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General Notes:

Calculations to be checked by Building Control Authority before work commences. Client to ensure all of
contractors’ works on site comply with and meet Approval of the relevant British Standards and the Local
Authority including Building Control and Planning Departments. All temporary works to be the responsibility
of the contractor and should be in accordance with BS 5975 to ensure temporary stability during the course
of the works.

Dimensions: Note that all dimensions shown on the calculations are indicative and have been used for
calculation purposes only. All dimensions should be checked prior to start of the works on site. It is the
responsibility of the client to notify the Engineer of any discrepancies. The same applies to the alignment
of walls and general layouts. All existing foundations and lintels to be exposed to verify suitability and to be
checked for adequacy and/or replaced or surrounded in 150mm concrete cover if necessary. Prior to
commencement a trial hole and /or soil report/investigation and an inspection of any trees in the areas
may be required.

Disclaimer

This document has been prepared in accordance with the scope of M? Civil and Structural Ltd.’s appointment with its client and is subject to the terms

of that appointment. It is confidential, addressed to and for the sole use and reliance of M? Civil and Structural Ltd.’s client. M? Civil and Structural Ltd.

Accepts no liability for any use of this document other than by its client and only for the purposes, stated in the document, for which it was prepared and

provided. No person other than the client may copy (in whole or in part) use or rely on the contents of this document, without the prior written permission

of a Director of M? Civil and Structural Ltd. Any advice, opinions or recommendations within this document should be read and relied upon only in the

context of the document as a whole. The contents of this document are not to be construed as providing legal, business or tax advice or opinion.
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Introduction:

The following design calculations are for the single storey extension at the sport Pavilion in Winterbourne,

Bristol.

Design Codes - Eurocodes:

BS EN 1990:
BS EN 1991:
BS EN 1992:
BS EN 1993:
BS EN 1994:
BS EN 1995:
BS EN 1996:
BS EN 1997:
BS EN 1998:
BS EN 1999:

Eurocode 0:
Eurocode 1:
Eurocode 2:
Eurocode 3:
Eurocode 4:
Eurocode 5:
Eurocode 6:
Eurocode 7:
Eurocode 8:
Eurocode 9:

M2 Civil and Structural Limited

“Basis of Structural Design”

“Actions on Structures”

“Design of Concrete Structures”

“Design of Steel Structures”

“Design of Composite Steel and Concrete Structures”
“Design of Timber Structures”

“Design of Masonry Structures”

“Geotechnical Design”

“Design of Structures for Earthquake Resistance”
“Design of Aluminium Structures”
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Loadings
Roof Loading (Pitched Roof)
Roof slope; A=5°
Dead Load
Metal sheeting; Roofpy = 0.15 kN/m?
Felt & Boarding; Roofp, = 0.05 kN/m?
Rafters; Roofps = 0.12 kN/m?
Insulation; Roofps = 0.05 kN/m?
Services; Roofps = 0.05 kN/m?
Plasterboard & Skim; Roofps = 0.15 kN/m?
Dead Load on slope; RoofpL_sroof = SUM(R00fp1,R00fp2,RO0fp3,R00fp4,RO0fDs,ROOFD6) = 0.570 kN/m?
Total Dead Load (on plan); RoofpL = Roofpy_sroof / COS(A) = 0.572 kN/m?
Imposed Load
Roof Imposed Load (on plan); Roofj1 = 0.60 kN/m?
Cavity Wall Loading
Dead Load
Masonry (Outer Leaf); CWp1 = 2.20 kN/m?
Insulation; CWh2 = 0.05 kN/m?
Masonry (Inner Leaf); CWh3 = 1.80 kN/m?
Plasterboard & Skim; CWpa = 0.15 kN/m?
Total Dead Load; CWopy = sum(CWp1,CWp2,CWp3,CWpa) = 4.20 kN/m?
Internal Blockwork Wall Loading
Dead Load
Masonry; 1Wp1 = 1.80 kN/m?
Plasterboard & Skim (both sides); IWp2 = 0.30 kN/m?
Total Dead Load; IWpL = sum(IWp1,IWp;) = 2.10 kN/m?
Stud Wall Loading
Dead Load
Stud; SWD;[ = 0.20 kN/I’]’]2
Plasterboard & Skim (both sides); SWp> = 0.30 kN/m?
Total Dead Load; SWopL = sum(SWp1,SWp2) = 0.50 kN/m?

M2 Civil and Structural Limited
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Beam B1 Design:
Loadings
UDL from Pitched Roof
Width of roof being carried; x1=3.7m
Dead Load; DL; =0.572 kN/m?2 x x1 = 2.116 kN/m
Imposed Load; IL; = 0.60 kN/m2 x x1 = 2.220 kN/m

B1 STEEL MASONRY SUPPORT (EN1993)

STEEL MASONRY SUPPORT

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

Tedds calculation version 1.0.05
Desigh summary

Overall design status; PASS
Overall design utilisation;  0.763

Description Unit Allowable Applied |Utilisation [Result
Heel moment kKNm/m 2.933 0.680 0.232 PASS
Deflection mm 1.8 0.9 0.486 PASS
Weld capacity kN/m 803.4 296.7 0.369 PASS
Shear force (major axis) kN 695.9 38.1 0.055 PASS
Bending (major axis) kNm 150.1 49.5 0.330 PASS
Bending (minor axis) kNm 67.5 0.1 0.001 PASS
Torsion resistance kNm 61.4 23 0.038 PASS
Plastic interaction 0.159 PASS
Torsion beam rotation deg 3.00 0.05 0.017 PASS
Torsion beam deflection mm 10.0 7.6 0.763 PASS

M2 Civil and Structural Limited
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Partial factors - Section 6.1
Resistance of cross-sections; ymo =1
Resist. of members to instability; ym1=1
Resistance of joints; ym2 =1.25
Partial factor for permanent action; ve = 1.35
Partial factor for variable action; Ya=1.50
Steel beam section details
Torsion beam section type; RHS 300x100x8.0
Nominal yield strength fy = fy1, = 275 N/mm?2
Nominal ultimate tensile strength fu = fuw = 410 N/mm?2
Masonry support section details
Section type; Plate 330x8(230)
Steel grade; User defined
Nominal thickness; thom,sb = tplate = 8 mm
Nominal yield strength; fy,sb = 275 N/mm?
Nominal ultimate tensile strength; fusb = 410 N/mm?
Modulus of elasticity; Esb = 210000 N/mm?
Total length of plate; lpiate = 330 mm
Length of plate beyond outer edge of torsion beam; Ih=230 mm

Supported materials detail
Density of masonry on torsion beam;  pm,ib = 20.0 kN/m?
Width of masonry on torsion beam; bm,w =100 mm

Height of masonry on torsion beam; hm,tb = 1400 mm

M2 Civil and Structural Limited
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Eccentricity of torsion beam masonry; €ioad,tb = 50 mm
Eccentricity of torsion beam material; ew=0mm
Add perm. force torsion beam (not masonry);  Giadd,tb = 2.1 KN/m
Add var. force torsion beam (not masonry); Qk,add,tb = 2.2 kN/m
Density of masonry on support beam; pm,sb = 20.0 kN/m?
Width of masonry on support beam;  bm,sb =100 mm
Height of masonry on support beam;  hm,s» = 1400 mm
Eccentricity of support beam masonry; eioad,sb = 180 mm
Geometry
Cavity width; bcavity = 130 mm
Supported width of masonry; dm = Inh + tshim + €tb - beavity = 100 mm
Biaxial stress effects in the plate (SCI-P-110)
Maximum overall bending moment; My,ed = 49.5 kNm
Dist to NA combined section (CoG torsion beam);  znaall = (hib + tplate) X Api / (2 X (At + Apt)) = 47 mm
Second moment of area of combined section;  Iy,ai = (lyto + Atb X Zna,ai?)+ Apl X (htb / 2 + tpiate / 2 - Zna,al)? = 10670 cm*

Elastic section modulus of combined section;  Zyai = lyai / (htb / 2 + tpiate - Zna,ai) = 958.21 cm?

Section modulus of plate; Zyplate = 1M X tpiate? / (6 x 1m) = 10.67 cm3/m
Force of masonry on support plate; F1 = (bm,sb X hm,sb X Pm,sb + Gk,add,sb) X Y6 + Qk,add,sb X Ya = 3.8 kKN/m
Bending at heel; My,ed,plate = F1 X €load,sb = 0.7 kKNm/m

Moment capacity of plate; My,Rrd,plate = Zy,plate X fy,sb / Ymo = 2.9 KNm/m

PASS - Moment capacity of plate exceeds applied moment

Longitudinal stress due to overall bending; 61=Myed / Zy,ai = 51.7 N/mm?
Constant relating to Von Mises curve; ¢ = (4 x fy,s? - 3 x 612)%° = 542.7 N/mm?
Transverse bending stress ratio limit;  ous = (cip? - 612) / (2 X ¢fp X fy,5b) = 0.978
Transverse bending stress ratio; ouis = My,ed,plate / My,Rd,plate = 0.232

PASS - Transverse bending stress ratio less than allowable limit

Deflection of plate

Unfactored force on support angle; Fiser = (bm,sb X hm,sb X Pm,sb + Gk,add,sb) + Qk,add,sb = 2.8 kN/m

Distance from weld to load position;  am = €load,sb = 180 mm

Length of load resultant to edge of plate; bm = Ih - €load,sb = 50 mm

Dist from weld to load position as ratio of length; ai=am/(am+bm)=0.783

Effective second moment of area; leff_def = tplate> / 12 = 42667 mm*/m

Deflection at end of plate; 8=(a? x (3 -ai) /6)x (Fiser X (@m + bm)3) / (Esb X leff_der) = 0.86 mm

Deflection limit; Siim = min((1 + dm / beavity) X Imm, 2mm) = 1.77 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

Shear force at weld position; Fa=F1x max((1 + (3 X €load,sb) / (2 X bw / 2)), 1.4) =24.2 kN/m

Maximum possible force in plate; Fo = (In + min(btb, lpiate - In)) X tplate X fy,sb = 726.0 kN

M2 Civil and Structural Limited
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Longitudinal shear between beam and plate; Fi=2xFp/L=279.2kN/m

Horizontal shear between beam and plate; Fh = F1 X €load,sb / (Sweld / 2 + tpiate / 2) = 97.2 kN/m
Resultant weld force; Fu,ed = (Fa% + Fi2 + Fn2)%5 = 296.7 kN/m

Leg length of weld;  Sweld = 6.00 mm

Throat thickness of weld; aweld =1/ \/(2) X Sweld = 4.24 mm

Length of weld per metre run; lweia = 1000 mm/m

Ultimate tensile strength used for weld;fuweid = min(fuss, fu,w) = 410.0 N/mm?

Correlation factor (table 4.1); pw=1.00

Design shear strength; fuw,d = fuweld / (V(3) x Bw X ym2) = 189.4 N/mm?

Design resistance of weld; Fw,rd = fuw,d X aweld = 803.4 kN/m

PASS - weld capacity exceeds applied force

Eccentricities
Distance to shear centre of torsion beam; eotb =0 mm
Eccentricity of support beam masonry; em,sb = €load,sb + bt / 2 =230 mm
Eccentricity of torsion beam masonry; em,w = bw / 2 - €load,tb = 0 mm
Eccentricity of support beam; ebsb = Casb + bn / 2 =115 mm
Eccentricity of torsion beam; epw=0mm
Torsional loading ULS
Loading of support beam masonry; Wsb = (Nm,sb X Bm,sb X pm,sb) X y6 = 3.78 kN/m
Loading of torsion beam masonry; Wib = (Nm,tb X Dm,tb X Pm,tb + Gk,add,tb) X Y6 + Qkadd,tb X Yo = 9.97 KN/m
Self weight of support beam;  Wsw,sb = Apl X Psec3 X gace X Y6 = 0.27 kN/m
Self weight of torsion beam;  Wsw,tb = Atb X Psec3 X 8ace X Y6 = 0.63 kN/m
Torsional loading SLS
Loading of support beam masonry; Wsb,ser = Nm,sb X Bm,sb X pm,sb = 2.80 kN/m
Loading of torsion beam masonry; Wib,ser = hm,tb X Bm,tb X Pm,tb + Gk,add,tb + Qk,add,tb = 7.14 kKN/m
Self weight of support beam;  Wsw,sb,ser = Apl X psecs X gace = 0.20 kN/m
Self weight of torsion beam;  Wsw,tb,ser = Atb X Psec3 X acc = 0.47 kN/m
Torsional effects
Applied torque (ULS); Ta,w = abs(Wsb X €m,sb + Witb X €m,tb + Wsw,sb X €b,sb + Wsw,tb X €b,tb) = 0.90 kKNm/m
Total torque (ULS);  Tda=Tdw x L=4.68 kNm
Applied torque (SLS); Td,w,ser = abs(Wsh,ser X €m,sb + Wib,ser X €m,tb + Wsw,sb,ser X €b,sb + Wsw,tb,ser X €b,tb) = 0.67 KNm/m

Total torque (SLS);  Td,ser = Td,w,ser X L =3.47 kNm

STEEL BEAM TORSION DESIGN (EN1993)

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

Tedds calculation version 1.0.05
Partial factors - Section 6.1
Resistance of cross-sections; Mo =1

Resistance of members to instability; ym1=1

M2 Civil and Structural Limited
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Section details
Section type; RHS 300x100x8.0 (Tata Steel Celsius (Gr355 Gr420 Gr460))
Steel grade; User defined
Nominal thickness of element; thom=t=8 mm
Nominal yield strength; fy =275 N/mm?
Nominal ultimate tensile strength; fu=410 N/mm?
Modulus of elasticity; E =210000 N/mm?
Shear centre
Distance between flange shear centres hs=h -t =292.0 mm
Shear centre (above bottom flange centroid);  espf=hs/2 =146.0 mm
Torsional section modulus
Perimeter length; p=2x(h-t)+(b-t))-2x1.25xtx(4-7x)=751mm
Area enclosed by mean perimeter; Ap=(h-t)x(b-t)-(1.25x t)?> x (4 - ) = 26778 mm?
Torsional section modulus; We=1/(t+2xAp/p)=387 cm?
Analysis results
Design bending moment - major axis; My,ed = 49.5 kNm
Design shear force - major axis; Vy,ed = 38.1 kN
Classification
Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3xt=276 mm
c/t=345=373xg<=72x¢g; Class1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3xt=76 mm
c/t=9.5=10.3x¢eg<=33 x¢g; Class 1
Section is class 1
Torsional loads
ubDL 4.7
y
¥ 5200 g
Torsional loading
Load No. |Load type Load (kNm) Distance along beam
(mm)
1 uDL 4.7 -

Design torque at LHS support; Ta=Td_1/2=2.34 kNm
Design torque at RHS support; Ts=Tq 1/2 =2.34 kNm
Average torque over haf the beam; Tavted= -Td1/4=-1.17 KkNm

M2 Civil and Structural Limited
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Maximum St Venant torsion design moment;  Tyed = max(abs(Ta), abs(Tg)) = 2.34 kNm
Rotation at mid-span; ¢ = abs(Tawt,ed) X L / (2 x Gsecz % |t) = 0.00123
Additional minor axis moment;Mzadd,ed = ¢ X My,ed = 0.06 kNm
Check shear - Section 6.2.6
Height of web; hw=h-2xt=284 mm
n = 1.000
hw/t=355=384x¢g/M<72x¢e/n

Shear buckling resistance can be ignored

Design shear force;  Vy,ed =38.10 kN

Shear area - ¢l 6.2.6(3); Av=Axh/(b+h)=4556 mm?

Design shear resistance - ¢ 6.2.6(2);  Vpiyrd = Av x (fy / V(3)) / ymo = 723.4 kN

Shear stress due to St Venant torsion; Tted = Teed / We = 6.06 N/mm?

Reduced shear resistance due to torsion - eq 6.26; Vey,rd = Vo, Tyrd = (1 - ted / ((fy / V(3)) / ym0)) X Vply,rd = 695.9 kN
Vy,ed / Vpi,Ty,rd = 0.055

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment; My,ed = 49.5 kNm
Design bending resistance moment - eq 6.13;  Mcy,rd = Mpl,y,rd = Wiy X fy / ymo = 150.1 KNm
My,ed / Mply,rd = 0.33

PASS - Design bending resistance moment exceeds design bending moment

Check bending moment - Section 6.2.5
Design bending moment; Mz, Ed total = Mzed + Mzadd,ed = 0.1 kKNm
Design bending resistance moment - eq 6.13;  Mc,zrd = Mpl,z,rd = Wplz X fy / ymo = 67.5 kKNm
M_,Ed,total / Mpl,zrd = 0.001

PASS - Design bending resistance moment exceeds design bending moment

Torsional resistance
Design resistance to St. Venant torsion; Tra = C x fy / (V(3) x ymo) = 61.42 kNm
Tied / Trd = 0.038
PASS - Design torsional resistance exceeds applied St Venants torsion
Plastic verification - cl.6.2.9.1(6)
obi =1.66
Bbi = 1.66
[My,ed / Mpiy,d]®® + [Mz,ed,total / Mpi,2,d]* = 0.159
PASS - Plastic interaction criterion is less than 1.0
Serviceability limit checks
Rotation limit; Qser,lim = 3.00 deg
Rotation of torsion beam; ser = Mzadd,ed X 180 / (My,ed X Y6 x 1) = 0.05 deg

PASS - Rotation limit exceeds rotation in torsion beam

M2 Civil and Structural Limited
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Vertical deflection limit; Ov,lim = 10.0 mm

SLS Ioading on beam; fd,ser = Wsb,ser + Wth,ser + Wsw,sb,ser + Wsw,th,ser = 10.61 kN/m
Ov =5 X faser X L / (384 x Esb X |ytb) =7.6 mm

PASS - Vertical deflection limit exceeds vertical deflection in torsion beam

Vertical deflection of torsion beam;

B1 MASONRY BEARING DESIGN (EN1996)

MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK

National Annex.

Summary table

Tedds calculation version 1.0.14

Load Local concentration Spreader Utilisation
Design force | Resistance Design Resistance
stress
1 35.7 kN 35.8 kN N/A N/A 0.997 Pass

Masonry panel details

Panel length; L=1500 mm

Panel height; h =2500 mm

Thickness of load bearing leaf; t=100 mm

Effective height; her = 2500 mm

Effective thickness; tef =100 mm

Masonry material details

Unit type; Aggregate concrete - Group 1
Compressive strength of masonry unit; fo=7.3 N/mm?

Height of unit; hu=215mm

Width of unit; wu =100 mm

Conditioning factor; k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1; dst=1.38

Mean compressive strength of masonry unit; fo = fc x k x dss = 10.07 N/mm?
Specific weight of units; v =18 kN/m?3

Mortar type; M4 - General Purpose
Compressive strength of mortar; fm = 4.0 N/mm?

Compressive strength factor - Tbl. NA 4; K=0.75

Characteristic compressive strength - eq. 3.1;
Short term secant modulus of elasticity factor;

Modulus of elasticity - cl.3.7.2;

M2 Civil and Structural Limited
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Ew = Ke x fk = 5727 N/mm?




Project Sheet no./rev.
The Pavilion 11
Job Ref. Calc. by Date
M2-3168 05/02/2025
Doc. Ref Chk'd by Date
SE-01_A1 12/02/2025
Design compressive strength of masonry
Category of manufacturing control; Category Il
Class of execution control; Class 2
Partial factor for compressive strength; ym = 3.00

Cross-sectional area of wall;

Design compressive strength of masonry;

Partial safety factors for design loads
Partial safety factor for permanent load;

Partial safety factor for variable load;

Superimposed vertical loading details
Permanent UDL at top of wall;
Variable UDL at top of wall;
Eccentricity of permanent UDL load;

Eccentricity of variable UDL load;

A=Lxt=015m2
fa =i/ ym =1.91 N/mm?

vfe = 1.35
via =1.50

gk =0.00 kN/m
gk =0.00 kN/m
egu=0mm

equ=0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit;

Slenderness ratio;

7\,Iim =27
A = her / tef = 25.0

PASS - Slenderness ratio is less than slenderness limit

Concentrated Load 1 details - B1 point load

2500

Permanent concentrated load;
Variable concentrated load;

Eccentricity of concentrated load;

M2 Civil and Structural Limited
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Length of concentrated load; Le1 =150 mm
Width of concentrated load; Wc1 =100 mm
Height of concentrated load; hc1 =2500 mm
Distance of load to right vertical edge; rii=0mm
Distance of load to nearest vertical edge; air=0mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check;

Area of bearing;

Effective length of bearing at mid-height;
Effective bearing area;

Bearing area ratio check;

Initial enhancement factor;

Maximum enhancement factor;
Enhancement factor for concentrated loads;
Design value of the concentrated load;

Design value concentrated load resistance;

ea<=t/4

PASS - Eccentricity of load is less than t/4

Ab1 = L1 X Wer = 15000 mm?

lefm1 = Le1 + he1 / 2 x tan(30) + r11 = 872 mm
Acf1 = lefm1 x t = 87169 mm?

Aratior = Min(Ap1 / Aef1, 0.45) = 0.17

Binitl = Max((l +0.3 xau / hcl) X (15 -1.1x Aratiol), 10) =1.31

Bmaxt = Min(1.25 + a1/ (2 x ha), 1.5) = 1.25
B1 = Min(Binict, Brax1) = 1.25

NEede1 = Gkea X Y6 + Que1 X yra = 35.70 kN
Nrdc1 = B1 X Ab1 x fg = 35.79 kN

PASS - Design resistance exceeds applied concentrated load

Walls subjected to mainly vertical loading - Section6.1.2

Eccentricity of permanent UDL at mid-height below concentrated load

€gmu1 = €gu X he1 /(2 x h) =0.0 mm

Eccentricity of variable UDL at mid-height below concentrated load

Eccentricity of concentrated load at mid-height;
Initial eccentricity - cl.5.5.1.1(4);
Concentrated load at mid-height as UDL;
Vertical load at mid-height;

Design moment at mid-height;

Eccentricities due to loads - eq. 6.7;
Slenderness ratio limit for creep eccentricity;
Eccentricity due to creep;

Eccentricity at mid-height - eq. 6.6;

From eq. G2;

From eq. G3;

Capacity reduction factor - eq. G1;

Design vertical resistance of panel - eq.6.2;

€gmul = €qu X he1 / (2 x h) =0.0 mm
emc1=€ec1/2=0.0mm

€init = her / 450 = 5.6 mm

Nmec1 = Nede1 / lefm1 = 40.96 kN/m

Ned1 = (gk +y x t X (h - haa / 2)) x 56 + gk X Yia + Nmc1 = 43.99 kN/m

Med1 = 8k X Yfe X €gmu1 + Qk X Y X €gmu1 + Nmc1 X €mc1 = 0.00 kNm/m

em1 = Abs(Med1) / Ned1 + €init = 5.6 mm
e =27

ex1 = 0.0 mm

emki = Max(em:1 + ek1, 0.05 x t) = 5.6 mm

A11=1-2xema/t=0.89

u1 = (hef / tef x (1 / Ke)¥2-0.063) / (0.73-1.17 X emk1 / t) = 1.09

®m1 = A1z x exp(-(u1?) / 2) = 0.49
Nrd1 = @m1 x t x fg=93.26 kN/m

PASS - Design value of vertical resistance exceeds applied vertical load

M2 Civil and Structural Limited
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Provide 300x100x8.0 RHS S.355 with 8mm thick plate welded to underside. 150mm bearing length on 215Ig x
215dp x 100thk concrete padstone.

© M2 Civil and Structural Limited
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Beam B2 Design:
Loadings
UDL from Pitched Roof
Width of roof being carried; X1=4.9m
Dead Load; DL; =0.572 kN/m?2 x x1 = 2.803 kN/m
Imposed Load; IL; = 0.60 kN/m2 x x1 = 2.940 kN/m

STEEL BEAM B2 ANALYSIS & DESIGN (EN1993)

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

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

anhex

Load Envelope - Combination 1
9.084

TEDDS calculation version 3.0.14

mm | 9500 |
A 1 B
KNm Bending Moment Envelope
0.0
102.480
102.5
mm | 9500 |
A 1 B
KN Shear Force Envelope
43.
43.149 3.1
0.0 j=
-43.149
-43.1
mm | 9500 |
A 1 B

Support conditions

Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

M2 Civil and Structural Limited
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Applied loading
Beam loads Permanent self weight of beam x 1
Permanent full UDL 2.8 kN/m
Variable full UDL 2.94 kN/m
Load combinations
Load combination 1 Support A Permanent x 1.35

Variable x 1.50
Permanent x 1.35
Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50

Analysis results

Maximum moment; Mmax = 102.5 kKNm; Mmin = 0 kNm
Maximum shear; Vmax = 43.1 kN; Vmin = -43.1 kN
Deflection; Omax = 13.2 mm; Smin = 0 mm
Maximum reaction at support A; Ra_max = 43.1 kN; Ra_min = 43.1 kN

Unfactored permanent load reaction at support A; Ra_permanent = 16.4 kN
Unfactored variable load reaction at support A; Ra variable = 14 kN

Maximum reaction at support B; Rs_max = 43.1 kN; Rs_min = 43.1 kN

Unfactored permanent load reaction at support B; Rs_permanent = 16.4 kN
Unfactored variable load reaction at support B; Rg_variable = 14 kN

Section details

Section type; UB 406x178x67 (British Steel Section Range 2022 (BS4-1))
Steel grade; S275

EN 10025-2:2004 - Hot rolled products of structural steels

Nominal thickness of element; t = max(tr, tw) = 14.3 mm

Nominal yield strength; fy =275 N/mm?

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

Modulus of elasticity; E =210000 N/mm?

M2 Civil and Structural Limited
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Partial factors - Section 6.1
Resistance of cross-sections; ymo = 1.00
Resistance of members to instability; ym1 = 1.00
Resistance of tensile members to fracture; ym2=1.10

Lateral restraint

Effective length factors
Effective length factor in major axis;
Effective length factor in minor axis;

Effective length factor for torsion;

Classification of cross sections - Section 5.5

Span 1 has lateral restraint at supports only

Ky =1.000
K.=1.000
Kir.a=1.000;
Kir.s =1.000;

& =V[235 N/mm?/ f,] = 0.92

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

Width of section;

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

Check shear - Section 6.2.6
Height of web;

Shear area factor;

Design shear force;

M2 Civil and Structural Limited

c=d=355.4mm

c/tw=43.7xe<=72 x ¢ Class 1
c=(b-tw-2xr)/2=723mm
c/t=55xeg<=9xg¢g; Class 1

Section is class 1

hw=h -2 xtr=380.8 mm
1 =1.000
hw/tw<72xg/n
Shear buckling resistance can be ignored
Ved = max(abs(Vmax), abs(Vmin)) = 43.1 kN
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Shear area - cl 6.2.6(3); Av=max(A-2xb xtr+ (tw+ 2 xr) x tr, N X hw X tw) = 3979 mm?
Design shear resistance - cl 6.2.6(2); Verd = Vpird = Av x (fy / \/[3]) / ymo = 631.7 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment major (y-y) axis - Section 6.2.5

Design bending moment; Med = max(abs(Ms1_max), abs(Ms1_min)) = 102.5 kNm

Design bending resistance moment - eq 6.13;  Mcrd = Mpi,rd = Wply X fy / ymo = 372.7 kNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6; ke = 0.94
Ci=1/k?=1.132

Curvature factor; g=V[1-(l./1)]=0.972

Poissons ratio; v=0.3

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

Unrestrained length; L=1.0 x Ls1 =9500 mm

Elastic critical buckling moment; Mer=Cix 2 x Ex I/ (L2 x g) x \[lw/ 1.+ L2 x G x It / (1 x E x I)] =147.2
kNm

Slenderness ratio for lateral torsional buckling; At = V(Wpiy x fy / Mer) = 1.591
Limiting slenderness ratio; XLT,O =0.4

Air> Juro- Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5; c

Imperfection factor - Table 6.3; our = 0.49

Correction factor for rolled sections; f=0.75

LTB reduction determination factor; Or=0.5x [1 + aur x ( A - XLT,O) +Bx XLTZ] =1.742
LTB reduction factor - eq 6.57; yur=min(1/ [oor + V(- B x M), 1,1/ Mr?) = 0.356
Modification factor; f=min(1-0.5x (1-kx [1-2x( Ar-0.8)2], 1) =1.000
Modified LTB reduction factor - eq 6.58; XLT,mod = Min(ycr / f, 1) = 0.356

Design buckling resistance moment - eq 6.55;  Mp,rd = %LT,mod X Woply X fy / ym1 = 132.8 kNm
PASS - Design buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection; Silim = Ls1 / 360 = 26.4 mm
Maximum deflection span 1; 8 = max(abs(Omax), abs(dmin)) = 13.196 mm

PASS - Maximum deflection does not exceed deflection limit

M2 Civil and Structural Limited
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B2 MASONRY BEARING DESIGN (EN1996)

MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK

National Annex.

Summary table

Tedds calculation version 1.0.14

Load Local Spreader Utilisation
concentration
Design | Resistance | Design | Resistance
force stress
1 43.1 26.6 KN 1.31 1.48 Pass
kN N/mm?2 | N/mm?

Masonry panel details

Panel length; L=4000 mm
Panel height; h =2500 mm
Thickness of load bearing leaf; t=100 mm
Effective height; hef = 2500 mm
Effective thickness; tef =100 mm

Masonry material details

Unit type; Aggregate concrete - Group 1
Compressive strength of masonry unit; fc=3.6 N/mm?

Height of unit; hy=215 mm

Width of unit; Wwu =100 mm

Conditioning factor; k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1; dsr=1.38

Mean compressive strength of masonry unit; fo = fo x k x dst = 4.97 N/mm?
Specific weight of units; v =18 kN/m3

Mortar type; M4 - General Purpose
Compressive strength of mortar; fm = 4.0 N/mm?
Compressive strength factor - Tbl. NA 4; K=0.75

Characteristic compressive strength - eq. 3.1;
Short term secant modulus of elasticity factor;

Modulus of elasticity - cl.3.7.2;

M2 Civil and Structural Limited

fc = K x f%7 x fm®3 = 3.49 N/mm?
Ke =1000
Ew = Ke x fc = 3491 N/mm?
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Design compressive strength of masonry
Category of manufacturing control; Category Il
Class of execution control; Class 2
Partial factor for compressive strength; ym = 3.00

Cross-sectional area of wall;

Design compressive strength of masonry;

Partial safety factors for design loads
Partial safety factor for permanent load;

Partial safety factor for variable load;

Superimposed vertical loading details
Permanent UDL at top of wall;
Variable UDL at top of wall;
Eccentricity of permanent UDL load;

Eccentricity of variable UDL load;

A=Lxt=0.40 m?
fa=fc/ym=1.16 N/mm?

vfe = 1.35
via =1.50

gk =0.00 kN/m
gk =0.00 kN/m
egu=0mm

equ=0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit;

Slenderness ratio;

Concentrated Load 1 details - B2 point load

7\,Iim =27
A = her / tef = 25.0

PASS - Slenderness ratio is less than slenderness limit

43.14 kN

2500

/45.68 kN/m

fe——1012—p|

4000 >

ry

Permanent concentrated load;
Variable concentrated load;
Eccentricity of concentrated load;
Length of concentrated load;
Width of concentrated load;

Height of concentrated load;

M2 Civil and Structural Limited

Grke1 = 16.40 kN
Quc1 = 14.00 kN
ea=0mm

Lea =180 mm
We1 =100 mm
hc1 =2500 mm

:too e
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Distance of load to right vertical edge; rii =110 mm

Distance of load to nearest vertical edge; a11 =110 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check; ea<=t/4
PASS - Eccentricity of load is less than t/4
Area of bearing; Ab1 = L1 X Wer = 18000 mm?
Effective length of bearing at mid-height; lefm1 = Le1 + he1 / 2 x tan(30) + r1i2 =1012 mm
Effective bearing area; Acf1 = lefm1 x t = 101169 mm?
Bearing area ratio check; Aratio1 = Min(Ab1 / Aef1, 0.45) = 0.18
Initial enhancement factor; Binit1 = Max((1 + 0.3 x a11 / he1) x (1.5 - 1.1 X Aratio1), 1.0) = 1.32
Maximum enhancement factor; Bmax1 = Min(1.25 + a11/ (2 x ha), 1.5) =1.27
Enhancement factor for concentrated loads; B1 = Min(Binit1, Pmax1) = 1.27
Design value of the concentrated load; Nede1 = Gkea X Y6 + Que1 X yra = 43.14 kN
Design value concentrated load resistance; NRdc1 = B1 x Ap1 % fa = 26.65 kN

Applied concentrated load exceeds design resistance, spreader required!

Design of spreader beam

4314 kN
5 i 7 T
33—

Max. stress, 1.31 N/mm?2

1.78 kNm
Bending Moment

21.56 kN
/w

-21.57 kN

Shear Force

/

Type of spreader; Concrete padstone

Type of bearing onto spreader; Point load

M2 Civil and Structural Limited
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Location of load from RHS of spreader; P11 =165 mm
Length of spreader; Lsp1 = 330 mm
Height of spreader; hsp1 =215 mm

Width of spreader;

Eccentricity of load on spreader;
Modulus of elasticity;

Second moment of area;
Modulus of the wall;

Winkler's constant;
Characteristic of the system;
Classification of spreader;

Krilov's functions for the spreader length;

Krilov's functions at the point load;

Using method of initial conditions
Initial moment of LH edge;

Initial shear of LH edge;

Which gives;

and;
Therefore,
Initial deflection of LH edge;

Initial rotationof LH edge;

Location of maximum deflection;

Krilov's functions at the spreader length;

Distance of point load right of loaction;

Krilov's functions at the spreader length;

Particular integral due to load;

Maximum deflection;

M2 Civil and Structural Limited

Wsp1 =100 mm

esp1=0mm

Esp1 = 29962 N/mm?

lsp1 = 1/12 X Wsp1 X hsp1® = 82819792 mm*

ko=Ew/h=1.40 N/mm?/mm

Ke1 = ko X Wsp1 = 139.66 N/mm/mm

o1 = (Kex / (4 x Esp X lsp1))¥* = 0.00194 mm™

ol = a1 x Lsp1 = 0.64; Medium

Bai1 = 1/2 x (cosh(oL1) x sin(180 x aL1 / ©t) + sinh(ol1) x cos(180 x
oli/m))=0.64

Cai1 = 1/2 x sinh(al1) x sin(180 x al1 / ) = 0.20

Doz = 1/4 x (cosh(ol1) x sin(180 x ol / 1) - sinh(al1) x cos(180 x
ali/ ) = 0.04

Aqp11 = cosh(ouz x P11) x cos(180 x o1 x P11/ ) =1.00

Bop11 = 1/2 X (cosh(ou x P11) x sin(180 x a1 x P11/ 1) + sinh(au X

P11) x cos(180 x o1 x P11/ m)) = 0.32

Moz = 0 kNm

Vo1 =0 kN

(4 x a1? x Caiz X 801 + 4 x otz X Daiz X @o1) x Espr X lsp1 - Bap11 / o1 x
Nede1 = 0.00 kNm

(4 x 0113 x Baiz X 801 + 4 x a1? X Coir X Po1) X Esp1 X lsp1 - Aap11 X Neder

=0.00 kN

001 =0.93313 mm
®o1 = 0.000039

Xdef1 = 165 mm

Acxdeft = COSh(0t1 X Xdef1) X cOS(180 x a1 X Xdef1 / 1) = 1.00

Boxdeft = 1/2 x (cosh(ot1 X Xdef1) x sin(180 x a1 X Xdef1 / ) + sinh(ou
X Xdef1) X €OS(180 x a1 X Xdef1 / 7)) = 0.32

Pidef1 =0 mm

Dapidefr = 1/4 % (cosh(ou X pidefr) X sin(180 X o1 X Pidef1 / ) -
sinh(0t1 X pider1) x cos(180 x a1 X Pidef1 / 7)) = 0.00

8'1 = Dapidefr / 013 x Nede1 / (Isp1 X Esp1) = 0.000 mm

Omax1 = Aaxdefl X 001 + Boxdef1 X Po1 / o1+ 06'1=0.938 mm
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Location of maximum moment; Xm1 =165 mm
Krilov's functions at the spreader length; Coxm1 = 1/2 x sinh(oui x xm1) x sin(180 x o1 x xm1 / ) = 0.05

Daxmv1 = 1/4 x (cosh(ou x xm1) x sin(180 x a1 x xm1 / ) - sinh(otz x
xm1) x cos(180 x o1 x xm1 / 7)) = 0.01

Distance of point load right of loaction; pimi=0 mm

Krilov's functions at the spreader length; Bopimi = 1/2 x (cosh(ou x pim1) x sin(180 x o % pim1 / 7t) + sinh(ou
x pim1) X cos(180 x a1 x pim1 / 7)) = 0.00

Particular integral due to load; M'1 = -Bopimi / o1 X Neder = 0.00 kNm

Maximum moment; Medsp1 = (4 x 0112 X Caxm1 X 801 + 4 x 01 X Daxmi x @o1) x (Isp1 X Esp1)

+M'1=1.78 kNm

Location of maximum shear; Xvi =165 mm
Krilov's functions at the spreader length; Boxvi = 1/2 % (cosh(ou x xv1) x sin(180 x ou X xv1 / 1) + sinh(au x
xv1) X cos(180 x ou x xvi1 / 7)) = 0.32

Coxvi = 1/2 x sinh(ou % xv1) x sin(180 x o % xv1 / 1) = 0.05

Distance of point load right of loaction; pivi=0mm

Krilov's functions at the spreader length; Aopivi = cosh(oi x pivi) x cos(180 x a1 x pivi / ) = 1.00

Particular integral due to load; V't = -Agpivi X Nede1 = -43.14 kN

Shear at concentrated point load; V1= (4 x 013 x Baxvi X 801 + 4 X 012 x Caxva X Do1) X (Isp1 X Esp1) + V'1
=-21.57 kN

Maximum shear; Vedsp1 = Max(Abs(V1), Nede1 - Abs(V1)) = 21.57 kN

Maximum allowable stress under spreader; Ordsp1 = P1 X fa = 1.48 N/mm?

Maximum reaction; Nedsp1 = Ke1 X Omax1 = 131.00 kN/m

Design stress; Gedspt = Nedsp1 / Wsp1 = 1.31 N/mm?

PASS - Design stress under spreader is less than the allowable bearing stress

Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load

€gmut = €gu X he1 /(2 x h) =0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load

€gqmu1 = €qu X her / (2 x h) =0.0 mm

Eccentricity of concentrated load at mid-height;  emc1=ec /2 =0.0 mm

Initial eccentricity - cl.5.5.1.1(4); €init = hef / 450 = 5.6 mm

Concentrated load at mid-height as UDL; Nmc1 = Nede1 / lefm1 = 42.64 kN/m

Vertical load at mid-height; Ned1 = (gk +y X t X (h - haa / 2)) x 56 + gk X yfa + Nmc1 = 45.68 kN/m
Design moment at mid-height; MEd1 = gk X i X €gmu1 + Ok X Yfa X €gmut + Nme1 X €mc1 = 0.00 kNm/m
Eccentricities due to loads - eq. 6.7; em1 = Abs(Med1) / Ned1 + €init = 5.6 mm

Slenderness ratio limit for creep eccentricity; Ae=27

Eccentricity due to creep; ekt =0.0 mm

Eccentricity at mid-height - eq. 6.6; emk1 = Max(em1 + ek1, 0.05 x t) = 5.6 mm

M2 Civil and Structural Limited




Project Sheet no./rev.
The Pavilion 23
Job Ref. Calc. by Date
M2-3168 MC 05/02/2025
Doc. Ref Chk'd by Date
SE-01_A1 MD 12/02/2025
From eq. G2; A11=1-2xemk/t=0.89
From eq. G3; u1 = (hef / tef x (1 / Ke)¥2-0.063) / (0.73-1.17 x em1 / t) = 1.09
Capacity reduction factor - eq. G1; ®m1 = A11 x exp(-(ui?) / 2) = 0.49
Design vertical resistance of panel - eq.6.2; NRrd1 = @m1 x t x fg = 56.86 kN/m

PASS - Design value of vertical resistance exceeds applied vertical load

Provide 406x178x67 UB S.275 on 330lg x 215dp x 100thk concrete padstones.

M2 Civil and Structural Limited
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Beam TB1 Design:
Loadings
UDL from Pitched Roof
Width of roof being carried; X1=2.85m
Dead Load; DL; =0.572 kN/m?2 x x1 = 1.630 kN/m
Imposed Load; IL; = 0.60 kN/m2 x x1 = 1.710 kN/m

TIMBER BEAM TB1 ANALYSIS & DESIGN (EN1995)

TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating

National Amendment No.1

Load Envelope - Combination 1

4.870

mm | 3000

KNm Bending Moment Envelope

0.0

5.478

-7.3

5.
mm | 3000
A 1
KN Shear Force Envelope
7.3
7.305
0.0 J=
7.305
mm | 3000
A 1

Applied loading

Beam loads

Permanent self weight of beam x 1
Permanent full UDL 1.630 kN/m
Variable full UDL 1.710 kN/m

M2 Civil and Structural Limited

Tedds calculation version 1.7.05
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Load combinations
Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Span 1 Permanent x 1.35
Variable x 1.50
Support B Permanent x 1.35

Analysis results

Maximum moment;

Design moment;

Maximum shear;

Design shear;

Total load on beam;

Reactions at support A;

Unfactored permanent load reaction at support A;
Unfactored variable load reaction at support A;
Reactions at support B;

Unfactored permanent load reaction at support B;

Unfactored variable load reaction at support B;

Variable x 1.50

Mmax = 5.478 kNm; Mmin = 0.000 kNm
M = max(abs(Mmax),abs(Mmin)) = 5.478 kNm

Fmax = 7.305 kN; Fmin = -7.305 kN

F = max(abs(Fmax),abs(Fmin)) = 7.305 kN

Wiot = 14.609 kN
Ra_max = 7.305 kN;
Ra_permanent = 2.561 kN
Ra_variable = 2.565 kN
Re_max = 7.305 kN;
RB_permanent = 2.561 kN
Re_variable = 2.565 kN

Ra_min = 7.305 kN

Re_min = 7.305 kN

l
|

}471504>i
j¢—100—»|

Timber section details
Breadth of timber sections;
Depth of timber sections;
Number of timber sections in member;
Overall breadth of timber member;

Timber strength class - EN 338:2016 Table 1;

Member details

Load duration - cl.2.3.1.2;

Service class of timber - cl.2.3.1.3;
Length of span;

Length of bearing;

Section properties
Cross sectional area of member;

Section modulus;

M2 Civil and Structural Limited

b =50 mm

h =150 mm

N=3

bb=Nxb =150 mm
C24

Medium-term

1
Ls1 = 3000 mm
Lb =100 mm

A=Nxb x h=22500 mm?
Wy =N x b x h?/6=562500 mm3
W.=h x (N x b)?/ 6 = 562500 mm?
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Second moment of area;

Radius of gyration;

ly=Nxbxh3/12=42187500 mm*
l.=h x (N x b)}/ 12 = 42187500 mm*
ry="(ly/A) = 43.3 mm

r;= \/(Iz /A)=43.3mm

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3;

Modification factors

v = 1.300

Modification factor for load duration and moisture content - Table 3.1

Deformation factor for service classes - Table 3.2;
Depth factor for bending - exp.3.1;

Depth factor for tension - exp.3.1;

Bending stress re-distribution factor - cl.6.1.6(2);
Crack factor for shear resistance - cl.6.1.7(2);
Load configuration factor - exp.6.4;

System strength factor - cl.6.6;

Lateral buckling factor - cl.6.3.3(5);

Compression perpendicular to the grain - cl.6.1.5
Design compressive stress;

Design compressive strength;

kmod = 0.800
kder = 0.600
kn.m =1.000
knt=1.000
km =0.700
ker = 0.670
kc.o0 = 1.000
ksys = 1.000
kerit = 1.000

Gc.90d = RA_max/(N x b x Lb) =0.487 N/l”m’ﬂ2
fc.90.d = kmod X ksys X ke.90 X fc.o0k / ™ = 1.538 N/mm2
Gco0.d / feo0.d = 0.317

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - ¢l 6.1.6
Design bending stress;

Design bending strength;

Shear - cl.6.1.7
Applied shear stress;

Permissible shear stress;

Deflection - cl.7.2

Deflection limit;

Instantaneous deflection due to permanent load;
Final deflection due to permanent load;
Instantaneous deflection due to variable load;

Factor for quasi-permanent variable action;

M2 Civil and Structural Limited

Gmd =M /Wy =9.740 N/mm?
fm.d = Kh.m X Kmod X Ksys X Kerit X fmk / ym = 14.769 N/mm?
Om.d [/ fm.d = 0.659
PASS - Design bending strength exceeds design bending stress

Td=3 x F/ (2 x ker x A) = 0.727 N/mm?
fv.d = Kmod % ksys x fuk / ™ = 2.462 N/mm2
Td / fv.d = 0.295

PASS - Design shear strength exceeds design shear stress

Siim = min(14 mm, 0.004 X Ls1) =12.000 mm
Oinstc = 4.029 mm

OfinG = OinstG X (1 + kdef) = 6.446 mm

Oinsta = 4.035 mm

y2=0.3
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Final deflection due to variable load; Ofina = Oinsta X (1 + W2 X kdef) = 4.761 mm
Total final deflection; Ofin = Ofing + Ofina = 11.207 mm

Sfin / 8Iim =0.934
PASS - Total final deflection is less than the deflection limit

Provide 3No. 50x150 C24 bolted together with M12 at 400c/c.
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