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1.0 - INTRODUCTION

• This report summarises and appraises options for the remediation of 

the truss end support boxes at Castlefield Viaduct. Defects in the 

truss end support boxes were identified during surveys as part of a 

2025 Principal Inspection + Assessment.

• The truss support box structures are introduced, then the type and 

extent of the defects are identified. A series of remedial options are 

introduced and their relative advantages/disadvantages described. 

This is followed by a relative appraisal of the options to determine a 

preferred remedial, to be developed further into a construction-status 

detail.

• The report summarises structural sketches, drawings and other 

documents prepared since the extent of the defects were identified. 

The structural descriptions are complemented by focussed 

commentary on the heritage implications of each remedial, which 

also feeds into the options appraisal.

• This report is a simple stand-alone document which sets out the 

known information and the holistic design decisions made in 

response. It has been prepared for review by the Manchester City 

Council (MCC) Planning Team as part of an ongoing dialogue 

concerning the truss end support boxes and their remediation.

• The report is written by Arup as structural engineer, with input from 

Purcell as Heritage Consultant. Both Arup and Purcell are engaged 

by National Trust (NT) to advise on a proposed Phase 2 extension to 

the current high-level urban garden on the Castlefield Viaduct 

(Phase 1). The viaduct is owned and maintained by the Historic 

Railways Estate (HRE) with the NT as tenants.
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2.0 – VIADUCT TRUSSES

• The deck of the Castlefield Viaduct is 

supported by a grillage of beams which are in 

turn supported by steel lattice trusses to each 

side (notionally north and south elevations). 

The trusses span a maximum of approximately 

50m to transfer loads into the piers/abutments.

• The trusses are 20’ (6.1m) deep double lattice 

girders with diagonals running at 45° in both 

directions of two vertical planes. The planes 

are known as the ‘inner’ and ‘outer’ planes as 

viewed from the deck. The direction of 

diagonals working in tension or compression 

flips along the length of the span.

• The lattice diagonals consist of either flat 

plates, angles, or compound sections of both. 

Between the planes of diagonals are cross 

braces, known as lacings, which connect the 

diagonals together.

3.0 – TRUSS END SUPPPORT BOXES

• At the truss ends the diagonals connect by rivets into large vertical steel 

plates in both the inner and outer planes. 

• These 5/8” (15.8mm) thick web plates typically extend 5’ (1524mm) 

along the length of truss, stiffened by horizontal and vertical Tees and 

Ls into a series of panels. 

• Enclosed by the top and bottom chords, and a further 5/8” thick end 

plate to the rear, this forms an effective ‘truss support box’ into which 

the diagonals run with long rivetted connections.

• Within the support boxes the cross braces (lacings) of the compression 

diagonals become solid steel plates which prohibits easy access (note 

the tension diagonals are not laced together within the box). The 

interior of the support boxes are further compromised by the transverse 

beams of the deck grillage, which run through the support boxes in the 

infrequent locations where the transverse beams coincide.

• The support boxes continue below the deck where they bear on large 

granite stone slabs at the pier heads.
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4.0 – CONDITION SUMMARY

• The truss support boxes were initially surveyed by 

rope and MEWP access methods between February-

April 2025, as part of an Arup Principal Inspection 

commissioned by the NT. This was followed in July 

2025 by a dedicated survey of span 1, which runs over 

the operational Network Rail (NR) viaduct beneath.

• The surveys found the bottom panels of the support 

boxes, below the deck, to be in a very poor 

condition. These areas are prone to water attack from 

driven rain running down the outside of the outer 

plane. Some will also collect water overflowing from 

the truss bottom chords, which acts as gutters and are 

unable to discharge in some locations. Maintenance 

may also have been neglected through the life of the 

structure given the challenging access to both support 

box planes.

• An end-by-end survey was carried out for all trusses, 

for both the inner and outer planes. Significant 

corrosion was found at several locations, with 

complete paint absence and loss of thickness to the 

5/8” steel web plate. Some panels were found to be 

deteriorated such that large holes were evident. At 

other locations, however, the condition was found to 

be more acceptable, with paint present and negligible 

corrosion.  

• A qualitative rating was ascribed to each truss end in 

Appendix B.2 of the Principal Inspection (CVI-

ARUP-ZZ-ZZ-RP-S-000001), extracted opposite. The 

ratings are coloured red, amber, yellow, green 

(RAYG) in decreasing order of deterioration. This 

Condition Summary helps to show spatially where the 

defects occur.
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5.0 – REMEDIATION SCHEDULE

• The Arup Principal Inspection + Assessment 

recommended that the most deteriorated support boxes 

should be remediated. These are those rated ‘red’ in the 

Condition Summary: there are 9No. ‘red’ truss ends across 

the viaduct.

• The Principal Inspection outlines how remediation will 

enhance the robustness and resilience of this semi-hidden 

critical element (HCE) into the future, mitigating the risk 

of further deterioration. This recognises the fact the 

support box bottom panels carry all the loads from the 

deck and that there is no secondary load path for load 

redistribution. 

• Useful guidance on the significance of HCEs can be found 

in CIRIA C764 ‘Hidden Defects in Bridges – Guidance for 

Detection + Management’.

• The full extent of deterioration will be properly 

understood once the debris and rust has been 

cleared. A wider programme of debris clearance, 

cleaning and painting has been proposed by Arup in 

sketch CVI-ARUP-ZZ-ZZ-SK-S-3033 on an end-by-

end basis (extract opposite). Different actions are 

recommended depending on the RAYG rating from 

the Condition Summary. 

• More detailed structural surveys will follow as part 

of this process, aiming to understand the full extent 

of corrosion at the ‘red’ ends. This is known as a 

Special Inspection (SI) in bridge terminology.
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6.0 – REMEDIAL OPTIONS

• The need and location of remediation has been outlined. The exact type of remedial is to be determined.

• The remedial is as much guided by the challenging access limitations as it is by structural capacity. Access to the 

inner plane is restricted by the tight vertical clearance between the deck soffit and the pier head. The outer plane is 

constrained by the small zone available against the non-structural castellated fascia to the outer elevation. Access 

within the support box is restricted by the compression diagonals solid plates (typically) and the transverse beam 

ends (infrequently). See drawing CVI-ARUP-ZZ-ZZ-DR-S-4017 for more background of access constraints.

• Alongside the ‘buildability’ implications of these access constraints, any remedial design will be guided by best-

practice approaches concerning the historic fabric, recognising the key heritage significance of the grade II listed 

structure. The remaining key design factors feeding into the remedial are costs, aesthetics and maintainability.

• Several options for remediation have been conceived and varyingly developed into sketches for internal and 

external review. These are listed below and discussed on the following pages against the key design factors, with a 

dedicated commentary on heritage issues provided per option. The relative merits of each option are appraised 

comparatively in Section 7.0. 

• Option 1 – Conventional Over-plating

• Option 2 – Internal Steel Frame

• Option 3 – External Concrete Block

• Option 4 – ‘Tea trays’

• Option 5 – Concrete Infill

• Note some of the phrasing used may differ from that in previously circulated drawings. This is to simplify the 

later comparisons. For ease of reference a full list of structural documents, and a chronology, is provided in 

Appendix A.

• It should be noted that all the options act to add new structure and therefore add capacity to the current structural 

arrangement. This is an important distinction to the alternative strategy of replacing the thinned or holed web 

panels. This approach, say Option 6, would require that the deteriorated plates be removed which would in turn 

temporarily weaken the structure. This would mean significant temporary works to support the viaduct in the short 

term, which may require some form of propping and/or possibly more invasive impact to the structure. Combined 

with the access constraints this option is not deemed currently feasible and is not part of the comparison.

Overview
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6.1 - OPTION 1 – CONVENTIONAL OVER-PLATING

• This option is shown as a concept on sketch CVI-

ARUP-ZZ-ZZ-SK-S-3031.

• It follows the nearest applicable industry-standard 

guidance for such defects, as described in NR 

document NR/CIV/SD/TUM/800 ‘Bridge Repair 

And Strengthening’. As such it is labelled the 

‘conventional’ option.

• It involves bolting a new steel web plate to the 

deteriorated existing plate, then using lapping plates 

to connect the new plate into the surrounding 

horizontal and vertical stiffeners.

• The same remedial would apply to both planes, even 

if only one plane was deteriorated. This reinstates 

the symmetrical vertical stiffness of the original.

Overview

• Follows industry-standard approaches (as far as 

possible)

• Maintains similar load paths as existing

• Aesthetically can be understood as a legible 

intervention.

Advantages

Disadvantages

• Option 1 would result in the loss of original 

historic fabric through the removal of  existing 

rivets and the installation of new ones. 

• The new plates and bolts would be a distinctly 

modern intervention, which may impact upon 

the viaduct’s architectural interest, but would 

retain its overall industrial character. 

Heritage Commentary

• Access required within support box (the NR detail assumes the 

remedial is to an I-beam with easy access both sides).

• Existing web plate rivets prohibit the new plate being pushed 

flush – potential for water trap behind.

• Limits future access to existing web and surrounding 

stiffeners.

• Bolting of lapping plates means removal of existing rivets: loss 

of fabric; potential weakening of capacity during installation 

(temporary works may be required).

• New support is offset from existing web plate, creating 

eccentricities in load paths (which would need to be verified).

• Welded alternative not considered given difficulties of pre-

heating existing steelwork.
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6.2 - OPTION 2 – INTERNAL STEEL FRAME

• This option is shown as a concept on sketch CVI-

ARUP-ZZ-ZZ-SK-S-3032.

• It proposes a new steel frame being installed within 

the support box, consisting of braced vertical 

columns with horizontal ‘arms’ cantilevering out to 

take loads from the support box.

Overview

• Discrete: limited visibility externally

• Minimal access required outside support box

• Good for future access to outside faces of 

existing steelwork

• No need to remove existing rivets.

Advantages

Disadvantages

• Option 2 would have a limited impact on the 

original historic fabric, with only small 

numbers of bolts required to fix the frame in 

place. 

• This option would not be visible externally and 

as such would have no impact on the viaduct’s 

architectural interest. 

• The disadvantages presented, however, suggest 

that Option 2 would not be an ideal engineering 

solution to secure long-term use and 

appreciation of the grade II listed structure. 

Heritage Commentary

• Significant access required within support box: may 

require compression diagonal solid plates being 

removed (temporary works may be required). Loss 

of fabric.

• May also clash with transverse beams and other 

stiffeners which are present within the box at some 

locations.

• Conceptually different arrangement of load paths to 

existing: transfers all loads centrally (possible risks 

in shifting loads)

• Limits future access within box

• Long-term maintenance obligations (e.g. painting)

• Minimal in-plane shear stiffness 
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6.3 - OPTION 3 – EXTERNAL CONCRETE BLOCK

• This option is shown as a concept on sketch CVI-

ARUP-ZZ-ZZ-SK-S-3032.

• It proposes a new concrete block to be poured 

against the defective web panels. The block acts to 

support a new steel bearing angle bolted into the 

sound steel above the holed plate, transferring loads 

down into the pier/abutment.

• It would effectively be lifting the effective bearing 

level above the defective areas.

• The same remedial would apply to both planes, even 

if only one plane was deteriorated. This reinstates 

the symmetrical vertical stiffness of the original.

Overview

• Simple, straightforward

• Minimal access required within support box

• No need to remove existing rivets.

Advantages

• Option 3 is visually intrusive and would have a 

negative impact on the architectural interest of 

the viaduct.

• The original fabric would remain intact, but to 

achieve the highest chance of preventing water 

ingress (and thus further corrosion) the 

concrete would be poured directly against the 

historic steelwork. The long-term effect of the 

interaction of these materials is unknown. 

Heritage Commentary

• Some access still required within box for installing 

bolts to existing web plate.

• Prevents maintenance access to outside of steelwork, 

both to web panels and also surrounding stiffeners.

• Aesthetically unsympathetic: blocks off existing 

fabric both sides.

• If concrete not fully against steelwork then an 

inaccessible water route has been created behind 

(which will encourage further deterioration).

• New support is offset from existing web plate, 

creating eccentricities in load paths (which would 

need to be verified).

Disadvantages
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6.4 - OPTION 4 – ‘TEA TRAYS’

• The 1st iteration of this option is shown as a concept 

on sketch CVI-ARUP-ZZ-ZZ-SK-S-3032. A 2nd 

iteration is shown on drawing CVI-ARUP-ZZ-ZZ-

DR-S-4018 as a developed proposal supported by 

analysis and calculation. 

• It proposes lipped steel plates, like ‘tea trays’, 

offered up to both planes (not only the plane with 

defective web panels). Through-bolts between 

inner/outer planes then support the support box 

above and transfer loads into the web panels.

• Bolts around the edges of the tea trays allow for load 

sharing between trays, and between trays and the 

remnant vertical stiffeners. 

Overview

• Multiple trays allows for hit-and-miss removal for 

future maintenance and access to existing steelwork 

behind (subject to temporary works justification).

• Aesthetically can be understood as a legible 

intervention.

• Maintains similar load paths as existing.

• Reinstates in-plane shear stiffness of defective panel.

• Minimal access required within support box.

Advantages

• Option 4 would introduce the greatest amount 

of modern steelwork. This would impact the 

architectural interest of the viaduct, but would 

likely retain its industrial character.

• It would result in the loss of a small amount of 

original historic fabric through the removal of  

existing rivets and the installation of new ones.

• It has the potential to result in water traps and 

is a largely untested solution which carries a 

degree of long-term risk.

Heritage Commentary

• Existing web plate rivets prohibit tea tray being pushed 

flush – potential for water trap behind.

• Limits future access to existing web and surrounding 

stiffeners.

• New support is offset from existing web plate, creating 

eccentricities in load paths (which would need to be 

verified).

• Multiple new holes requires into sound steel.

• Requires close tolerance to existing rivets: likely to 

require site-specific fabrication per each condition.

• Untested and novel solution.

• Doesn’t prevent overflowing gutters causing corrosion 

from ‘inside-out’

Disadvantages
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6.5 - OPTION 5 – CONCRETE INFILL

• This option is shown on drawing CVI-ARUP-ZZ-ZZ-

DR-S-4019 as a developed proposal supported by 

analysis and calculation. 

• It adopts a similar approach to that evident in the 

adjacent 1870s viaduct (refer to Appendix B). It consists 

of through-bolts between the two planes of the support 

box, which then bear on a concrete infill poured within.

• The concrete infill would be shuttered to avoid leakage 

through web panel holes and to form a clean vertical 

face at the front of the support box. 

• Further structural commentary is given in Appendix C in 

response to previous MCC queries concerning 

construction sequence, maintenance and de-construction.

Overview

• Proven solution, evidenced by long-term performance of 

1870s remedial

• Relatively simple to construct

• Good for future access to outside faces of existing steelwork

• Minimal new bolting

• Minimal new holes into sound steel

• Not reliant on existing rivet geometry

• Maintains similar load paths as existing

• No need to remove existing rivets.

• Minimal long-term maintenance.

• Prevents overflowing gutters causing corrosion from ‘inside-

out’

Advantages

• Visually, Option 5 would be a minimally intrusive 

intervention and would result in no discernible impact on 

the architectural interest of the viaduct. 

• There is a historic precedent for this solution on the 

adjacent viaduct which has proved effective.

•  The original fabric would remain largely intact, except 

for a limited number of new bolts. However, to achieve 

the highest chance of preventing water ingress (and thus 

further corrosion) the concrete would be poured directly 

against the historic steelwork. The long-term effect of 

the interaction of these materials is unknown. 

• Solution would be difficult to reverse in future should 

issues arise.

Heritage Commentary

• Access required within support box (for concreting only)

• Limits future access within box

• Potential water trap internally (if concrete not fully in 

contact with inside steel surfaces)

• Small hole required through compression diagonal solid 

plate.

Disadvantages
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7.0 – OPTIONS APPRAISAL

• Each of the suggested remedial options has advantages and disadvantages when judged against the key design factors. 

• The table below summarises their relative merits using a RAYG appraisal, to determine an overall qualitative rating. From this, an overall preferred option can be 

identified, in principle. There is a degree of subjectivity in the ratings but all are informed by the experience and skills of the design team’s combined experience 

working with and remediating existing structures.

• Not the stated key design factors could be extended to include other criteria, and/or weighted for their relative significance, but the appraisal has been kept purposefully 

simple at this stage. Similarly other options could be investigated, however, a suite of five options for such a challenging, non-standard, remedial is deemed reasonable. 

Design Factor

Option
Structural Buildability Cost Maintainability Aesthetics Heritage Overall

1. 

Conventional 

Over-plating
Ranked 4/5

2. 

Internal steel 

Frame
Ranked 3/5

3. 

External 

Concrete Block
Ranked 5/5

4. 

Tea tray Ranked 2/5

5. 

Concrete infill Ranked 1/5

NOTES - Considering simplicity of 
load paths, risks of 
working with existing 
structure, likelihood for 
successful capacity 
increase etc

- Considering access 
limitations, tolerance of 
existing structure etc

- Estimated costs only - Considering future 
visibility + access to 
elements requiring 
maintenance (cleaning, 
painting, replacement etc)

- Considering non-heritage 
visual aesthetics
- Note all options are 
contained below the 
viaduct deck

- Considering visual and 
physical impacts on 
heritage significance
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8.0 – SUMMARY RECOMMENDATION

• This appraisal has considered five different options for the remediation of 

the ‘red’ truss support boxes. Using a relative qualitative appraisal the 

preferred solution is Option 5, the concrete infill. 

• With reference to Section 7.0 this concrete infill is the most buildable, the 

most straightforward structurally, and likely the most cost effective. It is 

also the easiest to maintain. The heritage implications of the remedial have 

been outlined but on balance are countered by the other positive design 

factors. Additional structural commentary is provided in Appendix C to 

give more background to construction sequence, maintenance, and 

theoretical de-construction. 

• The concrete infill is recommended for approval to MCC, whether this 

is through the currently approved Listed Building Consent (LBC) 

application or via a new application.  

Preferred Option

• Await comments on this report from MCC, including confirmation from 

MCC regarding LBC approaches.

• Special Inspection to ‘red’ ends

• Review options with Contractor, when appointed, to incorporate any 

further strategies regarding buildability. 

• Confirm acceptance with NT and HRE.

• Contractor to commence cleaning, debris clearance, painting, as per end-

by-end requirements of sketch CVI-ARUP-ZZ-ZZ-SK-S-3033.

• Progress remedial detail towards construction-status.

Next Steps
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APPENDIX A - STRUCTURAL DOCUMENTS

• Truss end support box condition summary

• Appendix B.2 of Arup Principal Inspection + Assessment (CVI-

ARUP-ZZ-ZZ-RP-S-000001)

• Initially issued on 02 May 2025

• Updated to Rev A on 06 Aug 2025 to include Span 1 surveys

• Remediation Schedule

• Sketch CVI-ARUP-ZZ-ZZ-SK-S-3033

• Access constraints

• 1st iteration - sketch CVI-ARUP-ZZ-ZZ-SK-S-3030

• 2nd iteration - drawing CVI-ARUP-ZZ-ZZ-DR-S-4017

• Option 1 - Conventional Remedial Option

• Sketch CVI-ARUP-ZZ-ZZ-SK-S-3031

• Option 2 – Internal Steel Frame

• Sketch CVI-ARUP-ZZ-ZZ-SK-S-3032

• Option 3 – External Concrete Block

• Sketch CVI-ARUP-ZZ-ZZ-SK-S-3032

• Option 4 - Tea Trays

• 1st iteration - sketch CVI-ARUP-ZZ-ZZ-SK-S-3032

• 2nd iteration - drawing CVI-ARUP-ZZ-ZZ-DR-S-4018

• Option 5 – Concrete Infill

• Drawing CVI-ARUP-ZZ-ZZ-DR-S-4019

Chronology

• Feb-April 2025: Arup rope surveys across spans 2-8, to form 

basis of Principal Inspection 

• 02 May 2025: Arup Principal Inspection + Assessment report 

issued

• 08 May 2025: Workshop between Arup, NT, MCC to discuss 

findings of surveys and recommendations from Principal 

Inspection. Need for truss end support box remedial outlined. 

Arup circulated sketches 3030 / 3031 / 3032, Appendix B.2

• 21 May 2025: MCC confirmed preference for tea tray option; 

no requirement for further LBC to be submitted

• 19 July 2025: Further overnight Arup rope surveys across 

span 1, under NR possession

• 06 Aug 2025: Arup email with developed drawing of tea tray 

(drawing 4018); also outlined concrete infill option to adopt 

same approach as 1870s viaduct.

• 04 Sep 2025: Workshop between Arup, NT, MCC to discuss 

tea tray option versus concrete infill option. Concrete infill 

queries raised by MCC by email.

• 01 Oct 2025: This Options Appraisal circulated externally to 

MCC

• All relevant structural drawings/documents relating to the truss end support boxes, and their remedials, are listed below and included in this Appendix A. 

• For ease of reference, the chronology below details key dates during the development of the proposals.

Document List
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H&S / CDM Risks:

Specific risks highlighted thus:
• existing paintwork contains lead
• limited structural capacity of viaduct deck 

plates
• existing ballast contaminated with lead 

and hydrocarbons
• working at height above water and public 

areas
Refer to Arup risk register for further details.

Legend:

Existing structure
• unchanged unless noted otherwise

Proposed remedial

Indicative extent of defect
• typical loss of section or thickness 

due to corrosion

Indicative packing plates
• where required
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S2 -  For Information

CVI-ARUP-ZZ-ZZ-DR-S-4017
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Notes:

1. These drawings shall be read in conjunction with 
all relevant Engineer's and Architect's drawings 
and with all relevant specifications.

2. Existing condition drawn with dimensions from 
original archive drawings. All existing dimensions 
to be verified by the Contractor prior to fabrication 
or construction.

3. Drawing to be read in colour.
4. Do not scale from this drawing 
5. For structural nomenclature refer to drawing    

CVI-ARUP-ZZ-ZZ-DR-S-1055. For structural 
notation of spans/beams/piers refer to drawing 
CVI-ARUP-ZZ-ZZ-DR-S-1056

LOCATION / NUMBER OF REMEDIALS REQUIRED:
• Refer to drawing CVI-ARUP-ZZ-XX-DR-S-4018 for 

remedials required.
• Refer to Arup Principal Inspection & Assessment 

CVI-ARUP-ZZ-ZZ-RP-S-000001 for further 
background.

KEY PLAN:

T1 26/06/25 RR GH Issue for Tender

NOTE:
The remedial details shown consider the most likely 
corrective intervention based on the expected 
type/extent of defect. Extent of defect to be confirmed 
pending future brush down, removal of debris, and 
subsequent tactile surveys. Additional locations may 
be required following July 2025 Span 1 surveys.

NOTE:
Rivet numbers and sizes shown indicatively. Typically 
assumed 7/8" (22.2mm) shank with holes (1/16" 
1.6mm) greater than shank. Rivet heads assumed to 
project approx 20mm beyond face of connected plates.

NOTE:
Drawn for notional typical condition along viaduct. Other 
conditions vary according to configuration of transverse 
beams and incoming diagonals. Abutment condition 
follows similar arrangement in principle. 

Assumed panelisation of web plates
- 2No. main web plates with vertical 
butt joint on GL 2
- top and bottom plates are 
continuous with truss top and 
bottom chords
- horizontal butt joints between 
plates on GLs B and E

1 2

1
2

3

3

B

A

OUTER PLANE

INNER PLANE

Lattice diagonals in 2 
planes as labelled below

1 2 3

F

E

D

C

B

A

Lower web panels
- area of worst 
case corrosion

OUTER PLANE

INNER PLANE

Vertical stiffeners
- 5No. across length of 
support box, each plane
- each 4.5" x 4.5" x 5/8"

Web plates
- 5/8" = 15.8mm 
thk each plane

End plate
- 5/8" = 
15.8mm thk

Horizontal stiffener at GL A
- single 4.5" x 4.5" x 5/8" angle

Horizontal stiffeners at GL B
- back to back 4.5" x 4.5" x 
5/8" angles

Deck plate shown transparent for clarity
- pier head not shown

Support box length varies per condition, 
approximate range 1613-1753mm
- also note irregular asymmetry between 
lengths of panel 1-2 and panel 2-3

B

A

3 2 1

2
' =

 6
1
0
m

m

2
' =

 6
1
0
m

m

3

2

1

Span X support box Span Y support box

Vertical web plate
- 5/8" (15.8mm) thk 
- with horizontal and 
vertical stiffeners 
(angle sections)

Joint between support boxes 
from adjacent spans

Truss support boxes
bearing on pier head 
underneath
- originally on steel 
bearing plate on 
Shap granite 
bearing stone

TYPICAL ARRANGEMENT
NTS

TYPICAL CONSTRAINTS
NTS

Castellated fascia 
at pier head

Lower web panels
- area of worst 
case corrosion

Incoming transverse beam
- setting out varies per span: 
not always, but sometimes, 
incident to truss support box INNER 

PLANE

1

Clearance to pier head 
castellated head
- varies per pier 
- indicatively 650mm below 
longitudinal beam, 1200mm 
below deck plate

Inner Plane

Outer Plane

Truss 
Planes

1

Castellated 
head to pier
- square on plan
- approx 
4.5x4.5m

1

B

OUTER 
PLANE

Bolted turnbuckle tie to 
restrain castellated 
fascia into truss 
support box
- assumed C20th

Gap for access 
varies per 
condition

OUTER 
PLANE

Tension diagonals fixed 
to inside of support box 
web plates
- no lacings within box

Compression diagonals 
fixed inside tension 
diagonals
- cross bracing (lacings) 
from compression 
diagonals changes to solid 
plates within support box

1

Potential to temporarily cut out deck 
plate locally for access to pier head
- to be sensitively reinstated 
afterwards (see Arup drawing CVI-
ARUP-ZZ-ZZ-DR-S-4025)

Pier head

INNER 
PLANE

33

Joint between support boxes 
from adjacent spans

NTS     
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H&S / CDM Risks:

Specific risks highlighted thus:
• existing paintwork contains lead
• limited structural capacity of viaduct deck 

plates
• existing ballast contaminated with lead 

and hydrocarbons
• working at height above water and public 

areas
Refer to Arup risk register for further details.

Legend:

Existing structure
• unchanged unless noted otherwise

Proposed remedial

Indicative extent of defect
• typical loss of section or thickness 

due to corrosion

Indicative packing plates
• where required

!

A1

Do not scale

A B C D E F G H I J K L M N

1

2

3

4

5

6

7

8

9

10

11

Client

Project Title

Scale at A1

Role

ID

© Arup

Arup Job No Rev

Status

Drawing Title

Rev Date

Drawn By

Chkd Appd Issue Notes

2
6

/0
6
/2

0
2

5
 1

4
:2

8
:1

5

As indicated

T1282210

Castlefield Viaduct
Phase 2

The National Trust

6th Floor, 3 Piccadilly Place
Manchester, M1 3BN
Tel +44(0161) 228 2331 Fax +44(0161) 228 6879
www.arup.com

Structural

Remedials
Truss End Supports
'Tea Tray' Remedial

S2 -  For Information

CVI-ARUP-ZZ-ZZ-DR-S-4018

EJM

Notes:

1. These drawings shall be read in conjunction with 
all relevant Engineer's and Architect's drawings 
and with all relevant specifications.

2. Existing condition drawn with dimensions from 
original archive drawings. All existing dimensions 
to be verified by the Contractor prior to fabrication 
or construction.

3. Drawing to be read in colour.
4. Do not scale from this drawing 
5. For structural nomenclature refer to drawing    

CVI-ARUP-ZZ-ZZ-DR-S-1055. For structural 
notation of spans/beams/piers refer to drawing 
CVI-ARUP-ZZ-ZZ-DR-S-1056

LOCATION / NUMBER OF REMEDIALS REQUIRED:
• 9No. required as below:

Span 4 - North elevation, Deansgate end
Span 4 - South elevation, Deansgate end
Span 4 - South elevation, Cornbrook end
Span 5 - South elevation, Cornbrook end
Span 7 - North elevation, Cornbrook end
Span 8 - North elevation, Deansgate end
Span 8 - North elevation, Cornbrook end
Span 8 - South elevation, Deansgate end
Span 8 - South elevation, Cornbrook end

• Refer to Arup Principal Inspection & Assessment 
CVI-ARUP-ZZ-ZZ-RP-S-000001 for further 
background.

KEY PLAN:

NOTE:
The remedial details shown consider the most likely 
corrective intervention based on the expected 
type/extent of defect. Extent of defect to be confirmed 
pending future brush down, removal of debris, and 
subsequent tactile surveys. Additional locations may 
be required following July 2025 Span 1 surveys.

NTS     

T1 26/06/25 RR GH Issue for Tender

Span 7 North Elevation, Cornbrook End 1

INNER 
PLANE

DEFECT EXAMPLES
NTS

REMEDIAL DETAIL
NTS

Span 4 South Elevation, Cornbrook End Span 4 South Elevation, Cornbrook End

INNER 
PLANE

OUTER 
PLANE

Span 8 North Elevation, Cornbrook End

OUTER 
PLANE

1

Configuration of existing bearing to be 
reviewed pending further debris clean and 
tactile survey

Note: this is at the Cornbrook 
abutment; access further constrained 
by surrounding masonry bearing gallery

Holes on both lower web 
panels, inner plane

Debris at pier head to be cleared to 
confirm extents/condition of bottom 
horizontal stiffener on GL A

Span 4 South Elevation, Cornbrook End

OUTER 
PLANE

3Rivets from incoming 
compression diagonal within box

Purpose of rivets 
likely for connection 
of incoming 
transverse beam

Note GL 1 vertical 
stiffener not supported 
on bearing 
- extents of bearing 
TBC pending further 
debris clean and 
tactile survey

Purpose of rivets TBC: 
potentially for cross stiffener 
within box

B

Note fold in horizontal stiffener flange 
to run in front of vertical stiffener

Horizontal hole to lower web panel, outer plane
- extents of remaining sound steel to be 
reviewed pending further tactile survey

3

M16 TCBs centred between 
existing rivets
- setting out to ensure access for 
torque wrench against tea tray 
whilst maintaining minimum edge 
distances to existing plates
- close-fitting holes assumed
- assumes existing stiffeners in 
sound condition: TBC by further 
tactile surveys

NOTE:
Drawn for notional typical condition along 
viaduct. Other conditions vary according to 
configuration of transverse beams and 
incoming diagonals. Abutment condition follows 
similar arrangement in principle. 

NOTE:
Rivet numbers and sizes shown indicatively. 
Typically assumed 7/8" (22.2mm) shank with 
holes (1/16" 1.6mm) greater than shank. Rivet 
heads assumed to project approx 20mm 
beyond face of connected plates.

NOTE:
Existing structure assumed 
blasted, cleaned and re-painted 
prior to remedial installation.

Tea tray web pushed 
against rivets of 
horizontal/vertical stiffeners
- corner rivets at folded 
stiffeners to be ground 
down accordingly to avoid 
pushing tea tray further out

Note vertical bolts into GL B to 
be shifted where clashing with 
incoming transverse beam
- remedial locations to be 
surveyed to confirm geometry 
of transverse beam ends

B

Large packing plates (up 
to 36mm) to close off 
against existing web panel
- assumed affixed to rear 
of tea tray

Through bolt setting out assumed below 
horizontal stiffener
- sufficiently high to be within sound steel 
(TBC by site measure)
- sufficiently low to avoid needing to 
removed existing rivets

OUTER PLANE

INNER PLANE

Packers top and bottom 
(folding wedge-type) to close 
off tea tray to existing structure
- discrete packers allows 

Through bolts to be installed first, pushed 
through from inner plane to be received 
on outer (or vice versa). Tea tray to be 
offered over bolts before bolt tightening. 
- minimal access required internally to box
- setting out to avoid clashes with 
compression diagonal solid plates

3 2 1

B

A

M27 bolts between each face ('through bolts)
- assumed not HSFG bolts given lengths 
required
- to be in single row spaced at approx 85mm c/c, 
set out to ensure sufficient clearance for access
- option for wider spaced through bolts staggered 
on two rows to be reviewed, depending on 
extents of remaining sound web panel

M16 dome-headed TCB HSFGs around top 
and sides of tea trays ('framing bolts')
- assumed numbers as shown, TBC confirmed 
pending confirmed measures of existing 
stiffener and rivet dimensions

'Tea trays' in 16thk steel to fill lower panels, on 
truss ends requiring remediation
- where remediation is required, assume tea 
trays required between GLs 1+3, on both inner 
and outer planes (even if only one plane found 
to be deteriorated)

3

Framing bolts to bottom of tea tray 
assumed M16 resin anchors into 
either remnant steel bottom flange 
or into steel bearing plate 
- TBC pending debris clearance and 
review of bearing plate 

Assumed defect:
- loss of thickness or hole to lower web panels
- either one or both planes assumed 
deteriorated
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H&S / CDM Risks:

Specific risks highlighted thus:
• existing paintwork contains lead
• limited structural capacity of viaduct deck 

plates
• existing ballast contaminated with lead 

and hydrocarbons
• working at height above water and public 

areas
Refer to Arup risk register for further details.

Legend:

Existing structure
• unchanged unless noted otherwise

Proposed remedial

Indicative extent of defect
• typical loss of section or thickness 

due to corrosion

Indicative packing plates
• where required

!

A1

Do not scale

A B C D E F G H I J K L M N

1

2

3

4

5

6

7

8

9

10

11

Client

Project Title

Scale at A1

Role

ID

© Arup

Arup Job No Rev

Status

Drawing Title

Rev Date

Drawn By

Chkd Appd Issue Notes

2
6

/0
6
/2

0
2

5
 1

4
:2

8
:1

5

As indicated
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The National Trust
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Structural

Remedials
Truss End Supports
'Tea Tray' Remedial

S2 -  For Information

CVI-ARUP-ZZ-ZZ-DR-S-4018

EJM

Notes:

1. These drawings shall be read in conjunction with 
all relevant Engineer's and Architect's drawings 
and with all relevant specifications.

2. Existing condition drawn with dimensions from 
original archive drawings. All existing dimensions 
to be verified by the Contractor prior to fabrication 
or construction.

3. Drawing to be read in colour.
4. Do not scale from this drawing 
5. For structural nomenclature refer to drawing    

CVI-ARUP-ZZ-ZZ-DR-S-1055. For structural 
notation of spans/beams/piers refer to drawing 
CVI-ARUP-ZZ-ZZ-DR-S-1056

LOCATION / NUMBER OF REMEDIALS REQUIRED:
• 9No. required as below:

Span 4 - North elevation, Deansgate end
Span 4 - South elevation, Deansgate end
Span 4 - South elevation, Cornbrook end
Span 5 - South elevation, Cornbrook end
Span 7 - North elevation, Cornbrook end
Span 8 - North elevation, Deansgate end
Span 8 - North elevation, Cornbrook end
Span 8 - South elevation, Deansgate end
Span 8 - South elevation, Cornbrook end

• Refer to Arup Principal Inspection & Assessment 
CVI-ARUP-ZZ-ZZ-RP-S-000001 for further 
background.

KEY PLAN:

NOTE:
The remedial details shown consider the most likely 
corrective intervention based on the expected 
type/extent of defect. Extent of defect to be confirmed 
pending future brush down, removal of debris, and 
subsequent tactile surveys. Additional locations may 
be required following July 2025 Span 1 surveys.

NTS     

T1 26/06/25 RR GH Issue for Tender

Span 7 North Elevation, Cornbrook End 1

INNER 
PLANE

DEFECT EXAMPLES
NTS

REMEDIAL DETAIL
NTS

Span 4 South Elevation, Cornbrook End Span 4 South Elevation, Cornbrook End

INNER 
PLANE

OUTER 
PLANE

Span 8 North Elevation, Cornbrook End

OUTER 
PLANE

1

Configuration of existing bearing to be 
reviewed pending further debris clean and 
tactile survey

Note: this is at the Cornbrook 
abutment; access further constrained 
by surrounding masonry bearing gallery

Holes on both lower web 
panels, inner plane

Debris at pier head to be cleared to 
confirm extents/condition of bottom 
horizontal stiffener on GL A

Span 4 South Elevation, Cornbrook End

OUTER 
PLANE

3Rivets from incoming 
compression diagonal within box

Purpose of rivets 
likely for connection 
of incoming 
transverse beam

Note GL 1 vertical 
stiffener not supported 
on bearing 
- extents of bearing 
TBC pending further 
debris clean and 
tactile survey

Purpose of rivets TBC: 
potentially for cross stiffener 
within box

B

Note fold in horizontal stiffener flange 
to run in front of vertical stiffener

Horizontal hole to lower web panel, outer plane
- extents of remaining sound steel to be 
reviewed pending further tactile survey

3

M16 TCBs centred between 
existing rivets
- setting out to ensure access for 
torque wrench against tea tray 
whilst maintaining minimum edge 
distances to existing plates
- close-fitting holes assumed
- assumes existing stiffeners in 
sound condition: TBC by further 
tactile surveys

NOTE:
Drawn for notional typical condition along 
viaduct. Other conditions vary according to 
configuration of transverse beams and 
incoming diagonals. Abutment condition follows 
similar arrangement in principle. 

NOTE:
Rivet numbers and sizes shown indicatively. 
Typically assumed 7/8" (22.2mm) shank with 
holes (1/16" 1.6mm) greater than shank. Rivet 
heads assumed to project approx 20mm 
beyond face of connected plates.

NOTE:
Existing structure assumed 
blasted, cleaned and re-painted 
prior to remedial installation.

Tea tray web pushed 
against rivets of 
horizontal/vertical stiffeners
- corner rivets at folded 
stiffeners to be ground 
down accordingly to avoid 
pushing tea tray further out

Note vertical bolts into GL B to 
be shifted where clashing with 
incoming transverse beam
- remedial locations to be 
surveyed to confirm geometry 
of transverse beam ends

B

Large packing plates (up 
to 36mm) to close off 
against existing web panel
- assumed affixed to rear 
of tea tray

Through bolt setting out assumed below 
horizontal stiffener
- sufficiently high to be within sound steel 
(TBC by site measure)
- sufficiently low to avoid needing to 
removed existing rivets

OUTER PLANE

INNER PLANE

Packers top and bottom 
(folding wedge-type) to close 
off tea tray to existing structure
- discrete packers allows 

Through bolts to be installed first, pushed 
through from inner plane to be received 
on outer (or vice versa). Tea tray to be 
offered over bolts before bolt tightening. 
- minimal access required internally to box
- setting out to avoid clashes with 
compression diagonal solid plates

3 2 1

B

A

M27 bolts between each face ('through bolts)
- assumed not HSFG bolts given lengths 
required
- to be in single row spaced at approx 85mm c/c, 
set out to ensure sufficient clearance for access
- option for wider spaced through bolts staggered 
on two rows to be reviewed, depending on 
extents of remaining sound web panel

M16 dome-headed TCB HSFGs around top 
and sides of tea trays ('framing bolts')
- assumed numbers as shown, TBC confirmed 
pending confirmed measures of existing 
stiffener and rivet dimensions

'Tea trays' in 16thk steel to fill lower panels, on 
truss ends requiring remediation
- where remediation is required, assume tea 
trays required between GLs 1+3, on both inner 
and outer planes (even if only one plane found 
to be deteriorated)

3

Framing bolts to bottom of tea tray 
assumed M16 resin anchors into 
either remnant steel bottom flange 
or into steel bearing plate 
- TBC pending debris clearance and 
review of bearing plate 

Assumed defect:
- loss of thickness or hole to lower web panels
- either one or both planes assumed 
deteriorated

1st issue09/09/25

4019

Concrete Infill Remedial

NOTE: Rivet numbers and sizes
shown indicatively. Typically
assumed 7/8" (22.2mm) shank with
holes (1/16" 1.6mm) greater than
shank. Rivet heads assumed to
project approx 20mm beyond face
of connected plates.

NOTE: Drawn for notional typical
condition along viaduct. Other
conditions vary according to
configuration of transverse beams
and incoming diagonals. Abutment
condition follows similar
arrangement in principle.

NOTE: Existing structure assumed
blasted, cleaned and re-painted prior
to remedial installation. Refer to
Proposed Remediation Schedule on
sketch CVI-ARP-ZZ-ZZ-SK-S-3033.

B

A

123

A

B

1

2

3

Extend of defect shown indicatively
- to be verified by further tactile survey
post-cleaning and debris removal

Concrete infill within support box
- to extend to front of box in line with
flange of vertical stiffener on GL 1
- to be poured directly against internal
face of existing steel (post- cleaning and
painting)
- infill to fall at 1:40 from GL 3 to GL 1
- TOC TBC - dependent on minimum
cover C (100mm) to confirmed through
bolt positions. Assume approx 1.5m3

concrete required typically.
- note: two pours may be required if the
compression diagonal solid plate bisects
the support box volume. Diagonal
geometry varies on a location-by-location
basis, to be confirmed by further tactile
survey.

Infill to be reinforced
with A393 mesh to
externally visible faces
only
- minimum 50mm
nominal cover

TOC TBC

C

Through bolts from inner to outer planes
- M27 bolts (or threaded rod) between each
face, with 50dia x 4thk washers
- bolts to be at approx 125mm c/c horizontally
(pitch P) on a single horizontal row where
possible, or staggered vertically (as shown) to
avoid:
       - thin sections of existing steel
       - diagonals within boxes (and their rivets)
- bolt positions to be confirmed per location
following further tactile survey. Bolts to not be
positioned above deck level.
- black bolts assumed, in standard clearance
bolt holes each side

Formwork + shoring
required to prevent
concrete leakage
through holes

IN
NER

PLA
NE

OUTER

PLA
NE

Any exposed interface
between concrete and
existing steel to be
sealed with hydrophilic
strip (e.g. Adcor by gcp,
or equivalent)

OUTER

PLA
NE

IN
NER

PLA
NE

Assumed sequence:
1 - hole for 1st bolt drilled into either inner
or outer plane (leading hole)
2 - small diameter drill uses leading hole
for a pilot hole in opposite plane, ensuring
holes are aligned vertically / horizontally
3 - pilot hole enlarged on opposite plane
4 - 1st bolt installed and loosely tightened
5 - repeat for all bolts
6 - infill concrete poured
7 - bolts fully tightened

P

Concrete to be
adequately
compacted to
ensure flow around
bolt

1

At conditions where compression
diagonal (solid plate) intersects with
concrete infill:
- 30mm dia half-round drainage hole to
be drill centrally through diagonal for
water discharge, infill benched to sides
to encourage transverse flow

Debris in bottom of
support box to be
removed, existing
bottom plate exposed /
cleaned / painted

A

B

Special Inspection. Refer to the Truss
End Support Boxes Remediation Schedule (sketch
CVI-ARUP-ZZ-ZZ-SK-S-3033) for proposed action
per each support box.
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Castlefield Viaduct (282210)

Truss end support boxes
- Access constraints  - Sheet 1/2

PIERS - HEAD CONSTRAINTS

NTS

PIERS - BASE CONSTRAINTS

NTS

Pier 1

Pier 2

Pier 3

Pier 4

Pier 5

Pier 6

Pier 7

Pier 8

Pier 9

Pier 10

Pier 11

Pier 12

Pier 13

Pier 14 Pier 15

Deansgate
abutment

Cornbrook
abutment

OUTER PLANE

INNER PLANE

B

1

2
3

3
2

1

A

Truss support
boxes
bearing on
pier head
underneath
- originally on
steel bearing
plate on Shap
granite
bearing stone

Transverse beams
- approx 4.1m c/c

Longitudinal beams
- either 1.5m or
1.8m c/c

Lattice trusses

Long rivetted
connections from
incoming diagonals

Deck plate shown
transparent for clarity
- pier head not shown

Vertical web plate
- 5/8" (15.8mm) thk 
- with horizontal
and vertical
stiffeners (angle
sections)

Pier truss
- spanning between
pier heads

Outer
plane

Inner
plane

Tension
diagonalsCompression

diagonals

Castellated head to pier
- square on plan
- approx 4.5x4.5m

Truss
planes

Lower web panels
- area of worst case
corrosion

Span X support box Span Y support box

Pier head looking
transversely

Longitudinal beams

Drainage channel
running parallel to
transverse beams

Castellated fascia
at pier head
- see sheet 2 for
more details

Pier 1
- car park at base
from Potato Wharf
development

Pier 8
- adjacent to canal

Pier 11
- adjacent to Duke
St

Pier 10
- within canal

Truss bottom
chord

Vegetation and
ballast above deck
plate

Clearance to pier head
castellated head
- varies per pier 
- indicatively 650mm below
longitudinal beam, 1200mm
below deck plate

INNER
PLANE

Joint between
support boxes
from adjacent
spans

NOTES:
1. Refer to CVI-ARUP-ZZ-ZZ-RP-S-000001 for Principal
Inspection + Assessment generally. Refer to Appendix
B.2 for condition summary per truss support box
2. Refer to sketches CVI-ARUP-ZZ-ZZ-SK-S-3031 +
3032 for truss support box remedial options

Lattice trusses

Span X support box
- approx 5' = 1524mm

Span Y support box
- approx 5' = 1524mm

TYPICAL ARRANGEMENT

NTS

Lattice diagonals in
2 planes as labelled
below

INNER PLANE

OUTER
PLANE

1

2

3

End plate
- 5/8" =
15.8mm thk

Vertical stiffeners
- 5No. across length of support box, each
plane
- each 4.5" x 4.5" x 5/8" 
(114.3mm x 114.3mm x 15.8mm)

Web plates
- 5/8" =
15.8mm thk
each plane

2' =
610mm

NOTE: Rivet
numbers and
sizes shown
indicatively

B

A

123

5' = 1524mm

Horizontal
stiffeners at GL B
- back to back
4.5" x 4.5" x 5/8"
angles

2' =
610
mm

Horizontal stiffener at
GL A
- single 4.5" x 4.5" x
5/8" angle

Truss
bottom
chord

Lower web panels
- area of worst case
corrosion
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Castlefield Viaduct (282210)

Truss end support boxes
- Access constraints  - Sheet 2/2

OUTER PLANE REMEDIALS - CONSTRAINTS

NTS

INNER PLANE REMEDIALS - CONSTRAINTS

NTS

CONSTRAINTS WITHIN SUPPORT BOX

NTS

CONSTRAINTS AT ABUTMENT

NTS; DRAWN FOR CORNBROOK ABUTMENT

Approx 1600mm
from longitudinal
beam to face of
truss support box

Potential to temporarily cut out
deck plate locally for access to
pier head
- to be sensitively reinstated
afterwards (see Arup drawing
CVI-ARUP-ZZ-ZZ-DR-S-4025)

Truss end support box Joint between
support boxes from
adjacent spans

Bottom plate buried
within debris

Incoming
transverse beam
- setting out varies
per span: not
always, but
sometimes, incident
to truss support box

Soffit Tee stiffener
to deck plate

Pier head

Gap for access
varies varies

Castellated fascia
- tied to truss
support boxes, but
otherwise
independent

Truss bottom chord

Support
box outer
plane

Internal view of
fascia
- assumed bolted
assembly of CI
frames

Connection into
pier head unknown
- buried within
debris

Bolted turnbuckle
tie to restrain
castellated fascia
into truss support
box
- assumed C20th

Approx 610mm within
support box

Noding out of diagonals
various per truss end
- compression diagonal
shown above nodes out
near far end of support box

A

B

C

D

E

F

1 2 3

Assumed
panelisation of web
plates
- 2No. main web
plates with vertical
butt joint
- top and bottom
plates are
continuous with
truss top and
bottom chords
- horizontal butt
joints between
plates on GLs B
and E

Tension diagonals
fixed to inside of
support box web
plates

Compression
diagonals fixed
inside tension
diagonals
- cross bracing
(lacings) from
compression
diagonals changes
to solid plates
within support box

Debris at bottom of
support box

Assumed cross
stiffener from
bottom chord
which runs into
support box
- not assumed
typical

Transverse beam end running
through support box
- assumed not typical

Original drawing
shown level of deck
(and edge angle to
deck plate)

INNER
PLANE

OUTER
PLANE

OUTER
PLANE

INNER
PLANE

OUTER
PLANE

Assumed steel
bearing at
abutment
- with assumed
C20th channels
around perimeter

Note proximity of
return wall to
bearing gallery

Note proximity of
wing wall and rear
wall to abutment

Bearing gallery for
support of incoming
longitudinal beams

NOTES:
1. Refer to CVI-ARUP-ZZ-ZZ-RP-S-000001 for Principal Inspection +
Assessment generally. Refer to Appendix B.2 for condition summary per
truss support box
2. Refer to sketches CVI-ARUP-ZZ-ZZ-SK-S-3031 + 3032 for truss
support box remedial options

INNER
PLANE

A

B

A

B

B

B

1
1

1

1
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Castlefield Viaduct (282210)

Truss end support boxes
- Conventional remedial option

NOTES:
1. Refer to CVI-ARUP-ZZ-ZZ-RP-S-000001 for
Principal Inspection + Assessment generally.
Refer to Appendix B.2 for condition summary per
truss support box
2. Refer to sketch CVI-ARP-ZZ-ZZ-SK-S-3030 for
support box access constraints.
3. Refer to sketch CVI-ARP-ZZ-ZZ-SK-S-3032 for
alternative remedial options.

CONVENTIONAL REMEDIAL OPTION
NTS

CONVENTIONAL REMEDIAL OPTION - PRECEDENT
NTS; MARKED-UP EXTRACTS FROM NETWORK RAIL NR/CIV/SD/TUM/800 REV F

New web plate
- in front of existing
- assumed 15mm
thk, approx 500wd
x 400dp Lapping plates

- to all 4 sides
- assumed 15mm thk,
approx 175mm wd

New lap plates
- fixed around
perimeter on
top of existing
framing angles
- requires
sequential
process of
rivets being
removed and
replaced with
new bolts

Web strengthening
plate
- same each side
of existing

PROS
- follows industry-standard typical detail in
Network Rail guidance documents
- reinstatement closely follows original
design intent
- new web plate pushed as close to
existing as possible: minimises
eccentricities

CONS
- assumes all rivets sequentially removed
for new lap plates: potential temporary
works required for support during removal
+ consequent lots of access required
within box
- prevents future access to original
steelwork behind: potentially creates
water trap thus encouraging further
corrosion

AREAS FOR DESIGN DEVELOPMENT
- impact of providing single-sided
remedial only (typical details provide
symmetric new web plates to each side)
- typical detail doesn't envisage
arrangements like Castlefield Viaduct
truss end support boxes, with large
vertical plates positioned above those to
be remediated. 
- investigate options for new bolts which
only require access to one side
- investigate potential number of existing
rivets which can be safely removed at any
time

LOWER PANEL CONDITION
NTS; EXTRACT FROM APPENDIX B.2 CVI-ARUP-ZZ-ZZ-RP-S-00001

1

INNER

OUTER

3
2

OUTER
1

Hole to bottom of
lower panel

Holes to bottom of
lower panels

B

B

B

Holes to bottom of
lower panels

New web plates either side of
existing
- provides symmetric remedial
with no eccentricities
- new web plate approx same
thickness as existing stiffener
flanges

New lap plates run
directly from
existing stiffener
angles onto new
web plate

Typical example is
of shallow rivetted
I-beams with trough
deck

New through bolts
between new and
existing web plates
- to close off any
gaps between
plates

New dome-headed M24 HSFG bolts
- at lapping plates: sequential process
envisaged with removal of existing
rivets, pinning with temporary rods,
fitting over new lap plates then  
- also required centrally within panel to
tie into existing web panel
- numbers shown approximately

Feasibility of
access nuts within
box for torquing
HSFG bolts? To be
reviewed

New web
plate tight
against
existing

NOTE
potential
clashes with
diagonals and
their rivets
- will vary per
truss end
- implications
to be reviewed

Similar remedial
required this side
- not shown for
clarity



Inaccessible
interface against
original steel
- potential water
trap

ALTERNATIVE A - 'TEA TRAYS'
NTS

ALTERNATIVE B - 'INTERNAL FRAME'
NTS

ALTERNATIVE C - 'CONCRETE BLOCK'
NTS

NOTE: Clashes
with solid plate from
compression
diagonal. May
require solid plate
being temporarily
cut out and
reinstated around
internal frame

UC203
vertical
columns

New internal
steel frame
- positioned
centrally within
support box

CHS76x5 bracing
between columns

Stub SHS100
beams connected
to support box
plates
- transfers vertical
load out of support
box and into new
frame

Base plates with
bolts through
bottom plate and
into pier head

Bolts through plates
requires access
both sides

Level of stubs set
out to avoid clashes
with diagonals

Stub end plates can
be sized to allow for
more bolts and over
a wider area of
support box plates

CVI-ARP-ZZ-ZZ-SK-S-3032
07/05/25 |  Issued for Information  |  RR

Castlefield Viaduct (282210)

Truss end support boxes
- Alternative remedial options

PROS
- minimal access required to
outside faces
- good for tolerance
- good for future access to outside
faces
- sympathetic aesthetically:
discrete + hidden
- no need to remove existing rivets

CONS
- clashes with diagonal solid plate
- requires more access within
support box
- no support offered to horizontal +
vertical stiffeners; load transfer
from web plates only

AREAS FOR DESIGN
DEVELOPMENT
- replacement of lost shear
stiffness to bottom panels
- impact of shifting loads from outer
+ inner planes to centreline of truss

PROS
- cost effective
- no need to remove existing rivets

CONS
- prevents future access to original
steelwork behind: potentially
creates water trap thus
encouraging further corrosion
- visible and not heritage
sympathetic
- not removable, for instance in
case of need for future
reinstatement of steelwork as new

AREAS FOR DESIGN
DEVELOPMENT
- impact of providing no direct
support to web panels

NOTES:
1. Refer to CVI-ARUP-ZZ-ZZ-RP-S-000001 for
Principal Inspection + Assessment generally.
Refer to Appendix B.2 for condition summary per
truss support box
2. Refer to sketch CVI-ARP-ZZ-ZZ-SK-S-3030 for
support box access constraints.
3. Refer to sketch CVI-ARP-ZZ-ZZ-SK-S-3031 for
conventional remedial option.

RC block to bypass
deteriorated lower
web panels
- effectively lifts up
bearing to level of
sound steel

New steel angle
bolted into sound
web plate
- level TBC
- angle bears on
new support block

Similar RC
block assumed
this side
- not shown for
clarity

PROS
- minimal access required within box
- avoids sequential removal of rivets as in
conventional remedial
- spaced-off existing web plates to allow separation
for water management 

CONS
- prohibits future access to original steelwork behind:
proposes paired plates to allow for sequential future
removal if required
- tea tray spaced off existing plates, increases
resulting eccentricities versus conventional remedial.
Means horizontal bolts in bending and shear.
- bolting around perimeter of tea tray requires new
holes through existing stiffening angles, potentially
weakening existing structure 

AREAS FOR DESIGN DEVELOPMENT
- review implications of single-sided support and
consequent eccentricities. Possible need for more
vertical stiffeners
- review provision of bolts providing load transfer
directly into existing web plate.

New paired steel
'tea trays' set within
lower panels
- approx 15mm web
plates
(350x500mm) with
15x75mm lips to all
4 sides

Packers to close
gaps to existing
flanges, set
between rivets
- same all sides

New dome-headed M24
HSFG bolts to 4 sides into
existing flanges
- set out between rivets:
existing rivets left in place
- numbers shown
approximately

Packing plates to
rear to close off
against existing
web
- new bolts connect
tea tray to existing
web, for vertical
load transfer 
- bolt numbers TBC

Discrete bottom
packers allows
discharge of water
from between
vertical plates

Bolts into existing
web plate require
access within box
- number shown
approximately

NOTE: asymmetry
between support
box panels;
suggested end tea
tray narrower than
typical 

Gaps to
edges of tea
trays allows
for tolerance
of fit



06/08/25 |  Issued for Information  |  RR

Castlefield Viaduct (282210)

Truss end support boxes
- Proposed Remediation Schedule

NOTES:
1. For truss end support remedial details refer to drawings
CVI-ARUP-ZZ-ZZ-DR-S-4017 + 4018
2. Refer to Arup Principal Inspection & Assessment
CVI-ARUP-ZZ-ZZ-RP-S-00001 for further background
3. Condition summary is extracted from Appendix B.2 from Arup Principal
Inspection & Assessment, updated to Rev A to allow for Span 1 surveys from
July 2025.

TRUSS END SUPPORT BOXES - CONDITION SUMMARY
NTS; SEE NOTE 3

= extensive deterioration

= fair condition

= minor deterioration

= partial deterioration

= not surveyed or incomplete survey; insufficient to appraise.

- paint in fair condition and
predominantly present 
- negligible corrosion

- at least some area with total
loss of section (i.e. holes) to
the lower web panels

- excessive corrosion, loss of
paint and loss of thickness but
no loss of section
- corrosion is evident to the
web panels

- some remaining paint
- corrosion mainly
concentrated to vertical +
horizontal stiffeners
- minimal corrosion to web
panels

= updated following July 2025 Span 1 surveys

PROPOSED REMEDIATION SCHEDULE
NTS; SEE NOTE 3

RemediatePaintS.IDebrisCleanNo.Condition

2White

6Green

10Yellow

6Amber

9Red

Σ = 33

- As per Arup 

remedial details

4017 + 4018

- Follows shortly 

after S.I (to avoid 

need for re-

cleaning)

- S.I (Special 

Inspection by 

Arup) needs 

removal of rust

- Focusing only 

on reds, i.e. those 

to be remediated

- Brushing down 

deposited rust 

and other debris 

from pier head, 

to inner and outer 

planes

- Clean = surface 

preparation for 

retained steel

- Mechanical 

prep to St3

- Before debris 

removal to avoid 

re-visits

- Cleaning 

ambers allows 

for confirmation 

they’re not reds

- Includes 

July ’25 

Span 1 

surveys

Notes:

DEFINITIONS - DEBRIS REMOVAL
NTS

DEFINITIONS - PAINTING
NTS

OUTER

CONDITION LEGEND
NTS; CONDITION IS APPRAISED OVERALL PER TRUSS AGAINST REFERENCE EXAMPLES
ABOVE; AS A SIMPLIFIED CONSERVATISM THE WORST CASE PLAN DICTATES THE OVERALL
CONDITION FOR AN END

Reference
examples of
debris to be
removed
- sufficient for
S.I
- to avoid risk
of falling
debris to
public

INNER

OUTER PLANE

INNER PLANE

Span Y
Truss

Span X
Truss

B

1

2
3

3
2

1

A

TERMINOLOGY
NTS

B

A

1

A

B

1

INNER OUTER

B

1

Clean (surface preparation) to
extents shown
- feasibility of access within box to
be reviewed
- paint finish E1 as per Arup
Steelwork Specification
(CVI-ARUP-ZZ-ZZ-SP-S-000007)

INNER

OUTER

ABUTMENT

NOTE: number
unchanged from
Arup Principal
Inspection +
Assessment

INNER
PLANE

OUTER
PLANE

1

2

3

Allow for
compression
diagonals as solid
plates within box

A

CVI-ARP-ZZ-ZZ-SK-S-3033 Rev 2

Network Rail

Network Rail

Ends highlighted are within proximity to
Network Rail OLE , assumed to be
remediated under possession hours
- assume 3-4hrs effective working time
at 12wk intervals, Saturday nights only

!

Ends highlighted are within proximity to
Metrolink OLE , assumed to be
remediated under possession hours
- assume 3-4hrs effective working time
at 12wk intervals, Saturday nights only

!

19
20

21

To
Deansgate

PIER 4

NOTE: to BS
EN 8501-1



Castlefield Viaduct (282210)

Truss end support boxes
- Condition summary

CVI-ARUP-ZZ-ZZ-RP-S-000001
Appendix B.2 - Rev A

CONDITION LEGEND

TO CORNBROOK

TO DEANSGATE

PIER 1

PIER 2

PIER 3

PIER 4

PIER 5

PIER 6

PIER 7

PIER 8

PIER 9

PIER 10

PIER 11

PIER 12

PIER 13

PIER 14

PIER 15

INNER

OUTER

OUTER

INNER

INNER

INNER

OUTER

INNER

INNER

OUTER

OUTER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

INNER

OUTER

OUTER

INNER

OUTER OUTER

OUTER

OUTER

INNER

1

3

2

1

1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

A

B

B

B

B

INNER

3

B

B

2

1

OUTER 1

A

OUTER

1

OUTER

3

OUTER

3

INNER

1

INNER

1

B

B

INNER

1

B

OUTER

3

1

OUTER

3

OUTER

3

INNER

INNER

3

OUTER

3 2

INNER

2

INNER 2

INNER 2

1

OUTER

INNER

1

3

OUTER 1

INNER

1

1

OUTER

1

1
INNER

1

B

INNER

OUTER
1

OUTER
2

OUTER

3

INNER1

2 INNER 3

OUTER 3

OUTER

3

2

OUTER

1

1

INNER

= extensive deterioration

= fair condition

= minor deterioration

= partial deterioration

= not surveyed or incomplete survey; insufficient to appraise.

OUTER PLANE

INNER PLANE

Span Y
Truss

Span X
Truss

B

1

2
3

3
2

1

A

2OUTER

INNER3

NOTES
1. Summary below show best available photographs for each truss support box, as from
Arup 2025 Inspection. Incomplete survey alternatively due to poor access or limitations of
survey. NOTE: updated Aug 2025 to include Span 1 survey (under possession), with red
borders on relevant photographs.
2. Condition rating is based on summary photographs, Arup Fieldwire reports, and Arup
surveyor commentary.  
3. Condition rating is a subjective qualitative assessment. Ratings may be re-appraised
more negatively or positively pending further surveys.

INNER

2

OUTER2

INNER
2

INNER
2

OUTER

2

INNER

3

OUTER

1

INNER
3

1

1

INNER

INNER
1

OUTER

OUTER

1

1

INNER

1

1

1

INNER

INNER

OUTER 3

INNER 1

INNER

1

1

1
OUTER

1

INNER

INNER1

3

B

3

OUTER

OUTER

OUTER

1

2

1

OUTER 1

INNER

1OUTER

OUTER

INNER

INNER

1

1

1

3

INNER

1

INNER1

OUTER

3

OUTER

2

INNER 1

SPAN 1B SPAN 1A

TERMINOLOGY

- paint in fair condition and
predominantly present 
- negligible corrosion

- at least some area with total
loss of section (i.e. holes) to
the lower web panels

- excessive corrosion, loss of
paint and loss of thickness but
no loss of section
- corrosion is evident to the
web panels

- Condition is appraised overall per truss end against the reference examples below
- As a simplified conservatism, the worst case plane dictates the overall condition for an end

- some remaining paint
- corrosion mainly
concentrated to vertical +
horizontal stiffeners
- minimal corrosion to web
panels

INNER

1

3 INNER

1

OUTER

INNER

OUTER

1

INNER

B

1

1

B

OUTER

INNER1OUTER

1

INNER

1

INNER

1

1
OUTER

INNER2

INNER

3

OUTER

3

OUTER

1

OUTER3

OUTER

1

3

OUTER

OUTER

2

= Rev A update to condition appraisal
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Appendix B – 1870s Viaduct



Truss End Support Boxes – Remedial Options Appraisal

CVI-ARUP-ZZ-ZZ-RP-S-000003

October 2025

Castlefield Viaduct - Phase 2

Truss End Support Boxes – Remedial Options Appraisal

APPENDIX B - 1870s VIADUCT

• The Castlefield Viaduct dates from the 1890s but is the youngest of the 3 parallel viaducts running above 

Castlefield in Central Manchester.

• Immediately to the south of the Castlefield Viaduct is the 1873 Cheshire Lines Committee (CLC) Liverpool 

Railway (‘1870s Metrolink viaduct’). Further south beyond this, and a lower level, is the 1846-1849 Manchester 

South Junction & Altrincham Railway (‘1840s Rail Viaduct’).

• As can be seen from the top image opposite, in its two spans over the Bridgewater Canal the 1870s viaduct has a 

similar configuration to the later Castlefield Viaduct: paired lattice trusses, with steel diagonals, and with truss end 

support boxes at the piers and abutments.

• All 3 viaducts are grade II listed. The 1870s and 1890s viaducts, however, have been confirmed to share the same 

listing (see MCC Planning Service advice dated May 2021, included as Appendix A to Purcell’s Statement of 

Historical Significance for Castlefield Viaduct Phase 1). For the shared listing, the structures appear to have been 

first scheduled in 1988 according to the Historic England Official List Entry, and most recently amended in 1994. 

Overview

• Archive drawings for the 1870s viaduct have been available through Transport for Greater Manchester (TfGM). The 

15No. drawings date from the 1990s, are listed on the following page, and are included in this Appendix B. 

• The drawings, by consultant WS Atkins, cover a suite of repair and strengthening works for the two lattice diagonal 

spans of the 1870s viaduct. Working on behalf of Metrolink these works were presumably required prior to the 

introduction of the two tram lines between Cornbrook and Deansgate, which continue to operate today.

• The 1990s works involved significant works to the 1870s viaduct including repairs to the lattice diagonals and the 

additional of a new concrete slab over the original steel deck. The bottom chords of the trusses were also infilled with 

concrete.

• The drawings also show remedials to the truss support boxes. Through-bolts were added between the two planes of the 

support boxes. The support box was then infilled with concrete. Current survey photos confirm the extent of the 

concrete, extending out beyond the support box and upwards above the deck, and the large washers on the through-bolts 

visible to the outside of the support box.

• It is highly likely the 1870s viaduct had the same/similar defects to the bottom panels of the truss support boxes as 

documented at the Castlefield Viaduct. The through-bolts and concrete infills are a method of bypassing the defective 

areas and reinstating load capacity. 

• Given the continued function of the 1870s viaduct to carry Metrolink trams more than 30 years after remediation, this 

support box concrete infill seems a useful precedent to guide remedials to the 1890s Castlefield Viaduct.

1990s Metrolink Works



Truss End Support Boxes – Remedial Options Appraisal
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October 2025

Castlefield Viaduct - Phase 2

Truss End Support Boxes – Remedial Options Appraisal

APPENDIX B - 1870s VIADUCT

• R0456 / MWO / 2342

• Bridge A47, Span 284A, Deck General Arrangement And Location Of 

Remedial Works

• R0456 / MWO / 2343

• Bridge A47, Span 284B, Deck General Arrangement And Location Of 

Remedial Works

• R0456 / MWO / 2345

• Bridge A47, Span 284A, Trackslab And Drainage, GA And RC Details

• R0456 / MWO / 2346

• Bridge A47, Span 284B, Trackslab And Drainage, GA And RC Details

• R0456 / MWO / 2347

• Bridge A47, Central Pier, Remedial Works, Sheet 1

• R0456 / MWO / 2348

• Bridge A47, Central Pier, Remedial Works, Sheet 2

• R0456 / MWO / 2349

• Bridge A47, Spans 284A -284B, Abutments – Remedial Works

• R0456 / MWO / 2352

• Bridge A47, Replacement Bearings At Abutments

Document List

• R0456 / MWO / 2353

• Bridge A47, Replacement Bearings

• R0456 / MWO / 2355

• Bridge A47, Span 284A, Tie Beam & Ballast Wall, GA & RC Details

• R0456 / MWO / 2356

• Bridge A47, Span 284B, Tie Beam & Ballast Wall, GA & RC Details

• R0456 / MWO / 2357

• Bridge A47, Spans 284A - 284B, Metal Repair Details, Sheet 1

• R0456 / MWO / 2358

• Bridge A47, Spans 284A - 284B, Metal Repair Details, Sheet 2

• R0456 / MWO / 2359

• Bridge A47, Span 284A, Location Of Remedial Works

• R0456 / MWO / 2360

• Bridge A47, Span 284B, South Girder As Built Repairs
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Reinforced concrete mftll 
to bottom chord- ot botn 
91roers. See detoH MR 1 4 
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All o"'"'heoa girders replaced (11) No.) 
e•cept 2 No. restraining cotl rror\ 
c:ostenotion ot the central pier. 
Refer DEW Croup Lomite<l Or9. 
No's ' to 5 fOf aeto•ls. 
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SECTION ON A -A 

t 
"' ..., 
"' 

[- '"' "" . ' ..... " ptoce. Eost end only 
Refer Mowlem Dr9. No. 90C21/T087 

k I 

I I 
1 

SITE NORTH 

E.tents ot e•,stifHJ 
metol dec:kpiotes 

~DJ 
I 
I 

0 0 A 
MR20 

Tf()4 . 0~ r; I Lt 

NOTES 

l All dJr'rutnsions ore 1n m•Uimetres 
2 r or de•orls of lhe remedJOIS to Span 284A 

see drowinq no 2J42, 
J. tor metal repo1r aelolls see drq no. 235 7 & 2358 
4 .-\H reotocement steelwork to be Grade 4 3 

\.<niess notea otl'\erwise 
5. All rivets must be checked aqo,nst UR1l 
6 for proteCHYe treatment refer to 

c 

B 

Briaqe A4 7 Paintmq Conodron Reoon ono 
Brioge A4 7 Coobnq Speclftcouoo 

7 For South Giroer e!evatton repo~rs refer Drg 
No RD456/!.IW0/236D 

KEY 

Locong 8ors (25 No) 
Number replocea on rnemcer s,hown 

!.IR13 Repa"s ( 4 No ) 

Rivet Replacement (99 No) 

Y(TAL WORK R[PAIHS 
SHOWN 

EXTENTS OF LATTICE GlROER 
INSPECTION DEFINED 

A FIRST ISSUE 
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REV A WSA TO 1.40\\I.Eu FOR PLANNING 

GEC • MOWLEM - AMEC GROUP 
@ 

fiillii] : : : 
~ ppp 

,._, .... 
WON:IIIHI*' ltll8 7118 
1tl fOG I) 205 ft6~ 

WS Atklns Consultants Limited 
Consulting Engmeers, 

Woodcote Grove. 
As htey Roocs. 
Epsom, Surtey. England. 
KT 18 58\f 

Fox (0372) 740055 
TeL (0372) 726140 

GREATER MANCHESTER 
PASSENGER TRANSPORT EXECUTIVE 

METROLINK 
J. P(fUI.NtO PUC£. PICtACll.l'r Cb'6. WN«:ttEST[R. Wt!O IHX 

BRIDGE A47 
SPAN 2848 

DECK GENERAL ARRANGEMENT 
AND REMEDIAL WORKS 

a. ...... Se ... 

1:100 

a.-..-
R0458 I MWO I 2343 

~ 

j 
t 

::D 
i 

0 ,. 
Ul 
01 ...___ 
I: 

~ 
...___ ... 
w ,. 
w 



, of tcock slob r;: 
1552 1562 

Jo1_ cut back to 
300mm from edge 
or cross girder &: 
deckplote cut beck 
to edge of cross 
girder 

New 15~ Block UPVC 
drain 

Expons1on gap 

" =i 
c 
0 

50mm at to•c Plan 

~ 
·~ 

c 
0 

SECTION E-E 
(Scale 1 :20) 

I 
f--

See Detail 2 
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~ Hondco;l 

1562 1552 1562 

Expansion joint 
Expansion joint 

~I 
" :::; .., 

0> .., 
"" ~ 
~ 3 

"' 

ll"" n 

..oe ~ 

HO Bituthene over girders 
Class F2 Formwork between 
girders 

9662 vanes 

SECTION ON A -A 
(Scale 1 :50) 

Top flanges not covered by slob 
to hove full point system. 
Gaps between cross girders to be 
covered in "'Diamond mesh floor-ing" 
Bo:~C out bolts exept at end 

Extent of existing 
metal deckplotes 
and new slob. 

SITE NORTH 

A 

SECTIONAL PLAN ON DECK 
(Scale 1:100) 

I o I o ol o I 

o-~·'• •' o ~-.-r.-o--o-.r-ao-. . . .. . . . . -- - - ---• I, .I • 
Pairs of '-420 HSFG bolts 

• I" :~ V located between existing 
olo . -.- o o lo olo • -.-oo o-.-o a-;.-

~-· 0 
. .. . -- . . . ~ . 

I o I o .I. I 

T n 
~Po;rs of '-420 HSFG bolts 

250 lg with 125 thread 
(8 bolts pec slob) 

-$ ~ 

Precost duct 

300 " Smm ms plate 
Bolted at 5m centres 
Pointed in accordance 
with specification 
(Saver Block) ------..1 
North edge of 
deckslob as 
South edge -----.0. 

100 

DETAIL 2 
(Scale 1 :20) 

rivets 

~ 

... 

Omm Sealant 

L20mm 
Ftexice!l 

V 

r- 1r'" Fr"'1f 

... ~~ 

SECTION ON F-F 
(Scale 1 :20) 

Track plinth 

La ers A.393 Mesh 

~ 
" :::; 
.., 
"' ,.., 
"" . 
"' ~ 
3 
N 

"' 
c 
0 

Lopping sheets to hove 2 No 1 OOmm long 
lop welds per 4.8m for sod cont•nuity. 
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Track plinth 

DETAIL 3 
(Scale 1 :20) 
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New HO bituthene 

Refer to Detail 1 
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Sealant 

ServideK or similar 

New 1500 Block UP\IC 
dratn connected into 
renewed pier dratnage 

I 
I 

I 

SECTION ON D-D 
(Scale 1 :20) 

Extsting cover detoil 
burned off level with 

top of ,;vets~<= 

Bolts on slotled hole~ 
DETAIL 1 
(Scale 1 :20) 

ill==: ~~~-1:1~ao :~~CJ~f'~< ::IR::~::::m~~~ r ~~~-
I ,,, uoo 

I I i 
~..3J4 vor,es 

SECTION ON B-B SECTION ON C-C 
(Scale 1 :50) (Scale 1 :50) 

D 

I 
I 
I 
I 
I 
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NOTES. 

1. 

2. 

3. 

5. 

6. 

8. 

9. 
10. 

11. 

12. 

13. 

All d1mens10ns ore 1n millimetres. 

All re1nforcement to be •n accordance w1th 
BS 4449 ··Hat ~o·lea steel bars 1or the 
reinforcemer>t c·f .:o"crete~. or BS 4461 ~Cold 
NOrked steel bcrs 'C' :he reir.forcement Jf 
concrete or BS 448J "Steel Fobr•c lor n ... e 
re,nfarcement of co.,crete. 
Abbrev,ations 

T denotes high )11eld h1qh bond bars 
R denotes m1ld steel bars 
T denotes top 
8 denotes bottom 
NF denotes near lace 
FF denotes fQr face 
EF denotes each face 

Reinforcement to be A393 mesh ,ml~ss noted 
otherwise. ~in laps to be 400mm 

Lapp1ng sheets to na"e 2 No 1 OOmm iOng 
lap welds per 4 8m for soil cont,nuoly 
Concrete cover tv reinforcement to be .35mm 
unless stoted olherw,se 

Concrete to be Closs 40/20 in accordance with 
the Specification 

All embedded metal to be free of loose rust 
point etc as required for reinforcement under 
Clause 2621 of the Specification 

All exposed arrises lO have o 25x25 chamfer 

For details of the remediols to span 2848 see 
drg no. 2346. 
For metal repa1r detoils see drg nos. 2JS 7 & 
2358. 

Formed surfaces to be class F2 unless noted 
otherwise. 
Unformed surfaces to be class U3 unless 
noted otherwise. 

14. Deck plate bay !enqth moy be ir.creosed to 
4900mm lo suit mesh sneet size suOJ€Cl !o 
the provision of 8 No shear studs rn eocn boy 

0 
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A~ENOED ... J ~ON'...t:\-1 
COMMENTS 
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A ... ENDUENTS TO DETAIL 2&JILJC!JAN I I ! 
SECTIONS A-A, B-3, C-C 1 191 I ' 
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FIRST ISSUE 
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REV D AS BUlL T 
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REV A WSA TO MOWLEM F""QR COMMENT 
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1562 

Connect to existio9 r,m. ·~ .. , 

400 x 400 ·eox out" 
to ollow instollotiof'l 
of shear studs ot o 
later dote. 

lopping sheets to have 2 No 1 OOmm long 
lop welds per 4.8m for eorth continuity. 

SECTION ON F-F SECTIONAL PLAN 
(Scale 1:1 00) 

8334 varies 

UP TRACK 

~ 

I 
1500 

1
750 Weepholes 
0 2450 c;c 

I 

For reinforcement detoils 
see drcJ no. 2345 

SECTION ON G-G 
(Scale 1: 50) 

For Track slob levels see 
drg no. R0456/MTE/1216 

SECTION J-J 
(Scale 1 :20) 

8334 varies 

Connect to existing 
column top droin 

Existing fixing 
points reused 

·~ 

DOWN TRACK 

~ 

I 

: 
" 
"' "' ':l 
ii 
" --' 

"' 

Expansion 
joint 

:! ·;; 
c 
0 , 

:! 
"oo~~ 

New 110 bituthene 

Refer to Detail 1 

Pipe 

SECTION ON D-D 
(Scale 1 :20) 

Extent of track slob 

F"or detolls of new bollost wall 
ond trockslob in this oreo 
see drg nos. 2356 & 2364 

t bock existing_ deckplate 
to edge of cross girder flom11e 
ond joish to 300mm to edge 
of cross girder flonge 

L lb o 

SITE NORTH 

0!7.. 

[lll:isting cover detail 
burned off ~vel with 

A 

top of rivets ~~ 

Sotts in slotte:d hol~ 

" : 
2 

"' "' 
~ ':2 ~ I! 
~~ .. 

.... "'·" ~ N 

Seolant 

20mm flexcell 

New 1500 Block UPIIC 
drcin cqnnected into 
ref'l.ewed pier drainage 

DETAIL 1 
(Scale 1 :20) 

NOTES. 

1. 
2. 

.3. 

4. 

5. 

6. 

7. 

e. 

9. 
10. 

11. 

12. 

13. 

14. 

E 

0 

c 

B 

A 

JW,. 

Atl dimensions ore in mittime:tr~s. 

All reinforcement to be in oe<:or<'anee wltn. 
BS 4449 "Hot roll..:! steel bars !er the 
reinforcement of concrete", Of SS 446l "'Coici 
worked steel bOfs for the re:infotc::err.ent of 
concrete or SS 4463 "Stl!fll Fabfi" for \he 
reinfol'eement of concreto, 
Abbl'eviotions. 

T denotes hi9h y!tlt! hfgh oo~C! bofa 
R d&notes mlid steel DOtS . 
T denotes top 
B donotes bottom 
NF" denote!l neor face 
FF denotes for loee 
EF denotes eoeh taee 

Reinforce...,.nt to be ...:!93 ,..,9h UllieH no\ed 
otherwise. Mtn lops to <>e 400mff'l.. 
lopping sheets to hove 2 No 10(1\'l'>rl\ IQ!\9 
lap wetds per 4.6m for •<:rt~ co~.tt(1\11'ty. 
Concrete eover to rt\ntorc~~t t'!t M ~A"l 
urHe:s-s stated ott\erljlji!M. 

Conerete to ~• G\a .. 40(20 !!\ oe<:O\'<I""e<l .. ltn 
the Sp«cificotion. 
All embeeldod metai to b6 fnM cf 1~ ruat 
paint etc -as requir-ed for ~n~rtce-ment utt<lier 
Crause 2621 al tne Spe<:llieat'oo. 
All expose~ orriMs to t\ovo u 2!>•~!> cl>omlr. 
ror detoil• o! tl'le remedi<lls to &pc<~ 2M& sM 
drg no. 2 346. 
For metal repair detoils ...., d"9 f\0&. 23$7 olc 
2356. 
tormed surtaees to be ctos• F'2 Ut"less f\ot+d 
otherwi". 
Unformed surfoc~:!i to Oft etas• Vl uoleu 
noted otherwise. 
Deck plate boy length moy be lncteoMC! la 
4900mm to >Uit meSI'I Sheet s•u •ul>lett lo 
the provision of 8 No SMor stu<!6 In &Oeh boy. 

Track plinth width 
lncreosed to 500mm 

AS BUILT 

AMENDMENTS TO SECTIONS 
H-H, J-J 

CABLE DUCT ADOED 
MINOR AMENDMENTS 

FIRST ISSUE - lly Dolt O.'d -
Z AS BUILT 

REV C WSA TO MOWLEM rOR CONS'!RUCTION 

REV I! WSA TO MOWLEM !'OR CONSTRI.ICTION 
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uminium Cladding 

PART ELEVATION OF NORTH COLUMN 

SHOWING CLAMPS IN POSITION 
(SOUTH COLUMN SIMILAR BUT HANDED) 

Scale 1:20 

4 No. M24 HSFG Bolts 
with Load Indicating 

14 Ho 40mrn Oiometer 
Ora•n Hotea. 

See Detail 1 
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Crock / 
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I 

I 

-....... 
' 
" " \ 

\ 

\ 
I \1\1\1\1\1\1\1\1\1\1 

l
l \1 Granular Bockfill Under \1 

1l 
\1 Granite Copping Stone \1 

I \1\1\1\1\1\1\1\1\1\1 I 
I \1\1\1\1\1\1\1\1 I 

\ I 
\ 

\ 

\ 

254 X 254 X 1Q7 UC 

SECTION ON A- A 
Scale 1: 20 

I 
I 

I 

0 

X 

V 
Ul 
N 

X 

Aluminium Cladding 

20 t hk Stiffener 

0 

20 thk End Pia t es 

20 thk Stiffener 

Note: Cladding omitted for clarity 

SECTION 8-8 
Scale 1:20 

Rod 

DETAIL 1 
Scale 1:5 

A c ~ 0 1.. 0 

CSW' 0 l ""L 

NOTES 

1. All t:Jimen<sions ore tn mttiimetres unless noled 
othefw•se. 

2. All steetwock to De tobricoteo ond erec•eo 1n 
occoroonce w11h BS 5400. Port 6. 

J All s1ee1 to be Crode 50C to BS 4.360 unless 
nole<l otherw•se 

4 Bolts ono nuts to be m occoraonce w•th the 
IQilOwii"'Q: 

BS 4}95 - H19h strength friCtion Qrtp (HSFC) 
5. All wetos to be os notecJ 

6 Ail weidrng ond weld•nQ consumobles to be '" 
occor<Jonce w•tn BS 5135: 1984 <Ncld•nq $.hOll 
be cornea out by quohfit:d weloers .n occoroance 
.v~th BS 5135 

7 Surface preporot1on ana POihhnq to be m 
occoroonce wtlh '900 senes of the Spec~tlcol1on 
1or new stee1w0f ~-

6. Clomp•nq oroc~et inner 01mens1ons os erecteo 
to ce 2mm less tl'lon the outer dlmens•ons ot 
the column pnor to tiqhtenmq of bOlts 

9 All 16 No boils to be !IQI'Itene(l SLmvltoneously 
or by port turn to ensure even c1osvre ot gaps 
between end plates. 

10 See orow1ng numoer .. W0/2348 for deto11s of 
QrouonQ ot qronulor ooc~< fill 
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Cronite Co~PinQ Stone~ 
•f--1 • 
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2 • ~ No. 55mrn diometer grouting holes 
dfillea through gran•te 1 concrete capp•nQ 
onO extended 1200rnm rnlo backfiU by 
dt~linq 50mm OD ocol!old tube ( "'th 
dfilled qrout Outlets ol 200rnm centres) 
into the oockfill 

~f--1 
fa Oetoils of WolinQs 

11 
7 171)11<;;7 17"" :: 

17 " /;:t " " " '" 
7 " 'Vlt<:7 17 17 " ll 

:]' 650 trp 
11 See Orq No. 2348 
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SECTION A-A 
Scale 1:25 

SECTION THROUGH CENTRAL PIER 
Scale 1: 25 

50mm OD Tube 

0 

20 ~ Holes 

PROPOSED GROUTING TUBE 
Scale 1:10 

TC Lt1 . Ot:'t: t Le 

l All drmensions ore in rnltUmetres 
2. fh1s drawing is to De read in con J,Jnction •ilh 

Drg No• R04~6/UW0/2J42 - 2J5B. 
3. Gtout to be o free Uowmq non shr•nk 

<:emenlrtious qrout in occon:Jonce •oth the 
Specthcohon for Civil works w11h o 28 uoy cuoe 
strenqttl of not less than 20 N/mrif-

4. No grouting to De corned out until! wOhngs 
snown on Drg No 2 34 7 hove oeen mstoneo 

i 
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REV A AS BUILT 
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E•isting bollost wall 
to be repiOCed 

20-JOll: RepointlnQ 

EAST ABUTMENT 

Cootie shaped pHoster 
5-10' out of plumb. 
For remediols sH: 
Drawing No. 2356 

Not visible due to 
~f--- odj:Jcent BR structure --1---

Ground Level 

s..., Oetoil 1 

50% Repointing to be confirmed 
otter erection of scoHolO•nq 

WEST ABUTMENT 

PLAN 

2mrn epoxy resin bedding 

65x15xl00 poc•er 

Note: All new steel to be 
grooe 43A 

SECTION A-A 
Scale 1:5 

--@ 

Not vts:ibte due to 
ad jOcen t cost iron 
P•ers: 

Kenworthy Canal 
(See note B) 

0 A 

011... 

Ex:istinq bri<;kwOtk to be cut bock. 
to lOOmm tteor of end of main 
girder usin-g liqht pneumatic tools 
for full heiqht of qtrder 

DETAIL 1 
PLAN ON SOUTH WEST CORNER 

to,; repainting 
lnnerfoee 

Sco<e 1:50 

Crock to be repofnted otter 
instoHotiOn of new bearing~ 
dnd before installation of t1e T3 

INTERNAL ELEVATION 
Sco•e 1:50 

Spoiled bncxwork 
to be reinstated 

NOTES: 

1. All dimensions ore tn millimetres unten noHtd 
otherw,se, 

2. All reme:chol worlc. to ne corned out in occordonc:e 
wtih the re:tevont section of the Spec,ficotlon fOf 
Civil Works 
Repainting ond remo\101 of vcqctotion to be in 
occoraonce w•lh Sectton JIOO of the 'S~ecd,cat,on 

4. .All repotrs to t.e St'1r .. l'lrt1 ll nnh~":<; l'ltilf'•1 

Clherw,se, 
5 F'or the details ot the new bnl!os:t wotls see 

Drow•ng Nos" 2355 ond 2 356 
6. F'or the remed~tliS to the OOjOf"ent brtctworlc. 

structures see Urowmg Nos 2.Sj2 ond 2.362 
Touching access not cbh"ltne-<J to west abutment 
betow ashlar leveL Repo1tS to be carr•ed out 
tn occoraance w•tl' H'tf: ~pec1ht::ahon oher 
touchinq access nos been provuiec 

8. Inspection of west abutment lt>undohon. 
bC!How water 1eve1. to be c.arned out by a1vers 

9 Ties T1 &:: T2 should be ,ns:toii\:C1 pnor to 
instollot1on of HiHi t•es ior tt1e e•ternot scaffci·J 
(S.G.B. Org T /N 2<36 I 6 • ) 

10. Tie TJ should be 'nstn11·H1 otte-r remeo~o~ .. 01 .. -s 
to CO$lle ond •n$tOihJt.on of flew beormgs, 'S1nc;e 
the h•ing angle bndge~ c H!lve" crock 1n the 
masonry. 

KEY: 

Reporntinq o~ per note J above 
with mortar colour tO mo1ch 
e•isting, 

0 AMENDED TO "AS BUlL T" IN RS AUG ._{ll; ' 
ACCORDANCE WITH COMMENT 93( 0/ 
FROI.t l.tO'M.EI.t 
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West End of Spgn 284A 
Elevotjon on Outside Fgce of Soyth Girder 

EXISTING BEARING ARRANGEMENT 

Exiotin; bollott woll "'' ... 
to be demoh•~ed 

View on A-A View oq 0-Q 

North Girders 
Beorin; 2114A (W) 8eOTing 2849 (E) 
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South Girders 

KEY PLAN 
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SITE 
NORTH 

~ 

' / ' ' ' / ...... ' 

'"" 4~t COQOcity tlidinQ 
IUided toeit!l!' bfiO!'ing 
'oiled to flonqe oncpeo wilh 
l lio. 1.120 H5rG bOlts. 
iee arg 2J!IJ lor 
>ttOtlf'IIJ scneOule 

~•islino be:orinq shetf 

""""" down to JOOmm 
;etow ottq1not posiUon 
), Qirdet' end moc:te Qood 
.,tn h'9h strenqth 
;e:mentitioua mortor to 
lCComodole new beorinq 
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West End of Spgo 2B4A 
Eleyotion on Oytside Fgce of South Girder 

NEW BEARING ARRANGEMENT 

" l 

Section E-E 

Stitch driUe:d 
vertJcot 51ots 

] 

I 
5 No. 1.120 Holdinq Oown boils 
qrouled in ,.;tn hiq~ tlrenqth 
ceme:nUtious Qrout 

View oo F-F 

c ~ 0 

LS\V 

2:1 tnk ni9h stren9tn 
mortar beddinq 

1. 0 b 
\,..; ~ s 0 

TECH. o~~IL6 

A ~ 

1'1. 

View oo G-G 
Jock omitted droin pipe 

SECTION H-H 

tl 
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East End of Spgo 2848 
Elevation on Outside Face of South Girder 

EXISTING BEARING ARRANGEMENT 
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SECTION C-C 

~V/: ',,,, 
Outline of c~ncrete ~,'~~i:~~~~i§~lln--, 

I 

0$ 

'SPOn 

NEW BEARING ARRANGEMENT 

New 4~t copoclly 'lictin9 
qutded rocket' b«Onnq 
bolted to ftonq:e onqtes *•th 
8 No U2D HSfG bolts. 
See orq 2J53 lor 
bearing ,:chedule 

NOTES 

l. AQ dirn@t'\!ions or'4! in millimetre! 
2, F"or Retnedlot detoits to Superslructure see 

drq nos. R0455/UW0/2J42 - 2JS8. 
J Thit drowtnq to be reoa in con pnchon with 

dtq no. 235.l 
Jockt ond joekinq brackets shown ore indicative 
Temporary works are the responsib1hl y of the 
jock1ng conlroctor but detofls 'Shall be suom~tted 
to W S. AUc.tns for checlounq 
All e>Crsting dimen,ton5 ore ooproxtmote ond 5hQII 
be venfied on 'Site. 

6 Refer to drow•nQ no 2 35l for beonnq 5cnedule 
ond further notes. 

7. No fockinq '' to be carried out unt•l re•n1orced 
c:oncret@ in(il of end columns hos oct·uewd o 
min cube strenQth of JO N/mm2 ond prestressmq 
complete. Refer to drQ no. 2J5B for deto•l• 

8. Point srstem lor new beonnqs ., to be the 
'Some os tnot for ,..,51inq metalwork whtCh ;,. 
cteoned to bore meto! 

.WENDED TO • AS BUll T" IN 
C ACCORDANCE IM TH COMMENTS 

FRO!.I UOWLE!.I 

CONCRETE BASES ;QR NEW 
B BEARING ANO JACKING ADOE 

NOTE 7 AUENDED 

A nRST ISSUE OCT RAM AGC 

90 I 
er o. .. I .,, .• ! ""'' i 

REV C AS BUILT 

REV B WSA TO UOWLEU FOR CONSTRUCTION 

REV A WSA TO UOWLE!.I FOR COMUENT 
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Girders 

SECTION 8-8 

EXISTING BEARING ARRANGEMENT 

BEARINGS MARK 284A (E) & 284B (W) 

(Scale 1 :20) 

AHOWob~ 0~· 
c~toct ptHtur• 

( N/mtn *) 

( '" ) 

Slti'Y!CeGO.Iily 
l1m.t 51ott 

-fou 

284-'(W) 2ii<IA{E) 28<B(W) 2848(£) 

N/A 

N/A .,. 20 

H/A .,. 20 

"'" 
3500 l$00 

1800 11100 

2080 1460 

2~0 2~0 250 

5500 5500 JiOO JiOO Ultomot• 
!Om1t 'ltOtt 

r-'-·•_·~---·------1·---lOO-----j-~800 ~=~-:-oo~----1---l_oo _____ i-------~~------4 
loftQ•tudonol l'lVV" 

Tro,....,.. 
Uttimat• lrr...,.,..•ble r---'-'-...;...----+---------t-------+--------+--------+------+---------l 
~mot •tOtt 

Tronsv.rtt 

: l2 

., Nil S•rv•ceobilit)" Trontv4'f'l• 
"""•t state lrra!'lfel'sible a ooo• 

Nil ~il 
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BRIDGE BEARING SCHEDUl-E 
t See Note 7 

0 1. 0 + A 1 1._ 

North Girders 

Bear.nq 284A (E) Beo<inq 2848 (w) 

SITE 
NORTH 

A 
F=========~W~======~ ~ ~~~======:,~,= 

1 2B4A 2848 2!1!1 1 I 

~; })q Larr..d-.,=='1bb
1= 

Beor.nq 28<A (E) Beo<inq 2848 {w) 

South Girders 

KEY PLAN 

NOTES : 

1 AU dimensions ore '" trunimetres 
2. tor Remeoiot detoils to Superstructure see 

d<Q nos. R0456/MW0/ 2342 - 2JS8. 
J. This draw1nC} to be reod m con .PJnCtlon w1th 

CI<Q no 2352. 
Jacks ono JOCkmq brackets shown ore inotCOt1ve 
Temporary works ore the respons•b•hty cl the 
contractor out detotl5 shall t.e subm1H£'d 
to w S At~ •ns I :x c:hc.J.,,.~ 
All e•ist1nq tJ1mensions ar.e !Jpj)tQitomote ono ShC1l 
be "'er•fied on S1le 

6 No ,oc~'f't~j untd cont:tE.'l~ has reachca o cube 
'Strenqth of J.O N/mn,2 

7 BtO«nl)S 2!1•A (£) & 2R41l (W) o<e IO be 
reto1neo and refurb1Sht.:U by Clt!On1nq ono 
qreo'S:~nq the COnlOct ~urfoccs. 
Ma••mum perm•ss•b!e frtct1on coelficient after 
qreosinq to be 0,2. 

8. RefurOISt..rlent ol oeonnqs mark 2B4A ((/ & 
2848 {W) •S to oe completed before 1 ac;.~nq 
fo< <ep>ocement of 284A (w) & 28~8 (E) 
respect•vety 

9. Joc~~nq of north ono south q1rders 1S ~o be 
synchronizea so that the mox,rnum OJUerentio· 
movement aoe'S not e•ceed :.mm 
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DETAIL 1 
Detail 2 Similar 

(Scale 1: 10) 
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PLAN 
(Scale 1: 50) 

SECTION A-A 
Section 8-8 Similar 

(Scale 1: 50) 
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SECTION H-H 
(Scale 1: 20) 

Crock -

SECTION F-F 

2T16-16 + 2T16-17 
in sets at 300 c;c 

(Scale 1: 20) 
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DETAIL 3 
(Scale 1: 20) 
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DETAIL 4 
(Scale I: 20) 
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SECTION G-C 

SECTION 1-1 
(Scale 1:20) 
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SECTION D-D 
(Scale 1: 20) 

(Scale 1: 20) 
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2 

SECTION E-E 
(Scale 1:20) 

Exist•nq fill 

SECTION C-C 
Section F -F Opposite hand 

(Sca1e I 20) 

NOTES. 

1. All d•mens1ons ore •n m1llimetres. 

2. All reinforcement to be rn accordance w•th 
85 4449 "Hot rolled steel bars for the 
reinforcement of concrete", or 85 4461 "Cold 
worked ~teel bar~ for the r~•nforcement of 
concrete . 

J. Abbrevtatians . 

T denotes high yield high band bars 
R denotes m•ld steel bars 
T denotes tap 
8 denotes bottom 
NF denotes near face 
H denotes far face 
EF denotes each face 

The reinforcement natation used an this draw.nq 
is os follows : 

10 20 01 150 

5. Uin. lap to reinforcement to be 400 where 0 is 
the diometer of the larger reinfarc1nq bar unles~ 
unless stated otherwise. 

6. Concrete cover to re•nfarcement to be 35mm 
unless stated otherw•se 

7. Concrete to be Class 40/20 in accaraance with 
the Specification. 

0 At.AENDED TO .. AS BUILT .. IN 
ACCORDANCE WITH COt.At.AENT 
FROt.A t.AOWLEt.A 

C t.AINOR At.AENDt.AENTS TO 
REINFORCEt.AENT 

B BALLAST WALL 
REINFORCEt.AENT At.AENDED 
TIE IN WITH TRACK SLAB 
TIE BEAU WIDTH REDUCED 

A FIRST ISSUE 

l AS BUILT 

SEP RAt.A AGC 
90 

GK JUL RAIA RAIA 
90 

REV C WSA TO IAOWLEIA FOR CONSTRUCTION 

REV B WSA TO IAOWLEIA FOR CONSTRUCTION AGC "'' 
REV A WSA TO t.AOWLEt.A FOR PLANNING RAU 1/lt 

REV A WSA TO UOWLEIA FOR COIJIJENT RAU 1/lt 
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SECTION H-H 
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SECTION F-F 
Showing typical beam dimensions 

(Scale 1: 20) 
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Ubors to be t;eo mto 
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SECTION C-C 
Section F -F Opposite hand 

(Scale 1: 20) 

0 

5T16-07-200 

NOTES 
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as 444'.::i ""!lot roueo ~tee! bors tor tl,e 
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10 20 01 150 
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Existing bent or corroded 
lacing bats to be removeo 
and replocea one ot a time 
with new 50x10 F"!ot and 
iixed with M20 HSf'G bolts 

Temporary struts to be 
provided to matntotn the 
rela!tve pOsitions of the 
lattce webs wn,le lacing 
ben ore oosent 

2Na. 500•90•121hk pll. 
5No. U20 HSFG boilS 

Internal Elevation 
Plotmg repo1r 1f corroS10n 

to loceo cornpress1ve memoer only 

MR12 & MR13 

f 
t 

Note : This repo1r is not reQulfed 
where the damageo locmc; 
ban lie enttrel:y within the 
bottom c.nord (See aetod MRl4) 

Section on Lattice Parallel to the Plgne of the Lacing Bars 

l No Ml6 HSFC boils 
ot 100 r 't;~~>) 

MR 17 Lacing Bar Repair 

MR19 (Similar) 

12mm plole 
Both 11des 

8 No MI6 HSFG bolts 
ol 100 ers (t)!l) 

H the thtckn.ess of the top flange t! qreater thQn 5mm 
oil the ea:i'Stinq rivets must be cneckftd. Any aefective 
nvets (Heoo oiometer <25mm, Heu~ht <lOmm) must be 
replaced wnh U20 HSfG bOlts 
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Elevation of Cross Girder 
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Elevation of Cross Girder 
MR 18 Repairs to web of MR 11 Repairs to top flange of 

Fish Belly Girders 

Plottnq repo•r• rt!Quired if web 
plate ot cross g1rder rs 

cono<Sed >40ll: LOU. 

Fish Belly Girders 

Additional plating repairs reQutreo 
if cross gtroer stiffeners 

ore COHOOid >40~ lOSS Ol 'SlOlk 

.. .. .. .. 

lNo. 500•2S0•12thk pit, 
8No M20 HSFG boils 

External Elevation 
Plating repo~r If corros10n 

to loceo tension member only 

12No M20 H$tC bolts 

/ 

/ 

2No. 500d0•121hk pit 

INo. 5DQ,250xl2thk pit 

External Elevation 
PIOting repOif tf COHOSIOM 

to both tension ono 
compress1on memoers 

Plating repair of Lattice Intersections 
Platinq repairs. ltmm plate + M20 bails 

reQUJreo il loss of lattice 'Sectton exceeas 40"­
i.e, 1/2*' ( 13mm) ptote reduceo to less thon Bmm 

5/8" (16mm) plate reduCed to less tnon IOmm 
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•ith 15 No Y20 HSF"G bolts 
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If corros~on has resulted '"' seoorot1on 
of the I:IOHorn flange ptotes 1t must oe 
removeo ono the gap f111ea w•th : seotont 

/ 
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MR20 Repair to bottom flange of 
Fish Belly Girders 
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200•Q x J5Htk 
plates 

ToP of Concrete 

West End of Soon 284A 
Elevation on Inside Face of North Girder 

4T16-04-140 Lbors 5T16-05-200 Ubcrs 

T16-150 Ubors 

5T16-05-2JO Ub rs 

oe 

8R16-08 Holix 

4T16-03-l40 Lbars 

Section C-C 

MR15 Reinforced Concrete Strengthening to 
West End Qf Span 284A Girders 

40/10 concrete 
infil placed alter 
woter jettinQ trouQh. 

Twicgl Section Through Bottom Chord of Girder 
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View on D-D 

4No 36 mm• Means orestress bors 
threaded olonq their full lenqth 
wroppe<l in Oenso tape to det:u)nd 
from concrete ond torqued to 700 KN 
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View on G-G 

4No 36 mme Ucoltw prestress bors 
threoded otonq their full length 
wropped in Dense too• to debond 
trom concrete ond tor(lued to 700 KN 

East End of Span 284A 

Section Through North Girder 

West End of Span 2848 Similar 
MR20 

MR14 Reinforced Concrete Infill to Bottom Chord of Main Girders 

. "" . . 

200•Q • 35thk 
plotes 

0:0000-00ct 

East End of Span 2848 
Elevation on Inside F oce of North Girder 

.JNo 36 mme Meal!! prestress bors 
threoded olonq thetr run length 
wropoed in Otmso tooe to debond 
from concrete ond torqued to 700 KN 

SECTION E E 

SECTION F -F 

JNo 36 rnme Mcolls orestren bors 
threaded olonq Huttr full length 
wrapped m Denso tape to debond 
from concrete ond torQued to 700 KN 

02 F! 
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Reinforced Concrete Strengthening to 
East End of Span 2848 Girders 
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NOTES: 
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OUTER ELEVATION OF NORTH GIRDER 
47:.; (127 No.) Rivet replocement on lattice lnteroectoons 

INNER ELEVATION OF NORTH GIRDER 

49X (134 No.) Rivet reptocement CW'\- LotUce Intersection'S 

OUTER ELEVATION OF SOUTH GIRDER 
60:.; (163 No.) Rivet replacement on Lotl!ce Intersections 

INNER ELEVATION OF SOUTH GIRDER 
31!1; (85 No.) Rivet replacement on Lottoce lnteruclions 

Notes 

1 Thts Orawinq ts to be reod in conJUnCtion 
.. ith Drg. Nos R04~6/UW0/ 2342, 2343. 
2357 ono 2358. 
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INNER ELEVATION OF SOUTH GIRDER 

OUTER ELEVATION OF SOUTH Cl RDER 

Reinforced concrete infill 
to bottom char<! of both 
girders. See detott UR14 

MRZO 

c 

NOTES : 

1. All dimensiOI"'S ore in m$11imetrn. 
2 for aetoos. of tne remediols to Spon 284A 

see drow•nq no 2J42. 
J. For rnetol repoor detools see drQ no. 2J:>7 &: zJ::.e 
4 All reptccement steelwork to be Grode 43 

unless noted Otherw•se. 
5. All nvets must be cheCked oqotnst URll 
6. f'or protective treatment fefer to 

Brtoqe A47 Po,nung. Conoihon RepOlt ond 
Bridg-e A4? Coohnq Spec,iicot10n. 

7 f'or North Gtrder metal reporrs refer Orq 
No, R0456/YWO/Z343. 
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Truss End Support Boxes – Remedial Options Appraisal

APPENDIX C - CONCRETE INFILL – FURTHER COMMENTARY

• An indicative proposed construction sequence is included on drawing CVI-

ARUP-ZZ-ZZ-DR-S-4019, repeated below with further notes: 

• Step 1 - hole for 1st bolt drilled into either inner or outer plane (‘leading hole’), 

depending on Contractor’s preference and guided by best access available

• Step 2 - small diameter drill uses leading hole for a pilot hole in opposite plane, ensuring 

holes are aligned vertically / horizontally

• Step 3 - pilot hole enlarged on opposite plane

• Step 4 - 1st bolt installed and loosely tightened

• Step 5 - repeat for all bolts

• Step 6 - infill concrete poured, with hydrophilic strips pre-fixed to rear of shutters 

(vertical face) and pushed into wet concrete (top surface).

• Step 7 - bolts fully tightened 

• The sequence assumes the cleaning, painting and SI has been completed as outlined in 

sketch CVI-ARUP-ZZ-ZZ-SK-S-3033. 

• The SI will have focussed on the specific geometry of each ‘red’ truss end: rivets, 

stiffeners, transverse beam ends etc. This will be used to inform the preferred position of 

the through-bolts and to establish the top of concrete (TOC) for the infill.

Construction Sequence

• One of the benefits of the concrete infill is the low maintenance requirements and the consequent durability. The notes 

below expand on how long-term durability can be achieved, points which are in evidence by reference to the 

successful 1990s application of the remedial to the 1870s viaduct.

• The concrete is working in compression as a simple bearing element, taking loads from the steel through-bolts it will 

be cast around. The only reinforcement required is that shown (on drawing CVI-ARUP-ZZ-ZZ-DR-S-4019) to the 

exposed top + vertical surfaces. This is provided for crack control only and isn’t contributing structurally to the 

concrete. In this sense the infill should be thought of as a mass concrete rather than a reinforced concrete (RC) 

element. Whereas the design life of RC is dictated the durability of the steel reinforcement and limited to a notional 

50 years (typically), mass concrete effectively has an indefinite design life, controlled by the durability of its 

constituent stone aggregates and cement. The concrete infill will have a  longer design life than either the existing 

viaduct or any new steelwork.

• Access to the existing viaduct steelwork will be maintained on the outside faces of the support box. One cause of the 

current corrosion is thought to be water attack from the outside-in, meaning it is important this ‘wet face’ remains 

visible to allow ongoing monitoring of paint deterioration (once re-painted). Re-painting might be required within 15 

years based on the assumed cleaning/preparation methods, meaning this is a real factor to consider with the remedials.

• The concrete infill does prohibit access to the inside faces of the support box. Although this is not ideal from a 

visibility and water management perspective, it is done with knowledge the inside of the boxes are shielded from rain 

to three sides. Where the inside faces of the boxes are wet and consequently corroding ‘inside-out’, this is likely due 

to water which has been unable to drain out of the truss bottom chords and which has overflowed into the support 

boxes. The concrete infill will act to block this water route and keep water within the truss bottom chords, where 

improved water management (cleaning) will allow it to discharge through down-pipes as intended.

• The risk of infilling can be mitigated by ensuring a robust interface with the new concrete. Key to this is steel surface 

preparation: ensuring the inside faces are clean and textured to increase bond with the concrete and avoid any gaps 

for water to percolate. The hydrostatic pressure of the wet concrete will allow it to flow and force itself against the 

steel, which can be further enhanced by sensitive concrete specification to ensure flowability and avoid shrinkage. 

With the concrete properly adhered to the steel there would be no future need to repaint the interface: the concrete 

would be providing protection to the steel.

• Other measures to de-risk water ingress to the steel-concrete interface is the proposed use of sloped concrete surfaces 

to the infill top surface, encouraging water flow away from the interface and down into the truss bottom chords (for 

discharge through down pipes). This would be combined with hydrophilic strips around the exposed perimeter of the 

interface, which would act to swell under water contact and block off any significant flow. These details are suggested 

more as hypothetical ‘belt and braces’ measures rather than being driven by realistic scenarios of water flow.

Maintenance

• These further notes are provided in response to MCC queries on the concrete 

infill, raised by email 4th September 2025.

Overview
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APPENDIX C - CONCRETE INFILL – FURTHER COMMENTARY

De-construction

• For the reasons outlined in the maintenance section, the need for removing the concrete infill is thought unlikely during 

the notional design life of the viaduct itself. Durability is a key benefit of the proposal.

• There is however the low likelihood scenario that there might be a future desire to properly replace the holed web 

panels of the truss support boxes, in which case the concrete infill would need to be removed. The temporary works 

implications of this would be challenging, as explained previously in Section 6.0.

• In this eventuality there are several methods which could be adopted, some of which are explained in more detail 

opposite. A mixture of methods would likely be used, depending on the portion of concrete being removed and all 

methods would be challenged by the tight access constraints. There would likely be some future temporary works in 

place to prepare the structure for removal of the remedial. 

• Concrete removal can be as aggressive or sensitive as the project requires. For the truss end support boxes the 

vulnerability of the existing viaduct steel would be the key driver in dictating speed and method of demolition. It may 

require the use of hand tools in lieu of machines, potentially slowly working into the concrete from the top and vertical 

faces.

• To make concrete removal easier one option could be to use a de-bonding layer (e.g. plastic sheet) between concrete 

and steel inside faces, avoiding adhesion between the two. This however would bring the risk that air gaps are created if 

the sheeting isn’t fully against the steel, which is not unlikely given the intricate geometry of the support box inside 

(rivets, diagonal plates, transverse beam ends). It is therefore recommended that no de-bonding is used: the concrete is 

to be used to its potential to flow into all the gaps, providing a ‘known’ more durable solution in preference to the 

‘unknown’ scenario that the concrete would need to be readily removable.

• Hydrodemolition – using high-pressured water jets to force open the pores within the 

concrete, avoiding any damage to surround steel (even reinforcing bars). Difficult to 

adopt at Castlefield Viaduct given the volume of water required.

• Concrete splitting – hydraulic tools inserted into drilled holes, which use opposing 

tapered wedges to split concrete for removal.

• Concrete saws – cutting from exposed concrete faces

• Pneumatic breakers – for removing small fragments of concrete at a time. Different 

sized tools can be used for different accessibilities.

• Stitch drilling – interlocking drilled holes around the perimeter of a concrete portion to 

be removed


