLT.Mx/Mb =  0.03 pass

In plane buckling length   0.000 to  6.616                                  

  Section class is slender. Multiply slenderness by following factor. See 4.7.4

             = Sqrt(A,eff/A)

             = 0.984
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  Lambda     = Le/Rx =  6616 x 1.00/ 72.1 =  90.28   Table 24(A) pc=200.0 N/mm2.

  Fc         =     0.19 kN.

  Pc         = pc.A,eff              =   556.80 kN.  Unity = Fc/Pc =  0.00 pass

Out of plane buckling length   0.000 to  6.616                              

  Section class is slender. Multiply slenderness by following factor. See 4.7.4

             = Sqrt(A,eff/A)

             = 0.984

  Lambda     = Le/Ry =  6616 x 1.00/ 41.9 = 155.28   Table 24(A) pc= 77.4 N/mm2.

  Fc         =     0.19 kN.

  Pc         = pc.A,eff              =   215.32 kN.  Unity = Fc/Pc =  0.00 pass

Combined capacity   @  4.383 after    Fc=    0.19

  4.8.3.2        F     Mx         0.19      3.87

               ----- + ---  =  ------- + -------                   =  0.06 pass

            A,eff.Py   Mcx      988.13     63.67

Combined buckling resistance  0.000 to  6.616   4.8.3.3.3(a)

  Fc =    0.19  Pcx=  556.80  Pcy=  215.32

  Mx =    3.87  MLT=    3.87

  Mcx=   63.67  Mb =   63.67

  mLT=    0.44  mx =    0.80  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.05 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.03 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M2           - From (1.000,0.000) to (1.000,3.504) length = 3.504               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+Ultimate Wind' of Combination set: 'BS5950-1'              

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     3.24 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.01 pass

Shear capacity

  Fv         =     0.01 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.04 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.00 pass

In plane buckling length   0.000 to  3.504                                  

  Lambda     = Le/Rx =  3504 x 1.00/ 39.2 =  89.49   Table 24(A) pc=202.6 N/mm2.

  Fc         =     3.24 kN.

  Pc         = pc.Ag                 =   253.70 kN.  Unity = Fc/Pc =  0.01 pass

Out of plane buckling length   0.000 to  3.504                              

  Lambda     = Le/Ry =  3504 x 1.00/ 39.2 =  89.49   Table 24(A) pc=202.6 N/mm2.

  Fc         =     3.24 kN.

  Pc         = pc.Ag                 =   253.70 kN.  Unity = Fc/Pc =  0.01 pass

Combined capacity   @  3.504 before   Fc=    2.90

  4.8.3.2        F     Mx         2.90      0.04

               ----- + ---  =  ------- + -------                   =  0.01 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  3.504   4.8.3.3.3(a)

  Fc =    3.24  Pcx=  253.70  Pcy=  253.70

  Mx =    0.04  MLT=    0.04

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.02 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.01 pass

  Pcy         Mcx
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--------------------------------------------------------------------------------

M3           - From (2.139,0.000) to (2.143,3.567) length = 3.567               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+Ultimate Wind' of Combination set: 'BS5950-1'              

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     2.86 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.01 pass

Shear capacity

  Fv         =     0.01 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.05 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.00 pass

In plane buckling length   0.000 to  3.567                                  

  Lambda     = Le/Rx =  3567 x 1.00/ 39.2 =  91.08   Table 24(A) pc=197.4 N/mm2.

  Fc         =     2.86 kN.

  Pc         = pc.Ag                 =   247.19 kN.  Unity = Fc/Pc =  0.01 pass

Out of plane buckling length   0.000 to  3.567                              

  Lambda     = Le/Ry =  3567 x 1.00/ 39.2 =  91.08   Table 24(A) pc=197.4 N/mm2.

  Fc         =     2.86 kN.

  Pc         = pc.Ag                 =   247.19 kN.  Unity = Fc/Pc =  0.01 pass

Combined capacity   @  3.567 before   Fc=    2.52

  4.8.3.2        F     Mx         2.52      0.05

               ----- + ---  =  ------- + -------                   =  0.01 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  3.567   4.8.3.3.3(a)

  Fc =    2.86  Pcx=  247.19  Pcy=  247.19

  Mx =    0.05  MLT=    0.05

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.01 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.01 pass

  Pcy         Mcx
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--------------------------------------------------------------------------------

M4           - From (3.258,0.000) to (3.258,3.628) length = 3.628               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+Ultimate Wind' of Combination set: 'BS5950-1'              

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Ft         =     0.81 kN.        Tension                                     

  Pt         = Ag.Py   x 0.60      =   266.67 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     0.02 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.06 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.00 pass

Combined capacity   @  3.628 before   Ft=    0.81

  4.8.2.2      F    Mx           0.81      0.06

               -- + ---   =   ------- + -------                    =  0.01 pass

               Pt   Mcx        266.67     14.31
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--------------------------------------------------------------------------------

M5           - From (4.377,0.000) to (4.377,3.689) length = 3.689               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+Ultimate Wind' of Combination set: 'BS5950-1'              

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     9.91 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.02 pass

Shear capacity

  Fv         =     0.04 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.14 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.01 pass

In plane buckling length   0.000 to  3.689                                  

  Lambda     = Le/Rx =  3689 x 1.00/ 39.2 =  94.19   Table 24(A) pc=187.6 N/mm2.

  Fc         =     9.91 kN.

  Pc         = pc.Ag                 =   234.89 kN.  Unity = Fc/Pc =  0.04 pass

Out of plane buckling length   0.000 to  3.689                              

  Lambda     = Le/Ry =  3689 x 1.00/ 39.2 =  94.19   Table 24(A) pc=187.6 N/mm2.

  Fc         =     9.91 kN.

  Pc         = pc.Ag                 =   234.89 kN.  Unity = Fc/Pc =  0.04 pass

Combined capacity   @  3.689 before   Fc=    9.55

  4.8.3.2        F     Mx         9.55      0.14

               ----- + ---  =  ------- + -------                   =  0.03 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  3.689   4.8.3.3.3(a)

  Fc =    9.91  Pcx=  234.89  Pcy=  234.89

  Mx =    0.14  MLT=    0.14

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.05 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.05 pass

  Pcy         Mcx
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End of steel calculations
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Reactions - Linear elastic analysis

Loading combination: 'Unfactored total dead' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J3 -0.01 3.84 0.01 

B2 J5 -0.01 3.46 0.01 
B3 J7 -0.02 0.15 0.01 

B4 J9 0.05 10.49 -0.01 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored imposed' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J3 -0.00 0.50 0.00 

B2 J5 0.00 0.50 0.00 
B3 J7 -0.00 0.50 0.00 

B4 J9 -0.00 0.50 0.00 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored notional' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J3 -1.33 -4.36 1.06 

B2 J5 -1.30 1.00 1.03 
B3 J7 -1.23 -0.90 1.00 

B4 J9 -1.14 4.25 0.95 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored Wind' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J3 -1.33 -5.36 1.05 

B2 J5 -1.30 0.00 1.03 
B3 J7 -1.23 -1.90 1.00 

B4 J9 -1.14 3.25 0.95 
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Out of plane stability checks to BS5950:Part 1:2000

Check areas restrained on the compression flange using section 4.8.3.3 generally and 
section 5.3.3 adjacent to hinge positions.

In accordance with 5.3.4 and G.1.4 check areas between restraints to the tension flange 
to 4.8.3.3 generally or 5.3.3 for lengths adjacent to a plastic hinge.

Clauses 5.3.1 and 5.3.4 state that spacings need never be less than Lm (5.3.3), therefore 
Quikport only applies a 4.8.3.3 check where 5.3.3 fails.

Lastly check in accordance with Annex G.2 those areas between effective torsional 
restraints to both flanges which are restrained at intervals on the tension flange.

Quikport assumes all haunches to be three flanged. Whilst checking haunched rafters 
adjacent to a plastic hinge Quikport applies the criteria outlined in 5.3.5.1

In the application of the Annex G checks, a virtual torsional restraint is assumed at points 
of contraflexure. Section 5.5.5 of the standard gives the following guidance as to when 
this is reasonable.

• The rafter is an I section with D/B > 1.2.

• Dh is not greater than 2Ds. For definitions of Dh and Ds, refer to Table 17 in the standard.

• Every length of purlin has at least two bolts in each purlin to rafter connection.

• The depth of the purlin is not less than 0.25 times the depth of the rafter.
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Detailed calculations: 

--------------------------------------------------------------------------------

M1           - From (0.000,1.000) to (8.745,3.180) length = 9.013               

               150x100x5.0HF-RHS S355 x-x Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.005               3.5.5

  R2         = 0.003

  Class      = Plastic             b/t=17.0  d/t=27.0                          

  Out of plane                    

  R1         = 0.008               3.5.5

  R2         = 0.003

  Class      = Compact             b/t=27.0  d/t=17.0                          

Properties

  Ag         = 23.73    cm2.                                                   

  1.2 Zx     = 118.2    cm3.                                                   

Axial capacity

  Fc         =     2.48 kN.        Compression                                 

Axial capacity

  Ft         =     0.06 kN.        Tension                                     

  Pc         = Ag.Py               =   842.48 kN.    Unity = Fc/Pc =  0.00 pass

  Pt         = Ag.Py   x 0.60      =   505.49 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     1.10 kN.

  Pv         = 0.6 Py.Av           =   303.29 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     1.74 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    41.96 kN.m.  Unity = M/Mc  =  0.04 pass

LT Buckling length  0.000 to  9.013 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.00    -0.85     0.82     0.69    -1.07     1.74

  mLT        = 0.57

  Lambda     = Le/Ry = ( 9013 x 1.00 + 150.0 x 0.00)/ 40.7 = 221.7

  Using B.2.6.1

  Yb         =  0.2719

  Øb         =  0.4501

  ßw         =  0.9896

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  22.4

  From Table 16                    Pb = 355.0  N/mm2.

  Mb         =  1.2 Zx.Pb             =  41.96 kN.m.

  Mx         =   1.74  kN.m.                     Unity = mLT.Mx/Mb =  0.02 pass

In plane buckling length   0.000 to  9.013                                  

  Lambda     = Le/Rx =  9013 x 1.00/ 55.8 = 161.54   Table 24(A) pc= 71.8 N/mm2.

  Fc         =     2.48 kN.

  Pc         = pc.Ag                 =   170.34 kN.  Unity = Fc/Pc =  0.01 pass
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Out of plane buckling length   0.000 to  9.013                              

  Lambda     = Le/Ry =  9013 x 1.00/ 40.7 = 221.66   Table 24(A) pc= 39.1 N/mm2.

  Fc         =     2.48 kN.

  Pc         = pc.Ag                 =    92.73 kN.  Unity = Fc/Pc =  0.03 pass

Combined capacity @  1.381 after    Fc=    1.49

                 Z1           1.67

  4.8.2.3      Mx          1.74

               ---  =  --------                                    =  0.00 pass

               Mrx        42.40

Combined buckling resistance  0.000 to  9.013   4.8.3.3.3(a)

  Fc =    2.48  Pcx=  170.34  Pcy=   92.73

  Mx =    1.74  MLT=    1.74

  Mcx=   41.96  Mb =   41.96

  mLT=    0.57  mx =    0.67  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.04 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.05 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M2           - From (8.745,3.180) to (17.489,1.000) length = 9.012              

               150x100x5.0HF-RHS S355 x-x Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.005               3.5.5

  R2         = 0.003

  Class      = Plastic             b/t=17.0  d/t=27.0                          

  Out of plane                    

  R1         = 0.008               3.5.5

  R2         = 0.003

  Class      = Compact             b/t=27.0  d/t=17.0                          

Properties

  Ag         = 23.73    cm2.                                                   

  1.2 Zx     = 118.2    cm3.                                                   

Axial capacity

  Fc         =     2.48 kN.        Compression                                 

Axial capacity

  Ft         =     0.06 kN.        Tension                                     

  Pc         = Ag.Py               =   842.48 kN.    Unity = Fc/Pc =  0.00 pass

  Pt         = Ag.Py   x 0.60      =   505.49 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     1.10 kN.

  Pv         = 0.6 Py.Av           =   303.29 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     1.74 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    41.96 kN.m.  Unity = M/Mc  =  0.04 pass

LT Buckling length  0.000 to  9.012 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -1.07     0.69     0.81    -0.86    -0.00     1.74

  mLT        = 0.57

  Lambda     = Le/Ry = ( 9012 x 1.00 + 150.0 x 0.00)/ 40.7 = 221.6

  Using B.2.6.1

  Yb         =  0.2719

  Øb         =  0.4501

  ßw         =  0.9896

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  22.4

  From Table 16                    Pb = 355.0  N/mm2.

  Mb         =  1.2 Zx.Pb             =  41.96 kN.m.

  Mx         =   1.74  kN.m.                     Unity = mLT.Mx/Mb =  0.02 pass

In plane buckling length   0.000 to  9.012                                  

  Lambda     = Le/Rx =  9012 x 1.00/ 55.8 = 161.52   Table 24(A) pc= 71.8 N/mm2.

  Fc         =     2.48 kN.

  Pc         = pc.Ag                 =   170.38 kN.  Unity = Fc/Pc =  0.01 pass

Out of plane buckling length   0.000 to  9.012                              
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  Lambda     = Le/Ry =  9012 x 1.00/ 40.7 = 221.63   Table 24(A) pc= 39.1 N/mm2.

  Fc         =     2.48 kN.

  Pc         = pc.Ag                 =    92.75 kN.  Unity = Fc/Pc =  0.03 pass

Combined capacity @  7.629 before   Fc=    1.49

                 Z1           1.67

  4.8.2.3      Mx          1.74

               ---  =  --------                                    =  0.00 pass

               Mrx        42.40

Combined buckling resistance  0.000 to  9.012   4.8.3.3.3(a)

  Fc =    2.48  Pcx=  170.38  Pcy=   92.75

  Mx =    1.74  MLT=    1.74

  Mcx=   41.96  Mb =   41.96

  mLT=    0.57  mx =    0.67  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.04 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.05 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M3           - From (4.733,2.180) to (12.757,2.180) length = 8.024              

               100x50x5.0HF-RHS S355 x-x  Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         =-0.004               3.5.5

  R2         =-0.003

  Class      = Plastic             b/t=7.0  d/t=17.0                           

  Out of plane                    

  R1         =-0.009               3.5.5

  R2         =-0.003

  Class      = Plastic             b/t=17.0  d/t=7.0                           

Properties

  Ag         = 13.73    cm2.                                                   

  1.2 Zx     = 39.96    cm3.                                                   

Axial capacity

  Ft         =     1.28 kN.        Tension                                     

  Pt         = Ag.Py   x 0.60      =   292.49 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     0.42 kN.

  Pv         = 0.6 Py.Av           =   194.99 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.46 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.19 kN.m.  Unity = M/Mc  =  0.03 pass

LT Buckling length  0.000 to  8.024 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.46     0.18     0.39     0.18    -0.46     0.46

  mLT        = 0.73

  Lambda     = Le/Ry = ( 8024 x 1.00 + 100.0 x 0.00)/ 19.9 = 403.5

  Using B.2.6.1

  Yb         =  0.4642

  Øb         =  0.6749

  ßw         =  0.9379

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  36.0

  From Table 16                    Pb = 337.6  N/mm2.

  Mb         =  1.2 Zx.Pb             =  13.49 kN.m.

  Mx         =   0.46  kN.m.                     Unity = mLT.Mx/Mb =  0.03 pass

Combined capacity @  8.024 before   Ft=    1.28

                 Z1           1.67

  4.8.2.3      Mx          0.46

               ---  =  --------                                    =  0.00 pass

               Mrx        15.13
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--------------------------------------------------------------------------------

M4           - From (1.340,0.000) to (1.340,1.334) length = 1.334               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     1.80 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.00 pass

Shear capacity

  Fv         =     1.18 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.01 pass

Moment capacity with low shear

  M          =     1.57 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.11 pass

In plane buckling length   0.000 to  1.334                                  

  Lambda     = Le/Rx =  1334 x 1.00/ 39.2 =  34.07   Table 24(A) pc=339.0 N/mm2.

  Fc         =     1.80 kN.

  Pc         = pc.Ag                 =   424.46 kN.  Unity = Fc/Pc =  0.00 pass

Out of plane buckling length   0.000 to  1.334                              

  Lambda     = Le/Ry =  1334 x 1.00/ 39.2 =  34.07   Table 24(A) pc=339.0 N/mm2.

  Fc         =     1.80 kN.

  Pc         = pc.Ag                 =   424.46 kN.  Unity = Fc/Pc =  0.00 pass

Combined capacity   @  1.334 before   Fc=    1.68

  4.8.3.2        F     Mx         1.68      1.57

               ----- + ---  =  ------- + -------                   =  0.11 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  1.334   4.8.3.3.3(a)

  Fc =    1.80  Pcx=  424.46  Pcy=  424.46

  Mx =    1.57  MLT=    1.57

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.11 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.06 pass

  Pcy         Mcx
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--------------------------------------------------------------------------------

M5           - From (16.147,0.000) to (16.147,1.335) length = 1.335             

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     1.80 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.00 pass

Shear capacity

  Fv         =     1.18 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.01 pass

Moment capacity with low shear

  M          =     1.57 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.11 pass

In plane buckling length   0.000 to  1.335                                  

  Lambda     = Le/Rx =  1335 x 1.00/ 39.2 =  34.08   Table 24(A) pc=339.0 N/mm2.

  Fc         =     1.80 kN.

  Pc         = pc.Ag                 =   424.45 kN.  Unity = Fc/Pc =  0.00 pass

Out of plane buckling length   0.000 to  1.335                              

  Lambda     = Le/Ry =  1335 x 1.00/ 39.2 =  34.08   Table 24(A) pc=339.0 N/mm2.

  Fc         =     1.80 kN.

  Pc         = pc.Ag                 =   424.45 kN.  Unity = Fc/Pc =  0.00 pass

Combined capacity   @  1.335 before   Fc=    1.68

  4.8.3.2        F     Mx         1.68      1.57

               ----- + ---  =  ------- + -------                   =  0.11 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  1.335   4.8.3.3.3(a)

  Fc =    1.80  Pcx=  424.45  Pcy=  424.45

  Mx =    1.57  MLT=    1.57

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.11 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.06 pass

  Pcy         Mcx
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End of steel calculations
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Reactions - Linear elastic analysis

Loading combination: 'Unfactored total dead' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 1.92 2.25 -0.45 

B2 J8 -1.92 2.26 0.45 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored imposed' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 0.39 0.33 -0.09 
B2 J8 -0.39 0.33 0.09 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored notional' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 0.00 0.00 0.00 
B2 J8 0.00 0.00 0.00 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored Wind Uplift' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 -0.85 -0.71 0.20 

B2 J8 0.85 -0.72 -0.20 
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Out of plane stability checks to BS5950:Part 1:2000

Check areas restrained on the compression flange using section 4.8.3.3 generally and 
section 5.3.3 adjacent to hinge positions.

In accordance with 5.3.4 and G.1.4 check areas between restraints to the tension flange 
to 4.8.3.3 generally or 5.3.3 for lengths adjacent to a plastic hinge.

Clauses 5.3.1 and 5.3.4 state that spacings need never be less than Lm (5.3.3), therefore 
Quikport only applies a 4.8.3.3 check where 5.3.3 fails.

Lastly check in accordance with Annex G.2 those areas between effective torsional 
restraints to both flanges which are restrained at intervals on the tension flange.

Quikport assumes all haunches to be three flanged. Whilst checking haunched rafters 
adjacent to a plastic hinge Quikport applies the criteria outlined in 5.3.5.1

In the application of the Annex G checks, a virtual torsional restraint is assumed at points 
of contraflexure. Section 5.5.5 of the standard gives the following guidance as to when 
this is reasonable.

• The rafter is an I section with D/B > 1.2.

• Dh is not greater than 2Ds. For definitions of Dh and Ds, refer to Table 17 in the standard.

• Every length of purlin has at least two bolts in each purlin to rafter connection.

• The depth of the purlin is not less than 0.25 times the depth of the rafter.
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Detailed calculations: 

--------------------------------------------------------------------------------

M1           - From (0.000,1.000) to (8.085,2.662) length = 8.254               

               100x50x5.0HF-RHS S355 x-x  Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.002               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=7.0  d/t=17.0                           

  Out of plane                    

  R1         = 0.006               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=17.0  d/t=7.0                           

Properties

  Ag         = 13.73    cm2.                                                   

  1.2 Zx     = 39.96    cm3.                                                   

Axial capacity

  Fc         =     0.79 kN.        Compression                                 

Axial capacity

  Ft         =     0.01 kN.        Tension                                     

  Pc         = Ag.Py               =   487.48 kN.    Unity = Fc/Pc =  0.00 pass

  Pt         = Ag.Py   x 0.60      =   292.49 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     0.47 kN.

  Pv         = 0.6 Py.Av           =   194.99 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.80 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.19 kN.m.  Unity = M/Mc  =  0.06 pass

LT Buckling length  0.000 to  8.254 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.00    -0.25     0.20     0.23    -0.42     0.80

  mLT        = 0.44

  Lambda     = Le/Ry = ( 8254 x 1.00 + 100.0 x 0.00)/ 19.9 = 415.1

  Using B.2.6.1

  Yb         =  0.4642

  Øb         =  0.6749

  ßw         =  0.9379

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  36.5

  From Table 16                    Pb = 336.1  N/mm2.

  Mb         =  1.2 Zx.Pb             =  13.43 kN.m.

  Mx         =   0.80  kN.m.                     Unity = mLT.Mx/Mb =  0.03 pass

In plane buckling length   0.000 to  8.254                                  

  Lambda     = Le/Rx =  8254 x 1.00/ 34.8 = 237.03   Table 24(A) pc= 34.3 N/mm2.

  Fc         =     0.79 kN.

  Pc         = pc.Ag                 =    47.10 kN.  Unity = Fc/Pc =  0.02 pass
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Out of plane buckling length   0.000 to  8.254                              

  Lambda     = Le/Ry =  8254 x 1.00/ 19.9 = 415.09   Table 24(A) pc= 11.4 N/mm2.

  Fc         =     0.79 kN.

  Pc         = pc.Ag                 =    15.70 kN.  Unity = Fc/Pc =  0.05 pass

Combined capacity @  0.694 after    Fc=    0.79

                 Z1           1.67

  4.8.2.3      Mx          0.80

               ---  =  --------                                    =  0.01 pass

               Mrx        15.13

Combined buckling resistance  0.000 to  8.254   4.8.3.3.3(a)

  Fc =    0.79  Pcx=   47.10  Pcy=   15.70

  Mx =    0.80  MLT=    0.80

  Mcx=   14.19  Mb =   13.43

  mLT=    0.44  mx =    0.44  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.04 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.08 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M2           - From (8.085,2.662) to (16.167,1.000) length = 8.251              

               100x50x5.0HF-RHS S355 x-x  Ply= 5.0 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.002               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=7.0  d/t=17.0                           

  Out of plane                    

  R1         = 0.006               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=17.0  d/t=7.0                           

Properties

  Ag         = 13.73    cm2.                                                   

  1.2 Zx     = 39.96    cm3.                                                   

Axial capacity

  Fc         =     0.79 kN.        Compression                                 

Axial capacity

  Ft         =     0.01 kN.        Tension                                     

  Pc         = Ag.Py               =   487.48 kN.    Unity = Fc/Pc =  0.00 pass

  Pt         = Ag.Py   x 0.60      =   292.49 kN.    Unity = Ft/Pt =  0.00 pass

Shear capacity

  Fv         =     0.47 kN.

  Pv         = 0.6 Py.Av           =   194.99 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.80 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.19 kN.m.  Unity = M/Mc  =  0.06 pass

LT Buckling length  0.000 to  8.251 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.42     0.23     0.20    -0.25    -0.00     0.80

  mLT        = 0.44

  Lambda     = Le/Ry = ( 8251 x 1.00 + 100.0 x 0.00)/ 19.9 = 414.9

  Using B.2.6.1

  Yb         =  0.4642

  Øb         =  0.6749

  ßw         =  0.9379

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  36.5

  From Table 16                    Pb = 336.1  N/mm2.

  Mb         =  1.2 Zx.Pb             =  13.43 kN.m.

  Mx         =   0.80  kN.m.                     Unity = mLT.Mx/Mb =  0.03 pass

In plane buckling length   0.000 to  8.251                                  

  Lambda     = Le/Rx =  8251 x 1.00/ 34.8 = 236.95   Table 24(A) pc= 34.3 N/mm2.

  Fc         =     0.79 kN.

  Pc         = pc.Ag                 =    47.14 kN.  Unity = Fc/Pc =  0.02 pass

Out of plane buckling length   0.000 to  8.251                              
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  Lambda     = Le/Ry =  8251 x 1.00/ 19.9 = 414.94   Table 24(A) pc= 11.4 N/mm2.

  Fc         =     0.79 kN.

  Pc         = pc.Ag                 =    15.71 kN.  Unity = Fc/Pc =  0.05 pass

Combined capacity @  7.557 before   Fc=    0.79

                 Z1           1.67

  4.8.2.3      Mx          0.80

               ---  =  --------                                    =  0.01 pass

               Mrx        15.13

Combined buckling resistance  0.000 to  8.251   4.8.3.3.3(a)

  Fc =    0.79  Pcx=   47.14  Pcy=   15.71

  Mx =    0.80  MLT=    0.80

  Mcx=   14.19  Mb =   13.43

  mLT=    0.44  mx =    0.44  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.04 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.08 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M3           - From (4.242,1.872) to (11.927,1.872) length = 7.685              

               80x40x3.2HF-RHS S355 x-x   Ply= 3.2 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  In plane                        

  R1         = 0.003               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=9.5  d/t=22.0                           

  Out of plane                    

  R1         = 0.007               3.5.5

  R2         = 0.002

  Class      = Plastic             b/t=22.0  d/t=9.5                           

Properties

  Ag         = 7.161    cm2.                                                   

  1.2 Zx     = 17.15    cm3.                                                   

Axial capacity

  Fc         =     0.50 kN.        Compression                                 

  Pc         = Ag.Py               =   254.20 kN.    Unity = Fc/Pc =  0.00 pass

Shear capacity

  Fv         =     0.21 kN.

  Pv         = 0.6 Py.Av           =   101.68 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.22 kN.m.                                 

  Mc         = 1.2 Zx.Py           =     6.09 kN.m.  Unity = M/Mc  =  0.04 pass

LT Buckling length  0.000 to  7.685 m.

  Using Table 18 general case:

                        M1       M2       M3       M4       M5     Mmax

                     -0.22     0.08     0.19     0.08    -0.22     0.22

  mLT        = 0.73

  Lambda     = Le/Ry = ( 7685 x 1.00 +  80.0 x 0.00)/ 16.3 = 472.8

  Using B.2.6.1

  Yb         =  0.4612

  Øb         =  0.6738

  ßw         =  0.9506

  LambdaLT   = 2.25 Sqrt(Øb.Lambda.ßw)=  39.2

  From Table 16                    Pb = 327.7  N/mm2.

  Mb         =  1.2 Zx.Pb             =   5.62 kN.m.

  Mx         =   0.22  kN.m.                     Unity = mLT.Mx/Mb =  0.03 pass

In plane buckling length   0.000 to  7.685                                  

  Lambda     = Le/Rx =  7685 x 1.00/ 28.3 = 271.94   Table 24(A) pc= 26.2 N/mm2.

  Fc         =     0.50 kN.

  Pc         = pc.Ag                 =    18.79 kN.  Unity = Fc/Pc =  0.03 pass

Out of plane buckling length   0.000 to  7.685                              

  Lambda     = Le/Ry =  7685 x 1.00/ 16.3 = 472.77   Table 24(A) pc=  8.8 N/mm2.

  Fc         =     0.50 kN.

  Pc         = pc.Ag                 =     6.33 kN.  Unity = Fc/Pc =  0.08 pass
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Combined capacity @  7.685 before   Fc=    0.50

                 Z1           1.67

  4.8.2.3      Mx          0.22

               ---  =  --------                                    =  0.00 pass

               Mrx         6.41

Combined buckling resistance  0.000 to  7.685   4.8.3.3.3(a)

  Fc =    0.50  Pcx=   18.79  Pcy=    6.33

  Mx =    0.22  MLT=    0.22

  Mcx=    6.09  Mb =    5.62

  mLT=    0.73  mx =    0.77  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.06 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check needed 4.3.6.1

  Fc    mLT.MLT

  --- + -------                                                    =  0.11 pass

  Pcy     Mb
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--------------------------------------------------------------------------------

M4           - From (0.680,0.000) to (0.680,1.140) length = 1.140               

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     0.80 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.00 pass

Shear capacity

  Fv         =     0.68 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.77 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.05 pass

In plane buckling length   0.000 to  1.140                                  

  Lambda     = Le/Rx =  1140 x 1.00/ 39.2 =  29.11   Table 24(A) pc=343.8 N/mm2.

  Fc         =     0.80 kN.

  Pc         = pc.Ag                 =   430.37 kN.  Unity = Fc/Pc =  0.00 pass

Out of plane buckling length   0.000 to  1.140                              

  Lambda     = Le/Ry =  1140 x 1.00/ 39.2 =  29.11   Table 24(A) pc=343.8 N/mm2.

  Fc         =     0.80 kN.

  Pc         = pc.Ag                 =   430.37 kN.  Unity = Fc/Pc =  0.00 pass

Combined capacity   @  1.140 before   Fc=    0.69

  4.8.3.2        F     Mx         0.69      0.77

               ----- + ---  =  ------- + -------                   =  0.06 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  1.140   4.8.3.3.3(a)

  Fc =    0.80  Pcx=  430.37  Pcy=  430.37

  Mx =    0.77  MLT=    0.77

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.06 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.03 pass

  Pcy         Mcx
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--------------------------------------------------------------------------------

M5           - From (15.487,0.000) to (15.487,1.140) length = 1.140             

               114.3x3.6 HF-CHS S355 x-x  Ply= 3.6 mm. Py= 355 N/mm2.

--------------------------------------------------------------------------------

Analysis     : Linear elastic analysis                                          

Combination  : 'Dead+WInd Uplift' of Combination set: 'BS5950-1'                

Amplified moments Lr = 1.000                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

Axial

  Class      = Semi-compact                                                    

Properties

  Ag         = 12.52    cm2.                                                   

  1.2 Zx     = 40.31    cm3.                                                   

Axial capacity

  Fc         =     0.80 kN.        Compression                                 

  Pc         = Ag.Py               =   444.46 kN.    Unity = Fc/Pc =  0.00 pass

Shear capacity

  Fv         =     0.68 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.00 pass

Moment capacity with low shear

  M          =     0.77 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.05 pass

In plane buckling length   0.000 to  1.140                                  

  Lambda     = Le/Rx =  1140 x 1.00/ 39.2 =  29.11   Table 24(A) pc=343.7 N/mm2.

  Fc         =     0.80 kN.

  Pc         = pc.Ag                 =   430.37 kN.  Unity = Fc/Pc =  0.00 pass

Out of plane buckling length   0.000 to  1.140                              

  Lambda     = Le/Ry =  1140 x 1.00/ 39.2 =  29.11   Table 24(A) pc=343.7 N/mm2.

  Fc         =     0.80 kN.

  Pc         = pc.Ag                 =   430.37 kN.  Unity = Fc/Pc =  0.00 pass

Combined capacity   @  1.140 before   Fc=    0.69

  4.8.3.2        F     Mx         0.69      0.77

               ----- + ---  =  ------- + -------                   =  0.06 pass

               Ag.Py   Mcx      444.46     14.31

Combined buckling resistance  0.000 to  1.140   4.8.3.3.3(a)

  Fc =    0.80  Pcx=  430.37  Pcy=  430.37

  Mx =    0.77  MLT=    0.77

  Mcx=   14.31  Mb =   14.31

  mLT=    1.00  mx =    1.00  

  Fc    mx.Mx |         Fc  |

  --- + ----- | 1 + 0.5 --- |                                      =  0.06 pass

  Pcx    Mcx  |         Pcx |

  Lateral torsional buckling check not required 4.3.6.1

  Fc        mLT.MLT

  --- + 0.5 -------                                                =  0.03 pass

  Pcy         Mcx
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End of steel calculations
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Reactions - Linear elastic analysis

Loading combination: 'Unfactored total dead' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 1.64 1.25 -0.52 

B2 J8 -1.64 1.25 0.52 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored imposed' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 0.58 0.33 -0.19 
B2 J8 -0.58 0.33 0.19 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored notional' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 0.00 0.00 0.00 
B2 J8 0.00 0.00 0.00 

Reactions - Linear elastic analysis

Loading combination: 'Unfactored Wind Uplift' of combination set: 'BS5950-1'

Base Joint Horizontal Vertical Moment

kN kN kN.m

B1 J6 -1.26 -0.71 0.41 

B2 J8 1.26 -0.72 -0.41 
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Beam - RidgeBea - Simple construction       

                  250x100x5.0HF-RHS S355     Ply= 5.0 mm. Py= 355 N/mm2.

                  Bending about x-x axis

Summary of results.             Unity    Verdict     Comment

Final stage

Dead + Imposed                          

  Capacity                       0.23  -- Passed --                            

  LT Buckling                          -- N/A    --                            

Unfactored dead                         

  Deflection                     0.33  -- Passed --                            

Unfactored imposed                      

  Deflection                     0.05  -- Passed --                            

Ultimate Wind                           

  Capacity                       0.07  -- Passed --                            

  LT Buckling                          -- N/A    --                            

Unfactored Wind                         

  Deflection                     0.12  -- Passed --                            

Overall                                -- Passed --   

Detailed calculations.

--------------------------------------------------------------------------------

Final stage.

--------------------------------------------------------

Combination - Dead + Imposed                                                    

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Plastic             b/t=17.0  d/t=47.0                          

  1.2 Zx     =    251 cm3.                                      

Shear capacity

  Fv         =    12.66 kN.

  Pv         = 0.6 Py.Av           =   513.20 kN.    Unity = Fv/Pv =  0.02 pass

Moment capacity with low shear

  M          =    20.89 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    88.94 kN.m.  Unity = M/Mc  =  0.23 pass

--------------------------------------------------------

Combination - Unfactored dead                                                   

Applied deflection limit Span/200  

             =  33.0 mm.

Maximum deflection
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             =  10.8 mm.  @  3.300 m.                        Unity =  0.33 pass

--------------------------------------------------------

Combination - Unfactored imposed                                                

Applied deflection limit Span/220  

             =  30.0 mm.

Maximum deflection

             =   1.6 mm.  @  3.300 m.                        Unity =  0.05 pass

--------------------------------------------------------

Combination - Ultimate Wind                                                     

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Plastic             b/t=17.0  d/t=47.0                          

  1.2 Zx     =    251 cm3.                                      

Shear capacity

  Fv         =     3.51 kN.

  Pv         = 0.6 Py.Av           =   513.20 kN.    Unity = Fv/Pv =  0.01 pass

Moment capacity with low shear

  M          =     5.79 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    88.94 kN.m.  Unity = M/Mc  =  0.07 pass

--------------------------------------------------------

Combination - Unfactored Wind                                                   

Applied deflection limit Span/220  

             =  30.0 mm.

Maximum deflection

             =   3.5 mm.  @  3.300 m.                        Unity =  0.12 pass
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Beam - Gable    - Simple construction       

                  114.3x3.6 HF-CHS S355      Ply= 3.6 mm. Py= 355 N/mm2.

                  Bending about x-x axis

Summary of results.             Unity    Verdict     Comment

Final stage

Ultimate Wind                           

  Capacity                       0.34  -- Passed --                            

  LT Buckling                          -- N/A    --                            

Unfactored Wind                         

  Deflection                     0.67  -- Passed --                            

Overall                                -- Passed --   

Detailed calculations.

--------------------------------------------------------------------------------

Final stage.

--------------------------------------------------------

Combination - Ultimate Wind                                                     

Section classification             3.5 and Table 11

  Epsilon    = 0.880

  Class      = Compact             D/t=31.8                                    

  1.2 Zx     =     40 cm3.                                      

Shear capacity

  Fv         =     4.90 kN.

  Pv         = 0.6 Py.Av           =   160.00 kN.    Unity = Fv/Pv =  0.03 pass

Moment capacity with low shear

  M          =     4.90 kN.m.                                 

  Mc         = 1.2 Zx.Py           =    14.31 kN.m.  Unity = M/Mc  =  0.34 pass

--------------------------------------------------------

Combination - Unfactored Wind                                                   

Applied deflection limit Span/180  

             =  22.2 mm.

Maximum deflection

             =  14.8 mm.  @  2.000 m.                        Unity =  0.67 pass

South Lincs Consulting
10 Bear Lane, Pinchbeck

Lincs PE11 3XA

T: 01775 769563

E: enquiries@southlincsconsulting.com

Printed : 08/05/2018 Sheet : 51

Project : 18-0054 File : Gable

Title : Michael Hormann

  Falmouth Town Council

  Gable Posts

Designed : AK Checked : SK

Quikbeam - Steel and Composite design Release 4.30

\\
N

ew
se

rv
er

\q
u

ik
so

ft
\P

R
O

JE
C

T
S

\1
8

-0
0

5
4

\G
ab

le
.q

b



18-00054

52

AK

SK

MAY2018

Falmouth Town

Council

Kimberley Park

Community Stage

Falmouth, Cornwall

Ref No.

Sheet

By

Ckd.

Date

SOUTH LINCS CONSULTING
10 Bear Lane

Pinchbeck

Spalding

Lincs

PE11 3XA

T :01775 769 563

F :01775 710 758

E :enquiries@southlincsconsulting.com

W : www.southlincsconsulting.com



18-00054

53

AK

SK

MAY2018

Falmouth Town

Council

Kimberley Park

Community Stage

Falmouth, Cornwall

Ref No.

Sheet

By

Ckd.

Date

SOUTH LINCS CONSULTING
10 Bear Lane

Pinchbeck

Spalding

Lincs

PE11 3XA

T :01775 769 563

F :01775 710 758

E :enquiries@southlincsconsulting.com

W : www.southlincsconsulting.com



18-00054

54

AK

SK

MAY2018

Falmouth Town

Council

Kimberley Park

Community Stage

Falmouth, Cornwall

Ref No.

Sheet

By

Ckd.

Date

SOUTH LINCS CONSULTING
10 Bear Lane

Pinchbeck

Spalding

Lincs

PE11 3XA

T :01775 769 563

F :01775 710 758

E :enquiries@southlincsconsulting.com

W : www.southlincsconsulting.com


	TITLE.pdf
	02.pdf
	Sheets and Views
	layout01-A4 Landscape


	02A.pdf
	Sheets and Views
	layout01-A4



	Layouts.pdf
	Sheets and Views
	Slc_layout-A1 Landscape
	Slc_layout-A1 Portrait
	Slc_layout-A2
	Slc_layout-A3
	Slc_layout-ALL
	Slc_layout-Columns
	Slc_layout-Truss Section
	Slc_layout-Trusses
	Slc_layout-A4 Conn 01
	Slc_layout-A4 Conn 002
	Slc_layout-A4 Conn 003


	Slc_layout.pdf
	Sheets and Views
	Slc_layout-A4 Conn 003





