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1.0 Introduction 

 
Thetis Engineering Ltd has been engaged by Mr Mike Ragi to provide structural calculations to 
justify the proposed structural works at 32 Valley Road, Chandlers Ford. 
 
The site contained a detatched bungalow with loft conversion and a detatched garage, which were 
demolished earlier and are proposed to be replaced by a two-storey, single occupancy dwelling 
with an attached garage. The proposed structure comprises traditional timber floors/roof, 
supported on timber stud walls on first floor and load bearing masonry walls below, with a beam 
and block ground floor. The proposed new building is designed to occupy a similar footprint to the 
one being replaced.  
 
 
Disproportionate Collapse: 
The building is a single occupancy house not exceeding 4 storeys. As such the building is classed 
as Class 1 in accordance with Section A3 of Approved Document A – Structure of the Building 
Regulations 2000. Therefore, no additional robustness requirements are obligatory if designed to 
BS EN 1993 due to low consequences of failure. 
 
 
Site location and geology 
Site location is in Chandlers Ford, nearby borehole logs indicate expected water level 
approximatley 1m below ground, very soft clay or silt layer followed by firmer clay or sand. 
 
Refering to Figure 1 (below) and assuming ground conditions as soft clay/silt down to at least 2m 
below ground, the founding level to be on a suitable bearing strata of at least medium softclay, 
medium dense sand, gravel or silt with minimum ground bearing pressure taken as 50kN/m2 to 
the satisfaction of building control officer. 
 
Therefore for further calculations allowable groundbearing pressure is taken as 50kN/m2 at 
minimum 2m below ground level. 
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Figure 01: Extract from BGS Geology Viewer for the locality showing borehole info from similar sites 

 
 

  

Topsoil & fill to 0.5m 
Water at 0.8m 
Soft to firm sandy v.silty clay to 2.4m 
Fine medium gravel to 5.8m (N=40) 

Topsoil to 0.2m 
Water entry at 1.2m 
Standing water after 1h at 1.9m 
Soft v.clayly sandy silt w slickensides to 2.0m 
Firm to soft v.clayly sandy silt to 2.3m 

Topsoil & fill to 0.5m 
Water at 1.0m 
Soft v.silty clay to 1.3m 
Loose gravel with clay 2.9m (N=5) 
Soft to firm v.silty clay (N=9@4m;25@6m) 

Topsoil & fill to 0.9m 
Water at 1.1m 
Soft v.silty clay to 1.1m 
Compact flint gravel 3.8m (N=35 to 33) 
Compact clayly fine sand  or  v.silty clay 
(N=20 to 23) 
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2.0  Design Aids 
 
Design Codes  
Eurocode 1: BS EN 1991-1-1:2002  
Actions on structures - Part 1-1: General actions - Densities, self-weight, imposed loads for 
buildings  
  
Eurocode 2: BS EN  1992-1-1:2004  
Design of concrete structures - Part 1-1: General rules and rules for buildings Eurocode 3: BS EN  
1993-1-1:2005  
Design of steel structures - Part 1-1: General rules and rules for buildings  
  
Eurocode 5: BS EN 1995-1-1:2004 +A2:2014  
Design of timber structures - Part 1-1: General – Common rules and rules for buildings   
  
Eurocode 6: BS EN  1996-1-1:2005 +A1:2012  
Design of masonry structures - Part 1-1: General rules for reinforced and unreinforced masonry 
structures  
 
Literature  
BGS Report : Determination of the shrinking and swelling properties of the London Clay 
Formation: Laboratory Report IR/06/058 
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3.0  Structural Loadings Schedule 

Beam and Block Floor: 
        kN/m2 
 Dead:  Beam and block    2.15(1.96) 
   Insulation/finishes   0.10 

Screed     1.80  
   Partitions    0.50 
      Total:  4.55(4.36) 
 
 Imposed: Domestic    1.50 
   Garage     2.50 
 
Timber Floor: 
        kN/m2 
 Dead:  Timber floor joists   0.15 
   Insulation/finishes   0.10 

Floor boards/plywood   0.15 
   Partitions    0.50 
      Total:  0.90 
 
 Imposed: Domestic    1.50 
 
 
Cavity Wall - Plynth: 
        kN/m2 
 Dead:  102mm brickwork    2.00 
   Insulation    0.05 
   100mm dense block   2.00 
   Finishes     0.25 
      Total:  4.45 
 
Cavity Wall - Typical: 
        kN/m2 
 Dead:  100mm lightweight block   0.90 
   Insulation    0.05 
   100mm lightweight block   0.90 
   Finishes     0.25 
      Total:  2.10 
 
Internal Solid Masonry Wall: 
        kN/m2 
 Dead:  140mm lightweight block   1.25 
   Finishes     0.30 
      Total:  1.55 
 
Stability stud wall: 

        kN/m2 
 Dead:  Timber studs    0.15 
   Insulation    0.05 
   Plywood sheathing   0.10 
   Finishes     0.15 
      Total:  0.45  
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New Pitched Roof: 
        kN/m2 
 Dead:  Concrete roof tiles   0.55 
   Membrane and battens   0.05 
   Timber rafters and noggins  0.15 
   Insulation    0.05 
   12.5mm plasterboard and skim coat 0.15 
   Vaulted roof services    0.15 
     Total permanent = 1.10 
 
    Slope correction factor (40° pitch) = 1.31 
     Total dead on plan 1.44 
 
 Imposed: Domestic roof    0.60 
 
 
Flat Roof Construction       

       kN/m2 
 Dead:  Roofing felt     0.15 

 Plywood boarding    0.15 
 Timber firrings    0.05 

Insulation    0.05 
 Timber joists & noggins   0.15 
 12.5mm plasterboard & skim coat  0.15 
   Total permanent =  0.70 

 
Imposed load       0.75 
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4.0  Structural Arrangmement 
Refer to Thetis drawings 2230109-THE-ZZ-00-SK-S-0001 , 2230109-THE-ZZ-00-SK-S-0002 , 
2230109-THE-ZZ-00-SK-S-0003 for details. 
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5.0  Structural Calculations 
 
Check Timber Rafters to Pitched Roof:  
 
Timber rafters overal length is 6800mm. They are propped by the ceiling joints thus creating two spans 
L1=4100mm and L2=2700mm; Spacing = 400mm 
 
 Load acting on rafters on plan: 
 
  Gk = 0.4*1.43  = 0.57 kN/m 
  Qk = 0.4*0.6  = 0.24 kN/m 
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ADOPT 200x47mm C24 TIMBER RAFTERS @ 400mm C/C 
 
 
Doubled Up Timber Trimmer in Pitched Roof 
 
Either side of the roof light 2 No 200x47 C24 timbers are proposed. 
Loaded width per doubled up rafter b= (900+400)/2 = 650mm 
 
Loaded width per rafter section 650/2 = 325mm <400mm  THEREFORE OK 
By inspection doubled up rafters are sufficient. 
 
ADOPT 2No 200x47mm C24 TIMBER RAFTERS EITHER SIDE OF ROOF LIGHT  
BOLTED TOGETHER WITH M12 BOLTS @600mm C/C 
 
 
Check Timber Ceiling Joists 
 
Maximum span L = 4.25m 
Loading on Ceiling: permanent 0.35 kN/m2 imposed 0.25kN/m2 
Loading is much less than loading on roof, while the span of joist is comparable, therefore by inspection the 
same timber section is sufficient. 
 
ADOPT 200x47mm C24 TIMBER CEILING JOISTS @ 400mm C/C 
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Check Timber Rafters to Dormer Windows 
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ADOPT 100x47mm C24 TIMBER RAFTERS @ 400mm C/C 
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Check Timber Ceiling Joists to Dormer 
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ADOPT 100x47mm C24 TIMBER DORMER CEILING JOISTS @ 400mm C/C 
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Check Timber Joists to Flat Roof:  
 
Span = 1.7m 
 
Spacing = 600mm 
 
 Load acting on rafters: 
 
  Gk = 0.4*0.70  = 0.28 kN/m 
  Qk = 0.4*0.75  = 0.3 kN/m 
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ADOPT 150x47mm C24 TIMBER JOISTS @ 600mm C/C 
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Timber Floor Joists 
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ADOPT 200x47mm C24 TIMBER FLOOR JOISTS @ 400mm C/C 
 
DOUBLE UP FLOOR JOISTS UNDER PARTITION 2No 200x47mm C24 BOLTED TOGETHER WITH M12 BOLTS 
@600mm C/C 
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Steelwork design 

Steel cranked ridge Beam supported on SHS column 

Span = 7.4 m 
 
Load acting on beam: 
 Width of roof supported = 4.7/2 = 2.35 m 
  Gk = 2.35*1.58 = 3.71 kN/m 
  Qk = 2.35*0.6  = 1.41 kN/m 
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ADOPT 254x146x37 UB S355 STEEL CRANKED RIDGE BEAM AND 100x100x5.0 SHS COLUMN 

CRANKED RIDGE BEAM TO BE SPLICED 2m  EITHER SIDE OF THE COLUMN 
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Splice design 

The splice is designed 2m away from the column location to avoid maximum bending moment. 

ULS forces in the location of the splice are taken as follows: 

M=11.5 kNm 

V=21.5kN 
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Baseplate 
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Roooflight Trimmer  Steel Beam 
 
Span = 4.0 m 
 
Load acting on beam: 
 
 Width of roof supported = 5.0/2 = 2.5 m 
 
  Gk = 2.5*0.7 = 1.75 kN/m 
  Qk = 2.5*0.75 = 1.88kN/m 
 Point load from trimmer spanning the other way @ 0.8m and 3.0m 

  Gk  = 0.7*3.2/2*4.1/2=  2.30 kN 
  Qk = 0.75*3.2/2*4.1/2 = 2.46 kN 
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Steel Beam over Kitchen/Diner 
 
Span = 5.65 m 
 
Load acting on beam: 
 
 Width of floor supported = 4.25/2 = 2.13 m 
 
  Gk = 2.13*0.9 = 1.92 kN/m 
  Qk = 2.13*1.5 = 3.20 kN/m 
 
 Point load from timber partition 2.4m high @1.16m 

  Gk  = 2.4*0.5x2.13=  2.56 kN 

 Width of pitched roof supported = 5.4/2 = 2.6 m 
 
  Gk = 2.6*1.44 = 3.74 kN/m 
  Qk = 2.6*0.6 = 1.56 kN/m 
 
 Width of flat roof supported = 1.0/2 = 0.5 m 
 
  Gk = 0.5*0.7 = 0.35 kN/m 
  Qk = 0.5*0.75 = 0.38 kN/m 
 
 Point load from rooflight trimmers (from above) @0.85m and @4.85m 

  Gk  = 6.4 kN 
  Qk = 6.3 kN 
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ADOPT 254x145x37 S355 STEEL BEAM 
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Steel lintel supporting beam over kitchen/diner 
 
Span = 1.8 m 
 
Loadings from steel beam @150mm from support:  Permanent 25kN  Imposed 20.8kN 

Loading from masonry over 3.35kN/m 
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Steel beam over large span opening 

Span = 4.1 m 
 
Load acting on beam: 
 
 Width of floor supported = 3.55/2 = 1.78 m 
 
  Gk = 1.78*0.9 = 1.60 kN/m 
  Qk = 1.78*1.5 = 2.66 kN/m 
 
 Point load from timber partition 2.4m high @3.50m 

  Gk  = 2.4*0.5x1.78=  2.14 kN 

 Width of pitched roof supported = 5.4/2 = 2.6 m 
 
  Gk = 2.6*1.44 = 3.74 kN/m 
  Qk = 2.6*0.6 = 1.56 kN/m 
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Masonry design – central 1200mm pier  

Loadings from floor and roof UDL: 

Permanent 1.60+3.74=5.34kN/m 

Imposed 2.66+1.56=4.22kN/m 

 

Loadings from steel lintel: 

LH Permanent 13.2kN 

LH Imposed 8.7kN 
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Masonry design – central 2000mm pier with 140mm wide blockwork tied into inner leaf  

Loadings from floor and roof UDL: Permanent 1.60+3.74=5.34kN/m  Imposed 2.66+1.56=4.22kN/m 

Loadings from steel beam:  Permanent 26.4kN    Imposed 20.7kN 
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Adopt 100x215x440mm mass concrete padstone beneath beam bearing, ensure 140mm blockwork wall is 
toothed into inner leaf of cavity wall  
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Masonry design – bearing under lintel supporting kitchen/diner steel  

Loadings from steel beam:  Permanent 26.1kN    Imposed 19.8 

 



32 Valley Road, Chandlers Ford                  Thetis Engineering Ltd. 
Structural Calculations 

 

 51 of 54  

     

 

 

Ensure Steel beam over lintel bears minimum 400m on to the masonry. 
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Foundation design 

600mm wide footings along side elevation 

Worst case loading from above:  
Loading from roof – permanent 1.44x5.9/2x11/2 = 23.4kN 

Spread over 11m of gable wall = 2.12kN/m 
Loading from roof – imposed 0.6x5.9/2x11/2 = 4.87kN 

Spread over 11m of gable wall = 0.89kN/m 
 

Lightweight cavity wall above ground 4.8mx2.1kN/m2 = 10.08kN/m 
Brick outer leaf cavity wall below ground floor 1.1mx4.45kN/m2 = 4.90 kN/m 
Cavity wall below ground with concrete cavity infill 0.5x6.0 = 3.0 kN/m 
 
Trench foundation founded 2.5m below existing ground level – worst case increase in loading by replacing 
20kN/m3 clay with 25kN/m3 concrete increases the load on the underside of the foundation by  
(25-20)x2x0.60 = 6.0kN/m 
 
 
Total load on the U/s of the footing 2.12+0.89+10.08+4.9+3.0+6.0 = 26.99 kN/m 
 
Allowable ground bearing pressure is taken as 50 kN/m2 

 
26.99/0.6/1.0 = 44.98 kN/m2 < 50 kN/m2       THEREFORE OK 
 
Adopt 600mm wide trench footing beneath the cavity wall on side elevation 
 
 
Check footing  by the garage  
Take 750mm wide footing 
Worst case loading from above:  
Loading from roof – permanent 1.44x5.9/2x11/2 = 23.4kN 

Spread over 11m of gable wall = 2.12kN/m 
Loading from roof – imposed 0.6x5.9/2x11/2 = 4.87kN 

Spread over 11m of gable wall = 0.89kN/m 
Allow for decreasing cavity wall hight – take average as:(3.3x4.75+(2.55+4.75)/2x3.0)/6.3 =4.23m 
Therefore loading from lightweight wall above ground 4.23x2.1 = 8.88kN/m 
Ground floor DL 4.05x3.55/2 = 7.20 kN/m 
Ground floor IL 2.5x3.55/2 = 4.43kN/m 
Brick outer leaf cavity wall below ground floor 1.1mx4.45kN/m2 = 4.90 kN/m 
Cavity wall below ground with concrete cavity infill 0.5x(25-20)x0.3 = 0.75 kN/m 
(increase in loading compared to the weight of soil) 
Trench foundation founded 2.5m below existing ground level – worst case increase in loading by replacing 
20kN/m3 clay with 25kN/m3 concrete increases the load on the underside of the foundation by  
(25-20)x2x0.75 = 7.5kN/m 
 
 
Total load on the U/s of the footing 2.12+0.89+8.88+4.9+0.75+7.5+7.20+4.43 = 36.67 kN/m 
 
Allowable ground bearing pressure is taken as 50 kN/m2 

 
36.67/0.75/1.0 = 48.89 kN/m2 < 50 kN/m2       THEREFORE OK 
 
 
Adopt 750mm wide trench footing beneath the cavity wall on side elevation 
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750mm wide footings along front and rear 

Worst case loading from above:  
Roof DL 1.44x11/4 = 3.96 kN/m 
Roof IL 0.6x11/4 = 1.65 kN/m 
First floor DL 0.9x3.65/2 = 1.64 kN/m 
First floor IL 1.5x(3.65/2-1.2)+0.5x1.2 = 1.54 kN/m 
Ground floor DL 4.05x3.65/2 = 7.39 kN/m  
Ground floor IL 1.5x3.65/2 = 2.74 kN/m 
 
Lightweight cavity wall above ground 2.4mx2.1kN/m2 = 5.04 kN/m 
Brick outer leaf cavity wall below ground floor 1.1mx4.45kN/m2 = 4.90 kN/m 
Cavity wall below ground with concrete cavity infill 0.5x(25-20)x0.3 = 0.75 kN/m 
(increase in loading compared to the weight of soil) 
 
Trench foundation founded 2.5m below existing ground level – worst case increase in loading by replacing 
20kN/m3 clay with 25kN/m3 concrete increases the load on the underside of the foundation by  
(25-20)x2x0.75 = 7.5kN/m 
 
 
Total load on the U/s of the footing 3.96+1.65+1.64+1.54+7.39+2.74+5.04+4.9+0.75+7.5 = 37.11 kN/m 
 
Allowable ground bearing pressure is taken as 50 kN/m2 

 
37.11/0.75/1.0 = 49.48 kN/m2 < 50 kN/m2       THEREFORE OK 
 
Adopt 750mm wide trench footing beneath the cavity wall along front and rear elevations 
 
 
 
900mm wide footings under internal walls 

Worst case loading from above:  
First floor DL 0.9x6.7/2 = 3.02 kN/m 
First floor IL 1.5x(6.7/2-0.1) = 4.88 kN/m 
Ground floor DL 4.36x6.7/2 = 14.61 kN/m  
Ground floor IL 1.5x(6.7/2-0.14) = 4.82kN/m 
 
Lightweight internal wall above ground 2.4mx1.55kN/m2 = 3.72 kN/m 
Solid wall below ground floor 1.0mx4.3kN/m2 = 4.30kN/m 
Solid wall below ground 0.5x(25-20)x0.215 = 0.54 kN/m 
(increase in loading compared to the weight of soil) 
 
Trench foundation founded 2.5m below existing ground level – worst case increase in loading by replacing 
20kN/m3 clay with 25kN/m3 concrete increases the load on the underside of the foundation by  
(25-20)x2x0.9 = 9.0kN/m 
 
 
Total load on the U/s of the footing 3.02+5.03+15.24+4.82+3.72+4.73+0.54+9.0 = 44.89 kN/m 
 
Allowable ground bearing pressure is taken as 50 kN/m2 

 
44.89/0.9/1.0 = 49.88 kN/m2 < 50 kN/m2       THEREFORE OK 
 
Adopt 900mm wide trench footing beneath internal walls 
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6.0  Culvert Protection 

In line with the requirements outlined in the Discharge Conditions letter dated 12th April 2023, the structural 
design was carried out with the intent of limiting the width of the footing on the side nearest to the culvert. 
After careful consideration, as shown in sketch 2230109-THE-ZZ-00-SK-S-0005 (extract below) the excavation in 
the area nearest to the culvert is outside of the easment area. 

 
The underside of the footing is below the culvert invert level as illustrated in the section sketch. Any load 
distributed from the foundation on to the ground will not impact the culvert, as the load spread at 45 degrees 
is well below the culvert level. 
 
No heavy machinery to be positioned on the outside of the trench to avoid disturbing the ground within the 
easment area. 


