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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

NOTE: Beam is to be sited within the existing floor zone, therefore fix continuous timber rails to both sides of the web and suspend the
existing floor joists on galvanised joist hangers - to be secured to the timber rails.

Design summary

Resistance / Limit Applied / Actual Utilisation

Shear 130 kN 24.5 kN 19% OK
Bending moment 33.8 kNm 18.5 kNm 55 % OK
Buckling 22.2 kNm 18.5 kNm 83% OK
Total deflection 14.6 mm 6.6 mm 45 % OK
Deflection due to variable actions 8.1 mm 2.3mm 29 % OK
Section details

Type Universal beam

Section 152x89x16 UB 7.7mm

Steel grade S275

, j 152.4mm

Width b=88.7mm 4.5mm

Depth h=152 mm

Web thickness t,=4.5mm

Flange thickness t=7.7mm 88.7mm

Root radius r=7.6 mm

Mass per metre w =16 kg/m
Span and restraints

Effective span L=2,920 mm

Buckling length L,=2,920 mm

Deflection limits

Variable action deflection limit Ay=L/360=8.13mm

Total deflection limit Dgu=L/200=14.6 mm
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Safety factors

Partial factor for permanent actions Ys=1.35

Partial factor for variable actions Yo=1.5
Loading details

Self weight
Permanent action SW =w x9.81/1000 = 0.157 kN/m

Load 1: UDL - Timber floor (domestic dwelling)

Permanent action G,=0.6 kN/m?x 2.85 m = 1.71 kN/m

Variable action Q,=1.5kN/m?x2.85 m=4.28 kN/m

Load 2: UDL - Masonry Wall

Permanent action G,=1.5kN/m?x2.4m=3.6 kN/m
Variable action Q,=0kN/m?x2.4m=0kN/m
Load 3: Point load - PL from partition
Distance to point load, A A=1.05m
‘ Permanent action G;=5kN
%‘ A T Variable action Q,=0kN
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 11.2 kN 6.25 kN 17.5kN 24.5 kN
Right reaction 9.79 kN 6.25 kN 16 kN 22.6 kN
Design shear force
1:8 Design shear resistance (130 kN) Design shear force VEd =24.5 KN
100
80 Design shear resistance V.pa =130 kN
60
o Utilisation Veg /Verg =19 %
. I——
2 D ————

Shear force (kN)

OK
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Design bending moment
» Design buckling resistance (22.2 kNm) Design bending moment, major axis MEd =18.5kNm
Design resistance for bending M, pq =33.8 KNm
Bending utilisation Mgy / M pq =55 % OK
Design resistance for buckling My s =22.2 kKNm
Buckling utilisation Mgy / Mype =83 % OK
5
Bending moments (kNm)
Deflection
’ Variable action deflection limit A,=8.1mm
0
2 Variable action deflection 8,=2.3mm oK
) Total deflection limit Ago=14.6 mm
-6
8 Live deflection limit (8.1 mm) Total deflection 6G+Q =6.6 mm oK
-10
-12
-14 Total deflection limit (14.6 mm)

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy W, =109 cm®
Plastic modulus - major axis, yy W, =123 cm’
Second moment of area - major axis, yy l,=834cm’
Second moment of area - minor axis, zz 1,=89.8cm’
Warping constant l,=0.0047 dm’
Torsional constant I,=3.56 cm’
Area of section A=2,030 mm’

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E=210,000 N/mm? cl.3.2.6
Poisson's ratio in elastic stage v=0.3 cl.3.2.6
Shear modulus G, = 81,000 N/mm? cl.3.2.6
Partial factor for resistance of cross-sections Yo =1 cl.6.1(1)B / BS-EN NA
Partial factor for resistance to instability Ywm=1 cl.6.1(1)B / BS-EN NA
Factor for shear area n=1 EN 1993-1-5:2006 cl.5.1(2) / BS-EN

NA

Limiting non dimensional slenderness ratio XLT,,, =0.4 cl.6.3.2.3(1) / BS-EN NA
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Beta factor for buckling reduction factor f=0.75

calculation

Yield strength

Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 7.70 mm

Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924

Flange ratio for local buckling ¢ /t=4.48

Flange ratio limit for class 1 9e=8.32

Flange class Class;=1

Web ratio for local buckling c./t,=27.1

Web ratio limit for class 1 72€=66.6

Web class Class, =1

Section class Class=1

Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =137 mm

Shear area for | and H sections A, =816 mm?

Design shear resistance V,ira = 130 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h, /t,=30.4

Shear buckling limit 72€/n=66.6

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required
Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (24 kN) is less than half of the plastic shear resistance (130 kN / 2 = 65 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =123,000 mm?*
Design bending resistance M ge = 33.8 KNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L,=2,920 mm
Critical buckling moment Mz =29.6 KNm
Class 1 section, therefore use plastic modulus W, =123,000 mm?*
Non-dimensional slenderness ratio Xu =1.07

Depth to width ratio for buckling curve h/b=1.72
Buckling curve for h / b ratio Buckling curve =b

Imperfection factor for buckling curve b a,;,=0.34
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Intermediate factor for reduction factor &, =1.04

calculation

Buckling reduction factor X.r = 0.657

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xi7moa = 0.657

Design buckling resistance My e =22.2 kKNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Connection Detail 152x89x16 UB

maximum factored load = 20 kN

55 40
— - —- -
152x89x16 UB S275
I
2 number cleats from
i -6 N 150x90x10 rolled steel angles
M N i X 92mm long
one on each side
152x89x16 UB S275 | p )
Y cleats joined to beams
10 H with 4 number

18| MZ20 grade 8.8 bolts
Bearing Capacity of M20 bolt passing through 4.5mm thick
S275 steel = 37.9 kN

2 x 37.9 kN =75.8 KN > 20 kN therefore OK

Shearing Resistance of M20 grade 8.8 bolt = 94.1 kN
2 x94.1 kN =188.2 kN > 20 kN therefore OK

Values from P363 Steel Building Design: Design Data, In
accordance with Eurocodes and the UK National Annexes.
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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Resistance / Limit
Shear 315kN
Bending moment 111 kNm
Buckling 111 kNm
Total deflection 26.2 mm

Deflection due to variable actions 14.5 mm

Section details

Type Universal beam
Section 305x102x28UB
Steel grade S275

Width b=102 mm
Depth h=309 mm
Web thickness t,=6mm

Flange thickness t;=8.8 mm

Root radius r=7.6 mm

Mass per metre w =28.2 kg/m

Span and restraints

Effective span

Buckling length

Deflection limits

94 Tithebarn Road, Knowsley Village, L34 OHA

Applied / Actual
36.3 kN

59.2 kNm

59.2 kNm

9.9 mm

1.9 mm

8.8mm

308.7mm
6mm

101.8mm

L=5,230 mm
L,=750 mm

Variable action deflection limit A,=L/360=14.5mm

Total deflection limit Dgq=L/200=26.2mm

Safety factors

Partial factor for permanent actions Yo =1.35

Partial factor for variable actions Yo=1.5

Project ref

Date
3 Nov 2021

Utilisation
12%
53 %
53%
38%

13%

OK

OK

OK

OK

OK
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Loading details

Self weight
Permanent action SW=w x9.81/1000 = 0.277 kN/m
Load 1: Point load - PL from Beam No.1

Distance to point load, A A=2.92m
‘ Permanent action G,=9.79 kN
’\‘ A T Variable action Q,=6.25kN

Load 2: UDL - 102.5mm Brickwork + Plaster or render on ONE side
Permanent action G,=2.25kN/m?x 2.4 m =5.4 kN/m
Variable action Q,= 0 kN/m*x2.4m=0kN/m

Load 3: UDL - Sloping roof, 30° to 45°
Permanent action G,=1.41kN/m?x 0.4 m = 0.564 kN/m
Variable action Q,=0.75kN/m?x 0.4 m=0.3 kN/m

Load 4: UDL - Ceiling beneath sloping roof
Permanent action G, =0.3 kN/m?x 0.2 m = 0.06 kN/m
Variable action Q,=0.25kN/m?x 0.2 m=0.05 kN/m

Reactions

Left reaction

Right reaction

Design shear force

350

Permanent (unfactored) Variable (unfactored) Total (unfactored)
20.8 kN 3.67 kN 24.5 kN
22 kN 4.41 kN 26.4 kN

Design shear resistance (315 kN)

300
250
200
150
100

50

Design shear force
Design shear resistance

Utilisation

-50
-100
-150
-200
-250
-300

-350

Shear force (kN)

Total (factored)
33.6 kN

36.3kN

V., =36.3kN
V e =315kN

Vea/Vera=12%

OK



Building Design Solutions
22 Sudworth Road, New Brighton, CH45 5BX
01516301234

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

www.buildingdesignsolutions.com Calcs for
enquiries@buildingdesignsolutions.com Beam No.2
Design bending moment
120 Design buckling resistance (111 kNm)

100
80
60
40

20

-20

Bending moments (kNm)

Deflection

Live deflection limit (14.5 mm)

-20

-25

Total deflection limit (26.2 mm)

-30

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy

Plastic modulus - major axis, yy
Second moment of area - major axis, yy
Second moment of area - minor axis, zz
Warping constant

Torsional constant

Area of section

W, =348 cm’
W, =403 cm’
l,=5,370 cm’
I,=155cm’
l,=0.0349 dm’
l,=7.4cm’

A=3,590 mm’

Design bending moment, major axis
Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity
Poisson's ratio in elastic stage

Shear modulus
Partial factor for resistance of cross-sections
Partial factor for resistance to instability

Factor for shear area

Limiting non dimensional slenderness ratio

E =210,000 N/mm?
v=0.3
G,=81,000 N/mm?

Project ref

Date
3 Nov 2021

Mg, = 59.2 kNm
M_qe =111 kNm
Mea/ Mcgg =53 % OK

M, o = 111 KNm

Mgy / Mype =53 % OK

£, =14.5 mm
8,=1.9mm oK
bgy=26.2mMm

86 =9.9Mm oK

cl.3.2.6
cl.3.2.6
cl.3.2.6

cl.6.1(1)B / BS-EN NA

cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-

EN NA
cl.6.3.2.3(1) / BS-EN NA
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Beta factor for buckling reduction factor B=0.75
calculation
Yield strength
Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 8.80 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924
Flange ratio for local buckling ¢ /t=4.58
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling c./t,=46
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =291 mm
Shear area for | and H sections A,=1,980 mm?
Design shear resistance Voire = 315 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should
be verified according to Section 5 of EN
1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=48.5

Shear buckling limit 72e/n=66.6
(h,, /t,) <= (72 € / n) therefore shear buckling

calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (36 kN) is less than half of the plastic shear resistance (315 kN / 2 =158 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, = 403,000 mm?
Design bending resistance M gg =111 kNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L, =750 mm
Critical buckling moment Mz =877 kNm
Class 1 section, therefore use plastic modulus W, = 403,000 mm?
Non-dimensional slenderness ratio Xu =0.356

Depth to width ratio for buckling curve h/b=3.03
Buckling curve for h / b ratio Buckling curve=¢

Imperfection factor for buckling curve ¢ a,;=0.49
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Intermediate factor for reduction factor ®;=0.537

calculation

Buckling reduction factor Xr=1

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmod = 1

Design buckling resistance Mype =111 kNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Beam No.2 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES
NOTE: Internal leaf of cavity wall assumed to be 100mm dence blockwork.

Beam End Reaction = 36.30 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.2 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 102 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 150 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.75 N/mm?
Actual Bearing Stress = 2.37 N/mm?

Padstone Required

Padstone Results

Characteristic strength of Padstone = 10.5 N/mm?2 ( A Engineering Brick = 13.2 N/mm?2)
B Engineering Brick = 10.5 N/mm?2)
Concrete C15 = 15 N/mm?)
Concrete C30 = 30 N/mm?)
Concrete C40 = 40 N/mm?)
Steel Plate = 275 N/mm?)

Width of Padstone = 100 mm
Length of Padstone= 215 mm

A~ N A~ A~~~

Allowable padstone stress = 4.38 N/mm?2
Stress under beam end bearing = 2.37 N/mm? Therefore Padstone Stress OK
Allowable masonry stress = 1.75 N/mm?2
Stress under padstone = 1.69 N/mm?2 Therefore Masonry Stress OK
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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Shear

Bending moment

Buckling

Total deflection

Deflection due to variable actions

Section details

Type Universal beam
Section 178x102x19U
Steel grade S275

Width b=101mm
Depth h=178 mm
Web thickness t,=4.8 mm
Flange thickness t=7.9mm
Root radius r=7.6 mm

Mass per metre w =19 kg/m
Span and restraints

Effective span

Buckling length

Deflection limits

Variable action deflection limit

Total deflection limit

Safety factors

Partial factor for permanent actions

Partial factor for variable actions

Project

Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for
Beams No.3 (Lantern Support Beams)

Resistance / Limit Applied / Actual
157 kN 7.97 kN
47 kKNm 7.97 kNm
25.5kNm 7.97 kNm
20 mm 3.3 mm
11.1 mm 1.6 mm
B 7.9mm
4.8mm
101.2mm
L=4,000 mm
L.=4,000 mm

A,=L/360=11.1mm
Ago=L/200=20 mm

Ys=1.35
Yo=1.5

Date
14 May 2022

Utilisation
5%

17%
31%

16 %

15%

177.8mm

OK

OK

OK

OK

OK
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Loading details
Self weight
Permanent action SW=w x9.81 /1000 =0.186 kN/m
Load 1: UDL - Flat roof, with no permanent access
Permanent action G,=1kN/m?x 0.6 m=0.6 kN/m
Variable action Q,=0.75 kN/m?x 0.6 m = 0.45 kN/m
Load 2: UDL - Glazed roof lantern
Permanent action G,=0.5 kN/m*x 1.25 m = 0.625 kN/m
Variable action Q,=0.75kN/m? x 1.25 m = 0.938 kN/m
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 2.82 kN 2.78 kN 5.6 kN 7.97 kN
Right reaction 2.82 kN 2.78 kN 5.6 kN 7.97 kN
Design shear force
e Design shear resistance (157 kN) Design shear force Veg =T.9T kN
140
100 Design shear resistance Vs =157 kN
80
% Utilisation Vea /Vens=5%

Shear force (kN)

OK
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Design bending moment

30

Project

Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

25

20

g .

Bending moments (kNm)

Deflection

—_—

Calcs for Date

Beams No.3 (Lantern Support Beams) 14 May 2022
Design bending moment, major axis Mgy =T7.97 KNm

Design buckling resistance (25.5 kNm)
Design resistance for bending M, s =47 kKNm
Bending utilisation Mey / Mpg =17 % OK
Design resistance for buckling M, s = 25.5 kNm
Buckling utilisation Mgy / Mype=31% OK
Variable action deflection limit A,=11.1mm
Variable action deflection 8,=1.6 mm OK
Live deflection limit (11.1 mm) Total deflection limit AG+Q =20 mm

Total deflection 8cg=3.3mm oK

Total deflection limit (20 mm)

-20

-25

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy

Plastic modulus - major axis, yy
Second moment of area - major axis, yy
Second moment of area - minor axis, zz
Warping constant

Torsional constant

Area of section

W, =153 cm’
W, =171 cm’
l,=1,360 cm’
I,=137cm’
l,,=0.0099 dm®
l,=4.41cm’

A=2,430 mm’

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity
Poisson's ratio in elastic stage

Shear modulus
Partial factor for resistance of cross-sections
Partial factor for resistance to instability

Factor for shear area

Limiting non dimensional slenderness ratio

E =210,000 N/mm?

v=0.3

G, =81,000 N/mm?

cl3.26
cl3.26
cl3.26
cl.6.1(1)B / BS-EN NA
cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-EN
NA

cl.6.3.2.3(1) / BS-EN NA
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Beta factor for buckling reduction factor 3=0.75
calculation
Yield strength
Nominal yield strength for S275 grade and f,=275 N/mm?

nominal section thickness 7.90 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon £=0.924
Flange ratio for local buckling ¢/t=5.14
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling c,/t,=30.6
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =162 mm
Shear area for | and H sections A, =989 mm?
Design shear resistance V,ira = 157 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should
be verified according to Section 5 of EN
1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=33.8

Shear buckling limit 72€/n=66.6
(h,, /t,) <= (72 € / n) therefore shear buckling

calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (8 kN) is less than half of the plastic shear resistance (157 kN / 2 = 79 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =171,000 mm?
Design bending resistance M, ps =47 kKNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G, =81,000 N/mm?
Buckling length L. =4,000 mm
Critical buckling moment M =29.4 kKNm
Class 1 section, therefore use plastic modulus W, =171,000 mm?
Non-dimensional slenderness ratio Xu =1.27

Depth to width ratio for buckling curve h/b=1.76
Buckling curve for h / b ratio Buckling curve=b

Imperfection factor for buckling curve b a,;=0.34
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0151 630 1234
Calcs for Date

www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com Beams No.3 (Lantern Support Beams) 14 May 2022
Intermediate factor for reduction factor ¢,=1.25

calculation

Buckling reduction factor X.r = 0.542

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmod = 0.542

Design buckling resistance M, s = 25.5 kKNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Connection Detail 178x102x19 UB

maximum factored load = 40 kN

18
178x102x19 UB S275
60 |
1 @ ? 2 number cleats from
90x90x8 rolled steel angles
x 110mm long
* (I - (one on each side)
[ I

178x102x19 UB S275 Y cleats joined to beams
10 with 6 number
= M16 grade 8.8 bolts

Bearing Capacity of M16 bolt passing through 4.8mm thick
S275 steel = 32.7 kN

2 x 32.7 kN = 65.4 kKN > 40 kN therefore OK

Shearing Resistance of M16 grade 8.8 bolt = 188 kN
2 x 188 kN = 376 kN > 40 kN therefore OK

Values from P363 Steel Building Design: Design Data, In
accordance with Eurocodes and the UK National Annexes.
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01516301234
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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Shear

Bending moment

Buckling

Total deflection

Deflection due to variable actions

Section details

Type Universal beam
Section 178x102x19U
Steel grade S275

Width b=101mm
Depth h=178 mm
Web thickness t,=4.8 mm
Flange thickness t=7.9mm
Root radius r=7.6 mm

Mass per metre w =19 kg/m
Span and restraints

Effective span

Buckling length

Deflection limits

Variable action deflection limit

Total deflection limit

Safety factors

Partial factor for permanent actions

Partial factor for variable actions

Project

Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for
Beams No.4 (Trimmers to Beams No.3)

Resistance / Limit Applied / Actual
157 kN 12.6 kN
47 kKNm 14.2 kNm
23.9kNm 14.2 kNm
21.6 mm 7.2mm
12 mm 3.3mm
B 7.9mm
4.8mm
101.2mm
L=4,320 mm
L,.=4,320 mm

A,=L/360=12mm
Ago=L/200=21.6 mm

Ys=1.35
Yo=1.5

Date
14 May 2022

Utilisation
8%

30%

59 %
33%

27 %

177.8mm

OK

OK

OK

OK

OK
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22 Sudworth Road, New Brighton, CH45 5BX
01516301234
www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com

Loading details

Self weight

Permanent action

‘ W 2 Distance to point load, A

Permanent action

Variable action

‘ 2 Distance to point load, A

Permanent action

Variable action

Permanent action

Variable action

Reactions

Permanent (unfactored)

Variable (unfactored)

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for
Beams No.4 (Trimmers to Beams No.3)

Project ref

Date
14 May 2022

SW =w x 9.81 /1000 = 0.186 kN/m

Load 1: Point load - PL from Beam No.3

A=1.15m
G,=2.82 kN

Q,=2.78 kN

Load 2: Point load - PL from Beam No.3

A=3.15m
G,=2.82kN

Q,=2.78 kN

Load 3: UDL - Flat roof, with no permanent access

G,=1kN/m?x0.75 m = 0.75 kN/m

Q,=0.75kN/m?x0.75 m =0.562 kN/m

Total (unfactored)

Left reaction 4.86 kN 4.01 kN 8.86 kN
Right reaction 4.83 kN 3.98 kN 8.81 kN
Design shear force
160 Design shear resistance (157 kN) Design shear force
140
1% Design shear resistance
80
20 Utilisation
) e—

-180

Shear force (kN)

Total (factored)
12.6 kN

12.5kN

Vg, =12.6 kN
Vg =157 kN

Veg/Vera=8%

OK
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22 Sudworth Road, New Brighton, CH45 5BX

01516301234
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Design bending moment

30

25

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for

Beams No.4 (Trimmers to Beams No.3)

Design buckling resistance (23.9 kNm)

20

Bending moments (kNm)

Deflection

5

S

Live deflection limit (12 mm)

-20

Total deflection limit(21.6 mm)

-25

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy

Plastic modulus - major axis, yy

Second moment of area - major axis, yy

Second moment of area - minor axis, zz

Warping constant
Torsional constant

Area of section

W, =153 cm’
W, =171 cm’
l,=1,360 cm’
1,=137cm’
l,=0.0099 dm’
I;=4.41cm’

A=2,430 mm’

Design bending moment, major axis

Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity
Poisson's ratio in elastic stage

Shear modulus

E=210,000 N/mm?

v=0.3

G, = 81,000 N/mm?

Partial factor for resistance of cross-sections Yuo =1

Partial factor for resistance to instability

Factor for shear area

Limiting non dimensional slenderness ratio

YMI 1
n=1
Arp=0.4

Project ref

Date
14 May 2022
M, = 14.2 kNm
M, s =47 kKNm
Mea/ Mcgs =30 % OK
M, s = 23.9 KNm
Mgy / Mypa =59 % OK
Ay,=12mm
8,=3.3mm OK

Dgg=21.6 MM

8g=T7.2mm oK

cl3.2.6
cl3.2.6
cl3.2.6
cl.6.1(1)B / BS-EN NA
cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-EN
NA

cl.6.3.2.3(1) / BS-EN NA
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www.buildingdesignsolutions.com Cales for ) Date
enquiries@buildingdesignsolutions.com Beams No.4 (Trimmers to Beams No.3) 14 May 2022
Beta factor for buckling reduction factor f=0.75

calculation

Yield strength

Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 7.90 mm

Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924

Flange ratio for local buckling ¢/ t=5.14

Flange ratio limit for class 1 9e=8.32

Flange class Class;=1

Web ratio for local buckling c./t,=30.6

Web ratio limit for class 1 72€=66.6

Web class Class, =1

Section class Class=1

Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =162 mm

Shear area for | and H sections A,=989 mm?

Design shear resistance V,ira = 157 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=33.8

Shear buckling limit 72€/n=66.6

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required
Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (13 kN) is less than half of the plastic shear resistance (157 kN / 2 = 79 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =171,000 mm?*
Design bending resistance M ge =47 KNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L,=4,320 mm
Critical buckling moment Mz =26.7 KNm
Class 1 section, therefore use plastic modulus W, =171,000 mm?*
Non-dimensional slenderness ratio Xu =1.33

Depth to width ratio for buckling curve h/b=1.76
Buckling curve for h / b ratio Buckling curve =b

Imperfection factor for buckling curve b a,;,=0.34



Building Design Solutions Project _ Project ref
22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 0HA

0151 630 1234
Calcs for Date

www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com Beams No.4 (Trimmers to Beams No.3) 14 May 2022
Intermediate factor for reduction factor b,=1.32

calculation

Buckling reduction factor X.r =0.509

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xi7moa = 0.509

Design buckling resistance My e =23.9 kNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Beam No.4: Padstone on Existing Rear Wall Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 12.60 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.5 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 102 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 100 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.88 N/mm?
Actual Bearing Stress = 1.24 N/mm?

Padstone Not Required



Building Design Solutions Project

22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
01516301234

www.buildingdesignsolutions.com Calcs for

enquiries@buildingdesignsolutions.com Beam No.5

Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

NOTE: Beam No.5 and Beam No.2 are to be bolted together at 750mm centres

Design summary

Resistance / Limit Applied / Actual

Shear 299 kN 31.6 kN
Bending moment 94 kNm 41.6 kNm
Buckling 94 kNm 41.6 kNm
Total deflection 26.2 mm 9.2 mm
Deflection due to variable actions 14.5 mm 1.6 mm
Section details

Type Universal beam

Section 305 x102x 25 UB 7mm
Steel grade S275

. 305.1Tmm

Width b=102 mm 5.8mm

Depth h=305 mm

Web thickness t,=5.8mm

Fl thick t=7

ange thickness =7 mm 101.6mm

Root radius r=7.6 mm

Mass per metre w =24.8 kg/m
Span and restraints

Effective span L=5,230 mm

Buckling length L,=750 mm
Deflection limits

Variable action deflection limit A,=L/360=14.5mm

Total deflection limit Dgu=L/200=26.2 mm

Project ref

Date
14 May 2022

Utilisation
11%
44 %
44 %
35%

11%

OK

OK

OK

OK

OK
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0151630 1234
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enquiries@buildingdesignsolutions.com Beam No.5 14 May 2022
Safety factors
Partial factor for permanent actions Ys=1.35
Partial factor for variable actions Yo=1.5
Loading details
Self weight
Permanent action SW=w x9.81/1000 = 0.243 kN/m

Load 1: Point load - PL from Beam No.4

‘ 2 Distance to point load, A A=1.54m

Permanent action G,=4.86 kN

ﬁ‘ Variable action Q,=4.83 kN

Load 2: Partial UDL - Flat roof, with no permanent access

Dimension to start of load, A A=1.54m
;iz Length of load, B B=3.69m
A B
Permanent action G,=1kN/m?x0.6 m=0.6 kN/m
Variable action Q,=0.75kN/m?x 0.6 m =0.45 kN/m
Load 3: UDL - 102.5mm Brickwork + Plaster or render on ONE side
Permanent action G,=2.25kN/m?x 2.4 m=5.4 kN/m
Variable action Q,=0kN/m?x 2.4 m=0kN/m
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 19 kN 3.99 kN 23 kN 31.6 kN

Right reaction 17.6 kN 2.5kN 20.1 kN 27.5 kN
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Design shear force

350
300

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for
Beam No.5

Design shear resistance (299 kN)

250
200
150

-150
-200
-250
-300

Design shear resistance (-299 kN)

-350

Shear force (kN)

Design bending moment

100

Design buckling resistance (94 kNm)

80

60

40

20

-20

Bending moments (kNm)

Deflection

Live deflection limit (14.5 mm)

-20

-25

Total deflection limit (26.2 mm)

-30

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy
Plastic modulus - major axis, yy
Second moment of area - major axis, yy
Second moment of area - minor axis, zz

Warping constant

W, =292 cm’
W, =342 cm’
l,=4,460 cm’
l,=123 cm’

l,=0.027 dm®

Project ref

Date

14 May 2022
Design shear force Veg=31.6 kN
Design shear resistance V.pa =299 kN

Utilisation

Design bending moment, major axis
Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Vea/Vera=11%

M., = 41.6 kNm
M_pe = 94 KNM

Mg/ Mcga =44 %

M, o = 94 KNM

Mea/ Myga =44 %

A, =14.5 mm
5,=1.6 mm
Agy=26.2Mmm

86ig=9.2mm

OK

OK

OK

OK

OK
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22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
0151 630 1234
www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.5 14 May 2022
Torsional constant l,=4.77 cm’
Area of section A=3,160 mm’

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E =210,000 N/mm?
Poisson's ratio in elastic stage v=0.3

Shear modulus G, = 81,000 N/mm?
Partial factor for resistance of cross-sections Yo =1

Partial factor for resistance to instability Y =1

Factor for shear area n=1

Limiting non dimensional slenderness ratio Xn,o =0.4

Beta factor for buckling reduction factor B=0.75
calculation

Yield strength

Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 7.00 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924
Flange ratio for local buckling ¢/ t=5.76
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling c./t,=47.6
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =291 mm
Shear area for | and H sections A,=1,880 mm?
Design shear resistance Voira = 299 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h, /t,=50.2
Shear buckling limit 72¢/n=66.6

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (32 kN) is less than half of the plastic shear resistance (299 kN / 2 =150 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, = 342,000 mm?

Design bending resistance M gs =94 kNm



Building Design Solutions Project Project ref
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01516301234
www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com

Calcs for Date
Beam No.5 14 May 2022

Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L, =750 mm
Critical buckling moment Mz =684 kNm
Class 1 section, therefore use plastic modulus W, = 342,000 mm?
Non-dimensional slenderness ratio Xn =0.371

Depth to width ratio for buckling curve h/b=3

Buckling curve for h / b ratio Buckling curve=¢
Imperfection factor for buckling curve ¢ a,;=0.49
Intermediate factor for reduction factor ®;=0.544
calculation

Buckling reduction factor Xr=1

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmod = 1

Design buckling resistance My e =94 KNmM
Notes

C1value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;

1) End of beam built into masonry wall.
2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not
normally occur in a traditional masonry structure)



Beam No.5 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 31.60 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.5 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 102 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 150 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.88 N/mm?
Actual Bearing Stress = 2.07 N/mm?

Padstone Required

Padstone Results

Characteristic strength of Padstone = 10.5 N/mm?2 ( A Engineering Brick = 13.2 N/mm?2)
B Engineering Brick = 10.5 N/mm?2)
Concrete C15 = 15 N/mm?)
Concrete C30 = 30 N/mm?)
Concrete C40 = 40 N/mm?)
Steel Plate = 275 N/mm?)

Width of Padstone = 100 mm
Length of Padstone= 215 mm

A~ N A~ A~~~

Allowable padstone stress = 4.38 N/mm?2
Stress under beam end bearing = 2.07 N/mm?2 Therefore Padstone Stress OK
Allowable masonry stress = 1.88 N/mm?2
Stress under padstone = 1.47 N/mm?2 Therefore Masonry Stress OK
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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Shear

Bending moment
Buckling

Total deflection

Deflection due to variable actions

Section details

Type
Section

Steel grade

Width

Depth

Web thickness
Flange thickness

Root radius

Mass per metre

Span and restraints

Effective span

Buckling length

Deflection limits

Variable action deflection limit

Total deflection limit

Safety factors

Universal beam
254x146x 37U
S275

b =146 mm
h=256 mm
t,=6.3mm
t,=10.9 mm
r=7.6mm

w =37 kg/m

Partial factor for permanent actions

Partial factor for variable actions

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for

Beam No.6 (Over Bi-fold Doors)

Resistance / Limit

Applied / Actual

280 kN 27.7T kN
133 kNm 33.1kNm
66.5 kKNm 33.1kNm
30.6 mm 8.3 mm
17 mm 3.3mm
B 10.9mm
256mm
6.3mm
146.4mm
L=6,120 mm
L,=6,120 mm

A,=L/360=17 mm

Ago=L/200=30.6 mm

Ys=1.35

Yo=1.5

Project ref

Date
14 May 2022

Utilisation
10%
25%
50 %
27 %

19%

OK

OK

OK

OK

OK
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Loading details

AT B
Al B
Reactions

Left reaction

Right reaction

Project Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for Date
Beam No.6 (Over Bi-fold Doors) 14 May 2022

Self weight

Permanent action SW=w x 9.81 /1000 = 0.363 kN/m

Load 1: Point load - PL from Beam No.4

Distance to point load, A A=1.06 m
Permanent action G,=4.86 kN
Variable action Q,=4.01 kN

Load 2: Point load - PL from Beam No.4

Distance to point load, A A=5.06 m
Permanent action G,=4.86 kN
Variable action Q,=4.01 kN

Load 3: Partial UDL - Flat roof, with no permanent access
Dimension to start of load, A A=1.06 m
Length of load, B B=4m

Permanent action G,=1kN/m?x1.4m=1.4kN/m

Variable action Q,=0.75kN/m?x 1.4 m=1.05 kN/m

Load 4: UDL - 100mm Lightweight blockwork + Plaster or render on ONE side

Permanent action G,=1kN/m?x0.225 m = 0.225 kN/m

Variable action Q,=0kN/m?x0.225 m =0 kN/m

Load 5: Partial UDL - Flat roof, with no permanent access

Dimension to start of load, A A=5.06 m

Length of load, B B=1.06 m

Permanent action G,=1kN/m?x2.4m=2.4kN/m

Variable action Q,=0.75kN/m?x 2.4 m=1.8 kN/m
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
9.69 kN 6.28 kN 16 kN 22.5kN
11.8 kN 7.85 kN 19.6 kN 27.7 kN
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Design shear force

350
300

Project
94 Tithebarn Road, Knowsley Village, L34 OHA

250
200
150
100

50

-50
-100
-150
-200
-250

-300

Shear force (kN)

Design bending moment

70

60

50

40

30

20

Bending moments (kNm)

Deflection

Project ref

Calcs for Date
Beam No.6 (Over Bi-fold Doors) 14 May 2022
Design shear resistance (280 kN) Design shear force Veq = 27.TkN
Design shear resistance V.pa =280 kN
Utilisation Vea/Vera=10 % oK
|
Design shear resistance (-280 kN)
Design buckling resistance (66.5 kNm) Design bending moment, major axis MEd =33.1 kNm
Design resistance for bending M gs =133 kNm
Bending utilisation Mg/ M. ge=25% OK
Design resistance for buckling M, r¢ = 66.5 KNm
Buckling utilisation Mgy / Mype =50 % OK
Variable action deflection limit £y,=17T mm
8,=3.3mm OK

0
B W Variable action deflection

Total deflection limit

Live deflection limit (17 mm)

Total deflection

-20

-25

-30

Total deflection limit (30.6 mm)

-35

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy
Plastic modulus - major axis, yy
Second moment of area - major axis, yy
Second moment of area - minor axis, zz

Warping constant

W, =433 cm’
W, =483 cm’
l,=5,540 cm®
l,=571cm’

l,=0.0857 dm°

0., =30.6 mm

Scip=8.3mm OK
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www.buildingdesignsolutions.com Calcs for ) Date
enquiries@buildingdesignsolutions.com Beam No.6 (Over Bi-fold Doors) 14 May 2022
Torsional constant l,=15.3cm’
Area of section A=4,720 mm’

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E =210,000 N/mm?
Poisson's ratio in elastic stage v=0.3

Shear modulus G, = 81,000 N/mm?
Partial factor for resistance of cross-sections Yo =1

Partial factor for resistance to instability Y =1

Factor for shear area n=1

Limiting non dimensional slenderness ratio Xn,o =0.4

Beta factor for buckling reduction factor B=0.75
calculation

Yield strength

Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 10.90 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924
Flange ratio for local buckling ¢/ t=5.73
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling c,/t,=34.8
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =234 mm
Shear area for | and H sections A,=1,760 mm?
Design shear resistance Voirs = 280 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h, /t,=37.2
Shear buckling limit 72¢/n=66.6

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (28 kN) is less than half of the plastic shear resistance (280 kN / 2 = 140 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, = 483,000 mm?

Design bending resistance M gs =133 kNm



Building Design Solutions Project Project ref
22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA

01516301234
www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com

Calcs for Date
Beam No.6 (Over Bi-fold Doors) 14 May 2022

Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L,=6,120 mm
Critical buckling moment Mz =73.5 kNm
Class 1 section, therefore use plastic modulus W, = 483,000 mm?
Non-dimensional slenderness ratio Xn =1.34

Depth to width ratio for buckling curve h/b=1.75
Buckling curve for h / b ratio Buckling curve=b
Imperfection factor for buckling curve b a,;=0.34
Intermediate factor for reduction factor ¢-,=1.34
calculation

Buckling reduction factor X+ =0.501
Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmod = 0.501
Design buckling resistance M, ze = 66.5 KNm
Notes

C1value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;

1) End of beam built into masonry wall.
2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not
normally occur in a traditional masonry structure)



Beam No.6 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 27.70 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.2 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 102 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 150 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.75 N/mm?
Actual Bearing Stress = 1.81 N/mm?

Padstone Required

Padstone Results

Characteristic strength of Padstone = 10.5 N/mm?2 ( A Engineering Brick = 13.2 N/mm?2)
B Engineering Brick = 10.5 N/mm?2)
Concrete C15 = 15 N/mm?)
Concrete C30 = 30 N/mm?)
Concrete C40 = 40 N/mm?)
Steel Plate = 275 N/mm?)

Width of Padstone = 100 mm
Length of Padstone= 215 mm

A~ N A~ A~~~

Allowable padstone stress = 4.38 N/mm?2
Stress under beam end bearing = 1.81 N/mm?2 Therefore Padstone Stress OK
Allowable masonry stress = 1.75 N/mm?2
Stress under padstone = 1.29 N/mm?2 Therefore Masonry Stress OK



Building Design Solutions

22 Sudworth Road, New Brighton, CH45 5BX
01516301234
www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com

Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Shear

Bending moment
Buckling

Total deflection

Deflection due to variable actions

Section details

Type Universal beam
Section 152x89x16 UB
Steel grade S275

Width b=88.7mm
Depth h=152mm

Web thickness t,=4.5mm
Flange thickness t=7.7mm
Root radius r=7.6 mm

Mass per metre w =16 kg/m

Span and restraints

Effective span

Buckling length

Deflection limits

Variable action deflection limit

Total deflection limit

Safety factors

Partial factor for permanent actions

Partial factor for variable actions

Project

Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for

Beam No.7
Resistance / Limit Applied / Actual
130 kN 11 kN
33.8kNm 7.88 kNm
22.5 kNm 7.88 kNm
14.3 mm 2.8 mm
7.9 mm 0.5 mm

7.7mm
4.5mm
88.7mm
L=2,860 mm
L,.=2,860 mm

Dy=L/360=7.94mm

Ago=L/200=14.3mm

Ys=1.35
Yo=1.5

Date
14 May 2022

Utilisation
9%

23%
35%
19%

7%

152.4mm

OK

OK

OK

OK

OK
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22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
0151 630 1234
www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.7 14 May 2022
Loading details
Self weight
Permanent action SW=w x9.81/1000 = 0.157 kN/m
Load 1: UDL - 100mm Lightweight blockwork + Plaster or render on ONE side
Permanent action G,=1kN/m?x2.4m=2.4kN/m
Variable action Q,=0kN/m?x2.4m=0kN/m
Load 2: UDL - Ceiling beneath sloping roof
Permanent action G,=0.3 kN/m?*x 0.8 m=0.24 kN/m
Variable action Q,=0.25kN/m?x 0.8 m=0.2 kN/m
Load 3: UDL - Sloping roof, 30° to 45°
Permanent action G;=1.41 kN/m?x 1.2 m =1.69 kN/m
Variable action Q,=0.75 kN/m? x 1.2 m = 0.9 kN/m
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 6.42 kN 1.57 kN 7.99 kN 11 kN
Right reaction 6.42 kN 1.57 kN 7.99 kN 11 kN
Design shear force
e i Design shear force Ve, =11 kN
100
80 Design shear resistance Ve =130 kN
60
‘;‘; Utilisation Veg /Vepa=9 %
0 ——

-120 Design shear resistance (-130 kN)

Shear force (kN)



Building Design Solutions Project

22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
01516301234

www.buildingdesignsolutions.com Calcs for

enquiries@buildingdesignsolutions.com Beam No.7

Design bending moment

25
Design buckling resistance (22.5 kNm)

20

Bending moments (kNm)

Deflection

Live deflection limit (7.9 mm)

Total deflection limit (14.3 mm)

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy W, =109 cm®
Plastic modulus - major axis, yy w, =123 cm’
Second moment of area - major axis, yy l,=834cm’
Second moment of area - minor axis, zz 1,=89.8cm’
Warping constant l,=0.0047 dm’
Torsional constant I,=3.56 cm’
Area of section A=2,030 mm’

Design bending moment, major axis
Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E=210,000 N/mm?
Poisson's ratio in elastic stage v=0.3

Shear modulus G, = 81,000 N/mm?
Partial factor for resistance of cross-sections Yo =1

Partial factor for resistance to instability Y =1

Factor for shear area n=1

Limiting non dimensional slenderness ratio XLT,O =0.4

Project ref

Date
14 May 2022

M, =7.88 kNm
Mg = 33.8 kNm
Mea/ Mcgs =23 % OK

M, o = 22.5 kKNm

Mea/ Mpea=35% OK

A, =T7.9 mm
8,=0.5mm OK
Ago=14.3 mm

8eg=2.8mm OK

cl.3.2.6
cl.3.2.6
cl.3.2.6

cl.6.1(1)B / BS-EN NA

cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-EN

NA
cl.6.3.2.3(1) / BS-EN NA



Building Design Solutions Project Project ref

22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
0151 630 1234

www.buildingdesignsolutions.com Cales for Date
enquiries@buildingdesignsolutions.com Beam No.7 14 May 2022
Beta factor for buckling reduction factor f=0.75

calculation

Yield strength

Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 7.70 mm

Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924

Flange ratio for local buckling ¢ /t=4.48

Flange ratio limit for class 1 9e=8.32

Flange class Class;=1

Web ratio for local buckling c./t,=27.1

Web ratio limit for class 1 72€=66.6

Web class Class, =1

Section class Class=1

Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =137 mm

Shear area for | and H sections A, =816 mm?

Design shear resistance V,ira = 130 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h, /t,=30.4

Shear buckling limit 72€/n=66.6

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required
Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (11 kN) is less than half of the plastic shear resistance (130 kN / 2 = 65 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =123,000 mm?*
Design bending resistance M ge = 33.8 KNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L,=2,860 mm
Critical buckling moment Mz =30.4 KNm
Class 1 section, therefore use plastic modulus W, =123,000 mm?*
Non-dimensional slenderness ratio Xu =1.05

Depth to width ratio for buckling curve h/b=1.72
Buckling curve for h / b ratio Buckling curve =b

Imperfection factor for buckling curve b a,;,=0.34



Building Design Solutions Project _ Project ref
22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 0HA

0151 630 1234
Calcs for Date

www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com Beam No.7 14 May 2022
Intermediate factor for reduction factor ¢,=1.03

calculation

Buckling reduction factor X.r =0.667

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xi7mod = 0.667

Design buckling resistance My e =22.5 kNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Beam No.7 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 11.00 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.2 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 89 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 100 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.75 N/mm?
Actual Bearing Stress = 1.24 N/mm?

Padstone Not Required



Building Design Solutions

22 Sudworth Road, New Brighton, CH45 5BX
01516301234
www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com

Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

Design summary

Shear

Bending moment
Buckling

Total deflection

Deflection due to variable actions

Section details

Project

Project ref

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for

Beam No.8
Resistance / Limit Applied / Actual
130 kN 6.83 kN
33.8 kNm 4.88 kNm
22.5kNm 4.88 kNm
14.3 mm 1.7mm
7.9 mm 0.2 mm

Type Universal beam

Section 152x89x16 UB 7.7mm
Steel grade S275 j
Width b=88.7mm 4.5mm

Depth h=152mm

Web thickness t,=4.5mm

Flange thickness t=7.7mm 88.7mm
Root radius r=7.6 mm

Mass per metre w =16 kg/m

Span and restraints

Effective span L=2,860 mm

Buckling length L,=2,860 mm

Deflection limits

Variable action deflection limit

Total deflection limit

Safety factors

Partial factor for permanent actions

Partial factor for variable actions

A,=L/360=7.94mm
Ago=L/200=14.3mm

Ys=1.35
Yo=1.5

Date
14 May 2022

Utilisation
5%

14 %
22%
12%

3%

152.4mm

OK

OK

OK

OK

OK
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22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
01516301234
www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.8 14 May 2022
Loading details
Self weight
Permanent action SW=w x9.81/1000=0.157 kN/m

Load 1: UDL - 100mm Lightweight blockwork + Plaster or render on ONE side

Permanent action G,=1kN/m?x 2,25 m =2.25 kN/m

Variable action Q,=0kN/m?x 2,25 m=0 kN/m

Load 2: UDL - Ceiling beneath sloping roof
Permanent action G,=0.3kN/m?x 0.4 m=0.12 kN/m

Variable action Q,=0.25kN/m?x 0.4 m=0.1 kN/m

Load 3: UDL - Sloping roof, 30° to 45°

Permanent action G;=1.41 kN/m?x 0.4 m = 0.564 kN/m
Variable action Q,=0.75 kN/m? x 0.4 m = 0.3 kN/m
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 4.42 kN 0.572 kN 4.99 kN 6.83 kN
Right reaction 4.42 kN 0.572 kN 4,99 kN 6.83 kN
Design shear force
s =T Design shear force V,, =6.83 kN
100
80 Design shear resistance Vra =130 kN
60
It Utilisation Veg/Verg =5 %

-120 Design shear resistance (-130 kN)

Shear force (kN)



Building Design Solutions
22 Sudworth Road, New Brighton, CH45 5BX
01516301234

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

www.buildingdesignsolutions.com Calcs for
enquiries@buildingdesignsolutions.com Beam No.8
Design bending moment
25
Design buckling resistance (22.5 kNm)

20

Bending moments (kNm)

Deflection

Live deflection limit (7.9 mm)

Total deflection limit (14.3 mm)

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy

Plastic modulus - major axis, yy
Second moment of area - major axis, yy
Second moment of area - minor axis, zz
Warping constant

Torsional constant

Area of section

W, =109 cm’
W, =123 cm’
l,=834 cm’
I,=89.8cm*
l,,=0.0047 dm®
l,=3.56 cm*

A=2,030 mm’

Design bending moment, major axis
Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity
Poisson's ratio in elastic stage

Shear modulus
Partial factor for resistance of cross-sections
Partial factor for resistance to instability

Factor for shear area

Limiting non dimensional slenderness ratio

E =210,000 N/mm?

v=0.3

G, =81,000 N/mm?

Project ref

Date
14 May 2022

M., = 4.88 kNm
Mg = 33.8 kNm

Meg/ M. ze=14% OK

M, o = 22.5 kKNm

Mea/ Mypga=22% OK

Ay =7.9mm
8,=0.2mm OK
Ago=14.3 mm

8eiq=1.7mm OK

cl.3.2.6
cl.3.2.6
cl.3.2.6

cl.6.1(1)B / BS-EN NA

cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-EN

NA
cl.6.3.2.3(1) / BS-EN NA
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0151 630 1234
www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.8 14 May 2022
Beta factor for buckling reduction factor 3=0.75
calculation
Yield strength
Nominal yield strength for S275 grade and f,=275 N/mm?

nominal section thickness 7.70 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon £=0.924
Flange ratio for local buckling ¢/t=4.48
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling ¢, /t,=27.1
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =137 mm
Shear area for | and H sections A, =816 mm?
Design shear resistance V,ira = 130 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should
be verified according to Section 5 of EN
1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=30.4

Shear buckling limit 72€/n=66.6
(h,, /t,) <= (72 € / n) therefore shear buckling

calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (7 kN) is less than half of the plastic shear resistance (130 kN / 2 = 65 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =123,000 mm?
Design bending resistance M, ps = 33.8 KNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G, =81,000 N/mm?
Buckling length L,=2,860 mm
Critical buckling moment M =30.4 kKNm
Class 1 section, therefore use plastic modulus W, =123,000 mm?
Non-dimensional slenderness ratio Xu =1.05

Depth to width ratio for buckling curve h/b=1.72
Buckling curve for h / b ratio Buckling curve=b

Imperfection factor for buckling curve b a,;=0.34



Building Design Solutions Project _ Project ref
22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 0HA

0151 630 1234
Calcs for Date

www.buildingdesignsolutions.com
enquiries@buildingdesignsolutions.com Beam No.8 14 May 2022
Intermediate factor for reduction factor ¢,=1.03

calculation

Buckling reduction factor X.r = 0.667

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor XiTmod = 0.667

Design buckling resistance My e = 22.5 kKNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Beam No.8 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 6.83 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 2.6 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 89 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 100 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.08 N/mm?
Actual Bearing Stress = 0.77 N/mm?

Padstone Not Required
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22 Sudworth Road, New Brighton, CH45 5BX 94 Tithebarn Road, Knowsley Village, L34 OHA
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www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.9 14 May 2022

Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

NOTE: Beam is to be sites with in the floor zone. Fix continuous timber rails to the web and suspend new and existing floor joists in new
joist hangers fixed to the timber rails.

Design summary

Resistance / Limit Applied / Actual Utilisation

Shear 184 kN 26.8 kN 15% OK
Bending moment 68.2 kNm 27.9 kNm 41 % OK
Buckling 53.1kNm 27.9 kNm 52% OK
Total deflection 20.8 mm 9.6 mm 46 % OK
Deflection due to variable actions 11.6 mm 5.3mm 45 % OK
Section details
Type Universal column
Section 152x152x30UC 9.4mm
Steel grade S275

, B 157.6mm
Width b=153 mm 6.5mm
Depth h=158 mm
Web thickness t,=6.5mm
Flange thickness t=9.4mm 152.9mm
Root radius r=7.6 mm
Mass per metre w =30 kg/m
Span and restraints
Effective span L=4,160 mm
Buckling length L,=4,160 mm
Deflection limits
Variable action deflection limit Ay=L/360=11.6 mm

Total deflection limit Dgu=L/200=20.8 mm



Building Design Solutions

22 Sudworth Road, New Brighton, CH45 5BX

01516301234

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Project ref

www.buildingdesignsolutions.com Calcs for Date
enquiries@buildingdesignsolutions.com Beam No.9 14 May 2022
Safety factors
Partial factor for permanent actions Ys=1.35
Partial factor for variable actions Yo=1.5
Loading details
Self weight
Permanent action SW=w x 9.81 /1000 = 0.294 kN/m
Load 1: UDL - Timber floor (domestic dwelling)
Permanent action G,=0.6 KN/m?x2.82 m=1.7 kN/m
Variable action Q,=1.5kN/m?x 2.82 m =4.24 kN/m
Load 2: UDL - Ceiling beneath sloping roof
Permanent action G,=0.3 kN/m?x 2,82 m =0.848 kN/m
Variable action Q,=0.25 kN/m?x 2.82 m = 0.706 kN/m
Load 3: UDL - Timber Stud Wall + 2 Sheets of Plasterboard
Permanent action G;=0.5 kN/m?x 2.4 m=1.2kN/m
Variable action Q;=0kN/m*x2.4m=0 kN/m
Reactions
Permanent (unfactored) Variable (unfactored) Total (unfactored) Total (factored)
Left reaction 8.4 kN 10.3 kN 18.7 kN 26.8 kN
Right reaction 8.4 kN 10.3 kN 18.7 kN 26.8 kN
Design shear force
200 Design shear resistance (184 kN) .
180 Design shear force Vg =26.8 kN
140
160 Design shear resistance Vg =184 kN

Utilisation

Shear force (kN)

Vea/Vera=15%

OK
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Design bending moment

60
Design buckling resistance (53.1 kNm)

50
40
30

20

Bending moments (kNm)

Deflection

Live deflection limit (11.6 mm)

20 Total deflection limit (20.8 mm)

-25

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy W, =222 cm’
Plastic modulus - major axis, yy W, =248 cm’
Second moment of area - major axis, yy l,=1,750 cm’
Second moment of area - minor axis, zz 1,=560 cm’
Warping constant l,=0.031dm’
Torsional constant I;=10.5cm’
Area of section A=3,830 mm’

Design bending moment, major axis
Design resistance for bending

Bending utilisation

Design resistance for buckling

Buckling utilisation

Variable action deflection limit
Variable action deflection
Total deflection limit

Total deflection

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E=210,000 N/mm?
Poisson's ratio in elastic stage v=0.3

Shear modulus G, = 81,000 N/mm?
Partial factor for resistance of cross-sections Yo =1

Partial factor for resistance to instability Y =1

Factor for shear area n=1

Limiting non dimensional slenderness ratio XLT,,, =0.4

Project ref

Date
14 May 2022

Mg, = 27.9 kNm
Mo = 68.2 kNm
Mea/ Mcgs=41% OK

M, o = 53.1 kKNm

Meq / My s =52 % OK

£,=11.6 mm
8,=5.3mm oK
bgy=20.8 mm

86 =9.6 MM oK

cl.3.2.6
cl.3.2.6
cl.3.2.6

cl.6.1(1)B / BS-EN NA

cl.6.1(1)B / BS-EN NA

EN 1993-1-5:2006 cl.5.1(2) / BS-EN

NA
cl.6.3.2.3(1) / BS-EN NA
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Beta factor for buckling reduction factor f=0.75
calculation
Yield strength
Nominal yield strength for S275 grade and f,=275N/mm?

nominal section thickness 9.40 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.924
Flange ratio for local buckling ¢ /t=6.98
Flange ratio limit for class 1 9e=8.32
Flange class Class;=1
Web ratio for local buckling c,./t,=19
Web ratio limit for class 1 72€=66.6
Web class Class, =1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =139 mm
Shear area for | and H sections A,=1,160 mm?
Design shear resistance V,ira = 184 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should
be verified according to Section 5 of EN
1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=21.4

Shear buckling limit 72€/n=66.6
(h,, /t,) <= (72 € / n) therefore shear buckling

calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (27 kN) is less than half of the plastic shear resistance (184 kN / 2 =92 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, = 248,000 mm?*
Design bending resistance M ge = 68.2 KNm
Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L,=4,160 mm
Critical buckling moment Mz =90.4 KNm
Class 1 section, therefore use plastic modulus W, = 248,000 mm*
Non-dimensional slenderness ratio XLT =0.868

Depth to width ratio for buckling curve h/b=1.03
Buckling curve for h / b ratio Buckling curve =b

Imperfection factor for buckling curve b a,;,=0.34
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Intermediate factor for reduction factor &, =0.862

calculation

Buckling reduction factor X, =0.778

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmoa = 0.778

Design buckling resistance My e =53.1 kNm

Notes

C1 value conservatively taken as 1.0
Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;
1) End of beam built into masonry wall.

2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not

normally occur in a traditional masonry structure)



Beam No.9 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

Beam End Reaction = 26.80 kN (factored) Variable Load Safety Factor = 1.5
Factored Load at End of Beam Permanent Load Safety Factor = 1.35
Characteristic strength of masonry = 4.5 N/mm?2 ( Brickwork usually = 4.5 N/mm?2)
( 3.6N Blockwork usually = 2.6 N/mm?)

Width of beam end bearing= 152 mm ( A Engineering Brick = 13.2 N/mm?)

Length of beam end bearing= 100 mm ( B Engineering Brick = 10.5 N/mm?)
( Weak Brickwork = approx 2.8 N/mm?2)
( 7.3N Blockwork usually = 4.2 N/mm?)
(10.4N Blockwork usually = 5.4 N/mm?)

ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 1.88 N/mm?
Actual Bearing Stress = 1.76 N/mm?

Padstone Not Required
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Steel Beam Design

To Eurocode BS EN 1993-1-1/NA:2008

NOTE: Beam is to have a 10mm thick plate welded to the top flange to suit the thickness of the cavity wall beam supported.

Design summary

94 Tithebarn Road, Knowsley Village, L34 OHA

Resistance / Limit Applied / Actual

Shear 371 kN 129 kN
Bending moment 212 kNm 142 kNm
Buckling 212 kNm 142 kNm
Total deflection 20.5mm 10.4 mm
Deflection due to variable actions 11.4 mm 3.4mm
Section details

Type Universal column

Section 203 x203x71UC 17.3mm
Steel grade S275 ﬁ
Width b=206 mm 10mm

Depth h=216 mm

Web thickness t, =10 mm

Flange thickness t=17.3 mm 206.4mm
Root radius r=10.2 mm

Mass per metre w=T71kg/m
Span and restraints

Effective span L=4,110 mm

Buckling length L, =400 mm

Deflection limits

Variable action deflection limit

Total deflection limit

A,=L1/360=11.4mm

Ae.o=L/200=20.5mm

Project ref

Date
16 May 2022

Utilisation
35%
67 %
67 %
51%

30 %

215.8mm

OK

OK

OK

OK

OK
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Safety factors

Partial factor for permanent actions

Partial factor for variable actions

Loading details

Self weight

Permanent action

‘ Distance to point load, A

Permanent action

Variable action

‘ Distance to point load, A

Permanent action

Variable action

Permanent action

Variable action

Permanent action

Variable action

Reactions

Permanent (unfactored)
Left reaction 54.3 kN

Right reaction 64.3 kN

Variable (unfactored)
23.4 kN

28 kN

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Project ref

Date
16 May 2022

Calcs for
Beam No.10

Ys=1.35
Yo=1.5

SW =w x 9.81 /1000 = 0.697 kN/m

Load 1: Point load - PL from Loft Beams No.3

A=1.7Tm
G,=2TkN
Q,=24 kN

Load 2: Point load - PL from Loft Beam No.3

A=3.55m
G,=20kN
Q,=12kN

Load 3: UDL - Cavity Wall

G,=4.9kN/m?x3.11 m=15.2 kN/m

Q,=0kN/m?x3.11 m=0kN/m

Load 4: UDL - Timber floor (domestic dwelling)

G,=0.6 KN/m?x2,5m=1.5kN/m

Q,=1.5kN/m?x2.5m=3.75 kN/m

Total (unfactored) Total (factored)

77.7kN 108 kN

92.3 kN 129 kN
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Design shear force
4;(;([)] Design shear resistance (371 kN) Design shear force VEd =129 kN
300
;33 Design shear resistance V.pa =371 kN
150
v Utilisation Vea/Vera=35% oK
0
-50
-100
-150
-200
-250
-300
350 Design shear resistance (-371 kN)
-400
Shear force (kN)
Design bending moment
250 . . . . —
Design buckling resistance (212 kNm) DeSIgn bendmg moment’ major axis MEd =142 kNm
“ Design resistance for bending M gs =212 kNm
Bending utilisation Mgy / M gq =67 % OK
Design resistance for buckling My e =212 kNm
Buckling utilisation Mgy / Mypq =67 % OK
-50
Bending moments (kNm)
Deflection
’ Variable action deflection limit £y,=11.4mm
N Variable action deflection 8,=3.4mm oK

Live deflection limit (11.4 mm)

20 Total deflection limit (20.5 mm)

-25

Live load deflection (green) and total load deflection (blue) in mm

Section properties

Elastic modulus - major axis, yy W, =706 cm’
Plastic modulus - major axis, yy W, =799 cm’
Second moment of area - major axis, yy l,=7,620 cm’
Second moment of area - minor axis, zz l,=2,540 cm’
Warping constant l,=0.25dm°

Total deflection limit

Total deflection

Ag.o=20.5mm

8¢ig=10.4mm OK
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Torsional constant l,=80.2cm*
Area of section A=9,040 mm’

Factors and design values of material coefficients (EN 1993-1-1:2005 and National Annex)

Young's modulus of elasticity E=210,000 N/mm?
Poisson's ratio in elastic stage v=0.3

Shear modulus G, =81,000 N/mm?
Partial factor for resistance of cross-sections Yo =1

Partial factor for resistance to instability Y =1

Factor for shear area n=1

Limiting non dimensional slenderness ratio Xm =0.4

Beta factor for buckling reduction factor B=0.75
calculation

Yield strength

Nominal yield strength for S275 grade and f,=265 N/mm?

nominal section thickness 17.30 mm
Section classification (EN 1993-1-1:2005 cl.5.5)

Epsilon €=0.942
Flange ratio for local buckling ¢/ t,=5.09
Flange ratio limit for class 1 9e=8.48
Flange class Class;=1
Web ratio for local buckling c./t,=16.1
Web ratio limit for class 1 72€=67.8
Web class Class,=1
Section class Class=1
Shear resistance (EN 1993-1-1:2005 cl.6.2.6)

Height of web h, =181 mm
Shear area for | and H sections A,=2,420 mm?
Design shear resistance Vire = 371 kN

Shear buckling (EN 1993-1-5:2006 cl.5)

The shear buckling resistance for webs should

be verified according to Section 5 of EN

1993-1-5if (h, /t,) > (72 € /n)

Web ratio for shear buckling h,/t,=18.1
Shear buckling limit 72€/n=6T7.8

(h,, /t,) <= (72 € / n) therefore shear buckling
calculation not required

Bending resistance (EN 1993-1-1:2005 cl.6.2.5)

The shear force (129 kN) is less than half of the plastic shear resistance (371 kN / 2 = 185 kN), therefore its effect on moment resistance may be
neglected.

Class 1 section, therefore use plastic modulus W, =799,000 mm?

Design bending resistance M ps =212 kNm
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Design buckling resistance (EN 1993-1-1:2005 cl.6.3.2)

C1 factor Cl=1

Shear modulus of elasticity G,=81,000 N/mm?
Buckling length L, =400 mm
Critical buckling moment Mz = 33,000 kNm
Class 1 section, therefore use plastic modulus W, =799,000 mm?
Non-dimensional slenderness ratio Xu =0.0801

Depth to width ratio for buckling curve h/b=1.05
Buckling curve for h / b ratio Buckling curve=b
Imperfection factor for buckling curve b 0,,=0.34
Intermediate factor for reduction factor ¢.;=0.448
calculation

Buckling reduction factor Xr=1

Correction factor for moment distribution k.=1

Moment distribution modification factor f=1

Modified buckling reduction factor Xirmoa = 1

Design buckling resistance Mype =212 kKNm
Notes

C1value conservatively taken as 1.0

Ends of beam are to be laterally restrained. Ends of beams can be laterally restrained using one of the following methods;

1) End of beam built into masonry wall.
2) End of beam fixed to a masonry wall.
3) End of beam fixed to a column or a beam.

The designer is to ensure that the proposed detail adequately ensures that the end of the beam is laterally restrained.

No allowance has been made for destabilising loads which are outside the scope of these calculations (Destabilising loads would not
normally occur in a traditional masonry structure)



Beam No.10 Padstones Calculation

COMPLIES WITH LATEST EUROPEAN DESIGN CODES

NOTE: Beam is to have minimum end-bearings of 200mm both ends and is to bear onto

Class B engineering brick piers as shown on plan. Underpinning to be determined on site.
Beam End Reaction = 129.00 kN (factored) Variable Load Safety Factor = 1.5

Factored Load at End of Beam Permanent Load Safety Factor = 1.35

Brickwork usually = 4.5 N/mm?2)
3.6N Blockwork usually = 2.6 N/mm?)
Width of beam end bearing= 206 mm A Engineering Brick = 13.2 N/mm?)

Characteristic strength of masonry = 10.5 N/mm? (
(
(
Length of beam end bearing= 200 mm ( B Engineering Brick = 10.5 N/mm?)
(
(
(

Weak Brickwork = approx 2.8 N/mm?)

7.3N Blockwork usually = 4.2 N/mm?)

10.4N Blockwork usually = 5.4 N/mm?2)
ym = 3.0

Bearing Factor = 1.25

Results

Maximum Bearing Stress = 4.38 N/mm?
Actual Bearing Stress = 3.13 N/mm?

Padstone Not Required



Cavity Wall Lintel - CG90/100

Open back lintel

Benefits

Easy-to-use open back profile
Allows masonry to be built up continuously on both outer and
inner leaf

Materials used in Lintels
The CG, CH and CX ranges are formed from galvanised
steel, then powder coated

@ Duplex corrosion protection
Ensures optimum durability and longevity

&} Built-in DPC
Saves time in construction and means cavity is easy to clean
without risk of damage to DPC

@ Integral Plaster key
With staggered slots applied to the inner flange and ribbed
underside of insulation (perforated steel baseplate on CH
and CXrange)

Continuous insulation
Maximising thermal efficiency, minimising cold bridging

Features:

« Triangulated masonry load

« Supporting uniformly distributed masonry load

- Supporting uniformly distributed timber floor and roof loads
- Suitable for fair faced inner leaf masonry

Note: Whilst the above information is intended to offer general
guidance regarding typical applications, it should not be
considered as comprehensive. Requirements not fully covered by
the above should be referred to our technical services
department for individual consideration.

Catnic

Pontypandy Industrial Estate
Caerphilly

CF83 3GL

T:029 2033 7900

F:029 2086 7796

01/2015

I i ®

A Tata Steel Enterprise

90-105mm Cavity
100-115mm Inner Leaf

All ratios are shown
inner to outer

Standard Duty

@ @ % &‘ h
Standard lengths are available in 150mm
increments up to 3000mm, 300mm at ' ; ; X
lengths from 3000mm to 3600mm. 100 88 95
CG90/100

Standard 750- 1650- 1950- 2250- 2550- 2850-
lengths (mm) 1500 1800 2100 2400 2700 3600

SWL 1:1/3:1 (kN) 15 18 20 22 26 26

Weight (kg/m) 61 76 83 89 102 130

Nominal

height®h'(mm) 140 140 160 180 220 220

0 The SWL (safe working load) is based on the total UDL
(uniform distributed load) over maximum span using
150mm end bearings.

www.catnic.com

Care has been taken to ensure that the contents of this publication are accurate, but Tata
Steel Europe Limited and its subsidiaries, which includes Tata Steel UK Limited, do not
accept responsibility or liability for errors or information that is found to be misleading.
Before using products or services supplied or manufactured by Tata Steel Europe Limited
and its subsidiaries, customers should satisfy themselves as to their suitability.

© Copyright 2015 Tata Steel UK Limited.



I i ®

A Tata Steel Enterprise

Internal Wall Lintel - BSD100

Partition and loadbearing wall lintel

Benefits 100mm
ams. Duplex corrosion protection Interior SOI id Wa | IS
Ensures optimum durability and longevity
& Integral Plaster key Standard Duty
With staggered holes to three sides of box profile = )
= h
Standard lengths are available in increments of 150mm at
lengths up to 3000mm, 300mm at lengths from 3000mm
to 4800mm (including 4575mm, but excluding 4500mm). 100
Universal application caters for all loading conditions: BSD100
+ Direct floor or roof load Standard 750-  2250- 2850- 3900- o0
« Supports concrete floor loads lengths (mm) 2100 2700 3600 4575
« Supports point loads e.g. steel beams SWL (kN) 19 20 29 29 27
Weight (kg/m) 6.0 7.5 124 15.7 15.7
BSD, BHD and BXD .
Nominal 143 143 219 219 219

As previous plus:

height’h’ (mm)

« Suitable for 140mm blockwork

0 The SWL (safe working load) is based on the total UDL
(uniform distributed load) over maximum span using
150mm end bearings.

Note: Whilst the above information is intended to offer general
guidance regarding typical applications, it should not be
considered as comprehensive. Requirements not fully covered by
the above should be referred to our technical services
department for individual consideration.

www.catnic.com

Catnic
Pontypandy Industrial Estate
Caerphilly Care has been taken to ensure that the contents of this publication are accurate, but Tata
Steel Europe Limited and its subsidiaries, which includes Tata Steel UK Limited, do not

CF833GL o o . N . X "

. accept responsibility or liability for errors or information that is found to be misleading.
T: 029 2033 7900 Before using products or services supplied or manufactured by Tata Steel Europe Limited
F:029 2086 7796 and its subsidiaries, customers should satisfy themselves as to their suitability.

01/2015 © Copyright 2015 Tata Steel UK Limited.
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Rafter Design to BS 5268-2 and BS 5268-7.5

Rafter details
b

Timber strength class Cl6 >

Rafter width b=38 mm

Rafter depth h=95mm h

Rafter spacing s=400 mm

Rafter slope a =35 degrees

Clear span on slope Letsiope = 0.9 M Diagrams not to scale

Brittle finishes (e.g. No

plasterboard) on the underside

of the rafter?

Modification factors

Depth factor K,=(300/h)*"=1.13

Load sharing modification factor (BS5268-2 clause 2.10.11) Ks=1.10

Section properties

Mean modulus of elasticity E ean = 8,800 N/mm?

Minimum modulus of elasticity E,.n = 5,800 N/mm?

Cross section area A=bxh=3,610 mm’

Second moment of area I=bxh?®/12=2,720,000 mm*
Section modulus Z=bxh?/6=57,200 mm?

Radius of gyration i=+y/(1/A)=27.4mm

Average density for C16 timber (BS 5268-2:2002 Table 8) Pimean = 370 kg/m?>

Self weight per linear metre (g =9.81 m/s?) Foree=bXxhxp_ . xg=0.0131 kN/m
Consider long term loading (0.75 kN/m? dead UDL. K3 =1)

K3 (long term load) K;=1

Total load F = Fyeaq X COS(a) % (s / 1000) + F 4, X cOS(a) = 0.256 kN/m
Grade bending stress for C16 (BS5268-2:2002 Table 8) O par = 5.3 N/mm?

Permissible bending stress Oaim = Oy par X K3 X K, X Ky = 6.62 N/mm?
Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)
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Notional bearing length
(Note from BS 5268-7.5 Clause 4.2: 'The bearing length

required at each end of the rafter, calculated in accordance

with 5.6, may not be sufficient for practical construction
purposes.')

Effective span on slope
Check bending stress

Bending moment

Bending stress

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8)
Permissible shear stress

Shear stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Slenderness ratio

Compression member factor (calculated using equation in
BS5268-7.5 clause 5.3.1)

Permissible compressive stress

Applied compressive stress

Check combined bending and compressive stress

Euler critical stress
Euler coefficient

Combined axial compression and bending check

Check deflection

Permissible deflection

Bending deflection
Shear deflection

Total deflection

Calcs for
Rafters to Front Porch Extension

Project ref

Date
16 May 2022

a=(L XF[2) /(0 pexKsx Kgxb-(F/2))=1.63mm

cl,slope

Leff = Lcl,SIOpe +a=0.902m

M=Fx L,/ 8=0.0261 kNm

Opa= (M x 10°) / Z=0.456 N/mm?

0., <= O, (0.456 N/mm?<=6.616 N/mm?) therefore OK

T,, = 0.67 N/mm?
Toim = Tpar X Ky X K; = 0,737 N/mm?
T=(3xFxL,/2x10%/(2xbxh)=0.048 N/mm?

T<=T,4, (0.048 N/mm? <= 0.737 N/mm? ) therefore OK

O por = 6.8 N/mm?
E... = 5,800 N/mm?
A=L,/i=32.9
K,=0.836

O agm = Ocpar X K3 X K; X K;, = 6.25 N/mm?
0.,=0.113 N/mm?

O, <=0 .4m (0.113 N/mm? <= 6.254 N/mm? ) therefore OK

0,=T*xE,,, /A>=53 N/mm?
K,=1-(1.5%0,xL,/0.)=0.997
= o-m,a/ (Gm,adm X Keu) + Oc / o-c,adm = 0'0872

0.087 <=1 therefore OK

8,4m=0.003 x L=2.7mm
Spending = (5 X F x Le) / (384 X E,,, x1)=0.0924 mm
O = (12X Fx L) /(5%E, .., xbxh)=0.0158 mm

6t0tal = 6bending + Sshear =0.108 mm
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Calcs for
Rafters to Front Porch Extension

Project ref

Date
16 May 2022

8.otat <= 8,4 (0.108 mm <=2.705 mm ) therefore OK

Consider medium term loading (0.75 kN/m? dead UDL + 0.75 kN/m? imposed UDL. K3 = 1.25)

K3 (medium term load)

K,=1.25

BS 5268-7.5 Clause 4.3: For a roof slope greater than 30° and not exceeding 75°: an imposed load obtained by linear interpolation
between the values at 30° roof slope, e.g. 0.75 kN/m2, and zero for a 75° roof slope.

Imposed load (UDL)

Total load

Grade bending stress for C16 (BS5268-2:2002 Table 8)
Permissible bending stress

Compression perpendicular to grain for C16
(BS5268-2:2002 Table 8)

Notional bearing length

(Note from BS 5268-7.5 Clause 4.2: 'The bearing length
required at each end of the rafter, calculated in accordance
with 5.6, may not be sufficient for practical construction
purposes.')

Effective span on slope
Check bending stress

Bending moment

Bending stress

Check shear stress
Grade shear stress for C16 (BS5268-2:2002 Table 8)

Permissible shear stress

Shear stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Slenderness ratio

Compression member factor (calculated using equation in
BS5268-7.5 clause 5.3.1)

Permissible compressive stress

Applied compressive stress

Fnposequuat = 0-75 % (75 - @) / 45) = 0.667 kN/m?

F = ( Fimposedua X €0S(Q)? + Fyppg X €OS(@)) X (5 / 1000) + F,q,., X cOS(a) =
0.435 kN/m

Opnpor = 5.3 N/mm?

Oaim = Ompar X K3 X K; X K = 8.27 N/mm?

O per = 1.7 N/mm?

a= (Lasiope X F/2) / (O per X Ky X Ky x b - (F /2)) = 2.21 mm

Lgs=L +2=0.902m

cl,slope

M=FxL,>2/8=0.0443 kNm

Om,=(Mx10°/Z=0.775 N/mm?

Gpa <= G4 (0.775 N/mm? <= 8.27 N/mm? ) therefore OK

T,, = 0.67 N/mm?
Tadm = Tpar x K3 X Kg =0.921 N/rT]m2
T=(3xFxLy/2x10°/(2xbxh)=0.0816 N/mm?

T<=T,4, (0.082 N/mm? <=0.921 N/mm? ) therefore OK

O por = 6.8 N/mm?
E..n = 5,800 N/mm?
A=L,,/i=32.9

Ky, = 0.829

O adm = Ocpar X K3 X Ky X K, = 7.76 N/mm?

0.,=0.192 N/mm?
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Check combined bending and compressive stress

Euler critical stress
Euler coefficient

Combined axial compression and bending check

Check deflection

Permissible deflection

Bending deflection

Shear deflection

Total deflection

Design summary

Long term load shear stress (N/mm?)
Long term load bending stress (N/mm?)
Long term load deflection (mm)

Long term compressive stress parallel to grain (N/mm?)

Long term combined bending and compressive stress (N/mm?)

Medium term load shear stress (N/mm?)
Medium term load bending stress (N/mm?)
Medium term load deflection (mm)

Medium term compressive stress parallel to grain (N/mm?)

Medium term combined bending and compressive stress (N/mm?)

Notes

Project

94 Tithebarn Road, Knowsley Village, L34 OHA

Calcs for
Rafters to Front Porch Extension

Project ref

Date
16 May 2022

0., <= 0 4m (0.192 N/mm? <=7.755 N/mm? ) therefore OK

o.=1*xE,_. /A=52.9N/mm?
K,=1-(1.5%x0.xL,/0,)=0.995
= o-m,a (Gm,adm X Keu) + Oc / o-c,adm = 0'119

0.119 <=1 therefore OK

8,4m =0.003 x Lz =2.71 mm

5 =(5xFxLy")/(384%E,,,, x1)=0.157 mm

bending ~ mean

Spear = (12X Fx L2 / (5XE

shear

xbxh)=0.0268 mm

mean

8lotal = 8bending + 6shear = 0°184 mm

8,otal <= 8,4m (0.184 mm <=2.707 mm ) therefore OK

Permissible Applied/Actual Utilisation
0.74 0.05 6.5%
6.62 0.46 6.9 %
2.7 0.11 4%
6.25 0.11 1.8%
1 0.09 8.7%
0.92 0.08 8.9%
8.27 0.78 9.4 %
2.71 0.18 6.8 %
7.76 0.19 2.5%
1 0.12 11.9%

This design is in accordance with BS 5268-2:2002 Structural use of timber - Part 2: Code of practice for permissible stress design,
materials and workmanship and BS 5268-7.5:1990 Structural use of timber - Section 7.5 Domestic rafters.

Result

OK

OK

OK

OK

OK

OK

OK

OK

OK

These calculations apply to systems of at least four rafters, and having tiling battens adequate to provide lateral distribution and lateral

support.

Timber to be covered, this calculation is not to be used for timber which is fully exposed to the elements.
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As there are no brittle finishes e.g. plasterboard on the underside of the rafters the effects of deflection under the concentrated (point)
load do not need to be considered as per guidance given in BS 5268-7.5 clause 4.3.

For roof slopes greater than 30 degrees, the concentrated (point) 0.9 kN load can be ignored in accordance with BS 5268-7.5 Clause 4.3.
These calculations are only applicable for roofs consisting of four or more rafters.

Wane as allowed in BS 4978:2007 + A2:2017 is permitted.
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Storey Extension

Rafter Design to BS 5268-2 and BS 5268-7.5

Rafter details
b

Timber strength class Cl6 >

Rafter width b =47 mm

Rafter depth h=95mm h

Rafter spacing $=400 mm

Rafter slope a =35 degrees

Clear span on slope Letsiope = 2.072 M Diagrams not to scale

Brittle finishes (e.g. Yes

plasterboard) on the underside

of the rafter?

Modification factors

Depth factor K,=(300/h)*"=1.13

Load sharing modification factor (BS5268-2 clause 2.10.11) Ks=1.10

Section properties

Mean modulus of elasticity E ean = 8,800 N/mm?

Minimum modulus of elasticity E,.n = 5,800 N/mm?

Cross section area A=bxh=4,460 mm’

Second moment of area I=bxh?/12=3,360,000 mm*
Section modulus Z=bxh?/6=70,700 mm?

Radius of gyration i=+y/(1/A)=27.4mm

Average density for C16 timber (BS 5268-2:2002 Table 8) Pimean = 370 kg/m?>

Self weight per linear metre (g =9.81 m/s?) Foree=bXxhxp_ . xg=0.0162 kN/m
Consider long term loading (1 kN/m? dead UDL. K3 =1)

K3 (long term load) K;=1

Total load F = Fyeaq X cOS(a) X (s / 1000) + F g, X cos(a) = 0.341 kN/m
Grade bending stress for C16 (BS5268-2:2002 Table 8) O par = 5.3 N/mm?

Permissible bending stress Oaim = Oy par X K3 X K, X Ky = 6.62 N/mm?
Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)
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Calcs for Date
Rafters to Front Roof Slope of the Proposed Two- 16 May 2022
Storey Extension

Notional bearing length A= (Losope X F/2) /(O pe X K3 x Kgx b - (F/2)) =4.03mm
(Note from BS 5268-7.5 Clause 4.2: 'The bearing length

required at each end of the rafter, calculated in accordance

with 5.6, may not be sufficient for practical construction

purposes.')

Effective span on slope Lt = Ljsiope ¥ @=2.08 M

Check bending stress
Bending moment M=FxL,*/ 8=0.184 kNm

Bending stress 0,.=(Mx10°%/Z=2.6 N/mm?

0., <= O, (2.598 N/mm? <= 6.616 N/mm? ) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) Ty = 0.67 N/mm?

Permissible shear stress Togm = Tpar X K3 X K3 = 0,737 N/mm?

Shear stress T=(3xFxL4/2x10%/(2xbxh)=0.119 N/mm?

T<=T,4n, (0.119 N/mm? <= 0.737 N/mm? ) therefore OK

Check compressive stress parallel to grain

Compression stress parallel to grain O por = 6.8 N/mm?

Minimum modulus of elasticity E,.n =5,800 N/mm?

Slenderness ratio A=Ly/i=75.7

Compression member factor (calculated using equation in K,=0.542

BS5268-7.5 clause 5.3.1)

Permissible compressive stress O agm = Ocpar X K3 X K; X K, = 4.05 N/mm?
Applied compressive stress 0.,=0.28 N/mm?

., <=0 .4m (0.28 N/mm? <=4.051 N/mm? ) therefore OK

Check combined bending and compressive stress

Euler critical stress 0, =T*xE_.. /A>=9.99 N/mm?
Euler coefficient Ky =1-(1.5%x0.xL,/0,)=0.977
Combined axial compression and bending check =0,/ (O aam X Ke) + 0./ O g = 0.471

0.471 <=1 therefore OK

Check deflection

Permissible deflection 8,4m=0.003 X L, =6.23 mm
Bending deflection Spencing = (5% F L)/ (384%E, . x1)=2.79 mm
Shear deflection O = (12X Fx L)/ (5%E, .., xbxh)=0.0898 mm

Total deflection Stotal = Opending + Oshear = 2.88 MM
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Storey Extension

8yotal <= 8,4m (2.88 mm <= 6.228 mm ) therefore OK

Consider medium term loading (1 kN/m? dead UDL + 0.75 kN/m? imposed UDL. K3 = 1.25)

K3 (medium term load)

K,=1.25

BS 5268-7.5 Clause 4.3: For a roof slope greater than 30° and not exceeding 75°: an imposed load obtained by linear interpolation
between the values at 30° roof slope, e.g. 0.75 kN/m2, and zero for a 75° roof slope.

Imposed load (UDL)

Total load

Grade bending stress for C16 (BS5268-2:2002 Table 8)
Permissible bending stress

Compression perpendicular to grain for C16
(BS5268-2:2002 Table 8)

Notional bearing length

(Note from BS 5268-7.5 Clause 4.2: 'The bearing length
required at each end of the rafter, calculated in accordance
with 5.6, may not be sufficient for practical construction
purposes.')

Effective span on slope
Check bending stress

Bending moment

Bending stress

Check shear stress
Grade shear stress for C16 (BS5268-2:2002 Table 8)

Permissible shear stress

Shear stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Slenderness ratio

Compression member factor (calculated using equation in
BS5268-7.5 clause 5.3.1)

Permissible compressive stress

Applied compressive stress

Fnposequuat = 0-75 % (75 - @) / 45) = 0.667 kN/m?

F = ( Fimposedua X €0S(Q)? + Fyppg X €OS(@)) X (5 / 1000) + F,q,., X cOS(a) =
0.52 kN/m

Opnpor = 5.3 N/mm?

Oaim = Ompar X K3 X K; X K = 8.27 N/mm?

O per = 1.7 N/mm?

a= (Lcl,slope xF/2)/ (cc,per XK, x Ky xb-(F/2))=4.91mm

Lgs=L +a=2.08m

cl,slope

M=FxL,2/ 8=0.28 kNm

Oms=(Mx10° /Z=3.97 N/mm?

Gpna <= 04 ( 3.965 N/mm? <= 8.27 N/mm? ) therefore OK

T,, = 0.67 N/mm?
Tadm = Tpar x K3 X Kg =0.921 N/rT]m2
T=(3xFxL,4/2x10%/(2xbxh)=0.181 N/mm?

T<=T,4, (0.181 N/mm? <= 0.921 N/mm? ) therefore OK

O por = 6.8 N/mm?
E..n = 5,800 N/mm?
A=L,/i=75.7

K,, = 0.494

O adm = Ocpar X K3 X Ky X K, = 4.62 N/mm?

0,.,=0.427 N/mm?
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Storey Extension

Check combined bending and compressive stress

Euler critical stress
Euler coefficient

Combined axial compression and bending check

Check deflection

Permissible deflection

Bending deflection

Shear deflection

Total deflection

Design summary

Long term load shear stress (N/mm?)
Long term load bending stress (N/mm?)
Long term load deflection (mm)

Long term compressive stress parallel to grain (N/mm?)

Long term combined bending and compressive stress (N/mm?)

Medium term load shear stress (N/mm?)
Medium term load bending stress (N/mm?)
Medium term load deflection (mm)

Medium term compressive stress parallel to grain (N/mm?)

Medium term combined bending and compressive stress (N/mm?)

Notes

O, <=0 .4m (0.427 N/mm? <= 4.616 N/mm? ) therefore OK

o.=1*xE,_. /A=9.98 N/mm?
Ko,=1-(1.5%x0.xL,/0,)=0.968
= o-m,a (Gm,adm X Keu) + Oc / o-c,adm = 0'588

0.588 <=1 therefore OK

8,4m =0.003 x Lz =6.23 mm

5 =(5xFxL,")/(384%E,,, x1)=4.26 mm

bending ~ mean

Spear = (12X Fx L2 / (5XE

shear

xbxh)=0,137 mm

mean

8lotal = 8bending + 6shear =4.4mm

8yotal <= 8,4m (4.399 mm <= 6.231 mm ) therefore OK

Permissible Applied/Actual Utilisation
0.74 0.12 16.1%
6.62 2.6 39.3%
6.23 2.88 46.2 %
4.05 0.28 6.9 %
1 0.47 47.1%
0.92 0.18 19.7%
8.27 3.97 47.9%
6.23 4.4 70.6 %
4.62 0.43 9.2%
1 0.59 58.8 %

This design is in accordance with BS 5268-2:2002 Structural use of timber - Part 2: Code of practice for permissible stress design,
materials and workmanship and BS 5268-7.5:1990 Structural use of timber - Section 7.5 Domestic rafters.

Result

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

These calculations apply to systems of at least four rafters, and having tiling battens adequate to provide lateral distribution and lateral

support.

Timber to be covered, this calculation is not to be used for timber which is fully exposed to the elements.
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For roof slopes greater than 30 degrees, the concentrated (point) 0.9 kN load can be ignored in accordance with BS 5268-7.5 Clause 4.3.
These calculations are only applicable for roofs consisting of four or more rafters.

Wane as allowed in BS 4978:2007 + A2:2017 is permitted.
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Flat Roof Joist Design (BS5268-2:2002)

Joist details

Timber strength class C16

Joist width b =47 mm
Joist depth h=195 mm
Joist spacing s=400 mm
Clear span L,=4.2m

Modification factors

Depth factor

Load sharing modification factor (BS5268-2 clause 2.10.11)

Section properties
Mean modulus of elasticity

Second moment of area
Z to top edge of timber

Average density for C16 grade timber (BS 5268-2:2002
Table 8)

Joist self weight per square metre (g =9.81 m/s?)

<>

h

Bearing length Bearing length
4 -

Clear span

ez

Diagrams not to scale

K,=(300/h)***=1.05
K,=1.10

E,eon = 8,800 N/mm?

I=bxh?/12=29,000,000 mm*
Z=bxh?/6=298,000 mm?
Prmean = 370 kg/m*

Fit =0 *h % 0 X g/ 5=0.083 kN/m?

Project ref

Date
16 May 2022
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Consider long term loading (0.75 kN/m? dead UDL. K3 =1)

K3 (long term load)

Dead load (UDL)

Total dead load (dead UDL + joist self weight)
Total load per metre

Compression perpendicular to grain for C16
(BS5268-2:2002 Table 8)

Notional bearing length

(Note from BS 5268-7.1 Clause 4.2: 'The bearing length
required at each end of the joist, calculated in accordance
with 5.5, may not be sufficient for practical construction
purposes.')

Effective span

Check bending stress
Grade bending stress for C16 (BS5268-2:2002 Table 8)

Permissible bending stress

Bending moment

Bending stress

Check shear stress
Grade shear stress for C16 (BS5268-2:2002 Table 8)

Permissible shear stress

Shear stress

Check deflection

Permissible deflection

Bending deflection
Shear deflection

Total deflection

K,=1
Fessar = 0.75 kN/m?
=0.833 kN/m?

Foead = Faeaguar * Fjoisl

F = Fyong X Lopacine = 0.333 kN/m

spacing

O per = 1.7 N/mm?

a=(LyxF/2) /(0 X K;xKgxb-(F/2))=7.98 mm

c,per

Lg=L,+a=4.21m

0, = 5.3 N/mm?
Ougm = 0-par X K3 x K7 X Kg =6.11 N/I’T'\I'T']2

M=Fx L%/ 8=0.738 kNm

0=(Mx10%/Z=2.48 N/mm?

0 <=0,,, ( 2.476 N/mm? <= 6.113 N/mm? ) therefore OK

T,. = 0.67 N/mm?

Togm = Toar X K3 X K3 = 0,737 N/mm?

adm —

T=(3xFxL,4/2x10%/(2xbxh)=0.115 N/mm?

T<=T,4, (0.115 N/mm? <= 0.737 N/mm? ) therefore OK

8a0m=0.003 X L4=12.6 mm

Sbending = (5 X F % L)/ (384 X E,,, ¥ ) =5.32 mm
6shear = (12 xFx Leffz) / (5 X Emean x b X h) =0.176 mm
8total = 8bending + Sshear = 5'5 mm

8otat <= 8,4 ( 5.499 mm <= 12.624 mm ) therefore OK
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Project ref

Date

Consider medium term loading (0.75 kN/m? dead UDL + 0.75 kN/m? live UDL. K3 = 1.25)

K3 (medium term load)

Dead load (UDL)

Total dead load (dead UDL + joist self weight)
Live load (UDL)

Total load per metre

Compression perpendicular to grain for C16
(BS5268-2:2002 Table 8)

Notional bearing length
(Note from BS 5268-7.1 Clause 4.2: 'The bearing length

required at each end of the joist, calculated in accordance

with 5.5, may not be sufficient for practical construction
purposes.')

Effective span

Check bending stress
Grade bending stress for C16 (BS5268-2:2002 Table 8)

Permissible bending stress

Bending moment

Bending stress

Check shear stress
Grade shear stress for C16 (BS5268-2:2002 Table 8)

Permissible shear stress

Shear stress

Check deflection

Permissible deflection

Bending deflection
Shear deflection

Total deflection

K,=1.25
Fessar = 0.75 kN/m?

Foead = Faeaguar * Fjoisl =0.833 kN/m?
Fiveua = 0.75 kN/m?
F = ( Fdead + I:live,udl ) X Lspacing = 0'633 kN/m

O per = 1.7 N/mm?

a=(LyxF/2) /(0 X K;xKgxb-(F/2))=12.1 mm

c,per

Lg=L,+*a=4.21m

0, = 5.3 N/mm?

Oagm = 0-par X K3 x K7 X Kg =7.64 N/I’T'\I'T']2

M=FxL,%8=1.4kNm

0=(Mx10%/Z=4.72 N/mm?

0 <=0,,, ( 4.715 N/mm? <= 7.641 N/mm? ) therefore OK

T,, = 0.67 N/mm?

Tadgm = Tpar X K3 x Kg =0.921 N/mm2

T=(3xFxL,/2x10%/(2xbxh)=0.218 N/mm?

T<=T,4, (0.218 N/mm? <= 0.921 N/mm? ) therefore OK

8,4m=0.003 x Lz=12.6 mm

Sbending = (5 X F % L) / (384 X E,,, ¥ 1) = 10.2 mm
8Shear = (12 x Fx Leffz) / (5 X Emean x b x h) =0.334 mm

) o + 8oy = 10.5 mm

total — “bending shear

8otat <= 8,4 (10.491 mm <=12.636 mm ) therefore OK
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Consider short term loading (0.75 kN/m? dead UDL + 0.9 kN live point load. K3 = 1.5)

K3 (short term load) K,=1.5

Dead load (UDL) Fieagua = 0.75 kN/m?

Total dead load (dead UDL + joist self weight) Foead = Faeagua + Fioist = 0.833 kN/m?

Live point load Fivepont = 0.9 kN

Total load per metre F = Fead ¥ Lopacing = 0.333 kN/m

Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)

Notional bearing length a=((Ly*xF/2)+ (Fiepoint/ 2)) / (O per X Ky X Kg x b - (F /2)) =8.73 mm

(Note from BS 5268-7.1 Clause 4.2: 'The bearing length
required at each end of the joist, calculated in accordance
with 5.5, may not be sufficient for practical construction
purposes.')

Effective span Lg=L,ta=4.21m

Check bending stress

Grade bending stress for C16 (BS5268-2:2002 Table 8) 0,. = 5.3 N/mm?

Permissible bending stress Oaim = Oy X K3 X K; X K; = 9.17 N/mm?
Bending moment M = (F % Ly?/ 8) + (Fiye point X Leit / 4) = 1.68 KNm
Bending stress 0=(Mx10°/Z=5.66 N/mm?

0 <=0,,, ( 5.657 N/mm? <=9.169 N/mm? ) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) T,, = 0.67 N/mm?

Permissible shear stress Togm = Tpar X K3 X K = 1.11 N/mm?

Shear stress T= (3% ((FX L/ 2) + Fryepons) X 10°) / (2 x b x h) =0.262 N/mm?
T<=T,4, (0.262 N/mm? <= 1.106 N/mm? ) therefore OK

Check deflection

Permissible deflection 8,4m=0.003 x L, =12.6 mm

Bending deflection from uniformly distributed load Spendingua = (5% F x Ly / (384 %E, .. x1)=5.33mm

Shear deflection from uniformly distributed load Seearuat = (12X Fx L?) / (5 X E,pn X b x h) =0.176 mm

Bending deflection from point load Spendingpoint = (Fiespoint X 103x L)/ (48 xE,,, % 1) =5.47 mm

Shear deflection from point load 8.hearpoint = (24 X Fiepoine X 103X Lg) / (5 E ., X b x h) = 0,225 mm

Total deflection Stotal = Obendingudl T Oshearudt + Obending point + Oshear,point = 11e2 MM

8yotal <= 8,4m (11.198 mm <=12.626 mm ) therefore OK
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Design summary

Permissible Applied/Actual Utilisation Result
Long term load shear stress (N/mm?) 0.74 0.11 15.6 % OK
Long term load bending stress (N/mm?) 6.11 2.48 40.5 % OK
Long term load deflection (mm) 12.6 5.5 43.6 % OK
Medium term load shear stress (N/mm?) 0.92 0.22 23.7% OK
Medium term load bending stress (N/mm?) 7.64 4,72 61.7 % oK
Medium term load deflection (mm) 12.6 10.5 83 % OK
Short term load shear stress (N/mm?) 1.11 0.26 23.7% OK
Short term load bending stress (N/mm?) 9.17 5.66 61.7 % oK
Short term load deflection (mm) 12.6 11.2 88.7% OK

Notes

This design is in accordance with BS 5268-2:2002 Structural use of timber - Part 2: Code of practice for permissible stress design,
materials and workmanship.

Timber to be covered, this calculation is not to be used for timber which is fully exposed to the elements.

The depth to width ratio of the timber does not exceed 6 and as per the requirements of BS 5268-2 Table 19 there is no risk of buckling
under design load provided; The ends are held in position and compression edge held in line, as by direct connection of sheathing, deck
or joists.

Notches are not to exceed 0.125 of the depth of the joist and are to be located between 0.07 and 0.25 of the span from the support.

Holes drilled at the neutral axis (centre line) are not to exceed 0.25 of the depth of a joist and are not to be less than than three
diameters (centre to centre) apart and are to be located between 0.25 and 0.4 of the span from the support.

Strutting or blocking between joists is required as follows;

- Joist spans up to 2.5m - no strutting required

- Joist spans 2.5m to 4.5m - provide strutting at mid-span

- Joist spans over 4.5m - provide 2 rows of strutting at third span positions

Solid timber strutting to be at least 38mm thick and be a minimum of three quarters of the joist depth.
Proprietary strutting to be used in accordance with manufacturers recommendations.

The joists are to have a minimum end bearing of 40mm.

Wane as allowed in BS 4978:2007 + A2:2017 is permitted.

These calculations are only applicable for flat roofs consisting of four or more joists.
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Proposed First-Floor Level Floor Joists to Two-

Storey Side Extension

Domestic Floor Joist Design (BS5268-2:2002)

Joist details

Timber strength class C16

Joist width b =47 mm
Joist depth h=170 mm
Joist spacing s=400 mm
Clear span L,=2.76 m

Modification factors

Depth factor

Load sharing modification factor (BS5268-2 clause 2.10.11)

Section properties
Mean modulus of elasticity

Second moment of area
Z to top edge of timber

Average density for C16 grade timber (BS 5268-2:2002
Table 8)

Joist self weight per square metre (g =9.81 m/s?)

b
<>
h
Bearing length Bearing length
4 -

Clear span

ez

Diagrams not to scale

K,=(300/h)**=1.06
K,=1.10

E,eon = 8,800 N/mm?

I=bxh?®/12=19,200,000 mm*
Z=bxh?/6=226,000 mm?®
Prmean = 370 kg/m*

Fos=bxhxp...xg/s=0.073 kN/m?

Project ref

Date
3 Nov 2021
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Calcs for Date
Proposed First-Floor Level Floor Joists to Two- 3Nov 2021
Storey Side Extension

Consider long term loading (0.75 kN/m? dead UDL + 1.5 kN/m? live UDL. K3 =1)

K3 (long term load) K,=1

Dead load (UDL) Fieagua = 0.75 kN/m?

Total dead load (dead UDL + joist self weight) Foesd = Faeagua + Fioist = 0.823 kN/m?

Live load (UDL) Fivewa = 1.5 kN/m?

Total load per metre F = (Faeas * Fivewat) % Lopacing = 0929 kN/m
Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)

Notional bearing length a=(LyxF/2)/ (o
(Note from BS 5268-7.1 Clause 4.2: 'The bearing length

required at each end of the joist, calculated in accordance

with 5.5, may not be sufficient for practical construction

purposes.')

x K, xKgxb-(F/2))=14.7mm

c,per

Effective span Lg=Ly+ta=2.7Tm

Check bending stress

Grade bending stress for C16 (BS5268-2:2002 Table 8) 0, = 5.3 N/mm?

Permissible bending stress Oaim = O X K3 X K; X K; = 6.21 N/mm?
Bending moment M=FxL,*/ 8=0.894 kNm

Bending stress 0=(Mx10°%/Z=3.95N/mm?

0 <=0,,, ( 3.949 N/mm? <= 6.206 N/mm? ) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) T, = 0.67 N/mm?

Permissible shear stress Togm = Toar X K3 X Ky = 0.737 N/mm?

Shear stress T=(3xFxLg/2%x10%/(2xbxh)=0.242N/mm?

T<=T,4, (0.242 N/mm? <= 0.737 N/mm? ) therefore OK

Check deflection

Permissible deflection 8,4m = 0.003 x L4 (or max of 14mm) =8.32 mm
Bending deflection Spending = (5% F Ly)) /(384 %E, ... x1)=4.23 mm
Shear deflection Spear = (12X F X L) / (5 X Epean X b x h) = 0.244 mm
Total deflection S = O +8pep = 4.48 MM

bending shear

8otat <= 8,4 (4.478 mm <= 8.324 mm ) therefore OK
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Calcs for Date
Proposed First-Floor Level Floor Joists to Two- 3Nov 2021
Storey Side Extension

Consider medium term loading (0.75 kN/m? dead UDL + 1.4 kN live point load. K3 =1.25)

K3 (medium term load) K,=1.25

Dead load (UDL) Fieagua = 0.75 kN/m?

Total dead load (dead UDL + joist self weight) Foesd = Faeagua + Fioist = 0.823 kN/m?

Live point load Fivepont = 1.4 kN

Total load per metre F = Fead ¥ Lopacing = 0.329 kN/m

Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)

Notional bearing length a=((Ly*xF/2)+ (Fiepoint/ 2)) / (O per X Ky X Kg x b - (F /2)) = 10.5 mm

(Note from BS 5268-7.1 Clause 4.2: 'The bearing length
required at each end of the joist, calculated in accordance
with 5.5, may not be sufficient for practical construction
purposes.')

Effective span Lg=Ly+ta=2.7Tm

Check bending stress

Grade bending stress for C16 (BS5268-2:2002 Table 8) 0,. = 5.3 N/mm?

Permissible bending stress Oaim = Opar X K3 X K; X K; = 7.76 N/mm?
Bending moment M = (F % Ly?/ 8) + (Fiye point X Leit / 4) = 1.29 KNm
Bending stress 0=(Mx10°/Z=5.68 N/mm?

0 <=0,,, (5.678 N/mm? <=7.757 N/mm?) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) T,, = 0.67 N/mm?

Permissible shear stress Togm = Tpar X K3 X K3 =0.921 N/mm?

Shear stress T= (3% ((FX L/ 2) + Fryepons) X 10°) / (2 x b x h) = 0.348 N/mm?
T<=T,, (0.348 N/mm? <= 0.921 N/mm? ) therefore OK

Check deflection

Permissible deflection 8,4m = 0.003 x L4 (or max of 14mm) =8.31 mm

Bending deflection from uniformly distributed load Spendingua = (5% F x Ly / (384 %E, ... x1)=1.49 mm

Shear deflection from uniformly distributed load Seearnat = (12X Fx L?) / (5 X E,pp X b x h) = 0.0862 mm

Bending deflection from point load Spendingpoint = (Fiespoint X 103x L)/ (48 xE,,, x1)=3.66 mm

Shear deflection from point load S.hearpoint = (24 X Fiyepoine X 103X Lg) / (5% E,,, X b x h) = 0,265 mm

Total deflection Stotal = Obendingudt T Oshearudt + Svending point T Oshear point = 5+5 MM

8.otat <= 8,4 ( 5.504 mm <= 8.312 mm ) therefore OK
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Design summary

Permissible Applied/Actual Utilisation Result
Long term load shear stress (N/mm?) 0.74 0.24 32.8% OK
Long term load bending stress (N/mm?) 6.21 3.95 63.6 % OK
Long term load deflection (mm) 8.32 4.48 53.8% oK
Medium term load shear stress (N/mm?) 0.92 0.35 37.8% OK
Medium term load bending stress (N/mm?) 7.76 5.68 73.2% OK
Medium term load deflection (mm) 8.31 5.5 66.2 % OK

Notes

This design is in accordance with BS 5268-2:2002 Structural use of timber - Part 2: Code of practice for permissible stress design,
materials and workmanship.

Timber to be covered, this calculation is not to be used for timber which is fully exposed to the elements.

The depth to width ratio of the timber does not exceed 6 and as per the requirements of BS 5268-2 Table 19 there is no risk of buckling
under design load provided; The ends are held in position and compression edge held in line, as by direct connection of sheathing, deck
or joists.

Notches are not to exceed 0.125 of the depth of the joist and are to be located between 0.07 and 0.25 of the span from the support.

Holes drilled at the neutral axis (centre line) are not to exceed 0.25 of the depth of a joist and are not to be less than than three
diameters (centre to centre) apart and are to be located between 0.25 and 0.4 of the span from the support.

Strutting or blocking between joists is required as follows;

- Joist spans up to 2.5m - no strutting required

- Joist spans 2.5m to 4.5m - provide strutting at mid-span

- Joist spans over 4.5m - provide 2 rows of strutting at third span positions

Solid timber strutting to be at least 38mm thick and be a minimum of three quarters of the joist depth.
Proprietary strutting to be used in accordance with manufacturers recommendations.

The joists are to have a minimum end bearing of 40mm.

Wane as allowed in BS 4978:2007 + A2:2017 is permitted.

These calculations are only applicable for floors consisting of four or more joists.
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Ceiling Joist Design (BS5268-2:2002)

Joist details

Timber strength class C16

Joist width b=38 mm
Joist depth h=95 mm
Joist spacing s=400 mm
Clear span L,=0.74m

Modification factors

Depth factor

Load sharing modification factor (BS5268-2 clause 2.10.11)

Section properties
Mean modulus of elasticity

Second moment of area
Z to top edge of timber

Average density for C16 grade timber (BS 5268-2:2002
Table 8)

Joist self weight per square metre (g =9.81 m/s?)

<>

h

Bearing length Bearing length
4 -

Clear span

ez

Diagrams not to scale

K,=(300/h)**=1.13
K,=1.10

E,eon = 8,800 N/mm?

I=bxh?/12=2,720,000 mm*
Z=bxh?/6=57,200 mm?®
Prmean = 370 kg/m*

Fit =0 *h % 00 X g/ 5=0.033 kN/m?

Project ref

Date
16 May 2022
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Consider long term loading (0.25 kN/m? dead UDL + 0.25 kN/m? live UDL. K3 =1)

K3 (long term load) K,=1

Dead load (UDL) Fieaqua = 0.25 kN/m?

Total dead load (dead UDL + joist self weight) Foesd = Faeaqua + Fioist = 0.283 kN/m?

Live load (UDL) Fivewa = 0.25 kN/m?

Total load per metre F = (Faeas * Fivewat) ¥ Lopacing = 0-213 kN/m
Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)

Notional bearing length a=(LyxF/2)/ (o
(Note from BS 5268-7.1 Clause 4.2: 'The bearing length

required at each end of the joist, calculated in accordance

with 5.5, may not be sufficient for practical construction

purposes.')

xK;xKgxb-(F/2))=1.11mm

c,per

Effective span Lg=L,+a=0.741m

Check bending stress

Grade bending stress for C16 (BS5268-2:2002 Table 8) 0, = 5.3 N/mm?

Permissible bending stress Oaim = Opar X K3 X K; X K; = 6.62 N/mm?
Bending moment M=FxL*/8=0.0146 kNm
Bending stress 0=(Mx10°%/Z=0.256 N/mm?

0 <=0,,, ( 0.256 N/mm? <= 6.616 N/mm? ) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) T, = 0.67 N/mm?

Permissible shear stress Togm = Toar X K3 X Ky = 0.737 N/mm?

Shear stress T=(3xFxL,/2%x10%/(2xbxh)=0.0328 N/mm?

T<=T,4, (0.033 N/mm? <=0.737 N/mm? ) therefore OK

Check deflection

Permissible deflection 8,4m =0.003 x Ls=2.22 mm

Bending deflection Spending = (5% F L)/ (384 %E,.,. x1)=0.035 mm
Shear deflection Spear = (12X F X L?) / (5 X Eppean X b x h) = 0.00884 mm
Total deflection S = O + 8 oo = 0.0439 MM

bending shear

8otat <= 8,4 (0.044 mm <=2.223 mm ) therefore OK
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Consider short term loading (0.25 kN/m? dead UDL + 0.25 kN/m? live UDL + 0.9 kN live point load. K3 = 1.5)

K3 (short term load) K,=1.5

Dead load (UDL) Fieaqua = 0.25 kN/m?

Total dead load (dead UDL + joist self weight) Foesd = Faeaqua + Fioist = 0.283 kN/m?

Live load (UDL) Fivewa = 0.25 kN/m?

Live point load Fivepont = 0.9 kN

Total load per metre F = (Fueas * Fivewat) ¥ Lopacing = 0-213 kN/m
Compression perpendicular to grain for C16 O per = 1.7 N/mm?

(BS5268-2:2002 Table 8)

Notional bearing length a=((Ly*xF/2)+ (Fiepoint/ 2)) / (O per X Ky X Kg x b - (F /2)) =4.97 mm
(Note from BS 5268-7.1 Clause 4.2: 'The bearing length

required at each end of the joist, calculated in accordance

with 5.5, may not be sufficient for practical construction

purposes.')

Effective span Lg=L,+a=0.745m

Check bending stress

Grade bending stress for C16 (BS5268-2:2002 Table 8) 0, = 5.3 N/mm?

Permissible bending stress Orim = O X K3 X K; X K; = 9.92 N/mm?

Bending moment M = (F % Ly?/ 8) + (Five point X Leir / 4) = 0.182 KNm
Bending stress 0=(Mx10%/Z=3.19 N/mm?

0 <=0,,, ( 3.191 N/mm? <=9.924 N/mm? ) therefore OK

Check shear stress

Grade shear stress for C16 (BS5268-2:2002 Table 8) T,, = 0.67 N/mm?

Permissible shear stress Togm = Tpar X K3 X K = 1.11 N/mm?

Shear stress T= (3% ((FX L/ 2) + Fiyepons) X 10°) /(2 x b x h) = 0.407 N/mm?
T <=T,4, (0.407 N/mm? <=1.106 N/mm? ) therefore OK

Check deflection

Permissible deflection 8,4m=0.003 x L =2.23 mm

Bending deflection from uniformly distributed load Spendingua = (5% F x L")/ (384 %E, .. x1)=0.0358 mm

Shear deflection from uniformly distributed load Seearuat = (12X Fx Lg?) / (5 X E,,n X b x h) = 0.00893 mm

Bending deflection from point load Spendingpoint = (Fiespoint X 103x L)/ (48 xE, ., x1)=0.324 mm

Shear deflection from point load 8.hearpoint = (24 X Fiyepoine X 103X Lg) / (5% E ., X b x h) = 0,101 mm

Total deflection Stotat = Obendingudi + Oshearut + Ovendingpoint + Oshearpoint = 0-47 MM

8,otal <= 8,4m (0.47 mm <=2.235 mm ) therefore OK
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Design summary

Permissible Applied/Actual Utilisation Result
Long term load shear stress (N/mm?) 0.74 0.03 45% OK
Long term load bending stress (N/mm?) 6.62 0.26 3.9% OK
Long term load deflection (mm) 2.22 0.04 2% OK
Short term load shear stress (N/mm?) 1.11 0.41 36.8% OK
Short term load bending stress (N/mm?) 9.92 3.19 32.2% OK
Short term load deflection (mm) 2.23 0.47 21.1% OK

Notes

This design is in accordance with BS 5268-2:2002 Structural use of timber - Part 2: Code of practice for permissible stress design,
materials and workmanship.

Timber to be covered, this calculation is not to be used for timber which is fully exposed to the elements.
If the depth to width ratio is greater than 4, boarding is to be fastened on top of the ceiling joists.

The depth to width ratio of the timber does not exceed 6 and as per the requirements of BS 5268-2 Table 19 there is no risk of buckling
under design load provided; The ends are held in position and compression edge held in line, as by direct connection of sheathing, deck
or joists.

Notches are not to exceed 0.125 of the depth of the joist and are to be located between 0.07 and 0.25 of the span from the support.

Holes drilled at the neutral axis (centre line) are not to exceed 0.25 of the depth of a joist and are not to be less than than three
diameters (centre to centre) apart and are to be located between 0.25 and 0.4 of the span from the support.

Strutting or blocking between joists is required as follows;

- Joist spans up to 2.5m - no strutting required

- Joist spans 2.5m to 4.5m - provide strutting at mid-span

- Joist spans over 4.5m - provide 2 rows of strutting at third span positions

Solid timber strutting to be at least 38mm thick and be a minimum of three quarters of the joist depth.
Proprietary strutting to be used in accordance with manufacturers recommendations.

The joists are to have a minimum end bearing of 40mm.

Wane as allowed in BS 4978:2007 + A2:2017 is permitted.

These calculations are only applicable for ceilings consisting of four or more joists.



