
Identifier of 
Structure

Element
Length 
(m) of 

Structure

Average Width 
(m) of 

Structure

Average 
headroom

Formula
Additional 

assumption
Unit calculation Units Maintenance activity Rate CO2e [kg]

A40 10 - 1 Br01.  Primary Deck Element 9.1 13.03 5.77 Length x Average Width x Additional assumption 0.8 94.86 m3 Concrete repairs 944.12 89557.71

A40 10 - 1 Br03.  Secondary Deck Element 9.1 13.03 5.77 Length x Average Width x Additional assumption 0.2 23.71 m3 Concrete repairs 944.12 22389.43
A40 10 - 1 Br06.  Parapet Beam or Cantilever 9.1 13.03 5.77 Length x 0.7 x 2 x Additional assumption 0.5 6.37 m3 Concrete repairs 944.12 6014.04
A40 10 - 1 Br08.  Foundations 9.1 13.03 5.77 Length x Average width x 0.3 x 2 2 71.14 m3 Foundations: repair 944.12 67168.28

A40 10 - 1 Br09.  Abutments (incl. Arch Springing) 9.1 13.03 5.77
Average Critical Headroom x Average Width x 2 x 
Additional assumption 0.5 75.18 m3 Concrete repairs 944.12 70981.87

A40 10 - 1 Br15.  Superstructure Drainage 9.1 13.03 5.77 Length x 2 x Additional assumption 0.023 0.42 m3 Drainage: Maintenance 3165.4 1325.04

A40 10 - 1 Br16.  Substructure Drainage 9.1 13.03 5.77

Additional assumption x 4 x (Average Critical 
Headroom + Br09. Additional assumption) + 
Additional assumption x 2 x Average Width 0.003357577 0.17 m3 Drainage: Maintenance 3165.4 543.52

A40 10 - 1 Br17.  Waterproofing 9.1 13.03 5.77 Length x Average Width x Additional assumption 0.003 0.36 m3 Waterproofing: Replacement 456.4 162.35
A40 10 - 1 Br18.  Expansion Joints 9.1 13.03 5.77 Average width x Additional assumption 0.106 1.38 m3 Expansion Joint Replacement: Asphaltic Plug 1565.536 2162.29

A40 10 - 1 Br21.  Finishes:  Parapets/Safety Fences 9.1 13.03 5.77 Length* Additional assumption 0.0078359 0.07 m3
Finishes: Wet/Dry surface preparation and re-application 
of finish 22248 1586.43

A40 10 - 1 Br23.  Handrail/Parapets/Safety Fences 9.1 13.03 5.77 Length x Additional assumption 0.024 0.22 m3 Metalwork repair 18942 4136.93

A40 10 - 1 Br24.  Carriageway surfacing 9.1 13.03 5.77 Length x Average Width x Additional assumption 0.0936 11.10 m3 Carriageway surfacing: maintenance 152 1686.96
A40 10 - 1 Br25.  Footway/verge/footbridge surfacing 9.1 13.03 5.77 Length x Additional assumption 1 9.10 m3 Footway surfacing: maintenance 267.8 2436.98

A40 10 - 1 Br30.  Revetment/Batter Paving 9.1 13.03 5.77
Average Width x Average Critical Headroom x 5½/2 
x 2 x Additional Assumption 0 0.00 m3 Revetments: Maintenance (Cable-Tied Block Mattresses) 1378.28 0.00

A40 10 - 1 Br31.  Wing Walls 9.1 13.03 5.77
Average Critical Headroom x 5 x 4 x Additional 
assumption 0.5 57.70 m3 Concrete repairs 944.12 54475.72

A40 10 - 1 Br33.  Embankments 9.1 13.03 5.77
Length x Average Critical Headroom x 0.2 x 1/2 x 2 x 
Additional Assumption 0 0.00 m3 Embankments/Earthworks: Maintenance 1925.65 0.00

A40 10 - 1 Br35.  Approach Rails/Barriers/Walls 9.1 13.03 5.77 Length x 0.2 x Additional Assumption 0.024 0.04 m3 Concrete repairs 944.12 41.24
A40 10 - 1 Br36.  Signs 9.1 13.03 5.77 0 0 0.00 0 Signs: Maintenance 0 0.00

A40 10 C50 - 1 Br01.  Primary Deck Element 74 2.2 2.2 Length x Average Width x Additional assumption 0.8 130.24 m3 Concrete repairs 944.12 122962.19
A40 10 C50 - 1 Br08.  Foundations 74 2.2 2.2 Length x Average width x 0.3 x 2 2 97.68 m3 Foundations: repair 944.12 92221.64

A40 10 C50 - 1 Br10.  Spandrel Wall/Head Wall 74 2.2 2.2
Average Critical Headroom x Length x 2/3 x 
Additional Assumption 0.5 54.27 m3 Concrete repairs 944.12 51234.25

A40 10 C50 - 1 Br16.  Substructure Drainage 74 2.2 2.2

Additional assumption x 4 x (Average Critical 
Headroom + Br09. Additional assumption) + 
Additional assumption x 2 x Average Width 0.003357577 0.05 m3 Drainage: Maintenance 3165.4 161.55

A40 10 C50 - 1 Br17.  Waterproofing 74 2.2 2.2 Length x Average Width x Additional assumption 0.003 0.49 m3 Waterproofing: Replacement 456.4 222.91
A40 10 C50 - 1 Br18.  Expansion Joints 74 2.2 2.2 Average width x Additional assumption 0.106 0.23 m3 Expansion Joint Replacement: Asphaltic Plug 1565.536 365.08
A40 10 C50 - 1 Br23.  Handrail/Parapets/Safety Fences 74 2.2 2.2 Length x Additional assumption 0.024 1.78 m3 Metalwork repair 18942 33640.99

A40 10 C50 - 1 Br24.  Carriageway surfacing 74 2.2 2.2 Length x Average Width x Additional assumption 0.0936 15.24 m3 Carriageway surfacing: maintenance 152 2316.19
A40 10 C50 - 1 Br25.  Footway/verge/footbridge surfacing 74 2.2 2.2 Length x Additional assumption 1 74.00 m3 Footway surfacing: maintenance 267.8 19817.20

A40 10 C50 - 1 Br26.  Invert/River Bed 74 2.2 2.2
Length x Average Width x 0.1 x 2 x Additional 
assumption 0.5 16.28 m3 Invert repair 62 1009.36

A40 10 C50 - 1 Br29.  River Training Works 74 2.2 2.2 Average Width x 2 x 2 x Additional assumption 20 176.00 m3 Concrete repairs 944.12 166165.12

A40 10 C50 - 1 Br31.  Wing Walls 74 2.2 2.2
Average Critical Headroom x 5 x 4 x Additional 
assumption 0.5 22.00 m3 Concrete repairs 944.12 20770.64
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Callout
Links element back to the parent structure.
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Element name.
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Callout
The only structure dimensions available (limited records).
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Callout
Formulae to calculate quantity of each 
element in the absence of detailed dimensions. These formulae use engineering judgement to estimate quantity.
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Callout
Additional assumption links back to engineering judgement made to calculate quantity of each element.
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Calculated quantity of each element.
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Callout
All the elements that comprise one span of a bridge, A40 10 - 1.
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Callout
All the elements that comprise one span of a culvert, A40 10 C50 -1.
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Callout
Quantity calculations defined and agreed with SAVI leads for 36 different bridge elements.
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Callout
Relevant unit for quantity.
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Callout
Maintenance activity for each element.
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Callout
Carbon rate for each maintenance activity. E.g 1m3 of concrete repairs is equivalent to 944.12kg of CO2e.
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Callout
CO2e replacement cost for each element of each structure.
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Text Box
Annotated example of an automated calculation of CO2e content of structural elements for two structures.

Trump, Nick W
Text Box
The tool developed calculates the CO2e for each element. Currently this is being used for the WG asset stock with ~ 5000 structures and ~ 60,000 different elements.

Trump, Nick W
Callout
Asset owners can review specific elements of each structure to identify embodied carbon within each structure.

This provides insight into the contribution of 
different elements .



Total CO2e of the stock Stock Gross Replacement Cost: Stock condition:

5140  Number of trees to offset Offset cost
60241

Date data input Offset area Number of football pitches to offset

Error in the structure types

Total 
number of 
structures

Total CO2e 
[T]

Gross 
replacement 
cost

176 18,753.65 £18,976,124
27 7,827.12 £14,044,083

711 459,265.02 £910,602,909
1240 750,812.13 £1,404,097,527

741 712,758.45 £2,020,659,942
131 10,671.31 £6,779,475
627 123,083.09 £188,362,177
316 0.00 £66,885,310

1171 0.00 £111,316,198

Condition Score SCIAv SCICrit

Very Good >=90 1510 1048

Good >=80 2393 1430

Fair >=65 1076 893

Poor >=40 91 1435

Very Poor <40 70 334
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£24,018,95951,773,327

2,083,171

8,629

T CO2e

ha

Structure type

12,175

Number of structures 

Welsh Government
Overseeing (Trunk Road) Authority

Organisation:
Authority type:

Bridge:  Pedestrian/Cycle (multi-span)
Bridge:  Pedestrian/Cycle (single span)
Bridge:  Vehicular (2 or 3 spans)

No. of Structures:
No. of Elements:

£4,741,723,746

Stock summary

24/06/2021

Trend

Retaining Wall (height ≤ 3m)
Trend
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CONDITION SCORES OF THE STOCK

Very Poor
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Fair
Good
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758

1487

Structure types

Bridges

Culverts

Retaining
Wall

£1 M £281 M £561 M £841 M £1,121 M £1,401 M £1,681 M £1,961 M

Bridge:  Pedestrian/Cycle (multi-span)

Bridge:  Pedestrian/Cycle (single span)

Bridge:  Vehicular (2 or 3 spans)

Bridge:  Vehicular (4 or more spans)

Bridge:  Vehicular (single span)

Culvert (multi-cell)

Culvert (single cell)

Retaining Wall (height > 3m)

Retaining Wall (height ≤ 3m)

GROSS REPLACEMENT COST [£]

1.3%

92.3%

6.4% 0.0%0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Bridge:
Pedestrian/Cycle

Bridge:  Vehicular Culvert Retaining Wall

OFFSET COST [£]

Cost proportion in
comparison with the
whole stock

0.9%

0.4%

22.0%

36.0%

34.2%

0.5%
5.9%

0.0%

0.0%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%

Bridge:  Pedestrian/Cycle (multi-span)

Bridge:  Pedestrian/Cycle (single span)

Bridge:  Vehicular (2 or 3 spans)

Bridge:  Vehicular (4 or more spans)

Bridge:  Vehicular (single span)

Culvert (multi-cell)

Culvert (single cell)

Retaining Wall (height > 3m)

Retaining Wall (height ≤ 3m)

G R O S S  R E P LA C EM E N T  C O S T  P R O P O RT I O N  I N  CO M PA R I S O N W I T H  T H E  W H O L E  S TO C K

47 no.

524 no.

152 no.

325 no.

56 no.

760 no.

203 no.

411 no.

28 no.

480 no.

125 no.

260 no.

57 no.

745 no.

234 no.

399 no.

15 no.

183 no.

44 no.

92 no.

8,190 T

562,022 T

37,794 T

0 T

12,019 T

947,380 T

61,028 T

0 T

6,138 T

353,847 T

32,845 T

0 T

234 T

40,887 T

877 T

0 T

0 T

18,701 T

1,209 T

0 T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Bridge:  Pedestrian/Cycle

Bridge:  Vehicular

Culvert

Retaining Wall

CONDITION AND CO2 PER STRUCTURE TYPE

Very Good Good Fair Poor Very Poor CO2e [T] Very Good CO2e [T] Good CO2e [T] Fair CO2e [T] Poor CO2e [T] Very Poor

0.9%

0.4%

22.0%

36.0%

34.2%

0.5%

5.9%

0.0%

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000

Bridge:  Pedestrian/Cycle (multi-span)

Bridge:  Pedestrian/Cycle (single span)

Bridge:  Vehicular (2 or 3 spans)

Bridge:  Vehicular (4 or more spans)

Bridge:  Vehicular (single span)

Culvert (multi-cell)

Culvert (single cell)

Retaining Wall (height > 3m)

Retaining Wall (height ≤ 3m)

GRCF [T]
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Text Box
This is an extract of the Carbon Dashboard. The dashboard is the front end interface of the calculation tool. This provides interpretation of the data and allows the asset owner to draw conclusions and make asset management decisions.

Trump, Nick W
Callout
Provides a breakdown of the condition score of the structures. This is based off BCI scores. Informs 
asset owner of a snapshot of the condition 
breakdown across the network.

Trump, Nick W
Callout
Summary of input structures and 
elements.
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Callout
Breakdown of structure types.

Trump, Nick W
Callout
High-level summary of the asset stock. Provides the asset owners with a simple summary in one place.

Trump, Nick W
Callout
Comparison of the condition of the structure stock vs. the Gross Replacement Carbon footprint (GRCf). Allows asset owners to understand the embodied carbon in the best and worst condition structures and prioritise funding accordingly.
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Callout
Cost of offsetting the CO2e breakdown across the structure types.
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Callout
Trend of BCI scores across the condition bands.
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Callout
Breakdown of Gross Replacement Cost (GRC) for structure types. Informs asset owners of the replacement cost across different structure types to allocate annual budgets.
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Callout
Headers to simplify the dashboard.



 

 

Number of substandard structures Stock Gross Replacement Cost: Stock condition: Structure types:

Total CO2e of the substandard stock Offset cost

Number of trees to offset Offset area
ha

Number of football pitches to offset

Residual 
Risk Rating

Structure 
Ref

Structure 
Type

Estimated 
Cost CO2e [T]

12 A470 0820 Bridge £500,000 1,134.92

12 A487 280 Bridge £1,000,000 1,286.10

12 A494 380 Bridge £1,542,423 5,643.97

10 A5 290 Bridge £50,000 905.72

6 A470 520 Bridge £250,000 251.18

6 A479 60 Bridge £40,000 540.05

6 A483 370 C92 Culvert £80,000 0.00

6 A5 250 Bridge £35,000 1,081.90

6 A5 290 C73 Culvert £25,000 111.50

6 A5 350 C75 Culvert £15,000 62.21
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COST AND CO2E  OF THE SUBSTANDARD CRITICAL STRUCTURES 

Estimated Cost CO2e [T]
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CO2e BREAKDOWN PER ELEMENT
Br01.  Primary Deck Element
Br02.  Transverse Beams
Br03.  Secondary Deck Element
Br04.  Half Joints/Hinge Joints
Br05.  Tie Beam/Rod
Br06.  Parapet Beam or Cantilever
Br07.  Deck Bracing
Br08.  Foundations
Br09.  Abutments (incl. Arch Springing)
Br10.  Spandrel Wall/Head Wall
Br11.  Pier/Column
Br12.  Cross-Head/Capping Beam
Br13.  Bearings
Br14.  Bearing Plinth/Shelf
Br15.  Superstructure Drainage
Br16.  Substructure Drainage
Br17.  Waterproofing
Br18.  Expansion Joints
Br19.  Finishes:  Deck Elements
Br20.  Finishes:  Substructure Elements
Br21.  Finishes:  Parapets/Safety Fences
Br22.  Access/Walkways/Gantries
Br23.  Handrail/Parapets/Safety Fences
Br24.  Carriageway surfacing
Br25.  Footway/verge/footbridge surfacing
Br26.  Invert/River Bed
Br27.  Aprons
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Callout
Breakdown of the 36 bridge elements and the CO2e for each element. This allows the asset owners to understand the embodied carbon across different parts of the structures.
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Callout
Additional section to allow asset owners to focus on the substandard structures across the network.
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Callout
Specific metrics purely for the substandard structures.
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Callout
Comparison of Gross Replacement Cost (GRC) with Gross Replacement Carbon footprint (GRCf). This allows asset
owners to understand the embodied carbon in the most at-risk structures on the network.
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Callout
BCI structure condition breakdown of the 
substandard structures
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Callout
Top 10 highest-risk structures to allow the asset owners to focus on the required works to the structures and the CO2e impacts.
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Callout
Provide an easily understandable comparison to a football pitch (0.71ha).
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Callout
Breakdown of the key elements that contribute to the overall GRCf of each structure. Allows asset owners to focus long-term asset management planning.
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