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

In accordance with EN1993.11:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS cseuiation vesion 3014

Load Envelope -combination 1

ending Moment Envelope

Support conditions.

Support A Vertically restrained
Rotationaly free
Support B Vertically restrained

Rotationaly free
Applied loading
Beam loads Permanent self weight of beam x 1

il - Permanent ful UDL 0.1 kNim

Hoist - Permanent point Ioad 0.5 kN at 2500 mm
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Hoist - Variable point load 3 kN at 2500 mm
Load combinations.
Load combination 1 Support A Permanent x 1.35
Variable x 150
Permanent x 1.35
Variable x 150
Support B Permanent x 1.35
Variable x 150

Analysis results

Maimum moment M= 7.6 kNm Mrn =0 kNm
Maimum shear Vrs=3.5 KN Vrn=-3.5KN
Deflection Srec=4.5mm 0= 0 mm

Maimum reaction at support A Rarec=3.5 KN Ramn=35kN

Unfactored permanent oad reaction at support A Ra pemans = 0.9 kN
Unfactored variable load reaction at support A Ravarase = 1.5 KN
Maimum reaction at support 8 Re rax=3.5 KN
Unfactored permanent oad reaction at support B Rs pemans = 0.9 kN
Unfactored variable load reaction at support8 R yarase = 1.5 KN

35k

Section details
Section type UKB 152x89x16 (Tata Steel Advance) Steelgrade  S275
i
b
‘ i
T
s
‘Section classification Class 1

Check shear - Section 626
Design shear force Ver=3kN Design shear resistance Veoss=129.8 kN
PASS - Design shear resistance exceeds design shear force.

Check bending moment - Section 6.2.5
Design bending moment Mg =7.6 kiim Des bending resistmoment  Moso = 33.9 kNm

Slenderess ratio for lateral torsional buckling

LTB slendemess ratio Tir=1.347 Limiting slenderess ratio Tiro=0.400
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JAir> Jira- Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1
Des bucking resistmoment Mo = 17.1 kNm
PASS - Design buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads

Limiting deflection

Maximum deflection 459 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993.1-1:2005)

In accordance with EN1993.11:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calcustion version 3.0.14.

Load Envelope -combination 1

ending Moment Envelope

i
| £ )

w Shearsorce Enveope.
o | son0 |

Support conditions.

Support A Vertically restrained
Rotationaly free
Support B Vertically restrained

Rotationaly free

Applied loading

Beam loads Permanent self weight of beam x 1
Roof - Permanent full UDL 2.4 kKNim
Roof - Variable ful UDL 1.2 kN/m
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Load combinations
Load combination 1 Support A Permanent x 135
Variable x 150
Permanent x 135
Variable x 150
Support B Permanent x 135
Variable x 150
Analysis results
Maimum moment M= 16.5 KN Mrn =0 kNm
Maimum shear Vrs=13.2kN Vrn=-13.2kN
Deflection Srec=3.4mm
Maimum reaction at support A Rarec=13.2KN Ramn=132kN
Unfactored permanent oad reaction at support A Ra pemans = 6.5 kN
Unfactored variable load reaction at support A Rayarase = 3 KN
Maimum reaction at support 8 Rerec=13.2kN
Unfactored permanent oad reaction at support B Rs pemans = 6.5 kN
Unfactored variable load reaction at support 8 Rs yarase = 3 KN
Section details
Section type UKB 178x102x19 (Tata Steel Advance) Steelgrade  S275
i
¥
i
T
Section classification Class 1
Check shear - Section 6.2.6
Design shear force Ver=13kN Design shearresistance  Vema = 156.4 kN
PASS - Design shear resistance exceeds design shear force
Check bending moment - Section 6.2.5
Design bending moment  Mea = 16.5 kNm Des bending resistmoment  Maso = 47.1 kNm

Slenderess ratio for lateral torsional buckling

LT slendemess ratio Tir=1331

Limiting slendemess ratio Hare=

400

JAir> ira- Lateral torsional buckling cannot be ignored
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Design resistance for buckling - Section 6.3.2.1
Des bucking resistmoment  Myso = 24.2 kKNm
PASS - Design buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads

Limiting deflection B

3.9 mm Maximum deflection 429 mm
PASS - Maximum deflection does not exceed deflection limit
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TIMBER RAFTER DESIGN (BS5268.

@% degrees

Rafter details
Breadth of tmber sections
Rafter spacing

Clear length of span on slope
Timber strength class
Section properties.

Cross sectional area of rafter
Radius of gyration

Loading details

Rafter self weight

Imposed snow load on plan
Modification factors
Section depth factor

002

5=450 mm
La=2442 mm
c16

A=7050 mm?
3 mm

0.02kNm

Fu= 0.60 kNim?

Kr=1.08

Consider long term Ioad condition

Load duration factor
Notional bearing length

=100
L=5mm

Depth of timber sections
Rafter span
Rafter slope

Section modulus
Second moment of area

Dead load on siope.
Imposed point load

Load sharing factor

Total UDL perp. to rafter
Effective span

TEDDS calcstion version 1003

’pri

2=176250 mm?
3218750 mm¢

Fa=1.20 kNin?
Fp=090 kN

F=0.460 kNim
Ler= 2447 mm
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Check bending stress at purlin
Permissible bending stress  on an = 6.292 Nimm? ‘Applied bending stress G max= 1.952 Nimm?
PASS - Applied bending stress within permissible limits
Check compressive stress parallelto grain at purlin
Permissible comp. stress o sam = 5.115 Nimm? Applied compressive stress e pax = 0.197 Nimm?
PASS - Applied compressive stress within permissible limits
Check combined bending and compressive stress parallel to grain at purlin
Combined loading check ~ 0.352 <1
PASS - Combined compressive and bending stresses are within permissible limits
Check bending stress in lower portion of rafter
Permissible bending stress o an = 6.292 Nimm? ‘Applied bending stress = 1.098 Nimm?
PASS - Applied bending stress within permissible limits
Check compressive stress parallel to grain in lower portion of rafter
Permissible comp. stress o sam = 5.115 Nimm? Applied compressive stress e pas = 0.267 Nimm?
PASS - Applied compressive stress within permissible limits
Check combined bending and compressive stress parallel to grain in lower portion of rafter
Combined loading check ~ 0.229 <1
PASS - Combined compressive and bending stresses are within permissible limits
Check shear stress
Permissible shear stress  <am = 0.737 Nimm? Applied shear stress e = 0.150 Nimm?
PASS - Applied shear stress within permissible limits
Check deflection
Permissible deflection e =7.340 mm Total deflection arax=0.872 mm
PASS - Total defiection within permissible limits
Consider medium term load con
Load duration factor k=125 Total UDL perp.torafter = 0.641 kNim
Notional bearing length Lo=7mm Effective span Ler=2448 mm

Check bending stress at purlin
Permissible bending stress  on an = 7.865 Nimm? ‘Applied bending stress o rax= 2.726 Nimm.
PASS - Applied bending stress within permissibe limits
Check compressive stress parallelto grain at purlin
Permissible comp. stress o sam = 6.114 Nimm? Applied compressive stress e pas = 0.275 Nimm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain at purlin
Combined loading check ~ 0.397 <1
PASS - Combined compressive and bending stresses are within permissible limits
Check bending stress in lower portion of rafter
Permissible bending stress  on an = 7.865 Nimm? ‘Applied bending stress G ax= 1.533 Nimm
PASS - Applied bending stress within permissibe limits
Check compressive stress parallel to grain in lower portion of rafter
Permissible comp. stress o sam = 6.114 Nimm? Applied compressive stress ¢ par = 0.373 Nimm?
PASS - Applied compressive stress within permissible limits
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Check combined bending and compressive stress parallel to grain in lower portion of rafter
Combined loading check  0.260 < 1
PASS - Combined compressive and bending stresses are within permissible limirs
Check shear stress
Permissible shear stress Tz = 0.921 Nimm? ‘Applied shear stress o = 0.209 Nimm2
PASS - Applied shear stress within permissible limits
Check deflection
Pemmissible deflection 5am=17.345 mm Total deflection Srac=1.219 mm
PASS - Total deflection within permissible limis

Consider short term load condition
Load duration factor k=150 Total UDL perp. to rafter 0.460 kNim
Notional bearing length Le=8mm Effective span Ler=2450 mm

Check bending stress at purlin
Permissible bending stress  on an = 9.438 Nimm? ‘Applied bending stress s = 2.918 Nimm.
PASS - Applied bending stress within permissible limits
Check compressive stress parallel to grain at purlin
Permissible comp. stress oz sm = 6.988 Nimm? Applied compressive stress e rax = 0.271 Nimm®
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain at purlin
Combined loading check ~ 0.352 <1
PASS - Combined compressive and bending stresses are within permissible limits
Check bending stress in lower portion of rafter
Permissible bending stress  on an = 9.438 Nimm? ‘Applied bending stress = 3.060 Nimmé.
PASS - Applied bending stress within permissible limits
Check compressive stress parallel to grain in lower portion of rafter
Permissible comp. stress o sm = 6.988 Nimm? Applied compressive stress ¢ par = 0.327 Nimm®
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain in lower portion of rafter
Combined loading check ~ 0.377 <1
PASS - Combined compressive and bending stresses are within permissible limirs
Check shear stress
Permissible shear stress 1tz = 1.106 Nimm? ‘Applied shear stress o = 0.307 Nimm2
PASS - Applied shear stress within permissible limits
Check deflection
Pemmissible deflection Bam=T7.349 mm Total deflection Srax= 2414 mm
PASS - Total deflection within permissible limis
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Project Loo, Howden December 2020
Structural Calculations for the Proposed Alterations.

Revi

n History

Issue 01 First Issue

Project Deliverables

“This document includes the structural calculations for the following elements at Howden
public Toilets:
« Design of all steelwork for the new ridge beam and support beams for the new hoist
system
«  Allassociated padstones and end bearing requirements
« Foundation layout and design
«  Rafters for the new roof.

All calculations are contained within pertaining to the above elements,
‘The following drawings are included within this document
o TCE-2084-DRG-01REV A: Plan on Proposed Foundation, Ground Floor & Roof,
& Details

Notes

All dimensions to be confirmed on site prior to construction.
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