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1 Notes

10.

11.

12.

13.

14.

15.

16.

17.

18.

The Building Contractors will need to, and must check all dimensions of openings on site prior to ordering steel, as we will
not be held responsible for any incorrect lengths that are ordered.

Beams are designed to be the most economical size for the loading imposed in most cases, not for the thickness of wall
above. It is therefore the contractor’s responsibility to ensure that the load is correctly supported above the beam with a
plate or other method.

The design is for the support Beam only and we are not responsible for ensuring the adequacy of any foundations beneath
the supporting wall. This will generally the responsibility of the Building Contractor to open up areas for the Building Inspector

to verify. If we have to confirm foundation adequacy which is over and above the design an extra charge will be levied.

Should the length of the beams be revised by the client or the Building Contractor after we have completed our design which
results in a redesign we reserve the right to charge again for all redesign works.

All dimensions used for design are clear openings only. Add a minimum 150mm bearing length to each end of beam unless

otherwise stated for actual beam length when ordering beams

The designs are based on domestic loads only unless otherwise stated.

Changes to all drawings are at client’s instructions. All drawings should be checked for accuracy and should not be scaled
from. Any discrepancy should be immediately informed to Allcott Associates.

The design is for the steel beams only, not the foundation or additional width support on the beam for the wall or other above
the beam.

This design does not mean that any other part of the building or than the beam itself complies with current building regulations
and this should be checked with the local authority.

Unless otherwise stated pad stones should be proprietary precast C35 concrete 450mm long by 225 deep and 100mm wide.
Designs are based on client’s instructions. If these are given incorrectly by the client and the design beam is not correct for
the opening, this will not the responsibility of this company. We reserve the right to charge again for any re-inspection and
subsequent re-design.

The design will be based on the information including any drawings provided. Any opening up of areas will be the
responsibility of the client. Any areas that are not opened up and are subsequently found not be as informed to us by the
Client and requires either a re-visit or re-calculation will be charged again.

The scope and any limitations to miscellaneous services will be agreed with you before commencing.

Should the configuration of the building change after the design of the beams which subsequently affect Part A of the Building

regulations, which requires re-calculation and a revisit then this will be charged again.

It is the responsibility of the Building Contractors to ensure that all walls for the support of the beams are adequate for the
correct support of the beams.

These calculations are for the sole use of the person instructing the design and cannot be passed to a third party without
the consent of Allcott Associates as the content will not be guaranteed to be correct as to when the report was transferred.

These calculations are only valid for 6 months from the date of the survey as codes of practice change. If the practical works

are commenced within that period you should check that the calculations are still valid.

All beams to be finished with red oxide paint and correctly fire protected.
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FOR DESIGN

QT 5

Factor of Safety Steel and Concrete 1.4 (Dead Load) + 1.6 (Imposed Load) + 1 0 (Other)
(To BS5628 )

Factor of Safety Timber 1.0 (Dead Load) + 1.0 (Imposed Load) + 1.0 (Other)

(To BS5628 )

Allowable Deflection 3 = Span / 360

Consider all Beams Un-Restrained
All Loadings to EN 1991 1 -4
Please note

Beams are designed for Clear openings. Add the bearing length either side for the actual beam length
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Beams are designed for Clear openings. Add the bearing length either side for the actual beam length
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Beams are designed for Clear openings. Add the bearing length either side for the actual beam length
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3 Rights of Originator
We reserve the right to refuse copies of the report to any third party (other than those
named above). We also reserve the right to amend our opinions in the event of

additional information being made available at some future date. The Contracts (Rights

of Third Parties) Act 1999 shall not apply to this agreement.

END OF REPORT

James Bodicoat MEng CEng MICE MistructE

For and on behalf of Allcott Associates LLP

SE24/v2/28/05/2015
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Appendix A

Dead Loads
225mm Solid Wall

250mm Cavity Wall

100mm Solid Wall

Tiled Roof

1st Floor

Flat roof
Ceiling
Slate Roof

Imposed Loads

SE24/v2/28/05/2015

9"Brickwork

Plaster

102 Brick
100 Block

Plaster

4”"Brick

Plaster

Tiling/Battens/Felt
Timber

Ceiling/Insulation

Floor joists, boarding
Finishes
Ceiling

Miscellaneous

Timbers / Felt Etc
Plasterboard / Plaster
Slates/ Bath/ felt
Timber

Ceiling / Insulation

1st Floor
Flat Roof (no access)
Pitched Roof

4.73 KN/m2
0.20 KN/m2
4.93 KN/m?

2.10 KN/m?
1.35 KN/m?
0.20 KN/m?
3.65 KN/m?

2.10 KN/m?
0.20 KN/m?2
2.30 KN/m?

0.67 KN/m2
0.30 KN/m?
0.20 KN/m?
1.17 KN/m?

0.305 KN/m?2
0.050 KN/m?2
0.20 KN/m?
0.15 KN/m2
0.705 KN/m?

0.42 KN/m?
0.21 KN/m?
0.28 KN/m?
0.30 KN/m?
0.20 KN/m?
0.78 KN/m?

1.50 KN/m?
0.75 KN/m2
0.75 KN/m2
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Unit 3, The Fosse Calcs for Start page no./Revision
Fosse Way, Radford Semele Masonry Support Beam 1
Warwickshire, CV31 1XN Calcs by Calcs date Checked by Checked date Approved by Approved date
DJA 08/08/2019
Apseﬁo\ e B\
STEEL MASONRY SUPPORT \
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 1.0.04
l4———100———p¢—50—b{4—50—bla—— 100——bf
% T
A y = mitd
‘ vy
50— bl 100—p| ‘
Steel member details
Torsion beam UB 254x146x37
Masonry support plate User
Steel grade of support plate S275

Design strength of support plate
Modulus of elasticity

Constant

Length of plate beyond beam

Total length of plate

Thickness of plate

Width of main beam

Area of plate

Distance from weld position to CoG

Supported materials detail

Density of masonry on main beam

Width of masonry on main beam

Height of masonry on main beam

Eccentricity of main beam material

Add dead force main beam (not from masonry)
Add live force main beam (not from masonry)
Density of masonry on support beam

Width of masonry on support beam

Height of masonry on support beam

pysb = 275 N/mm?

E = 205000 N/mm?

& = V(275N/mm?2 / pysp) = 1.000

Ih =150 mm

Ipiate = 285 mm

tso = 8 mm

Bmb = 146 mm

Asbu = tsp X lpiate = 2280.0 mm?2
Cyysb = I/ 2 - (Ipiate - In) / 2 =7 mm

pmmb = 20.0 kN/m?3
bmmb = 100 mm
hmmb = 134 mm
emb = 50 mm
PGaddmb = 2.9 KN/m
Paaddmb = 1.9 kN/m
pmsb = 20.0 kKN/m3
bmsb = 100 mm
hmso =400 mm
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Add dead force support beam (not from masonry)
Add live force support beam (not from masonry)

Geometry

Cavity width

Supported width of masonry

Biaxial stress effects in the plate (SCI-P-110)
Maximum overall bending moment

Dist to NA combined section (CoG torsion beam)
Second moment of area of combined section
Elastic section modulus of combined section
Section modulus of plate

Eccentricity of support beam masonry

Force of masonry on support plate

Bending at heel

Moment capacity of plate

Longitudinal stress due to overall bending
Constant relating to Von Mises curve
Transverse bending stress ratio limit
Transverse bending stress ratio

Deflection at toe

Unfactored force on support angle

Distance from weld to load position

Length of load resultant to edge of plate

Dist from weld to load position as ratio of length
Effective second moment of inertia

Deflection at toe

Deflection limit

PgGaddsb = 0.0 KN/m
Paqaddsb = 0.0 kN/m

¢ =100 mm
dm = Inh + emp - ¢ =100 mm

Mx = 21.7 kKNm
Yeal = (Dmb + tsb) X Asbu/ (2 X (Amb + Asbu)) = 43 mm
Iaxall = (Ioanb + Amb X Ye,ani?)+ Asou X (Dmb / 2 + tsp / 2 - Yean)? = 8215 cm*
Zxxal = lal / (Dmb / 2 + tsp - Ye,ar) = 883.47 cm?®
Zxxpiate = 1M x tsb? / (6 x 1m) = 10.67 cm3/m
er =100 mm
P1 = (bmsb X hmsb X pm,sb + PGaddsb) X Y16 + Paaddsb x yra = 1.1 kKN/m
My plate = P1 x €1 = 0.1 kNm/m
Mec = 1.2 x Zxpiate X Pysb = 3.5 KNm/m
PASS - Design strength exceeds stress at heel

1= Mx/ Zxxall = 24.5 N/mm?2
Cip = (4 x pysb? - 3 x 619)°% = 548.4 N/mm?
ous = (Crp? - 612) / (2 x Cip X Pysb) = 0.995
as = Mxplate / Mc = 0.032

PASS - Transverse bending stress ratio less than allowable limit

PisLs = bmsb X hmsb X pmsb + PGaddsb + Paaddsb = 0.8 kN/m
am =e1 =100 mm
bm =Ih-e1=50 mm
ar=am/ (am + bm) = 0.667
left_def = tso® / 12 = 42667 mm?*/m
8= (aP x (3-aj)/6) x (Pists x (am + bm)®) / (Essoso x letr_der) = 0.05 mm
Sim = 2.00 mm
PASS - Deflection is within specified criteria

Weld details - assume a full length weld and that the plate acts as a propped cantilever with the prop at the weld
position and the fixed end at the centre of the torsion beam

Leg length of weld

Throat size of weld

Shear force at weld position

Maximum possible force in plate
Longitudinal shear between beam and plate
Horizontal shear between beam and plate
Resultant weld force

Strength of weld (Table 37)

Capacity of full length weld

Torsional loading ULS
Loading of support beam masonry
Loading of main beam masonry

Sweld = 6 mm
aweld = 1N(2) x Sweid = 4.2 mm
Ra =P1x maX((1+ (3 xe1) /(2 x Bmb/2)), 1.4) = 3.4 kN/m
Rp = (In + Bmb) x tsb x pysb = 652.1 kN
Ri=2xRp/L=303.3 kN/m
Rh=P1xe1/ (sweid/ 2 +tsv/ 2) = 16.0 KN/m
Rwed = (Ra2 + R2 + Rn?)%5 = 0.304 kKN/mm
pweld = 220.0 N/mm?
Peweld = aweld X Pweld = 0.933 KN/mm
PASS - Capacity of weld exceeds resultant force on weld

W1uLs = (Pmsb X Dmsb X pm,sb + PGaddsb) X viG + Paaddsb x yia = 1.12 KN/m

W2uLs = (hmmb X bmmb X pm,mb + Pcaddmb) X Y16 + Paaddmb x yia = 7.49 KN/m
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Self weight of support beam wauLs = Asbu X psb X yic = 0.25 KN/m
Torsional loading SLS
Loading of support beam masonry WisLs = hmsb X bmsb X pmsb + Pcaddsb + Paaddsb = 0.80 KN/m
Loading of main beam masonry W2sLs = hmmb X bmmb X pmmb + Pgaddmb + Pqaddmb = 5.08 KN/m
Self weight of support beam WasLs = Asbu X psb = 0.18 kN/m
Eccentricities
Distance to shear centre of main beam eomb = 0 mm
Eccentricity of support beam masonry €1mb = (Bmb + bmsb) / 2 + € - €mb = 173 mm
Eccentricity of main beam masonry e2mb = (Bmb - bmmb) / 2 - €mp = -27 mm
Eccentricity of support beam €3mb = Bmb / 2 + Cyysb = 81 mm
Torsional effects
Applied torque (ULS) Taquts = abs(WiuLs x €1mb + WauLs X €2mb + WauLs X €3mb) = 0.01 KNm/m
Total torque (ULS) Tq = Tques x L = 0.06 kKNm
Applied torque (SLS) Tgsts = abs(WisLs x €1mb + WasLs X €2mb + WasLs X €3mb) = 0.02 KNm/m
Total torque (SLS) Tqu = Tests x L = 0.07 kNm

STEEL BEAM TORSION DESIGN

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 2.0.02

Section details

Section type UB 254x146x37

Steel grade S275

Design stength pyw = py = 275 N/mm?

Constant & = V(275 N/mm? / py) = 1.000
Geometry - Beam unrestrained against lateral-torsional buckling between supports.
Effective span L =4300 mm

Length of segment for LT buckling Lir =5000 mm

Compression flanges laterally restrained
Both flanges free to rotate on plan
Effective length for LT buckling Le_tt = Lir x 1.0 = 5000 mm

Loading - Torsional loading comprises only full-length uniformly distributed load(s)

internal forces & moments on member under factored loading for uls design

Applied shear force Fvw =20.2 kN
Maximum bending moment MLt = Mx = 21.67 kNm
Applied torque Tq=0.06 kNm

Minor axis bending moment My =0 kNm
Compression force Fc=0kN

Equivalent uniform moment factors
EUM factor (Cl. 4.3.6.6 and T18) mur = 1.000

Torsional deflection parameters

Beam is torsion fixed and warping free at each end. (as defined in SCI-P-057 section 2.1.6) - Appendix B case 4
Dist along the beam for first derivative of twist z1=0mm

Dist along the beam for second derivative of twist z2=L/2=2150 mm
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First derivative of angle of twist

Third derivative of angle of twist

Angle of twist

Second derivative of angle of twist

Design parameters
Total angle of twist
First derivative of ¢
Second derivative of ¢
Third derivative of ¢

Section classification

Shear capacity (parallel to y-axis)
Design shear force
Design shear resistance (Cl. 4.2.3)

Moment capacity (x-axis)

Design bending moment

Moment capacity

Moment capacity low shear (Cl. 4.2.5.1)

Lateral torsional buckling
Effective length for lateral torsional buckling
Slenderness ratio

Buckling parameter

Flange ratio

Torsional index

Slenderness factor

Ratio - c1 4.3.6.9

Equvalent slenderness — cl 4.3.6.7
Limiting slendernes — Annex B2.2
Euler stress

Perry factor

Bending strength
Buckling resistance moment

$1=Tq/(GxJ)xallLx[L2/@xa)x(1/L-2xz1/L?)+
sinh(z1/ a) - tanh(L / (2 x a)) x cosh(z1 / a)] x 1 rads = 1.14x10"?
rads/m

"1 =Tq/ (G x J x @?) x all x [sinh(z1 / a) - tanh(L / (2 x a)) x
cosh(z1 / a)] x 1 rads = -8.82x10* rads/m?3

d2=Toxal/(GxJ)xalLx[L2/(2xa?) x (z2/L-22?/L?%+
cosh(z2/ a) - tanh(L / (2 x a)) x sinh(z2/ a) - 1] x 1 rads = 0.002 rads

$"2=Tq/ (G xJxa)xall x[cosh(za/a) -tanh(L /(2 x a)) x
sinh(z2/ a) - 1] x 1 rads = -7.58x10 rads/m?

¢ = abs(¢2) = 0.002 rads

¢' = abs(¢'1) = 1.14x10-3 rads/m
o" = abs(¢"2) = 7.58x10* rads/m?
o" = abs(¢™1) = 8.82x10 rads/m?®

b/T=6.7
d/t=34.8
ris = min( 1.0, max(-1.0, Fe/ (d x t x pyw ))) = 0.000
r2s = Fe / (Ag x pyw) = 0.000
Section classification is plastic

Fvy =20.2 kN
Pw=0.6 x pyx Ay= 266.1 kN
Pass - Shear

Mx = 21.7 kNm
Moxu = py x Sx = 132.9 kKNm
Mex = min(py x Sx, 1.2 x py x Zx) = 132.9 kNm
Pass - Moment capacity exceeds design bending moment

Le_Lt =5000 mm
A=Llev/ry=144

u=0.890

n=0.5

x =24.3

v=1/(1+0.05x%x(\L/x)?)°2?°=0.78
w=1.0=1.000

MT=UX VXA V(Bw) =99

Mo = 0.4 x V(n2x Esseso / py) = 34

pe = n2 x Esseso / ALt? = 205 N/mm?

nur = max(7.0 x (ALt - Ao) / 1000, 0) = 0.455

dLtT = (py + (nur + 1) x pe) / 2 = 286606886.137
Po = pe x Py / (L1 + V(OLr - pe x py)) = 126 N/mm?
Mb = pb x Sx = 60.9 KNm
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Max moment governing buckling resistance Mir = 21.7 kNm
Equiv uniform moment factor for LTB mer = 1.00

Mo / mir = 60.9 KNm
Pass - lat, tors. buckling

Buckling under combined bending & torsion -SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Span factor L/a=3.57

Angle of twist ¢ = 0.002 rads

Second derivative of ¢ ¢" = 758.x10° rads/m?

Induced minor axis moment Myt=Mxx ¢/ 1rad =0.03 kNm

Normal stress at flange tip due to My oyt =Myt / Zy = 0 N/mm?

Normal stress at flange tip due to warping ow = Esseso x Who x ¢" /1 rad = 1 N/mm?

Interaction index io = My x mur / Mo + (Goyt + ow) / py x (1 + 0.5 x My x mit / Mp) = 0.36

Pass - Combined bending and torsion check satisfied

Local capacity under combined hending & torsion
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Max. direct stress due to My obx = Mx / Zx = 50 N/mm?
Combined stress - eqn 2,22 Obx + oyt + ow = 52 Nfmm?
Design strength py = 275 N/mm?

Pass - Local capacity

Combined shear stresses - SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum shear stresses due to each of the separate load effects,
even though these do not necessarily all occur at the same section along the member.

Max shear stresses due to bending in web Tow = Fuy x Qu/ (Ixx t) = 14 N/mm?

Max shear stresses due to bending in flange Tof = Fuy x Qe / (Ix x T) = 3 N/mm?

Max shear stresses due to torsion in web w = abs(G x t x ¢' / 1rad) = 1 N/mm?

Max shear stresses due to torsion in flange = abs(G x Tx ¢'/1rad) =1 N/mm?

Max shear stresses due to warping in flange Twt = abs( -Esseso x Swi x ¢/ 1 rad / T) = 0 N/mm?
Amp shear stress torsion & warping in web Tvw = Tow X {1 + 0.5 x My x mur/ Mp) = 1 N/mm?
Amp shear stress torsion & warping in flange Tt = (ttr + Twt) x (1 + 0.5 x My x mur/ Mb) = 1 N/mm?

Combined shear stresses due to bending, torsion & warping:

Combined shear stresses in web Tw = Tow + Tvw = 15 N/mim?
Combined shear stresses in flange = o + v = 4 N/imm?
Shear strength pv= 0.6 x py = 165 N/mm?

Pass - Combined shear stresses
Twist check
Total applied torque (unfactored) Tou = 0.07 kNm
Maximum twist under sis loading dsis = ¢ x Tqu/ Tq = 0.11 deg
Twist limit dim = 1.00 deg

Pass - Twist

Deflection
Maximum y-axis deflection Sy_max = 2.5 mm

Deflection limit - cl. 2.5.2 Sim = min(L/ ks, dtim_abs) = 3.0 mm
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STEEL COLUMN DESIGN

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

annex

Design summary

Tedds calculation version 1.1.04

Description Unit Provided Required Utilisation |Result
Shear resistance (y-y) kN 341 40 0.119 PASS
Axial compression kN 1180 27 0.023 PASS
Bending resistance (y-y) |kNm 48 43 0.901 PASS
Combined bending & axial kNm 48 43 0.901 PASS
Buckling in compression kN 1029 27 10.026 |PASS
Buckling in bending [kNm 148 143 10.901 PASS
Combined buckling | | \ 10.938 |PASS
Partial factors - Section 6.1

Resistance of cross-sections ymo =1

Resistance of members to instability ymr =1

Resistance of cross-sections in tension to fracture ym2 = 1.1

T

120

120

A

Column details
Column section
Steel grade

Yield strength
Ultimate strength
Modulus of elasticity
Poisson’s ratio
Shear modulus
Column geometry

System length for buckling - Major axis
System length for buckling - Minor axis

SHS 120x120x10.0 (Tata Steel Celsius)

Section depth, h, 120 mm

Section breadth, b, 120 mm

Mass of section, Mass, 33.7 kg/m

Section thickness, t, 10 mm

Area of section, A, 4293 mm2

Radius of gyration about y-axis, iy, 44.555 mm

Radius of gyration about z-axis, i,, 44.555 mm

Elastic section modulus about y-axis, W, ,, 142025 mm?3
Elastic section modulus about z-axis, W, ,, 142025 mm3
Plastic section modulus about y-axis, Wp, ¥ 175159 mm?3
Plastic section modulus about z-axis, W, ,, 175159 mm3
Second moment of area about y-axis, Iy, 8521473 mm*
Second moment of area about z-axis, |, 8521473 mm*

SHS 120x120x10.0

S$275

fy = 275 N/mm?
fu = 410 N/mm?
E =210 kN/mm?2
v=0.3
G=E/[2x (1+v)] =80.8 kN/mm?2

Ly = 2500 mm
Lz =2500 mm
The column is not part of a sway frame in the direction of the minor axis
The column is not part of a sway frame in the direction of the major axis
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Column loading

Axial load

Major axis moment at end 1 - Bottom
Major axis moment at end 2 - Top

Minor axis moment at end 1 - Bottom
Minor axis moment at end 2 - Top

Major axis shear force
Minor axis shear force

Neda = 27 kN (Compression)

Myedar = 43.4 KNm

Myedg2 = 43.4 KNm

Major axis bending is single curvature
Mzed1 = 0.0 KNm

Mzeaz = 0.0 KNm

Vyed = 40 kN
Vzea = 0 kN

Buckling length for flexural buckling - Major axis

End restraint factor
Buckling length

K, = 1.000
Lery = Ly x Ky = 2500 mm

Buckling length for flexural buckling - Minor axis

End restraint factor
Buckiing length

Web section classification (Table 5.2)
Coefficient depending on fy

Depth between fillets

Ratio of ¢/t

Length of web taken by axial load

For class 1 & 2 proportion in compression
Limit for class 1 web

Flange section classification (Table 5.2)
Depth between fillets
Ratio of ¢/t

Limit for class 1 flange
Limit for class 2 flange
Limit for class 3 flange

Overall section classification

Resistance of cross section {cl. 6.2)
Shear - Major axis (cl. 6.2.8)

Design shear force

Shear area

Plastic shear resistance

Compression (cl. 6.2.4)
Design force

K. =1.000
Ler z = Lz x Kz = 2500 mm

e = V(235 N/mm? / f,) = 0.924
cw=h-3x1=90.0 mm
ratiow = cw /1= 9.00
lw = min(Neq / (2 x fy x t), cw) =4.9 mm
o = (cw/2 + W/2) | cw = 0.527
Limitiw = (396 x &) / (13 x o - 1) = 62.53
The web is class 1

cr=b-3xt=90.0 mm
ratior= ¢t /t = 9.00

Limitsr = 33 x £ = 30.51
Limiter = 38 x ¢ = 35,13
Limitsf = 42 x ¢ = 38.83
The flange is class 1

The section is class 1

Vyed = 40.4 kN
Aw=Axh/(b+h)= 2146 mm?
Voiy.rd = Av x (fy 7 V(8)) / ymo = 340.8 kN
Vyed/ Vplyra = 0.119
PASS - Shear resistance exceeds the design shear force
Viga <= 0.5xVp1y,ra - No reduction in fy required for bending/axial force

Ned = 27 kN
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Design resistance

Bending - Major axis (cl. 6.2.5)
Design bending moment
Section modulus

Design resistance

Combined bending and axial force (cl. 6.2.9)
Ratio design axial to design plastic resistance
Ratio web area to gross area

Ratio flange area to gross area

Bending - Major axis (cl. 6.2.9.1)
Design bending moment

Plastic design resistance

Modified design resistance

Ncrd = Npird = A x fy / ymo = 1180 kN
Ned / Nera = 0.023

PASS - The compression design resistance exceeds the design force

My.ed = max(abs(My,ed1), abs(Myedz)) = 43.4 KNm
Wy = Wpiy = 175.2 cm?®
Meyrd = Wy x fy / ymo = 48.2 kNm
My.ed / Mcy,rd = 0.901
PASS - The bending design resistance exceeds the design moment

n = abs(Ned) / Npira = 0.023
aw=min(0.5, (A-2 x b x t) / A) = 0.441
ar=min(0.5, (A-2x hxt)/A)=0.441

My,ed = max(abs(My,eda1), abs(Myed2)) = 43.4 kNm

Mply,Rd = Wiy x fy / ymo = 48.2 kNm

Mny,Rd = Mplyrd x min(1, (1-n)/(1-0.5 x aw)) = 48.2 kNm
My,ed / Mn,y,rd = 0.901

PASS - Bending resistance in presence of axial load exceeds design moment

Buckling resistance (cl. 6.3)

Yield strength for buckling resistance
Flexural buckling - Major axis
Elastic critical buckling force
Non-dimensional slenderness
Buckling curve (Table 6.2)
Imperfection factor (Table 6.1)
Parameter ©

Reduction factor

Design buckling resistance

Flexural buckling - Minor axis
Elastic critical buckling force
Non-dimensional slenderness
Buckling curve (Table 6.2)
Imperfection factor (Table 6.1)
Parameter ®

Reduction factor

Design buckling resistance

Minimum buckling resistance
Minimum buckling resistance

fy = 275 N/mm?

Nery = 7% x E x Iy / Ler y? = 2826 kN
%y = V(A x fy / Nery) = 0.646
a
oy =0.21
®y=0.5x[1+o0yx( Ay-0.2)+ 1,2 =0.756
xy = min(1.0, 1/ [®y + V(@2 - A,?)]) = 0.872
Nbyrd =y x A x fy /ym1 = 1028.8 kN
Ned / Nb,y,ra = 0.026

PASS - The flexural buckling resistance exceeds the design axial load

Nerz =12 x E x I / Ler 22 = 2826 kN
Xz = V(A x fy / Nerz) = 0.646
a
oz = 0.21
©;=0.5x[1+0zx( Az-0.2) + 12 = 0.756
xz = min(1.0, 1/ [@z + V(@22 - A2)]) = 0.872
NbzRd =%z x Ax fy /ym1 =1028.8 KN
Ned / Nb,zrd = 0.026

PASS - The flexural buckling resistance exceeds the design axial load

Nb,rd = Min(Nb,y,Rd, Nbzrd) = 1028.8 kN
Ned / Nb,rd = 0.026

PASS - The axial load buckling resistance exceeds the design axial load
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Buckling resistance moment (cl.6.3.2.1)
Square hollow section not subject to lateral torsional buckling therefore:-

Reduction factor xer=1.0
Design buckling resistance moment Mo.ra = %1t x Wy x fy / ym1 = 48.2 kNm
Design bending moment My.ea = max(abs(Myeq1), abs(Myga2)) = 43.4 KNm

Myed / Mb,ra = 0.901
PASS - The design buckling resistance moment exceeds the maximum design moment

Combined bending and axial compression (cl. 6.3.3)

Characteristic resistance to normal force Nrk = A x fy = 1180 kN
Characteristic moment resistance - Major axis Myrk = Wply x fy = 48.2 kNm
Characteristic moment resistance - Minor axis Mzrk = Wpiz x fy = 48.2 kNm

Yy = if(abs(Myea1)<=abs(Myed2), Myear / if(Mya2>=0 kNm,max(My,ed2,0.0001 kNm), My eq2), My.gaz / if(My ge1>=0
kNm,max(My,z41,0.0001 kNm),My.eq1)) = 1.000

Moment distribution factor - Major axis Wy = Myedt / Mygsz = 1.000

Moment factor - Major axis Cmy = max(0.4, 0.6 + 0.4 x yy) = 1.000

Moment distribution factor - Minor axis Yz = Mzed1 / Mzeaz = 0.000

Moment factor - Minor axis Cmz = max(0.4, 0.6 + 0.4 x yz) = 0.600

Moment distribution factor for LTB wir = Myedt / Myeaz = 1.000

Moment factor for LTB Cmur = max(0.4, 0.6 + 0.4 x yL1) = 1.000

Interaction factor kyy kyy = Cmy x [1 + min(0.8, Ay - 0.2) x Nea/ (xy x Nrk / ym1)] = 1.012

Interaction factor kzy kzy = 0.6 x kyy = 0.607

Interaction factor ksz kzz = Cmz x [1 + min(0.8, Az -0.2) x Neg / (32 x Nrk / ymn)] = 0.607

Interaction factor kyz kyz = 0.6 x kez = 0.364

Section utilisation URB_1 = Nea / (3ty x Nri / ym1) + kyy x Myga / Gt x Myrk / ym) + Kyz x Maga / (Mzgx / yn)
URs 1 =0.938

URs_2 = Ned / (yz x Nr / ym1) + kay x Myga / (xir x Myr / ym1) + kzz x Mzgd £ (Mzre 7 yai)

URs_2 = 0.573

PASS - The buckling resistance is adequate
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TIMBER RAFTER DESIGN (BS5268-2:2002)

12 degrees

Rafter details

Breadth of timber sections

Depth of timber sections

Rafter spacing

Rafter slope

Clear span of rafter on horizontal
Clear span of rafter on slope
Rafter span

Timber strength class

Section properties

Cross sectional area of rafter
Section modulus

Second moment of area
Radius of gyration

Loading details
Rafter self weight
Dead load on slope
Imposed load on plan
Imposed point load

Modification factors
Section depth factor
Load sharing factor

Consider long term load condition
Load duration factor

Total UDL perpendicular to rafter
Notional bearing length

Effective span

Check bending stress

Bending stress parallel to grain
Permissible bending stress
Applied bending stress

AP :>ex\C¥t % FES

TEDDS calculation version 1.0.03

b =47 mm

h =250 mm

s =400 mm

o =11.5 deg

Len = 4800 mm

La = Len / cos(a) = 4898 mm
Single span

C16

A =b x h=11750 mm?
Z=bx h?/6 = 489583 mm?
l=bxh3/12=61197917 mm*
r=(I/A)=72.2mm

Fi=b x h x penar X Gacc = 0.04 kN/m
Fa = 1.15 kN/m?

Fu = 0.75 kN/m?

Fp = 0.90 kN

K7 = (300 mm / h)°"" = 1.02
Ks =1.10

Kz =1.00

F = Fd x cos(a) x s + Fj x cos(a) = 0.486 kN/m
Lo =F x Lo/ [2 x (b x ocp1 x Kg - F)] =11 mm
Left = Lot + Lo = 4909 mm

om = 5.300 N/mm?
om_adm = om x Kz x K7 x Kg = 5.948 N/mm?
mmax = F x Lot / (8 x 2) = 2.989 N/mm?2
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Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Compression member factor
Permissible compressive stress
Applied compressive stress

PASS - Applied bending stress within permissible limits

oc = 6.800 N/mm?
Emin = 5800 N/mm?
Ki2 = 0.60
Oc_adm = 6c X K3 x Kg x K12 = 4.476 N/mm?
Oe_max = F x Lef x (COt(e) + 3 x tan(a)) / (2 x A) = 0.561 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = 12 X Emin / A2 = 12.373 N/mm?
Keu =1 — (1.5 x oc_maxx K12 / 5e) = 0.959

om_max / {(Om_adm X Keu) + 6c_max / Gc_adm = 0,649 < 1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection

Total deflection

Consider medium term load condition

Load duration factor

Total UDL perpendicular to rafter
Notional bearing length

Effective span

Check bending stress
Bending stress parallel to grain
Permissible bending stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Compression member factor
Permissible compressive stress
Applied compressive stress

1= 0.670 N/mm?
Tadm = T x Ka x Kg = 0.737 N/mm?
Tmax = 3 x F x Lef / (4 x A) = 0.152 N/mm?
PASS - Applied shear stress within permissible limits

Badm = 0.003 x Let = 14.727 mm
8o = 5 x F x Let* / (384 x Emean x [) = 6.820 mm
8s = 12 x F x Let? / (5 x Emean x A) = 0.272 mm
Omax = Op + 8s = 7.091 mm
PASS - Total deflection within permissible limits

Ka=1.25

F = [Fu x cos(a)? + Fu x cos{a)] x s + Fj x cos(a) = 0.774 kN/m
Lo=F x La/[2 x (b X Ocpt x Ks - F)] = 17 mm

Lett = Lo + Lb = 4918 mm

om = 5.300 N/mm?
om_adm = om X K3 x K7 x Kg = 7.435 N/mm?

— - 21 4/0 .. 7
Om max = I X Lett" 7 {OX L) =4, 0179 N/

— A PG Al T
LLALE

PASS - Applied bending stress within permissible limits

cc = 6.800 N/mm?
Emin = 5800 N/mm?
Ki2 = 0.56
Oc_adm = oc X K3 x Kg x K12 = 5,196 N/mm?
oc_max = F x Lerr x (cot(cr) + 3 x tan(a)) / (2 x A) = 0.894 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

oo =7 x Emin / A2 = 12.341 N/mm?
Keu =1~ (1.5 x 6c_maxx Kiz / O‘e) =0.940
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Combined axial compression and bending check  om_max / (Gm_adm x Keu) + 6c_max / 6¢_adm = 0.855 <1
PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain 1 = 0.670 N/mm?
Permissible shear stress Tadm = T X K3 x Kg = 0.921 N/mm?
Applied shear stress Tmax = 3 x F x Letr / (4 x A) = 0.243 N/mm?
PASS - Applied shear stress within permissible limits
Check deflection
Permissible deflection Sadm = 0.003 x Lest = 14.745 mm
Bending deflection b= 5 xF x Let* / (384 x Emean x 1) = 10.920 mm
Shear deflection 8s =12 x F x Let® / (5 x Emean x A) = 0.434 mm
Total deflection Smax = Op + 3s = 11.354 mm

PASS - Total deflection within permissible limits

Consider short term load condition

Load duration factor Ks =1.50

Total UDL perpendicular to rafter F = Fq x cos(a) x s + Fj x cos(a) = 0.486 kN/m

Notional bearing length Lo = [F x La + Fp x cos{a)] / [2 x (b x gept x Ks - F)] = 14 mm
Effective span Leff = La + Lo = 4913 mm

Check bending stress

Bending stress parailel to grain om = 5.300 N/mm?

Permissible bending stress Om_adm = om x Kz x K7 x Kg = 8.922 N/mm?

Applied bending stress om_max = FxLet?/(8xZ)+Foxcos(a)xLet/(4xZ) = 5.206 N/mm?

PASS - Applied bending stress within permissible limits

Check compressive stress parallel to grain

Compression stress parallel to grain o = 6.800 N/mm?

Minimum modulus of elasticity Emin = 5800 N/mm?

Compression member factor Ki2 = 0.52

Permissible compressive stress Gc_adm = oc X Ka x Kg x K12 = 5,781 N/mm?

Applied compressive stress oc_max = FxLex(cot(c)+3xtan(o))/(2xA)+Fpxsin(e)/A = 0.576 N/mm?

PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain
Euler stress ce = 12 x Emin / A2 = 12.353 N/mm?

Eular coefficient 174
lllll RVARAVER AT A B 1§ ey

=1~ (1 5 x Te_max X K'iZ ! Ge) =(.964

Combined axial compression and bending check  om_max / (Gm_adm x Keu) + G¢_max / Gc_adm = 0.705 <1
PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain = 0.670 N/mm?

Permissible shear stress Tadm = T x Kz x Kg = 1.106 N/mm?

Applied shear stress Tmax = 3 x F x Le / (4 x A) + 3 x Fp x cos(e) / (2 x A) = 0.265 N/mm?
PASS - Applied shear stress within permissible limits

Check deflection

Permissible deflection Sadm = 0.003 x Ler = 14.738 mm

Bending deflection Sb = Lei® x (5xFxLer / 384 + Fp xcos(ct)/ 48) / (Emean x ) = 10.887 mm

Shear deflection 8s = 12 x Let x (FxLett +2xFp xcos{a))/(5 x Emean x A) = 0.473 mm
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Total deflection

Smax = &b + 8s = 11.360 mm

PASS - Total deflection within permissible limits
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