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1. BACKGROUND & DESIGN PHILOSOPHY 

 
An existing water main culvert lies within the site boundary (highlighted below in yellow / 
orange semi-transparent outline). Planning condition 6 for the development highlights the need 
for the water main to be protected from damage. Mitigation / protective measure are designed 
within this report by utilizing a steel protective plate with a compressible material underneath 
over the culvert in areas of vehicle traffic / foreseen surcharge loads in the temporary case. The 
protective plate is later removed once the construction phase is finished, and suitable cover is 
placed above the culvert to dissipate any loads at the surface for the permanent load case. 
 
Temporary Case: 
 

- The temporary case (site construction phase) is to be verified by calculation AND / OR 
before and after drainage survey reports. 

 
The following calculations show that the steel plate is designed to bridge over both the culvert 
and the granular surround and redistribute loads to suitable strata either side of the pipe. A 
layer of compressible material between the steel plate and the granular pipe surround is to be 
installed. The compressible material allows the steel plate to deflect along the 900mm length 
spanning over the culvert & granular pipe surround. The loads will path to suitable supporting 
bearing strata either side. The interface between the granular pipe surround and the natural 
strata is considered a line of fault. Loads will dissipate down through the natural firm clay soil 
strata. Ultimately, loads acting on the crown of the pipe will be negligeable (from the self-
weight of granular backfill) and will fall well within the 8.5kN/m2 limit set out by clause 4.1.3. of 
the Standard Conditions for Works Adjacent to Pipelines. 
 
The steel plate is designed to withstand the above loading arrangement, as shown by the 
following calculations where the steel plate capacity is reviewed in FEA. 
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In addition to the steel plate calculations, a before & after culvert drainage camera survey will 
be undertaken to monitor culvert defects and ensure site construction works have not 
structurally impacted the existing culvert The results of these surveys will be appended to this 
report. 
 
The permanent (end-use) case is to be verified by the project design engineer – Eastwoods CE. 
A design statement for the permanent case is appended to this report. 
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2. ASSUMPTIONS 

 
The pipe should be bedded and surrounded in appropriate material in the normal way, as 
shown below: 
 

 
 
 
In all cases, backfilling should be carried out in accordance with BS EN 1610:2015, clause 11. 
 
 
 Assumptions: 

- Concrete pipe of diameter: 600mm. 
- Width of granular surround to pipe: 150mm. 
- Plate spans a gap of: 900mm. 
- Steel grade of plate: S275. 
- Plate dimensions: 2400mm x 1250mm x 19mm. 
- Compressible material installed between granular surround and underside of steel 

plate 
 
 
NOTE: The steel plate and compressible material are to be removed once the temporary case 
(construction phase) is complete & cover to the pipe is to be placed. 
 
 
 Design Codes: 

- BS EN 1991-2:2023 - Actions on Structures 
- NA to BS EN 1991-2:2003 - Actions on Structures 
- BS 9295:2020 - Guide to the structural design of buried pipes 
- Standard Conditions for Works Adjacent to Pipelines 90048 

 

 

COMPRESSIBLE MATERIAL 
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3. LOAD CATEGORIES 

 
3.1. LOAD TYPES: 
 
 
Dead loads: 
 
Self-weight of plate (accounted for by FEA software):     (D1) 
 
 
Live Loads: 
 
Vehicle loading (to be determined):       (L1) 
 
 
 
3.2. LOAD COMBINATIONS: 
 
 
Serviceability Limit State - SLS: 
 
1.00 D1 + 1.00 L1 
 
 
Ultimate Limit State - ULS: 
 
1.35 D1 + 1.50 L1 
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4. PERMANENT LOADINGS & DESIGN CHECKS 

 
 
‘Appendix A – Eastwoods CE Design Statement’ Verifies the permanent / end-use case. As 
Vistry’s design engineer, Eastwoods take responsibility for the civil engineering proposals, but 
this excludes the temporary works design for culvert protection. However, a cursory loading 
check has been carried out below to determine the utilization / safety factor within the design. 
 
Minimum cover to culvert: 
 

 
 
Most onerous cover to culvert is located in yellow above. 
 
Approximate cover: 
 
IL of 2No. chambers = 158.69 & 157.43 
Midspan IL = (158.69 + 157.43) / 2 = 158.06 
600mm diameter pipe, crown level = 158.06 + 0.6 = 158.66 
Road level @ midspan = 159.90. 
Cover = 159.90 – 158.66 = 1.24m 
 
Say, 1.20m cover to culvert from road surface. 
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Pavement Build-Up: 
 
Asphalt: 40 mm (surface) + 60 mm (binder) + 75 mm (base) = 175 mm bound 
 
Type 1 sub-base: 150 mm unbound 
 
Capping: 325 mm unbound 
 
Total pavement thickness = 650 mm     (spread loads at 2:1) 
 
Subgrade clay starts at 650 mm below surface. 
Target depth = 1,200 mm → 1.2 m – 0.65 m = 0.55 m into clay.  (spread loads at 1:1) 
 
 
Wheel load - Use 50 kN (≈ 5 tonne wheel) for residential road with refuse truck (conservative). 
 
Tyre contact area = 300 mm × 300 mm 
 
 
Spread through layers: 
 
1) After 650 mm of 2:1 spread 
 
Extra width = 2×0.65 m=1.3 m2 × 0.65 m = 1.3 m2×0.65 m=1.3 m each side 
Patch width ≈ 0.3 m + 2.6 m = 2.9 m 
Patch length ≈ 0.3 m + 2.6 m = 2.9 m 
Area ≈ 8.4 m² 

 
2) After further 550 mm of 1:1 spread 
 
Extra width = 1×0.55 m=0.55 m1 × 0.55 m = 0.55 m1×0.55 m=0.55 m each side 
Patch width ≈ 2.9 m + 1.1 m = 4.0 m 
Patch length ≈ 2.9 m + 1.1 m = 4.0 m 
Area ≈ 16 m² 
 
Stress at Pipe Crown: 
 
Stress = 50 / 16 = 3.1 kN/m2 (SLS) 
1.50 x 3.1 = 4.65 kN/m2  (ULS) 
 
 

4.65 kN/m2 < 8.50 kN/m2, Therefore PASS (55% Utl.) 
 

(8.50 kN/m2 limit is given in United Utilities ‘standard conditions for works adjacent to 
pipelines’ – Ref. 90048 Issue 3.1).  

 
Compared to soil overburden (1.2m x 18kN/m3 ≈ 22 kN/m2) – Traffic loads only make up ~ 15% 
extra.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PASS 
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5. TEMPORARY LOADINGS & DESIGN CHECKS 
 
Most onerously loaded plant operating on site (temporary case). 
 
Circa 40-ton haulage truck (Moxy) such as a Volvo A35G. 
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BS EN 
1991-2: 
6.3.1 
 
 
BS EN 
1991-2 
6.3.2(5) 
 
 
 
 
 
 

NA BS EN 
1991-2 
NA.2.16.1.
3 
 
 
 

 
NA BS EN 
1991-2 
NA.2 
 
 
 
 
 
 
 
 
 
 

 
 
Tire width = W – V  = 3221 – 2534  = 687mm 
 
Axle load = 44600 / 2 = 22300kg (x9.81/1000) = 218 kN 
 
load model 1, which considers Concentrated and uniformly distributed loads, which cover most 
of the effects of the traffic of lorries and cars. This model should be used for global and local 
verifications. 
 

- Each axle of the tandem system should be taken into account with two identical 
wheels, the load per wheel being therefore equal to 0,5 αQ × Qk.  

- The contact surface of each wheel should be taken as square and of side 0,40 m (see 
Figure 6.2). 

 
In this case the tire width is known to be 0.687m. Using engineering judgement we will assume 
the same square contact patch. 
 
This square contact area philosophy is further backed up in load model 3 of the National Annex, 
where: ‘the wheel loads of all three SV models should be uniformly distributed over a square 
contact area as shown in figure NA.1’. 
 
There should be an additional Dynamic Amplification Factor (DAF) applied to account for 
dynamic effects such as the impact or vibration caused by moving loads.  
 

 
 
Basic axle load = 44600 / 2 x 9.81 / 1000 = 218 kN,  Use DAF = 1.07. 
 
load per wheel = 0,5 αQ × Qk.  
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Where: 
αQ = DAF = 1.07 
Qk = 218 kN 
 
Load per wheel = 0.5 x 1.07 x 218 = 116.63 kN (SLS) 
 
Area of tire contact on the plate = 0.687m x 0.687m 
 
Area load acting on this contact patch = 116.63 / (0.687 x 0.687) = 247.1 kN/m2 
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 5.1. ISOMETRIC VIEWS 

 
Isometric View showing vehicle live loading on the modelled steel plate. 

 
Isometric View showing plate dimensions and support conditions. 
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 5.2. FINITE ELEMENT ANALYSIS 
 

 
FEA Mapping of Stresses (ULS) 

 
273.99 N/mm2 < 275 N/mm2, Therefore PASS 

Stresses are within allowable limits. 

 
FEA Mapping of Deflections (SLS) 

 
Consider an allowable deflection = span / 200 for a short spanning structural element with no 
brittle finishes = 900 / 200 = 4.5mm 
 

3 mm < 4.5 mm, Therefore PASS 
Deflections are within allowable limits. 

 
3mm of deflection should be able to occur without exhausting the limits of the compressible 
material to ensure no imposed load on the steel plate is distributed to the granular pipe 
surround underneath. Thus, redistributing loads away from acting on the crown of pipe. 
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6. SUMMARY OF CULVERT DRAINAGE SURVEYS 

 
Prior to starting construction works on site, a survey of the culvert was carried out by Sub 
Group in April of 2021. Steel protective plates have since been installed over the culvert to 
protect the existing infrastructure from damage during the bulk earthworks. The plates were 
removed once levels were brought up to proposed levels with sufficient cover to the crown of 
the culvert. Eastwoods CE are responsible for the engineering design & have confirmed the 
suitability of the final design in this regard – see appended email correspondence. 
 
A second September 2025 survey has now been done after the completion of the bulk 
earthworks, roads, sewers and plots within proximity of the culvert. 
 
The report findings show that the condition of the culvert within the extents shown below have 
not worsened. No issues were flagged during Adien’s recent survey. 
 
The below markup shows the survey extents of the culvert. The node references differ between 
reports so have been labelled as sections A through E for ease of comparison within this report, 
and tabulated on the following pages side by side. 
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2021 Sub Group survey 2025 Adien Survey 

  

Section A 
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2021 Sub Group survey 2025 Adien Survey 

 

 

Section A 
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2021 Sub Group survey 2025 Adien Survey 

  

Section B 
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2021 Sub Group survey 2025 Adien Survey 

  

Section B 
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2021 Sub Group survey 2025 Adien Survey 

  

Section C 
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2021 Sub Group survey 2025 Adien Survey 

 

 

Section C 
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2021 Sub Group survey 2025 Adien Survey 

  

Section D 
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2021 Sub Group survey 2025 Adien Survey 
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2021 Sub Group survey 2025 Adien Survey 
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7. SUMMARY 

 
All stresses and deflections are within allowable limits for the steel plate & is designed to resist 
the most onerous construction loads during bulk earthworks. 
 
It is noted that these calculations have been disputed by United Utilities. These calculations rely 
on the steel plate bridging over the culvert and gravel surround. The use of a compressible 
material ensures loads do not surcharge the gravel surround to the culvert. The design is based 
on load transfer acting downwards through the banks of natural strata either side of the culvert 
& not transferring laterally into the gravel surround.  
 
Should the theoretical methodology be disputed, further evidence has been gathered in the 
form of condition surveys to ensure the culvert has been protected from all damage. A post-
earthworks culvert condition survey has been undertaken by Adien (2025) to compare to the 
original condition survey pre-earthworks by Sub Group (2021). It has been shown that no 
defects were found and the condition is the same as before. 
 
The bulk earthworks has already been completed in its entirety using the methodology set out 
in this report. 
 
Upon completion of the road construction, the additional cover as well as the less onerous 
vehicle loads will result in a less concentrated, distributed load of smaller magnitude. The final 
design / end-use case has been verified by our project engineers, Eastwoods CE, and appended 
overleaf. 
 
This report evidences that the culvert has been adequately protected and will continue to be 
suitably protected from damage following site completion. 
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8. ANNEX A – EASTWOODS CE DESIGN STATEMENT 
 
 

 


