‘Hudds Design

Structural & Architectural Engineering
DESIGN CONSULTANTS

PLANNING AND BUILDING CONTROL; CALCULATIONS & DRAWINGS

Office: 103-105 Bradford Road
Huddersfield, HD1 6DZ

Office: 01484 941051

Web: www.huddsdesign.com

Email: eng@huddsdesign.com

STRUCTURAL CALCULATIONS
FOR

MR C GADDES
@

PLOT 1,2&5 WINDMILL HILL QUARRY, BRIERLEY

ROAD, BARNSLEY, S72 7AJ.

Design Summary: (See Sheet A1)

Notes:
- All dimensions and Beam Lengths to be confirmed and checked by builder on site
prior to works commencing and materials being ordered
- All Beam Heights and Levels to be agreed with client on site.
- All steel to be minimum grade S275 (UNO)
- All Timber / Timber Packing to be minimum grade C16 (UNO)
- Minimum end bearing for steel to be 100mm (UNO)
- Minimum end bearing for timber to be 100mm
- Minimum end bearing for lintels to be 150mm
- All welded connections for steel to be minimum 6mm fillet welds all round
connecting member (UNO)
- All Beams to have minimum fire protection of 30 minutes or as required by building
regulations
- All new masonry blockwork to be minimum 7.3 N/mm? strength
- All returns and loadbearing walls as shown on Architects drawings and mark ups
- All concrete to be minimum grade C30
- All ground conditions to approval of local authority / building inspector
- All temporary support works to builder/contractor’s specification
- All party wall notices and approvals are client/contractor’s responsibility.
- Hudds Design has not been appointed as CDM coordinator and is the responsibility of
the builder.
ISSUED FOR BUILDING CONTROL APPROVAL: 9" October 2021
HUDDS DESIGN Ref: HD-S21-1009-Rev.1
T Thelnstitution eng@huddsdesign.com
' ’Er::i“?uln 3 ofStructural wxi%.huddsdesiin.com
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Structural & Architectural Engineering
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PLANNING AND BUILDING CONTROL; CALCULATIONS & DRAWINGS

SHEET Al

Refer to sketch mark ups for references
Refer to Architects drawings for dimensions
DESIGN SUMMARY
‘Floor FFJ’ First Floor Joists

75x200mm Deep Timber Joists @400mm Ctrs

Min Grade C24
‘Trimmer T1’ Double Up Floor Joists
‘Lintel L1’ IG L1/HD 100 Cavity Wall Lintel
‘Lintel L2’ Naylor R6 100x140mm Deep Concrete Lintel per 100mm Wall
‘Lintel L3’ Boot Lintel 203x203x71 UC with 10mm plate fully welded to bottom

Min 6mm fillet welds
400x100x215mm Deep Concrete Padstones
Min 200mm End Bearing

‘Lintel L4’ Boot Lintel 152x152x37 UC with 10mm plate fully welded to bottom
Min 6mm fillet welds
200x100x215mm Deep Concrete Padstones

‘Windpost WP’ 100x100x8 SHS with fixings top and bottom
Fixed top and Bottom using 10mm cleats fully welded with 2 No. M12
grade 8.8 bolts. Fixings to wall plate, floor joists, steel beams as required.
Ties at 225mm Ctrs

‘Raft Foundation’ Refer to Sketch A9
200mm Thick Reinforced Concrete Raft Slab
2 Layers A393 Mesh Top and Bottom (2 Top & 2 Bottom)

Provide Edge & Internal Beam Thickenings
450x450mm with 3 No. T20 Bars (Top & Bottom)

With 10mm Shear Links @ 200mm Ctrs
Min Grade C30 Concrete
Min 40mm Cover

' Enaineering Thelnstitution eng@huddsdesign.com
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HU D Ds DESIGN Praject:  Plot 1,2&5 Windmill Hill Quarry. Brierley Road, Bamsley, S72 7Al | Job No: HD-521-1009
Structural Engineering Consultant | Calcs For Rafl Foundation RF | ;:.Lagrte: A8 [Rew
E“:‘:;gﬁ.mg:;ﬁo;m CalcsBy: JT | POl 1510121 |Checked: JA i | Approved: |Scale: 1:10@A4 |
300
[N
NOTES:
. All concrete min C30N/mm?

External Wall

-~

N
X}IX

F
N

AR

All reinforcement high yield S00N/mn¥

Min 40mm cover to all reinforcements

Min 150 mm compacted hardcore on fill as required on site
All masonry 7N strength

200mm Thick
|~ Concrete Rafl Slab

450

= | "= 2 Layer A393 Mesh
Top & Bottom (Edges and Main Slab)

— [DFM 1o Architect Details

150

[ r—‘-'-'-_
50mm Sand and Binding
150mm Min Well Compacted
Hardcore Soil

Raft Edge Thickening 450x450 mm with 3no
T20 Bars Top and Bottam With T10 Shear
Links @200mm CTRS




HUDDS DESIGN |Project  Piot 1,285 Windmill Hill Quarry, Brierley Road, Bamsiey. 572 7AJ | Job No: HD-521-1008
Stant
Structural Engineering Consultant | C2lcs For Raft Foundation p:;E: A10|Rew:
www.huddsdesign.com cHed
E : eng@huddsdesign.com Calcs By: JT Sg:‘: 15/1021 |Checked: JA ingﬂ: Approved: Scale: 1:10@A4
- 100mm Internal Load

™

/ Bearing Wall (7N)

Z Lovots n32 ot
1 Layer B785 Mesh
Top & Bottom

,;;f/

E

|__—— 200mm Thick Concrete Rafl
Slab

]

| — DPM o Architect Details

“--——— 50mm Sand and Binding
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—— 150mm Min Well Compacied
Hardcore Scil

Raft Edge Thickening 450x450 mm with 3no
T20 Bars Top and Bottom With T10 Shear

Links @200mm CTRS

;ME concrate min C30N/mm?

All reinforcement high yield S00N/mn¥
Min 40mm cover to all reinforcements
Min 150 mm compacted hardcore on fill as required on site

All masonry 7N strength
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STRUCTURAL CALCULATIONS

Address: Plot 1,2&35 Windmill Hill Quarry, Brierley Road, Barnsley, S72 7AJ,
Calculations for:

New Build.

DESIGN LOADINGS

Walls

Inner Skin = 0.1 x 20 kN/m? = 2.0 kN/m® — (Block)
Outer Skin = 0.1 x 24 kN/m*= 2.4 kN/m? — (Stone)
Total =4.4kN/m’

Roof — (Tiles)
Dead Loads = 1.3 kN/m*
Imposed Loads = 0.6 kN/m?®
Total =1.9 kN/m?
Floor — (Timber)
Dead Loads = 1.0 kN/m? — (Allow for Stud Partition Loads)

Imposed Loads = 1.5 kN/'m*

Total =2.5 kN/m*
Floor — (Raft Slab)
Dead Loads = 1.2 kN/m? (Additional Self-Weight Included in Calculation)

Imposed Loads = 2.5 kN/m* (Garage)
Total =3.7 kN/m*

: Inelnstitution eng@huddsdesign.com
Engineerin £d L
Co%ncil' e ﬂ%tgfgteueg’ www, huddsdesign.com



g S Project | Job na.
Hudds Design Plot 1,2&5 Windmill Hill Quarry, Brierley Road, Barnsley, 572 HD-S21-1009
Structural Engineering Consultants
Hudds Design Cales for Start page no./Revision
103 - 105 Bradford Road First Floor Joists (FFJ) FFJ-1
Hddenini Caics by | Caics date Checked by Checkeddate  |Approvedby | Approved dale
HOLInZ JT 12/10/2021 JA 05/05/2021

TIMBER JOIST DESIGN (BS5268-2:2002)

Tedds calculation version 1.1.04

Joist details

Joist breadth b=75mm Joist depth h =200 mm
Joist spacing s =400 mm Service class of timber 1

Timber strength class c24

(e 4100 |

Span details
Number of spans Mepan = 1 Length of bearing Ls =100 mm

Clear length of span Ls1 = 4100 mm

« 75>

- 100—»

Section properties

Second moment of area | = 50000000 mm* Section modulus Z = 500000 mm?®
Loading details

Joist self weight Fsw: = 0.05 kN/m Dead load Fa_va = 1.00 kN/m?
Imposed UDL{Long term) Five = 1.50 KN/m?

Imposed point load (Medium) Fip=1.40 kN

Consider long term loads

Design bending moment M= 2.209 kNm Design shear force V=2186 kN

Design support reaction R =2.156 kN Design deflection & = 7.426 mm

Check bending stress

Permissible bending stress Om_adm = 8.626 N/mm? Applied bending stress om_max = 4.419 Nfmm?

PASS - Applied bending stress within permissible limits




o5 = Project Job na.

Hudds Design Plot 1,2&5 Windmill Hill Quarry, Brierley Road, Barnsley, 572 HD-521-1009

Structural Engineering Consultants

Hudds Design Cales for Start page no./Revision
103 - 105 Bradford Road First Floor Joists (FFJ) FFJ-2
Huddersfield | Cales by Calcs dale Checked by Checked date Approved by | Approved dale
i : JT 12/10/2021 JA 05/05/2021 |

Check shear stress

Permissible shear stress Tadm = 0.781 N/mm?

Check bearing stress

Permissible bearing stress Oc_ssm = 2,640 N/mm?

Check deflection

Permissible deflection Haom = 12.300 mm

Consider medium term loads
Design bending moment
Design support reaction
Check bending stress
Permissible bending stress

M = 2.384 kNm
R=2.326 kN

om_adm = 10.783 N/mm?

Check shear stress

Permissible shear siress Taan = 0.976 Nimm?

Check bearing stress

Permissible bearing stress oc_adm = 3.300 Nimm?
Check deflection

Permissible deflection Bagm = 12.300 mm

Applied shear stress Tmax = 0,216 Nimm?
PASS - Applied shear stress within permissible limits

Applied bearing stress Oc_max = 0.287 N/mm?
PASS - Applied bearing stress within permissible limits

Actual deflection 8=7426 mm
PASS - Actual deflection within permissible limits

V=2.326 kN
46=T7.081 mm

Design shear force
Design deflection

Applied bending stress om_max = 4.767 N/mm?
PASS - Applied bending stress within permissible limits

Applied shear stress tmax = 0.233 N/mm?
PASS - Applied shear stress within permissible limits

Applied bearing stress oo max = 0.310 N/mm?
PASS - Applied bearing stress within permissible limits

Actual deflection 6=7.081 mm
PASS - Actual deflection within permissible limits
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I LINTEL
GUIDE

Cavity Wall

Cavity widths from 50mm to 165mm

#AD- S21- oD
L{‘ﬂ

|Flintels are required to carry
loads not indicated on the
leved 1ables; please contact
1G's Technical Department.
LINTEL HOTLINE

01633 486486

Fax Back Enguiry Forms are
alen avatable for download,

wwvkiglintals.com/technical

G Fastreck CALD Database s
accessibfe from iglintels.com

Heavy Duty Load

£, Lk g 1 A vl i b 50-65mm cavity
Manufactured length &00- | 1500 | 1450 | 1800- | 2250- | 3150- | 3750 moors
150mm increments 1350 2100 | 3000 | 3600 | 4000 (-
Height b’ 105 | 121 | 121 | 171 | 209 | 209 | 209 i T
]
g E
Thickness a2 | 32 |32 | 32 | 32 | 32 | 32 i E
; c
Total UDL kN 3:1 21 27 |z |32 | 3 | u | I
Tatal UDL kN 19:1 18 22 | 22 | 24 33 n |z
Manufactured length 400- | 1350- | 1650- | 2250- | 2700- | 3150- | 3750- -
150mm increments. 1200 | 1500 | 2100 | 2550 | 3ooo | 3s00 | 4200 Vi
Height *h’ 103 | 117 | 167 | 205 | 205 | 205 | 205 I
—————— N B | I— | = B
e 29 | 29 | 29 | 29 | 32 | 32 | 32 . &
- £
Total UDL kN 3-1 30 | 30 | 40 | 40 | 40 | 35 | 33 ) I
Total UDL kN 19:1 | 22 22 | 35 | 35 as 3z 28
Manufactured length 600- | 1350..{ 7680y | 2250- | 2700- | 3150- | 3750 o
150mm Increments 1200 | 1500 | 2100 )| 2550 | 3000 | 3600 | 4200 -
Height b 170 | 135 | 163 | 203 | 203 | 203 | 203 L T
.‘f""— Tg
Thickness 29 | 29 | 29 | 29 | 32 | 32 | 32 f;,. E
Total UDL kN 3:1 30 | 30 | 40 | 4 | 40 | 35 | 33 9 I
Total UDL kN 19:1 22 22 @ B | 35 32 28

DAMF PROOFING

Provide a damp proof course over all limels, Please see 1G installation detalls for guidance on page 12,
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P ” Project Job no.

Hudds Design Plot 1,285 Windmill Hill Quarry, Brierley Road, Barnsley, $72 HD-521-1009

Structural Engineering Consuftants

Hudds Design Cales for Start page no_/Revision
103-105 Bradford Rd Lintel L3 (Boot Lintel) L3-1
Huddersfield Cales by Calcs date Checked by Checked date Approved by Approved date
Hy Nz JT 12/10/2021 JA 05/05/2021

STEEL MASONRY SUPPORT

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 1.0.04

- 10— 00— pat—— D

e
L .

LS o i

4— 50— p-a— 50— '
Steel member details
Torsion beam UC 203x203x71 Masonry support angle plate
Steel grade of support angle  User Design strength support angle pyss = 275 Nimm?
Modulus of elasticity E = 205000 N/mm? Constant £=1,000
Length of plate beyond beam | =100 mm Total length of plate lpme = 300 mm
Thickness of plate tse = 10 mm Width of main beam Bmb = 206 mm
Area of plate Asou = 3000.0 mm? Dist weld position to CoG Cyyso = -50 mm
Supported materials detail
Density mas. main beam prmib = 20.0 KNim? Width masonry main beam  bams = 100 mm
Height masonry main beam oo = 3000 mm
Ecec. of main beam material ernt = 100 mm
Add dead force main beam Poagsms = 8.0 kN/m Add live force main beam Poggams = 5.9 kN/m
Density mas. support beam pmsh = 24.0 KN/m? Width masonry support beam  bmss = 100 mm
Height masonry support beam hmee = 3000 mm
Add dead force support beam  Pgasess = 0.0 kN/m Add live force support beam  Posgsss = 0.0 kN/m
Geometry
Cavity width ¢ =100 mm Supported width of masonry  dw =100 mm
Biaxial stress effects in the plate (SCI-P-110)
Max overall bending moment My =97.9 kNm Dist to NA combined section  yea =28 mm
Second moment of area locan = 10489 cm* Elastic section modulus Zicat = 1168.40 cm?®
Section modulus of plate Zuxpiae = 16,67 cm®/m Eccentricity on support beam &1 =50 mm
Force on support plate P1=10.1 kN/m Bending at heel Mapiate = 0.5 kNm/m

Moment capacity of plate M= 5.5 KNm/m
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PASS - Design strength exceeds stress at heel
Long stress overall bending o+ = 83.8 Nimm? Von Mises curve constant ¢ = 530.5 N/mm?
Trans bending stress ratio limit cus = 0.941 Trans bending stress ratio e = 0.092
PASS - Transverse bending stress ratio less than allowable limit

Deflection at toe

Unfact force on plate Pists = 7.2 kNim Distance from weld to load am =50 mm
Load resultant to edge of plate bn =50 mm Weld to load pos as ratio a = 0.500
Effect second mnt of inertia ~ lan_oet = 83333 mm%m Deflection at toe & =0.04 mm
Deflection limit Bim = 2.00 mm

PASS - Deflection is within specified criteria

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

Leg length of weld Sweid = B mm Throat size of weld Awels = 4.2 mm
Shear force at weld position  Ra=17.4 kN/m Max possible force in plate Rp = 842.6 kN

Long shear beam/plate Ri=383.0 kN/m Horizontal shear beamiplate Ry =83.0 kN/m
Resultant weld force Riuweis = 0.389 kN/mm Strength of weld (Table 37) pweiz = 220.0 N/mm?2

Capacity of full length weld Pewaid = 0.933 KN/mm
1/%2) X Sweidt

Torsional loading ULS
Loading support beam wiuts = 10.08 kN/m Loading of main beam wauLs = 29.04 kN/m
Self weight of support beam  wauws = 0.33 kN/m

Torsional loading SLS
Loading support beam wises = 7.20 kKN/m Loading of main beam wasts = 19.90 kN/m
Self weight of support beam  wases = 0.24 kKN/m

Eccentricities

Distance of shear centre eomn = 0 mm Ecc of support beam masonry €ime = 153 mm
Ecc of main beam masonry  exmy = -47 mm Ecc of support beam € =53 mm
Torsional effects

Applied torque Tauis = 0.20 kNm/m Torsional moment (ULS) Tg=10.89 kNm
Applied torque (SLS) Tases = 0.18 kNm/m Torsional mement (SLS) Tou=0.81 kNm

STEEL BEAM TORSION DESIGN
In accordance with BES5850-1:2000 incorporating Corrigendum No.1

Tedds calculation verslon 2.0.02

Section details

Section type UC 203x203x71 Steel grade 5275

Design stength Dyw = Py = 265 N/mm? Constant e=1.019
Geometry - Beam unrestrained against lateral-torsional buckling between supports.

Effective span L = 4400 mm

Length of segment LTB Lit = 4400 mm Effective length for LTE Le (7= 4832 mm

Loading - Torsional loading comprises only full-length uniformly distributed load(s)

Internal forces & moments on member under factored loading for uls design

Applied shear force Fuy = 89.0 kN Maximum bending moment  Mur = M. = 87.87 kNm
Applied torgue Tq = 0.89 kNm Minor axis bending moment My =0 kNm
Compression force Fe:=0kN
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Equivalent uniform moment factors
EUM factor (C1.4.36.6 & T18) mur = 1.000

Torsional deflection parameters
Beam is torsion fixed and warping free at each end. (as defined in SCI-P-057 section 2.1.6) - Appendix B case 4

Dist for first deriv of twist 21=0mm Dist for second deriv of twist z2=L/[2=2200 mm
First deriv of angle of twist #'1 = 4212107 rads/m Third deriv of angle of twist ~ ¢"'1 = -3.51=10" rads/m?
Angle of twist ¢z = 0.006 rads Second deriv of angle of twist  §"2 = -2.65x10 rads/m?
Design parameters
Total angle of twist ¢ = 0.006 rads First derivative of ¢ o' = 4.21x10° rads/m
Second derivative of § ¢ = 2.65x10° rads/m? Third derivative of ¢ " = 3.51x10 rads/m?
Section classification

bfT=6.0 d/t=16.1

ri« = 0.000 rzs = 0.000

Section classification Is plastic
Shear capacity (parallel to y-axis)

Design shear force Fw =B89.0 kN Design shear resist (cl. 4.2.3) Py =343.1 kN

Pass - Shear
Moment capacity (x-axis)
Design bending moment M. =97.9 kNm Mnt cap low shear (cl. 4.2.51) Mz = 211.7 kNm

Pass - Moment capacity exceeds design bending moment
Lateral torsional buckling

Effective length for LTB Le_ur = 4832 mm
Slendemess ratio L=91 Buckling parameter u=0.853
Flange ratio n=05 Torsional index x=119
Slendemess factor v=0.mT Ratio-cl 4.3.6.9 Bw=1.000
Equiv slendemess - cl 4.3.6.7 Ar=55 Limit slendernes — Ann B2.2  Lio=35
Euler stress pe = 663 N/mm? Perry factor nur =0.142

47 = 511007700.142 Bending strength po = 249 N/mm?
Buckling resistance moment  Ms = 174.6 kNm Max mnt gov buckling resist Moy = 97.9 kNm
Equiv uniform mnt factor LTE  my7 = 1.00 Mo [ mur = 174.6 kNm

Pass - lat. tors. buckling

Buckling under combined bending & torsion -SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Span factor Lia=4289 Angle of twist ¢ = 0.006 rads
Second derivative of ¢ 4" = 2.65x10° rads/m? Induced minor axis moment My = 0.55 kNm
Normal stress flange My ooyt = 2 Nimm? MNormal stress flange warping  ow = 8 N/mnv®
Interaction index i» = 0.60

Pass - Combined bending and torsion check satisfied

Local capacity under combined bending & torsion

For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Max. direct stress due to My oux = M/ Zc = 139 Nimm?

Combined stress - eqn 2.22  apx + ouy + ow = 146 N/mm? Design strength py = 265 Nfmm?




N = Project Job no.
Hudds Design Plot 1,2&5 Windmill Hill Quarry, Brierley Road, Bamsley, 572 HD-§21-1009
Structural Engineering Consultants
Hudds Design Cales for Start page no./Revision
103-105 Bradford Rd Lintel L3 (Boot Lintel) L3-4
Hudcieeuier | calcs by | Calcs date Checked by Checked dsle Approved by | Approved date
TRV JT 12/10/2021 JA 05/05/2021 |

Pass - Local capacity

Combined shear stresses - SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum shear stresses due to each of the separate load effects,
even though these do not necessarily all occur at the same section along the member.

Shear stress bending web ow = 47 N/mm? Shear stress bending flange 1 = 12 N/mm?
Shear stresses torsionweb 1w = 3 N/mm? Shear stresses torsion flange ™ = 6 Nimm?
Shear siresses warping flange tw = 0 N/mm? Shear stress tors & warp web  Tuw = 4 Nimm?

Shear sir tors & warp flange = 8 N/mm?
Combined shear stresses due to bending, torsion & warping:

Comb shear stresses inweb  tw = 51 N/imm? Comb shear stresses in flange = 18 N/imm?®
Shear strength pv = 159 N/mm?

Pass - Combined shear stresses
Twist check
Total applied torque Tau = 0.81 kNm
Max twist under sis loading b= = 0.29 deg Twist limit twm = 2.00 deg

Pass - Twist

Deflection
Maximum y-axis deflection By max = 8.8 mm Deflection limit - ¢l. 2.5.2 dir = 10.0 mm

Pass - Deflection within specified limit
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STEEL MASONRY SUPPORT
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 1.0.04
« 100 pa 50 pa 50 pe 100 »

E

50— pe4— 100 »
Steel member details
Torsion beam UC 152x152x37 Masonry support angle
Steel grade of support angle  User Design strength support angle
Modulus of elasticity E = 205000 Nfmm? Constant
Length of plate beyond beam | = 150 mm Total length of plate
Thickness of plate tso = 10 mm Width of main beam
Area of plate Aspy = 3000.0 mm? Dist weld position to CoG
Supported materials detail

Density mas. main beam

Height masonry main beam
Ecc. of main beam material
Add dead force main beam Paagims = 3.9 kN/m
Density mas. support beam  pmss = 24.0 kN/m?*
Height masonry support beam  hmes = 3300 mm

Add dead force support beam  Pgagess = 0.0 kN/m

Geometry
Cavity width
Biaxial stress effects in the plate {SCI-P-110)

Max overall bending moment M. = 21.3 kNm
Second moment of area lecss = 3563 cm*

prame = 20,0 kN/m?
himme = 3300 mm
emp = 50 mm

c=100 mm

Section modulus of plate Zcpiee = 16.8T cm?/m
Force on support plate P1=11.1 kN/m
Moment capacity of plate M. = 5.5 kNm/m

Width masonry main beam
Add live force main beam
Width masonry support beam

Add live force support beam

Supported width of masonry

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

plate

Pyeo = 275 Nimm?
£=1.000

lpiate = 300 mim
Bre: = 154 mm
Cyyso = 0 mm

Brome = 100 mm

Passsns = 1.8 kN/m
bmss = 100 mm

Pasgsss = 0.0 kKN/m

dm =100 mm

Yoan = 33 mm
Zocm = 619.84 cm?®
g1 =100 mm
Mzpiere = 1.1 KNm/m
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PASS - Design strength exceeds stress at heel
Long stress overall bending o1 = 34.3 N/mm? Von Mises curve constant cp = 546.8 N/mm?
Trans bending stress ratio limit s = 0.990 Trans bending stress ratio os = 0.202
PASS - Transverse bending stress ratio less than allowable limit

Deflection at toe

Unfact force on plate Pisis = 7.9 kNim Distance from weld to load am =100 mm
Load resultant to edge of plate bm =50 mm Weld to load pos as ratio a = 0.667
Effect second mnt of inertia lett_det = 83333 mm*/m Deflection at toe 6 =027 mm
Deflection limit Him = 2.00 mm

PASS - Deflection is within specified criteria

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

Leg length of weld Sweid = B mm Throat size of weld avein = 4.2 mm
Shear force at weld position  Ra=32.6 kN/m Max possible force in plate  Rp =837.1 kN
Long shear beam/plate Ri=687.6 kN/m Horizontal shear beam/plate  Rn = 138.6 kN/m
Resultant weld force Ruweiz = 0.712 kN/mm Strength of weld (Table 37)  pwer = 220.0 N/mm?

Capacity of full length weld Pewaid = 0.933 KN/mm
1/%2) % Swet
Torsional loading ULS

Loading support beam wiuts = 11.09 kN/m Loading of main beam wauis = 17.58 kN/m
Self weight of support beam  wauis = 0.33 kN/m

Torsional loading SLS

Loading support beam wisis = 7.92 kN/m Loading of main beam wesis = 12,30 kN/m
Self weight of support beam  wasis = 0.24 kKN/m

Eccentricities

Distance of shear centre Eomb = 0 mm Ecc of support beam masonry  ems = 177 mm

Ecc of main beam masonry  eame = <23 mm Ecc of support beam €imo =TT MM
Torsional effects

Applied torque Touts = 1.59 kKNm/m Torsional moment (ULS) Tq=3.81 kNm
Applied torque (SLS) Tgsis = 1.14 kNm/m Torsional moment (SLS) Tou = 2.74 kNm
STEEL BEAM TORSION DESIGN

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation wersion 2.0.02

Section details

Seclion type UC 152x152x37 Steel grade S275

Design stength Py = Py = 275 N/mm? Constant &= 1.000
Geometry - Beam unrestrained against lateral-torsional buckling between supports.

Effective span L = 2400 mm

Length of segment LTB Lt = 2400 mm Effective length for LTE Le 17= 2724 mm

Loading - Torsional loading comprises only full-length uniformly distributed load(s)

Internal forces & moments on member under factored loading for uls design

Applied shear force Fuy =354 kN Maximum bending moment Moy = Mx = 21.25 kNm
Applied forque Ta=3.81 khm Minor axis bending moment My =0 kNm
Compression force Fe=0kN
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Equivalent uniform moment factors
EUM factor (C1.4.3.6.6 & T18) myy=1.000

Torsional deflection parameters
Beam is torsion fixed and warping free at each end. (as defined in SCI-P-057 section 2.1.6) - Appendix B case 4

Dist for first deriv of twist z1=0mm Dist for second deriv of twisl z2=L /2 =1200 mm
First deriv of angle of twist 4'1 = 5.46x102 rads/m Third deriv of angle of twist 4" = -1.32x10 rads/m?
Angle of twist $2 = 0.040 rads Second deriv of angle of twist  ¢"2 = -6.55x10°2 rads/m?
Design parameters
Total angle of twist $ = 0.040 rads First derivative of § ¢' = 5.46x102 rads/m
Second derivative of ¢ 4" = 6.55x10? rads/m? Third derivative of ¢ " =1.32x10" rads/m®
Section classification
b/T=867 d/t=155
rs = 0.000 rz« = 0.000
Section classification is plastic
Shear capacity (parallel to y-axis)
Design shear force Fu = 35.4 kN Design shear resist (¢l. 4.2.3) Pw=213.6 kN
Pass - Shear
Moment capacity (x-axis)
Design bending moment M:=21.3 kNm Mnt cap low shear (cl. 4.2.51) Mx = 84.9 kNm

Pass - Moment capacity exceeds design bending moment
Lateral torsional buckling

Effective length for LTB Le 17 = 2724 mm
Slenderness ratio L=70 Buckling parameter u=0.848
Flange ratio n=05 Torsional index x=133
Slendemess factor v=0.80 Ratio - cl 4389 pw=1.000
Equiv slenderness — cl 4.3.6.7 hr=48 Limit slendernes —Ann B2.2  Lo=34
Euler stress pe = 879 N/mm? Perry factor it = 0.096

dur = 619015412.780 Bending strength pPe = 243 Nfmm?
Buckling resistance moment M= 75.0 kNm Max mnt gov buckling resist Mo = 21.3 kNm
Equiv uniform mnt factor LTB  myr=1.00 Ms / mir = 75.0 kNm

Pass - lat. tors. buckling

Buckling under combined bending & torsion -SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Span factor L/ia=3.26 Angle of twist b = 0.040 rads

Second derivative of ¢ 4" = 85.5x10 rads/m? Induced minor axis moment My = 0.86 kNm
Mormal stress flange My ooy = 9 N/mm? Normal stress flange warping  ow = 78 Nimm?
Interaction index iv=0.65

Pass - Combined bending and torsion check satisfied
Local capacity under combined bending & torsion
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.
Max. direct stress due to My owe = My / Zx = 78 Nimm?
Combined stress- eqn 222  owe + oon + ow= 165 N/mm?  Design strength py = 275 Nfimm?
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Pass - Local capacity

Combined shear stresses - SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum shear stresses due to each of the separate load effects,
even though these do not necessarily all occur at the same section along the member.

Shear stress bending web o = 31 N/mm? Shear stress bending flange =9 Nfmm?
Shear stresses torsionweb 1w = 34 N/mm? Shear stresses torsion flange = 49 N/mm?
Shear stresses warping flange tw = 6 Nfmm? Shear stress tors & warp web  tww = 38 N/mm?

Shear strtors & warp flange 1w =63 N/mm?
Combined shear stresses due to bending, torsion & warping:

Comb shear stresses inweb 1w =70 Nfmm? Comb shear stresses in flange w = 72 Nfmm?
Shear strength pv = 165 N/mm?

Pass - Combined shear stresses
Twist check
Total applied torque Tou=2.74 kNm
Max twist under sls loading dzs = 1.66 deg Twist limit fam = 2.00 deg

Pass - Twist

Deflection
Maximum y-axis deflection by_max = 2.0 mm Deflection limit - ¢l. 2.5.2 dim = 6.7 mm

Pass - Deflection within specified limit
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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)

Tedds caiculation vergion 1.0,12

Soil and raft definition

Soil definition

Allowable bearing pressure

Number of types of soil forming sub-soil

Soil density

Depth of hardcore beneath slab

Depth of hardcore beneath thickenings
Density of hardcore

Basic assumed diameter of local depression
Diameter under slab modified for hardcore

Diameter under thickenings modified for hardcore

Raft slab definition

Max dimension/max dimension between joints
Slab thickness

Concrete strength

Poissons ratio of concrete

Slab mesh reinforcement strength

Partial safety factor for steel reinforcement

Qatow = 25,0 kN/m?

Two or more types

Firm to loose

hircorestas = 100 mm (Dispersal allowed for bearing pressure check)
Nhcarstee = 160 mm (Dispersal allowed for hearing pressure check)
yheare = 20.0 kN/m?

$ospraze = 3500mm

$depsiad = ddebasic - Nheoresian = 3400 mm

Pdepthick = Qdepbasic - Hicoretnick = 3350 mm

Imax = 9.800 m
Rase = 200 mm

fou = 25 Nfmm?
v=10.2

fysian = 500 N/mm?
vs =1.15

From C&CA document ‘Concrete ground floors’ Table 5

Minimum mesh required in top for shrinkage
Actual mesh provided in top

Mesh provided in bottomn

Top mesh bar diameter

Bottom mesh bar diameter

Cover to top reinforcement

Cover to botiom reinforcement

Average effective depth of top reinforcement
Average effective depth of bottom reinforcement
Overall average effective depth

A142

2 x A393 (Assiastop = 786 mm2m)

2 x A393 (Assubbin = 786 mm?¥m)
Baiabicp = 10 m

$ambeem = 10 mm

Cep = 40 mm

Gt = 40 mm

disisbey = Nuab - Ciog = Paiaeop = 150 mm
dbsimbay = Nian - Coun = Peisbiem = 150 mm
Osisbaw = (isiabay + Gosiscas)f2 = 150 mm
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Minimum effective depth of top reinforcement
Minimum effective depth of bottom reinforcement

Edge beam definition

Overall depth

Width

Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom
Link reinforcement provided
Bottom cover to links

Effective depth of top reinforcement
Effective depth of bottom reinforcement

Internal beam definition

disiatmin = istabay - Peizbiop/2 = 145 mm
dbaiabmin = Oosasey = aiabm/2 = 145 mm

hedge = 450 mm

beage = 450 mm

f; = 500 N/imm?

fy= = 500 N/fmm?

3 H20 bars (Assagetop = 942 mm?)

3 H20 bars (Assdgebtm = 942 mm?)

2 H10 legs at 200 ctrs (Asv/'sy = 0.785 mm)

Cream = 40 mm

edgetop = Neage = Ciop = Dutassop = eageink = hesgeton/2 = 380 mm
doagattm = Nedge = Cream - Gedgeink - eogeoim/Z = 390 mim

Mn'dir-;;\ A ginttop Asgabton

;r-—_--ﬁ-

- -

i /\\//\L/

— -

L?YP"R\' -

A ssianbtr

s INT)

Bt \Aamm
Overall depth hint = 450 mm
Width ber = 450 mm
Strength of main bar reinforcement fy = 500 N/mm?®
Strength of link reinforcement fys = 800 N/mm?

Reinforcement provided in top
Reinforcement provided in bottom

Link reinforcement provided

Effective depth of top reinforcement
Effective depth of botiom reinforcement

Internal slab design checks

Basic loading
Slab self weight
Hardcore
Applied loading

Uniformly distributed dead load
Uniformly distributed live load

3 H20 bars (Asintop = 942 mm?)

3 H20 bars (Asinmtm = 842 mm?)

2 H10 legs at 200 ctrs (Assy = 0.785 mm)
dintiop = Nint = Ciop = 2 * Passbiop - Ginnoe/2 = 380 mm
divtim = Nint = Cheam = Pintiek = Pinteard/2 = 380 mm

Waiab = 24 KN/m?® x hase = 4.8 kN/m?

Wheatesiah = Yhesrs % Mhcarssian = 2.0 kNJm?

Woua = 1.5 KNim?
Wiudl = 2.5 kN/fm?
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Internal slab bearing pressure check
Total uniform load at formation level

Internal slab bending and shear check

Applied bending moments

Span of slab
Ultimate self weight udl

Self weight moment at centre
Self weight moment at edge
Self weight shear force at edge

Wudi = Weisb + Whcoresied + Woua + Wiua = 10,8 kN/m?
PASS - Wyt <= Gaitow = Applied bearing pressure is less than allowable

lsab = daopaas + Qigaber = 3550 mm

Wt = 1.4 x Waian = B.7 kKN/m?

Mosw = Wawn % laso? % (1 + v) /84 = 1.8 kNm/m
Mesw = Weaut x lzas® [ 32 = 2.6 KNm/m
Vaw = Wannt * Juas [ 4 = 6.0 KNim

Moments due to applied uniformly distributed loads

Ultimate applied udl
Moment at centre
Moment at edge
Shear force at edge

Resultant moments and shears

Tolal moment at edge
Total moment at cantre
Total shear force

Reinfarcement required in top

K factor
Lever arm

Area of steel required for bending

Minimum area of steel required

Area of steel required

Woditt = 1.4 % Woua + 1.6 x Wiwa = 6.1 kNim?
Meudi = Wodin % lstes? % (1+v)/64=14KmMm
Maus = Wit * lsee® / 32 = 2.4 kNm/m

Vil = Wuaui % |san / 4 = 5.4 kN/m

M:zs = 5.0 kKNm/m
Mze = 3.0 kKNm/m
V== 11.4 kN/m

Katasiop = Mraf{foy * diwana?) = 0.009

Zsisbiop = Oistasay = MiN(0.95, 0.5 + ¥(0.25- Kuaicp/0.9)) = 142.5 mm
Assiabiopband = Mea/({1.00s) x feiab % Zsiattes) = B1 mméfm

Assiabmin = 0.0013 x hasp = 260 mm&m

Assiabiograg = Max(Assaniccoand, Assabmin) = 280 mm3m

PASS - Assmbtoprog <= Assisniop - Area of reinforcement provided in top to span local depressions Is adequate
Reinforcement required in bottom

K factor
Lever arm

Area of steel required for bending

Area of steel required

Kasabbim = Mec/(fou % dbsister®) = 0.005

Zuistiem = Clbsiacay x MIN(0.95, 0.5 + Y(0.25 - Ksmtuen/0.9)) = 142.5 mm
Assisbotmband = Mze/{(1.0/ys) x fisias x Zsabom) = 48 mm3im

Assisbotmrag = MeEx(Assisbbimbend, Assiaomin) = 260 mm2/im

PASS - Assiaoimreg <= Assiaboim - Area of reinforcement provided in bottom to span local depressions is adequate

Shear check
Applied shear stress
Tension steel ratio

From BS8110-1:1987 - Table 3.8

Design concrete shear strength

Internal slab deflection check

Basic allowable span to depth ratio

Moment factor
Steel service stress
Modification facter

v = Vefdisiasmn = 0,078 N/mm?
p =100 % Asstabiop/isistnn = 0.542

ve = 0.664 N/imm?
PASS - v <= v - Shear capacity of the slab Is adequate

Ratiouasic = 26.0

Mracter = Mzeldosissa” = 0.135 Nfmm?

fs = 2/3 x fiat % Assabbmoena/Assiaverm = 20.736 N/mm?

MFaso = min(2.0, 0.55 + [(477N/mm? - (120 = (0.9N/mm? + Meacior))])
MFaee = 2.000
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Modified allowable span to depth ratio
Actual span to depth ratio

Edge beam design checks

Basic loading

Hardcore

Edge beam self weight

Edge load number 1

Load type

Dead load

Live load

Ultimate load

Longitudinal line load width

Centroid of load from outside face of raft

Edge beam bearing pressure check
Effective bearing width of edge beam
Total uniform load at formation level

Raticaios = Ratiopesic * MFusn = §2.000
Raficacus = lpan/ dpgabay = 23.667
PASS - Ratioscust <= Ratioaiew - Slab span to depth ratio is adequate

Wrearetick = Pncors % Nicorethice = 3.0 kN/m?
Wedge = 24 KN/M? = hesgs = Doage = 4.9 KN/M

Longitudinal line load

Woedge1 = 36.2 kN/m

Wiedget = 5.9 kN/m

Wutisdges = 1.4 x Wpeages + 1.6 x Wiagger = 80.9 kN/m
bedges = 300 mm

Hudger = 150 mm

bhsaring = besge = 450 mm
Wodiedge = WouartWLudHWedge/Doasrng+Wnesraick = 17,8 kN/m?2

Centroid of longitudinal and equivalent line loads from outside face of raft

Load x distance for edge load 1

Moment: = Wutisggst * Xedget = 9.0 kN

Sum of ultimate longitud'l and equivalent line loads TUDL = 60.1 kN/m

Sum of load x distances
Centroid of loads

fMoment = 9.0 kN
Xear = TMoment/ZUDL = 150 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity
Sum of unfactored longitud'l and efftive line loads SUDLsls = 42,1 KN/m

Allowable bearing width
Bearing pressure due to line/point loads
Total applied bearing pressure

baiow = 2 x Xoer + 2 % Nheoresian % tan(30) = 416 mm
Qinepairt = TUDLsls! baiow = 101.3 kN/m?
Gecge = Qinspaint + Wumeege = 119.1 kKN/m?

Gedge > Qanow - The slab is required to resista moment due to eccentricity

Now assume moment due to load/reaction eccentricity is resisted by slab

Bearing width required

Effective bearing width at u/s of slab
Load/reaction eccentricity

Ultimate moment to be resisted by slab

From slab bending check

Moment due to depression under slab (hogging)
Total moment fo be resisted by slab top steel

K factor

Edge beam bending check
Divider for moments due to udl's

Applied bending moments
Span of edge beam
Ultimate self weight udl

breq = EUDLsls/{tgion - Wudadge) = 5847 mm
Dragen = breg - 2 x hincoresian x tan{30) = 5732 mm
& = brogen/2 - Xpae = 2718 mm

Mece = ZUDL x & = 163.3 kNm/m

Mze = 5.0 kNm/m
Msiatiop = Maez + Mze = 16B.3 KNm/m
Kstan = Mstssiop/(fou = d!ﬂubmlnz} =0.320
K > 0.156 - Therefore compression reinforcement is required
The design is outside the scope of this calculation

foa=10.0

ladge = doeptnicx + adguiop = 3730 mm
Wedgautt = 1.4 % Weage = 6.8 kN/m
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Ultimate slab udl (approx) Wedgesias = max(0 KN/m, 1.4xWsiaex{{deptnck/2 x 3/4)-Daags)) = 5.4 kN/m
Self weight and slab bending moment Masgesw = (Wadgau + Wadgesiao)  laage®/Plua = 17,0 kNm
Self weight shear force Vidgasw = (Wedgoull + Wedgesien) * lagge/2 = 22.8 kN
Moments due to applied uniformly distributed loads
Ultimate udl (approx) Waagsua = Wuzun x duaptice/2 x 374 = 7.7 kNim
Bending moment Medgeudi = Wedgeua * ledge™Pua = 10.7 kNm
Shear force Vedgaud = Wadgeudl = leage/2 = 14.3 kKN
Moment and shear due to load number 1
Bending moment Madgat = Waitedgat » leage™/Pua = 83.6 kNm
Shear force Vadga1 = Widtedge % lasge2 = 112,1 kN
Resultant moments and shears
Total moment (hogging and sagging) Mzeage = 111.3 kNm
Maximum shear force Vissoe = 149.2 kN
Reinforcement required in top
Width of section in compression zone beagaioe = bedge = 450 mm
Average web width Dw = Dedge = 450 mm
K factor Kedgerop = Mzedge/(feu % Deggotop x esgeiop”) = 0.069
Lever arm Zedgatos = Oengetop x MIN(0.95, 0.5 + V(0.25 - Keageos/0.9)) = 348 mm
Area of steel required for bending Asadgatopbend = Meeage/((1.0/7s) = fy « Zasgaws) = T35 mnv
Minimum area of steel required Ausadgaiprin = 0.0013 x 1.0 % bw % Nedge = 263 mm?
Area of steel required Asadgampren = MAX(Assogsiopbend, Asedgatogmin) = 735 mm?

PASS - Assagetopreg <= Ageagenop - Area of reinforcement provided in top of edge beams is adequate
Reinforcement required in bottom

Width of section in compression zone baagemm = Daags + 0.1 % ledge = 823 mm
K factor Kadgeoim = Mieage/(fou % Deagesen % dedoeean?) = 0,036
Lever arm Zadgenim = Cadgsnen x MIN(D.95, 0.5 + V(0.25 - Kedgesur/0.9)) = 371 mm
Area of steel required for bending Aussgenimband = Muegge((1.00ys) % fy % Zadgeum) = 691 mm?
Minimum area of steel required Asssgeremmin = 0.0013 x 1.0 x by % hedge = 263 mm?
Area of steel required Assdgecemreg = MaxX(Aeedgestmbend, Asedgstammn) = 691 mm¥?

PASS - Asedgebimmeg <= Assdgetem - Area of reinforcement provided in bottom of edge beams is adequate |
Edge beam shear check
Applied shear stress Vedgs = Viagge/(Dw  Qaogercc) = 0.873 Nimm?
Tension steel ratio pedge = 100 x Ageganp/(by x dedgerss) = 0.557
From BS8110-1:1897 - Table 3.8
Design concrete shear strength Vesgge = 0.525 Nfmm?

Vadge <= Veadge + 0.4N/mm? - Therefore minimum links required

Link area to spacing ratio required Asi_UPON_Svmgedge = 0. 4AN/MM? x by/((1.00ys) = fis) = 0.414 mm
Link area to spacing ratio provided Agy_UPON_Syprovedgs = Neagsink Txtadgeinel(4%Sueage) = 0.785 mm

PASS - Asy_UpON_Svrgedge <= Asv_UPON_Syprovesge - Shear reinforcement provided in edge beams is adequate

Corner design checks

Basic loading

Corner bearing pressure check
Total uniform load at formation level Widicomar = WpudrtWiun +Weage/Doeanng ¥ Wneosmier = 17.8 kN/m?
PASS - Wudicomer <= Qaiow - Applied bearing pressure is less than allowable
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Corner beam bending check

Cantilever span of edge beam leomer = daoptrcd W(2) + desgeiop’ = 2559 mm

Moment and shear due to self weight

Ultimate self weight udl Wedgauit = 1.4 % Weage = 6.8 kN/m

Average ultimate slab udl (approx) Weomesas = Max(0 KN/M, 1.4 xWeiabs (Pasetiod (V(2)x2)-bege)) = 4.9 kN/mM
Self weight and slab bending moment Meamersi = (Wedgeut + Weomarsian) * leomer'/2 = 38.4 kNm

Self weight and slab shear force Veomarsw = (Weadgeut + Weomerstan) * leomer = 30.0 kN

Moment and shear due to udis

Maximum ultimate udl Weomenar = ({1.dxwoua)+{1.6xWLu)) x usphick/V(2) = 14.4 kN/m
Bending moment Mestmorsi = Wesmanudl % kome?/6 = 15.8 kNm

Shear force Weonene = Wesmerua * leomed2 = 18.5 kN

Resultant moments and shears

Total design moment Mzzomer = Meomerewt Meomerus = 54.2 kNm

Total design shear force Vesomer = Veomerswt Veomenua = 48.5 kN

Reinforcement required in top of edge beam

K factor Keamer = Mecomedd(fou % Dedgetop * Cadgeiop?) = 0.033

Lever arm Zeomar = Qasgaiop x MIN(0.95, 0.5 + V(0.25 - Keama/0.9)) = 361 mm
Area of steel required for bending Accomersend = Mecomed ((1.0/ye) % f; % Zeome) = 345 mm?

Minimum area of steel required Ascomermin = Assdgetoomin = 263 mm?

Area of steel required Ascomar = MaxX{Ascomarbend, Ascomarmin) = 345 mm?

PASS » Ascomer <= Asecgercp - Area of reinforcement provided in top of edge beams at corners is adequate
Corner beam shear check

Average web width b = Dedge = 450 mm
Applied shear stress Veamer = Vacomed (Dw * Oedgeicp) = 0,284 Nfimm?2
Tension stesl ratio pecmar = 100 x Assogeiop/(Dw % Qeogewp) = 0.551
From BS8110-1:1887 - Table 3.8
Design concrete shear strength Vesomer = 0,518 N/imm?
Veamar <= Vecorer + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required Aay_UPOTN_Syrgecerar = DLAN/MM? x bl ((1.001) x fys) = 0.414 mm
Link area to spacing ratio provided Agy_UPON_Suprovedge = NedgainnxTxdudgeins((4%8sage) = 0.785 mm
PASS - Asy_upon_Svrgcomer <= Asv_UPON_Syprovedgs - Shear reinforcement provided in edge beams at corners is
adeguate
Corner beam deflection check
Basic allowable span to depth ratio Ratiotasiccomer = 7.0
Moment factor Misctorcomer = Msooman/{ Dedgerop * deagenns”) = 0.834 N/mm?
Steel service stress fcamer = 2/3 % fy % Ascomersena/Aseagaiop = 122.130 Nimm?
Modification factor MFesmer=min(2.0,0.55+[(477N/mm-facorned{120: (0. ON/mMm2+Mrscsoreomar) 1)
MFcomer = 2.000
Modified allowable span to depth ratio Ratioatowcomsr = Rativasccomer % MFesmer = 14,000
Actual span to depth ratio RatiOactscuner = liomed dedgetep = 6.734

PASS - Ratioacrsicomer <= Ratioauowcomer - Edge beam span to depth ratio is adequate

Internal beam design checks

Basic loading
Hardcore Wheorsthick = Yhears % Phcoretnick = 3.0 kN/m?#




Project | Job no.

Hudds Design Plot 1,285 Windmill Hill Quarry, Brierley Road, Barnsley, S72 | HD-521-1009
Structurai Engineaering Consultants |
Hudds Design Cales for | Start page no./Revision
103-106 Bradford Rd Raft Foundaion RF RF-7
Huddersfieid ' Galcs by Calcs date Checked by |Checkeddate | Approved by | Approved date
Ho1 602 j JT 15/10/2021 JA | 05/05/2021
Internal beam self weight vt = 24 kN/mE = hint % biot = 4.8 KN/m
Internal beam load number 1
Load type Longitudinal line load
Dead load Wonn = 38.0 kN/m
Live load Wi = 3.2 kN/m
Uitimate load Watinst = 1.4 % Woit + 1.6 % wunn = 58,3 kNim
Longitudinal line load width bt = 100 mm
Centroid of load from centreline of beam Hntr = 50 mm

Internal beam bearing pressure check

Total uniform load at formation level Wodiint = Woud #W i+ Whesrsicet 24k N/m3schin = 17.8 kN/m?
Sum of factored longitud'l and efftive line loads TUDL~ = 58.3 kN/m

Sum of unfactored longitud'l and efftive line loads EZUDLslsm= 41.2 kN/m

Centroid of loads from centreline of internal beam

Load x distance for internal load 1 Momentay = Wuin * Xntt = 2.9 kKN
Sum of load x distances EMomentin: = 2.9 kN
Centroid of loads *parint = EMomentiZUDLx = 50.0 mm

Moment due to eccentricity to be resisted by slab ~ Maccint = ZUD Ly = 8bS{%pan) = 2.9 KNm/m

Assume moment due to eccentricity is resisted equally by top steel of slab on one side and boittom steel of slab on other
From slab bending check

Moment due to depression under slab (hogging) Mz = 5.0 kKNm/m

Total moment to be resisted by slab top steel Maiattopint = Macen'2 + Mee = 6.5 KNmfm

K factor Ksiatiopint = Mesabtspint/(fou % Qissimn?) = 0,012

Lever arm Zswviopint = Chsmomin » MIN(D.95, 0.5 + (0,25 - Kuabiopin/0.9)) = 138 mm
Area of steel required Assisproinrea = Mastiopnd((1.00ys) = fysieb % Zstabiopes) = 1089 mmim

PASS - Asssbiopintreg <= Assiabiop - Area of reinforcement in top of slab is adequate to transfer moment into slab
Mt to be resisted by slab bim sfl due to load ecc'ty Maattimn = Meer/2 = 1.5 KNm/m

K factor Koot = Mustmind(feu % dosiabmin®) = 0.003
Lever arm Zuiaboumint = Aostanmin * MIN(0.95, 0.5 + V(0 25-Kamomin/0.9)) = 138 mm
Area of steel required in bottom Assistominireg = Muasbimin/({1.0/ys) % fysian * Zssbwmin) = 24 mm%m

PASS - Assiapbimiptrog <= A - Area of reinforcement in bottom of slab is adequate to transfer moment into slab

Bearing pressure

initially check bearing pressure based on beam soffit/chamfer width only

Allowable bearing width Brearn = bim = 450 mm
Bearing pressure due 1o line/point loads Qinepsintnt = ZUDLsISn/btezsm = 91.6 kN/m?
Total applied bearing pressure Qint = Qinepaintint * Wuaint = 109.4 kN/m?

Qint > Ganow - The slab is required to resist some of the beam loading
Now consider slab to resist some of beam load

Bearing width required bragint = ZUDLslsmy/{Quiow - Wuaim) = ST2Zmm

Effective bearing width at u/s of beam/slab bragemn = bregint - 2 * hneoremick x t2n{30) = 5549 mm

Resultant ult upward press acting on u/s of slab Qresur = (Qatow-Waoairt) % Dregni/Dregerat » ZUDLn/TUDLslswm = 10.5 kN/m?
Slab cantilever moment Meantnt = Qrasut % [(Breaint - b}/2]%2 = 36.5 kNm/m

Total moment to be resisted by slab Matsoint = Meangrs + Mecom/2 = 38.0 kNm/m

K factor Ksiaint = Messin/ (fou % dbsaomn®) = 0.072

Lever arm Zaabins = Obsissmn x MIn(0.85, 0.5 + V(0.25 - Kyary/0.9)) = 132 mm

Area of steel required Assiabint = Matazint/([(1.0/7s) = fymiae % Zaiawer) = 881 mm3m
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PASS = Assatint <= Assianoen - Area of reinforcement provided to distribute the beam load is adequate
The allowable bearing pressure under the internal beam will not be exceeded

Internal beam bending check

Divider for moments due to udl's Pus = 10.0
Applied bending moments

Span of internal beam Int = doeprick + dimwp = 3730 mm

Ultimate self weight udl Wintut = 1.4 x Wi = 6.8 kN/m

Ultimate slab udl (approx) Wirtgias = mMax(0 kNIM, 1.4 x Weab x ((§aaptck > 3/4) - b)) = 13.9 kN/m
Self weight and slab bending moment Mictswe = (Wirun + Wintsizs) % lnt?/PBua = 28.7 kNm

Self weight shear force Vintsw = (Winiun + Wintsiag) » linf2 = 38.5 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wintudl = Wuauh # ddapthizk 2 3/4 = 15,3 kN/m

Bending moment Mintugi = Wietel ¢ lo"/Puan = 21.3 kKNm

Shear force Vinuct = Winwal % /2 = 28.6 kN

Moment and shear due to load number 1

Bending moment Miotr = Wamintt % fel?/Pugr = B1.1 KNm

Shear force Vit = Watiets % ln/2 = 108.8 kN

Resultant moments and shears

Total moment (hogging and sagging) Mzint = 131.2 kNm

Maximum shear force Vi = 175.9 kN

Reinforcement required in top

Width of section in compression zone besop = by = 450 mm

Average web width buint = b = 450 mm

K factor Kinttop = Man/(fau 3 bintiop % dintiog®) = 0,081

Lever arm Zirtinp = Cimop x MIN(0.95, 0.5 + ¥(0.25 - Kinen/0.9)) = 342 mm
Area of steel required for bending Asrtoppand = Mun/((1.00vs) = fy % Zinnsp) = 882 mm?

Minimum area of steel Asitioomin = 0.0013 * Byt = hie = 263 mm?

Area of steel required Asintiopreg = MaX{Asintopoend, Asinropmin) = BE2 mm?

PASS - Asinttoprog <= Asinuop - Area of reinforcement provided in top of internal beams is adequate
Reinforcement required in bottom

Width of section in compression Zone Dinibim = b # 0.2 % lie = 1186 mm

K factor Kintotm = Mzr/{fey = Bivoim x 'dmlbtmt} =0.029%

Lever arm Zintoam = G x MiIN{0.95, 0.5 + V(0.25 - Kinayr/0.9)) = 371 mm
Area of steel required for bending Asriprand = Mon((1.0F1s) x fy x Zinim) = B15 mm?

Minimum area of steel required Asintbermin = 0.0018 % 1.0 x bwnt ¢ him = 385 mm?2

Area of steel required Asintotrreg = MAaX(Asetimoand, Asintotmmin) = 815 mm?

PASS - Agimbmeg <= Asimbem - Area of reinforcement provided in bottom of internal beams is adequate

Internal beam shear check

Applied shear stress Vint = Vi {Bwint % dinsep) = 1.029 Nfmm?
Tension steel ratio pint = 100 % Asnaop/(Duiet = diniep) = 0.551
From BS8110-1:1897 - Table 3.8

Design concrete shear strength Ve = 0.518 N/imm?

Vit > Vot + 0.4N/mm? - Therefore designed links required
Link area to spacing ratio required Asy_UPON_Syraqnt = (Vint - Vant) % Beant/{{1.0s) = fys) = 0.528 mm
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Link area to spacing ratio provided Asy_UPON_Suproviet = Nintnix mocdintini® (4 xSvim) = 0.785 mm

PASS - Asv_UPON_Svrgim <= Asv_UPON_Syprovim - Shear reinforcement provided in internal beams is adequate
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