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Scope of Calculations

These calculations have been prepared at the request of the owner of the above property. The calculations
cover the structural design of roof construction over proposed extension and beams and lintels to support roof,
floor and wall construction over openings.

No warranty is given by the issue of the calculations to the structural integrity of any other part of the proposed
building for which calculations or structural advice has not been specifically requested or given

Building Regulations Approval

The owners of the property are advised that the approval of the Local Planning and/or Building Control should
be obtained prior to any ordering of materials or fabrication. No responsibility is accepted for any changes that
may be required as a result of work having proceeded before such approvals have been obtained.

Measurements and Dimensions

Dimensions and details for the purpose of the calculations have been taken from AutoCAD Drawings provided
by the Architect for the scheme.

The person responsible for carrying out the Works should ensure that all assumptions and dimensions used in
the calculations are checked on site before ordering of materials or fabrication. Any discrepancies or
dimensions found to be significantly different from that assumed should be brought to the attention of the
undersigned, so that such discrepancy can be checked, and if necessary, the calculations amended.

Design References

Structural design has been based on any or all of the following:

e Building Regulations — Approved Document A

EN1990 - Basis of Structural Design.

EN1991 - Actions on Structures.

EN1992 - Design of Concrete Structures.

EN1993 - Design of Steel Structures.

EN1994 - Design of Composite Steel and Concrete Structures.
EN1995 - Design of Timber Structures.

EN1996 — Design of Masonry Structures.

EN1997 - Geotechnical Design

Liability
Nothing in the Contract confers nor purports to confer on any third party any benefit nor any right to enforce
any terms of this Contract pursuant to the Contracts (Rights of Third Parties) Act 1999.

Copyright

The design report including any calculations, sketches, drawings and schedules are the copyright of Andrew
Hannett Limited who will retain ownership until the account has been settled in full. The information contained
herein shall not be shared with or issued to third parties for construction, approvals or any other purposes until
the account has been settled in full. Andrew Hannett Limited reserve the right to withdraw the design report at
any point until the account has been settled in full.
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CONSTRUCTION (DESIGN & MANAGEMENT) REGULATIONS CDM2015

The design reflected in this design report has been developed for Building Regulations and Construction
purposes. Our appointment as Principal Designer stops after issue of this design package.

The Domestic Client duties under CDM2015 must be undertaken by the Contractor, or where there is more
than one contractor, the Principal Contractor. Contractors in Domestic Projects must be aware of their Client
duties under the Construction (Design and Management) Regulations 2015. Should this not be the case, then
further guidance must be sought. Additional guidance in relation to the duties of the various parties is
available on the HSE website.

In accordance with the Construction (Design & Management) Regulations 2015 it is our policy to 'Design Out'
as many identifiable risks as possible for the construction, maintenance and demolition of the project. A
Competent Contractor should be aware of 'normal' risks involved with the construction process. Unusual
and/or significant residual risks that cannot be eliminated as part of the design process are listed below:

1. None Identified.

Safe methods and systems of work remain the responsibility of the Principal Contractor and must be identified
in the Construction Phase Plan. A Construction Phase Plan must be drawn up for every project by the
Contractor or Principal Contractor.

If any party using this design package considers or identifies any 'Abnormal’ or 'Unusual’ risks that have not
been identified above they should share this with the project team immediately.

Health and Safety File — when our appointment as Principal Designer ends we will pass the Health and Safety
File to the Principal Contractor. The Principal Contractor will be responsible for developing this and handing it
to the Client on completion. The CITB has developed an app for iOS and Android platforms to aid in the
compilation of Health and Safety Files.

Calculation Pages, Sketches and Drawings contained herein:
Calculation pages 1 to 41 inclusive.
Sketches SKO01 - 06 including notes.

. /"’_"hﬁj l
Signed: C W_.g& ) Date: 29 Apr. 22

Andrew Hannett. B.Eng(Hons), C.Eng, MICE
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EXTENSION AND ALTERATIONS

Provide calculations in support of structural design of roof construction over proposed extension and beams
and lintels to support roof, floor and wall construction over openings.

Loadings
Roof Slates/Tiles 0.55
Battens 0.05 Snow Load = 0.75 KN/m?
Felt 0.03
Trusses 0.15
0.78 kN/m?z = 0.78 = 0.84 kN/m2 (plan)
(slope) €0s 22
Roof Slates/Tiles 0.55
(warm roof constn) Battens 0.05
Felt 0.03 Snow Load = 0.75 kN/m?
Rafters 0.15
Insulation 0.05
P’board & skim 0.18
1.01kN/mz = 1.01 = 1.05 kN/m? (plan)
(slope) cos 15
Ceiling Ties 0.10
Insulation 0.05 Imposed = 0.25 kN/m?2
P'board & skim 0.18
0.33 kN/m?
Floor Boards 0.15
Joists 0.15 Imposed = 1.5 kN/m?
Ceiling 0.18
Partitions 0.25
0.73 kN/m?
Walls Block & plaster 1.6 KN/m?
Block & 2 plaster 1.8 kKN/m?
Block & render 1.8 kKN/m?
Brick 2.1 kKN/m?
Assumptions:

¢ Roof construction to main part of property comprises trussed rafters spanning between
the front and rear elevations.
o First floor construction spans onto rear elevation.
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RAFTERS RAF

TIMBER RAFTER DESIGN (BS5268-2:2002)

Cgf 15 degrees

Rafter details

Breadth of timber sections

Depth of timber sections

Rafter spacing

Rafter slope

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

Timber strength class

Section properties

Cross sectional area of rafter
Section modulus

Second moment of area
Radius of gyration

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

Modification factors
Section depth factor
Load sharing factor

Consider long term load condition
Load duration factor

Total UDL perpendicular to rafter
Notional bearing length
Effective span

Check bending stress
Bending stress parallel to grain

TEDDS calculation version 1.0.03

/

2934

—

b =47 mm

h =170 mm

s =400 mm

o =15.0 deg

Leh = 3800 mm

Lo = Lein / cos(a) = 3934 mm
Single span

C24

A =b x h=7990 mm?
Z=bxh?/6=226383 mm3

I =b x h3/12 = 19242583 mm*
r=v(/A)=49.1 mm

Fj=b x h x pchar X Gacc = 0.03 kN/m
Fa = 0.86 kN/m?

Fu=0.75 kN/m?

Fp =0.90 kN

Kz = (300 mm / h)%'" = 1.06
Ks =1.10

Ks =1.00

F = Fa x cos(a) x s + Fj x cos(a) = 0.359 kN/m
Lo =F x Lo/ [2 x (b x 6cp1 x Kg - F)] = 6 mm
Leff = Lot + Lb = 3940 mm

om = 7.500 N/mm?
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Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

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

Om_adm = om x K3 x K7 x Kg = 8.782 N/mm?
Om_max = F x Lef / (8 X Z) = 3.075 N/mm?
PASS - Applied bending stress within permissible limits

cc = 7.900 N/mm?
Emin = 7200 N/mm?
K12 = 0.52
Gc_adm = 0c X K3 x Kg x K12 = 4.538 N/mm?
oc max = F x Lert x (cot(a) + 3 x tan(a)) / (2 x A) = 0.401 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = 1% x Emin / A2 = 11.026 N/mm?
Keu =1 — (1.5 x 6c_max x K12/ ce) = 0.971

om_max / (6m_adm x Keu) + 6¢c_max / 6c_adm = 0.449 <1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection
Total deflection

Consider medium term load condition

Load duration factor

Total UDL perpendicular to rafter
Notional bearing length

Effective span

Check bending stress
Bending stress parallel to grain
Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

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

7 =0.710 N/mm?
Tadm = T x K3 x Kg = 0.781 N/mm?
Tmax = 3 x F x Lett / (4 x A) = 0.133 N/mm?
PASS - Applied shear stress within permissible limits

8adm = 0.003 x Leff = 11.819 mm
S =5 x F x Left* / (384 x Emean x |) = 5.416 mm
8s =12 x F x Lef? / (5 x Emean x A) = 0.155 mm
Smax = b + 3s = 5.570 mm
PASS - Total deflection within permissible limits

Kz =1.25

F = [Fu x cos(a)? + Fqg x cos(a)] x s + Fj x cos(a) = 0.639 kN/m
Lb =F x Lot/ [2 x (b x 6cp1 x Kg - F)] =10 mm

Leff = Lol + Lo = 3944 mm

om = 7.500 N/mm?
om_adm = om x K3 x K7 x Kg = 10.977 N/mm?
om max = F x Let® / (8 x Z) = 5.486 N/mm?
PASS - Applied bending stress within permissible limits

cc = 7.900 N/mm?
Emin = 7200 N/mm?
K12 =0.47
Gc_adm = 6c X K3 x Kg x K12 = 5.147 N/mm?
oc max = F x Lert x (cot(a) + 3 x tan(a)) / (2 x A) = 0.715 N/mm?
PASS - Applied compressive stress within permissible limits

Job No. 2022/070




SCHEME Page No. 7

Initials Date

5 Willow Court, Bangor-on-Dee Prepared by AH 04/22

Extension and Alterations Checked by

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = 12 x Emin / 22 = 11.001 N/mm?
Keu =1 — (1.5 x 6c_max x K12/ ce) = 0.954

om_max / (6m_adm x Keu) + 6¢_max / 6c_adm = 0.663 <1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection
Total deflection

Consider short term load condition

Load duration factor

Total UDL perpendicular to rafter
Notional bearing length

Effective span

Check bending stress
Bending stress parallel to grain
Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

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

7 =0.710 N/mm?
Tadm = T x K3 x Kg = 0.976 N/mm?
Tmax = 3 x F x Leff / (4 x A) = 0.236 N/mm?
PASS - Applied shear stress within permissible limits

8adm = 0.003 x Ler = 11.833 mm
S =5 x F x Leit* / (384 x Emean x |) = 9.684 mm
8s =12 x F x Lef? / (5 x Emean x A) = 0.276 mm
Smax = 8b + 8s = 9.961 mm
PASS - Total deflection within permissible limits

Ks =1.50

F = Fa x cos(a) x s + Fj x cos(a) = 0.359 kN/m

Lo = [F x Lo + Fp x cos(a)] / [2 x (b x 6ept x Kg - F)] =9 mm
Leff = Lot + Lb = 3943 mm

om = 7.500 N/mm?
Om_adm = om x K3 x K7 x Kg = 13.173 N/mm?
om max = FxLef?/(8xZ)+Fpxcos(a)xLef/(4xZ) = 6.866 N/mm?
PASS - Applied bending stress within permissible limits

cc = 7.900 N/mm?

Emin = 7200 N/mm?

K12 =0.43

Gc_adm = 0¢c X K3 x Kg x K12 = 5.616 N/mm?

oc_max = FxLefx(cot(a)+3xtan(a))/(2xA)+Fpxsin(a)/A = 0.431 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = 12 x Emin / A2 = 11.006 N/mm?
Keu =1 — (1.5 x 6c_max x K12/ ce) = 0.975

om_max / (6m_adm x Keu) + 6¢_max / 6c_adm = 0.611 <1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

7 =0.710 N/mm?

Tadm = T x K3 x Kg = 1.172 N/mm?

Tmax = 3 x F x Leff / (4 x A) + 3 x Fp x cos(a) / (2 x A) = 0.296 N/mm?
PASS - Applied shear stress within permissible limits
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Check deflection

Permissible deflection Sadm = 0.003 x Leff = 11.830 mm

Bending deflection 8b = Lef® x (5xFxLeft / 384 + Fp xcos(a)/ 48) / (Emean x 1) = 10.778 mm
Shear deflection 8s = 12 x Leff x (FxLeff +2xFp xcos(a))/(5 x Emean x A) = 0.346 mm
Total deflection Smax = 8b + s = 11.124 mm

PASS - Total deflection within permissible limits
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ROOF TRIMMER RT1

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

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

National Amendment No.1

1.560

0.0

Load Envelope - Combination 1

Tedds calculation version 1.7.04

mm |

1200

1.350

Load Envelope - Combination 2

l l

1200

Bending Moment Envelope

0.6 0.6

1.582

Shear Force Envelope

of7

0.0

-1.582

——

1200

-1.6

Applied loading

Beam loads

PL1 Gk
PL1 Qk
PL1 Gk
PL1 Qk

1

Permanent self weight of beam x 1
Permanent point load 0.600 kN at 400 mm
Variable UDL point load 0.500 kN at 400 mm
Permanent point load 0.600 kN at 800 mm
Variable UDL point load 0.500 kN at 800 mm
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PL2 Qk

Load combinations
Load combination 1

Load combination 2

Analysis results
Design moment
Total load on member

M =0.736 kNm
Whot = 3.164 kKN
Reactions at support A RA_max = 1.582 kN
Unfactored permanent load reaction at support A
Unfactored variable udl load reaction at support A
Unfactored variable pl load reaction at support A
Reactions at support B RB_max = 1.582 kN
Unfactored permanent load reaction at support B
Unfactored variable udl load reaction at support B
Unfactored variable pl load reaction at support B

Timber section details

Breadth of section b =47 mm
Number of sections N=1
Inclination of section 06 =15.0 deg
Timber strength class C24

Member details

Service class of timber 1

Length of span Lst =1200 mm
Length of bearing Lb =100 mm

Compression perpendicular to grain - cl.6.1.4

Variable PL point load 0.900 kN at 600 mm

Support A

Span 1

Support B

Support A

Span 1

Support B

Design shear

Ra min = 1.507 kN
RA_Permanent =0.616 kN
RA_variable upL = 0.500 kN
RA variable L = 0.450 kN

Re_min = 1.507 kN
RB_permanent = 0.616 kN
RB_variable upL = 0.500 kN
RB_variable PL = 0.450 kN

Depth of section
Breadth of member

Load duration

Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50
Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50
Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50

F =1.582 kN
h =170 mm
bb = 47 mm

Medium-term

Design compressive stress

6c.90.d = 0.337 N/mm?

Design compressive strength

fe.90.d = 1.538 N/mm?

PASS - Design compressive strength exceeds designh compressive stress at bearing
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Biaxial bending - cl 6.1.6
Des.bend.stress in maj.axis
Design bending strength

Shear - cl.6.1.7
Applied shear stress

Deflection - cl.7.2
Deflection limit

Gmy.d = 3.139 N/mm? Des.bend.stress in min.axis omzd = 3.042 N/mm?
fm.a = 14.769 N/mm?
PASS - Design bending strength exceeds design bending stress

7d = 0.443 N/mm? Permissible shear stress fv.d = 2.462 N/mm?
PASS - Design shear strength exceeds design shear stress

Siim = 4.800 mm Total final deflection Sfin = 0.808 mm
PASS - Total final deflection is less than the deflection limit
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ROOF TRIMMER RT2

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

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

National Amendment No.1

1.587 I

Load Envelope - Combination 1

Tedds calculation version 1.7.04

J

l

mm |

3800

1.350

Load Envelope - Combination 2

1

I
U

3800

Bending Moment Envelope

3.0

4.1
3800

kN
4.123

0.0

Shear Force Envelope

-3.121

-3.1

Applied loading

Beam loads

RT1 Gk
RT1 Qk
RT1 Gk
RT1 Qk

Permanent self weight of beam x 1
Permanent point load 0.620 kN at 800 mm
Variable UDL point load 0.500 kN at 800 mm
Permanent point load 0.620 kN at 1800 mm
Variable UDL point load 0.500 kN at 1800 mm
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UDL gk Permanent full UDL 0.400 kN/m

UDL gk Variable UDL full UDL 0.300 kN/m

PL2 Qk Variable PL point load 0.900 kN at 1700 mm

Load combinations
Load combination 1 Support A Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Span 1 Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Support B Permanent x 1.35
Variable UDL x 1.50
Variable PL x 0.00
Load combination 2 Support A Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50
Span 1 Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50
Support B Permanent x 1.35
Variable UDL x 0.00
Variable PL x 1.50

Analysis results

Design moment M =4.100 kNm Design shear F =4.123 kN
Total load on member Whot = 7.244 KN
Reactions at support A Ra max = 4.123 kN Ra_min = 3.027 kN

Unfactored permanent load reaction at support A Ra_Permanent = 1.690 kN
Unfactored variable udl load reaction at support A Ra_variable upL = 1.228 kN
Unfactored variable pl load reaction at support A Ra variable L = 0.497 kN
Reactions at support B Rs_max = 3.121 kN Re_min = 2.357 kN
Unfactored permanent load reaction at support B Rs_permanent = 1.298 kN
Unfactored variable udl load reaction at support B Rg_variable unL = 0.912 kN
Unfactored variable pl load reaction at support B RB_variable L = 0.403 kN

Timber section details

Breadth of section b =50 mm Depth of section h=175 mm
Number of sections N=2 Breadth of member bb =100 mm
Timber strength class C24

Member details

Service class of timber 1 Load duration Medium-term
Length of span Lst = 3800 mm

Length of bearing Lo =100 mm

In accordance with cl.6.6 the member is one of several similar and equally spaced members laterally connected by a
continuous load distribution system capable of transferring loads from one member to the neighboring members.
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Compression perpendicular to grain - cl.6.1.4

Design compressive stress

Bending - cl 6.1.6
Design bending stress

Shear - cl.6.1.7
Applied shear stress

Deflection - cl.7.2
Deflection limit

Gc90.d = 0.412 N/mm? Design compressive strength  fc.o0.4 = 1.692 N/mm?
PASS - Design compressive strength exceeds design compressive stress at bearing

omd = 8.032 N/mm? Design bending strength fm.d = 16.246 N/mm?
PASS - Design bending strength exceeds design bending stress

74 = 0.527 N/mm? Permissible shear stress fv.d = 2.708 N/mm?
PASS - Design shear strength exceeds design shear stress

Siim = 14.000 mm Total final deflection Sfin = 13.793 mm
PASS - Total final deflection is less than the deflection limit
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FLOOR BEAM FB1

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

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

National Amendment No.1

7.904

Load Envelope - Combination 1

Tedds calculation version 1.7.04

2200

Bending Moment Envelope

4.8
2200

Shear Force Envelope

2200

-8.7

Applied loading

Beam loads

UDL gk
UDL gk

Load combinations
Load combination 1

Analysis results

Design moment M =4.782 kNm

Permanent self weight of beam x 1

Permanent full UDL 1.800 kN/m
Variable full UDL 3.600 kN/m

Support A

Span 1

Support B

Design shear

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

F = 8.694 kN
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Total load on member Wiot = 17.389 kN

Reactions at support A RA_max = 8.694 kN Ra_min = 8.694 kN

Unfactored permanent load reaction at support A Ra_Permanent = 2.040 kN

Unfactored variable load reaction at support A RA_variable = 3.960 kN

Reactions at support B RB_max = 8.694 kN Rg_min = 8.694 kN

Unfactored permanent load reaction at support B Rp_permanent = 2.040 kN

Unfactored variable load reaction at support B RB_variable = 3.960 kN

Timber section details

Breadth of section b =47 mm Depth of section h=170 mm

Number of sections N=2 Breadth of member bb =94 mm

Timber strength class C24

Member details

Service class of timber 1 Load duration Long-term

Length of span Lst =2200 mm

Length of bearing Lo =100 mm

Compression perpendicular to grain - cl.6.1.4

Design compressive stress Gc.90.d = 0.925 N/mm?

Design compressive strength  fc.90.d = 1.346 N/mm?

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6

Design bending stress omd = 10.562 N/mm?

Shear - cl.6.1.7

Applied shear stress 14 = 1.218 N/mm?

Deflection - cl.7.2

Deflection limit Siim = 8.800 mm

fm.d = 12.923 N/mm?
PASS - Design bending strength exceeds design bending stress

Design bending strength

fv.d = 2.154 N/mm?
PASS - Design shear strength exceeds design shear stress

Permissible shear stress

Sfin = 5.674 mm
PASS - Total final deflection is less than the deflection limit

Total final deflection
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FLOOR BEAM FB2

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

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

annex

21.790

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

5100 J

Bending Moment Envelope

73.7
5100 |

Shear Force Envelope

-56.7
5100 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

FB1 Gk - Permanent point load 2 kN at 1200 mm

FB1 Qk - Variable point load 4 kN at 1200 mm

UDL1 gk - Permanent full UDL 7.5 kN/m

UDL1 gk - Variable full UDL 3.1 kN/m

UDL2 gk - Permanent partial UDL 1.5 kN/m from 1200 mm to 5100
mm

UDL2 gk - Variable partial UDL 3 kN/m from 1200 mm to 5100 mm
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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

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50

Mmax = 73.7 KNm Mmin = 0 KNm
Vmax = 55.3 kKN Vmin = -56.7 kKN
Smax = 12.2 mm Smin = 0 mm
RaA_max = 55.3 kN RaA_min = 55.3 kN
RA_permanent = 23.8 kN

RA variable = 15.4 kKN

RB_max = 56.7 kN Rs_min = 56.7 kN

RB_Permanent =24.1 kN
Rg variable = 16.1 kKN

UKB 254x146x37 (Tata Steel Advance)
S355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
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

Classification of cross sections - Section 5.5

t = max(tr, tw) = 10.9 mm
f, = 355 N/mm?

fu = 470 N/mm?

E =210000 N/mm?

ymo = 1.00
1 = 1.00
2 =1.10

Span 1 has lateral restraint at supports only

Ky = 1.000
Kz =1.000
Kir.a =1.000
Kirs = 1.000

£ = \[235 N/mm?/ f,] = 0.81

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

c=d=219 mm

c/tw=427xe<=72x¢ Class 1
c=(b-tw-2xr)/2=62.5mm
c/ti=70xe<=9x¢ Class 1
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Sectionis class 1

Check shear - Section 6.2.6
Height of web hw=h-2xt=234.2 mm
Shear area factor n =1.000
hw/tw<72x¢eln
Shear buckling resistance can be ignored

Design shear force VEed = max(abs(Vmax), abs(Vmin)) = 56.7 kN
Shear area - cl 6.2.6(3) Av=max(A-2xb xt+ (tw+ 2 x 1) x t, 1 x hw x tw) = 1759 mm?
Design shear resistance - ¢l 6.2.6(2) Verd = Vpird = Av x (fy / V[3]) / ymo = 360.6 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)) = 73.7 kNm

Design bending resistance moment - eq 6.13 Mec.rd = Mpird = Wpiy x fy / ymo = 171.5 KNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.94
C1=1/k?=1.132

Curvature factor g=1[1-(2/1y)] = 0.947

Poissons ratio v=0.3

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

Unrestrained length L =1.0 x Lst =5100 mm

Elastic critical buckling moment a=Cixm2xExlL/(L2xg)x V[lw/l+2x G x It/ (n2x E x I5)] =
111.7 kNm

Slenderness ratio for lateral torsional buckling At = V(Wi x fy / Mer) = 1.239

Limiting slenderness ratio MTo = 0.4

ALT> ALTo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - 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 oLT=0.5 x [1 + ot x ( ALT- ALTo) + B x ALt = 1.219
LTB reduction factor - eq 6.57 xut = min(1 / oot + V(o2 - B x Ar?)], 1, 1/ Ar?) = 0.557
Modification factor f=min(1-0.5x (1-ke)x [1-2x ( At-0.8)2], 1) = 0.982
Modified LTB reduction factor - eq 6.58 %LT,mod = min(yLt / f, 1) = 0.567

Design buckling resistance moment - eq 6.55 Mb,Rd = yLT.mod X Woiy x fy / ym1 = 97.3 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 8im = Ls1/ 360 = 14.2 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 12.211 mm
PASS - Maximum deflection does not exceed deflection limit
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FLOOR BEAM RB3 - BEARING (B)

MASONRY BEARING DESIGN TO BS5628-1:2005

Masonry details

Masonry type

Compressive strength of unit

Mortar designation

Least horizontal dimension of masonry units
Height of masonry units

Category of masonry units

Category of construction control

Partial safety factor for material strength
Thickness of load bearing leaf

Effective thickness of masonry wall
Height of masonry wall

Effective height of masonry wall

TEDDS calculation version 1.0.08

Aggregate concrete blocks (25% or less formed voids)
Punit = 3.6 N/mm?
iii

lunit = 100 mm
hunit =215 mm
Category |
Normal

m=3.1

t=100 mm

tef =135 mm

h =2400 mm

hef = 2400 mm

Beam to span in pla” ’
Spreader

Bearing details

Beam spanning in plane of wall
Width of bearing

Length of bearing

Compressive strength from Table 2 BS5628:Part
Mortar designation

Block compressive strength

Characteristic compressive strength (Table 2c)
Characteristic compressive strength (Table 2d)
Height of solid block

B =100 mm
lb =325 mm

1 - aggregate concrete blocks (25% or less formed voids)
Mortar = "iii"

punit = 3.6 N/mm?

fkc = 1.70 N/mm?

fkd = 3.50 N/mm?

hunit =215.0 mm
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Least horizontal dimension
Block ratio

Characteristic compressive strength

Loading details

Characteristic concentrated dead load
Characteristic concentrated imposed load
Design concentrated load

Characteristic distributed dead load
Characteristic distributed imposed load
Design distributed load

Masonry bearing type

Bearing type

Bearing safety factor

Check design bearing without a spreader

Design bearing stress
Allowable bearing stress

lunit = 100.0 mm
ratio = hunit / lunit = 2.2

Ratio between 0.6 and 4.5 - OK
fk = 3.50 N/mm?

Gk = 24 kN

Qk =16 kN

F =(Gk x 1.4) + (Qk x 1.6) = 59.5 kN
gk = 0.0 kN/m

gk = 0.0 kN/m

f=(gk x 1.4) + (gk x 1.6) = 0.0 KN/m

Not applicable
Ybear = 1.00

foa=F /(B x I) + f/t = 1.831 N/mm?
fep = yoear x fk / ym = 1.129 N/mm?

FAIL - Design bearing stress exceeds allowable bearing stress, use a spreader

Spreader details
Length of spreader
Depth of spreader
Edge distance

Spreader bearing type
Bearing type
Bearing safety factor

Check design bearing with a spreader

Is =330 mm
hs =215 mm
Sedge = Max(0 mm, Xedge — (Is - B) / 2) = 0 mm

Type 3
Ybear = 2.00

Loading acts eccentrically within middle third — triangular stress distribution

Eccentricity of load
Maximum bearing stress
Allowable bearing stress

e=(s—1I)/2=3mm
fa=Fx(1+(®xells))/(lsxt)+f/t=1.885N/mm?
fop = ybear x fk / ym = 2.258 N/mm?

PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level

Slenderness ratio

Eccentricity at top of wall

From BS5628:1 Table 7

Capacity reduction factor

Length of bearing distributed at 0.4 x h
Maximum bearing stress

Allowable bearing stress

het / tesr = 17.78

ex=0.0 mm
B =0.84
la = 1285 mm

foa = F / (la x t) + f/ t = 0.463 N/mm?2
fcp = '3 x fi / Ym = 0.952 N/mm?

PASS - Allowable bearing stress at 0.4 x h below bearing level exceeds design bearing stress
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FLOOR BEAM FB3

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

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

annex

12.610

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

5100 J

Bending Moment Envelope

41.0
5100 |

Shear Force Envelope

322
5100 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1
UDL gk - Permanent full UDL 7.2 kN/m
UDL gk - Variable full UDL 1.6 kN/m

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35
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Variable x 1.50

Analysis results

Maximum moment Mmax = 41 KNm Mmin = 0 KNm
Maximum shear Vmax = 32.2 kN Vmin = -32.2 KN
Deflection Smax = 6.9 mm Smin =0 mm
Maximum reaction at support A Ra max = 32.2 kN Ra_min = 32.2 kN
Unfactored permanent load reaction at support A Ra_Permanent = 19.3 kN

Unfactored variable load reaction at support A RA_variable = 4.1 kKN

Maximum reaction at support B RB_max = 32.2 kN Re_min = 32.2 kN
Unfactored permanent load reaction at support B Rs_permanent = 19.3 kN

Unfactored variable load reaction at support B RB_variable = 4.1 kKN

Section details
Section type UKB 254x146x37 (Tata Steel Advance) Steel grade S355
Section classification Class 1

Check shear - Section 6.2.6
Design shear force Ved = 32 kN Design shear resistance VcRrd = 360.6 kN
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 41 KNm Des.bending resist. moment Mcrd = 171.5 kNm

Slenderness ratio for lateral torsional buckling
LTB slenderness ratio AT =1.239 Limiting slenderness ratio ALT0 = 0.400
ALT> ALTo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1
Des.buckling resist. moment Mb,rd = 97.3 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 Sim = 14.2 mm Maximum deflection 8 =6.942 mm
PASS - Maximum deflection does not exceed deflection limit

Job No. 2022/070




5 Willow Court, Bangor-on-Dee

SCHEME PAGE No.

%,

Initials Date

Extension and Alterations

Prepared by

@I,

Checked by

5%

S\
2%

)

3n%0

B
"L‘/O

Wod L ExSen: 2oenn

\det Wl — By = 9‘\\’2.\94 + \-DS\\*le’),\ = ko’]\A 3
EEAS

B - Oty 20 = Bav\
e Viuden Borfe-loo Wik 80 3okl 5
J

v L Bikgen = Qoomn
Vapets, & Wk w\_—O\U V=2 = 22LMA
G\V DI < Mo lin

s B o s lw@pen B

\N\\M \3 ’(}\'%&(\' \Senn
ooy 0 e ot oy — e (ESBNEIIECTNY
Ve Vipo Sh-Go el BuL 1l o

U

\Nm\ﬁkbi ab;\@l\' W song

W, — @L: \ 02y - 22840

A= D24 - [FPAPAV N
tI Vo — depis — Jer tP0A- \Seln

Ly

Yoo e 233y 3out + DS el Ny - Y12

Wi

QbE?rP\ He= Dooum Se\»}
Nedoh wa o Ll — NigA- 120l

W%Mw Udeioed .—.—_’ib, B - lox2s s ASkMank,

e \oox \mox S0 SE fovktn |

b No. 2022/070



" GREATER
SUPPORT"

WALL WIDTHS

100mm-215mm

BOX/K-100

Used to support openings in 100mm wide walls.
Lintels may be propped to facilitate speed of
construction. See Installation on page 6.

i S
P I RS,

Standard Load

Manufactured length | 600- 1650- |2250- |2550- |2850- |3750- |4350- -‘V
150mm increments 1500 2100 2400 2700 3600 4200 4800 _
©
Height 'h’ 75 150 150 150 215 215 215 E
o
Thickness 1.6 2.0 2.0 2.5 2.5 2.5 :z
Total UDL kN 15 25 20 30 25 20 )
L |
Used to support openings in 100mm wide walls. — 95 —
Manufactured length | 600- 1650- |2250- |2550- |2850- |3750- |4350- [ ] T
150mm increments 1500 2100 2400 2700 3600 4200 4800 L
©
Height 'h’ 150 150 150 150 215 215 215 g
o
Thickness 1.6 2.0 2.0 2.0 2.5 2.5 2.5 £
<
Total UDL kN 15 30 25 20 35 30 25
W | WD | WY l
Used to support openings in 150mm wide walls. 145

38

Manufactured length | 600- 1650- |2250- |2550- |2850- |3750- |4350-
150mm increments 1500 2100 2400 2700 3600 4200 4800

Height 'h’ 150 150 150 150 215 215 215 T
Thickness 1.6 2.0 2.0 2.0 2.5 2.5 2.5 '%
Total UDL kN 15 30 25 20 30 25 20 E

1

The flange of the BOX/K-200 is designed to support a nominal masonry load only up to a maximum of 3kN per metre run.
Used to support openings in 215mm wide walls. 1 200 |

PLEASE NOTE OTHER CAVITY WIDTHS AND LOADING CONDITIONS ARE AVAILABLE. keystonelintels.com
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LINTEL L2

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

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

National Amendment No.1

5.436

Tedds calculation version 1.7.04

Load Envelope - Combination 1

2400 J

Bending Moment Envelope

3.9
2400 J

Shear Force Envelope

6.5
2400 J

Applied loading

Beam loads

UDL gk
UDL gk

Load combinations
Load combination 1

Analysis results

Design moment M = 3.914 kNm

Permanent self weight of beam x 1
Permanent full UDL 2.200 kN/m
Variable full UDL 1.600 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

Design shear F = 6.523 kN
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Total load on member Wiot = 13.045 kN

Reactions at support A RA_max = 6.523 kN Ra_min = 6.523 kN

Unfactored permanent load reaction at support A Ra_Permanent = 2.698 kN

Unfactored variable load reaction at support A RA_variable = 1.920 kN

Reactions at support B RB_max = 6.523 kN RB_min = 6.523 kN

Unfactored permanent load reaction at support B Rp_permanent = 2.698 kN

Unfactored variable load reaction at support B RB_variable = 1.920 kN

Timber section details

Breadth of section b =47 mm Depth of section h=170 mm

Number of sections N=2 Breadth of member bb =94 mm

Timber strength class C16

Member details

Service class of timber 1 Load duration Medium-term

Length of span Lst = 2400 mm

Length of bearing Lo =100 mm

Compression perpendicular to grain - cl.6.1.4
Design compressive stress

Gc.90.d = 0.694 N/mm?

Design compressive strength  fc.90.d = 1.354 N/mm?

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6

Design bending stress omd = 8.644 N/mm?

Shear - cl.6.1.7

Applied shear stress 14 = 0.914 N/mm?

Deflection - cl.7.2

Deflection limit Siim = 9.600 mm

fm.d = 9.846 N/mm?
PASS - Design bending strength exceeds design bending stress

Design bending strength

fv.d = 1.969 N/mm?
PASS - Design shear strength exceeds design shear stress

Permissible shear stress

Sfin = 8.290 mm
PASS - Total final deflection is less than the deflection limit

Total final deflection

Job No. 2022/070




" GREATER
SUPPORT"

Cavity widths from 50mm-165mm

OUTER LEAF INNER LEAF

102mm | 100mm
S/K

Blockwork built tight against inner face of the lintel.
Place mortar bed on top of blockwork before floor
units are laid to provide even distribution of load.
Lintels may be propped to facilitate speed of
construction. See Lintel Installation on page 6.

Manufactured length [600- |1350-|1650-| 1950-|2250-| 2550-|2850- | 3150- |3750-|4200-
150mm increments 1200 | 1500 {1800 [2100 |2400 (2700 {3000 {3600 (4000 (4800
Height ‘h’ 88 |85 [107 [125 |150 [162 [171 [200 [200 |200 T
Thickness 16 (20 g |20 (20 |26 (26 (32 (32 |34 §
Total UDL kN 3:1 12 |16 21 (23 |27 |27 |27 |26 |27 E
Total UDLKN 19:1 |10 |13 N 17 |18 |22 |20 |20 |19 |22 SRR = 1

b— 95— 88 +—100—

110-125mm Cavity

Manufactured length | 600- 1650- 1950- 2250- 2850- 3150- 4200-
150mm increments 1500 1800 2100 2700 3000 4000 4800
Height 'h’ 97 113 125 163 193 193 218 I
Thickness 2.0 2.0 2.0 2.5 2.9 3.2 3.2 g
Total UDL kN 3:1 16 22 21 25 27 26 25 E
Total UDL kN 19:1 |13 18 17 20 22 19 20 1

f— 95— 105 }—100—

150-165mm Cavity

Manufactured length |600- 1650- 1950- |2250- 2850- 3150- | 4200-

150mm increments 1500 1800 2100 2700 3000 4000 4800

Height 'h’ 100 118 130 148 173 173 199 ! -l_;
Thickness 2.0 2.0 2.0 2.5 2.9 3.2 3.2 E
Total UDL kN 3:1 16 22 21 25 27 26 25 ¢ E
Total UDL kN 19:1 13 18 17 20 22 19 20

F—95 — 145 100 —

PLEASE NOTE OTHER CAVITY WIDTHS AND LOADING CONDITIONS ARE AVAILABLE. keystonelintels.com
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LINTEL L4

STEEL MASONRY SUPPORT

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

annex

Design summary

Tedds calculation version 1.0.02

Overall design status PASS
Overall design utilisation 0.925
Description Unit Allowable |Applied Utilisation |Result
Heel moment kNm/m 2.933 0.247 0.084 PASS
Deflection mm 1.9 0.1 0.072 PASS
Weld capacity kN/m 945.2 290.3 0.307 PASS
Shear force (major axis) kN 2156.5 17.3 0.080 PASS
Bending (major-axis) kNm 58.3 18.2 0.312 PASS
Bending (minor axis) kNm 24.3 1.2 0.049 PASS
Warping kNm 11.8 1.4 0.115 PASS
Bending and torsion 0.464 PASS
Plastic interaction 0.208 PASS
Torsion beam rotation deg 3.00 2.77 0.925 PASS
Torsion beam deflection mm 10.0 4.0 0.395 PASS
f—65—F-35-—50—
\ > 4 r | T
40— 115 A 8
Partial factors - Section 6.1
Resistance of cross-sections ™o =1
Resist. of members to instability =1
Resistance of joints ™2 = 1.25
Partial factor for permanent action ve =1.35
Partial factor for variable action ya=1.50
Partial factor for permanent action (favourable) vG_fav = 1.00
Partial factor for variable action (favourable) ya_fav = 0.00
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Steel beam section details
Torsion beam section type
Nominal yield strength

Nominal ultimate tensile strength
Masonry support section details
Section type

Steel grade - EN 10025-2:2004
Nominal thickness

Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

Total length of plate

Length of plate beyond outer edge of torsion beam

Supported materials detail

Density of masonry on torsion beam

Width of masonry on torsion beam

Height of masonry on torsion beam
Eccentricity of torsion beam masonry
Eccentricity of torsion beam material

Add perm. force torsion beam (not masonry)
Add var. force torsion beam (not masonry)
Density of masonry on support beam

Width of masonry on support beam

Height of masonry on support beam
Eccentricity of support beam masonry

Add perm. force support beam (not masonry)
Add var. force support beam (not masonry)

Geometry
Cavity width
Supported width of masonry

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

Maximum overall bending moment

Dist to NA combined section (CoG torsion beam)

Second moment of area of combined section
Elastic section modulus of combined section
Section modulus of plate

Force of masonry on support plate

Bending at heel

Moment capacity of plate

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

UB 203x133x30
f, = fyo = 275 N/mm?2
fu = futb = 410 N/mm?

Plate 275x8(155)
S275

thom,sb = tplate =8 mm
fy,sb = 275 N/mm?
fusb = 410 N/mm?
Esb = 210000 N/mm?
Iplate = 275 mm

Ih =155 mm

pmtb = 16.0 KN/m?3
bmt =100 mm
hmt = 50 mm
€load,tb = 85 mm

et =35 mm

Gk add,tb = 2.2 kKN/m
Qxkadd b = 1.6 KN/m
pmsb = 18.0 KN/m?3
bm,sb =100 mm
hm,sb = 50 mm
€load,sb = 115 mm
Gk add,sb = 1.5 kKN/m
Qk.add,sb = 0.0 KN/m

bcavity =100 mm
dm = I + tshim + €t - beavity = 90 mm

My,ed = 18.2 KNm
Znaall = (hto + tplate) x Api / (2 x (Ato + Apl)) = 39 mm
lyat = (Iyto + Atb X Zna,al?)+ Apl x (hto / 2 + tpiate / 2 - Zna,an)? = 4506 cm*
Zyal = lyai / (hio / 2 + tpiate - Zna,an) = 624.46 cm?
Zyplate = 1M x tplate? / (6 x 1m) = 10.67 cm3/m
F1 = (bmsb x hmsb x pm,sb + Gk,add,sb) X Y6 + Qkadd,sb X ya = 2.1 KN/m
My Ed,piate = F1 X €l0ad,sb = 0.2 KNm/m
My Rd,plate = Zy,plate X fy,sb / ymo = 2.9 KNm/m
PASS - Moment capacity of plate exceeds applied moment

61 = Mygd / Zyan = 29.1 N/mm?
Cip = (4 x fysp? - 3 x 512)°°% = 547.7 N/mm?
aits = (Crp? - 612) / (2 x Cfp x fy,s0) = 0.993
aus = My,Ed,plate / My,Rd,plate = 0.084

PASS - Transverse bending stress ratio less than allowable limit
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Deflection of plate

Unfactored force on support angle
Distance from weld to load position
Length of load resultant to edge of plate

Dist from weld to load position as ratio of length

Effective second moment of area
Deflection at end of plate
Deflection limit

F1ser = (bm,sb X hm,sb X pm,sb + Gk,add,sb) + Qk,add,sb = 1.6 KN/m
am = €loadsb = 115 mm
bm = In - €load,so = 40 mm
a=am/ (am + bm) = 0.742
left_def = tplate® / 12 = 42667 mm*/m
8= (a? x (3 -ai)/6)x (Fiser x (@m + bm)3) / (Esb x leff gef) = 0.14 mm
Sim = min((1 + dm / beavity) x 1mm, 2mm) = 1.90 mm
PASS - Deflection is within specified criteria

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

Shear force at weld position
Maximum possible force in plate

Longitudinal shear between beam and plate

Horizontal shear between beam and plate
Resultant weld force

Leg length of weld

Throat thickness of weld

Length of weld per metre run

Ultimate tensile strength used for weld
Correlation factor (table 4.1)

Design shear strength

Design resistance of weld

Eccentricities

Distance to shear centre of torsion beam
Eccentricity of support beam masonry
Eccentricity of torsion beam masonry
Eccentricity of support beam

Eccentricity of torsion beam

Torsional loading ULS (unfavourable)
Loading of support beam masonry
Loading of torsion beam masonry

Self weight of support beam

Self weight of torsion beam

Torsional loading ULS (favourable)
Loading of support beam masonry
Loading of torsion beam masonry

Self weight of support beam
Self weight of torsion beam

Torsional loading SLS (unfavourable)
Loading of support beam masonry
Loading of torsion beam masonry

Fa=F1xmax((1+ (3 x €oad,sb) / (2 x bw / 2)), 1.4) =7.7 KN/m
Fp = (Ih + min(btw, lpiate - In)) X tpiate x fy,so = 605.0 kN
Fi=2xFp/L=288.1 kN/m
Fn = F1 x €load,sb / (Sweld / 2 + tplate / 2) = 35.3 KN/m
Fuwed = (FA? + F2 + Frn?)0% = 290.3 kN/m
Sweld = 6.00 mm
aweld = 1/ V(2) x Sweid = 4.24 mm
lweild = 1000 mm/m
fuweld = min(fusp, fut) = 410.0 N/mm?
Bw =0.85
fuwd = fuweld / (V(3) x Pw x ym2) = 222.8 N/mm?
FwRrd = fuwd x aweld = 945.2 KN/m
PASS - weld capacity exceeds applied force

eot =0 mm

€m,sb = Eload,sb + btb / 2 =182 mm
emtb = bto / 2 - €iad,tb = =18 mm
€b,sb = Czsb + btn / 2 = 84 mm
€bto =0 mm

Wsb = (hm,sb X bm,sb X pm,sb + Gkadd,sb) X Y6 = 2.15 kKN/m

Wi = (hm,tb X bmtb X pmtb + Gkadd o) X Y6 + Qkaddtb x ya = 5.48 KN/m
Wsw,sb = Apl X PSEC3 X Jacc X Y6 = 0.23 KN/m

Wsw,tb = Atb X PSEC3 X Qacc x ya = 0.40 kN/m

Wsb_fav = (Nm,sb X bm,sb x pmsb + Gkadd,sb) X Y6_fav = 1.59 KN/m

Wib_fav = (hm,tb X bmtb X pm,to + Gkaddtb) X Y6_fav + Qkadd tb X YQ_fav = 2.28
kN/m

Wsw,sb_fav = Apl X PSEC3 X Jacc X YG_fav = 0.17 KN/m

Wsw,tb_fav = Atb X PSEC3 X Jace X YG_fav = 0.29 kN/m

Wsb,ser = Nm,sb X bm,sb % pm,sb t Gk,add,sb = 1.59 kKN/m

Wibser = hmto X Bm,tb X pmtb + Gk,add,to + Qkadd,tb = 3.88 KN/m
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Self weight of support beam Wsw,sb,ser = Apl X psec3 X Qacc = 0.17 KN/m

Self weight of torsion beam Wsw,tb,ser = Atb X pSEC3 X Jacc = 0.29 KN/m

Torsional effects

Applied torque (ULS +ve ecc. unfav, -ve ecc. fav)  Tdwfavt = absS(Wsb X €m,sb + Wib_fav X €m,tb + Wsw,sb X Eb,sb + Wsw,tb X €b,tb) =
0.37 kNm/m

Applied torque (ULS +ve ecc. fav, -ve ecc. unfav) Tdwfavz = absS(Wsb_fav X €m,sb + Witb X €m,tb + Wsw,sb_fav X €b,sb + Wsw,tb_fav X
ebtb) = 0.20 kNm/m

Applied torque (ULS all unfavourable) Taw = abs(Wsb X €m,sb + Wib X €m,to + Wsw,sb X Eb,sb + Wsw,tb X Ebth) = 0.31
kNm/m

Total torque (ULS) Ta = max(Taw, Tdwfav1, Tdwfavz) x L =1.55 KNm

Applied torque (SLS) Tdw,ser = abS(Wsb,ser X €m,sb + Wib,ser X €m tb + Wsw,sb,ser X Eb,sb + Wsw,tb,ser X
ebto) = 0.23 kNm/m

Total torque (SLS) Td,ser = Tdwser x L = 0.98 KNm

STEEL BEAM TORSION DESIGN (EN1993)

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

Tedds calculation version 1.0.04
Partial factors - Section 6.1
Resistance of cross-sections ymo =1
Resistance of members to instability i =1

Section details

Section type UB 203x133x30 (BS4-1)
Steel grade - EN 10025-2:2004 S275

Nominal thickness of element thom = max(ts, tw) = 9.6 mm
Nominal yield strength fy = 275 N/mm?

Nominal ultimate tensile strength fu =410 N/mm?

Modulus of elasticity E = 210000 N/mm?
Shear centre

Distance between flange shear centres hs =h-t=197.2 mm
Shear centre (above bottom flange centroid) espf = hs/2=98.6 mm

Analysis results
Design bending moment - major axis My.ed = 18.2 KNm
Design shear force - major axis Vyed =17.3 kN

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

Width of section c=d=172.4 mm
C/tw=26.9=291xeg<=72x¢ Class1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=56.2mm
c/t=58=6.3xeg<=9x¢ Class 1
Sectionis class 1
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Torsional loads

UDL 1.5

¥ 4200 A
Torsional loading

Load No. Load type Load (kNm) Distance along beam (mm)
1 UDL 1.5 -

Rotation ¢ (SCI P385 Appendix C Case 4)
d=Taxa?/(Gsecs x lkx L) x ((x x L-x2)/(2x a?) + cosh(x/a)-tanh(L /(2 x a)) x sinh(x/a) - 1)
Additional minor moment due to rotation, Mzadd,ed = My,ed x ¢

Additional minor design moment due to rotation Mz,add,ed = 1.19 KNm

St Venant ¢' (SCI P385 Appendix C Case 4)
¢'=Taxa/(GsecaxltxL)x(L/(2xa)-x/a+sinh(x/a)-tanh(L/ (2 x a)) x cosh(x/ a))
Design value of the internal St Venant torsion moment Tted = Gsecs x It x ¢'

St Venant torsion design moment Tted = 0.43 KNm

Warping ¢" (SCI P385 Appendix C Case 4)

¢" =Ta/(Gsecs x lt x L) x (-1 + cosh(x / a) - tanh(L / (2 x a)) x sinh(x / a))
Warping design moment, Mw,eq = Esecs x lw x ¢" / hs

Warping design moment Mw,ed = 1.36 KNm

Warping torsional ¢™ (SCI P385 Appendix C Case 4)
¢" =Ta/ (Gsecs x lt x L x @) x (sinh(x/ a) - tanh[L / (2 x a)] x cosh(x / a))

Warping torsional design moment, Tw,ed = Esecs x lw x ¢
Warping torsional design moment TwEed = 0.35 kKNm

Check shear - Section 6.2.6
Height of web hw=h-2 x tr=187.6 mm
n =1.000
hw/tw=29.3=317xe/n<72x¢ln
Shear buckling resistance can be ignored

Design shear force Vyed =17.33 kN

Shear area - cl 6.2.6(3) Av=max(A-2xb xtr+ (tw + 2 x r) x t;, n x hw x tw) = 1458 mm?

Design shear resistance - cl 6.2.6(2) VpiyRd = Av x (fy / V(3)) / ymo = 231.4 kN

Shear stress due to St Venant torsion Tted = Tted X tw / |t = 26.43 N/mm?

Reduced shear resistance due to torsion - eq 6.26  Veyrd = VpiTyrd = V(1 - teed / (1.25 x (fy / V(3)) / ym0)) x Vpiy,rd = 215.5
kN

Vy.ed / Vpi,Ty,Rd = 0.08
PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment My.ed = 18.2 kKNm
Design bending resistance moment - eq 6.13 Mec.y,Rd = MplLy,Rd = Wiy x fy / ymo = 86.5 KNm
My.ed / Mpi,y,rd = 0.21
PASS - Design bending resistance moment exceeds design bending moment
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Slenderness ratio for lateral torsional buckling

Loading factor C+ C1=1.127

Loading factor C2 C2=0.454

Loading factor C3 Cs =0.52

Poissons ratio v=0.3

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

Unrestrained effective length L =4200 mm

Distance from shear centre to level of load
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

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

Zg = (hto / 2 x Wb - htb / 2 x Wsb) / (Wib + Wsb) = 45.2 mm
Mer = C1 x 12 x E x Iz / (Kzor x L2) x (N((Kzor / kw,er)2 x lw /12 + L2 x G x It/
(2 x E x Iz) + (C2 x zg)?) - (C2 x zg)) = 75.6 KNm
T = V(Woly x fy / Mer) = 1.069
ATo=0.4
Lateral torsional buckling cannot be ignored

b

ot = 0.34

B=0.75

DLr=0.5x (1+awrx ( AT- ALTO) + B x ALT?) = 1.042

xLt = min(1 / (OLr + V(@2 - B x Acr?)), 1,1/ Ar?) = 0.657
f=min(1-0.5x (1 -ke) x [1-2 x ( At -0.8)3, 1) = 0.975
YLT.mod = min(ycr / f, 1,1/ ALt?) = 0.674

Mb,Rrd = yLT.mod X Whiy x fy / ym1 = 58.3 kNm

My.ed / Mby,rd = 0.312

PASS - Design buckling resistance exceeds design buckling moment

MzEd,total = Mzed + Mz,add,ed = 1.2 KNm
MczRd = Mpi.zRd = Wpiz x fy / ymo = 24.3 KNm
Mz,ed,total / Mpi,zRd = 0.049

PASS - Design bending resistance moment exceeds design bending moment

Check warping moment

Warping moment in flange

Plastic modulus of flange

Design warping resistance of flange

Mw,ed = 1.36 KNm

Whis = ti x b2/ 4 = 43.03 cm®

Mw,rd = Whpis x fy / ymo = 11.83 KNm
Mw.Ed / Mwrd = 0.115

PASS - Bending resistance in one flange exceeds the design warping moment

Combined bending and torsion (EN1993-6 Annex A)

Equiv. uniform moment factor (parabolic curve)
Characteristic moment resistance - y axis
Characteristic moment resistance - z axis
Characteristic warping resistance

Interaction factors

Cmz =0.95

My,rk = Wpiy x fy = 86.5 kNm

Mzrk = Wpiz x fy = 24.3 KNm

Mw,rk = Wi x fy = 11.8 kNm

kw=0.7 - 0.2 x Mwed / (MwRrk / ym1) = 0.68
kzw = 1 - MzEd total / (Mzrk / ym1) = 0.95

ke =1/(1-Mygd/ Mer) = 1.32
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Interaction formula eqn A.1

Plastic verification - Exp.6.41

Serviceability limit checks
Rotation limit
Rotation of torsion beam

Vertical deflection limit
SLS loading on beam
Vertical deflection of torsion beam

My.ed / (Lt X My,Rrk / yM1) + Cmz x MzEd total / (MzRk / yM1) + Kw X Kzw X Ko %
Mw.ed / (Mwrk / ym1) = 0.464
PASS - Combined bending and torsion check satisfied

(My,ed / Mply,rd)? + MzEd,total / Mpl,zRd + Mw,Ed / Mw,rd = 0.208
PASS - Plastic interaction criterion is less than 1.0

dsertim = 3.00 deg
dser = Mzadd,ed x 180 / (My,ed x y6 x 1) = 2.77 deg
PASS - Rotation limit exceeds rotation in torsion beam
Svim = 10.0 mm
fd,ser = Wsb,ser + Wib ser + Wsw,sb,ser + Wsw,tbser = 5.93 KN/m
Sv =5 x fyser x L*/ (384 x Esp x lyn) = 4.0 mm

PASS - Vertical deflection limit exceeds vertical deflection in torsion beam
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POST P1

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

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

annex

5.250

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

2700 |

Bending Moment Envelope

4.8
2700 |

Shear Force Envelope

7.1
2700 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

UDL wk - Variable full UDL 3.5 kN/m

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50
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Analysis results

Maximum moment Mmax = 4.8 KNm Mmin = 0 KNm

Maximum shear Vmax = 7.1 kN Vmin = 7.1 kKN

Deflection Smax = 4.1 mm Smin =0 mm

Maximum reaction at support A RA_max = 7.1 kN Ra_min = 7.1 kN

Unfactored variable load reaction at support A RA_variable = 4.7 kN

Maximum reaction at support B Re_max = 7.1 kN Re_min = 7.1 kN

Unfactored variable load reaction at support B

Section details
Section type
Steel grade

Rg variable = 4.7 kN

SHS 100x100x5.0 (Tata Steel Celsius (Gr355 Gr420 Gr460))
S355H

EN 10210-1:2006 - Hot finished structural hollow sections of non-alloy and fine grain steels

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
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

Classification of cross sections - Section 5.5

t=5.0 mm

fy = 355 N/mm?

fu =470 N/mm?

E =210000 N/mm?

ymo = 1.00
1 = 1.00
2 =1.10

Span 1 has lateral restraint at supports only

Ky = 1.000
Kz =1.000
Kir.a =1.000
Kirs = 1.000

£ = \[235 N/mm?/ f,] = 0.81

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

Width of section

c=h-3xt=85mm
oa=min([h/2+Ned/(2xtxf)-1/c, 1)=0.587

Internal compression parts subject to compression only - Table 5.2 (sheet 1 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)

c/t=209%xe<=39%6 xe/ (13 xa-1) Class 1
c=b-3xt=85mm
c/t=209xe<=33x¢ Class 1

Section is class 1

hw=h-2x1t=90 mm
n =1.000
hw/t<72x¢ln

Shear buckling resistance can be ignored
Ved = max(abs(Vmax), abs(Vmin)) = 7.1 KN
Av=Axh/(b+h)=937 mm?
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Design shear resistance - cl 6.2.6(2) Verd = Vpird = Av x (fy / V[3]) / ymo = 192 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)) = 4.8 KNm
Design bending resistance moment - eq 6.13 Mec.rd = Mpird = Wpiy x fy / ymo = 23.6 kKNm
Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6 ke = 0.94
C1=1/k?=1.132
Curvature factor g=1
Poissons ratio v=0.3
Shear modulus G=E/[2x(1+v)]=80769 N/mm?
Unrestrained length L =1.0 x Lst =2700 mm
Elastic critical buckling moment Mar=Cixm2xExl/(L2xg)xV[L2x G x It/ (n? x E x ;)] =600.9
kNm
Slenderness ratio for lateral torsional buckling At = V(Woly x fy / Mor) = 0.198
Limiting slenderness ratio MTo = 0.4

AT < AiTo - Lateral torsional buckling can be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 d

Imperfection factor - Table 6.3 ot = 0.76

Correction factor for rolled sections B=0.75

LTB reduction determination factor oLt = 0.5 x [1 + ot x ( ALT- ALTo) + B x ALt?] = 0.438
LTB reduction factor - eq 6.57 xut = min(1 / oo + V(o2 - B x )], 1, 1/ Ar?) = 1.000
Modification factor f=min(1-0.5 x (1-ke)x [1-2x( ALt -0.8)%, 1) = 0.992
Modified LTB reduction factor - eq 6.58 %LT,mod = Min(yLt / f, 1) = 1.000

Design buckling resistance moment - eq 6.55 Mb,Rd = %LTmod X Whiy x fy / ym1 = 23.6 KNm

PASS - Design buckling resistance moment exceeds design bending moment

Check compression - Section 6.2.4

Design compression force Ned = 17.3 kN

Design resistance of section - eq 6.10 Nc,Rrd = Npi,rd = A x fy / ymo = 665 kN
Slenderness ratio for major (y-y) axis buckling

Critical buckling length Lery = Lst x Ky = 2700 mm

Critical buckling force Nery = 72 x Esecs x ly / Lery? = 794.5 kN
Slenderness ratio for buckling - eq 6.50 Ay = V[A x fy / Nery] = 0.915

Design resistance for buckling - 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)+ A,2]=0.994
Buckling reduction factor - eq 6.49 xy = min(1/[oy + V(dy? - A2)], 1) = 0.724
Design buckling resistance - eq 6.47 Nby,rd = xy X A x fy / ym1 = 481.5 kN

PASS - Design buckling resistance exceeds desigh compression force

Slenderness ratio for minor (z-z) axis buckling
Critical buckling length Lerz = Lst_segt x Kz = 2700 mm
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Critical buckling force Nerz = 12 x Esecs x Iz / Ler, 2 = 794.5 kN

Slenderness ratio for buckling - eq 6.50 %z = V[A x fy / Nerz] = 0.915

Design resistance for buckling - Section 6.3.1.1

Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1 oz =0.21

Buckling reduction determination factor $z=05x[1+azx( Az-0.2)+ 2,2 =0.994

Buckling reduction factor - eq 6.49 xz=min(1/ [0z + V(02 - 1A)], 1) = 0.724

Design buckling resistance - eq 6.47 NbzRrd = %z x A x fy / ym1 = 481.5 kN

PASS - Design buckling resistance exceeds design compression force

Combined bending and axial force - Section 6.2.9
Bending and axial force check - eq 6.33 & 6.34 Ned <= min(0.25 x Npird, 0.5 x hw x t x fy / ymo)
No allowance on the plastic moment need to be accounted for due to the effect of axial force

Check combined bending and compression - Section 6.3.3

Equivalent uniform moment factors - Table B.3 Mhy = 0 KNm
Msy =5 kNm
yy = 1.000

COlhy = Mhy / Msy =0.000
Cmy =0.95 + 0.05 x any = 0.950

Mhz = 0 kNm

Msz = 0 kKNm

vz = 1.000

Cmz=0.6+0.4 x yz=1.000
MhLt = 0 KNm

MsLt = 5 KNm

it = 1.000

ohLT = MhLt / MstT = 0.000
CmLt = 0.95 + 0.05 x anLt = 0.950

Interaction factors ki for members not susceptible to torsional deformations - Table B.1

Characteristic moment resistance Mgk = Wiy x fy = 23.6 kNm

Characteristic resistance to normal force Nrk = A x fy = 665 kN

Interaction factors kyy = Cmy x [1 + min( Ay - 0.2, 0.8) x Nea / (xy x Nr / ym1)] = 0.974
kzy = 0.6 x kyy = 0.585

Interaction formulae - eq 6.61 & eq 6.62 Ned / (y x Nrk / ym1) + Kyy x Med / (LT x MRk / ym1) = 0.234

Ned / (yz x Nrk / ym1) + Kzy x Med / (3L x MRk / ym1) = 0.155
PASS - Combined bending and compression checks are satisfied

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection 8im = Ls1 /360 = 7.5 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 4.127 mm
PASS - Maximum deflection does not exceed deflection limit
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