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Description of works

28 Burghley Road is a four story mid-terrace property in the Kentish Town area of London, UK.

The existing building is built of traditional solid brickwork and timber stud walls and timber suspended
floors. The original structure has been altered over the years with the addition of a loft space and of an
outrigger extension from ground floor above.

The current structure comprises timber floor joists spanning onto load bearing walls from ground floor to
the loft level. The span direction of the timber floors is predominantly front to back in all the levels. The
loft conversion undertaken introduced steel elements to support the roof and dormers. The outrigger
extension is supported on load bearing walls and steps outwards from first floor and above. This step is
supported on a cantilever RC slab.

The proposed works comprise the extension of the lower ground floor area to the rear to accommodate
more living space, the removal of the internal timber stud wall that supports the stairs wall and the
alteration of the configuration of the external stairs to the front of the house. The new flat roof the rear
extension will also be used as a terrace and therefore was designed to accommodate living space loads.

The new rear extension involves the removal of the original back wall of the house and the outrigger walls
at lower ground floor level. To reinstate the vertical support and lateral stability previously provided by
the masonry walls, two new steel box-frames are proposed to be installed in the alignments of the original
back wall of the house and the new rear of the back extension. A series of new steel beams it is also
proposed to be installed to support the outrigger walls at ground floor level and to frame the new flat
roof floor. Where new steel beams frame onto existing brickwork walls, new concrete padstones were
designed considering a reduced bearing capacity of the existing brickwork. The new extension roof will be
constructed using timber joists. The vertical support of the stairway wall at ground floor level is provided
by a new steel beam that will span between the new box-frame and a new steel post hidden within the
thickness of the spine wall. A new mass concrete pad footing has been designed to account for the
reaction on the base of the steel post. The re-configuration of the external stairs to the front involves the
construction of new retaining walls to accommodate the change in retaining levels. These retaining walls
are proposed to be propped by the new the ground bearing slab and the half landing of the stairs. They
have therefore been designed as cantilevers or fixed-pinned walls. It is of note that these fall onto the
Category 0 of the “Design manual for roads and bridges” and therefore an Approval in Principle (AIP)
document is not required.
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Loads

GENERAL LOADS CONSIDERED ON THE STRUCTURAL DESIGN

Roof Loading - pitched roof

Roof slope;

Dead load

Tiles;

Battens;

Felt;

Rafters;

Dead load on slope;
Ceiling joists;
Insulation;
Plasterboard and skim;
Services;

Dead load on plan;
Total dead load on plan;

Imposed load
Sloped roof imposed load;
Flat roof imposed load;

Timber floor Loading

Dead load

Boards;

Joists;

Ceiling;

Total dead load;
Imposed load
Imposed load;
Partitions;

Total imposed load;

Wall Loading

Timber wall - Dead load
Timber;

Plaster (2 sides, lath and plaster);
Total dead load;

Solid Brickwork wall - Dead load
t — Thickness of Solid Brick;
Plaster (2 sides, lath and plaster);
Total dead load;

Dense Blockwork wall - Dead load
to — Thickness of Solid Block;
Plaster (2 sides, lath and plaster);
Total dead load;

6=30.0°

Roofo1 = 0.45 kN/m?
Roofpz = 0.05 kN/m?
Roofbs = 0.05 kN/m?
Roofos4 = 0.10 kN/m?

RoofbL_sroot = sum(Roofp1,Roofpe, Roofos,Roofps) = 0.65 kN/m?

Roofps = 0.05 kN/m?
Roofpe = 0.05 kN/m?
Roofp7 = 0.14 KN/m?
Roofps = 0.05 kN/m?

RoofpL_proof = sum(Roofps,Roofps,Roofoz, Roofps) = 0.29 kN/m?

RoofoL = RoofpL_sroof / €OS(8) + RoofoL_proot= 1.04 kN/m?

RoofiL = 0.60 kN/m? ; on plan
RoofiL = 0.75 kN/m? ; on plan

Floorgmd b1 = 0.15 kN/m?
Floorgmd b2 = 0.15 kN/m?
Floorgmd b3 = 0.20 kN/m?
Floorgmd pL = sum(Flooriad) = 0.50 kN/m?

Floorgma 11 = 1.50 kN/m?
Floorgmd_i2 = 0.00 kN/m?
Floorgmd 1L = sum(Floorgmd_i1,Floorgmd_i2) = 1.50 kN/m?

IWp+ = 0.20 kN/m?
IWp2 = 0.30 kN/m?
IWpbL = sum(IWp1,IWp2) = 0.50 kN/m?

IWps = 18KN/m3 x t = ... KN/m?2
IWp2 = 0.50 kN/m?
IWpL = sum(IWpa4, IWbs,IWp2) = IWpa + 0.5 kN/m?

IWp4 = 20kN/m3 x tb = 2 kN/m?
IWp2 = 0.50 kKN/m?
IWpL = sum(IWpa4, IWbs,IWp2) = IWpa + 0.5 kN/m?
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Steelwork

BOX-FRAME UNDER ORIGINAL BACK WALL

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

annex
Tedds calculation version 4.0.02
Analysis
Tedds calculation version 1.0.13
Geometry
Geometry
2 5.6 3
2
o |~ w|w
Z
1A - 56 4
A 4 AN
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X y4 X 4 Rot. Name Angle X 4 Rot.
(m) (m) © (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Free 0 0 0 0
2 0 3 Free Free Free 0 0 0 0
3 5.6 3 Free Free Free 0 0 0 0
4 5.6 0 Free Fixed Free 0 0 0 0
Materials
Name Density Youngs Modulus | Shear Modulus Thermal
Coefficient
(kg/m®) kN/mm? kN/mm? °C1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area
Major Minor Ay A:
(cm?) (cm?) (cm?) (cm?) (cm?)
UC 254x254x73 93 11407 3908 65 22
UC 254x254x89 113 14268 4857 80 27




Project Job Ref.
28 Burghley Road SDS187
et BNEINGE! Section Sheet no./rev.
SD Structures Building Control Approval 8
107 Fleet Street, London Calc. by Date Chicd by Date Appd by Date
EC4A 2AB
www.sd-structures.com RC 26/06/2017 MD 26/06/2017
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 3 1 2 UC 254x254x73 Steel (EC3) Fixed Fixed Fixed
2 5.6 2 3 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
3 3 3 4 UC 254x254x73 Steel (EC3) Fixed Fixed Fixed
4 5.6 1 4 UC 254x254x73 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
Member1 2 2
Member2 4 4
Loading
Self Weight - Loading
N ®
5o S 5
: |
\ |
Member1
N N
N~ N~
o o
o |
C |
Y Member2
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Solid 330mm brick wall above - 18kN/m3 x 0.33m x 9m - Loading

Te} [Te}
~ ~
\ \
\ |
Member1
b X \
d |
‘Z' Member2
Floor dead load - 3 x 0.8kN/m2 x 2.15m - Loading
N N
0 0
\ \
\ |
Member1
b X \
d |
Y Member2
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Floor live load - 3 x 1.5kN/m2 x 2.15m - Loading

[eo} [ce]
~ N~
| \
\ |
Member1
b X \
C |
‘Z' Member2
Terrace roof dead load - 1kN/m2 x 2m - Loading
‘N N
; : ;
Member1
b X \
C |
Y Member2
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Terrace roof live load - 1.5kN/m2 x 2m - Loading

< <
‘N o
; * ;
Member1
b X \
d |
‘Z' Member2
Roof dead load - 1kN/m2 x 2.5m - Loading
To] (o]
o ol
\ } } y
Member1
b X \
d |
Y Member2
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1.5

Roof live load - 0.6kN/m2 x 2.5m - Loading

1.5

Member1

N

[V ]

A
<

Member2

Roof vertical wind load - 0.6kPa x sen(30) x 2.5m - Loading

Member1

N
A

[V ]

A
<

Member2
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SB1 Dead Reaction - Loading
N
N
|
} v
Member1
b X \
v d |
7 Member2
SB1 Live Reaction - Loading
»
o
; : ;
Member1
b X \
d |
Y Member2
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A

SB3 Dead Reaction - Loading

©
N
; * ;
Member1
b X \
I d |
7 Member2
SB3 Live Reaction - Loading
N
M
; : ;
Member1
b X \
d |
4 Member2

A
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App'd by

Date

Wind - Loading

243 }

Member1

25

[V ]

A
<

Member2

Pre-Deflection - Loading

7y
Mergber1
o

¢—100

[V ]

A
<

Member2
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Load cases
Name Enabled Self weight factor Patternable
Self Weight yes 1 no
Solid 330mm brick wall above - yes 0 no
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 yes 0 no
x2.15m
Floor live load - 3 x 1.5kN/m2 x yes 0 no
2.15m
Terrace roof dead load - yes 0 no
1kN/m2 x 2m
Terrace roof live load - yes 0 no
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x yes 0 no
2.5m
Roof live load - 0.6kN/m2 x yes 0 no
2.5m
Roof vertical wind load - yes 0 no
0.6kPa x sen(30) x 2.5m
SB1 Dead Reaction yes 0 no
SB1 Live Reaction yes 0 no
SB3 Dead Reaction yes 0 no
SB3 Live Reaction yes 0 no
Wind yes 0 no
Pre-Deflection yes 0 no
yes 0 no
Load combinations
Load combination Type Enabled Patterned
1.35G + 1.5Q + 1.5RQ Strength yes no
1.0G + 1.0Q + 1.0RQ Service yes no
1.0G + 1.0y Quasi yes no
1.35G + 1.5Q + 1.5y Strength yes no
1.0G + 1.0Q + 0.5S Service yes no
1.35G + 1.5y Strength yes no
1.35G + 1.5Q + 1.5y Strength yes no
1.0G + 1.0Q + 0.5S + 0.5W Service yes no
1.35G + 1.5y Strength yes no
1.0G + 1.0y Service yes no
1.35G + 1.5y Strength yes no
1.0G + 1.0y Service yes no
1.0G + 1.5W Strength yes no
1.0G + 1.0W Service yes no
1.35G + 1.5y Strength yes no
1.35EG + 1.5Q + 1.5RQ Strength yes no
DEAD Strength yes no
LIVE Strength yes no

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
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Calc. by
RC

Date
26/06/2017

Chik'd by
MD

Date
26/06/2017

App'd by

Date

Load case

Factor

Self Weight

1.35

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1.35

Floor dead load - 3 x 0.8kN/m2
x2.15m

1.35

Floor live load - 3 x 1.5kN/m2 x
2.15m

1.5

Terrace roof dead load -
1kN/m2 x 2m

1.35

Terrace roof live load -
1.5kN/m2 x 2m

1.5

Roof dead load - TkN/m2 x
2.5m

1.35

Roof live load - 0.6kN/m2 x
2.5m

1.5

Roof vertical wind load -
0.6kPa x sen(30) x 2.5m

0.75

SB1 Dead Reaction

1.35

SB1 Live Reaction

1.5

SB3 Dead Reaction

1.35

SB3 Live Reaction

1.5

Wind

0.75

Load combination: 1.0G +

1.0Q + 1.0RQ (Service)

Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
Xx2.15m

Floor live load - 3 x 1.5kN/m2 x
2.15m

Terrace roof dead load -
1kN/m2 x 2m

Terrace roof live load -
1.5kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

Roof live load - 0.6kN/m2 x
2.5m

Roof vertical wind load -
0.6kPa x sen(30) x 2.5m

0.5

SB1 Dead Reaction

SB1 Live Reaction

SB3 Dead Reaction

SB3 Live Reaction

Pre-Deflection

G R G [NIIQY Y

Load combination: 1.0G +

1.0y2Q (Quasi)
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Date

Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
x2.15m

Floor live load - 3 x 1.5kN/m2 x
2.15m

0.3

Terrace roof dead load -
1kN/m2 x 2m

Terrace roof live load -
1.5kN/m2 x 2m

0.3

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

1

SB1 Live Reaction

0.3

SB3 Dead Reaction

1

SB3 Live Reaction

0.3

Pre-Deflection

1

Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)

Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
X 2.15m
Floor live load - 3 x 1.5kN/m2 x 1.5
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.5
1.5kN/m2 x 2m
Roof dead load - 1kN/m2 x 1.35
2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.5
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.5

Load combination: 1.0G + 1.0Q + 0.5S (Service)
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Calc. by
RC

Date
26/06/2017

Chik'd by
MD

Date
26/06/2017

App'd by

Date

Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
x2.15m

Floor live load - 3 x 1.5kN/m2 x
2.15m

Terrace roof dead load -
1kN/m2 x 2m

Terrace roof live load -
1.5kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

SB1 Live Reaction

SB3 Dead Reaction

SB3 Live Reaction

Pre-Deflection

G RN G (JUIFQH QY

Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)

Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
X 2.15m
Floor live load - 3 x 1.5kN/m2 x 1.05
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.35
2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.05
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05

Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)
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Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
x2.15m
Floor live load - 3 x 1.5kN/m2 x 1.5
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.5
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.35
2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.5
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.5
Wind 0.75

Load combination: 1.0G +

1.0Q + 0.5S + 0.5W (Service)

Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
Xx2.15m

Floor live load - 3 x 1.5kN/m2 x
2.15m

Terrace roof dead load -
1kN/m2 x 2m

Terrace roof live load -
1.5kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

SB1 Live Reaction

SB3 Dead Reaction

SB3 Live Reaction

—_ ===

Wind

0.5

Pre-Deflection

1

Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
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Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
x2.15m
Floor live load - 3 x 1.5kN/m2 x 1.05
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.35
2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.05
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05
Wind 0.75
Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)
Load case Factor
Self Weight 1
Solid 330mm brick wall above - 1
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1
X 2.15m
Floor live load - 3 x 1.5kN/m2 x 0.7
2.15m
Terrace roof dead load - 1
1kN/m2 x 2m
Terrace roof live load - 0.7
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1
2.5m
SB1 Dead Reaction 1
SB1 Live Reaction 0.7
SB3 Dead Reaction 1
SB3 Live Reaction 0.7
Wind 0.5
Pre-Deflection 1

Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)
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Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
x2.15m
Floor live load - 3 x 1.5kN/m2 x 1.05
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.35
2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.05
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05
Wind 15
Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)
Load case Factor
Self Weight 1
Solid 330mm brick wall above - 1
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1
X 2.15m
Floor live load - 3 x 1.5kN/m2 x 0.7
2.15m
Terrace roof dead load - 1
1kN/m2 x 2m
Terrace roof live load - 0.7
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1
2.5m
SB1 Dead Reaction 1
SB1 Live Reaction 0.7
SB3 Dead Reaction 1
SB3 Live Reaction 0.7
Wind 1
Pre-Deflection 1

Load combination: 1.0G +

1.5W (Strength)
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Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
x2.15m

Terrace roof dead load -
1kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

1

SB3 Dead Reaction

1

Wind

1.5

Load combination: 1.0G +

1.0W (Service)

Load case

Factor

Self Weight

1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
X 2.15m

Terrace roof dead load -
1kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

1

SB3 Dead Reaction

1

Wind 1
Load combination: 1.35G + 1.5y0Q + 1.5yoRQ (Strength)
Load case Factor
Self Weight 1.35
Solid 330mm brick wall above - 1.35
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.35
Xx2.15m
Floor live load - 3 x 1.5kN/m2 x 1.05
2.15m
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.35
2.5m
Roof live load - 0.6kN/m2 x 1.05
2.5m
Roof vertical wind load - 0.5
0.6kPa x sen(30) x 2.5m
SB1 Dead Reaction 1.35
SB1 Live Reaction 1.05
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05

Load combination: 1.35£G + 1.5Q + 1.5RQ (Strength)
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Load case Factor
Self Weight 1.249
Solid 330mm brick wall above - 1.249
18kN/m3 x 0.33m x 9m
Floor dead load - 3 x 0.8kN/m2 1.249
x2.15m
Floor live load - 3 x 1.5kN/m2 x 1.5
2.15m
Terrace roof dead load - 1.249
1kN/m2 x 2m
Terrace roof live load - 1.5
1.5kN/m2 x 2m
Roof dead load - TkN/m2 x 1.249
2.5m
Roof live load - 0.6kN/m2 x 1.5
2.5m
Roof vertical wind load - 0.5
0.6kPa x sen(30) x 2.5m
SB1 Dead Reaction 1.249
SB1 Live Reaction 1.5
SB3 Dead Reaction 1.249
SB3 Live Reaction 15
Wind 0.75
Load combination: DEAD (Strength)
Load case Factor
Self Weight 1

Solid 330mm brick wall above -
18kN/m3 x 0.33m x 9m

1

Floor dead load - 3 x 0.8kN/m2
Xx2.15m

Terrace roof dead load -
1kN/m2 x 2m

Roof dead load - TkN/m2 x
2.5m

SB1 Dead Reaction

SB3 Dead Reaction

Load combination: LIVE (Strength)

Load case Factor

Floor live load - 3 x 1.5kN/m2 x 1
2.15m

Terrace roof live load - 1

1.5kN/m2 x 2m

Roof live load - 0.6kN/m2 x 1

2.5m
Roof vertical wind load - 0.5

0.6kPa x sen(30) x 2.5m

SB1 Live Reaction

SB3 Live Reaction

Element point loads
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Element Load case Position Load | Orientation
Type Start
(kN)
2 SB1 Dead Reaction Ratio 0.37 12.2 GlobalZ
2 SB1 Live Reaction Ratio 0.37 2.9 GlobalZ
2 SB3 Dead Reaction Ratio 0.37 41.6 GlobalZ
2 SB3 Live Reaction Ratio 0.37 4.2 GlobalZ
1 Wind Ratio 1 24.3 GlobalX
2 Pre-Deflection Ratio 0.5 -100 GlobalZ
4 Pre-Deflection Ratio 0.5 100 GlobalZ
Element UDL loads
Element Load case Position Load | Orientation
Type Start End
(kN/m)
2 Solid 330mm brick wall above -| Ratio 0 1 45 Globalz
18kN/m3 x 0.33m x 9m
2 Floor dead load - 3 x 0.8kN/m2| Ratio 0 1 5.2 Globalz
x 2.15m

2 Floor live load - 3 x 1.5kN/m2 x| Ratio 0 1 7.8 Globalz

2.15m
2 Terrace roof dead load - Ratio 0.37 1 2 GlobalZ

1kN/m2 x 2m
2 Terrace roof live load - Ratio 0.37 1 2.4 GlobalZ
1.5kN/m2 x 2m

2 Roof dead load - 1kN/m2 x Ratio 0 1 2.5 GlobalZ

2.5m
2 Roof live load - 0.6kN/m2 x Ratio 0 1 1.5 GlobalZ

2.5m
2 Roof vertical wind load - Ratio 0 1 0.75 GlobalZ

0.6kPa x sen(30) x 2.5m

1 Wind Ratio 0 1 25 GlobalX
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Results
Forces
Strength combinations - Moment envelope (kNm)
-221.1
-201.6 _ -221.1
2455
581
/TR - 58.1 &
Strength combinations - Shear envelope (kN)
297.5 7
) 93.1
T i . 9
- 777\7"' i
- l2042
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Service combinations - Deflection envelope (mm)

Partial factors - Section 6.1

Resistance of cross-sections; ™o =
Resistance of members to instability; ™1 =
Resistance of tensile members to fracture; w2 =1.1

Member1 - Span 1
Section details

Section type; UC 254x254x89 (BS4-1)
Steel grade - EN 10025-2:2004; S275
Nominal thickness of element; thom = max(ts, tw) = 17.3 mm
Nominal yield strength; fy = 265 N/mm?
Nominal ultimate tensile strength; fu = 410 N/mm?
Modulus of elasticity; E = 210000 N/mm?
. ¥ | | gc 250x254189 (BS4-1)
T N ection depth, h, 260.3 mm

Section breadth, b, 256.3 mm
Mass of section, Mass, 88.9 kg/m
Flange thickness, t, 17.3 mm
Web thickness, t,, 10.3 mm

Root radius, r, 12.7 mm

Area of section, A, 11331 mn?

260.3
v

l¢
I

> |«173

ry

256.3 >

Radius of gyration about y-axis, iy, 112 mm
(+-10.3 Radius of gyration about z-axis, i,, 65 mm
Elastic section modulus about y-axis, W
Elastic section modulus about z-axis, W, ,
Plastic section modulus about y-axis, W
Plastic section modulus about z-axis, W,
Second moment of area about y-axis, Iy, 142677465 mm?*
Second moment of area about z-axis, |,, 48574741 mm?*

, 1096254 mm?®
, 379046 mm3
, 1223863 mm?®
, 575307 mm3
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Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Classification of cross sections - Section 5.5
e =\[235 N/mm2/ f,] = 0.94

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

Width of section; ¢c=d=200.3 mm
oa=min([h /2 + Ned/ (2 xtwxfy) - (tr+1)]/c, 1) =0.580
C/tw=19.4=20.7xe<=39%6 xe/ (13 xa-1); Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section; c=(b-tw-2xr)/2=110.3 mm
c/ti=6.4=6.8xe<=9Xc¢; Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 88 kN
Design resistance of section - eq 6.10; Nc,rd = Nplrd = (A - pyyv x h X tw) X fy / ymo = 2953.8 kN
Ned / Nera = 0.03
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length; Lery = Lmi_st = 5600 mm

Critical buckling force; Nery = T x E X ly / Lery? = 9429.7 kN
Slenderness ratio for buckling - eq 6.50; Ay = V(A x fy / Nery) = 0.564

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2; b

Imperfection factor - Table 6.1; ay = 0.34

Buckling reduction determination factor; dy=05x(1+ayx( Ay-0.2)+ A2 =0.721
Buckling reduction factor - eq 6.49; xy = min(1/ (¢y + V(&2 - A?)), 1) = 0.855
Design buckling resistance - eq 6.47; Nby,Rrd = Xy X A X fy / ym1 = 2566.1 kN

NEed / Nby,rd = 0.034
PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length; Lerz = Lmi_s1_segt = 5600 mm

Critical buckling force; Nerz = T X E X Iz / Ler 2 = 3210.4 kN
Slenderness ratio for buckling - eq 6.50; Az = V(A x fy / Ner2) = 0.967

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2; c

Imperfection factor - Table 6.1; oz =0.49

Buckling reduction determination factor; 0z=05x (1 +0zx( Az-0.2) + Az2) =1.156
Buckling reduction factor - eq 6.49; ¥z =min(1/ (02 + V(02 - A?)), 1) = 0.559
Design buckling resistance - eq 6.47; NbzRd = Xz X A X fy / ym1 = 1679.2 kN

Ned / Nb,zrd = 0.052
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4
Torsional buckling length; LerT = Lmi_s1_segi_r = 5600 mm
Distance from shear centre to centroid in y axis; yo=0.0 mm
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Distance from shear centre to centroid in z axis; zo=0.0 mm
Radius of gyration; io = V(iy? + i-2) = 129.9 mm
Elastic critical torsional buckling force; Nert=1/i02x (G X lt+ ©2 X E x lw/ Ler,72) = 7705.2 kN
Torsion factor; Br=1-(yo/i0)2=1

Elastic critical torsional-flexural buckling force

Ner,7F = Nery / (2 x Br) X [1 + Ner/ Nery - V[(1 = Ner,m/ Nery)2 + 4 X (yo / i0)2 X Ner7 / Nery]] = 7705.2 kN
Elastic critical buckling force; Ner = min(Ner,t, Ner,r) = 7705.2 kN
Slenderness ratio for torsional buckling - eq 6.52; At =V[A x fy / Ner] = 0.624

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2; c

Imperfection factor - Table 6.1; or =0.49

Buckling reduction determination factor; or=0.5x (1 +arx( Ar-0.2) + Ar?) =0.799
Buckling reduction factor - eq 6.49; ¥t =min(1/ (o1 + V(o2 - A13), 1) = 0.771
Design buckling resistance - eq 6.47; NbTRd = X7 X A X fy / ym1 = 2314.9 kN

Ned / No,T,Rd = 0.038
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web; hw=h -2 x t = 225.7 mm; n = 1.000
hw/tw=219=233xe/M<72x¢e/n
Shear buckling resistance can be ignored

Design shear force; Vy.ed = 297.5 kN
Shear area - cl 6.2.6(3); Av=max(A -2 x b xti+ (tw+ 2 xr) x t;, N X hw X tw) = 3081 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vpiy.rd = Av X (fy /V(3)) / ymo = 471.4 kN

Vy.ed / Vey,rd = 0.631
PASS - Design shear resistance exceeds design shear force

Shear reduction factor - cl.6.2.8(3); pyv = (2 x Vyed / Vply,Rd - 1)% = 0.069

Check bending moment - Section 6.2.5 and 6.2.8

Design bending moment; My.ed = 191 kNm

Design bending resistance moment - eq 6.13; Me,y,Rd = Mply,Rd = (Wply - Pyw X tw x h? / 4) x fy / ymo = 321.1 kKNm

My.ed / Mcyy,rd = 0.595
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6; ke = 0.897
Ci=1/k?=1.244

Poissons ratio; v=0.3

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

Unrestrained effective length; L =1.0 X Lm1_s1_seg1_B = 5600 mm

Elastic critical buckling moment; Mer=Ci XX E x I/ L2xV(lw/ |z + L2x G x |t/ (1 x E x |;)) = 803.6
kNm

Slenderness ratio for lateral torsional buckling; AT = V(Woply X fy / Mer) = 0.635

Limiting slenderness ratio; MT0=0.4

ALt > ALt - Lateral torsional buckling cannot be ignored

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5; b
Imperfection factor - Table 6.3; ot =0.34




Project Job Ref.
28 Burghley Road SDS187
Section Sheet no./rev.

SD Structures Building Control Approval 30
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB

. sd-structUres.com RC 26/06/2017 MD 26/06/2017
Correction factor for rolled sections; B=0.75
LTB reduction determination factor; ouT = 0.5 x [1 + owr X ( AT - ALT0) + B X ALt?] = 0.691
LTB reduction factor - eq 6.57; xir = min(1 /oot + V(o2 - B x At®)], 1, 1/ Aur®) = 0.901
Modification factor; f=min(1-0.5x(1-ko) x[1-2x( AT-0.8)2], 1) = 0.951
Modified LTB reduction factor - eq 6.58; XLT.mod = Min(ywr /f, 1,1/ XLTz) =0.947
Design buckling resistance moment - eq 6.55; Mb,y,Rd = XLT,mod X WpLy X fy / ym1 = 307.2 KNm

My.ed / Mo,y,rd = 0.622
PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Bending and axial force check - €q.6.33 & €9.6.34; Ny,im = min(0.25 X Npi,rd, 0.5 x hw X tw X (1 - pyy) X fy / ymo) = 286.8 kN
NEed / Ny,im = 0.307
Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis
Check combined bending and compression - Section 6.3.3
Equivalent uniform moment factors - Table B.3; vy =-191 kNm/-219.3 kNm = 0.871
oy =-219.3 kNm / 239.5 kNm = -0.916
Cmy = 0.95 + 0.05 x oy = 0.904
; YLt =-191 kNm /-219.3 kNm = 0.871
ot =-219.3 kNm / 239.5 kNm = -0.916
CmLt = 0.95 + 0.05 x oLt = 0.904

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance; My,rk = Wiy X fy = 324.3 kNm

Characteristic moment resistance; Mz,rk = Wpiz X fy = 152.5 KNm

Characteristic resistance to normal force; Nrk = A x fy = 3002.8 kN

Interaction factors; kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (xy X

Nrk / ym1)) = 0.916
kzy = 1-0.1 x min(1, A2) x Neg / ((CmLT - 0.25) x %z X Nrk / ym1) = 0.992
Interaction formulae - eq 6.61 & eq 6.62; Ned / (xy X Nrk / ym1) + kyy x
My.ed / (Lt x My,rc / ym1) = 0.573
Ned / (xz X Nrk / ym1) + kzy X My,ed / (xLt X My,rc / Ym1) = 0.637
PASS - Combined bending and compression checks are satisfied

Check design 2441 mm along span

Check bending moment - Section 6.2.5 and 6.2.8
Design bending moment; My.ed = 245.5 kNm
Design bending resistance moment - eq 6.13; Me,y,Rd = Mpiy,rd = Wpiy X fy / ymo = 324.3 KNm
My.ed / Mcy,rd = 0.757
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6; ke = 0.897
Ci=1/k?=1.244

Poissons ratio; v=0.3

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

Unrestrained effective length; L = 1.0 X Lmi_s1_segt_T = 5600 mm

Elastic critical buckling moment; Mer=Ci XX Ex I/ L2xV(lw/ |z + L2x G x |t/ (2 x E x |;)) = 803.6
kNm

Slenderness ratio for lateral torsional buckling; AT = V(Woly x fy / Mer) = 0.635
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Limiting slenderness ratio; ALTo = 0.4

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;
Design buckling resistance moment - eq 6.55;

AT > At - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

ouT = 0.5 x [1 + owr X ( AT - ALT0) + B X ALt?] = 0.691
xir = min(1 /oot + V(o2 - B x At®)], 1,1/ Aur®) = 0.901
f=min(1-0.5x (1 -ke) x[1 -2 x ( ALr-0.8)7, 1) = 0.951
XLTmod = Min(yr /f, 1,1/ Ar?) = 0.947

Mb,y,Rd = XLT,mod X Wpiy X fy / ym1 = 307.2 KNm

My.ed / Mb,y,rd = 0.799

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3;

Yy =-191 kNm /-219.3 kNm = 0.871

ay =-219.3 kKNm / 239.5 kNm = -0.916
Crmy = 0.95 + 0.05 x oy = 0.904

yit = -191 kKNm /-219.3 kNm = 0.871
oLt = -219.3 kNm / 239.5 kNm = -0.916
CmLt = 0.95 + 0.05 x oLt = 0.904

Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

Check design at end of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Shear reduction factor - cl.6.2.8(3);

My.rk = Wopiy x fy = 324.3 kKNm
MzRrk = Wpi.z x fy = 152.5 KNm
Nrk = A x fy = 3002.8 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (xy X
Nrk / ym1)) = 0.916
kzy = 1-0.1 x min(1, Az) x Neg / ((CmLT - 0.25) x %z X Nrk / ym1) = 0.992
Ned / (xy X NRk / ym1) + Kyy X
My.gd / (XLt x My,rc / ymt) = 0.727
Ned / (xz X Nrk / ym1) + kzy X My,ed / (LT X My,Rk / m1) = 0.803
PASS - Combined bending and compression checks are satisfied

hw=h -2 x t = 225.7 mm; n = 1.000
hw/tw=21.9=233xe/m<72x¢e/n
Shear buckling resistance can be ignored

VyEed = 294.2 kN
Av=max(A -2 x b xti+ (tw+ 2 xr) x t;, N X hw X tw) = 3081 mm?
Vey.rd = Vpiyrd = Av X (fy /V(3)) / o = 471.4 kN
Vy.ed / Vey,rd = 0.624

PASS - Design shear resistance exceeds design shear force
Pyv = (2 x Vyed/ Vply,Rd - 1)? = 0.062
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Check bending moment - Section 6.2.5 and 6.2.8
Design bending moment; My,ed = 219.3 KNm
Design bending resistance moment - eq 6.13; Me,y,Rd = Mply,Rd = (Wply - Pyw X tw x h? / 4) x fy / ymo = 321.5 kKNm
My.ed / Mcyy,rd = 0.682
PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6; ke = 0.897
Ci=1/k?=1.244

Poissons ratio; v=0.3

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

Unrestrained effective length; L =1.0 X Lm1_s1_seg1_B = 5600 mm

Elastic critical buckling moment; Mer=C1xm@X Exlz/L2xV(lw/lz + L2x G x I/ (n2 x E x I;)) = 803.6
kNm

Slenderness ratio for lateral torsional buckling; At = V(Woply X fy / Mer) = 0.635

Limiting slenderness ratio; MT0=0.4

ALt > Aito - Lateral torsional buckling cannot be ignored

Check buckling resistance - Section 6.3.2.1

Buckling curve - Table 6.5; b

Imperfection factor - Table 6.3; ot =0.34

Correction factor for rolled sections; B =0.75

LTB reduction determination factor; 0T = 0.5 x [1 + ot x ( AT - ALTo) + B X ALT?] = 0.691
LTB reduction factor - eq 6.57; xLt = min(1 /oL + V(oL - B x Ar?)], 1, 1/ Aur?) = 0.901
Modification factor; f=min(1-0.5x (1-ke) x[1-2x( AT-0.8)2], 1) = 0.951
Modified LTB reduction factor - eq 6.58; XLT.mod = Min(ywr /f, 1,1/ XLTz) =0.947

Design buckling resistance moment - eq 6.55; Mb.,y,rd = %LT,mod X Woply X fy / ym1 = 307.2 kNm

My.ed / Mby,rd = 0.714
PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3; Yy =-191 kNm /-219.3 kNm = 0.871
oy = -219.3 kNm / 239.5 kNm = -0.916
Cmy = 0.95 + 0.05 x oy = 0.904

; yiT =-191 KNm /-219.3 kNm = 0.871
ot =-219.3 kNm /239.5 kNm = -0.916
CmLt = 0.95 + 0.05 x ot = 0.904

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance; My,rk = WLy X fy = 324.3 kNm

Characteristic moment resistance; Mzrk = Wpiz X fy = 152.5 kKNm

Characteristic resistance to normal force; Nrk = A x fy = 3002.8 kN

Interaction factors; Kyy = Cmy X (1 + min( Ay - 0.2, 0.8) x Neqa / (3y ¥

Nrk / ym1)) = 0.916
kzy = 1-0.1 x min(1, Az) x Nea / ((CmLT - 0.25) X %z X Nk / ym1) = 0.992
Interaction formulae - eq 6.61 & eq 6.62; Ned / (y X Nrk / ym1) + Kyy X
My.ed / (Lt X My,Rre / ym1) = 0.653
Ned / (xz X Nrk / ym1) + kzy X Myga / (Lt X My,rk / ym1) = 0.723
PASS - Combined bending and compression checks are satisfied
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Consider Combination 2 - 1.0G + 1.0Q + 1.0RQ (Service)
Check design 2629 mm alonqg span
Check y-y axis deflection - Section 7.2.1
Maximum deflection; oy =9.4 mm

Allowable deflection;

Sy,Allowable = Min(Lm1fs1 /500, 10 mm) =10 mm

Sy / By, Allowable = 0.936
PASS - Allowable deflection exceeds design deflection
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BOX-FRAME ON THE ALLIGMENT OF THE NEW REAR

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

annex
Tedds calculation version 4.0.02
Analysis
Tedds calculation version 1.0.13
Geometry
Geometry
2 54 3
2
™ |~ W w
Z
1A 4
X 54
A 4 A
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X y4 X 4 Rot. Name Angle X 4 Rot.
(m) (m) © (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Free 0 0 0 0
2 0 3 Free Free Free 0 0 0 0
3 54 3 Free Free Free 0 0 0 0
4 5.4 0 Fixed Fixed Free 0 0 0 0
Materials
Name Density Youngs Modulus | Shear Modulus Thermal
Coefficient
(kg/m®) kN/mm? kN/mm? °C1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area
Major Minor Ay A:
(cm?) (cm?) (cm?) (cm?) (cm?)
UC 152x152x30 38 1748 560 26 10
UB 254x146x37 47 5537 571 29 16
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Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 3 1 2 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
2 54 2 3 UB 254x146x37 Steel (EC3) Fixed Fixed Fixed
3 3 3 4 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
4 5.4 1 4 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
Member1 2 2
Loading
Self Weight - Loading
o 9 Qo
S3 S3
Y } } Y
Member1
[e)] [e)]
N N
o o
Y » X y
v
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Terrace roof dead load - 1TkN/m2 x 2m - Loading

12

Member1

Terrace roof live load - 1.5kN/m2 x 2m - Loading

3

Member1
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Glass balustrade - 25kN/m2 x 0.022m x 1.5m - Loading

1 1

Member1

SB3 Dead Reaction - Loading

46

Member1
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SB3 Live Reaction - Loading
™
|
; * w
Member1
a4
v
4
Wind - Loading
. | \
1.2 \ |
Member1
1.2 Ly

A
<
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Load cases
Name Enabled Self weight factor Patternable
Self Weight yes 1 no
Terrace roof dead load - yes 0 no
1kN/m2 x 2m
Terrace roof live load - yes 0 no
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x yes 0 no
0.022m x 1.5m
SB3 Dead Reaction yes 0 no
SB3 Live Reaction yes 0 no
Wind yes 0 no
Load combinations
Load combination Type Enabled Patterned
1.35G + 1.5Q + 1.5RQ Strength yes no
1.0G + 1.0Q + 1.0RQ Service yes no
1.0G + 1.0y Quasi yes no
1.35G + 1.5Q + 1.5y Strength yes no
1.0G + 1.0Q + 0.5S Service yes no
1.35G + 1.5y Strength yes no
1.35G + 1.5Q + 1.5y Strength yes no
1.0G + 1.0Q + 0.5S + 0.5W Service yes no
1.35G + 1.5y Strength yes no
1.0G + 1.0y Service yes no
1.35G + 1.5y Strength yes no
1.0G + 1.0y Service yes no
1.0G + 1.5W Strength yes no
1.0G + 1.0W Service yes no
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Load case Factor
Self Weight 1.35
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.5
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1.35
0.022m x 1.5m
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.5

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
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Load case Factor
Self Weight 1
Terrace roof dead load - 1
1kN/m2 x 2m

Terrace roof live load -
1.5kN/m2 x 2m

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

1

SB3 Live Reaction

1

Load combination: 1.0G +

1.0y2Q (Quasi)

Load case

Factor

Self Weight

1

Terrace roof dead load -
1kN/m2 x 2m

1

Terrace roof live load -
1.5kN/m2 x 2m

0.3

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

1

SB3 Live Reaction

0.3

Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)

Load case Factor
Self Weight 1.35
Terrace roof dead load - 1.35
1kN/m2 x 2m

Terrace roof live load - 1.5
1.5kN/m2 x 2m

Glass balustrade - 25kN/m2 x 1.35
0.022m x 1.5m

SB3 Dead Reaction 1.35

SB3 Live Reaction 1.5

Load combination: 1.0G +

1.0Q + 0.5S (Service)

Load case

Factor

Self Weight

1

Terrace roof dead load -
1kN/m2 x 2m

1

Terrace roof live load -
1.5kN/m2 x 2m

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

SB3 Live Reaction

Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
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Load case Factor
Self Weight 1.35
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1.35
0.022m x 1.5m
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05

Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Service)

Load case Factor
Self Weight 1.35
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.5
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1.35
0.022m x 1.5m
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.5
Wind 0.75
Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (
Load case Factor
Self Weight 1
Terrace roof dead load - 1
1kN/m2 x 2m
Terrace roof live load - 1
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1
0.022m x 1.5m
SB3 Dead Reaction 1
SB3 Live Reaction 1
Wind 0.5
Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Load case Factor
Self Weight 1.35
Terrace roof dead load - 1.35
1kN/m2 x 2m
Terrace roof live load - 1.05
1.5kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1.35
0.022m x 1.5m
SB3 Dead Reaction 1.35
SB3 Live Reaction 1.05
Wind 0.75

Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)
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Load case

Factor

Self Weight

1

Terrace roof dead load -
1kN/m2 x 2m

1

Terrace roof live load -
1.5kN/m2 x 2m

0.7

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

1

SB3 Live Reaction

0.7

Wind

0.5

Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)

Load case

Factor

Self Weight

1.35

Terrace roof dead load -
1kN/m2 x 2m

1.35

Terrace roof live load -
1.5kN/m2 x 2m

1.05

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

1.35

SB3 Dead Reaction

1.35

SB3 Live Reaction

1.05

Wind

1.5

Load combination: 1.0G +

1.0y0Q + 0.5S + 1.0W (Service)

Load case

Factor

Self Weight

1

Terrace roof dead load -
1kN/m2 x 2m

1

Terrace roof live load -
1.5kN/m2 x 2m

0.7

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

1

SB3 Live Reaction

0.7

Wind

1

Load combination: 1.0G +

1.5W (Strength)

Load case

Factor

Self Weight

1

Terrace roof dead load -
1kN/m2 x 2m

1

Glass balustrade - 25kN/m2 x
0.022m x 1.5m

SB3 Dead Reaction

1

Wind

1.5

Load combination: 1.0G +

1.0W (Service)
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Load case Factor
Self Weight 1
Terrace roof dead load - 1
1kN/m2 x 2m
Glass balustrade - 25kN/m2 x 1
0.022m x 1.5m
SB3 Dead Reaction 1
Wind 1
Element point loads
Element Load case Position Load | Orientation
Type Start
(kN)
2 SB3 Dead Reaction Ratio 0.37 46 GlobalZz
2 SB3 Live Reaction Ratio 0.37 3 Globalz
Element UDL loads
Element Load case Position Load | Orientation
Type Start End
(kN/m)
2 Terrace roof dead load - Ratio 0 1 2 GlobalZ
1kN/m2 x 2m
2 Terrace roof live load - Ratio 0 1 3 Globalz
1.5kN/m2 x 2m
2 Glass balustrade - 25kN/m2 x | Ratio 0 1 1 Globalz
0.022m x 1.5m
1 Wind Ratio 0 1 1.2 GlobalX
Results

Total deflection

1.35G + 1.5Q + 1.5RQ (Strength) - Total deflection @ 10x
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Member results
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.497 16.9 54 0.2 0 15 54 1.4
1.0G + 1.0Q + 1.0RQ (Service) - Total deflection @ 10x
2 3
;,f,,,,,,,,,,,,,,,,,,,wii;/,,,,,,,//.‘
\
\
\
| |
1 4
L /\L .
\ 4
Z
Member results
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.494 12.2 54 0.1 0 1.1 54 1
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1.0G + 1.0y,Q (Quasi) - Total deflection @ 10x
2 3
- 77777777777777;—7749‘
| |
\
1 4
v
A
Member results
Load combination: 1.0G + 1.0y2Q (Quasi)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.474 10.6 5.4 0.1 0 1 5.4 1
1.35G + 1.5Q + 1.5y,,S (Strength) - Total deflection @ 10x
2 3
¢ - —
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Member results
Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.497 16.9 54 0.2 0 1.5 54 1.4
1.0G + 1.0Q + 0.5S (Service) - Total deflection @ 10x
2 3
o— - - ———
| |
\
|
\
1 4%
Z
Member results
Load combination: 1.0G + 1.0Q + 0.5S (Service)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.494 12.2 54 0.1 0 1.1 54 1
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1.35G + 1.5y,Q + 1.5S (Strength) - Total deflection @ 10x
2 3
—— - —
\
\ \
|
| |
|
1 4 |
F’X — — —‘2
v
A
Member results
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.488 15.8 5.4 0.2 0 14 5.4 1.4
1.35G + 1.5Q + 1.5y,S + 1.5y,W (Strength) - Total deflection @ 10x
2 3
-
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Member results

Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.491 16.8 54 0.2 0 2.4 54 2.3

1.0G + 1.0Q + 0.5S8 + 0.5W (Service) - Total deflection @ 10x

2 3
—
| |

|
| |
|

1 iA
Z

Member results

Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.488 12.2 5.4 0.1 0 1.7 5.4 1.7
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1.35G + 1.5y,Q + 1.58 + 1.5y, W (Strength) - Total deflection @ 10x
2 3
| D — ‘
| |
\
|
|
|
1 4 |
v
A
Member results
Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.482 15.7 5.4 0.2 0 24 5.4 2.3
1.0G + 1.0y,Q + 1.0S + 0.5W (Service) - Total deflection @ 10x
2 3
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Member results
Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.48 11.5 54 0 1.7 54 1.6
1.35G + 1.5y,Q + 1.5y,S + 1.5W (Strength) - Total deflection @ 10x
2 3
— -
I \
\
\
|
|
\
1 iA
Member results
Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.475 15.7 54 0.2 0 3.3 54 3.3
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1.0G + 1.0y,Q + 0.5S + 1.0W (Service) - Total deflection @ 10x
2 3
—
\
|
1 4 i
v
A
Member results
Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.474 114 5.4 0.1 0 2.3 5.4 2.3
1.0G + 1.5W (Strength) - Total deflection @ 10x
2 3
rf——ffq,,,,,ffiii S ——y
| |
\
\
\
1 4‘2
S — o
v
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Member results
Load combination: 1.0G + 1.5W (Strength)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.443 9.7 54 0.1 0 29 54 29
1.0G + 1.0W (Service) - Total deflection @ 10x
2 3
¢ I —————
c |
|
1 ii
\ 4
Z
Member results
Load combination: 1.0G + 1.0W (Service)
Member Deflection Axial deflection
Pos Max Pos Min Pos Max Pos Min
(m) (mm) (m) (mm) (m) (mm) (m) (mm)
Member1 2.449 9.8 54 0.1 0 2.3 54 2.2
Node deflections
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Node Deflection Rotation |Co-ordinate
system
X Z
(mm) (mm) (°)
1 0 0 -0.14989
2 1.5 0.3 0.48782
3 1.4 0.2 -0.39915
4 0 0 0.17046
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Node Deflection Rotation |Co-ordinate
system
X Z
(mm) (mm) (°)
1 0 0 -0.10836
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Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
2 1.1 0.2 0.354
3 1 0.1 -0.28877
4 0 0 0.1235
Load combination: 1.0G + 1.0y2Q (Quasi)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.09158
2 1 0.2 0.30775
3 1 0.1 -0.24531
4 0 0 0.10607
Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.14989
2 1.5 0.3 0.48782
3 1.4 0.2 -0.39915
4 0 0 0.17046
Load combination: 1.0G + 1.0Q + 0.5S (Service)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) @)
1 0 0 -0.10836
2 1.1 0.2 0.354
3 1 0.1 -0.28877
4 0 0 0.1235
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.1391
2 1.4 0.2 0.45808
3 1.4 0.2 -0.37121
4 0 0 0.15926
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Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) )
1 0 0 -0.12983
2 24 0.2 0.48877
3 2.3 0.2 -0.39172
4 0 0 0.18169
Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©
1 0 0 -0.09499
2 1.7 0.2 0.35464
3 1.7 0.1 -0.28382
4 0 0 0.13098
Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.11904
2 24 0.2 0.45903
3 2.3 0.2 -0.36378
4 0 0 0.17048
Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.0878
2 1.7 0.2 0.33481
3 1.6 0.1 -0.26519
4 0 0 0.12351
Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.09898
2 3.3 0.2 0.45999
3 3.3 0.2 -0.35636
4 0 0 0.1817
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Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) (®)
1 0 0 -0.07443
2 2.3 0.2 0.33545
3 2.3 0.1 -0.26024
4 0 0 0.13099
Load combination: 1.0G + 1.5W (Strength)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ()
1 0 0 -0.04427
2 2.9 0.1 0.28983
3 2.9 0.1 -0.21183
4 0 0 0.12104
Load combination: 1.0G + 1.0W (Service)
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ©)
1 0 0 -0.05764
2 2.3 0.1 0.28919
3 2.2 0.1 -0.21678
4 0 0 0.11356
Total base reactions
Load case/combination Force
FX Fz
(kN) (kN)
1.35G + 1.5Q + 1.5RQ (Strength) 0 120
1.0G + 1.0Q + 1.0RQ (Service) 0 86.7
1.0G + 1.0y2Q (Quasi) 0 73.3
1.35G + 1.5Q + 1.5y0S (Strength) 0 120
1.0G + 1.0Q + 0.5S (Service) 0 86.7
1.35G + 1.5y0Q + 1.5S (Strength) 0 111.3
1.35G + 1.5Q + 1.5y0S + 1.5yoW 2.7 120
(Strength)
1.0G + 1.0Q + 0.5S + 0.5W -1.8 86.7
(Service)
1.35G + 1.5y0Q + 1.5S + 1.5yoW 2.7 111.3
(Strength)
1.0G + 1.0yoQ + 1.0S + 0.5W -1.8 81
(Service)
1.35G + 1.5y0Q + 1.5y0S + 1.5W 5.4 111.3
(Strength)
1.0G + 1.0yoQ + 0.5S + 1.0W -3.6 81
(Service)
1.0G + 1.5W (Strength) -5.4 67.5
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Load case/combination Force

FX Fz
(kN) (kN)
1.0G + 1.0W (Service) -3.6 67.5

Reactions

1: (11.8,68.6,0)

1.35G + 1.5Q + 1.5RQ (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

Member1

4: (-11.8,51.3,0)

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 11.8 68.6 0
4 -11.8 51.3 0
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1.0G + 1.0Q + 1.0RQ (Service) - Local node reactions

Node: (Horiz (kN), Vert (kN), Mom (kNm))

2 3
| . |
1:(8.5,49.7,0) 4: (-8.5,37,0)
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 8.5 49.7 0
4 -8.5 37 0
1.0G + 1.0y,Q (Quasi) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2 13
| . |
1:(7.4,42.7,0) 4:(-7.4,30.5,0)
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Load combination: 1.0G + 1.0y2Q (Quasi)
Node Force Moment
Fx Fz
(kN) (kN) (kNm)
1 7.4 42.7
4 -7.4 30.5
1.35G + 1.5Q + 1.5y,,S (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2 3
1:(11.8,68.6,0) 4:(-11.8,51.3,0)

Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)

Node Force Moment
Fx Fz
(kN) (kN) (kNm)
1 11.8 68.6
4 -11.8 51.3
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1.0G + 1.0Q + 0.5S (Service) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

2 3
\ o \
1:(8.5,49.7,0) 4: (-8.5,37,0)
Load combination: 1.0G + 1.0Q + 0.5S (Service)
Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 8.5 49.7 0
4 -8.5 37 0
1.35G + 1.5y, Q + 1.5S (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2 13
\ \
Member1
1:(11,64.1,0) 4: (-11,47.2,0)
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Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)

1.35G + 1.5Q + 1.5y,,S + 1.5y,W (Strength) - Local node reactions

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 11 64.1 0
4 -11 47.2 0
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2
1:(9.8,67.9,0)

4: (-12.5,52.1,0)

Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 9.8 67.9 0
4 -12.5 52.1 0
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1:(7.2,49.2,0)

1.0G + 1.0Q + 0.5S + 0.5W (Service) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

4:(-9,37.5,0)

Load combination: 1.0G + 1

.0Q + 0.5S + 0.5W (Service)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)

1 7.2 49.2 0

4 -9 37.5 0
1.35G + 1.5y,,Q + 1.5S + 1.5y,W (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

2 13

1:(9.1,63.4,0)

4: (-11.8,47.9,0)
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Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 9.1 63.4 0
4 -11.8 47.9 0
1.0G + 1.0y,Q + 1.0S + 0.5W (Service) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2 3
1:(6.7,46.2,0) 4:(-8.5,34.7,0)

Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 6.7 46.2 0
4 -8.5 34.7 0
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1:(7.1,62.6,0)

Load combination: 1.35G +

1.35G + 1.5y,Q + 1.5y,,S + 1.5W (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

4:(-12.5,48.7,0)

1.5y0Q + 1.5y0S + 1.5W (Strength)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)

1 71 62.6 0

4 -12.5 48.7 0
1.0G + 1.0y,Q + 0.5S + 1.0W (Service) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))

2

1:(5.4,45.7,0)

4: (-9,35.2,0)
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Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 54 45.7 0
4 -9 35.2 0
1.0G + 1.5W (Strength) - Local node reactions
Node: (Horiz (kN), Vert (kN), Mom (kNm))
2 3
| . |
1:(2.9,38.2,0) 4:(-8.3,29.3,0)

Load combination: 1.0G + 1.5W (Strength)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 2.9 38.2 0
4 -8.3 29.3 0
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1: (4.3,38.7,0)

1.0G + 1.0W (Service) - Local node reactions

Node: (Horiz (kN), Vert (kN), Mom (kNm))

4:(-7.9,28.8,0)

Load combination: 1.0G + 1.0W (Service)

Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 4.3 38.7 0
4 -7.9 28.8 0

Element end forces

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -67.8 11.8 -4
2 66.6 -11.8 -31.3
2 5.4 2 -11.8 -66.6 31.3
3 11.8 -48.8 -29.8
3 3 3 -48.8 -11.8 29.8
4 50 11.8 5.5
4 5.4 1 0 -0.8 4
4 0 -1.3 -5.5
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -49.1 8.5 -2.9
2 48.2 -8.5 -22.7
2 5.4 2 -8.5 -48.2 22.7
3 8.5 -35.1 -21.6
3 3 3 -35.1 -8.5 21.6
4 36 8.5 4
4 5.4 1 0 -0.6 29
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Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
4 0 -1 -4
Load combination: 1.0G + 1.0y2Q (Quasi)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -42.1 7.4 -2.5
2 41.2 -7.4 -19.6
2 5.4 2 -7.4 -41.2 19.6
3 7.4 -28.7 -18.6
3 3 3 -28.7 -7.4 18.6
4 29.6 7.4 3.6
4 5.4 1 0 -0.6 25
4 0 -1 -3.6
Load combination: 1.35G + 1.5Q + 1.5y0S (Strength)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -67.8 11.8 -4
2 66.6 -11.8 -31.3
2 5.4 2 -11.8 -66.6 31.3
3 11.8 -48.8 -29.8
3 3 3 -48.8 -11.8 29.8
4 50 11.8 55
4 5.4 1 0 -0.8 4
4 0 -1.3 -5.5
Load combination: 1.0G + 1.0Q + 0.5S (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -49.1 8.5 -2.9
2 48.2 -8.5 -22.7
2 5.4 2 -8.5 -48.2 22.7
3 8.5 -35.1 -21.6
3 3 3 -35.1 -8.5 21.6
4 36 8.5 4
4 5.4 1 0 -0.6 29
4 0 -1 -4
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -63.3 11 -3.8
2 62.1 -11 -29.3
2 5.4 2 -11 -62.1 29.3
3 11 -44.6 -27.9
3 3 3 -44.6 -11 27.9
4 45.8 11 5.2
4 5.4 1 0 -0.8 3.8
4 0 -1.3 -5.2
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Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -67.5 9.8 -2.8
2 66.3 -12.5 -30.6
2 5.4 2 -12.5 -66.3 30.6
3 12.5 -49.1 -31
3 3 3 -49.1 -12.5 31
4 50.3 12.5 6.5
4 5.4 1 0 -0.4 2.8
4 0 -1.8 -6.5
Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -48.9 7.2 -2.1
2 48 -9 -22.2
2 5.4 2 -9 -48 22.2
3 9 -35.3 -22.4
3 3 3 -35.3 -9 22.4
4 36.2 9 47
4 5.4 1 0 -0.3 21
4 0 -1.3 -4.7
Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -63 9.1 -2.6
2 61.8 -11.8 -28.6
2 5.4 2 -11.8 -61.8 28.6
3 11.8 -45 -29
3 3 3 -45 -11.8 29
4 46.2 11.8 6.2
4 5.4 1 0 -04 2.6
4 0 1.7 -6.2
Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -45.9 6.7 -2
2 45 -8.5 -20.9
2 5.4 2 -8.5 -45 20.9
3 8.5 -32.6 -21.1
3 3 3 -32.6 -8.5 21.1
4 33.5 8.5 45
4 5.4 1 0 -0.3 2
4 0 -1.3 -45
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Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)

Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -62.6 71 -1.4
2 61.5 -12.5 -27.9
2 5.4 2 -12.5 -61.5 27.9
3 12.5 -45.3 -30.2
3 3 3 -45.3 -12.5 30.2
4 46.5 12.5 7.2
4 5.4 1 0 0 1.4
4 0 2.2 -7.2
Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -45.7 5.4 -1.2
2 44.8 -9 -20.5
2 5.4 2 -9 -44.8 20.5
3 9 -32.8 -21.9
3 3 3 -32.8 -9 21.9
4 33.7 9 5.2
4 5.4 1 0 -0.1 1.2
4 0 -1.5 -5.2
Load combination: 1.0G + 1.5W (Strength)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -38.4 2.9 0
2 37.6 -8.3 -16.9
2 5.4 2 -8.3 -37.6 16.9
3 8.3 -26.6 -19.6
3 3 3 -26.6 -8.3 19.6
4 27.5 8.3 5.4
4 5.4 1 0 0.2 0
4 0 -1.8 -5.4
Load combination: 1.0G + 1.0W (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 3 1 -38.7 43 -0.8
2 37.8 -7.9 -17.4
2 5.4 2 -7.9 -37.8 17.4
3 7.9 -26.4 -18.8
3 3 3 -26.4 -7.9 18.8
4 27.3 7.9 4.7
4 5.4 1 0 -0.1 0.8
4 0 -1.5 -4.7
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Forces
Strength combinations - Moment envelope (kNm)
-31.3
-31.3 -31
838
7.2
‘a3 725
Strength combinations - Shear envelope (kN)
66.6 )
12.5
[12.5 = 8.3
T
0.8
2.2
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All combinations - Axial force envelope (kN)
12.5
37. 26.4
67.8 50.3

—

Service combinations - Deflection envelope (mm)
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Service combinations - Axial deflection envelope (mm)

3.3 -
p.2
0.3
|
(@ Iy
Member results
Envelope - Strength combinations
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 66.6 1.998 83.8 0 -31.3
Envelope - All combinations
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 125 0 7.4
Envelope - Service combinations
Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.494 12.2 54 0.1
Envelope - All combinations
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 3.3 54
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1.35G + 1.5Q + 1.5RQ (Strength) - Moment (kNm)
-31.3
-31.3 .2929.8
838 s‘
4| -5.5|
Ja%) 32 5.50
1.35G + 1.5Q + 1.5RQ (Strength) - Shear (kN)
66.6
1.8 11.8
=
I Y
0.8 11.8
~1.3

£-11.8
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1.35G + 1.5Q + 1.5RQ (Strength) - Axial force (kN)
11.8 11.8
66.6 48.8|
67.8 | 4 kO
1.35G + 1.5Q + 1.5RQ (Strength) - Axial deflection
1.5 -
ha
0.2
“-0.3 |
| |
‘ \
|
|
OC =
a [
Member results
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 66.6 1.998 83.8 0 -31.3
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Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 11.8 0 11.8
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 1.5 54 1.4
1.0G + 1.0Q + 1.0RQ (Service) - Axial force (kN)
8.5 8.5
482 35.1]

49.1]

36

1.0G + 1.0Q + 1.0RQ (Service) - Deflection (mm)
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1.0G + 1.0Q + 1.0RQ (Service) - Axial deflection

1.1

-0.2

Member results

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 8.5 0 8.5
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.494 12.2 5.4 0.1
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 1.1 5.4
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1.0G + 1.0y,Q (Quasi) - Axial force (kN)
7.4 7.4
41.2 08.7|
42.1 ! 4 P96
1.0G + 1.0y,Q (Quasi) - Axial deflection
1
0.1

0.2 !

|

‘ \
|
|

| |

OC =

a o

Member results

Load combination: 1.0G + 1.0y2Q (Quasi)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 7.4 0 7.4
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Load combination: 1.0G + 1.0y2Q (Quasi)

Member Axial deflection

Pos Max Pos Min

(m) (mm) (m) (mm)
Member1 0 1 54 1

1.35G + 1.5Q + 1.5y,,S (Strength) - Moment (kNm)
-31.3
-31.3 [ .2929.8
838
-4 -5.5]
vl -3.2 5.5~
1.35G + 1.5Q + 1.5y,S (Strength) - Shear (kN)
66.6 B
1.8 11.8
=
- luss
0.8 11.8
1.3
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1.35G + 1.5Q + 1.5y,S (Strength) - Axial force (kN)
11.8 11.8
66.6 48.8]
67.8| | 4 B0
1.35G + 1.5Q + 1.5y,,S (Strength) - Axial deflection
15
= N4
0.2
“-0.3 |
|
| |
|
OC =
a [
Member results
Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 66.6 1.998 83.8 0 -31.3
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Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 11.8 0 11.8
Load combination: 1.35G + 1.5Q + 1.5yeS (Strength)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 15 54 1.4
1.0G + 1.0Q + 0.58 (Service) - Axial force (kN)
8.5 8.5
us8.2 35.1]

49.1|

-
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1.0G + 1.0Q + 0.5S (Service) - Deflection (mm)
1.0G + 1.0Q + 0.5S (Service) - Axial deflection
1.1 -
0.1
-0.2
|
|
|
OC

Member results

Load combination: 1.0G + 1.0Q + 0.5S (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 8.5 0 8.5
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Load combination: 1.0G + 1.0Q + 0.5S (Service)
Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.494 12.2 5.4 0.1
Load combination: 1.0G + 1.0Q + 0.5S (Service)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 1.1 5.4 1
1.35G + 1.5y,Q + 1.5S (Strength) - Moment (kNm)
-29.3
-293 | 272y .9
795
38 52|
3.8 -3 528
1.35G + 1.5y,Q + 1.5S (Strength) - Shear (kN)
62.1
-1 11
L—ww,,,,,,,%
- Hus
0.8 11
1.3

A1
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1.35G + 1.5y,Q + 1.5S (Strength) - Axial force (kN)
11 11
62.1 44.6|
63.3 | 4 M58
1.35G + 1.5y,Q + 1.5S (Strength) - Axial deflection
14
= = 1.4
0.2
[0.2
| {
|
|
|
OC =
a oo
Member results
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 62.1 1.998 79.5 0 -29.3




Project Job Ref.
28 Burghley Road SDS187
Section Sheet no./rev.
SD Structures Building Control Approval 83
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
www.sd-structures.com RC 26/06/2017 MD 26/06/2017
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 11 0 11
Load combination: 1.35G + 1.5y0Q + 1.5S (Strength)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)

Member1 0 1.4 54 1.4

1.35G + 1.5Q + 1.5y,;S + 1.5y, W (Strength) - Moment (kNm)

-30.6 -31
-30.6 -31
838
28] 6.5
2.8 -2.6 6.5~
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1.35G + 1.5Q + 1.5y,S + 1.5y, W (Strength) - Shear (kN)
66.3
12.5
125 L
o
09 12,5
A ~1.8
1.35G + 1.5Q + 1.5y, S + 1.5y W (Strength) - Axial force (kN)
12.5 12.5
66.3 49.1
67.5| A 50.3
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1.35G + 1.5Q + 1.5y,,S + 1.5y, W (Strength) - Axial deflection
24
2.3
0.2
[0.2
\
\
| \
\
Or Iy
a oo
Member results
Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 66.3 1.998 83.8 54 -31
Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 125 0 125

Load combination: 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 2.4 5.4 2.3
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1.0G + 1.0Q + 0.5S + 0.5W (Service) - Axial force (kN)

48

48.9|

35.3]

36.2

1.0G +1.0Q + 0.5S + 0.5W (Service) - Deflection (mm)




Project Job Ref.
28 Burghley Road SDS187
Section Sheet no./rev.
SD Structures Building Control Approval 87
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
St com RC 26/06/2017 MD 26/06/2017

Member results

1.0G + 1.0Q + 0.5S + 0.5W (Service) - Axial deflection

1.7 -
1.7
0.1
0.2
\
|
Of Iy
[oia

Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 9 0 9
Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)
Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.488 12.2 5.4 0.1
Load combination: 1.0G + 1.0Q + 0.5S + 0.5W (Service)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 1.7 5.4 1.7
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1.35G + 1.5y,Q + 1.5S + 1.5y W (Strength) - Moment (kNm)
-28.6 -29
-28.6 ' -29
\ 795 ;“
-2.6| - 7627
96 2.4 6.25
1.35G + 1.5y,Q + 1.58 + 1.5y, W (Strength) - Shear (kN)
61.8
11.8
-11.8 =
- ks
oo | 11.8
- 217
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1.35G + 1.5y,Q + 1.58 + 1.5y, W (Strength) - Axial force (kN)
11.8 11.8
1.8 45|
63\ Q qQ 66'2
1.35G + 1.5y,Q + 1.5S + 1.5y,W (Strength) - Axial deflection
2.4
2.3
0.2

0.2

\

\

|

OC =
a oo
Member results
Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 61.8 1.998 79.5 54 -29
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—
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Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Member Axial force

Pos Max Pos Min

(m) (kN) (m) (kN)
Member1 0 11.8 0 11.8

Load combination: 1.35G + 1.5y0Q + 1.5S + 1.5yoW (Strength)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 2.4 54 2.3
1.0G + 1.0y,Q + 1.0S + 0.5W (Service) - Axial force (kN)
8.5
45
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Member results

1.0G + 1.0y,Q + 1.0S + 0.5W (Service) - Deflection (mm)

1.7

1.0G + 1.0y,Q + 1.0S + 0.5W (Service) - Axial deflection

1.6
0.1

I =

Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 8.5 0 8.5
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Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)

Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.48 11.5 5.4 0.1

Load combination: 1.0G + 1.0yoQ + 1.0S + 0.5W (Service)

-30.2

Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 1.7 5.4 1.6
1.35G + 1.5y,Q + 1.5y,,S + 1.5W (Strength) - Moment (kNm)
-27.9 -30.2
279 |
795
72

725
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1.35G + 1.5y,Q + 1.5y,,S + 1.5W (Strength) - Shear (kN)
61.5
12.5
L12.5 wa,,,,,,,
- lsa3
-701 12.5
= =22
1.35G + 1.5y,Q + 1.5y,S + 1.5W (Strength) - Axial force (kN)
12.5 12.5
61.5 45 3]
62.6‘ A ’46.5




Project Job Ref.
28 Burghley Road SDS187
5 Section Sheet no./rev.
SD Structures Building Control Approval 94
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
www.sd-structures.com RC 26/06/2017 MD 26/06/2017
1.35G + 1.5y,Q + 1.5y,,S + 1.5W (Strength) - Axial deflection
3.3
3.3
0.2
‘-0.2
Or Iy
a oo
Member results
Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 61.5 1.998 79.5 5.4 -30.2

Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 12.5 0 12.5

Load combination: 1.35G + 1.5y0Q + 1.5y0S + 1.5W (Strength)

Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 3.3 5.4 3.3
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45.7

1.0G + 1.0y,Q + 0.5S + 1.0W (Service) - Axial force (kN)

—

32.8]

33.7

1.0G + 1.0y,Q + 0.5S + 1.0W (Service) - Deflection (mm)
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Member results

1.0G + 1.0y,Q + 0.5S + 1.0W (Service) - Axial deflection

2.3
2.3
0.1
‘—0.2
Of a
oy

Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 9 0 9

Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)

Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.474 114 54 0.1

Load combination: 1.0G + 1.0yoQ + 0.5S + 1.0W (Service)

Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 2.3 5.4 2.3
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1.0G + 1.5W (Strength) - Moment (kNm)
-16.9 -19.6
-16.9 = -19.6
514
|
| |
| B _§4
o) 544
1.0G + 1.5W (Strength) - Shear (kN)
376
8.3
18.3 B -
‘ - |ees
\
|
|
|
|
|
_Qg‘\ 8.3
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1.0G + 1.5W (Strength) - Axial force (kN)
8.3 8.3
B7.6 6.6
38.4 | 27 5
1.0G + 1.5W (Strength) - Axial deflection
2.9
2.9
0.1
-0.1
04 g
a [
Member results
Load combination: 1.0G + 1.5W (Strength)
Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Member1 0 37.6 1.998 51.4 54 -19.6
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Load combination: 1.0G + 1.5W (Strength)

Member Axial force

Pos Max Pos Min

(m) (kN) (m) (kN)
Member1 0 8.3 0 8.3

Load combination: 1.0G + 1.5W (Strength)

Member Axial deflection

Pos Max Pos Min

(m) (mm) (m) (mm)
Member1 0 2.9 5.4 2.9

1.0G + 1.0W (Service) - Axial force (kN)
7.9 7.9
B7.8 6.4
38.7 073

-

1.0G + 1.0W (Service) - Deflection (mm)
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1.0G + 1.0W (Service) - Axial deflection

23
2.2
0.1
‘-0.1
Of a
L [l

Member results

Load combination: 1.0G + 1.0W (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Member1 0 7.9 0 7.9
Load combination: 1.0G + 1.0W (Service)
Member Deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 2.449 9.8 5.4 0.1
Load combination: 1.0G + 1.0W (Service)
Member Axial deflection
Pos Max Pos Min
(m) (mm) (m) (mm)
Member1 0 23 5.4 2.2
Partial factors - Section 6.1
Resistance of cross-sections; ™o = 1
Resistance of members to instability; w1 =1
Resistance of tensile members to fracture; we = 1.1

Member1 - Span 1

Section details

Section type;

Steel grade - EN 10025-2:2004;
Nominal thickness of element;
Nominal yield strength;

UB 254x146x37 (BS4-1)

S275

thom = max(ts, tw) = 10.9 mm

fy = 275 N/mm2
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Nominal ultimate tensile strength; fu = 410 N/mm?
Modulus of elasticity; E = 210000 N/mm?

I | UB 254x146x37 (BS4-1)

Section depth, h, 256 mm

Section breadth, b, 146.4 mm

Mass of section, Mass, 37 kg/m

Flange thickness, l,, 10.9 mm

Web thickness, [ 6.3 mm

Root radius, r, 7.6 mm

Area of section, A, 4717 mm?

Radius of gyration about y-axis, iy, 108 mm

Radius of gyration about z-axis, iz, 35 mm

Elastic section modulus about y-axis, Wel v 432562 mm3
Elastic section modulus about z-axis, Wel » 77957 mm3
Plastic section modulus about y-axis, Wpl v 483231 mm3
Plastic section modulus about z-axis, Wplz, 119374 mm3
Second moment of area about y-axis, Iy, 55367902 mm4
Second moment of area about z-axis, Iz, 5706456 mm4

—»| 109

256
v
p

—»| |e109

e 1464—— |

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 7 - 1.35G + 1.5Q + 1.5y0S + 1.5yoW (Strength)

Classification of cross sections - Section 5.5
€ = V[235 N/mm2/ fy] = 0.92

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

Width of section; c=d=219 mm
oa=min([h/2 + Nea/ (2 xtwxfy) - (tr+r)]/c, 1) =0.516
C/tw=34.8=376xe<=3%6x¢e/(183xa-1); Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section; c=(b-tw-2xr)/2=625mm
c/ti=57=6.2x€e<=9Xc¢; Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 12.5 kN
Design resistance of section - eq 6.10; Ncrd = Nplrd = A X fy / ymo = 1297.1 kN
NEed / Ne,ra = 0.01
PASS - Design compression resistance exceeds design compression

Slenderness ratio for y-y axis flexural buckling - Section 6.3.1.3

Critical buckling length; Lery = Lm1_st = 5400 mm

Critical buckling force; Nery = T x E X ly / Lery? = 3935.4 kN
Slenderness ratio for buckling - eq 6.50; Ay = V(A x fy / Nery) = 0.574

Check y-y axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; ay = 0.21

Buckling reduction determination factor; dy=05x(1+ayx( Ay-0.2)+ A2 =0.704
Buckling reduction factor - eq 6.49; xy = min(1/ (¢y + V(02 - A?)), 1) = 0.9
Design buckling resistance - eq 6.47; Nby,Rrd = Xy X A X fy / ym1 = 1166.8 kN

Ned / Nby,rd = 0.011
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PASS - Design buckling resistance exceeds design compression

Slenderness ratio for z-z axis flexural buckling - Section 6.3.1.3

Critical buckling length; Lerz = Lmi_s1_segt = 5400 mm

Critical buckling force; Nerz = 2 X E X |2/ Ler 2 = 405.6 KN
Slenderness ratio for buckling - eq 6.50; Az = V(A x fy / Nerz) = 1.788

Check z-z axis flexural buckling resistance - Section 6.3.1.1

Buckling curve - Table 6.2; b

Imperfection factor - Table 6.1; oz =0.34

Buckling reduction determination factor; 0z=05x (1 +0zx( Az-0.2) + Az2) =2.369
Buckling reduction factor - eq 6.49; xz=min(1/ (02 + V(92 - A2), 1) = 0.255
Design buckling resistance - eq 6.47; NbzRd = Xz X A X fy / ym1 = 330.7 kN

Ned / Nb,zrd = 0.038
PASS - Design buckling resistance exceeds design compression

Check torsional and torsional-flexural buckling - Section 6.3.1.4

Torsional buckling length; LerT = Lmi_s1_segi_r = 5400 mm

Distance from shear centre to centroid in y axis; yo = 0.0 mm

Distance from shear centre to centroid in z axis; Zo = 0.0 mm

Radius of gyration; io = V(iy2 + i2) = 113.8 mm

Elastic critical torsional buckling force; Nert=1/i02x (GX lt+ w2 X E x lw/ Ler,72) = 1426.8 kN
Torsion factor; Br=1-(yo/i0)?>=1

Elastic critical torsional-flexural buckling force

Ner,7F = Nery / (2 x Br) X [1 + Ner/ Nery - V[(1 - Ner, T/ Nery)2 + 4 X (yo / i0)2 X N7/ Nery]] = 1426.8 kN
Elastic critical buckling force; Ner = min(Ner,t, Ner,r) = 1426.8 kN
Slenderness ratio for torsional buckling - eq 6.52; At =V[A x fy / Ne] = 0.953

Design resistance for torsional and torsional-flexural buckling - Section 6.3.1.1

Buckling curve - Table 6.2; b

Imperfection factor - Table 6.1; or =0.34

Buckling reduction determination factor; or=0.5x(1+arx( Ar-0.2) + Ar?) =1.083
Buckling reduction factor - eq 6.49; ¥t =min(1/ (o1 + V(012 - A13), 1) = 0.627
Design buckling resistance - eq 6.47; NbT.Rd = x7 X A X fy / ym1 = 813 kN

Ned / No,1,rd = 0.015
PASS - Design buckling resistance exceeds design compression

Check design at start of span
Check shear - Section 6.2.6
Height of web; hw=h-2 Xt =234.2 mm; n = 1.000
hw/tw=372=402x¢e/mM<72x¢e/n
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 66.3 kN
Shear area - cl 6.2.6(3); Av=max(A-2xbxti+ (tw+ 2 x1) X tt, N X hw X tw) = 1759 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vpiy.rd = Av X (fy /V(3)) / ymo = 279.3 kN

Vyed/ Vey,rd = 0.237
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5

Design bending moment; My.ed = 30.6 KNm

Design bending resistance moment - eq 6.13; Me,y,rd = Mply,Rd = WpLy X fy / ymo = 132.9 kNm
My.ed / Mc,y,rd = 0.23
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PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6;

Poissons ratio;

Shear modulus;

Unrestrained effective length;
Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;
Limiting slenderness ratio;

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;
Design buckling resistance moment - eq 6.55;

ke = 0.909
Ci=1/k?=1.211
v=0.3

G=E/[2x (1 +V)] = 80769 N/mm?
L =1.0 X Lm1_s1_segt_B = 5400 mm
Mer = C1 x 72 X E x |2 / L2 V(lw / |z + L2 X G x It/ (12 x E x I)) = 104.8
kNm
At = V(Woly x fy / Mer) = 1.126
ALTo = 0.4
ALt > ALt - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

0T = 0.5 x [1 + 0wt x ( ALt - ALto) + B x ALt?] = 1.099
xLt = min(1 / [our + V(our2 - B x Awr?)], 1,1/ Aur?) = 0.623
f=min(1-0.5x (1-ke) x[1-2x( Ar-0.8), 1) = 0.964
XLTmod = Min(xr /f, 1,1/ Ar?) = 0.646

Mb.y,Rd = XLT,mod X Wply X fy / ym1 = 85.8 KNm

My.ed / Mb,y,rd = 0.356

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Bending and axial force check - €q.6.33 & €q.6.34; Ny,im = min(0.25 X Npi,rd, 0.5 x hw X tw X fy / ym0) = 202.9 kN

NEed / Ny,im = 0.062

Allowance need not be made for the effect of the axial force on the plastic resistance moment about the y-y axis

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3;

yy = -30.6 KNm / -31 kNm = 0.987
oy = -31 kKNm / 68.7 kNm = -0.451
Cmy = 0.95 + 0.05 x oy = 0.927

yLT = -30.6 KNm / -31 KNm = 0.987
ot =-31 kNm/68.7 kNm = -0.451
Cmit = 0.95 + 0.05 x ot = 0.927

Interaction factors kijj for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My.rk = Wpiy x fy = 132.9 kNm
Mz,rk = Whpiz X fy = 32.8 kNm
Nrk = A x fy = 1297.1 kN
Kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (3y X
Nrk / ym1)) = 0.931
kzy = 1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x ¥z x Nk / ym1) = 0.994
Ned / (xy X Nrk / ym1) + Kyy X
My.ed / (%Lt X My,Rk / Ym1) = 0.225
Ned / (%z X Nrk / ym1) + Kzy X My.ed / (%Lt X My,re / ym1) = 0.267
PASS - Combined bending and compression checks are satisfied
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Check design 1998 mm along span
Check shear - Section 6.2.6
Height of web; hw =h -2 x tt = 234.2 mm; n = 1.000

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

hw/tw=37.2=402xe/n<72xe/n
Shear buckling resistance can be ignored
Vy,ed = 48.2 KN
Av=max(A-2x b xti+ (tw+ 2 xr) x t;, N X hw X tw) = 1759 mm?
VeyRd = Vply,rd = Av X (fy /V(3)) / ymo = 279.3 kN
Vyed/ Veyrd = 0.173
PASS - Design shear resistance exceeds design shear force

My.ed = 83.8 kNm
Me,y,Rd = Mpi,y,rd = Wpry X fy / ymo = 132.9 KNm
My.ed / Mcyy,rd = 0.631

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6;

Poissons ratio;

Shear modulus;

Unrestrained effective length;
Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;
Limiting slenderness ratio;

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;
Design buckling resistance moment - eq 6.55;

ke = 0.909
Ci=1/k?=1.211
v=0.3

G=E/[2x(1+V)] = 80769 N/mm?
L = 1.0 X Lmi_s1_segt_T = 5400 mm
Mer=Ci XM XEx I/ L2xV(lw/ |z + L2x G x |t/ (n2 x E x I,)) = 104.8
kNm
At = V(Waly X fy / Mer) = 1.126
ALTo = 0.4
ALt > At - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

ouT = 0.5 x [1 + owr X ( AT - ALTo) + B x ALt?] = 1.099
xur = min(1 / [our + V(o2 - B x Ard)], 1,1/ Aur?) = 0.623
f=min(1-0.5x (1 -ke) x [1-2x ( Air-0.8)2], 1) = 0.964
YLT.mod = Min(yLr /f, 1,1/ ALt?) = 0.646

Mb,y,Rd = XLT,mod X Wpry X fy / ym1 = 85.8 KNm

My.ed / Mb,y,rd = 0.976

PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3;

yy = -30.6 KNm /-31 kNm = 0.987
ay =-31 KNm /68.7 KNm = -0.451
Crmy = 0.95 + 0.05 x 0y = 0.927

LT = -30.6 kNm / -31 kNm = 0.987
oLt = -31 kKNm /68.7 kNm = -0.451
Cmit = 0.95 + 0.05 x oLt = 0.927
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Interaction factors kij for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

Check design at end of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

My.rk = Wply x fy = 132.9 kNm
Mz,rk = Wpiz X fy = 32.8 KNm
Nrk = A x fy = 1297.1 kN
kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Nea / (xy X
Nrk / ym1)) = 0.931
kzy = 1-0.1 x min(1, Az) x Nea / ((CmLT - 0.25) x %z X Nrk / ym1) = 0.994
Neda / (y X Nrk / ym1) + Kyy X
My.ed / (xLt x My,rc / ym1) = 0.598
Ned / (xz X Nrk / ywm1) + kzy X My,ed / (Lt X My,Rk / ym1) = 0.665
PASS - Combined bending and compression checks are satisfied

hw=h - 2 x tr = 234.2 mm; n = 1.000
hw/tw=37.2=402x¢e/mM<72xe/n
Shear buckling resistance can be ignored

Vy.ed = 49.1 kN
Av=max(A-2xbxti+ (tw+ 2 x1) X tt, N X hw X tw) = 1759 mm?
VeyRd = Vply,rd = Av X (fy /V(3)) / ymo = 279.3 kN
Vyed/ Vey,rd = 0.176

PASS - Design shear resistance exceeds design shear force

My.ed = 31 kNm
Me,y,Rd = Mpi,y,rd = Wpiy X fy / ymo = 132.9 kKNm
My.ed / Mcy,rd = 0.233

PASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6;

Poissons ratio;

Shear modulus;

Unrestrained effective length;
Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;
Limiting slenderness ratio;

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;

ke = 0.909
Ci=1/k?=1.211
v=0.3

G=E/[2x (1 +V)] = 80769 N/mm?
L =1.0 X Lm1_s1_segt_B = 5400 mm
Mer=Ci XM XEx I/ L2xV(lw/ |z + L2x G x |t/ (n2 x E x I,)) = 104.8
kNm
At = V(Woly x fy / Mer) = 1.126
ALTo = 0.4
AL > it - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B =0.75

ot = 0.5 x [1 + owr X ( AT - ALTo) + B x ALt?] = 1.099
xur = min(1 / [our + V(o2 - B x Ard)], 1,1/ Aur?) = 0.623
f=min(1 - 0.5x (1 - ke) X [1 -2 x ( At~ 0.8)2], 1) = 0.964
YLT.mod = Min(yLr /f, 1,1/ ALt?) = 0.646
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Design buckling resistance moment - eq 6.55; Mb.y,Rd = XLT,mod X Wply X fy / ym1 = 85.8 KNm

My.ed / Mb,y,rd = 0.361
PASS - Design buckling resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3; Yy =-30.6 kNm /-31 kNm = 0.987
oy =-31 kKNm / 68.7 kNm = -0.451
Cmy = 0.95 + 0.05 x oy = 0.927

; YT = -30.6 KNm / -31 kNm = 0.987
ot = -31 kNm/68.7 kNm = -0.451
CmLt = 0.95 + 0.05 x owt = 0.927

Interaction factors ki for members susceptible to torsional deformations - Table B.2

Characteristic moment resistance; My,rk = Wiy X fy = 132.9 kNm

Characteristic moment resistance; Mz,rk = Wpiz X fy = 32.8 KNm

Characteristic resistance to normal force; Nrk = A x fy = 1297.1 kN

Interaction factors; Kyy = Cmy x (1 + min( Ay - 0.2, 0.8) x Neqa / (3y X

Nrk / ym1)) = 0.931
kzy = 1-0.1 x min(1, Az) x Ned / ((CmLT - 0.25) x %z x Nk / ym1) = 0.994
Interaction formulae - eq 6.61 & eq 6.62; Neda / (y X Nrk / ym1) + Kyy X
My.ed / (%Lt X My,Rk / Ym1) = 0.228
Ned / (xz X Nrk / ym1) + kzy X My,ea / (xLt X My,rc / Ym1) = 0.27
PASS - Combined bending and compression checks are satisfied

Consider Combination 5 - 1.0G + 1.0Q + 0.5S (Service)

Check design 2494 mm along span
Check y-y axis deflection - Section 7.2.1
Maximum deflection; oy =12.2 mm
Allowable deflection; Oy, Allowable = Lm1_s1 /250 = 21.6 mm
Sy / By, Alowable = 0.566
PASS - Allowable deflection exceeds design deflection
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NEW STEEL BEAM THAT SUPPORTS STAIRWAY WALL

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

TEDDS calculation version 3.0.13

pay AN
mm | 4500 |
A 1 B
Unfactored Loads Self weight included
4,500 [Permanent [ ]Vvariable
00 T T T 17 17 71T 17 /77T 17 "7 17 /777 T
mm | 4500 |
A 1 B
Load Envelope - Combination 1
9.276
0.0
mm | 4500 |
A 1 B
Load Combination 1 (shown in proportion)
Vanable I _
Permanen‘ i ﬁ
4500
A 1
KNm Bending Moment Envelope
0.0
23.479 535
mm | 4500 |
A 1 B
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kN

20.870 209

0.0

Shear Force Envelope

-20.870

-20.9
4500

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Analysis results

Maximum moment;

Maximum shear;

Deflection;

Maximum reaction at support A;

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

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

Section details
Section type;
Steel grade;

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Steel self weight - Permanent self weight of beam x 1

Wall above (timber stud) - 0.5kN/m2 x height - Permanent full UDL 4.5
kN/m

Floor dead load - 0.8kN/m2 x 0.85m - Permanent full UDL 0.7 kN/m
Floor live load - 1.5kN/m2 x 0.85m - Variable full UDL 1.3 kN/m

Support A Permanent x 1.35
Variable x 1.50

Span 1 Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50

Mmax = 23.5 kNm; Mmin = 0 KNm
Vmax = 20.9 kN; Vmin = -20.9 kN
Smax = 8.1 mm; Smin = 0 mm
Ra_max = 20.9 kN; Ra_min = 20.9 kKN

Ra permanent = 12.2 KN

Ra_variable = 2.9 kN

Rs_max = 20.9 kN; Rs_min = 20.9 kN
RBﬁPermanent =12.2 kN

Rs_variable = 2.9 kN

UB 203x102x23 (BS4-1)
S$275

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

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

t = max(tr, tw) = 9.3 mm
fy = 275 N/mm?

fu = 410 N/mm?

E = 210000 N/mm?
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Partial factors - Section 6.1
Resistance of cross-sections;

Resistance of members to instability;

Resistance of tensile members to fracture;

Lateral restraint

Effective length factors

Effective length factor in major axis;

Effective length factor in minor axis;
Effective length factor for torsion;

Classification of cross sections - Section 5.5

HWTSH

o = 1.00
w1 = 1.00
we =1.10

Span 1 has lateral restraint at supports only

Ky = 1.000
Kz =1.000
Kira=1.200;+2 x h
Kire=1.200; + 2 x h

& = V[235 N/mm2/ f,] = 0.92

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

Width of section;

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section;

Check shear - Section 6.2.6

Height of web;
Shear area factor;

Design shear force;
Shear area - cl 6.2.6(3);

Design shear resistance - cl 6.2.6(2);

c=d=169.4 mm

c/tw=33.9xe<=72xE¢; Class 1
c=(b-tw-2xr)/2=40.6 mm
c/ti=47xe<=9xc¢; Class 1

Section is class 1

hw="h-2xt=184.6 mm
1 = 1.000
hw/tw<72xe/m
Shear buckling resistance can be ignored

VEed = max(abs(Vmax), abs(Vmin)) = 20.9 kN
Av=max(A -2 xbxti+ (tw+ 2 x1) X tt, 1 X hw X tw) = 1238 mm?
Verd = Vpi,rd = Av x (fy / V[3]) / ymo = 196.6 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment;

Med = max(abs(Ms1_max), abs(Ms1_min)) = 23.5 kKNm
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Design bending resistance moment - eq 6.13; Mec,rd = Mpl,Rd =

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6;

Curvature factor;

Poissons ratio;

Shear modulus;

Unrestrained length;

Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;

Limiting slenderness ratio;

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5;
Imperfection factor - Table 6.3;

Correction factor for rolled sections;
LTB reduction determination factor;

LTB reduction factor - eq 6.57;
Modification factor;

Modified LTB reduction factor - eq 6.58;

Design buckling resistance moment - eq 6.55;

Check vertical deflection - Section 7.2.1

Woiy x fy / Mo = 64.4 kNm

kc = 0.94
Ci=1/k?=1.132
g="[1-(/1y)]=0.96
v=0.3
G=E/[2x(1+V)] = 80769 N/mm?
L=12xLst +2xh=5806 mm
Mer=CixmxXExl/(L2xg) xV[lw/lz+L2x G x|t/ (M@ xExI)] =
30.4 kNm

AT = V(Woly x fy / Mer) = 1.454

ALto = 0.4

Air> ALt - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

Ot = 0.5 X [1 + awt X ( AL - ALTo) + B x ALt?] = 1.473
xur = min(1 / [our + V(o2 - B x A, 1, 1/ Aur?) = 0.447
f=min(1-0.5x (1 -kex [1 - 2x ( Ait-0.8)2], 1) = 0.996
XLT.mod = Min(yLt / f, 1) = 0.449

Mb,Rd = ¥LT,mod X WLy X fy / ym1 = 28.9 kKNm

PASS - Design buckling resistance moment exceeds design bending moment

Consider deflection due to permanent and variable loads

Limiting deflection;
Maximum deflection span 1;

dlim = Ls1 / 250 = 18 mm
d = max(abs(dmax), abs(émin)) = 8.125 mm
PASS - Maximum deflection does not exceed deflection limit
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EXISTING RC CANTILEVER SLAB ANALYSIS Tedds calculation version 1.0.13

Results

Total deflection

Self Weight - Total deflection @ 10x

Cavity wall self weight - 7.5kN/m - Total deflection @ 10x

Roof dead load - 1.0kN/m2 - Total deflection @ 10x

Roof live load - 0.6kN/m2 - Total deflection @ 10x
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Bath tub filled - 10kN/m3 - Total deflection @ 10x
1 y 2 3
5>
z
Node deflections
Load case: Self Weight
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) )
1 0 0 0.003
2 0 0 -0.00143
3 0 0 -0.00017
Load case: Cavity wall self weight - 7.5kN/m
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) )
1 0 0 -0.00367
2 0 0 0.00747
3 0 0.1 0.01206
Load case: Roof dead load - 1.0kN/m2
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) ()
1 0 0 -0.00056
2 0 0 0.00115
3 0 0 0.00185
Load case: Roof live load - 0.6kN/m2
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) @)
1 0 0 -0.00034
2 0 0 0.0007
3 0 0 0.00113
Load case: Bath tub filled - 10kN/m3
Node Deflection Rotation |Co-ordinate
system
X z
(mm) (mm) @)
1 0 0 -0.00017
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Node Deflection Rotation |Co-ordinate
system
X p4
(mm) (mm) (°)
2 0 0 0.00035
3 0 0 0.00049
Total base reactions
Load case/combination Force
FX FzZ
(kN) (kN)
Self Weight 0 21.2
Cavity wall self weight - 7.5kN/m 0 7.5
Roof dead load - 1.0kN/m2 0 1.2
Roof live load - 0.6kN/m2 0 0.7
Bath tub filled - 10kN/m3 0 0.7
Element end forces
Load case: Self Weight
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 1.7 1 0 -6.2 0
2 0 -8.8 2.2
2 0.7 2 0 -6.2 2.2
3 0 0 0
Load case: Cavity wall self weight - 7.5kN/m
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 1.7 1 0 3.1 0
2 0 -3.1 -5.2
2 0.7 2 0 -7.5 5.3
3 0 7.5 0
Load case: Roof dead load - 1.0kN/m2
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 1.7 1 0 0.5 0
2 0 -0.5 -0.8
2 0.7 2 0 -11 0.8
3 0 1.2 0
Load case: Roof live load - 0.6kN/m2
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 1.7 1 0 0.3 0
2 0 -0.3 -0.5
2 0.7 2 0 -0.7 0.5
3 0 0.7 0
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Load case: Bath tub filled - 10kN/m3
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 1.7 1 0 0.1 0
2 0 -0.1 -0.2
2 0.7 2 0 -0.7 0.2
3 0 0 0
Forces
All load cases - Moment envelope (kNm)
52
- e -
All load cases - Shear envelope (kN)
6.2 7.5
.88
Element results
Envelope - All load cases
Element Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
1 1.7 -8.8 0.706 2.2 1.7 -5.2
2 0 7.5 0.7 0 0 -5.2
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STEEL BEAM THAT SUPPORTS THE BACK WALL OF THE OUTRIGGER

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

TEDDS calculation version 3.0.13

gAN
mm | 2400
A

o P

Unfactored Loads Self weight included

27,000 [Permanent [ ]Vvariable
0.0 == == ===t ===t ===t ===t =
mm | 2400 |
A 1 B
Load Envelope - Combination 1
60.403
0.0
mm | 2400 |
A 1 B

Load Combination 1 (shown in proportion)

Va"able I _

Permanent

2400
A 1
KNm Bending Moment Envelope
0.0
43.491 35
mm | 2400
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kN

72.484 725

0.0

Shear Force Envelope

-72.484

-72.5
2400

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Analysis results

Maximum moment;

Maximum shear;

Deflection;

Maximum reaction at support A;

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

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

Section details
Section type;
Steel grade;

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Steel self weight - Permanent self weight of beam x 1

Dead load above - Permanent full UDL 27 kN/m

Live load above - Variable full UDL 2.5 kN/m

Terrace roof dead load - TkN/m2 x 1.25m - Permanent full UDL 1 kN/m
Terrace roof live load - 1.5kN/m2 x 1.25m - Variable full UDL 1.9 kN/m
Floor dead load - 0.8kN/m2 x 0.75m - Permanent full UDL 0.6 kN/m
Floor live load - 1.5kN/m2 x 0.75m - Variable full UDL 1.2 kN/m

Solid 215mm brick wall - 18kN/m3 x 0.215m x 3m - Permanent full
UDL 9.675 kN/m

Support A Permanent x 1.35
Variable x 1.50

Span 1 Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50

Mmax = 43.5 kKNm; Mmin = 0 KNm
Vmax = 72.5 kN; Vmin = -72.5 kN
Smax = 3.9 mm; Omin =0 mm
Ra_max = 72.5 kN; RA_min = 72.5 kN
RAﬁPermanent =46.2 kN

RA_variable = 6.7 kKN

Rs_max = 72.5 kN; Rs_min = 72.5 kN

RBﬁPermanent =46.2 kN

RB_variable = 6.7 kN

UB 203x133x25 (BS4-1)

S$275

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

Nominal thickness of element;
Nominal yield strength;
Nominal ultimate tensile strength;

t = max(tr, tw) = 7.8 mm

fy = 275 N/mm?
fu = 410 N/mm?
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Modulus of elasticity;

Partial factors - Section 6.1

Resistance of cross-sections;

Resistance of members to instability;

Resistance of tensile members to fracture;

Lateral restraint

Effective length factors

Effective length factor in major axis;
Effective length factor in minor axis;
Effective length factor for torsion;

203.2

| k78

| k78

Classification of cross sections - Section 5.5

E = 210000 N/mm?

> 57
\ |
1332
o = 1.00
w1 = 1.00
we =1.10

Span 1 has lateral restraint at supports only

Ky = 1.000
Kz =1.000
Kira=1.200;+2 x h
Kire=1.200; + 2 x h

& = V[235 N/mm2/ f,] = 0.92

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

Width of section;

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section;

Check shear - Section 6.2.6

Height of web;
Shear area factor;

Design shear force;
Shear area - cl 6.2.6(3);

Design shear resistance - cl 6.2.6(2);

c=d=172.4 mm
c/tw=327xe<=72xc¢; Class 1

c=(b-tw-2xr)/2=56.1mm
c/ti=78xe<=9x¢; Class 1
Section is class 1

hw=h -2 xt=187.6 mm
1 = 1.000
hw/tw<72xe/m
Shear buckling resistance can be ignored

VEed = max(abs(Vmax), abs(Vmin)) = 72.5 kN
Av=max(A-2xbxti+ (tw+ 2 x1) X tt, N X hw X tw) = 1282 mm?
Verd = Vpird = Av x (fy / V[3]) / ymo = 203.5 kN

PASS - Design shear resistance exceeds design shear force
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Check bending moment major (y-y) axis - Section 6.2.5

Design bending moment;
Design bending resistance moment - eq 6.13;

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6;

Curvature factor;

Poissons ratio;

Shear modulus;

Unrestrained length;

Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;
Limiting slenderness ratio;

Design resistance for buckling - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;

Design buckling resistance moment - eq 6.55;

Med = max(abs(Ms1_max), abs(Ms1_min)) = 43.5 KNm
Mc,rd = Mpird =
Wiy x fy / Mo = 70.9 kNm

kc = 0.94
Ci=1/k?=1.132
g="[1-(/1l)]=0.932
v=0.3
G=E/[2x (1 +V)] = 80769 N/mm?
L=1.2xLst +2xh=3286 mm
Mer=CixmxXExl/(L2xg) xV[lw/lz+L2x G x|t/ (M@ xExI)] =
95.4 kNm

Tt = V(Woly x fy / Mer) = 0.862

ALto = 0.4

Air> Airo - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B =0.75

ouT = 0.5 x [1 + 0wt x ( AT - ALT0) + B X ALt?] = 0.857
xur = min(1 / [our + V(o2 - B x Ar®)], 1,1/ Aur?) = 0.782
f=min(1-0.5x (1 -kex [1 - 2x ( At-0.8)2], 1) = 0.970
XLT.mod = Min(yLt / f, 1) = 0.806

Mb,Rd = ¥LT,mod X WLy X fy / ym1 = 57.1 kNm

PASS - Design buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1

Consider deflection due to permanent and variable loads

Limiting deflection;
Maximum deflection span 1;

Sim = min(10 mm, Ls1 / 500) = 4.8 mm
d = max(abs(dmax), abs(émin)) = 3.878 mm
PASS - Maximum deflection does not exceed deflection limit
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NEW STEEL BEAM THAT SUPPORT THE SIDE WALL OF THE OUTRIGGER

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

annex
TEDDS calculation version 3.0.13

gAN
mm | 4000
A

o P

Unfactored Loads Self weight included

[JPermanent  []variable

46.200
0.0- Je * 7N
mm | 4000 |
A 1 B
Load Envelope - Combination 1
72.420
0.0 ,L - -
mm | 4000 |
A 1 B
Load Combination 1 (shown in proportion)
Va"able I _
Permanen‘ i ﬁ
4000
A 1
KNm Bending Moment Envelope
0.0 = =
78.222

782
mm | 4000 |
A
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KN Shear Force Envelope
62.402 624
{Ns
0.0 e
-32.052 2305 -32.1‘r
mm | 4000 |
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Applied loading
Beam loads Steel self weight - Permanent self weight of beam x 1

SB2 Dead load - Permanent point load 46.2 kN at 1500 mm
SB2 Live load - Variable point load 6.7 kN at 1500 mm

Solid 215mm brick wall - 18kKN/m3 x 0.215m x 2.5m - Permanent
partial UDL 9.675 kN/m from 0 mm to 1500 mm

Load combinations
Load combination 1 Support A

Span 1

Support B

Analysis results

Maximum moment; Mmax = 78.2 KNm;
Maximum shear; Vmax = 62.4 kN;
Deflection; Smax = 8 mm;
Maximum reaction at support A; RA_max = 62.4 kN;
Unfactored permanent load reaction at support A;  Ra_permanent = 41.6 kN
Unfactored variable load reaction at support A; Ra_variable = 4.2 KN
Maximum reaction at support B; RB_max = 32.1 kN;
Unfactored permanent load reaction at support B;  Rs_permanent = 21 kN
Unfactored variable load reaction at support B; Re_variable = 2.5 KN

Section details

Section type; UC 203x203x46 (BS4-1)
Steel grade; S275

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

Nominal thickness of element; t = max(t, tw) = 11.0 mm
Nominal yield strength; fy = 275 N/mm?

Nominal ultimate tensile strength; fu = 410 N/mm?2

Modulus of elasticity; E = 210000 N/mm?

Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Mmin = 0 KNm
Vmin = -32.1 kN
Omin =0 mm
Ra_min = 62.4 KN

RBﬁmin =32.1 kN
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oy
A = ‘
T
3 o2
i \
¥y =
T
e 203.6 »

Partial factors - Section 6.1

Resistance of cross-sections; o = 1.00
Resistance of members to instability; wi = 1.00
Resistance of tensile members to fracture; w2 =1.10

Lateral restraint
Span 1 has lateral restraint at supports only

Effective length factors

Effective length factor in major axis; Ky = 1.000
Effective length factor in minor axis; Kz =1.000
Effective length factor for torsion; Kita=1.200;+2 x h

Kire=1.200; + 2 x h

Classification of cross sections - Section 5.5
e =\[235 N/mm2/ f,] = 0.92

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

Width of section; c=d=160.8 mm
c/tw=242x%xe<=72xc¢; Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section; c=(b-tw-2xr)/2=88mm
c/tt=87xe<=9xg; Class 1

Section is class 1

Check shear - Section 6.2.6
Height of web; hw=h-2xt=181.2mm
Shear area factor; n = 1.000
hw/tw<72xe/m
Shear buckling resistance can be ignored

Design shear force; Ved = max(abs(Vmax), abs(Vmin)) = 62.4 KN
Shear area - cl 6.2.6(3); Av=max(A -2 x b xti+ (tw+ 2 xr) x t;, N X hw X tw) = 1698 mm?
Design shear resistance - cl 6.2.6(2); Vord = Vpi,rd = Av X (fy / V[3]) / Mo = 269.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment major (y-y) axis - Section 6.2.5
Design bending moment; Med = max(abs(Ms1_max), abs(Ms1_min)) = 78.2 KNm
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Design bending resistance moment - eq 6.13; Mec,rd = Mpi,Rd =

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6;

Curvature factor;

Poissons ratio;

Shear modulus;

Unrestrained length;

Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;

Limiting slenderness ratio;

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5;
Imperfection factor - Table 6.3;

Correction factor for rolled sections;
LTB reduction determination factor;

LTB reduction factor - eq 6.57;
Modification factor;

Modified LTB reduction factor - eq 6.58;

Design buckling resistance moment - eq 6.55;

Check vertical deflection - Section 7.2.1

Woiy x fy / 1Mo = 136.8 kNm

ke = 0.94
Ci=1/k?=1.132
g="[1-(/1)]=0.813
v=0.3
G=E/[2x(1+V)] = 80769 N/mm?
L=12xLst+2xh=5206 mm
Mer=CixmxXExl/(L2xg) xV[lw/lz+L2x G x|t/ (M@ xExI)] =
257.1 kNm

At = V(Waly x fy / Mer) = 0.729

ALTo = 0.4

Air> ALt - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

ot = 0.5 x [1 + owr X ( AT - ALTo) + B x ALt?] = 0.756
xur = min(1 / [our + V(o2 - B x Ar®)], 1,1/ Aur?) = 0.855
f=min(1 - 0.5x (1 - ke)x [1 -2 x ( Tt -0.8)2], 1) = 0.970
XLT.mod = Min(y.r / f, 1) = 0.881

Mb,Rd = ¥LT.mod X WLy X fy / ym1 = 120.5 kNm

PASS - Design buckling resistance moment exceeds design bending moment

Consider deflection due to permanent and variable loads

Limiting deflection;
Maximum deflection span 1;

Sim = min(10 mm, Ls1 / 500) = 8 mm
d = max(abs(8max), abs(dmin)) = 7.962 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL POST THAT SUPPORTS NEW STAIRWAY BEAAM

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

annex

N

o0
Column and loading details

Column details

Column section; SHS 90x90x4.0
System length for buckling about y axis; Ly =;3000; mm
System length for buckling about z axis; Lz =;3000; mm;

Sway
The column is not part of a sway frame in the direction of the z axis
The column is not part of a sway frame in the direction of the y axis

Column loading

Axial load; Ned = 21 kN; (Compression)
Moment about y axis at end 1; My,ed1 = 0.0 KNm

Moment about y axis at end 2; My,ed2 = 0.0 KNm

Moment about z axis at end 1; Mzed1 = 0.0 KNm

Moment about z axis at end 2; Mz,ed2 = 0.0 KNm

Shear force parallel to z axis; Vzed = 0 kN

Shear force parallel to y axis; Vy,ed = 0 kN

Material details

s

Steel grade; S275

Yield strength; fy = 275 N/mm?

Ultimate strength; fu = 410 N/mm?2

Modulus of elasticity; E = 210 kN/mm?

Poisson’s ratio; v=0.3

Shear modulus; G=E/[2x(1+V)]=80.8 kN/mm?

Buckling length for flexural buckling about y axis
Buckling length; Ler y = 6000 mm

Buckling length for flexural buckling about z axis
Buckling length; Ler 2 = 6000 mm

Section classification

Web section classification (Table 5.2)

Coefficient depending on fy; € = V(235 N/mm?2/ f,) = 0.924

TEDDS calculation version 1.0.11




Project Job Ref.
28 Burghley Road SDS187
Section Sheet no./rev.

SD Structures Building Control Approval 124
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
www.sd-structures.com RC 26/06/2017 MD 26/06/2017
Depth between fillets; cw=h-3xt=78.0 mm
Ratio of c/t; ratiow = cw/t = 19.50
Length of web taken by axial load; lw = min(Nea / (2 x fy x t), cw) =9.5 mm
For class 1 & 2 proportion in compression; o= (Ccw2 + w?2) / cw = 0.561
Limit for class 1 web; Limitiw = (396 x€) / (13 x a.- 1) = ;58.15

The web is class 1

Flange section classification (Table 5.2)

Depth between fillets; Ct=b-3xt=78.0mm
Ratio of c/t; ratior= ¢t/ t =19.50

Limit for class 1 flange; Limitit = 33 x € = 30.51
Limit for class 2 flange; Limitor = 38 x € = 35.13
Limit for class 3 flange; Limitsr = 42 x € = 38.83

The flange is class 1

Overall section classification
The section is class 1

Resistance of cross section (cl. 6.2)

Compression (cl. 6.2.4)
Design force; Ned = 21 kN
Design resistance; Nec,rd = Npl,rd = A X fy / ymo = 374 kN
PASS - The compression design resistance exceeds the design force

Buckling resistance (cl. 6.3)
Yield strength for buckling resistance; fy = 275 N/mm?

Flexural buckling about y axis

Elastic critical buckling force; Nery = @ X E x ly / Ler y? = 96 kN
Non-dimensional slenderness; Ay = V(A x fy / Nery) = 1.976

Buckling curve (Table 6.2); a

Imperfection factor (Table 6.1); ay = 0.21

Parameter ®; Dy =0.5x[1+o0yx( Ay-0.2)+ 1,2 =2.638
Reduction factor; xy = min(1.0, 1/ [®y + V(D2 - 1,2)]) = 0.228
Design buckling resistance; Nb,y,Rd = Xy X A x fy /ym1 = 85.2 kN

PASS - The flexural buckling resistance about the y axis exceeds the design axial load

Flexural buckling about z axis

Elastic critical buckling force; Nerz = 2 X E X |2 / Ler 2 = 96 KN
Non-dimensional slenderness; Az = V(A x fy / Nor2) = 1.976

Buckling curve (Table 6.2); a

Imperfection factor (Table 6.1); oz = 0.21

Parameter &; @;=05x[1+0zx( Az-0.2) + A2] = 2.638
Reduction factor; Xz = min(1.0, 1/ [®z + V(P:2 - A:2)]) = 0.228
Design buckling resistance; NbzRd = Xz X A x fy /yw = 85.2 kN

PASS - The flexural buckling resistance about the z axis exceeds the design axial load

Minimum buckling resistance
Minimum buckling resistance; Nb,rd = Min(Nb,y,Rd, Nb,z,rd) = 85.2 kN
PASS - The axial load buckling resistance exceeds the design axial load
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Steel connections

Note: See SD Structures plans drawings for beams annotations

SB1 AND SB3 CONNECTION TO MAIN BOX-FRAME

Section Details
Supporting Beam UKC 254x254x89;; Gradesupporting = "'S275"

Supported Beam 1 - UB 203x102x23;;

Gradesupportedm ="8275"

Supported beam 1 endplate - 130 x 190 x 10;; Gradeendpiateb1 = "S275"

Supported Beam 2 - UKC 203x203x46;;

Gradesupportede ="8275"

Supported beam 2 endplate - 130 x 190 x 10;; Gradeendplateb2 = "S275"

Bolts M16 (Grade 8.8)

I=]

SECTION THROUGH SUPPORTING BEAM

Connection Details

Both beams

; Bolt pitch;; Pooits = 50 mm
; Bolt gauge; Obolts = 90 mm
Beam 1

; number of bolt rows; Nboltsb1 = 2

; End plate end distance (top & bottom);
End plate edge distance;
End plate length;

; Weld leg length; Sweldbt = 6 mm

; Supported beam end reaction;

; number of bolt rows; Nboltsb2 = 2

€1endplatebl = 40 mm

TEDDS calculation version 2.0.14

S —
['o)
jj 4 &
™
L @
—/ >
SECTIONA-A

©2endplatebt = (Jendplatebt - Jbolts) / 2 = 50 mm

Qo1 =22.0 kN

lendplatebt = PooltsX(Nboltsb1-1)+2XE1endplatebt = 130 mm

End plate end distance (top & bottom);

End plate edge distance;

End plate length;
Weld leg length;

Supported beam end reaction;

Notch details

Beam 1

H
H

Beam 2

€1endplateb2 = 40 mm

€2endplateb2 = (dendplateb2 - Jbolts) / 2 = 50 mm
lendplateb2 = PboitsX(Nboltsb2-1)+2XE1endplateb2 = 130 mm
Sweldb2 = 6 mm

Qb2 = 63.0 kN

Top notch length; Ctopnotchbr = 133 mm
Top notch depth; dcopnotchbt = 30 mm
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; Top notch length; Ctopnotchbz = 133 mm
; Top notch depth; dctopnotchbz = 30 mm
Check 1 - Essential detailing requirements

Both beams

; Bolt gauge; Obolts = 90 mm; PASS

Beam 1

; End plate thickness; tendplatent = 10 mm; PASS

; End plate Length; lendplatebt = 130 mm

; End plate length for torsional requirements : PASS
Beam 2

; End plate thickness; tendplateb2 = 10 mm; PASS

; End plate Length; lendplateb2 = 130 mm

; End plate length for torsional requirements : PASS
Check 2 - Shear capacity of bolt group connecting end plate to supporting beam

Beam 1
Shear capacity of top pair of bolts;;;;
Posendplatebt = 460 N/mm?
Psboltstbt = Min(Psbolts, 0.5 X €1endplatebt X tendplatebt X Pbsendplateb1) = 58.9 KN
Shear capacity of other bolts
Psboits = 58.9 kN
Shear capacity of bolt group - sum of bolt capacities
;Psboltssumb1 = 2 X Pspoitsibt + 2 X (Nboitsb1 - 1) X Psbolts = 235.5 kN
;Shear on bolt group; Qo1 = 22.0 kN
Utilisation factor; Ucheckabt = Qo1 / Psboitssumbt = 0.093
Shear capacity of bolt group to Supporting Beam
Beam 2
Shear capacity of top pair of bolts;;;;
Pbsendplatebz = 460 N/mm?
Psboltsibz = Min(Psbolts, 0.5 X €1endplateb2 X tendplateb2 X Pbsendplateb2) = 58.9 kN
Shear capacity of other bolts
Psbolts = 58.9 kN
Shear capacity of bolt group - sum of bolt capacities
;Psboltssumb2 = 2 X Pspoitsib2 + 2 X (Nboitsb2 - 1) X Psbolts = 235.5 kN
;Shear on bolt group; Qpz = 63.0 kN
Utilisation factor; Ucheckabz = Qo2 / Psboltssumbz = 0.268
Shear capacity of bolt group to Supporting Beam
Check 3 - Shear and bearing capacity of end plate
Beam 1
for shear
Pyendplatebt = 275 N/mm?

I €1aendplateb! = €1endplateb1 = 40 mm

: PASS

: PASS
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5 Avendplatebt = 0.9 X (2 X €1aendplatebt + (Nboltsbt - 1) X Phoits) X tendplatebt = 1170 mm?
; Avnetendplatebt = Avendplateb? - Nboltsb1 X Dhbolts X tendplatent = 810 mm?
Effective net area coefficient
Keendplatebt = 1.20
Plain shear capacity of end plate
PvPendplatebt = Min(0.6 X Pyendplatebt X Avendplatebt, 0.7 X Keendplatebt X Pyendplatebl X Avnetendplatebt) = 187.1 kN
Aviendplatebt = (€1aendplatebt + (Nboltsb1 = 1) X Poolts) X tendplatebt = 900 mm?
; Aveffendplatebt = (€2endplatebt = 0.5 X Dhbolts) X tendplatebt = 410 mm?
Block shear capacity of end plate
PyvBendplatebt = 0.6 X Pyendplatebl X Aviendplatebt + 0.6 X Keendplateb1 X Pyendplatebi X Ateffendplateb = 229.7 kN
Shear capacity of the end plate; Pvendplatebt = Min (PvPendplateb1, PvBendplateb1) = 187.1 kKN
;Shear force on each end plate shear plane; Qo1 /2 = 11.0 kN
Utilisation factor; Ucheckashearbt = Qb1 / (2 X Pvendplatebt) = 0.059
Shear capacity of end plate : PASS
for bearing
€endplatebt = €1endplatebt = 40 MM
bearing strength of the end plate
Posendplatebt = 460 N/mm?

For top bolt,
bearing capacity of the end plate per bolt

Pbsendplate1bt = MiN(dbolts X tendplatebt X Posendplatebt, 0.5 X Eendplateb1 X tendplateb1 X Pbsendplatebt) = 73.6 kN

For other bolts,
bearing capacity of the end plate per bolt

Pbsendplatebt = Obolts X tendplateb1 X Pbsendplatebt = 73.6 KN
Capacity of bolt group;
Pbsendplatesumb1 = 2 X Pbsendplateibt + 2 X (Nboitsb1 - 1) X Pbsendplatebt = 294.4 kN
Bearing force on bolt group; Qb1 = 22.0 kN
Utilisation factor; Ucheckabearingbt = Qb1 / Pbsendplatesumbt = 0.075
Bearing capacity of endplate : PASS
Beam 2
for shear
Pyendplatebz = 275 N/mm?
» €1aendplateb2 = E1endplateb2 = 40 mm
N Avendplateb2 = 0.9 X (2 X €1aendplateb2 + (Nboltsb2 - 1) X Poolts) X tendplatebz = 1170 mm?
; Avnetendplateb2 = Avendplateb2 - Nboltsb2 X Dhbolts X tendplateb2 = 810 mm?
Effective net area coefficient
Keendplateb2 = 1.20
Plain shear capacity of end plate

Pvpendplateb2 = MiN(0.6 X Pyendplateb2 X Avendplateb2, 0.7 X Keendplateb2 X Pyendplateb2 X Avnetendplateb2) = 187.1 kN
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Aviendplateb2 = (€1aendplateb2 + (Nboltsb2 = 1) X Poolts) X tendplatebz = 900 mm?
; Ateffendplateb2 = (€2endplateb2 - 0.5 X Dhboits) X tendplatebe = 410 mm?
Block shear capacity of end plate
PyvBendplateb2 = 0.6 X Pyendplateb2 X Aviendplateb2 + 0.6 X Keendplateb2 X Pyendplateb2 X Ateffendplateb2 = 229.7 kN
Shear capacity of the end plate; Pvendplateb2 = min (Pvpendplateb2, PvBendpiateb2) = 187.1 kN
;Shear force on each end plate shear plane; Qb2 / 2 = 31.5 kN

Utilisation factor; Ucheckashearb2 = Qo2 / (2 X Pvendplateb2) = 0.168

Shear capacity of end plate : PASS

for bearing
€endplateb2 = €1endplateb2 = 40 mMm
bearing strength of the end plate
Pbsendplateb2 = 460 N/mm?
For top bolt,
bearing capacity of the end plate per bolt
Pbsendplate1b2 = Min(dboits X tendplateb2 X Pbsendplateb2, 0.5 X Eendplateb2 X tendplateb2 X Posendplateb2) = 73.6 KN
For other bolts,
bearing capacity of the end plate per bolt
Posendplateb2 = Obolts X tendplateb2 X Pbsendplateb2 = 73.6 KN
Capacity of bolt group;
Posendplatesumb2 = 2 X Pbsendplateib2 + 2 X (Nboitsb2 - 1) X Posendplateb2 = 294.4 kN
Bearing force on bolt group; Qo2 = 63.0 kN

Utilisation factor; UcheckaearingbZ = Qo2 / Pbsendplatesume =0.214

Bearing capacity of endplate : PASS

Check 4 - shear capacity of the supported beam web at the endplate
Beam 1

Pysupportedbt = 275 N/mm?

Avsupportedbt = 0.9 X Min(lendplatebt, dsupportedot) X tsupportedot = ;632; mMm?;
Shear capacity of supported beam web

Pvsupportedbt = 0.6 X Pysupportedbt X Avsupportedbt = 104.2 kN
;Shear force on supported beam; Qo1 = 22.0 kN
Utilisation factor; Ucheckashearbt = Qb1 / Pvsupportedbt = 0.211

Shear capacity of supported beam web : PASS

Beam 2

Pysupportedb2 = 275 N/mm?

Avsupportedbz =0.9 x min(|endplateb2, dsupponede) X tsupportedbz = ;842; mm2;
Shear capacity of supported beam web
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Pvsupportedb2 = 0.6 X Pysupportedb2 X Avsupportedb2 = 139.0 KN
;Shear force on supported beam; Qp2 = 63.0 kN
Utilisation factor; Ucheckashearb2 = Qb2 / Pusupportedo2 = 0.453
Shear capacity of supported beam web : PASS

Check 5 - capacity of the fillet welds connecting the end plate to the supported beam web
Beam 1
; Effective throat size of weld; aweldb1 = Sweldb1 X 0.7 = 4.2 mm

Effective length of weld; lweidbt = 2 x (Min(lendplateb1, 2 X supportedbt + Osupportedot) - 2 X Sweldb1) = ;236.0; mm
; Design strength of weld; pweidbt = 220 N/mm?
Capacity of fillet welds; Pweidbt = Pweldbt X lweldo1 X aweldbt = 218.1 kN
;Utilisation factor; Uchecksweldot = Qb1 / Pweldbt = 0.101

Capacity of fillet weld : PASS

Beam 2
; Effective throat size of weld; aweidb2 = Sweldb2 X 0.7 = 4.2 mm
Effective length of weld; lweldb2 = 2 X (Min(lendplateb2, 2 X rsupportedb2 + Osupportedb2) - 2 X Sweldb2) = ;236.0; mm
; Design strength of weld; pweidbz = 220 N/mm?
Capacity of fillet welds; Pweidb2 = Pweidb2 X lweldo2 X aweldb2 = 218.1 kN
;Utilisation factor; Uchecksweldo2 = Qb2 / Pweldb2 = 0.289
Capacity of fillet weld : PASS

Check 6a - bending capacity of reduced supported beam section at the notch - 1 flange notched
Beam 1
Properties of notched section ignoring root radii
o Depth of web; dwebbt = Dsupportedbt - ctopnotchbt - Tsupportedot = 163.9 mm
5 Area of notched section; Anotchedbt = dwebb1 X tsupportedbt + Bsupportedbt X Tsupportedbt = 1832 mm?
Distance from top of notch to centroid of notched section
Ybarbt = (Gwebbi? X tsupportedb / 2 + Bsupportedbt X Tsupportedbt X (Qwebb1 + Tsupportedbt / 2)) / Anotchedbt
Ybarbt = 127 mm
Inertia of notched section

Inotchedbt = tsupportedbt X dwebb1® /12 + tsupportedb1 X Owebbt X (Ybarb1 - Awebb1 /2)2 +
Bsupportedb1 X Tsupportedb13/ 12 + Bsupportedb1 X Tsupportedb1 X (dwebb1 + Tsupportedb1 /2 - Ybarb1)2

Inotchedb1 = 542 cm*
Modulus of notched section
Znotchedb1 = Inotchedbt / Ybarb1 = 42.8 cm®
;Moment capacity of notched section; Mcapnotchedbt = Pysupportedot X Znotchedbt = 11.8 kNm
; Top notch length; Ctopnotchbt = 133 mm
;;Moment applied to notched section; Mappnotchedot = Qb1 X (Ctopnotchb1+ tendplatebt) = 3.1 KNm
Utilisation factor; Uchecksamomentot = Mappnotchedbt / Mcapnotchedbt = 0.268

Moment capacity of
notched section : PASS

Beam 2
Properties of notched section ignoring root radii
0 Depth of web; dwebb2 = Dsupportedb2 - Qctopnotchb2 - Tsupportedb2 = 162.2 mm

» Area of notched section; Anotchedb2 = dwebb2 X tsupportedb2 + Bsupportedb2 X Tsupportedb2 = 3407 mm?
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Distance from top of notch to centroid of notched section
Ybarb2 = (Awebb2? X tsupportedb2 / 2 + Bsupportedbz X Tsupportedbz X (Qwebb2 + Tsupportedbz / 2)) / Anotchedbz
Ybarbz = 138 mm

Inertia of notched section

Inotchedb2 = tsupportedb2 X Qwebb2® / 12 + tsupportedb2 X Owebb2 X (Ybarb2 - Awebbz / 2) +
Bsupportedb2 X TsupponedeS /12 + Bsupportedb2 X Tsupponede X (dwebb2 + Tsupportedbz /2 - ybarbZ)2

Inotchedbz = 834 cm*
Modulus of notched section
Znotchedb2 = Inotchedb2 / Ybarb2 = 60.4 cm?
;Moment capacity of notched section; Mcapnotchedb2 = Pysupportedb2 X Znotchedb2 = 16.6 KNm
; Top notch length; Ctopnotchbe = 133 mm
;;Moment applied to notched section; Mappnotchedb2 = Qb2 X (Ctoprotchba+ tendplateb2) = 9.0 KNm
Utilisation factor; Ucheckeamomentb2 = Mappnotchedbz / Mcapnotchede =0.542

Moment capacity of
notched section : PASS

Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 1 flange
notched

Beam 1
5 Depth of Notch; dctopnotchbr = 30 mm
Length of notch; Ctopnotchbt = 133 mm
;Depth of top notch less than limit of D/2 : PASS
; Gradesupportedbt = ""S275"
5 dotbt = Dsupportedbi/tsupportedbt = 37.6

Ciimito1 = if(or(Gradesupportedbt == “S275”, Gradesupportedot == “300”), if(dotb1<=54.3,Dsupportedb1,160000 x
Dsupportedb1/dotn13),
if(dotb1<=48.0, Dsupportedbt, 110000 x Dsupportedb1/dOtb13))

Ciimitb1 = 203.2 mm
Length of top notch less than limit : PASS
Beam 2
5 Depth of Notch; detopnotchbz = 30 mm
Length of notch; Ctopnotchbz = 133 mm

;Depth of top notch less than limit of D/2 : PASS
; Gradesupportedn2 = '"S275"
i dotb2 = Dsupportedb2/tsupportedbz = 28.2

Climito2 = if(Or(Gradesupportedb2 == “S275", Gl'adesupportede == "800"), if(dotbe<=54.3,Dsupportedb2, 160000 X
Dsupponedbz/dOths),
if(dotbe<=48.0, Dsupportedo2,110000 x Dsupportedbe/dotp2?))

Climitoz = 203.2 mm
Length of top notch less than limit : PASS
Check 7 - Local shear and bearing capacity of Supporting Beam web
for shear
» €tsupporting = 90 mMm

o Avsupporting = (Pbolts + (MiN(Nboltsb1, Nboltsb2) - 1) X Pooits + Etsupporting) X tsupporting = 1957 mm?2
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) Avnetsupporting = Avsupporting - min(nboltsb1,nboltsb2) X Dhbolts X tsupporting = 1586 mm?

Pysupporting = 265 N/mm?
Effective net area coefficient
Kesupporting = 1.20
Pvsupporting = Min(0.6 X Pysupporting X Avsupporting, 0.7 X Kesupporting X Pysupporting X Avnetsupporting) = 311.2 kN
N Qv = Qb1 X if(Nboitsb2<Nboltsb1, Nboitsb2/Nboltsb1, 1) + Qb2 X if(Nboltsb1<Nboltsb2, Nboltsb1/Nboltsbz,1) = 85 kN
Shear load on supporting beam; Qv / 2 = 42.5 kN
Utilisation factor; Ucheck7shear = Qv / (2 % Pysupporting) = 0.137
Local shear capacity of Supporting Beam web: PASS
for bearing
Pbssupporting = 460 N/mm?
Possupporting = dbolts X tsupporting X Possupporting = 75.8 KN
Fos = Qb1 / (2 X Nboitsb1) + Qo2 / (2 X Nboitsb2) = 21.3 kN
Utilisation factor; Ucheck7bearing = Fbs / Possupporting = 0.280

Local bearing capacity of Supporting Beam web : PASS

SUMMARY OF RESULTS

Check 2 - Shear capacity of bolt group connecting end plate to supporting Beam

Beam 1

Shear utilisation factor; Uchecken1 = 0.093; PASS
Beam 2

Shear utilisation factor; Uchecken2 = 0.268; PASS
Check 3 - Capacity of end plate
Beam 1

Shear utilisation factor; Ucheckashearb1 = 0.059; PASS

Bearing utilisation factor; Uchecksbearingbt = 0.075; PASS
Beam 2

Shear utilisation factor; Ucheckashearb2 = 0.168; PASS

Bearing utilisation factor; Ucheckabearingbz = 0.214; PASS
Check 4 - Shear capacity of the supported beam web at the endplate
Beam 1

Shear utilisation factor; Ucheckashearbt = 0.211; PASS
Beam 2

Shear utilisation factor; Ucheckashearb2 = 0.453; PASS
Check 5 - Capacity of the fillet welds connecting the end plate to the supported beam web
Beam 1

Shear utilisation factor; Uchecksweldot = 0.101; PASS
Beam 2

Shear utilisation factor; Uchecksweldbz = 0.289; PASS

Check 6a - bending capacity of reduced supported beam section at the notch - 1 flange notched
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Beam 1
Utilisation factor; Uchecksamomentbt = 0.268; PASS
Beam 2
Utilisation factor; Uchecksamomentoe = 0.542; PASS

Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 1 flange

notched
Beam 1

Depth of top notch less than limit of D/2 : PASS
Length of top notch less than limit : PASS

Beam 2

Depth of top notch less than limit of D/2 : PASS
Length of top notch less than limit : PASS

Check 7 - Local shear and bearing capacity of Supporting Beam web

Shear utilisation factor; Ucheck7shear = 0.137;

Bearing utilisation factor; Ucheck7bearing = 0.280;

PASS

PASS
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SB3 TO SB4 CONNECTION

Section Details

Supporting Beam UKB 254x146x37;; Gradesupporting = "S275"
Supported Beam UKC 203x203x46;; Gradesupported = "S275"
Endplate - 150 x 190 x 10;; Gradeendplate = ""S275"

Bolts M16 (Grade 8.8)

A

SECTION THROUGH SUPPORTING BEAM

TEDDS calculation version 2.0.14

F—150—F-{30
&

Connection Details

; number of bolt rows; Nbolts = 2

; Bolt pitch;;

Pbolts = 70 mm

; Bolt gauge; Ohbolts = 90 mm
; Endplate end distance (top & bottom); €1endplate = 40 mm
Endplate edge distance; €2endplate = (dendplate - Jbolts) / 2 = 50 mm

Endplate length;
; Weld leg length;

lendplate = PooltsX(Nbolts-1)+2XE1endplate = 150 mm

Sweld = 6 mm

; supported beam end reaction; Q =67.0kN

Notch details

; Top notch length; Ctopnoteh = 80 mm

; Top notch depth; dctopnotech = 30 mm
Check 1 - Essential detailing requirements
; Endplate thickness; tendplate = 10 mm; PASS

; Bolt gauge;
; Endplate Length;

Obolts = 90 mm; PASS
|endplate =150 mm

SECTION A-A

Endplate length for torsional requirements : PASS
Check 2 - Shear capacity of bolt group connecting endplate to supporting beam

Shear capacity of top pair of bolts;;;;

Posendplate = 460 N/mm?

Psboltst = MiN(Psbolts, 0.5 X €1endplate X tendplate X Posendplate) = 58.9 KN

Shear capacity of other bolts

Psboits = 58.9 kN

Shear capacity of bolt group - sum of bolt capacities
;Psboltssum = 2 X Pspoltst + 2 X (Nbolts - 1) X Psboits = 235.5 kN
;Shear on bolt group; Q = 67.0 kN
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Utilisation factor; Uchecke = Q / Pspoltssum = 0.285
Shear capacity of bolt group to Supporting Beam : PASS
Check 3 - Shear and bearing capacity of endplate

for shear

Pyendplate = 275 N/mm?
» €1aendplate = €1endplate = 40 mm
5 Avendplate = 0.9 X (2 X €1aendplate + (Noolts = 1) X Pbolts) X tendplate = 1350 mm?
; Avnetendplate = Avendplate - Nbolts X Dhbolts X tendplate = 990 mm?
Effective net area coefficient
Keendplate = 1.20
Plain shear capacity of endplate
Pvpendpiate = Min(0.6 X Pyendplate X Avendplate, 0.7 X Keendplate X Pyendplate X Avnetendplate) = 222.8 kN
Aviendplate = (€1aendplate + (Nbolts - 1) X Poolts) X tendplate = 1100 mm?
; Ateffendplate = (€2endplate - 0.5 X Dhbolts) X tendplate = 410 mm?
Block shear capacity of endplate
PyvBendplate = 0.6 X Pyendplate X Aviendplate + 0.6 X Keendplate X Pyendplate X Ateffendplate = 262.7 kN
Shear capacity of the endplate; Pvendplate = Min (PvPendplate, PvBendplate) = 222.8 kN
;Shear force on each endplate shear plane; Q/2 = 33.5 kN
Utilisation factor; Ucheckashear = Q / (2 X Pvendplate) = 0.150
Shear capacity of endplate : PASS
for bearing
€endplate = €1endplate = 40 mm
bearing strength of the endplate
Posendplate = 460 N/mm?

For top bolt,
bearing capacity of the endplate per bolt

Pbsendplatet = Min(doolts X tendplate X Posendplate, 0.5 X €endplate X tendplate X Pbsendplate) = 73.6 kN

For other bolts,
bearing capacity of the endplate per bolt

Pbsendplate = Abolts X tendplate X Posendplate = 73.6 kN
Capacity of bolt group;
Posendplatesum = 2 X Pbsendplatet + 2 X (Nbolts - 1) X Posendplate = 294.4 kN
Bearing force on bolt group; Q = 67.0 kN
Utilisation factor; Ucheckabearing = Q / Pbsendplatesum = 0.228
Bearing capacity of endplate : PASS

Check 4 - shear capacity of the supported beam web at the endplate

Pysupported = 275 N/mm?2
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Avsupported = 0.9 X mMin(lendplate, Asupported) X tsupported = ;972; mm?2;
Shear capacity of supported beam web
vaupported =0.6 x Pysupported X Avsupported =160.4 kN
;Shear force on supported beam; Q = 67.0 kN
Utilisation factor; Ucheckashear = Q / Pusupported = 0.418
Shear capacity of supported beam web : PASS

Check 5 - capacity of the fillet welds connecting the endplate to the supported beam web
; Effective throat size of weld; aweld = Sweld X 0.7 = 4.2 mm
Effective length of weld; lweild = 2 X (mMin(lendplate, 2 X r'supported + Osupported) - 2 X Sweld) = ;276.0; mm
; Design strength of weld; pweild = 220 N/mm?
Capacity of fillet welds; Pweld = pweld X lweld X aweld = 255.0 kN
;Utilisation factor; Uchecksweld = Q / Pweld = 0.263
Capacity of fillet weld : PASS
Check 6a - bending capacity of reduced supported beam section at the notch - 1 flange notched
Properties of notched section ignoring root radii
5 Depth of web; dweb = Dsupported - ctopnotch - Tsupported
5 Area of notched section; Anotched = Aweb X tsupported + Bsupported X Tsupported = 3407 mm?
Distance from top of notch to centroid of notched section
Ybar = (dweb? X tsupported / 2 + Bsupported X Tsupported X (Qweb + Tsupported / 2)) / Anotched = 138 mm
Inertia of notched section

Inotched = tsupported X Cweb® / 12 + tsupported X dweb X (Ybar - Oweb / 2)% +
Bsupported X Tsupported3 /12 + Bsupported X Tsupported X (dweb + Tsupported /2- ybar)2

Inotched = 834 cm*
Modulus of notched section
Znotched = Inotched / Ybar = 60.4 cm?3
;Moment capacity of notched section; Mcapnotched = Pysupported X Znotched = 16.6 KNm
;;;Moment applied to notched section; Mappnotched = Q X (Ctopnotch+ tendplate) = 6.0 kNm
Utilisation factor; Ucheckeamoment = Mappnotched / Mcapnotched = 0.363

Moment capacity of
notched section : PASS

Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 1 flange
notched

; Depth of Notch; dctopnoteh = 30 mm
; Length of notch; Ctopnotch = 80 mm
;Depth of top notch less than limit of D/2 : PASS
; Gradesupported = "'S275"
; dot = Dsupported/tsupported = 28.2

Ciimit = if(or(Gradesupported == “S275”, Gradesupported == “300”), if(dot<=54.3,Dsupported, 160000 x Dsupported/dOt3),
if(dot<=48.0,Dsupported, 110000 x Dsupported/dot?))

Climit = 203.2 mm
Length of top notch less than limit : PASS
Check 7 - Local shear and bearing capacity of Supporting Beam web

for shear
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3 €tsupporting = 70 mMm
i Avsupporting = (Pbolts + (Nbolts = 1) X Poolts + Etsupporting) X tsupporting = 1323 mm?

) Avnetsupporting = Avsupporting - Nbolts X Dhboits X tsupporting = 1096 mm?2

Pysupporting = 275 N/mm?
Effective net area coefficient
Kesupporting = 1.20
Pvsupporting = Min(0.6 X Pysupporting X Avsupporting, 0.7 X Kesupporting X Pysupporting X Avnetsupporting) = 218.3 kN
;Shear load on Supporting Beam; Q/2 = 33.5 kN
Utilisation factor; Ucheck7shear = Q / (2 X Pvsupporting) = 0.153
Local shear capacity of Supporting Beam web: PASS
for bearing
Pbssupporting = 460 N/mm?
Pbssupporting = dboits X tsupporting X Pbssupporting = 46.4 kN
Q/ (2 X npoits) = 16.8 kN
Utilisation factor; Ucheck7bearing = Q / (2 X Nbolts X Possupporting) = 0.361

Local bearing capacity of Supporting Beam web : PASS

SUMMARY OF RESULTS

Check 2 - Shear capacity of bolt group connecting endplate to supporting Beam

Shear utilisation factor; Uchecke = 0.285; PASS
Check 3 - Capacity of endplate

Shear utilisation factor; Ucheckashear = 0.150; PASS

Bearing utilisation factor; Ucheckabearing = 0.228; PASS
Check 4 - Shear capacity of the supported beam web at the endplate

Shear utilisation factor; Ucheckashear = 0.418; PASS
Check 5 - Capacity of the fillet welds connecting the endplate to the supported beam web

Shear utilisation factor; Uchecksweld = 0.263; PASS

Check 6a - bending capacity of reduced supported beam section at the notch - 1 flange notched
Utilisation factor; Uchecksamoment = 0.363; PASS

Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 1 flange
notched

Depth of top notch less than limit of D/2 : PASS
Length of top notch less than limit : PASS
Check 7 - Local shear and bearing capacity of Supporting Beam web
Shear utilisation factor; Ucheckzshear = 0.153; PASS
Bearing utilisation factor; Ucheck7bearing = 0.361; PASS
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SB3 TO SB3 CONNECTION

TEDDS calculation version 2.0.14
Section Details
Supporting Beam UKC 203x203x46;; Gradesupporting = "S355"

Supported Beam UKC 203x203x46;; Gradesupported = "S355"
Endplate - 140 x 190 x 10;; Gradeendplate = ""S275"
Bolts M16 (Grade 8.8)

M

J—140——35
@
@

A

SECTION THROUGH SUPPORTING BEAM SECTIONA-A

Connection Details

; number of bolt rows; Nbolts = 2

; Bolt pitch;; Pboits = 70 mm

; Bolt gauge; Obolts = 90 mm

; Endplate end distance (top & bottom); €1endplate = 35 mm
Endplate edge distance; €2endplate = (dendplate - gbolts) / 2 = 50 mm
Endplate length; lendplate = PooltsX(Nbolts-1)+2XE1endplate = 140 mm

; Weld leg length; Sweld = 6 mm

; supported beam end reaction; Q=73.0kN

Notch details

; Top notch length; Ctopnoteh = 105 mm

; Top notch depth; dctopnotch = 25 mm

; Bottom notch length; Coottomnotch = 105 mm
; Bottom notch depth; devottomnotch = 25 mm
Check 1 - Essential detailing requirements

; Endplate thickness; tendplate = 10 mm; PASS
; Bolt gauge; Obolts = 90 mm; PASS
; Endplate Length; lendplate = 140 mm

; Endplate length for torsional requirements : PASS
Check 2 - Shear capacity of bolt group connecting endplate to supporting beam

Shear capacity of top pair of bolts;;;;
Posendplate = 460 N/mm?
Psboltst = MiN(Psbolts, 0.5 X €1endplate X tendplate X Posendplate) = 58.9 KN
Shear capacity of other bolts
Psbolts = 58.9 kN
Shear capacity of bolt group - sum of bolt capacities
;Psboitssum = 2 X Psboltst + 2 X (Nbolts - 1) X Psboits = 235.5 kN
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;Shear on bolt group; Q = 73.0 kN
Utilisation factor; Ucheckz = Q / Psboltssum = 0.310

Shear capacity of bolt group to Supporting Beam : PASS
Check 3 - Shear and bearing capacity of endplate

for shear

Pyendplate = 275 N/mm?
i €1aendplate = E1endplate = 35 mm
;; Avendplate = 0.9 X (2 X €1aendplate + (Nbolts - 1) X Poolts) X tendplate = 1260 mm?
; Avnetendplate = Avendplate - Nbolts X Dhbolts X tendplate = 900 mm?
Effective net area coefficient
Keendplate = 1.20
Plain shear capacity of endplate
Pvpendplate = Min(0.6 X Pyendplate X Avendplate, 0.7 X Keendplate X Pyendplate X Avnetendplate) = 207.9 KN
Avitendplate = (€1aendplate + (Mbolts = 1) X Pbolts) X tendplate = 1050 mm?
; Ateffendplate = (€2endplate - 0.5 X Dhbolts) X tendplate = 410 mm?
Block shear capacity of endplate
PvBendplate = 0.6 X Pyendplate X Aviendplate + 0.6 X Keendplate X Pyendplate X Ateffendplate = 254.4 kN
Shear capacity of the endplate; Pvendplate = min (Pvpendplate, PvBendplate) = 207.9 kN
;Shear force on each endplate shear plane; Q/2 = 36.5 kN
Utilisation factor; Ucheckashear = Q / (2 X Pvendplate) = 0.176
Shear capacity of endplate : PASS
for bearing
€endplate = €1endplate = 35 MM
bearing strength of the endplate
Posendplate = 460 N/mm?

For top bolt,
bearing capacity of the endplate per bolt

Posendplatet = Min(dbolts X tendplate X Pbsendplate, 0.5 X €endplate X tendplate X Pbsendplate) = 73.6 kKN

For other bolts,
bearing capacity of the endplate per bolt

Posendplate = dbolts X tendplate X Posendplate = 73.6 KN
Capacity of bolt group;
Posendplatesum = 2 X Pbsendplatet + 2 X (Nbolts - 1) X Posendplate = 294.4 kN
Bearing force on bolt group; Q = 73.0 kN
Utilisation factor; Ucheckabearing = Q / Pbsendplatesum = 0.248
Bearing capacity of endplate : PASS
Check 4 - shear capacity of the supported beam web at the endplate

Pysupported = 355 N/mm?
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Avsupported = 0.9 x min(lendplate, dsupported) X tsupported = ;907; mm?;
Shear capacity of supported beam web
Pvsupported = 0.6 X Pysupported X Avsupported = 193.2 kN
;Shear force on supported beam; Q = 73.0 kN
Utilisation factor; Ucheckashear = Q / Pusupported = 0.378
Shear capacity of supported beam web : PASS
Check 5 - capacity of the fillet welds connecting the endplate to the supported beam web
; Effective throat size of weld; aweld = Sweld X 0.7 = 4.2 mm
Effective length of weld; lweld = 2 X (Min(lendplate, 2 X r'supported + Dsupported) - 2 X Sweld) = ;256.0; mm
; Design strength of weld; pweid = 220 N/mm?
Capacity of fillet welds; Pweld = pweld X lweld X @weld = 236.5 kN
;Utilisation factor; Uchecksweld = Q / Pweid = 0.309
Capacity of fillet weld : PASS
Check 6a - bending capacity of reduced supported beam section at the notch - 2 flanges notched
s Znotched = tsupported X (Dsupported = Octopnoteh = ebottomnoteh)? / 6 = 28164 mm?3
;Moment capacity of notched section; Mcapnotched = Pysupported X Znotched = 10.0 KNm
;;;;Moment applied to notched section; Mappnotched = Q X (Max(Ctopnotch, Cbottomnotch) + tendplate)= 8.4 KNm
Utilisation factor; Uchecksamoment = Mappnotched / Mcapnotched = 0.840

Moment capacity of
notched section : PASS

Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 2 flanges
notched

; Depth of top notch; dctopnotch = 25 mm
; Length of top notch; Ctopnoteh = 105 mm
; Depth of bottom notch; debottomnotech = 25 mm
; Length of bottom notch; Cbottomnotch = 105 mm

Checkdepth = max(dctopnotch, Aebottomnotch) = 25 mm

Checkiength = max(Ctopnotch, Coottomnotch) = 105 mm

;Depth of both notches less than limit of D/5 : PASS

; Gradesupported = "S355"
; dot = Dsupported/tsupported = 28.2

ciimit = if(or(Gradesupported == “S275", Gradesupported == “300”), if(dot<=54.3,Dsupported, 160000 x Dsupported/dot?),
if(dOt<=48.0,Dsupported,1 10000 x Dsupponed/dots))

Climit = 203.2 mm
Length of both notches less than limit : PASS
Check 7 - Local shear and bearing capacity of Supporting Beam web
for shear
» €tsupporting = 70 mm
0 Avsupporting = (Pbolts + (Nbolts = 1) X Poolts + Etsupporting) X tsupporting = 1512 mm?
; Avnetsupporting = Avsupporting = Nbolts X Dhbolts X tsupporting = 12563 mm?

)
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Pysupporting = 355 N/mm?
Effective net area coefficient
Kesupporting = 1.10
Pusupporting = Min(0.6 X Pysupporting X Avsupporting, 0.7 X Kesupporting X Pysupporting X Avnetsupporting) = 322.1 KN
;Shear load on Supporting Beam; Q /2 = 36.5 kN
Utilisation factor; Ucheck7shear = Q / (2 X Pusupporting) = 0.113
Local shear capacity of Supporting Beam web: PASS
for bearing
Pbssupporting = 550 N/mm?
Pbssupporting = dboits X tsupporting X Pbssupporting = 63.4 kN
Q/ (2 x nboits) = 18.3 kN
Utilisation factor; Ucheck7bearing = Q / (2 X Nboits X Possupporting) = 0.288

Local bearing capacity of Supporting Beam web : PASS

SUMMARY OF RESULTS
Check 2 - Shear capacity of bolt group connecting endplate to supporting Beam
Shear utilisation factor; Uchecke = 0.310; PASS
Check 3 - Capacity of endplate
Shear utilisation factor; Ucheckashear = 0.176; PASS
Bearing utilisation factor; Ucheckabearing = 0.248; PASS
Check 4 - Shear capacity of the supported beam web at the endplate
Shear utilisation factor; Ucheckashear = 0.378; PASS
Check 5 - Capacity of the fillet welds connecting the endplate to the supported beam web
Shear utilisation factor; Uchecksweld = 0.309; PASS

Check 6a - bending capacity of reduced supported beam section at the notch - 2 flanges notched
Utilisation factor; Ucheckeamoment = 0.840; PASS
Check 6b - local stability of notched supported beams restrained against lateral torsional buckling - 2 flanges
notched
Depth of both notches less than limit of D/5 : PASS
Length of both notches less than limit : PASS
Check 7 - Local shear and bearing capacity of Supporting Beam web
Shear utilisation factor; Ucheckzshear = 0.113; PASS
Bearing utilisation factor; Ucheck7bearing = 0.288; PASS
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MOMENT CONNECT — BOX-FRAME ORIGINAL WALL
Simplified calculation methods
STEEL PROPERTIES
Steel section:
;Yield Strength; fy = 275.0 N/mm?; .
Lcuen el . O-E

;Ultimate Tensile Strength; fu = 410.0 N/mm?;

e=\(235N/mm? fy) =0.924

Try UC 254 x 254 x 89;

Section depth; D=260.300 mm
Section width; B=256.300 mm
Flange thickness; T=17.300 mm
Radii; r= 12.700 mm

Cross-Section Area; A=11331.141 mm?

Web thickness; t=10.300 mm

Bolts information:
Try M24 (Grade 8.8);
fu,=800 N/mm?
Partial safety factor; ymo=1.00
Partial safety factor; yme=1.25
0d=24.000 mm
Dn=26.000 mm
Edge distance; e2=1.5*d=36.000 mm
End distance; e1=2.0* d=48.000 mm
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Pitch/gauge distance; p=3.0*d=72.000 mm

Steel plate information:

Initial plate thickness; tp= max(T,t) = 17.300 mm

Connection Design
;Design Shear Force;

;Design Hogging Moment;
;Design Opening up Moment;
Shear capacity - Section 6.2.6
Height of web;

Shear area factor;

Shear buckling verification;
“Account for shear buckling”)=

Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2)

Ved = 300.0 kN;
Med h = 220.000 KNm;
MEed ou = 0.000 KNm;

hw= D-2*T=225.700 mm
n = 1.000

if (hw/t<72*e/n, "Shear buckling resistance can be ignored”,
"Shear buckling resistance can be ignored"

Av = max(A-2* B* T+ (t+ 2* )* Tn* hwt)= 3080.771 mm?
Verd = Voird = Av* (fyA(3))/1m0=489.138 kN
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Diagonal stiffner requierement;

Hogging moment design:
;Number of bolts under shear;
Shear force on bolts;

Shear force per bolt;

Shear/Bearing capacity per bolt;
Design check;
Utilization;

Opening up moment design:
;Number of bolts under tension;
Tension force on bolts;
Tension force per bolt;

Tension/Punching capacity per bolt;
Design check;
Utilization;

Bending of plate subjected to tension from bolts:

Bending moment on plate;
Plate thicknesss required;
N/mm?))))=

Tension check with reduced flange:
Tension force on bolts;

Anet;

Tension capacity of reduced flange;
Design check;

Utilization;

Summary information:

Diagonal Stiffner Required;

Hogging Moment Check PASS;
Opening-up Moment Check PASS;
Reduced flange section tension check PASS;

Number of bolts on column: 8 bolts;
Number of bolts on beams: 2 bolts;
Required thickness of steel plates: 17.30 mm

ds=if(Meda_n/D<Vpird , “Not required”, “Required”)= "Required"

nh = 8.000 ;

VEedb = Med_n/D = 845.179 kN

Fo.ed = VEdb/Nh=105.647 kN
ki=min(2.8*(e2/Dn)-1.7,1.4*(p/Dn)-1.7,2.5)= 2.177
ow=min(e1/(3*Dn),p/(3*Dn)-0.25,fub/fu,1)=0.615
Fv.rs=Fb,re=min (k1 *ow*“fu*d*tp/ym2,0.6*fun* As/ym2)=135.552 kN
hc=if(Fb.ea<Fb,rd,”"PASS”,"FAIL")="PASS"

Fb,ed/ Fb,ra=0.779

Nou = 2.000 ;

Tedb = Med_ov/(D+p) = 0.000 kN

Toed = Tedb/Nou=0.000 kN

k2=0.63

Ft,Ra=Bp,ra=min(k2*fub*As/ym2,0.6*1* Dn*tp*fu/ym2)=142.330 kN
oms= if(Tb,ed < Ft,rd,”"PASS”,”FAIL")="PASS"

Tob,ed / Ft,ra= 0.000

Med_plate= Ted,6*p=0.000 KNm
t_p=if(tp>V(( Med_plate*4) / (B* 275 N/mm2)), to, (V(( Med_plate X 4) / (B* 275
17.300 mm

VEedb = Meda_n/D = 845.179 kN

Anet = (B-(nou*d))*T=3603.590mm?

Fitrd =(Anet * fu )/ym2=1181.978kN

trf= if(Ved,b < Fit,ra,"PASS”,"FAIL")="PASS"
VEdb/ Fit,ra = 0.715
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MOMENT CONNECTION — BOX-FRAME AT THE REAR
Simplified calculation methods
STEEL PROPERTIES
Steel section:
;Yield Strength; fy = 275.0 N/mm?; .
Lcuen el . O-E

;Ultimate Tensile Strength; fu = 410.0 N/mm?;

e=\(235N/mm? fy) =0.924

Try UC 152 x 152 x 30;
Section depth; D=157.600 mm
Section width; B=152.900 mm
Flange thickness; T=9.400 mm
Radii; r= 7.600 mm

Cross-Section Area; A=3826.301 mm?2

Web thickness; t=6.500 mm

Bolts information:
Try M16 (Grade 8.8);
fu,=800 N/mm?
Partial safety factor; ymo=1.00
Partial safety factor; yme=1.25
d=16.000 mm
Dn=18.000 mm
Edge distance; e2=1.5"d=24.000 mm
End distance; e1=2.0* d=32.000 mm
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Pitch/gauge distance; p=3.0*d=48.000 mm

Steel plate information:

Initial plate thickness; tp= max(T,t) = 9.400 mm

Connection Design
;Design Shear Force;

;Design Hogging Moment;
;Design Opening up Moment;
Shear capacity - Section 6.2.6
Height of web;

Shear area factor;

Shear buckling verification;
“Account for shear buckling”)=

Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2)

VEed = 66.0 kN;
Med h = 30.000 KNm;
MEed ou = 0.000 KNm;

hw= D-2*T=138.800 mm
n = 1.000

if (hw/t<72*e/n, "Shear buckling resistance can be ignored”,
"Shear buckling resistance can be ignored"

Av = max(A-2* B* T+ (t+ 2* r)* T,n* hw*t)= 1155.761 mm?
Verd = Vpird = Av* (fy/V(3))/ymo=183.502 kN
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Diagonal stiffner requierement;

Hogging moment design:
;Number of bolts under shear;
Shear force on bolts;

Shear force per bolt;

Shear/Bearing capacity per bolt;
Design check;
Utilization;

Opening up moment design:
;Number of bolts under tension;
Tension force on bolts;
Tension force per bolt;

Tension/Punching capacity per bolt;
Design check;
Utilization;

Bending of plate subjected to tension from bolts:

Bending moment on plate;
Plate thicknesss required;
N/mm?))))=

Tension check with reduced flange:
Tension force on bolts;

Anet;

Tension capacity of reduced flange;
Design check;

Utilization;

Summary information:

Diagonal Stiffner Required;

Hogging Moment Check PASS;
Opening-up Moment Check PASS;
Reduced flange section tension check PASS;

Number of bolts on column: 4 bolts;
Number of bolts on beams: 2 bolts;
Required thickness of steel plates: 9.40 mm

ds=if(Meda_n/D<Vpird , “Not required”, “Required”)= "Required"

nh = 4.000 ;

VEedb = Med_n/D = 190.355 kN

Fo.ed = VEd b /Nh=47.589 kN
ki=min(2.8*(e2/Dn)-1.7,1.4*(p/Dn)-1.7,2.5)= 2.033
ow=min(e1/(3*Dn),p/(3*Dn)-0.25,fub/fu,1)=0.593
Fv.rs=Fb,ra=min (k1 *ow*fu*d*tp/ym2,0.6*fub*As/ym2)=59.441 kN
hc=if(Fb.ea<Fb,rd,”"PASS”,"FAIL")="PASS"

Fo,ed/ Fb,ra=0.801

Nou = 2.000 ;

Tedb = Med_ov/(D+p) = 0.000 kN

Toed = Tedb/Nou=0.000 kN

k2=0.63

Ft,ra=Bp,ra=min(k2*fub*As/ym2,0.6*1* Dn*tp*fu/ym2)=63.302 kN
oms= if(Tb,ed < Ft,rd,"PASS”,”FAIL")="PASS"

Tob,ed / Ft,ra= 0.000

Med_plate= Ted,6*p=0.000 KNm
t_p=if(tp>V(( Med_plate*4) / (B* 275 N/mm2)), to, (V(( Med_plate X 4) / (B* 275
9.400 mm

VEedb = Med_n/D = 190.355 kN

Anet = (B-(nou*d))*T=1136.460mm?

Fitrd =(Anet * fu )/ym2=372.759kN

trf= if(Ved,b < Frt,ra,"PASS”,"FAIL")="PASS"
VEdb/ Fit,ra = 0.511
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Masonry structural members

PADSTONE SUPPORT OF STEEL SUPPORT BACK WALL OF OUTRIGGER

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

National Annex.

Masonry panel details

Panel length; L =2000 mm

Panel height; h =2500 mm
Thickness of load bearing leaf; t=215mm

Effective height; het = 2500 mm
Effective thickness; tet = 215 mm

Masonry material details

Unit type; Clay - Group 2
Compressive strength of masonry unit; fc = 20 N/mm?

Height of unit; hu = 65 mm

Width of unit; wy =215 mm
Conditioning factor; k=1.0

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

Shape factor - Table A.1; dst = 0.685

Mean compressive strength of masonry unit; fo = fe X k x dst = 13.7 N/mm?
Specific weight of units; v =18 kN/m3

Mortar type; M4 - General Purpose
Compressive strength of mortar; fm = 4.0 N/mm?
Compressive strength factor - Tbl. NA 4; K =0.40

Characteristic compressive strength of the masonry - eq. 3.1
fk = K x 07 x fm?3 = 3.79 N/mm?2
Short term secant modulus of elasticity factor; Ke = 1000

Modulus of elasticity - ¢l.3.7.2; Ew = Ke x fc = 3788 N/mm?

Desigh compressive strength of masonry

Category of manufacturing control; Category Il

Class of execution control; Class 2

Partial factor for material strength in direct or flexural compression
w = 3.00

A=Lxt=0.43 m?
fa = f / ym = 1.26 N/mm?2

Cross-sectional area of wall;
Design compressive strength of masonry;

Partial safety factors for design loads
Partial safety factor for permanent load; vie = 1.35
Partial safety factor for variable load; via = 1.50

Superimposed vertical loading details

Permanent UDL at top of wall; Ok = 2.00 KN/m
Variable UDL at top of wall; gk = 1.30 kKN/m
Eccentricity of permanent UDL load; egu=0mm
Eccentricity of variable UDL load; €qu=0mm

Slenderness ratio of masonry wall - Section 5.5.1.4
Slenderness ratio limit; Aim = 27

Slenderness ratio; A = het / tet = 11.6

Tedds calculation version 1.0.05
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PASS - Slenderness ratio is less than slenderness limit

Concentrated Load 1 details - SB2 Reaction
4.65 kN/m

vYYYYYvYv vy

67.56 kN

1000——»|

54.04 kN/m

fe——1250———»]

2500

[ 1576 ———>
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Permanent concentrated load; Giket = 42.60 kN
Variable concentrated load; Qket = 6.70 kN
Eccentricity of concentrated load; €ct =54 mm
Length of concentrated load; Let =133 mm
Width of concentrated load; Wer = 100 mm
Height of concentrated load; het = 2500 mm
Distance of load to right vertical edge; ri1 =934 mm
Distance of load to nearest vertical edge; ai =934 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check; ec1<=t/4
PASS - Eccentricity of load is less than t/4
Area of bearing; Ab1 = Let X Wer = 13300 mm?
Effective length of bearing at mid-height; lefmt = Le1 + het X tan(30) = 1576 mm
Effective bearing area; Acit = leimt x t = 338920.77 mm?
Bearing area ratio check; Aratiot = Min(Ab1 / Aeti, 0.45) = 0.04
Enhancement factor - ¢l.6.1.3(3); B1=1.00
Design value of the concentrated load; NEdet = Giket X Y6 + Qiet X Y@ = 67.56 kN
Design value concentrated load resistance; NRrdct = B1 X Abt X fa = 16.79 kN

Applied concentrated load exceeds design resistance, spreader required!
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Design of spreader beam
67.56 kN
F7z 1

le——290—p]

N
700 »

Max. stress, 1.20 N/mm?

5.86 kNm
Bending Moment

33.77 kN

Type of spreader;

Type of bearing onto spreader;
Location of load from RHS of spreader;
Length of spreader;

Height of spreader;

Width of spreader;

Eccentricity of load on spreader;
Modulus of elasticity;

Second moment of area;

Modulus of the wall;

Winkler's constant;

Characteristic of the system;
Classification of spreader;

Krilov's functions for the spreader length;

Krilov's functions at the point load;

Using method of initial conditions

Iw

-33.78 kN
Shear Force

Concrete padstone

Point load

P11 =350 mm
Lspt = 700 mm
hspt = 290 mm
wspt = 100 mm
€spt =4 mm

Espt = 29962 N/mm?

Ispt = 1/12 X Wsp1 X hsp1® = 203241667 mm*

ko = Ew/ h = 1.52 N/mm?/mm

Ket = ko X Wspt = 151.51 N/mm/mm

ot = (Ket / (4 X Espt X lsp1))* = 0.00158 mm"

ol = o X Lspt = 1.11; Medium

Bat1 = 1/2 x (cosh(al1) x sin(180 x aL1 / ) + sinh(aL1) x cos(180 x oL+
/m)) = 1.05

Cait = 1/2 x sinh(aL1) x sin(180 x aL1 / w) = 0.60

Dat = 1/4 x (cosh(aL1) x sin(180 x oL+ / ) - sinh(aL1) x cos(180 x oL+
/ m)) = 0.22

Aop11 = cosh(ou x P11) x cos(180 x au x P11/ ) = 0.98

Bop11 = 1/2 X (cosh(ou x P11) x sin(180 x o1 x P11/ 1) + sinh(au x P11) X
cos(180 x a1 x P11/ w)) = 0.55
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Initial moment of LH edge; Mo1 = 0 KNm
Initial shear of LH edge; Vo1 = 0 kN

Which gives;

and;

Therefore,
Initial deflection of LH edge;
Initial rotationof LH edge;

Location of maximum deflection;
Krilov's functions at the spreader length;

Distance of point load right of loaction;
Krilov's functions at the spreader length;

Particular integral due to load;
Maximum deflection;

Location of maximum moment;
Krilov's functions at the spreader length;

Distance of point load right of loaction;
Krilov's functions at the spreader length;

Particular integral due to load;
Maximum moment;

Location of maximum shear;
Krilov's functions at the spreader length;

Distance of point load right of loaction;
Krilov's functions at the spreader length;
Particular integral due to load;

Shear at concentrated point load;

Maximum shear;

Maximum allowable stress under spreader;
Maximum reaction;
Design stress;

(4 x 012 x Cant X 801 + 4 X o1 X Dau1 X Do1) X Espt X lspt - Bap11 / 011 x
NEede1 = 0.00 kKNm

(4 x 0113 X Bt X 801 + 4 x 012 X Cott X Po1) X Espt X lIspt - Aap11 X NEdet =
0.00 kN

801 = 0.61939 mm
$o1 = 0.000112

Xdett = 350 mm

Aaxdett = COSh(0l1 X Xdef1) X COS(180 X 01 X Xdef1 / ) = 0.98

Boxdeft = 1/2 x (cosh(o1 X Xdef1) X Sin(180 X o1 X Xdef1 / ) + sinh(at x
Xdet1) X COS(180 X 0t1 X Xdett / 7)) = 0.55

Pideft =0 mm

Daptdett = 1/4 x (cosh(au X pidert) X sin(180 X o1 X p1dett / Tt) - sinh(ou X
Pidef1) X c0s(180 X a1 X p1det1 / 1)) = 0.00

8'1 = Doptdett / 013 X Negct / (Ispt X Esp1) = 0.000 mm

Omaxt = Aoxdeft X 001 + Boxdett X Po1/ a1 + 8'1 = 0.649 mm

xm1 = 350 mm

Coxmt = 1/2 x sinh(ot1 x xm1) X sin(180 x o1t X xm1 / ) = 0.15

Daxmt = 1/4 x (cosh(ou x xm1) x sin(180 x a1 X xm1 / ) - sinh(at X Xm1) X
c0s(180 x ot x xm1 / m)) = 0.03

pimi =0 mm

Baptmi = 1/2 x (cosh(ou x pim1) x sin(180 x o1 X pim1 / ) + sinh(ou X
pim1) x cos(180 x ou x pimt / )) = 0.00

M'1 = -Bapim1 / 01 X NEdet = 0.00 kNm

Medspt = (4 X 0112 X Coxmt X 801 + 4 X 01 X Doxmt X Po1) X (lspt X Esp1) +
M't = 5.86 kNm

xvi = 350 mm

Baxvi = 1/2 x (cosh(ou X xv1) x sin(180 x a1 x xv1 / ) + sinh(ou X Xv1) X
cos(180 x o X Xv1 / m)) = 0.55

Coxvi = 1/2 x sinh(o1 X xv1) x sin(180 x a1 X xv1 / ) = 0.15

p1vi = 0 mm

Acpivi = cosh(ou X p1vi) x cos(180 x o1 x p1vi / ©t) = 1.00

V't = -Agp1vi X NEde1 = -67.56 kN

V1= (4 x 0143 X Baxvi X 801 + 4 X 012 X Caxvi X Po1) X (lsp1 X Espt1) + V'1 =
-33.78 kN

VEedspt = Max(Abs(V1), Nedct - Abs(V1)) = 33.78 kN

ORdspt = B1 X fa = 1.26 N/mm?
NEdsp1 = Kc1 X dmaxt = 98.30 kN/m
GEdspi = NEdspt / Wspt X (1 + 6 X espt /Wsp1) =1.20 N/mm?

PASS - Design stress under spreader is less than the allowable bearing stress
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Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load

€gmut = €gu X het1 /(2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load

€gmut = €qu X he1 /(2 x h) = 0.0 mm

Eccentricity of concentrated load at mid-height; emci = €c1 /2 =26.9 mm

Initial eccentricity - ¢l.5.5.1.1(4); einit = h /450 = 5.6 mm

Concentrated load at mid-height as UDL; Nmct = Nedet / lefm1 = 42.86 KN/m

Vertical load at mid-height; Neat = (gk + Y Xt X (h - he1 / 2)) X ¥i6 + Ok X YiQ + Nmet = 54.04 kKN/m
Design moment at mid-height; MEdt = gk X YiG X €gmu1 + Ok X Yia X €gmui + Nme1 X €met = 1.15 kKNm/m
Eccentricities due to loads - eq. 6.7; emi = Abs(Med1) / Ned1 + €init = 26.9 mm

Slenderness ratio limit for creep eccentricity; Ac =27

Eccentricity due to creep; ek = 0.0 mm

Eccentricity at mid-height - eq. 6.6; emkt = Max(em1 + ext, 0.05 x t) = 26.9 mm

From eq. G2; Ar=1-2xemk /t=0.75

From eq. G3; ut = (he / ter x (1 / Ke)2 - 0.063) / (0.73 - 1.17 x emk1 / t) = 0.52
Capacity reduction factor - eq. G1; ®Pm1 = A1 x exp(-(us?) / 2) = 0.65

Design vertical resistance of panel - eq.6.2; Nrat = ®m1 x t x fa = 177.68 KN/m

PASS - Design value of vertical resistance exceeds applied vertical load
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Timber structural members

NEW ROOF TERRACE JOISTS

In accordance with EN1995-1-1:2004 + A1:2008 and Corrigendum No.1 and the UK National Annex incorporating
National Amendment No.1

Tedds calculation version 1.5.11

Pay AN
mm | 3900 |
A 1 B
Unfactored Loads Self weight included
0,600 [Permanent [ ]Vvariable
0.0
mm | 3900 |
A 1 B
Load Envelope - Combination 1
1.486
0.0
mm | 3900 |
A 1 B
Load Combination 1 (shown in proportion)
Vanable I _ I
Permanen‘i ﬁ i
3900
A 1
KNm Bending Moment Envelope
0.0
2.826 58
mm | 3900 |
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kN
2.898

0.0

Shear Force Envelope

-2.898

-2.9
3900

Applied loading

Beam loads

Timber self weight

Terrace roof dead load - 1.0kN/m2 x 0.4m
Terrace roof live load - 1.5kN/m2 x 0.4m

Load combinations
Load combination 1

Analysis results

Maximum moment;

Design moment;

Maximum shear;

Design shear;

Total load on beam;

Reactions at support A;

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

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

Permanent self weight of beam x 1
Permanent full UDL 0.400 kN/m
Variable full UDL 0.600 kN/m

Support A Permanent x 1.35
Variable x 1.50

Span 1 Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50

Mmax = 2.826 kKNm; Mmin = 0.000 KNm
M = max(abs(Mmax),abs(Mmin)) = 2.826 KNm

Fmax = 2.898 kN; Fmin = -2.898 kN
F = max(abs(Fmax),abs(Fmin)) = 2.898 kN

Wiot = 5.797 kN

Ra_max = 2.898 kN;
RAﬁPermanent =0.847 kN
RA_variable = 1.170 kN
RB_max = 2.898 kN;
RBﬁPermanent =0.847 kN
Rs_variable = 1.170 kN

Ra_min = 2.898 kN

Rg_min = 2.898 kN

le——200—»]

> 50 [«
l«—100—p]

Timber section details

Breadth of timber sections;

Depth of timber sections;

Number of timber sections in member;
Overall breadth of timber member;

Timber strength class - EN 338:2009 Table 1;

b =50 mm

h =200 mm

N=1

bb =N xb=50mm
C24
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Member details
Load duration - cl.2.3.1.2; Long-term
Service class of timber - ¢l.2.3.1.3; 1
Length of bearing; Lo = 100 mm

Section properties
Cross sectional area of member;
Section modulus;

Second moment of area;

Radius of gyration;

A =Nxb xh=10000 mm?2

Wy =Nxbxh?2/6 =333333 mm3
W, =hx (Nxb)?/6 = 83333 mm3
ly=Nxbxh?/12 = 33333333 mm*
I = h x (N xb)3/ 12 = 2083333 mm*
ry =(ly/A) =57.7 mm

rz=V(lz/ A) = 14.4 mm

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3;

Modification factors

w = 1.300

Modification factor for load duration and moisture content - Table 3.1

Deformation factor for service classes - Table 3.2;

Depth factor for bending - exp.3.1;

Depth factor for tension - exp.3.1;

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

System strength factor - cl.6.6;

Effective length - Table 6.1;

Critical bending stress - exp.6.32;

Relative slenderness for bending - exp.6.30;
Lateral buckling factor - exp.6.34;

kmod = 0.700

ket = 0.600

kh.m = 1.000

knt=1.000

km = 0.700

ker = 0.670

kc.oo = 1.500

ksys = 1.000

Let = 1.0 x Lst = 3900 mm

om.crit = 0.78 X (N X b)2 x Eg.05 / (h X Ler) = 18.500 N/mm?
Mrelm = V[fmk / Om.erit] = 1.139

Kerit = 1.56 - 0.75 X Aretm = 0.706

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress;
Design compressive strength;

0c.90.d = Ra_max / (N X b x (Lo + min(Lb, 30 mm))) = 0.446 N/mm?
fc.90.d = Kmod X Ksys X Kc.90 X fe.o0k / ym = 2.019 N/mm?
6c.90.d / fe.90.d = 0.221

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress;
Design bending strength;

Shear - ¢l.6.1.7
Applied shear stress;
Permissible shear stress;

Deflection - cl.7.2
Deflection limit;

omd =M/ Wy = 8.478 N/mm?
fmd = Kh.m X Kmod X Ksys X Kerit X fmk / M = 9.121 N/mm?
omd / fma = 0.930
PASS - Design bending strength exceeds design bending stress

Td =3 X F/(2Xker x A) = 0.649 N/mm?
fv.d = Kmod X ksys X fuk / ym = 2.154 N/mm?
td / fv.a = 0.301
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.004 x Ls1) = 14.000 mm
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Instantaneous deflection due to permanent load; dinstGg = 3.712 mm

Final deflection due to permanent load; &iinG = insta X (1 + Kder) = 5.939 mm
Instantaneous deflection due to variable load; dinsta = 5.128 mm

Factor for quasi-permanent variable action; y2=0.3

Final deflection due to variable load; &iinq = dinst@ X (1 + Y2 X Kdef) = 6.051 mm

Total final deflection;

&fin = &fing + Ofina = 11.989 mm
Sfin / Blim =0.856

PASS - Total final deflection is less than the deflection limit
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Foundations

FOUNDATION OF BOX-FRAME UNDER ORIGINAL BACK WALL

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

annex
Tedds calculation version 4.0.02
Analysis
Tedds calculation version 1.0.13
Geometry
Geometry
z
2ébo_ ps 250 08 Jm50 08 %850 0.8 PaE0 08 ep0 08 850 08 9aR0
dpy 2 3 5 6 7
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X y4 X 4 Rot. Name Angle X 4 Rot.
(m) (m) © (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Free Free 0 0 2880 0
2 0.8 0 Free Free Free 0 0 2880 0
3 1.6 0 Free Free Free 0 0 2880 0
4 2.4 0 Free Free Free 0 0 2880 0
5 3.2 0 Free Free Free 0 0 2880 0
6 4 0 Free Free Free 0 0 2880 0
7 4.8 0 Free Free Free 0 0 2880 0
8 5.6 0 Free Free Free 0 0 2880 0
Materials
Name Density Youngs Modulus | Shear Modulus Thermal
Coefficient
(kg/m?®) kN/mm? kN/mm? °C1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area
Major Minor Ay A:
(cm?) (cm?) (cm?) (cm?) (cm?)
UC 254x254x89 113 14268 4857 80 27
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 0.8 1 2 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
2 0.8 2 3 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
3 0.8 3 4 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
4 0.8 4 5 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
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Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
5 0.8 5 6 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
6 0.8 6 7 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
7 0.8 7 8 UC 254x254x89 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
Member1 1 7
Loading
Self Weight - Loading
& B % &% & & B % &% & & &
‘.;, ‘ ‘ - = ‘
‘v %y v v v v v v } \4
E Member1
Left Column1 - Loading
<
(e}
Q
‘v S |
¢ C \
7 Member1
Right Column1 - Loading
©
N
N
bx | L
\v C \
7 Member1
Pre-Deflection - Loading
< < ©o = 0o < <
88 gg 888888 g5 33
[V v v v N 1
C | 4
Member1 ‘
3
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Load cases
Name Enabled Self weight factor Patternable
Self Weight yes 1 no
Left Column1 yes 0 no
Right Column1 yes 0 no
Pre-Deflection yes 0 no
LoadCase5 yes 0 no
Load combinations
Load combination Type Enabled Patterned
Foudations Service yes no
Load combination: Foudations (Service)
Load case Factor
Self Weight 1
Left Column1 1
Right Column1 1
Pre-Deflection 1
Node loads
Node Load case Force Moment
X z
(kN) (kN) (kNm)
1 Left Column1 0 223.4 0
8 Right Column1 0 2125 0
1 Pre-Deflection 0 -50 0
8 Pre-Deflection 0 -50 0
Member VDL loads
Member Load case Position Load Orientation
Type Start End Start End
(kN/m) | (kN/m)
Member1 Pre-Deflection Ratio 0 0.5 0 35.7 GlobalZ
Member1 Pre-Deflection Ratio 0.5 1 35.7 0 Globalz
Results
Forces
Service combinations - Deflection envelope (mm)
2880 2880 2880 2880 2880 2880 2880
Partial factors - Section 6.1
Resistance of cross-sections; ™o = 1
Resistance of members to instability; w1 =1
Resistance of tensile members to fracture; we = 1.1

Library item: Partial factors out
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Memberl - Span 1

Section details
Section type;

UC 254x254x89 (BS4-1)

Steel grade - EN 10025-2:2004; S275
Nominal thickness of element; thom = max(ts, tw) = 17.3 mm

Nominal yield strength;

fy = 265 N/mm?

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

Modulus of elasticity;

»
gl

> |«173

260.3

l¢
<

> |«173

Lateral restraint

E = 210000 N/mm?

‘ ‘ UC 254x254x89 (BS4-1)
\ / Sect!on depth, h, 260.3 mm
Section breadth, b, 256.3 mm
Mass of section, Mass, 88.9 kg/m
Flange thickness, t, 17.3 mm
Web thickness, t,, 10.3 mm
Root radius, r, 12.7 mm
Area of section, A, 11331 mn?
Radius of gyration about y-axis, iy, 112 mm
—-» 103 Radius of gyration about z-axis, i,, 65 mm
Elastic section modulus about y-axis, Wely, 1096254 mm?
Elastic section modulus about z-axis, W, ,, 379046 mm3
Plastic section modulus about y-axis, Wp‘ v 1223863 mm?
Plastic section modulus about z-axis, WD‘Z, 575307 mm?
Second moment of area about y-axis, Iy, 142677465 mm?*

Second moment of area about z-axis, IZ, 48574741 mm*

ry

256.3 >

Both flanges have lateral restraint at supports only

Check design at start of span

Check y-y axis deflection - Section 7.2.1

Maximum deflection;
Allowable deflection;

Oy =23.9 mm
Sy, Allowable = Min(Lm1_s1 / 180, 25 mm) = 25 mm
Sy / By,Allowable =0.956
PASS - Design deflection does not exceed allowable deflection
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FOUNDATION UNDER REAR BOX-FRAME

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

annex
Tedds calculation version 4.0.02
Analysis
Tedds calculation version 1.0.13
Geometry
Geometry
5
Member1
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X y4 X 4 Rot. Name Angle X 4 Rot.
(m) (m) © (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Free Free 0 0 1200 0
2 0.5 0 Free Free Free 0 0 1200 0
3 1 0 Free Free Free 0 0 1200 0
4 1.5 0 Free Free Free 0 0 1200 0
5 2 0 Free Free Free 0 0 1200 0
6 2.5 0 Free Free Free 0 0 1200 0
7 3 0 Free Free Free 0 0 1200 0
8 3.5 0 Free Free Free 0 0 1200 0
9 4 0 Free Free Free 0 0 1200 0
10 4.5 0 Free Free Free 0 0 1200 0
11 5 0 Free Free Free 0 0 1500 0
Materials
Name Density Youngs Modulus | Shear Modulus Thermal
Coefficient
(kg/m?3) kN/mm? kN/mm? oC-1
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia Shear area
Major Minor Ay A:
(cm?) (cm*) (cm?) (cm?) (cm?)
UC 152x152x30 38 1748 560 26 10
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 0.5 1 2 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
2 0.5 2 3 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
3 0.5 3 4 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
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Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
4 0.5 4 5 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
5 0.5 5 6 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
6 0.5 6 7 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
7 0.5 7 8 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
8 0.5 8 9 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
9 0.5 9 10 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
10 0.5 10 11 UC 152x152x30 Steel (EC3) Fixed Fixed Fixed
Members
Name Elements
Start End
Member1 1 10
Loading
Self Weight - Loading
\ \ \ \ \ \ \ \ \ \ |
N v v v v v 2 v v vy
\v | o \
z
Left Column - Loading
g
\
as ;
; Membe
Right Column - Loading
3
J
v

N4

bx
>




Project Job Ref.
& 28 Burghley Road SDS187
Section Sheet no./rev.
SD Structures Building Control Approval 162
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
www.sd-structures.com RC 26/06/2017 MD 26/06/2017
Pre-Deflection - Loading
s
z
Load cases
Name Enabled Self weight factor Patternable
Self Weight yes 1 no
Left Column yes 0 no
Right Column yes 0 no
Pre-Deflection yes 0 no
Load combinations
Load combination Type Enabled Patterned
Foudations Service yes no
Load combination: Foudations (Service)
Load case Factor
Self Weight 1
Left Column 1
Right Column 1
Pre-Deflection 1
Node loads
Node Load case Force Moment
X z
(kN) (kN) (kNm)
1 Left Column 0 491 0
11 Right Column 0 36 0
1 Pre-Deflection 0 0 0
11 Pre-Deflection 0 0 0
Member VDL loads
Member Load case Position Load Orientation
Type Start End Start End
(kN/m) | (kN/m)
Member1 Pre-Deflection Ratio 0 0.5 0 0 GlobalZ
Member1 Pre-Deflection Ratio 0.5 1 0 0 GlobalZ

Results
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Forces
Service combinations - Deflection envelope (mm)
1‘?&90 12190 12190 ﬂ?iQO 12190 ﬂ?iQO 12190 12190 ﬂ?iQO 12190 1500
Partial factors - Section 6.1
Resistance of cross-sections; ™o =
Resistance of members to instability; w1 =1
Resistance of tensile members to fracture; w2 =1.1
Library item: Partial factors out
Memberl - Span 1
Section details
Section type; UC 152x152x30 (BS4-1)
Steel grade - EN 10025-2:2004; S275
Nominal thickness of element; thom = max(ts, tw) = 9.4 mm
Nominal yield strength; fy = 275 N/mm?
Nominal ultimate tensile strength; fu = 410 N/mm?
Modulus of elasticity; E = 210000 N/mm?
'y é ‘ ‘ UC 152x152x30 (BS4-1)
% ~N Section depth, h, 157.6 mm
Section breadth, b, 152.9 mm
Mass of section, Mass, 30 kg/m
Flange thickness, t;, 9.4 mm
Web thickness, t,, 6.5 mm
Root radius, r, 7.6 mm
Area of section, A, 3826 mm?
© Radius of gyration about y-axis, iy, 68 mm
u'\,' —» 465 Radius of gyration about z-axis, i, 38 mm
5 Elastic section modulus about y-axis, W, , 221833 mm®
Elastic section modulus about z-axis, W, ,, 73311 mm®
Plastic section modulus about y-axis, pr, 247665 mm3
Plastic section modulus about z-axis, Wp‘l, 111590 mm?
Second moment of area about y-axis, Iy, 17480413 mm*
Second moment of area about z-axis, |,, 5604633 mm*
12 2N
<
v o ‘
T
e 152.9 »

Lateral restraint

Both flanges have lateral restraint at supports only
Check design at start of span

Check y-y axis deflection - Section 7.2.1

Maximum deflection;

Allowable deflection;

oy = 18.6 mm
Oy Allowable = Min(Lm1_s1 / 180, 25 mm) = 25 mm
Sy / By, Alowable = 0.745
PASS - Allowable deflection exceeds design deflection
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CANTILEVER RETAINING WALL DESIGN

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type;

Stem height;

Stem thickness;

Angle to rear face of stem;
Stem density;

Toe length;

Base thickness;

Base density;

Height of retained soil;
Angle of soil surface;
Depth of cover;

Height of water;

Water density;

Retained soil properties

Soil type;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;
Characteristic base friction angle;

Presumed bearing capacity;

Loading details
Variable surcharge load;

Cantilever

hstem = 900 mm
tstem = 150 mm
o =90 deg

Ystem = 25 KN/m?
loe = 1000 mm
toase = 150 mm
Yoase = 25 kN/m?
hret = 900 mm

B =0deg

dcover =0 mm
hwater = 900 mm
Yw = 9.8 kKN/m3

Medium dense well graded sand
ymr = 21 KN/m3

Ysr = 23 KN/m3

o'rk = 30 deg

ok = 0deg

Medium dense well graded sand
T = 18 kN/m3

0'vk = 30 deg

dbk = 15 deg

dbbk = 30 deg

Pbearing = 100 KN/m?

Surchargeq = 5 kN/m?

Tedds calculation version 2.9.00
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| 1000 »e—150—»]
= x T 2.5 kN/m? =
v v Prop v
l 19.7 kN/m2¥-

25.2 kN/m?

1150 ]

General arrangement

Calculate retaining wall geometry
Base length;

Saturated soil height;

Moist soil height;

Length of surcharge load;

- Distance to vertical component;
Effective height of wall;

- Distance to horizontal component;
Area of wall stem;

- Distance to vertical component;
Area of wall base;

- Distance to vertical component;

Using Rankine theory
At rest pressure coefficient;
Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Total;

Horizontal forces on wall
Surcharge load;

Ibase = lioe + tstem = 1150 mm

hsat = hwater + dcover = 900 mm
Pmoist = hret - Nwater = 0 Mm

lsur = lheet = 0 mm

Xsur_v = lase - lheel / 2 = 1150 mm
heif = hbase + dcover + hret = 1050 mm
Xsur_h = heft / 2 = 525 mm

Astem = hstem X tstem = 0.135 m?2
Xstem = loe + tstem / 2 = 1075 mm
Abase = lbase X toase = 0.173 m?
Xbase = lbase / 2 = 575 mm

Ko =1 - sin(¢'rx) = 0.500

Kp = (1 + sin(¢'v.x)) / (1 - sin(¢'o.x)) = 3.000

Fstem = Astem X Ystem = 3.4 KN/m
Foase = Abase X Ybase = 4.3 KN/m
Ftotalfv = Fstem + Fbase + Fwaterfv =7.7 kKN/m

Fsur_h = Ko x Surchargea X heft = 2.6 kN/m
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Saturated retained soil;
Water;

Base soil;

Total;

Moments on wall
Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Total;

Check bearing pressure
Propping force;

Distance to reaction;
Eccentricity of reaction;
Loaded length of base;
Bearing pressure at toe;
Bearing pressure at heel;
Factor of safety;

Fsat_h = Ko X (ysr' - W) X (hsat + hbase)2 /2 =3.6 kKN/m
Fwater_h = yw' X (Nwater + dcover + hbase)2 /2 =5.4 kN/m
Fpassfh =-Kp x Yb' X (dcover + hbase)2 /2 =-0.6 KN/m

Fiotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater h + Fsur h = 11.1 kN/m

Mstem = Fstem X Xstem = 3.6 KNm/m

Mbase = Fbase X Xbase = 2.5 KNm/m

Msur = -Fsur_h X Xsur_h = =1.4 KNm/m

Msat = -Fsat_h X Xsat_h = =1.3 KNm/m

Mwater = -Fwater_h X Xwater_h = =1.9 KNm/m

Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur = 1.6 KNm/m

Fprop_base = Ftotal_h = 11.1 KN/m
X = Mrotal / Frotalv = 204 mm
€= X-lbase/2=-371mm
load = 3% x =611 mm
Qtoe = 2 X Fiotal_v / lioad = 25.2 KN/m?
Qheel = 0 kN/m?2
FoSup = Poearing / max(qtoe, Gheel) = 3.971

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Retaining wall design

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1 and EN1996-1-1:2005 incorporating Corrigenda dated February 2006 and

July 2009 and the UK National Annex

Tedds calculation version 2.9.00

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class;

Characteristic compressive cylinder strength;
Characteristic compressive cube strength;
Mean value of compressive cylinder strength;
Mean value of axial tensile strength;

5% fractile of axial tensile strength;

Secant modulus of elasticity of concrete;
Partial factor for concrete - Table 2.1N;
Compressive strength coefficient - ¢l.3.1.6(1);
Design compressive concrete strength - exp.3.15;
Maximum aggregate size;

Reinforcement details

Characteristic yield strength of reinforcement;
Modulus of elasticity of reinforcement;

Partial factor for reinforcing steel - Table 2.1N;
Design yield strength of reinforcement;

Cover to reinforcement

Top face of base;
Bottom face of base;

C30/37

fok = 30 N/mm?2

fek,cube = 37 N/mm?

fem = fok + 8 N/mm? = 38 N/mm?

fetm = 0.3 N/mm? x (fok / 1 N/mm?2)23 = 2.9 N/mm?
fetk,0.05 = 0.7 X fotm = 2.0 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?2)03 = 32837 N/mm?
vc = 1.50

Occ = 0.85

fed = 0lee X fek / Yo = 17.0 N/mm?2

hagg = 20 mm

fyk = 500 N/mm?

Es = 200000 N/mm?
vs=1.15

fyd = fyk / vs = 435 N/mm?

Cot = 50 mm
Cob = 75 mm
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Masonry details - Section 3.1

Masonry type;

Normalised mean compressive strength;
Characteristic flexural strength - ¢l.6.3.4(1);
Initial shear strength - Table NA.5;

Mortar details - Section 3.2
Mortar type;
Compressive strength of mortar;

Ultimate limit states - Table NA.1

Class of execution control;

Category of manufacture control;

Partial factor for direct or flexural compression;
Partial factor for flexural tension;

Partial factor for shear;

Characteristic strengths of concrete infill - Table
Concrete infill strength class;

Characteristic compressive strength;

Characteristic shear strength;

Design shear strength;

Loading details - Combination No.1 - kN/m 2

06

5]

T2

Shear force - Combination No.1 - kN/m

Autoclaved aerated concrete - Group 1
fo = 10.4 N/mm?

fxk = 0 N/mm?2

fuko = 0.2 N/mm?

General purpose - M12, prescribed mix

fm = 12 N/mm?
1

2

We = 2.3

= 2.3

v = 2.0

3.2

C30/37

few,infit = 25 N/mm?
fovkiniit = 0.45 N/mm?2
fevd,infil = fevkinfil / ymv = 0.225 N/mm?2

Bending moment - Combination No.1 - kNm/m

37657 7]5.08

Check stem design at base of stem
Depth of section;

Hollow wall details
Face shell thickness;
Web shell thickness;

Masonry characteristics

Compressive strength constants - Table NA.4;
Characteristic compressive strength - cl.3.6.1.2(1);
Design compressive strength;

Design flexural strength;

Height of masonry;

Compressive axial force combination 0;

Moment combination 0;

Eccentricity of axial load;

fi
fa
fxd =fx /=0 N/mm?

123 42

X

t =150 mm

tshett = 44 mm
tweb = 44 mm

K =0.55
K x 27 x min(fm, fo, 12 N/mm?)%3 = 5,72 N/mm?
min(f, fokinfin) / me = 2.487 N/mm?

hwt = hstem = 900 mm
Fx = vaf X Ystem X hwt X t = 3.4 KN/m
Mx = Yaf X Ystem X hwt X 12/ 2 = 0.3 KNm/m

e = max(abs(t/ 2 - Mx/ Fx), 0.05 xt) = 7.5 mm
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Capacity reduction factor - exp.6.4; d=1-2xe/t=09
Design vertical resistance - exp.6.2; NRrd = ® Xt X fg = 335.7 kN/m
Design vertical compressive stress; od = min(Fx/t, 0.15 x Nra / 1) = 0.023 N/mm?
Apparent design flexural strength - exp.6.16; fxd.app = fxd + 0d = 0.023 N/mm?
Characteristic shear strength - exp.3.5; fvk = min(fvko + 0.4 X 64, 0.065 X fo) = 0.209 N/mm?
Design shear strength; fvd = fuk / ymv = 0.105 N/mm?
Reinforced masonry members subjected to bending, bending and axial loading, or axial loading - Section 6.6
Design bending moment combination 1; M = 4.2 kNm/m
Tension reinforcement provided; 12 dia.bars @ 220 c/c
Area of tension reinforcement provided; Asrprov = Tt X ¢si® / (4 X Ssr) = 514 mm3/m
Depth to tension reinforcement; d =80 mm
Minimum area of reinforcement - ¢l.8.2.3(1); Asr.min = 0.0005 x d = 40 mm?/m
Lever arm - exp.6.23; z=d xmin(1 - 0.5 X Asr.prov X fya / (d X fd), 0.95) = 35 mm
Moment of resistance - exp.6.22 and exp.6.24a; MRd = min(Asr.prov X fyd x z, 0.4 x fg x d?) = 6.4 KNm/m

M/ Mrd = 0.661

PASS - Moment of resistance exceeds applied design moment

Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V =12.344 KN/m
Design shear resistance - exp.6.40; VRrd = min(fvd, feva,infin) x d = 8.36 kKN/m
V/Vrd =1.477

FAIL - Design shear resistance is less than applied design shear force

Horizontal reinforcement parallel to face of stem

Minimum area of reinforcement - cl.8.2.3(4); Asxreq = 0.0005 x d = 40 mm?2/m
Transverse reinforcement provided; 10 dia.bars @ 200 c/c
Area of transverse reinforcement provided; Asxprov = Tt X 0sx? / (4 X Ssx) = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe

Depth of section; h =150 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M = 5.9 kNm/m
Depth to tension reinforcement; d=h-Cob- oo/ 2 =69 mm

K =M/ (d? x fek) = 0.042

K'=0.207

K’ > K - No compression reinforcement is required

Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 66 mm
Depth of neutral axis; x=25x(d-2z)=9mm
Area of tension reinforcement required; Abbreq = M/ (fyd x z) = 208 mm?2/m
Tension reinforcement provided; 12 dia.bars @ 200 c/c
Area of tension reinforcement provided; Abb.prov = Tt X ¢bb? / (4 X Sob) = 565 mm3/m
Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 X fetm / fyk, 0.0013) x d = 104 mm?/m
Maximum area of reinforcement - ¢l.9.2.1.1(3); Abb.max = 0.04 x h = 6000 mm?/m

maX(Abb.req, Abb.min) / Abb.prov =0.369
PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1; y2 =0.6
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Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;
Mean value of concrete tensile strength;
Reinforcement ratio;

Modular ratio;

Bond property coefficient;

Strain distribution coefficient;

Maximum crack spacing - exp.7.11;
Maximum crack width - exp.7.8;

Rectangular section in shear - Section 6.2
Design shear force;

Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;

Msis = 4.2 kKNm/m

0s = Msis / (Abb.prov X Z) = 114.6 N/mm?

Long term

ki = 0.4

Aceff = min(2.5 x (h - d), (h=x) /3, h/2) = 47125 mm?m
foteft = fom = 2.9 N/mm?2

Pp.eff = Abb.prov / Aceff = 0.012

Oe = Es / Ecm = 6.091

ki =0.8
k2 =0.5
ks =3.4
ks = 0.425

Sr.max = K3 X Cbb + K1 X K2 X K4 X Qb / pp.efi = 425 mm
Wk = Sr.max X Max(os — ki X (feteff / pp.eff) X (1 + 0te X pp.eff), 0.6 X Gs) / Es
wk = 0.146 mm
Wk / Wmax = 0.487
PASS - Maximum crack width is less than limiting crack width

V =7.8 kN/m
Crd,c =0.18 /v =0.120
k = min(1 + V(200 mm / d), 2) = 2.000
pr = min(Aob.prov / d, 0.02) = 0.008
Vimin = 0.035 N"2/mm x k32 x 0% = 0.542 N/mm?
VRd.c = Max(Crd.c x k x (100 N/mm* x pi x fek) 3, Vmin) x d
VRd.c = 48.2 KN/m
V /Vrdc =0.162
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2);

Maximum spacing of reinforcement — ¢l.9.3.1.1(3);

Transverse reinforcement provided;
Area of transverse reinforcement provided;

Abxreq = 0.2 X Apb.prov = 113 mm?/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = T X 0bx? / (4 X Sbx) = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 200 c/c
horizontal reinforcement
parallel to face of stem

12 dia.bars @ 200 c/c

)‘—t—t—t—>—-¢

(g0
L
L
L
L
12 dia.bars @ 220 clc
‘,/
L
+
50
£
A

10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details

12 dia.bars @ 200 c/c
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FIXED-PINNED RETAINING WALL DESIGN

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type;

Stem height;

Stem thickness;

Angle to rear face of stem;
Stem density;

Toe length;

Base thickness;

Base density;

Height of retained soil;
Angle of soil surface;
Depth of cover;

Height of water;

Water density;

Retained soil properties

Soil type;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;
Characteristic base friction angle;

Presumed bearing capacity;

Loading details
Variable surcharge load;

Cantilever

hstem = 1650 mm
tstem = 210 mm
o =90 deg

Ystem = 25 KN/m?
loe = 1500 mm
toase = 150 mm
Yoase = 25 kN/m?
hret = 1650 mm
B =0deg

dcover =0 mm
hwater = 1650 mm
Yw = 9.8 KN/m3

Medium dense well graded sand
ymr = 21 KN/m3

Ysr = 23 KN/m3

o'rk = 30 deg

ok = 0deg

Medium dense well graded sand
T = 18 kN/m3

0'vk = 30 deg

dbk = 15 deg

dbbk = 30 deg

Pbearing = 100 KN/m?

Surchargeq = 1.5 kN/m?

Tedds calculation version 2.9.00
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General arrangement

Calculate retaining wall geometry
Base length;

Saturated soil height;

Moist soil height;

Length of surcharge load;

- Distance to vertical component;
Effective height of wall;

- Distance to horizontal component;
Area of wall stem;

- Distance to vertical component;
Area of wall base;

- Distance to vertical component;

Using Rankine theory
At rest pressure coefficient;
Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Total;

Horizontal forces on wall
Surcharge load;

Ibase = ltoe + tstem = 1710 mm

hsat = hwater + dcover = 1650 mm
Rmoist = Nret - hwater = 0 Mm

lsur = Iheel = 0 mm

Xsur v = lbase - lheet / 2 = 1710 mm
heff = hbase + dcover + hret = 1800 mm
Xsur_h = heft / 2 =900 mm

Astem = hstem X tstem = 0.347 m?
Xstem = ltoe + tstem / 2 = 1605 mm
Abase = lbase X toase = 0.257 m?
Xbase = lbase / 2 = 855 mm

Ko =1 - sin(¢'rx) = 0.500

Kp = (1 + sin(¢'o.x)) / (1 - sin(¢'o.x)) = 3.000

Fstem = Astem X Ystem = 8.7 KN/m
Foase = Abase X base = 6.4 KN/m

Fiotalv = Fstem + Fbase + Fwater v = 15.1 KN/m

Fsur_h = Ko x Surchargea X hett = 1.4 kN/m




Project Job Ref.
28 Burghley Road SDS187
Section Sheet no./rev.
SD Structures Building Control Approval 173
107 Fleet Street, London Calc. by Date Chied by Date App'd by Date
EC4A 2AB
St com RC 26/06/2017 MD 26/06/2017

Saturated retained soil;
Water;
Moist retained soil;

Base soil;
Total;

Moments on wall
Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Moist retained soil;
Total;

Check bearing pressure
Propping force;

Distance to reaction;
Eccentricity of reaction;
Loaded length of base;
Bearing pressure at toe;
Bearing pressure at heel;
Factor of safety;

Fsat_h = Ko X (vsr' - Y') X (hsat + hbase)?/ 2 = 10.7 KN/m

Fuater_h = Yw' X (Nwater + deover + hbase)? / 2 = 15.9 kN/m

Fmoist_h = Ko x ’Ymr' X ((heff - hsat - hbase)2 /2 + (heff - hsat - hbase) X (hsat +
hbase)) = 0 KN/m

Fpass_h = -Kp x ' X (dcover + hbase)2 /2 =-0.6 kN/m

Fiotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater h + Fsur h = 27.3 KN/m

Mstem = Fstem X Xstem = 13.9 KNm/m

Mbase = Fbase X Xbase = 5.5 KNm/m

Msur = -Fsur_n X Xsur_h = =1.2 KNm/m

Msat = -Fsat h X Xsat h = =6.4 KNm/m

Mwater = -Fwater_h X Xwater_h = =9.5 KNm/m

Mmoist = 'Fmoistfh X Xmoist_h = 0 kKNm/m

Miotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur = 2.2 KNm/m

Fprop_base = Ftotal_h = 27.3 KN/m
X = Miotar / Frotalv = 148 mm
€= X- lbase /2 = =707 mm
load = 3 X X = 443 mm
Qtoe = 2 X Frotal v / lioad = 68.1 kN/m?
Qheel =0 kN/m?
FoSbp = Poearing / Max(Qtoe, gheel) = 1.469

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Library item: Bearing FoS output
Retaining wall design

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1 and EN1996-1-1:2005 incorporating Corrigenda dated February 2006 and

July 2009 and the UK National Annex

Tedds calculation version 2.9.00

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class;

Characteristic compressive cylinder strength;
Characteristic compressive cube strength;
Mean value of compressive cylinder strength;
Mean value of axial tensile strength;

5% fractile of axial tensile strength;

Secant modulus of elasticity of concrete;
Partial factor for concrete - Table 2.1N;
Compressive strength coefficient - ¢l.3.1.6(1);
Design compressive concrete strength - exp.3.15;
Maximum aggregate size;

Reinforcement details

Characteristic yield strength of reinforcement;
Modulus of elasticity of reinforcement;

Partial factor for reinforcing steel - Table 2.1N;
Design yield strength of reinforcement;

C30/37

fok = 30 N/mm?

fek,cube = 37 N/mm?2

fem = fek + 8 N/mm? = 38 N/mm?

fetm = 0.3 N/mm? x (fo / 1 N/mm?)23 = 2.9 N/mm?
fetk,0.05 = 0.7 X fotm = 2.0 N/mm?

Ecm = 22 KN/mm?2 x (fem / 10 N/mm?)0-3 = 32837 N/mm?
vc =1.50

occ = 0.85

fod = dlee X fex / o = 17.0 N/mm?

hagg = 20 mm

fyk = 500 N/mm?

Es = 200000 N/mm?
vs=1.15

fya = fyk / ys = 435 N/mm?
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Cover to reinforcement
Top face of base; Cot = 35 mm
Bottom face of base; Cob = 35 mm

Masonry details - Section 3.1

Masonry type;

Normalised mean compressive strength;
Characteristic flexural strength - ¢l.6.3.4(1);
Initial shear strength - Table NA.5;

Mortar details - Section 3.2
Mortar type;
Compressive strength of mortar;

Ultimate limit states - Table NA.1

Class of execution control;

Category of manufacture control;

Partial factor for direct or flexural compression;
Partial factor for flexural tension;

Partial factor for shear;

Characteristic strengths of concrete infill - Table
Concrete infill strength class;

Characteristic compressive strength;

Characteristic shear strength;

Design shear strength;

Shear force - Combination No.1 - kN/m

Loading details - Combination No.1 - kN/m?

2]

Autoclaved aerated concrete - Group 1
fo = 10.4 N/mm?

fxk = 0 N/mm?2

fuko = 0.2 N/mm?

General purpose - M12, prescribed mix

fm = 12 N/mm?
1

2

e = 2.3

= 2.3

v = 2.0

3.2

C30/37

fok,infil = 256 N/mm?2
fovkinfil = 0.45 N/mm?
fevd,infil = fevkinfit / ymv = 0.225 N/mm?2

Bending moment - Combination No.1 - kNm/m

97.85%"]5.06

Check stem design at base of stem
Depth of section;

Hollow wall details
Face shell thickness;
Web shell thickness;

Masonry characteristics

Compressive strength constants - Table NA.4;
Characteristic compressive strength - cl.3.6.1.2(1);
Design compressive strength;

-32

2

t=210 mm

tshet = 44 mm
tweb = 44 mm

K =0.55
fk = K x 627 x min(fm, fo, 12 N/mm?)%8 = 5.72 N/mm?
fa = min(fx, fekinfin) / yme = 2.487 N/mm?
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Design flexural strength; fxd = fuc / ymt = 0 N/mm?
Height of masonry; hwt = hstem = 1650 mm
Compressive axial force combination 0; Fx = vaf X Ystem X hwt X t = 8.7 KN/m
Moment combination 0; Mx = Yat X Ystem X hwt X 12/ 2 = 0.9 kKNm/m
Eccentricity of axial load; e = max(abs(t/ 2 - Mx/ Fx), 0.05 xt) = 10.5 mm
Capacity reduction factor - exp.6.4; d=1-2xe/t=09
Design vertical resistance - exp.6.2; Nrd = ® x t x fa = 470 kN/m
Design vertical compressive stress; od = min(Fx/t, 0.15 x Nra / 1) = 0.041 N/mm?
Apparent design flexural strength - exp.6.16; fxd.app = fxd + 0d = 0.041 N/mm?
Characteristic shear strength - exp.3.5; fuk = min(fuko + 0.4 x 64, 0.065 x fp) = 0.217 N/mm?
Design shear strength; fvd = fuk / ymv = 0.108 N/mm?
Reinforced masonry members subjected to bending, bending and axial loading, or axial loading - Section 6.6
Design bending moment combination 1; M =18.1 kNm/m
Tension reinforcement provided; 12 dia.bars @ 220 c/c
Area of tension reinforcement provided; Asrprov = TT X ¢si? / (4 X Ssr) = 514 mm3/m
Depth to tension reinforcement; d =140 mm
Minimum area of reinforcement - ¢l.8.2.3(1); Asrmin = 0.0005 x d = 70 mm?/m
Lever arm - exp.6.23; z=dxmin(1 - 0.5 X Asr.prov X fya / (d X fg), 0.95) = 95 mm
Moment of resistance - exp.6.22 and exp.6.24a; MRd = min(Asr.prov X fyd x z, 0.4 x fg x d?) = 19.5 KNm/m
M/ Mgd = 0.929

PASS - Moment of resistance exceeds applied design moment

Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V =32.004 kN/m
Design shear resistance - exp.6.40; VRrd = min(fva, feva,infin) x d = 15.155 KN/m
V/Vrd=2.112

FAIL - Design shear resistance is less than applied design shear force

Horizontal reinforcement parallel to face of stem

Minimum area of reinforcement - ¢l.8.2.3(4); Asxreq = 0.0005 x d = 70 mm?/m
Transverse reinforcement provided; 10 dia.bars @ 200 c/c
Area of transverse reinforcement provided; Asxprov = Tt X §sx® / (4 X Ssx) = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe

Depth of section; h =150 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M =22 kNm/m
Depth to tension reinforcement; d=h-Cob-¢pb/2 =109 mm

K =M/ (d? x fek) = 0.062

K'=0.207

K’ > K - No compression reinforcement is required

Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 103 mm
Depth of neutral axis; x=25x(d-2z)=16 mm
Area of tension reinforcement required; Abbreq = M/ (fyd x 2) = 493 mm?2/m
Tension reinforcement provided; 12 dia.bars @ 200 c/c
Area of tension reinforcement provided; Abb.prov = Tt X dbb? / (4 X Sob) = 565 mm3/m
Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 X fetm / fyk, 0.0013) x d = 164 mm?/m

Maximum area of reinforcement - cl.9.2.1.1(3); Apb.max = 0.04 x h = 6000 mm?/m
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max(Abb.req, Abb.min) / Abb.prov = 0.872

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3

Limiting crack width;

Variable load factor - EN1990 — Table A1.1;
Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;
Mean value of concrete tensile strength;
Reinforcement ratio;

Modular ratio;

Bond property coefficient;

Strain distribution coefficient;

Maximum crack spacing - exp.7.11;
Maximum crack width - exp.7.8;

Rectangular section in shear - Section 6.2
Design shear force;

Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;

Wmax = 0.3 mm

y2=0.6

Msis = 16.2 kNm/m

0s = Msis / (Aob.prov X Z) = 278.4 N/mm?

Long term

ki = 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2) = 44746 mm?>/m
feteft = fom = 2.9 N/mm?

Pp.eff = Abb.prov / Aceff = 0.013

Oe = Es / Ecm = 6.091

ki =0.8
ka=0.5
ks =3.4
ka = 0.425

Sr.max = K3 X Cbb + K1 X k2 X K4 X ¢bb / pp.eff = 280 mm
Wk = Sr.max X Max(0s — kt X (feteff / pp.eff) X (1 + Ole X ppeefr), 0.6 X Gs) / Es
wk = 0.252 mm
Wk / Wmax = 0.84
PASS - Maximum crack width is less than limiting crack width

V =18.3 kN/m
Crdc=0.18/vc = 0.120
k = min(1 + V(200 mm / d), 2) = 2.000
pr = min(Aob.prov / d, 0.02) = 0.005
Vmin = 0.035 N"2/mm x k32 x f«9-% = 0.542 N/mm?
VRd.c = max(Crd.c X k X (100 N¥mm* x pi x fek) 3, Vimin) x d
VRd.c = 65.3 KN/m
V / VRdc = 0.280
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2);

Maximum spacing of reinforcement — ¢l.9.3.1.1(3);

Transverse reinforcement provided;
Area of transverse reinforcement provided;

Abxreq = 0.2 X Abb.prov = 113 mmZ/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = T X 0bx? / (4 X Sbx) = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 200 c/c
horizontal reinforcement “
parallel to face of stem

12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details

12 dia.bars @ 220 c/c

Gl el g




