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The contents of this document are intended solely for Mr & Mrs Carter, or their agents use in relation to 15 Willow
Grove, South Cerney. The issue of this document to third parties not involved in the proposed development at 15
Willow Grove, South Cerney is not permitted without prior written consent from Barsby Structural Consultants Ltd.
Barsby Structural Consultant assumes no responsibility to any other party in respect of or arising out of or in connection
with this document and its contents.

For enquiries please contact:
Barsby Structural Consultants Ltd, 4 Elizabeth Gardens, Meysey Hampton, Gloucestershire GL7 5LP | 07787 322 633
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Introduction

Barsby Structural Consultants have been appointed by Mr & Mrs Carter to carry out structural calculations and drawings
suitable for construction and building regulations approval for 15 Willow Grove, South Cerney.

The scope of works is to design trimming steelwork and timber to support the existing dormer bungalow structure and
permit a number of ground floor wall removals and bi-fold openings. In addition, a single storey flat roof extension to be
designed to the rear of the existing with corner glazing and steel post (post positions is to be agreed with the Architect).
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Designers Risk Assessment

A risk assessment for this project has been carried out in accordance with CDM regulations 2015, to identify unusual
hazards associated with the design; those are risks that are not standard risks associated with construction projects.
Standard construction risks are not assessed, as Barsby Structural Consultants Ltd assumes a competent contractor is
appointed to carry out the works. The Unusual risks have been assessed for severity and probability, and mitigating
measures are described in the measures taken column. Where residual risks are greater than a low rating, these are
highlighted on the project drawings.

Description Severity | Likelihood 3 Measures taken ]

Rating Risk Rating

None identified
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CDM Risk Schedule:

The client is responsible for ensuring those who undertake the work are
suitably experience and competent.

In addition to usual hazards expected with the work covered by this drawing,
the following unusual risks have been highlighted risk through assessment.

GENERAL ARRANGEMENT AND DETAILS

The work must be planned and executed to account for these risks during Scale: Date: Drawn:

construction, operation,maintenance, decommissioning and demolition as shown at A1 16/11/22 MPB

Reference Risk description

1 There are no unusual risks identified for this drawing Drawing Number: Revison:
22.132-1000 B
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Title: 15 WILLOW GROVE, SOUTH CERNEY /%

Ref, 22132 |By: MB Date: 20/10/2022 ;I
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Loading sheet 1
ROOF (40 DEG)
1No Interlocking Concrete Tiles 0.55
1No Felt + Battens 0.05
145mm Timber @ 400c/c 0.11
40Pitch Imposed,R2 - Pitch between 30-60 degrees = 0.75[(60-a)/30] (Small ro..... 0.50
Total GK (Pitch Corrected) 0.93 kN/m?2
Total Qk 0.5 kN/m2
ATTIC
300mm Insulation 0.12
150mm Timber @ 400c/c 0.12
1No 12thk Plasterboard/Skim 0.12
1No Imposed,RS2 - Roof Space with access..... 0.25
Total Gk 0.35 kN/m2
Total Qk 0.25 kN/m2
ROOF(30 DEG)
1No Interlocking Concrete Tiles 0.55
1No Felt + Battens 0.05
145mm Timber @ 400c/c 0.11
30Pitch Imposed,R2 - Pitch between 30-60 degrees = 0.75[(60-a)/30] (Small ro..... 0.75
Total GK (Pitch Corrected) 0.82 kN/m2
Total Qk 0.75 kN/m2
FLOOR
1No Carpet & Underlay 0.05
22mm Chipboard/OSB board 0.16
170mm Timber @ 400c/c 0.13
1No 12thk Plasterboard/Skim 0.12
1No Imposed,Al - All usages within self-contained single family dwelling..... 1.50
Total Gk 0.46 kN/m2
Total Qk 1.5 kN/m?2
BLOCKWORK
100mm Block (Medium) 1.40
Total Gk 1.4 kN/m2
Total Qk 0 kN/m?2
BRADSTONE
100mm Stone (Sandstone) 2.40
Total Gk 2.4 kN/m?2
Total Qk 0 kN/m?2




Title: 15 WILLOW GROVE, SOUTH CERNEY
Ref. 22.132 By: MB Date: 20/10/2022
Loading sheet 1

FLAT ROOF

1No Felt + Chippings

19mm Chipboard/OSB board

1No Felt + Battens

195mm Timber @ 400c/c

170mm Insulation

1No 12thk Plasterboard/Skim

OPitch Imposed,R1 - Pitch less than 30 degrees (small roof).....

Total Gk
Total Qk

()

BSC

BARSBY STRUCTURAL
CONSULTANTS

0.35
0.14
0.05
0.15
0.07
0.12
0.75
0.87 kN/m2
0.75 kN/m2
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Beam ref Beam Load Rundown kN/m (SLS)
UDL = Uniformly distrubuted load
DL = Partially Distributed load
PL = Point Load
PURLIN
2600mm x ROOF (40 DEG)
2600mm x ROOF (40 DEG)
1600mm x ATTIC
1600mm x ATTIC
ubDL Total Gk/Qk 2.99/1.7
EXTG BEAM
2500mm x BLOCKWORK
Total Gk/Qk 3.5/0
PURLIN 4.7kN/m - Distributed
PURLIN 2.7kN/m - Distributed
DL Total Gk/Qk From Omm for 2200mm 4.7/2.7
PL From B7 Gk = 4.3kN at 1570 mm
PL From B7 Qk = 6.1kN at 1570 mm
Bl
3500mm x FLOOR
3500mm x FLOOR
DL Total Gk/Qk From Omm for 2800mm 1.61/5.25
PL From EXTG BEAM Gk = 9.1kN at 2800 mm
PL From EXTG BEAM Qk = 4.5kN at 2800 mm
2750mm x FLOOR
2750mm x FLOOR
DL Total Gk/Qk From 2800mm for 2850mm 1.27/4.12
B2 INNER
3400mm x ROOF(30 DEG)
3400mm x ROOF(30 DEG)
2000mm x ATTIC
2000mm x ATTIC
1800mm x BLOCKWORK
UDL Total Gk/Qk 6.04/3.05
B2 OUTER
2000mm x BRADSTONE
UDL Total Gk/Qk 4.8/0
B3 INNER
MAX 1650mm x FLOOR
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Beam ref Beam Load Rundown kN/m (SLS)
UDL = Uniformly distrubuted load
DL = Partially Distributed load
PL = Point Load
1650mm x FLOOR
3450mm x BLOCKWORK
UDL Total Gk/Qk 5.59/2.47
PL From EXTG BEAM Gk = 8kN at 2900 mm
B3 INNER
MIN 1650mm x FLOOR
1650mm x FLOOR
1800mm x BLOCKWORK
UDL Total Gk/Qk 3.28/2.47
B3 OUTER
MAX 3450mm x BRADSTONE
1650mm x FLAT ROOF
1650mm x FLAT ROOF
UDL Total Gk/Qk 9.73/1.23
B3 OUTER
MIN 1800mm x BRADSTONE
1650mm x FLAT ROOF
1650mm x FLAT ROOF
UDL Total Gk/Qk 5.77/1.23
B4 INNER
900mm x BLOCKWORK
UDL Total Gk/Qk 1.26/0
B4 OUTER
1050mm x BRADSTONE
UDL Total Gk/Qk 2.52/0
B5 INNER
1650mm x FLAT ROOF
1650mm x FLAT ROOF
900mm x BLOCKWORK
UDL Total Gk/Qk 2.71/1.23
B5 OUTER
1050mm x BRADSTONE
ubpL Total Gk/Qk 2.52/0
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Beam ref Beam Load Rundown kN/m (SLS)
UDL = Uniformly distrubuted load
DL = Partially Distributed load
PL = Point Load
T1
1100mm x FLAT ROOF
1100mm x FLAT ROOF
UDL Total Gk/Qk 0.96/0.82
T2
600mm x FLAT ROOF
600mm x FLAT ROOF
uUDL Total Gk/Qk 0.52/0.44
pPL From T1 Gk = 1.2kN at 1000 mm
PL From T1 Qk = 1.1kN at 1000 mm
PL From T1 Gk = 1.2kN at 2200 mm
PL From T1 Qk = 1.1kN at 2200 mm
B5
4000mm x FLOOR
4000mm x FLOOR
uDL Total Gk/Qk 1.85/6
B6
PL From CHIMNEY Gk = 18.9kN at 300 mm
1750mm x FLOOR
1750mm x FLOOR
uDL Total Gk/Qk 0.80/2.62
B7
2400mm x FLOOR
2400mm x FLOOR
uDL Total Gk/Qk 1.11/3.6
PL From CHIMNEY =kN at mm
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

TEDDS calculation version 3.0.07

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

Dead partial UDL 3.5 kN/m from O mm to 2200 mm
Dead partial UDL 3.5 kN/m from 3200 mm to 3600 mm
Dead partial UDL 4.7 kN/m from O mm to 2200 mm
Imposed partial UDL 2.7 kN/m from O mm to 2200 mm
Dead point load 4.3 kN at 1570 mm

Imposed point load 6.1 kN at 1570 mm

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
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Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

Lateral restraint

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

Imposed x 1.60
Support B Dead x 1.40
Imposed x 1.60

Mmax = 33.1 KNm Mmin = 0 KNm
Vmax = 33.7 kN Vmin = =19.9 kN
Smax = 6.2 mm Smin = 0 mm
Ra_max = 33.7 kN Ra_min = 33.7 kN

RA_pead = 15.4 kKN

RA imposed = 7.6 kN

RB_max = 19.9 kN Re_min = 19.9 kN
RB_pead = 9.1 kN

Rs_imposed = 4.5 kN

UKB 203x102x23 (Tata Steel Advance)
S275

max(T, t) =9.3 mm

py = 275 N/mm?2
E = 205000 N/mm?2

Span 1 has lateral restraint at supports only

Kx =1.00
Ky =1.00

Effective length factor for lateral-torsional buckling Kira = 1.00

Classification of cross sections - Section 3.5

Kire = 1.00

e = V[275 N/mm? / py] = 1.00
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Internal compression parts - Table 11
Depth of section d=169.4 mm

Outstand flanges - Table 11
Width of section

Shear capacity - Section 4.2.3
Design shear force

Shear area

Design shear resistance

Moment capacity - Section 4.2.5
Design bending moment
Moment capacity low shear - cl.4.2.5.2

d/t=314xe<=80x¢ Class 1 plastic

b=B/2=50.9 mm
b/T=55xg<=9x¢ Class 1 plastic

Section is class 1 plastic

Fv = max(abs(Vmax), abs(Vmin)) = 33.7 kN
d/t<70x¢g
Web does not need to be checked for shear buckling
Av=tx D =1097 mm?
Pv=10.6 x py x Ay = 181.1 kN
PASS - Design shear resistance exceeds design shear force

M = max(abs(Msi_max), abs(Msi_min)) = 33.1 kKNm
Mc = min(py x Sxx, 1.2 x Py X Zxx) =64.4 KNm

Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling

Slenderness ratio

Equivalent slenderness - Section 4.3.6.7

Buckling parameter

Torsional index

Slenderness factor

Ratio - ¢l.4.3.6.9

Equivalent slenderness - cl.4.3.6.7
Limiting slenderness - Annex B.2.2

Bending strength - Section 4.3.6.5
Robertson constant

Perry factor

Euler stress

Bending strength - Annex B.2.1

Le = 1.0 x Ls1 = 3600 mm
A =Le/ry=152.482

u=0.888
X = 22.460
v=1/[1+0.05 x (A /x)29% = 0.742
Bw = 1.000

ALT= U x V x A x \[Pw] = 100.432
Ao = 0.4 x (n2 x E / py)°5 = 34.310
ALt > Ao - Allowance should be made for lateral-torsional buckling

at=7.0

1t = max(owr x (ALt - ALo) / 1000, 0) = 0.463

pe =2 x E / ALt?2 = 200.6 N/mm?

oLt = (py + (MLt + 1) x pe) / 2 = 284.2 N/mm?2

pb = pe x Py / (o7 + (§L7? - PE X py)°°) = 124.2 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6

Moment at quarter point of segment
Moment at centre-line of segment

Moment at three quarter point of segment

Maximum moment in segment

Maximum moment governing buckling resistance

M2 = 23.8 kKNm
Mz =31 kNm
Ma = 16.4 KNm

Mabs = 33.1 kNm
MLt = Mabs = 33.1 kNm

Equivalent uniform moment factor for lateral-torsional buckling

mct = max(0.2 + (0.15 x Mz + 0.5 x M3z + 0.15 x Ma) / Mabs, 0.44) = 0.850

Buckling resistance moment - Section 4.3.6.4

Buckling resistance moment

Mb = pb x Sxx = 29.1 KNm
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Check vertical deflection - Section 2.5.2

Mb / mut = 34.2 KNm

PASS - Buckling resistance moment exceeds design bending moment

Consider deflection due to dead and imposed loads

Limiting deflection

Maximum deflection span 1

Slim = Ls1 /360 = 10 mm
8 = max(abs(dmax), abs(8min)) = 6.191 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

TEDDS calculation version 3.0.07

Dead partial UDL 1.62 kN/m from 0 mm to 2800 mm
Imposed partial UDL 5.25 kN/m from O mm to 2800 mm

Dead point load 9.1 kN at 2800 mm
Imposed point load 4.5 kN at 2800 mm

Dead partial UDL 1.27 kN/m from 2800 mm to 5650 mm
Imposed partial UDL 4.13 kN/m from 2800 mm to 5650 mm

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
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Imposed x 1.60
Support B Dead x 1.40
Imposed x 1.60

Analysis results

Maximum moment Mmax = 68.5 KNm Mmin = 0 KNm
Maximum shear Vmax = 40.2 kN Vmin = -36.8 kKN
Deflection Smax = 10.3 mm Smin = 0 mm
Maximum reaction at support A Ra_max = 40.2 kN Ra_min = 40.2 kN
Unfactored dead load reaction at support A RA_pead = 10.1 kN

Unfactored imposed load reaction at support A RA_imposed = 16.3 kN

Maximum reaction at support B Re_max = 36.8 kN Re_min = 36.8 kN
Unfactored dead load reaction at support B RB_pead = 9.5 kN

Unfactored imposed load reaction at support B RB_imposed = 14.7 kN

Section details
Section type UKB 254x146x43 (Tata Steel Advance) Steel grade S275

Classification of cross sections - Section 3.5
Tensile strain coefficient £=1.00 Section classification Plastic

Shear capacity - Section 4.2.3
Design shear force Fv=40.2 kN Design shear resistance Pv=308.4 kN
PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5
Design bending moment M = 68.5 kNm Moment capacity low shear Mc = 155.7 kNm

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = 68.9 KNm Mo / mur = 77.2 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8iim = 15.694 mm Maximum deflection 8 =10.285 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL MASONRY SUPPORT

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Steel member details
Torsion beam

Steel grade of support angle
Modulus of elasticity

Length of plate beyond beam
Thickness of plate

Area of plate

Supported materials detail
Density mas. main beam
Height masonry main beam
Ecc. of main beam material
Add dead force main beam
Density mas. support beam
Height masonry support beam
Add dead force support beam

Geometry
Cavity width

SHS 150x150x6.3

User

E = 205000 N/mm?
Ih =135 mm

tsb = 6 mm

Asbu = 1650.0 mm?

pmmb = 21.0 KN/m3
hmmb = 1900 mm
emb = 50 mm
Pgcaddmb = 3.5 KN/m
pmsb = 24.0 KN/m3
hmsb = 2100 mm
Pcaddsb = 0.0 KN/m

¢ =100 mm

Biaxial stress effects in the plate (SCI-P-110)

Max overall bending moment
Second moment of area
Section modulus of plate
Force on support plate
Moment capacity of plate

Mx = 27.6 kNm

Ixx.al = 1910 cm#
Zxxplate = 6.00 cm3/m
P1=10.3 kN/m

Mc = 2.6 KNm/m

Masonry support angle
Design strength support angle
Constant

Total length of plate

Width of main beam

Dist weld position to CoG

Width masonry main beam

Add live force main beam

Width masonry support beam

Add live force support beam

Supported width of masonry

Dist to NA combined section
Elastic section modulus
Eccentricity on support beam
Bending at heel

Tedds calculation version 1.0.05

plate

pysb = 355 N/mm?2
¢ =0.880

Iplate = 275 mm
Bmb = 150 mm
Cyysb = =3 mm

bmmb = 100 mm

Pqaddmb = 3.1 KN/m

bmsb = 100 mm

Pgaddsb = 2.0 KN/m

dm =85 mm

Yeal = 25 mm

Zxxal = 338.82 cm?
e1 =95 mm

Mx,plate = 1.0 KNm/m
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Long stress overall bending

o1 = 81.4 N/mm?2

Trans bending stress ratio limit ot = 0.967

Deflection at toe
Unfact force on plate

PASS - Design strength exceeds stress at heel

Von Mises curve constant

Trans bending stress ratio

cfp = 695.9 N/mm?
aus = 0.381

PASS - Transverse bending stress ratio less than allowable limit

Pists = 7.0 kN/m

Load resultant to edge of plate bm =40 mm

Effect second mnt of inertia
Deflection limit

left_def = 18000 mm4/m

diim = 1.85 mm

Distance from weld to load
Weld to load pos as ratio
Deflection at toe

am =95 mm
a=0.704
6 =0.89 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

Shear force at weld position
Long shear beam/plate
Resultant weld force
Capacity of full length weld

Torsional loading ULS
Loading support beam
Self weight of support beam

Torsional loading SLS
Loading support beam
Self weight of support beam

Eccentricities
Distance of shear centre
Ecc of main beam masonry

Torsional effects
Applied torque
Applied torque (SLS)

Sweld = 4 mm

Ra =29.7 kN/m
Ri=418.7 kN/m

Rweld = 0.463 kN/mm
Peweld = 0.622 KN/mm

wauLs = 10.26 kN/m
wsuLs = 0.18 kN/m

wisLs = 7.04 KN/m
wssts = 0.13 KN/m

€omb = 0 mm
e2mb = =25 mm

Tquis = 1.42 KNm/m
Tgsts = 0.98 kKNm/m

STEEL BEAM TORSION DESIGN

Throat size of weld

Max possible force in plate
Horizontal shear beam/plate
Strength of weld (Table 37)

Loading of main beam

Loading of main beam

Ecc of support beam masonry
Ecc of support beam

Torsional moment (ULS)
Torsional moment (SLS)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Section details
Section type
Design stength

SHS 150x150x%6.3
pyw = py = 355 N/mm?

Steel grade
Constant

Geometry - Beam unrestrained against lateral-torsional buckling between supports.

Effective span
Length of segment LTB

L =2900 mm
Lit = 2900 mm

Effective length for LTB

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
Applied torque
Compression force

Fvw = 38.0 kN
Tq=4.13 kNm
Fc=0kN

Maximum bending moment
Minor axis bending moment

aweld = 2.8 mm

Rp = 607.1 kN

Rh =194.9 kN/m
Pweid = 220.0 N/mm?

1/ V(Z) X Sweld

wauLs = 15.41 kKN/m

wzsts = 10.57 KN/m

€imb = 175 mm
€3mb = 73 mm

Tq=4.13 kNm
Tqu=2.83 kNm

Tedds calculation version 2.0.03

S355
€=0.880

Le LT = 2030 mm

Mct = Mx = 27.58 KNm
My = 0 KNm
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Equivalent uniform moment factors

EUM factor (Cl.4.3.6.6 & T18)

Torsional deflection analysis

mut = 1.000

Beam is torsion fixed at each end. (as defined in SCI-P-057 section 2.1.6)

Max torque (at supports)
Max. angle of twist (midspan)

Section classification

To =2.06 kNm
¢ =0.001 rads

bx/t=20.8
by/t=20.8
risx = 0.000
ras = 0.000

Shear capacity (parallel to y-axis)

Design shear force

Moment capacity (x-axis)
Design bending moment

Lateral torsional buckling

Fvw = 38.0 kN

Mx = 27.6 KNm

LT buckling check not required for this section (cl. 4.6.3.1)
Mb = Mcx = 68.1 KNm

Buckling resistance moment

Avg torque support & CL

Tav = 1.03 kNm

dx/t=20.8
dy/t=20.8
risy = 0.000

Section classification is plastic

Design shear resist (cl. 4.2.3)

Pw =381.1 kN
Pass - Shear

Mnt cap low shear (cl. 4.2.5.1) Mecx = 68.1 KNm
Pass - Moment capacity exceeds design bending moment

LT buckling check not required for this section

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.

Max angle of twist
Norm stress corner due to Myt

¢ =0.001 rads
obyt = 0 N/mm?

Local capacity under combined bending & torsion
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even

Induced minor axis moment
Interaction index

Myt = 0.03 KNm
ib=0.41

Pass - Combined bending and torsion check satisfied

though these do not necessarily all occur at the same section along the member.
obx = Mx / Zx = 169 N/mm?2
obx + obyt = 169 N/mm?

Max. direct stress due to Mx
Combined stress - eqn 2.22

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 stress bending
Amplified shear stress torsion
Shear strength

Twist check
Total applied torque (unfact)
Max twist under sls loading

Deflection due to twist

tbow = 24 N/mm?2
wt = 10 N/mm?2
pv = 213 N/mm?

Tqu=2.83 kNm
¢sis = 0.04 degs
Shsis = 0.1 mm

Design strength

Max. shear stresses torsion
Combined shear bend & tors

py = 355 N/mm?
Pass - Local capacity

=9 N/mm?2
T = 34 N/mm?2

Pass - Combined shear stresses

Lever arm for defl due to twist
Deflection limit

hs = 200 mm
Shlim =1 mm
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Deflection
Maximum y-axis deflection

dy_max = 6.6 mm

Deflection limit - cl. 2.5.2
Pass - Deflection within specified limit

Pass - Deflection due to twist

dim = 8.1 mm
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STEEL MEMBER DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

TEDDS calculation version 3.0.07
Section details
Section type SHS 100x100x5.0 (Tata Steel Celsius (Gr355 Gr420 Gr460)) Steel grade S355

Classification of cross sections - Section 3.5
Tensile strain coefficient £=0.88 Section classification Semi-compact

Moment capacity - Section 4.2.5
Design bending moment M =10 kNm Moment capacity low shear Mc = 23.6 kNm

Buckling resistance moment - Section 4.3.6.4
Bending strength pb = 355 N/mm?2 Buckling resistance moment Mo = 23.6 KNm
PASS - Moment capacity exceeds design bending moment

Compression members - Section 4.7
Design compression force Fc =107 kN Compression resistance Pcx = 415.3 kN

PASS - Compression resistance exceeds design compression force
Design compression force Fc =107 kN Compression resistance Pcy = 415.3 kN

PASS - Compression resistance exceeds design compression force

Compression members with moments - Section 4.8.3
Comp.and bending check Fc/ (A x py) + M/ Mc = 0.585
PASS - Combined bending and compression check is satisfied
Member buckling resistance - cl.4.8.3.3.3
Buckling resistance checks Fc/Pex+ mxx M/ Mex (1+0.5xFc/Pex)=0.737
Fc/ Pcy + 0.5 x mLt x MLt/ Mex = 0.385
PASS - Member buckling resistance checks are satisfied
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

TEDDS calculation version 3.0.07

Dead partial VDL 3.28 kN/m at 0 mm to 5.6 kN/m at 2750 mm
Dead partial VDL 5.6 kN/m at 2750 mm to 3.28 kN/m at 5500 mm

Dead point load 8 kN at 2800 mm
Imposed full UDL 2.48 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40
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Imposed x 1.60

Analysis results

Maximum moment Mmax = 57.9 KNm Mmin = 0 KNm
Maximum shear Vmax = 34.9 kN Vmin = -35.1 kKN
Deflection Smax = 10.4 mm Smin = 0 mm
Maximum reaction at support A Ra_max = 34.9 kN Ra_min = 34.9 kN
Unfactored dead load reaction at support A RA_pead = 17.1 kN

Unfactored imposed load reaction at support A RA_imposed = 6.8 kN

Maximum reaction at support B Re_max = 35.1 kN Re_min = 35.1 kN
Unfactored dead load reaction at support B RB_pead = 17.3 kN

Unfactored imposed load reaction at support B RB_imposed = 6.8 kN

Section details
Section type UKB 254x146x37 (Tata Steel Advance) Steel grade S275

Classification of cross sections - Section 3.5
Tensile strain coefficient £=1.00 Section classification Plastic

Shear capacity - Section 4.2.3
Design shear force Fv=35.1 kN Design shear resistance Pv=266.1 kN
PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5
Design bending moment M =57.9 kNm Moment capacity low shear Mc = 132.9 kNm

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = 55.6 KNm Mo / muT = 61.8 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection Siim = 15.278 mm Maximum deflection 8 =10.428 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions

Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading

Beam loads Dead self weight of beam x 1

TEDDS calculation version 3.0.07

Dead partial VDL 5.77 kN/m at 0 mm to 9.73 kN/m at 2750 mm
Dead partial VDL 9.73 kN/m at 2750 mm to 5.77 kN/m at 5500 mm

Imposed full UDL 1.23 kN/m

Load combinations

Load combination 1 Support A

Support B

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
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Analysis results
Maximum moment Mmax = 53.9 KNm Mmin = 0 KNm
Maximum shear Vmax = 36.6 kN Vmin = -36.6 kKN
Deflection Omax = 10.4 mm Smin = 0 mm
Maximum reaction at support A RA max = 36.6 kN RA_min = 36.6 KN
Unfactored dead load reaction at support A RA_pead = 22.3 kN
Unfactored imposed load reaction at support A RA_imposed = 3.4 kN
Maximum reaction at support B RB_max = 36.6 kN Re_min = 36.6 KN
Unfactored dead load reaction at support B RB_pead = 22.3 kN
Unfactored imposed load reaction at support B RB_imposed = 3.4 kN
Section details
Section type UKB 254x146x37 (Tata Steel Advance) Steel grade S275

Classification of cross sections - Section 3.5
Tensile strain coefficient £=1.00 Section classification Plastic

Shear capacity - Section 4.2.3
Design shear force Fv=36.6 kN Design shear resistance Pv =266.1 kN
PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5
Design bending moment M =53.9 kNm Moment capacity low shear Mc = 132.9 kNm

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment ~ Mb = 55.6 kNm Mb / mut = 60.5 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection Siim = 15.278 mm Maximum deflection 6 =10.39 mm
PASS - Maximum deflection does not exceed deflection limit




Barsby Structural Consultants Ltd

Project Job no.
15 WILLOW GROVE, SOUTH CERNEY 22.132
Calcs for Start page no./Revision
B4 1
Calcs by Calcs date Checked by Checked date Approved by Approved date
MB 24/10/2022

STEEL MASONRY SUPPORT

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Steel member details
Torsion beam

Steel grade of support angle
Modulus of elasticity

Length of plate beyond beam
Thickness of plate

Area of plate

Supported materials detail
Density mas. main beam
Height masonry main beam
Ecc. of main beam material
Add dead force main beam
Density mas. support beam
Height masonry support beam
Add dead force support beam

Geometry
Cavity width

SHS 120x120x5.0

User

E = 205000 N/mm?
Ih =175 mm

tsb = 6 mm

Asbu = 1650.0 mm?

pmmb = 9.0 KN/m3
hmmb = 900 mm
emb = 20 mm
PgGaddmb = 0.0 KN/m
pmsb = 24.0 KN/m3
hmsb = 1050 mm
Pcaddsb = 2.0 KN/m

c=125mm

Biaxial stress effects in the plate (SCI-P-110)

Max overall bending moment
Second moment of area
Section modulus of plate
Force on support plate
Moment capacity of plate

Mx = 6.7 kKNm

Ixx.al = 877 cm#
Zxxplate = 6.00 cm3/m
P1=6.3 kN/m

Mc = 2.6 KNm/m

Masonry support angle
Design strength support angle
Constant

Total length of plate

Width of main beam

Dist weld position to CoG

Width masonry main beam

Add live force main beam

Width masonry support beam

Add live force support beam

Supported width of masonry

Dist to NA combined section
Elastic section modulus
Eccentricity on support beam
Bending at heel

PASS - Design strength exceeds stress at heel

Tedds calculation version 1.0.05

plate

pysb = 355 N/mm?2
£ =0.880

Iplate = 275 mm
Bmb = 120 mm
Cyysb = 38 mm

bmmb = 100 mm

Pqaddmb = 0.0 KN/m

bmsb = 100 mm

Pgaddsb = 0.0 KN/m

dm =70 mm

Yeal = 26 mm

Zxxall = 222.05 cm?
er=1mm

Mx,plate = 0.0 KNm/m
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Long stress overall bending

o1 = 30.0 N/mm?2

Trans bending stress ratio limit ows = 0.996

Deflection at toe
Unfact force on plate

Von Mises curve constant

Trans bending stress ratio

cfp = 708.1 N/mm?
aus = 0.002

PASS - Transverse bending stress ratio less than allowable limit

Pists = 4.5 kN/m

Load resultant to edge of plate bm =174 mm

Effect second mnt of inertia
Deflection limit

left_def = 18000 mm4/m

dlim = 1.56 mm

Construction stage biaxial stress effects in the plate

Eccentricity on support beam
Bending at heel

Trans bending stress ratio

eic = 155 mm
Mx,platec = 0.6 kNm/m

ausc = 0.245

Distance from weld to load
Weld to load pos as ratio
Deflection at toe

am=1mm
ar = 0.006
3 =0.00 mm

PASS - Deflection is within specified criteria

Force on support plate

P1ic = 4.0 KN/m

PASS - Design strength exceeds stress at heel

PASS - Transverse bending stress ratio less than allowable limit

Construction stage deflection at toe

Unfact force on plate

Picsts = 2.9 kN/m

Load resultant to edge of plate bmc = 20 mm

Deflection at toe

6c =1.16 mm

Dist from weld to load pos
Weld to load pos as ratio

amc = 155 mm
arc = 0.886

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

Shear force at weld position
Long shear beam/plate
Resultant weld force
Capacity of full length weld

Torsional loading ULS
Loading support beam
Self weight of support beam

Torsional loading SLS
Loading support beam
Self weight of support beam

Eccentricities
Distance of shear centre
Ecc of main beam masonry

Torsional effects
Applied torque
Applied torque (SLS)

Sweld = 5 mMm

Ra = 8.9 kN/m

Ri = 483.3 kN/m

Rweld = 0.483 kN/mm
Peweld = 0.778 KN/mm

wauLs = 6.33 kKN/m
wsuLs = 0.18 kN/m

wists = 4.52 KN/m
wssts = 0.13 KN/m

€omb = 0 mm
ez2mb = =10 mm

Tques = 1.37 KNm/m
Tgsts = 0.98 kKNm/m

STEEL BEAM TORSION DESIGN

Throat size of weld

Max possible force in plate
Horizontal shear beam/plate
Strength of weld (Table 37)

Loading of main beam

Loading of main beam

Ecc of support beam masonry
Ecc of support beam

Torsional moment (ULS)
Torsional moment (SLS)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

aweld = 3.5 mm
Rp = 628.4 kN
Rh=1.2 kN/m
Pweid = 220.0 N/mm?

1/ V(Z) X Sweld

wauis = 1.13 KN/m

wzsts = 0.81 KN/m

€1mb = 215 mm

€3mb = 98 mm

Tq =3.55 kNm
Tqu=2.54 kNm

Tedds calculation version 2.0.03
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Section details
Section type SHS 120x120x5.0 Steel grade S275
Design stength pyw = py = 275 N/mm?2 Constant € =1.000
Geometry - Beam unrestrained against lateral-torsional buckling between supports.
Effective span L =2600 mm
Length of segment LTB Lt = 2600 mm Effective length for LTB Le_Lt = 2600 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 Fw = 10.3 kN Maximum bending moment MLt = Mx = 6.67 KNm
Applied torque Tq =3.55 kNm Minor axis bending moment My = 0 kNm
Compression force Fc=0kN

Equivalent uniform moment factors
EUM factor (Cl.4.3.6.6 & T18) mv.t = 1.000

Torsional deflection analysis

Beam is torsion fixed at each end. (as defined in SCI-P-057 section 2.1.6)

Max torque (at supports) To=1.78 KNm Avg torque support & CL Tav = 0.89 KNm
Max. angle of twist (midspan) ¢ = 0.002 rads

Section classification

bx/t=21.0 d«/t=21.0
by/t=21.0 dy/t=21.0
risx = 0.000 risy = 0.000
rs = 0.000

Section classification is plastic

Shear capacity (parallel to y-axis)
Design shear force Fw = 10.3 kN Design shear resist (cl. 4.2.3) Pw = 187.5 kN
Pass - Shear

Moment capacity (x-axis)
Design bending moment Mx = 6.7 KNm Mnt cap low shear (cl. 4.2.5.1) Mcx = 26.8 kKNm
Pass - Moment capacity exceeds design bending moment

Lateral torsional buckling
LT buckling check not required for this section (cl. 4.6.3.1)
Buckling resistance moment Mb = Mex = 26.8 KNm
LT buckling check not required for this section

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.
Max angle of twist ¢ =0.002 rads Induced minor axis moment Myt = 0.01 KNm
Norm stress corner due to Myt byt = 0 N/mm? Interaction index ib=10.25
Pass - Combined bending and torsion check satisfied

Local capacity under combined bending & 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 Mx  obx = Mx/ Zx = 80 N/mm?

Combined stress - eqn 2.22 obx + obyt = 81 N/mm? Design strength py = 275 N/mm?
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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 stress bending
Amplified shear stress torsion

Shear strength

Twist check

Total applied torque (unfact)
Max twist under sls loading
Deflection due to twist

Deflection

Maximum y-axis deflection

Tow = 10 N/mm?2
wt = 16 N/mm?2
pv = 165 N/mm?2

Tqu=2.54 kNm
¢sis = 0.08 degs
dhsis = 0.3 mm

dy_max = 3.3 mm

Max. shear stresses torsion

Combined shear bend & tors

Lever arm for defl due to twist

Deflection limit

Deflection limit -

Pass - Local capacity

=15 N/mm?2
T =26 N/mm?2

Pass - Combined shear stresses

cl.25.2

hs = 225 mm

Shlm = 2 mm

Pass - Deflection due to twist

dim = 10.4 mm

Pass - Deflection within specified limit
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STEEL MASONRY SUPPORT

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Steel member details
Torsion beam

Steel grade of support angle
Modulus of elasticity

Length of plate beyond beam
Thickness of plate

Area of plate

Supported materials detail
Density mas. main beam
Height masonry main beam
Ecc. of main beam material
Add dead force main beam
Density mas. support beam
Height masonry support beam
Add dead force support beam

Geometry
Cavity width

RHS 200x150x8.0
User

E = 205000 N/mm?
Ih = 150 mm

tsb = 6 mm

Asbu = 1650.0 mm?

pmmb = 9.0 KN/m3
hmmb = 900 mm
emb = 50 mm
PGaddmb = 1.5 KN/m
pmsb = 24.0 KN/m3
hmsb = 1050 mm
Pcaddsb = 2.0 KN/m

c=125mm

Biaxial stress effects in the plate (SCI-P-110)

Max overall bending moment
Second moment of area
Section modulus of plate
Force on support plate
Moment capacity of plate

Mx = 41.4 kNm

Ixx.al = 4305 cm#
Zxxplate = 6.00 cm3/m
P1=6.3 kN/m

Mc = 2.6 KNm/m

Masonry support angle
Design strength support angle
Constant

Total length of plate

Width of main beam

Dist weld position to CoG

Width masonry main beam

Add live force main beam

Width masonry support beam

Add live force support beam

Supported width of masonry

Dist to NA combined section
Elastic section modulus
Eccentricity on support beam
Bending at heel

Tedds calculation version 1.0.05

plate

pysb = 355 N/mm?2
£ =0.880

Iplate = 275 mm
Bmb = 150 mm
Cyysb = 12 mm

bmmb = 100 mm

Pqaddmb = 1.2 KN/m

bmsb = 100 mm

Pgaddsb = 0.0 KN/m

dm =75 mm

Yeal = 25 mm

Zxxal = 528.45 cm?
er=1mm

Mx,plate = 0.0 KNm/m
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Long stress overall bending

o1 = 78.3 N/mm?2

Trans bending stress ratio limit ows = 0.969

Deflection at toe
Unfact force on plate

PASS - Design strength exceeds stress at heel

Von Mises curve constant

Trans bending stress ratio

Cfp = 696.9 N/mm?
aus = 0.002

PASS - Transverse bending stress ratio less than allowable limit

Pists = 4.5 kN/m

Load resultant to edge of plate bm =149 mm

Effect second mnt of inertia
Deflection limit

left_def = 18000 mm4/m

Siim = 1.60 mm

Construction stage biaxial stress effects in the plate

Eccentricity on support beam
Bending at heel

Trans bending stress ratio

eic =125 mm
Mx,platec = 0.5 kNm/m

ausc = 0.197

Distance from weld to load
Weld to load pos as ratio
Deflection at toe

am=1mm
ar = 0.007
3 =0.00 mm

PASS - Deflection is within specified criteria

Force on support plate

P1ic = 4.0 KN/m

PASS - Design strength exceeds stress at heel

PASS - Transverse bending stress ratio less than allowable limit

Construction stage deflection at toe

Unfact force on plate

Picsts = 2.9 kN/m

Load resultant to edge of plate bmc = 25 mm

Deflection at toe

¢ = 0.66 mm

Dist from weld to load pos
Weld to load pos as ratio

amc = 125 mm
arc = 0.833

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

Shear force at weld position
Long shear beam/plate
Resultant weld force
Capacity of full length weld

Torsional loading ULS
Loading support beam
Self weight of support beam

Torsional loading SLS
Loading support beam
Self weight of support beam

Eccentricities
Distance of shear centre
Ecc of main beam masonry

Torsional effects
Applied torque
Applied torque (SLS)

Sweld = 5 mMm

Ra = 8.9 kN/m

Ri = 245.8 kN/m

Rweld = 0.246 kN/mm
Peweld = 0.778 KN/mm

wauLs = 6.33 KN/m
wsuLs = 0.18 kN/m

wists = 4.52 KN/m
wssts = 0.13 KN/m

€omb = 0 mm
e2mb = =25 mm

Tques = 1.15 kKNm/m
Tgsts = 0.83 kKNm/m

STEEL BEAM TORSION DESIGN

Throat size of weld

Max possible force in plate
Horizontal shear beam/plate
Strength of weld (Table 37)

Loading of main beam

Loading of main beam

Ecc of support beam masonry
Ecc of support beam

Torsional moment (ULS)
Torsional moment (SLS)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

aweld = 3.5 mm
Rp = 639.0 kN
Rh=1.2 kN/m
Pweid = 220.0 N/mm?

1/‘/(2) X Sweld

wauLs = 5.15 kKN/m

wzsts = 3.50 KN/m

€1mb = 200 mm

€3mb = 87 mm

Tq =5.99 KkKNm
Tqu=4.30 kNm

Tedds calculation version 2.0.03
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Section details
Section type RHS 200x150x8.0 Steel grade S275
Design stength pyw = py = 275 N/mm?2 Constant € =1.000

Geometry - Beam unrestrained against lateral-torsional buckling between supports.
Effective span L =5200 mm

Length of segment LTB Lt = 5200 mm Effective length for LTB
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 Fw =31.8 kN Maximum bending moment
Applied torque Tq =5.99 KkKNm Minor axis bending moment
Compression force Fc=0kN

Equivalent uniform moment factors
EUM factor (Cl.4.3.6.6 & T18) mv.t = 1.000

Torsional deflection analysis
Beam is torsion fixed at each end. (as defined in SCI-P-057 section 2.1.6)

Max torque (at supports) To = 3.00 kKNm Avg torque support & CL
Max. angle of twist (midspan) ¢ = 0.001 rads
Section classification

bx/t=15.8

by/t=22.0

risx = 0.000

rs = 0.000

Le LT =5200 mm

MLt = Mx = 41.36 KNm
My=0 kNm

Tav = 1.50 KNm

dx/t=22.0
dy /t=15.8
risy = 0.000

Section classification is plastic

Shear capacity (parallel to y-axis)

Pw = 497.4 kN
Pass - Shear

Design shear force Fw = 31.8 kN Design shear resist (cl. 4.2.3)
Moment capacity (x-axis)
Design bending moment Mx = 41.4 KNm Mnt cap low shear (cl. 4.2.5.1) Mcx =98.1 kNm

Pass - Moment capacity exceeds design bending moment

Lateral torsional buckling
Effective length for LTB
Slenderness ratio - cl 4.3.6.5

Le LT = 5200 mm
A =87

Buckling resistance mnt Mb = Mex = 98.1 KNm

Buckling under combined bending & torsion - SCI-P-057 section 2.3

D/B=1.3
LTB check not required

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.
¢ =0.001 rads
Norm stress corner due to Myt  obyt = 0 N/mm?2

Max angle of twist Induced minor axis moment

Interaction index

Myt = 0.06 KNm
ib=0.42

Pass - Combined bending and torsion check satisfied

Local capacity under combined bending & 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 Mx obx = Mx / Zx = 139 N/mm?2
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Combined stress - eqn 2.22

obx + obyt = 139 N/mm?

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 stress bending
Amplified shear stress torsion

Shear strength

Twist check

Total applied torque (unfact)
Max twist under sls loading
Deflection due to twist

Deflection

Maximum y-axis deflection

tbow = 12 N/mm?2
wt = 9 N/mm?2
pv = 165 N/mm?

Tqu=4.30 kNm
¢sis = 0.06 degs
Shsis = 0.2 mm

Oy_max = 13.4 mm

Design strength

Max. shear stresses torsion

Combined shear bend & tors

Lever arm for defl due to twist

Deflection limit

Deflection limit -

py = 275 N/mm?
Pass - Local capacity

=8 N/mm2
=21 N/mm?2

Pass - Combined shear stresses

cl.25.2

hs = 225 mm
Shlm = 2 mm
Pass - Deflection due to twist

Siim = 14.0 mm

Pass - Deflection within specified limit
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STEEL MEMBER DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07

Section details
Section type CHS 88.9x5.0 (Tata Steel Celsius (Gr355 Gr420 Gr460)) Steel grade S355

Classification of cross sections - Section 3.5
Tensile strain coefficient £€=0.88 Section classification Semi-compact

Moment capacity - Section 4.2.5
Design bending moment M =4 kNm Moment capacity low shear Mc = 11.2 kNm
PASS - Moment capacity exceeds design bending moment

Compression members - Section 4.7

Design compression force Fc =33 kN Compression resistance Pcx =161.4 kN
PASS - Compression resistance exceeds design compression force
Design compression force Fc =33 kN Compression resistance Pcy =161.4 kN

PASS - Compression resistance exceeds design compression force
Compression members with moments - Section 4.8.3
Comp.and bending check Fc/ (A xpy) + M/ Mc=0.429
PASS - Combined bending and compression check is satisfied
Member buckling resistance - cl.4.8.3.3.3
Buckling resistance checks Fc/Pex+ mxx M/ Mex (1 + 0.5 x Fe/ Pex) =0.600
Fc/ Pcy + 0.5 x mLt x MLt/ Mex = 0.312
PASS - Member buckling resistance checks are satisfied
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MASONRY BEARING DESIGN TO BS5628-1:2005

Masonry details
Masonry type
Compressive strength
Least horiz dim of units
Masonry units

Partial safety factor
Leaf thickness

Wall height

Bearing details

Beam spanning in plane of wall

Width of bearing

Loading details
Concentrated dead load
Design concentrated load
Distributed dead load
Design distributed load

Masonry bearing type
Bearing type

Autoclaved aerated concrete blocks

Punit = 3.6 N/mm?
lunit = 100 mm
Category Il
ym=3.5

t=100 mm

h = 2400 mm

B =100 mm

Gk =13 kN
F=43.8 kN
gk = 0.0 kN/m
f=10.0 kN/m

Type 1l

Check design bearing without a spreader
fea = 1.460 N/mm?2
FAIL - Design bearing stress exceeds allowable bearing stress, use a spreader

Design bearing stress

Spreader details
Length of spreader
Edge distance

Is = 440 mm
Sedge = 0 mm

Mortar designation
Height of units
Construction control
Characteristic strength
Effective wall thickness
Effective height of wall

Length of bearing

Concentrated imposed load

Distributed imposed load

Bearing safety factor

Allowable bearing stress

Depth of spreader

TEDDS calculation version 1.0.08

hunit = 215 mm
Normal

fk = 3.5 N/mm?2
ter = 133 mm
her = 2400 mm
Ib = 300 mm
Qx =16 kN

gk = 0.0 kN/m
Ybear = 1.25

fcp = 1.250 N/mm?

hs =215 mm
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Spreader bearing type
Bearing type Type 3 Bearing safety factor ybear = 2.00

Check design bearing with a spreader
Loading acts eccentrically within middle third — triangular stress distribution
Design bearing stress fea = 1.946 N/mm?2 Allowable bearing stress

fcp = 2.000 N/mm?

PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level
Design bearing stress fea = 0.348 N/mm?2 Allowable bearing stress

fcp = 0.835 N/mm?

PASS - Allowable bearing stress at 0.4 x h below bearing level exceeds design bearing stress
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WIND LOADING (BS6399)
In accordance with BS6399
Tedds calculation version 3.0.18

Building data
Type of roof Duopitch
Length of building L = 15000 mm Width of building W = 6800 mm
Pitch of roof ao = 30.0 deg
Reference height Hr = 6663 mm
Dynamic classification
Building type factor (table 1) Ko =0.5 Dynamic augmentation factor (1.6.1) r=0.01
Site wind speed
Location Oxford Basic wind speed Vb =19.7 m/s
Site altitude As=90m Upwind dist from sea to site dsea = 110 km
Direction factor S4=0.85 Seasonal factor Ss=1.00
Probability factor Sp=1.00 Critical gap between buidlings g =5000 mm
Topography not significant
Altitude factor Sa=1.09 Site wind speed Vs =18.3 m/s
Terrain category Country
Displacement height Hda = Omm

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

Reference height

Fetch factor (Table 22)
Gust peak factor

Effective wind speed
Dynamic pressure - roof
Reference height

Fetch factor (Table 22)
Gust peak factor

Effective wind speed

Size effect factors

Diag dim for gablewall
Diag dim for side wall
Diag dim for roof
Volume for int size effect

He = 4700 mm
Sc = 0.866
gt=3.44

Ve = 26.4 m/s
He = 6663 mm
Sc=0.921
gt=3.44

Ve = 27.7 mls
Aeg = 8.3 m
aes = 15.7m
aer=155m
Vi=0.1md

Turbulence factor (Table 22)
Terrain and building factor
Dynamic pressure

Turbulence factor (Table 22)
Terrain and building factor
Dynamic pressure

Exte size effect factor
Exte size effect factor
Exte size effect factor
Diag dim for int size effect

St=0.194
Spb=1.44
gs = 0.426 kN/m?2

St=0.187
Sp=1.51
gs = 0.469 kN/m?2

Caeg = 0.962
Caes = 0.914
Caer = 0.915
ai=50m
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Internal size effect factor Cai = 1.000

Pressures and forces

Net pressure
Net force

Roof load case 1 - Wind 0, cpi 0.20, -Cpe

pZQSXCpeXCae-QSXCpiXCai

Fw=p x Aref

Zone Ext pressure pgﬁgﬁgi’cqs External size Pre’\:;tjre, Area, Net force,
coefficient, cCpe (kN/m?) factor, Cae b (kN/m?) Aref (M?) Fw (kN)
A (-ve) -0.50 0.47 0.915 -0.31 20.51 -6.32
B (-ve) -0.50 0.47 0.915 -0.31 2.58 -0.79
C (-ve) -0.20 0.47 0.915 -0.18 35.81 -6.43
E (-ve) -0.90 0.47 0.915 -0.48 20.51 -9.83
F (-ve) -0.50 0.47 0.915 -0.31 2.58 -0.79
G (-ve) -0.50 0.47 0.915 -0.31 35.81 -11.03
Total vertical net force Fwyv =-30.48 kN Total horizontal net force Fwh = 4.06 KN
Walls load case 1 - Wind 0, cpi 0.20, -Cpe
Zone Ext pressure nggﬁgiﬁqs External size Prel\éiture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Aref (M?) Fw (KN)
A -1.45 0.47 0.962 -0.75 14.58 -10.90
B -0.85 0.47 0.962 -0.48 24.06 -11.48
w 0.81 0.43 0.914 0.23 70.50 16.31
| -0.50 0.43 0.914 -0.28 70.50 -19.74
Overall loading
Leeward force overall Fi=-19.7 kN Windward force overall Fw=16.3 kN
Overall loading overall Fww = 34.4 kKN
Roof load case 2 - Wind 0, cpi -0.3, +Cpe
Zone Ext pressure nggﬁgiﬁqs External size Prel\éiture, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Aref (M?) Fw (KN)
A (+ve) 0.80 0.47 0.915 0.48 20.51 9.91
B (+ve) 0.50 0.47 0.915 0.35 2.58 0.91
C (+ve) 0.40 0.47 0.915 0.31 35.81 11.17
E (+ve) -0.90 0.47 0.915 -0.25 20.51 -5.03
F (+ve) -0.50 0.47 0.915 -0.07 2.58 -0.19
G (+ve) -0.50 0.47 0.915 -0.07 35.81 -2.64
Total vertical net force Fwy = 12.25 kN Total horizontal net force Fwh =14.93 kN

Walls load case 2 - Wind 0, cpi -0.3, +Cpe
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Zone Ext pressure pgﬁgﬁgi’cqs External size Pre’\:;tjre, Area, Net force,
coefficient, cpe (kN/m?) factor, Cae b (kN/m?) Aref (M2) Fw (KN)
A -1.45 0.47 0.962 -0.51 14.58 -7.48
B -0.85 0.47 0.962 -0.24 24.06 -5.84
w 0.81 0.43 0.914 0.44 70.50 31.34
| -0.50 0.43 0.914 -0.07 70.50 -4.71
Overall loading
Leeward force overall Fi=-4.7 kN Windward force overall Fw=31.3 kN
Overall loading overall Fww = 43.7 kN
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ANALYSIS
Tedds calculation version 1.0.37
Geometry
Geometry (m) - Steel (BS5950)
Materials
Name Density Youngs Modulus Shear Modulus |Thermal Coefficient
(kg/m3) kN/mm?2 kN/mm?2 °C
Steel (BS5950) 7850 205 78.8 0.000012
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm*) (cm*4) (cm?) (cm?)
UB 254x146x37 47.2 5536.8 570.6 16.1 28.7
UB 178x102x19 24.3 1356 136.7 8.5 14.4
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X z X z Rot. Name Angle X z Rot.
(m) (m) © (kN/m) | (KN/m) | kNm/°
1 0 0 Fixed Fixed Free 0 0 0 0
2 5.6 0 Fixed Fixed Free 0 0 0 0
3 0 2.5 Free Free Free 0 0 0 0
4 5.6 2.5 Free Free Free 0 0 0 0
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 25 1 3 UB 178x102x19 Steel (BS5950) Fixed Fixed Fixed
2 25 2 4 UB 178x102x19 Steel (BS5950) Fixed Fixed Fixed
3 5.6 3 4 UB 254x146x37 Steel (BS5950) Fixed Fixed Fixed
Members
Name Elements
Start End
Memberl 1 1
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Name Elements
Start End
Member2 2 2
Member3 3 3
Loading

Self weight included

Permanent - Loading (kN/m)

Imposed - Loading (kN/m)
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Load combination factors

Wind - Loading (kN)

5| 5|3
@) c " ©
Load combination E g ] é
AR
1.4D + 1.6l + 1.6RI (Strength) 1.40 | 1.40 | 1.60
1.0D + 1.0l + 1.0RI (Service) 1.00 | 1.00 | 1.00
1.2D + 1.21 + 1.2RI + 1.2W (Strength) 1.20 | 1.20 | 1.20 | 1.20
1.0D + 1.0l + 1.0RI + 1.0W (Service) 1.00 | 1.00 | 1.00 | 1.00
1.0D + 1.4W (Strength) 1.00 | 1.00 1.40
Node loads
Node Load case Force Moment
X z
(kN) (kN) (kNm)
3 Wind 6 0 0
Member Loads
Member Load case Load Type Orientation | Description
Member3 Permanent VDL Globalz 3.28kN/mat0mto 5.6 kN/m at 2.8 m
Member3 Permanent VDL Globalz 5.6 kKN/m at 2.8 m to 3.28 kN/m at 5.6 m
Member3 Imposed uUbDL Globalz 2.48 KN/m
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Results

Total deflection

1.4D + 1.6l + 1.6RI (Strength) - Total deflection

1.0D + 1.0l + 1.0RlI (Service) - Total deflection

1.2D + 1.21 + 1.2RI + 1.2W (Strength) - Total deflection
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1.0D + 1.0l + 1.0RI + 1.0W (Service) - Total deflection

1.0D + 1.4W (Strength) - Total deflection

Reactions

1.4D + 1.6l + 1.6RI (Strength) - Local node reactions - Node: (Horiz (kN), Vert (kN), Mom (kNm))
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1.0D + 1.0l + 1.0RI (Service) - Local node reactions - Node: (Horiz (kN), Vert (kN), Mom (kNm))

1.2D + 1.21 + 1.2RI + 1.2W (Strength) - Local node reactions - Node: (Horiz (kN), Vert (kN), Mom (kNm))

1.0D + 1.0l + 1.0RI + 1.0W (Service) - Local node reactions - Node: (Horiz (kN), Vert (kN), Mom (kNm))
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1.0D + 1.4W (Strength) - Local node reactions - Node: (Horiz (kN), Vert (kN), Mom (kNm))

Forces

Strength combinations - Moment envelope (kNm)

Strength combinations - Shear envelope (kN)
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Strength combinations - Axial force envelope (kN)

Service combinations - Deflection envelope (mm)
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TIMBER JOIST DESIGN (BS5268-2:2002)
Tedds calculation version 1.1.04

Joist details
Joist breadth b =45 mm Joist depth h =195 mm
Joist spacing s =600 mm Service class of timber 2
Timber strength class Cl6
Span details
Number of spans Nspan = 1 Length of bearing Lo =50 mm
Clear length of span Ls1 = 3300 mm
Section properties
Second moment of area | = 27805781 mm* Section modulus Z = 285188 mm?

Loading details

Joist self weight Fswt = 0.03 KN/m Dead load
Imposed UDL(Medium term)  Fi_uai = 0.75 kN/m?

Imposed point load (Short) Fi_pt = 0.90 kN

Consider medium term loads
Design bending moment M =1.384 kNm Design shear force
Design support reaction R =1.678 kN Design deflection

Check bending stress
Permissible bending stress Om_adm = 7.641 N/mm?2 Applied bending stress

Fd_ud = 0.90 kN/m?2

V =1.678 kN
4 =6.760 mm

om_max = 4.853 N/mm?2
PASS - Applied bending stress within permissible limits
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Check shear stress
Permissible shear stress Tadm = 0.921 N/mm? Applied shear stress tmax = 0.287 N/mm?

Check bearing stress
Permissible bearing stress

Check deflection
Permissible deflection

Consider short term loads

Design bending moment
Design support reaction

Check bending stress
Permissible bending stress

Check shear stress
Permissible shear stress

Check bearing stress
Permissible bearing stress

Check deflection
Permissible deflection

oc_adm = 3.025 N/mm?2

dadm = 9.900 mm

M =1.514 kNm

R =1.835 kN

om_adm = 9.169 N/mm?2

Tadm = 1.106 N/mm?2

oc_adm = 3.630 N/mm?2

Sadm = 9.900 mm

PASS - Applied shear stress within permissible limits

Applied bearing stress oc_max = 0.746 N/mm?
PASS - Applied bearing stress within permissible limits

Actual deflection 6 =6.760 mm
PASS - Actual deflection within permissible limits

Design shear force V =1.835kN
Design deflection 8 =6.706 mm
Applied bending stress om_max = 5.308 N/mm?2

PASS - Applied bending stress within permissible limits

Applied shear stress tmax = 0.314 N/mm?
PASS - Applied shear stress within permissible limits

Applied bearing stress oc_max = 0.816 N/mm?
PASS - Applied bearing stress within permissible limits

Actual deflection 8 =6.706 mm
PASS - Actual deflection within permissible limits
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TIMBER BEAM ANALYSIS & DESIGN TO BS5268-2:2002

Applied loading

Beam loads

Load combinations
Load combination 1

Analysis results
Design moment
Total load on beam Wiot = 4.545 kN
Reactions at support A RA_max = 2.272 kN
Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A

M =1.363 kNm

Dead self weight of beam x 1
Dead full UDL 1.000 kN/m
Imposed full UDL 0.830 kN/m

Support A

Span 1

Support B

Design shear

RAﬁmin =2.272 kN
RAﬁDead =1.276 kN
RAﬁImposed =0.996 kN

TEDDS calculation version 1.7.02

Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00

F=2272 kN
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Reactions at support B Re_max = 2.272 kN Re_min = 2.272 kN
Unfactored dead load reaction at support B RB_pead = 1.276 kN
Unfactored imposed load reaction at support B RB_imposed = 0.996 kN
Timber section details
Breadth of section b =45 mm Depth of section h =195 mm
Number of sections N=2 Breadth of beam bb =90 mm
Timber strength class Cl6
Member details
Service class of timber 2 Load duration Medium term
Length of span Ls1 = 2400 mm
Length of bearing Lo =50 mm
Lateral support - ¢l.2.10.8
Permiss.depth-to-breadth ratio 4.00 Actual depth-to-breadth ratio  2.17
PASS - Lateral support is adequate
Check bearing stress
Permissible bearing stress Gc_adm = 3.025 N/mm? Applied bearing stress oc_a = 0.505 N/mm?

PASS - Applied compressive stress is less than permissible compressive stress at bearing

Bending parallel to grain
Permissible bending stress

Shear parallel to grain
Permissible shear stress

Deflection
Permissible deflection

om_adm = 7.641 N/mm? Applied bending stress om_a = 2.390 N/mm?2
PASS - Applied bending stress is less than permissible bending stress

Tadm = 0.921 N/mm? Applied shear stress ta = 0.194 N/mm?
PASS - Applied shear stress is less than permissible shear stress

Sadm = 4.800 mm Total deflection ba = 2.450 mm
PASS - Total deflection is less than permissible deflection
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TIMBER BEAM ANALYSIS & DESIGN TO BS5268-2:2002

Applied loading

Beam loads

Load combinations
Load combination 1

Analysis results
Design moment M = 3.891 kNm

Dead self weight of beam x 1

Dead full UDL 0.520 KN/m

Imposed full UDL 0.450 kN/m

Dead point load 1.200 kN at 1000 mm
Imposed point load 1.100 kN at 1000 mm
Dead point load 1.200 kN at 2200 mm
Imposed point load 1.100 kN at 2200 mm

TEDDS calculation version 1.7.02

Support A Dead x 1.00
Imposed x 1.00

Span 1 Dead x 1.00
Imposed x 1.00

Support B Dead x 1.00

Imposed x 1.00

Design shear

F =4.156 kN
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Total load on beam Wiot = 8.172 kN
Reactions at support A RA max = 4.156 kN RA_min = 4.156 kN

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Reactions at support B Re_max = 4.016 kN
Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Timber section details

Breadth of section b =70 mm
Number of sections N=2
Timber strength class Cc24

Member details

Service class of timber 2
Length of span Ls1 = 3300 mm
Length of bearing Lo =50 mm

Lateral support - ¢l.2.10.8
Permiss.depth-to-breadth ratio 4.00

Check bearing stress

RA_pead = 2.280 kN
RA_imposed = 1.876 kN
Re_min = 4.016 kN
RB_pead = 2.207 kN
RB_imposed = 1.809 kN

Depth of section h =195 mm
Breadth of beam bb = 140 mm
Load duration Medium term

Actual depth-to-breadth ratio  1.39
PASS - Lateral support is adequate

Permissible bearing stress Gc_adm = 3.300 N/mm?2 Applied bearing stress oc_a = 0.594 N/mm?
PASS - Applied compressive stress is less than permissible compressive stress at bearing

Bending parallel to grain

Permissible bending stress om_adm = 10.813 N/mm?2 Applied bending stress om_a = 4.385 N/mm?2
PASS - Applied bending stress is less than permissible bending stress

Shear parallel to grain

Permissible shear stress Tadm = 0.976 N/mm?2
Deflection
Permissible deflection Sadm = 9.900 mm

Applied shear stress 1a = 0.228 N/mm?2
PASS - Applied shear stress is less than permissible shear stress

Total deflection 8a = 6.688 mm
PASS - Total deflection is less than permissible deflection
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
Dead full UDL 0.81 kN/m

Imposed full UDL 2.63 kN/m

Dead point load 18.9 kN at 300 mm

TEDDS calculation version 3.0.07

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment Mmax = 8.2 KNm Mmin = 0 KNm
Maximum shear Vmax = 28.2 kN Vmin = 9.5 kN
Deflection Omax = 2.4 mm Smin = 0 mm
Maximum reaction at support A RA max = 28.2 kN Ra_min = 28.2 KN
Unfactored dead load reaction at support A RA_pead = 17.1 kN
Unfactored imposed load reaction at support A RA_imposed = 2.7 kN
Maximum reaction at support B Rs_max = 9.5 kN Re_min = 9.5 kN
Unfactored dead load reaction at support B RB_pead = 3.7 kKN
Unfactored imposed load reaction at support B RB_imposed = 2.7 kN
Section details
Section type UKB 127x76x13 (Tata Steel Advance) Steel grade S275

Classification of cross sections - Section 3.5
Tensile strain coefficient £=1.00 Section classification Plastic

Shear capacity - Section 4.2.3
Design shear force Fv=28.2 kN Design shear resistance Pv=83.8 kN
PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5
Design bending moment M =8.2 kNm Moment capacity low shear Mc = 23.1 kNm

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = 15.1 KNm Mo / mur = 17.9 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = 5.694 mm Maximum deflection 8§ =2.365 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
Dead full UDL 1.2 kN/m

Imposed full UDL 3.6 kN/m

Dead point load 18.9 kN at 350 mm

TEDDS calculation version 3.0.07

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment Mmax = 16.2 KNm Mmin = 0 KNm
Maximum shear Vmax = 36.8 kN Vmin = =15.7 kN
Deflection Omax = 7.8 mm Smin = 0 mm
Maximum reaction at support A RA_max = 36.8 kN RA_min = 36.8 KN
Unfactored dead load reaction at support A RA_pead = 19.3 kN
Unfactored imposed load reaction at support A RA_imposed = 6.1 kN
Maximum reaction at support B Re_max = 15.7 kN Re_min = 15.7 KN
Unfactored dead load reaction at support B RB_pead = 4.3 kKN
Unfactored imposed load reaction at support B RB_imposed = 6.1 kN
Section details
Section type UKB 152x89x16 (Tata Steel Advance) Steel grade S275

Classification of cross sections - Section 3.5
Tensile strain coefficient £=1.00 Section classification Plastic

Shear capacity - Section 4.2.3
Design shear force Fv=36.8 kN Design shear resistance Pv=113.2 kN
PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5
Design bending moment M =16.2 kNm Moment capacity low shear Mc = 33.9 kNm

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = 15.5 kNm Mb / muT = 16.8 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection Siim = 9.444 mm Maximum deflection 6 =7.842 mm
PASS - Maximum deflection does not exceed deflection limit
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