ARUP

Phase 2

aduct —

Vi

Castletield

ions Appraisal

ial Opt

Truss End Support Boxes — Remed




Truss End Support Boxes — Remedial Options Appraisal
CVI-ARUP-ZZ-ZZ-RP-S-000003

Contents

1. INTRODUCTION
2. VIADUCT TRUSSES
3. TRUSS END SUPPORT BOXES
4. CONDITION SUMMARY
5. REMEDIATION SCHEDULE
6. REMEDIAL OPTION
* 6.1 - OPTION 1 — CONVENTIONAL OVER-PLATING
* 6.2-OPTION 2 - INTERNAL STEEL FRAME
* 6.3 - OPTION 3 - EXTERNAL CONCRETE BLOCK
* 6.4-OPTION 4 — TEA TRAYS
* 6.5-OPTION 5 - CONCRETE INFILL
7. OPTIONS APPRAISAL
8. SUMMARY RECOMMENDATIONS
APPENDIX A - STRUCTURAL DOCUMENTS
APPENDIX B - 1870s VIADUCT

APPENDIX C — CONCRETE INFILL - FURTHER STRUCTURAL COMMENTARY

October 2025

Document verification

Job title

Castlefield Viaduct Phase 2 Job number

Document title

Truss End Support Boxes — Options Appraisal 282210

Revision

Date

Filename

CVI-ARUP-ZZ-72Z-RP-S-000003

Issue 1

01/10/25

Description First issue

Prepared by Checked by Approved by
Initials RR/OM GH GH
Signature




Truss End Support Boxes — Remedial Options Appraisal
CVI-ARUP-ZZ-ZZ-RP-S-000003

Castlefield Viaduct - Phase 2
Truss End Support Boxes — Remedial Options Appraisal

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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Castlefield Viaduct - Phase 2

Truss End Support Boxes — Remedial Options Appraisal

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.

October 2025

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

Boltom panels ol
truss support box
- holes in each
web panel at
interface with

. bearing

Extensive

corrosion
missing

paint

* 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.

Bearing at
piar head

* 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-7Z7-RP-S-000001), extracted opposite. The
ratings are coloured red, amber, yellow, green
(RAYGQ) 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 * The full extent of deterioration will be properly — . : : .
recommended that the most deteriorated support boxes understood once the debris and rust has been Condition Remediate
should be remediated. These are those rated ‘red’ in the cleared. A wider programme of debris clearance,

2

Condition Summary: there are 9No. ‘red’ truss ends across cleaning and painting has been proposed by Arup in
the viaduct. sketch CVI-ARUP-ZZ-77-SK-S-3033 on an end-by-
* The Principal Inspection outlines how remediation will end basis (extract opposite). Different actions are 6 v
enhance the robustness and resilience of this semi-hidden recommended depending on the RAYG rating from 10 v
critical element (HCE) into the future, mitigating the risk the Condition Summary.
of further deterioration. This recognises the fact the * More detailed structural surveys will follow as part 6 v v v
support box bottom panels carry all the loads from the of this process, aiming to understand the full extent
deck and that there is no secondary load path for load of corrosion at the ‘red’ ends. This is known as a Red 9 v v v v v
redistribution. Special Inspection (SI) in bridge terminology. 5 =33
* Useful guidance on the significance of HCEs can be found
in CIRIA C764 ‘Hidden Defects in Bridges — Guidance for
Detection + Management’. o
“34.-4 . A'.:--“"A"{{E —En sl —
2 it Ty
.%7 Siseainass i |1iassiestinsaatt ,;Am'._;_.:.: _

. i concion ’ = TS NN
.~

SRS US—— - ——
R L] '
" e |

O = TN dosorioryion . » erdrtrs ONTErd N

" v e
P P e g

gy

T Pee v b

October 2025



Truss End Support Boxes — Remedial Options Appraisal
CVI-ARUP-ZZ-ZZ-RP-S-000003

Castlefield Viaduct - Phase 2
Truss End Support Boxes — Remedial Options Appraisal

6.0 — REMEDIAL OPTIONS . Truss end Joint between
Bottom panel with support box | support boxes from

Overview ﬁ:g&iﬁx holes adjacent spans

* 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

Castellated
non-structural
fascia

* Option 3 — External Concrete Block

i P P
-

f‘",,,._

* 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

R &

1
!

Appendix A. 47 c
v ross
It should be noted that all the options act to add new structure and therefore add capacity to the current structural ' bracing of
arrangement. This is an important distinction to the alternative strategy of replacing the thinned or holed web Sic;";g:,fis'o"
panels. This approach, say Option 6, would require that the deteriorated plates be removed which would in turn - solid plate
temporarily weaken the structure. This would mean significant temporary works to support the viaduct in the short within :
support box

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.
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6.1 - OPTION 1 — CONVENTIONAL OVER-PLATING

Overview

 This option is shown as a concept on sketch CVI-
ARUP-ZZ-7Z7-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.

Advantages

* Follows industry-standard approaches (as far as
possible)

* Maintains similar load paths as existing

* Aesthetically can be understood as a legible
intervention.

October 2025

Disadvantages

* Access required within support box (the NR detail assumes the
remedial is to an [-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.

Heritage Commentary

* 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.

NR/CIV/SD/TUM/B00
Rev F
September 2018

REPAIR AND STRENGTHENING DETAILS

9.7 Main Girder Shear Strengthening

Deficiencies in shear are normally rectified by enhancing the shear capacity of the web by adding
plates to the existing web plate and connecting the new plate. A bolted web plate strengthening

arrangement is more common to that of a welded plate strengthening. New web plates either side of

Alternatively, the existing web plate can be enhanced by forming a deep section to resist shear by existing

introducing a ‘top hat’ element to the original section. - provides symmg{ﬁc remedial
with no eccentricities

9.7.1 Bolted Web Plate strengthening

Existing web plates that are buried in ballast or otherwise hidden, sufficient inspection and intrusive
investigation {normally through coring), should be undertaken to confirm the remaining plate
thickness and to establish any censtraints to the proposed design.

The designer is to confirm the existing condition / thickness of remaining web plate in order to size
the strengthening plate accordingly, taking account of any corrosion or holing that may exist,
Particular attention should be made to avoid having bolted connections where holing or thinning of
plates exist as the integrity of the connection may be in doubt.

A typical example of a proposed bolted web plate strengthening arrangement can be seen in Figure
0.18 below.
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6.2 - OPTION 2 - INTERNAL STEEL FRAME

Overview

 This option is shown as a concept on sketch CVI-
ARUP-ZZ-7Z7-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.

Advantages

* 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.

October 2025

Disadvantages

* 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

Heritage Commentary

* 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.

NOTE: Clashes

with solid plate from

compression
diagonal. May
require solid plate
being temporarily
cut out and
reinstated around
internal frame

Base plates with
bolts through
bottom plate and
into pier head

Level of stubs set
out to avoid clashes
with diagonals

Bolts through plates
requires access
both sides

New internal
steel frame

- positioned
centrally within
support box

ucz203

vertical
columns

CHS76x5 bracing
between columns

Stub SHS100
beams connected
to support box
plates

- transfers vertical
load out of support

box and into new
frame

Stub end plates can
be sized to allow for
more bolts and over
a wider area of
support box plates
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6.3 - OPTION 3 - EXTERNAL CONCRETE BLOCK

Overview
* This option is shown as a concept on sketch CVI-
ARUP-ZZ-7Z7-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.

Advantages

* Simple, straightforward
* Minimal access required within support box

* No need to remove existing rivets.

October 2025

Disadvantages

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).

Heritage Commentary

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.

RC blacx to bypass
deteriorated lower
wieh panels
- efectively lifts up
bearing (o level of
sound steel

Inacceseible
Intsrface against

original steel
- potantal water
trap

New steel angle
bolted into scund
web plate

- angle bears on
new support black
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6.4 - OPTION 4 - ‘TEA TRAYS’

Overview

The 1% 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-77-
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.

Advantages

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 stiftness of defective panel.

Minimal access required within support box.

October 2025

Disadvantages

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’

Heritage Commentary

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.

Steel 'tea trays' 1o
fill lower panels

Dome-headed
bolts around
perimeter of tea
trays ('framing
bolts’)

M27 bolts between
each face
(‘through bolts)

Packers top and
bottom to close
off tea tray to
existing structure

Tea tray web
pushed against
rivets of
horizontakvertical
stifeners

Large packing
plates {up to
36mm) to close
off against
existing web
panel
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6.5 - OPTION 5 — CONCRETE INFILL

Overview

* 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.

Advantages

* 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’
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Disadvantages

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.

Heritage Commentary

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.

- o extend to ‘ront of box
In lina with flange of
vertical stiffenar on GL 1
- 1akas loads from naw
through bolts

- to be poured diractly
against internal face of
existing stes! (post Corcren
cleaning and painting)

- Concrete top of
concrete (TOC):
dependent on minimum
cover to through bolt
positions.

Concrete infill within
Support box ( :) @ @
: = H FI—

Through bolts

diagona’s withn
boxes

Formwork +
shoring required 1o
prevent concrete
leakage through
hotes

Half-round
drainage hole
through solid plate
for waler
discharge, infill
benched to sides
%0 encourage fiow

Any exposed
imerface batwsen
concrete and
existing steel o be
sealed with

Concrete 1o be
adequately

compacted 10 hydroghilic strip
ensure flow (e.0. Adcor by gep.
around through or equivalent)

bolt

Reinforcement to
externally visble
faces only (lor
crack control not
load-bearing)
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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

1.
Conventional
Over-plating

2.
Internal steel
Frame

3.
External

Concrete Block

4,
Tea tray

5.
Concrete infill

NOTES

October 2025

- 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

Maintainability

Below
average

Heritage

Above
average

Overall

Ranked 4/5

Ranked 3/5

Ranked 2/5

- 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

Preferred Option

* 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 S, 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.

Next Steps

* 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-77-SK-S-3033.

* Progress remedial detail towards construction-status.

October 2025
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APPENDIX A - STRUCTURAL DOCUMENTS

* 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 Chronology
* Truss end support box condition summary * Feb-April 2025: Arup rope surveys across spans 2-8, to form
* Appendix B.2 of Arup Principal Inspection + Assessment (CVI- basis of Principal Inspection
ARUP-ZZ-77-RP-S-000001) * 02 May 2025: Arup Principal Inspection + Assessment report
* Initially issued on 02 May 2025 issued
 Updated to Rev A on 06 Aug 2025 to include Span 1 surveys * 08 May 2025: Workshop between Arup, NT, MCC to discuss

findings of surveys and recommendations from Principal

" Remediation Schedule Inspection. Need for truss end support box remedial outlined.

* Sketch CVI-ARUP-ZZ-77-SK-S-3033 Arup circulated sketches 3030 /3031 /3032, Appendix B.2

* Access constraints * 21 May 2025: MCC confirmed preference for tea tray option;
e Istiteration - sketch CVI-ARUP-ZZ-ZZ7-SK-S-3030 no requirement for further LBC to be submitted
20 jteration - drawing CVI-ARUP-ZZ-ZZ-DR-S-4017 * 19 July 2025: Further overnight Arup rope surveys across

* Option 1 - Conventional Remedial Option span 1, under NR possession

« Sketch CVI-LARUP-77-77-SK-S-3031 * 06 Aug 2025: Arup email with developed drawing of tea tray
(drawing 4018); also outlined concrete infill option to adopt

° Option 2 — Internal Steel Frame same approach as 1870s viaduct.

* Sketch CVI-ARUP-ZZ-ZZ-SK-8-3032 * 04 Sep 2025: Workshop between Arup, NT, MCC to discuss
* Option 3 — External Concrete Block tea tray option versus concrete infill option. Concrete infill

» Sketch CVI-ARUP-ZZ-ZZ-SK-S-3032 queries raised by MCC by email.
- Option 4 - Tea Trays * 01 Oct 2025: This Options Appraisal circulated externally to

e Istiteration - sketch CVI-ARUP-ZZ-727-SK-S-3032 MCC

* 20 jteration - drawing CVI-ARUP-ZZ-ZZ-DR-S-4018
¢ Option 5 — Concrete Infill
* Drawing CVI-ARUP-ZZ-77-DR-S-4019

October 2025
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Truss support boxes
bearing on pier head
underneath

- originally on steel
bearing plate on
Shap granite
bearing stone

b o

T

Joint between support boxes
from adjacent spans
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TYPICAL ARRANGEMENT
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Vertical web plate
- 5/8" (15.8mm) thk
- with horizontal and
vertical stiffeners

(angle sections)

Deck plate shown transparent for clarity

- pier head not shown

610mm

2'=

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

.

Truss
Planes

Inner Plane —=

Outer Plane

Y

Castellated fascia

1Span X support box

Span'Y support box

Horizontal stiffeners at GL B

- back to back 4.5" x 4.5" x

5/8" angles

TS

0 OO0 OO

.
C Q00 ©

O OO

o @

© 0 oo
g 0 oa

—— Lower web panels

| .

at pier head

ﬁ

/e

]

Clearance to pier head
castellated head

- varies per pier

- indicatively 650mm below
longitudinal beam, 1200mm
below deck plate

TYPICAL CONSTRAINTS

NTS

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

\\ Horizontal stiffener at GL A

- single 4.5" x 4.5" x 5/8" angle

- area of worst
case corrosion

End plate J

-5/8" =
15.8mm thk

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

e

P

|

Y - . 8
AN ;’ PLANE|

.
. b
o

| +
"
-

:
.

!
A

i F
I
-8
I A
N |
1 8 2 |
Y

Castellated
head to pier

- square on plan
- approx
4.5x4.5m

Pier head

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)

Ao |
e

OUTER

|
g \
- 5

"

Vertical stiffeners

- 5No. across length of

support box, each plane
-each 4.5" x 4.5" x 5/8"

TAG.
“ . "y
1.',:- .""l

L PR | .
¥

%) fascia into truss

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
Lattice diagonals in 2 project approx 20mm beyond face of connected plates.

planes as labelled below

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

OUTER p g,

Bolted turnbuckle tie to
restrain castellated

support box
- assumed C20th

Gap for access
varies per
condition

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

Joint between support boxes
from adjacent spans

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.

Drawing to be read in colour.

Do not scale from this drawing

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-72Z-DR-S-1056

aobw

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

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.

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.
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Span 7 North

Elevation, Cornbrook End

Debris at pier head to be cleared to

confirm extents/condition of bottom
horizontal stiffener on GL A

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

Span 8 North Elevation, Cornbrook End

Holes on both lower web
panels, inner plane

Span 4 South Elevation, Cornbrook End

Rivets from incoming
compression diagonal within box

/ L
4

7

TBC:

potentially for cross stiffener

within box

Span 4 South Elevation, Cornbrook End

DEFECT EXAMPLES

NTS

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

OUTER
PLANE

'"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)

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

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

Configuration of existing bearing to be

@ reviewed pending further debris clean and

tactile survey

of tea tray

@ Span 4 South Elevation, Cornbrook End

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

B B RS

e P g 5T 9 P it ~
FAERSL 5 ST e

o AR AR \.05':&';—'-' O

-

R TR AT Ot A SR R

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

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

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

REMEDIAL DETAIL

@

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

=, - , -
Packers top and bottom - — W =

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

horizontal stiffener
- sufficiently high to be

existing rivets

torque wrench against tea

- close-fitting holes assum

tactile surveys

Through bolt setting out assumed below

M16 TCBs centred between
- setting out to ensure access for

whilst maintaining minimum edge
distances to existing plates

- assumes existing stiffeners in
sound condition: TBC by further

[@ [
]

|
\
g

within sound steel

(TBC by site measure)
- sufficiently low to avoid needing to
removed existing rivets

against rivets of

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

tray

ed

Tea tray web pushed

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

Assumed defect:

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

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.

Drawing to be read in colour.

Do not scale from this drawing

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-72Z-DR-S-1056

arw

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

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:

NTS

NOTE:
Existing structure assumed

prior to remedial installation.

blasted, cleaned and re-painted

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.

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:

T1 26/06/25 RR GH |lIssue for Tender
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Span 7 North Elevation, Cornbrook End

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

Span 8 North Elevation, Cornbrook End

Holes on both lower web

panels, inner plane

Span 4 South Elevation, Cornbrook End

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

N

Span 4 South Elevation, Cornbrook End

DEFECT EXAMPLES

NTS

Rivets from incoming
compression diagonal within box

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

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

OUTER
PLANE

Span 4 South Elevation, Cornbrook End

-

B B NN T TN S A
B i PR S ST T e

A

- ‘,f,-o\..-:'-u‘.”

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 3to GL 1

- TOC TBC - dependent on minimum

cover C (100mm) to confirmed through
bolt positions. Assume approx 1.5m?
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.

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

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

tactile survey

i w wﬂew‘n e T

TOC TBC

AVAR

Formwork + shoring
required to prevent
concrete leakage
through holes

At conditions where compression
diagonal (solid plate) intersects with

concrete infill;

- 30mm dia half-round drainage hole to

be drill centrally through

water discharge, infill benched to sides
to encourage transverse flow

Infill to be reinforced
with A393 mesh to
externally visible faces
only

- minimum 50mm
nominal cover

diagonal for

Any exposed interface
between concrete and

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

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

REMEDIAL DETAIL

NTS

existing steel to be
sealed with hydrophilic
strip (e.g. Adcor by gcp,
or equivalent)

adequately
compacted to

ensure flow around \i '
bolt

Concrete to be

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

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

————— T
& &,
& & K&
@j\f" o‘é¢§

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.

Drawing to be read in colour.

Do not scale from this drawing

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-72Z-DR-S-1056

arw

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

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 Special Inspection. Refer to the Truss
End Support Boxes Remediation Schedule (sketch
CVI-ARUP-ZZ-2Z7-SK-S-3033) for proposed action
per each support box.

NOTE: Existing structure assumed

blasted, cleaned and re-painted prior

to remedial installation. Refer to
Proposed Remediation Schedule on
sketch CVI-ARP-ZZ-2Z-SK-S-3033.

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.

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

Castlefield Viaduct (282210)
07/05/25 | Issued for Information | RR

CVI-ARP-ZZ-2Z-SK-S-3030

Lattice trusses

ARUP

TYPICAL ARRANGEMENT

NTS

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-77-SK-S-3031 +
3032 for truss support box remedial options

Vegetation and
ballast above deck
plate

Castellated fascia
at pier head

- see sheet 2 for
more details

Truss
planes

Inner
plane

Outer
plane

=
b

Pier truss

- spanning between

pier heads

Clearance to pier head

castellated head
- varies per pier

- indicatively 650mm below
longitudinal beam, 1200mm

below deck plate

PIERS - HEAD CONSTRAINTS

NTS

Span X support box Span Y support box
- approx 5' = 1524mm - approx 5' = 1524mm

Joint between
support boxes
from adjacent
spans

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

Long rivetted
connections from
incoming diagonals

Truss support

boxes

b_earlng on Longitudinal beams
pier head - either 1.5m or
underneath 1.8m clc

- originally on

Transverse beams
- approx 4.1m clc

s \Lattice trusses

steel bearing
plate on Shap
granite
bearing stone

Longitudinal beams

' Drainage channel Pier head looking
Castellated head to pier running parallel to transversely
- square on plan transverse beams

- approx 4.5x4.5m

_—
=

¥ e ~
S I s o
=¥ T
L.V a
ey ¥

Al

Truss bottom
chord

transparent for
- pier head not

Horizontal
stiffeners at GL B

Deck plate shown

Lattice diagonals in
2 planes as labelled
below

Span X support box

Span Y support box

Truss <3

bottom
| chord
clharlty Compression | g;nsol(rzgls
shown diagonals ’ .

O
- back to back o
4.5"x4.5" x 5/8" o
angles o
i o ‘l/
, “ 3 OUTER
‘ Q PLANE
o = ‘ o of .
- o O
Q ol
mm Q 0 0 Q L
| | 5'=1524mm | INNER PLANI
C;D | @ Horizontal stiffener at Web plates
@ GLA -5/8" = .
: " " NOTE: Rivet
- single 4.5" x 4.5" x
5/8"%ng|e End plate 15‘?1'1"'" thk numbers and
-5/8" = each plane sizes shown
15.8mm thk indicatively
Vertical stiffeners
- 5No. across length of support box, each
plane
-each 4.5" x4.5" x 5/8"
(114.3mm x 114.3mm x 15.8mm)
Pier 8
- adjacent to canal
Deansgate
Pier 11 Pier 13 ) abutment
RN e () R & o L 5 S e 1]
: N O O . /%\ =
Pier 11 B ~“L ~ T
- adjacent to Duke _ e naiounnain NI o v S
S J Pier 5 _— 5 f?f——ﬁ—:j’“’"’ | 777707777*7‘*’7‘.(/;%'\*\"*&13:’——777;&,,, ~.
t O "~ Pier12 Pier 14 Pier 15
Pierl
e
e /Q\f
) Pier 2
Cornbrook
abutment

Pl

Pier 1

- car park at base
from Potato Wharf
development

ERS - BASE CONSTRAINTS

NTS

Pier 10
- within canal




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

Castlefield Viaduct (282210)

07/05/25 | Issued for Information | RR
CVI-ARP-ZZ-77-SK-S-3030 ARUP

Soffit Tee stiffener

Truss end support box

to deck plate

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

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

Joint between
support boxes from
adjacent spans

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

Bolted turnbuckle
tie to restrain
castellated fascia
into truss support
box

Gap for access
varies varies

- assumed C20th

Pier head
Support
boxouter G e e AN
plane
Internal view of
fascia
- assumed bolted
assembly of CI
| | T frames
Potential to temporarily cut out ’
deck plate locally for access to Incoming
pier head : transverse beam
- to be sensitively reinstated - setting out varies
afterwards (see Arup drawing per span: not Truss bottom chord Bottom plate buried Connection into
CVI-ARUP-ZZ-ZZ-DR-S-4025) always, but within debris pier head unknown
sometimes, incident - buried within
to truss support box debris

INNER PLANE REMEDIALS - CONSTRAINTS OUTER PLANE REMEDIALS - CONSTRAINTS

NTS

Noding out of diagonals
various per truss end

- compression diagonal
shown above nodes out
near far end of support box

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

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

Approx 610mm within
support box

Assumed cross
stiffener from
bottom chord
which runs into
support box

- not assumed
typical

Debris at bottom of
support box

Transverse beam end running
through support box
- assumed not typical

NTS

Assumed

plates

butt joint

plates are
continuous with
truss top and
bottom chords

- horizontal butt
joints between
plates on GLs B
and E

panelisation of web

- 2No. main web
plates with vertical

- top and bottom

T

Note proximity of
return wall to
bearing gallery

Note proximity of
wing wall and rear

Assumed steel wall to abutment

bearing at
abutment

- with assumed
C20th channels
around perimeter

Bearing gallery for
support of incoming
longitudinal beams

CONSTRAINTS AT ABUTMENT
NTS; DRAWN FOR CORNBROOK ABUTMENT

®
O CONSTRAINTS WITHIN SUPPORT BOX
NTS




Holes to bottom of
lower panels

Hole to bottom of
lower panel

Holes to bottom of
lower panels

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

O LOWER PANEL CONDITION

EXISTING RIVETS REMOVED AND
REPLACED WITH NEW BOLTS

NEW LAP PLATE WITH PACK
PLATE IF REQUIRED

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 web
plate tight
against
existing

Similar remedial
required this side
- not shown for
clarity

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

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

NOTE
potential
clashes with
diagonals and
their rivets

- will vary per

NTS

O CONVENTIONAL REMEDIAL OPTION

NEW WEB STRENGTHENING

PLAT
S CONNECTION TO MAINTAIN INTEGRITY

OF EXISTING WEB / FLANGE ANGLE New through bolts

NEW BOLTS IN NEW between new and

HOLES THOUGH WEB existing web plates

_—" - to close off any

—NEW WEB
STRENGTHENING PLATE

@ \ €D T~—WEB / TROUGH ANGLE TO BE

TEMPORARILY REMOVED TO
ALLOW WEB PLATE TO BE
PASSED BEHIND TROUGH AND

REINSTATED ON COMPLETION

1R ‘ TAARARSEASARRESMEALA L-S-LLLLELERERITY S I S— LT
Web strengthening ool oiey $ : @@ @@ @ |
plate an @b (
- same each side W elfelifel =] . @ C o © O
of existing BOLTS IN NEW HOTES \\\@ & — & @ &p @@ @ @ |
« — 200 ©
N VP =
NEW LAP PLATE WITH PACK —__ W @@ @ _@ @ @ @ < @ @ @ @
PLATE IF REQUIRED A & @ @ @ @ @ o
N?W lap plates EXISTING RIVETS REMOVED AND—| | © \ - qp 4
- fixed around REPLACED WITH NEW BOLTS SO 00 @ @GO & ©
perimeter on @ @ @ @ Iy ¢ D
top of existing D O] ¢ @ @ @ @@ > @ |
framing angles ///” TP T TP T T LT PE RO PRr = :
- requires O | @ ) © @ @@ @ @\@ \@5 ;;
sequential T, ~ 1y S= NIV Y
rivets being VA W N -
replaced with e e e =
new bolts NEW LAP PLATE WITH PACK NEW ANGLE CLEAT EXIS{NG RIVETS REMOVED AND

PLATE IF REQUIRED

REPLAQED WITH NEW BOLTS

EXISTING RIVETS
TO REMAIN

EXISTING RIVETS REMOVED AND

Typical example is
REPLACED WITH NEW BOLTS

of shallow rivetted
I-beams with trough
deck

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

Q CONVENTIONAL REMEDIAL OPTION - PRECEDENT

truss end
- implications
to be reviewed

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
N\ existing stiffener
* @J ( @\\C} angles onto new
[ O ‘”/ web plate
EEEN //// EEENEEEEEENENNNEEEEEE /[55”’
NEW BOLTS IN NEW /
// HOLES THROUGH WEB
/ (i B,
NEW PACK PLATE
IF REQUIRED N
e
- \
NEW LAP PLATE — @ 5[ )I
=
WHEEL TIMBER CHOCK RESTRAINT EXISTING RIVETS REMOVED AND -
T0 BE LOCALLY REMOVED TO REPLACED WITH NEW BOLTS
FACILITATE WORK. THE DESIGNER
TO ASSESS THE ADEQUACY Of

ALTERNATIVE SUPPORT

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

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-72Z7-SK-S-3030 for
support box access constraints.

3. Refer to sketch CVI-ARP-ZZ-727-SK-S-3032 for
alternative remedial options.

Truss end support boxes
- Conventional remedial option

Castlefield Viaduct (282210)

07/05/25 | Issued for Information | RR
CVI-ARP-ZZ-7Z-SK-S-3031 ARUP



Truss end support boxes

v » i ; .
o v ’J PROS - Alternative remedial options
| - minimal access required within box Castlefield Viaduct (282210)
O - avoids sequential removal of rivets as in 07/05/25 | Issued for Information | RR P
Packing plates to conventional remedial CVI-ARP-ZZ-7Z-SK-5-3032 | &RU
rear to close off d-off existi b plates to all ;
against existing - Spaceda-oir existing wep plates 1o allow separation NOTES:
web for water management 1. Refer to CVI-ARUP-ZZ-ZZ-RP-S-000001 for
_ bolt t Principal Inspect_lon + Assessm_e_nt generally.
new bolts cqn_nec Refer to Appendix B.2 for condition summary per
tea tray to existing truss support box
Gaps to web. for vertical CONS 2. Refer to sketch CVI-ARP-ZZ-ZZ-SK-S-3030 for
' _ .. ) support box access constraints.
edges of tea load transfer - prohibits future access to original steelwork behind: 3. Refer to sketch CVI-ARP-ZZ-22-SK-S-3031 for
trays allows - bolt numbers TBC conventional remedial option.

for tolerance proposes paired plates to allow for sequential future
of fit 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
e holes through existing stiffening angles, potentially

Discrete bottom weakening existing structure

packers allows

discharge of water
from between
vertical plates

AREAS FOR DESIGN DEVELOPMENT
- review implications of single-sided support and

New paired steel
'tea trays' set within

lower panels . .
- approx 15mm web con.seque.nt eccentricities. Possible need for more
plates vertical stiffeners

(350x500mm) with New dome-headed M24 - review provision of bolts providing load transfer

zlli)i(gg? mipstosl Packers to close HSFG bolts to 4 sides into NOTE: asymmetry directly into existing web plate.
gaps to existing existing flanges between support
flanges, set - set out between rivets: box panels; Bolts into existing \,
between rivets existing rivets left in place suggested ’end tea web plate require 7
- same all sides - numbers shown tray narrower than access within box \
approximately typical - number shown ‘

approximately A

NTS

O ALTERNATIVE A - 'TEA TRAYS

PROS
PROS - cost effective -
- minimal access required to - no need to remove EXIStIng rivets
UCZOS’l outside faces
vertica i CONS
colurmns good for tolerance

- prevents future access to original

- good for future access to outside
steelwork behind: potentially

faces

SNt‘;‘éVl if?;?;l’;ﬂ EHS76X5 b:faCing - sympathetic aesthetically: Creates water trap thus
etween columns . ) . )
- positioned W y discrete + hidden encouraging further corrosion

- visible and not heritage
sympathetic
- not removable, for instance in

centrally within
support box

- no need to remove existing rivets

Stub SHS100

beams connected CONS ; d for f
to support box - clashes with diagonal solid plate case or need for future
plates - requires more access within reinstatement of steelwork as new
- transfers vertical
load out of support support box
box and into new - no support offered to horizontal + ngek;:gf;‘t;% ?gvngs AREAS FOR DESIGN
frame vertical stiffeners; load transfer web panels DEVELOPMENT |
from web plates only - effectively lifts up E(‘;‘t’éstﬁs(')ig%'ﬁd - impact of providing no direct
Base plates with bearing to level of web plate support to web panels
bolts through sound steel level TBC
g AREAS FOR DESIGN - leve
bottom plate and - angle bears on
into pier head DEVELOPMENT new support block

- replacement of lost shear
stiffness to bottom panels

- impact of shifting loads from outer
+ inner planes to centreline of truss

NOTE: Clashes

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

Level of stubs set
out to avoid clashes
with diagonals

Inaccessible
interface against
original steel _
Stub end plates can - potential water it SO .
be sized to allow for trap == Similar RC
more bolts and over block assumed
a wider area of o i
Bolts through plates this side
requires access support box plates — Ino_tt shown for
clarity

both sides

NTS

O ALTERNATIVE B - INTERNAL FRAME'

NTS

Q ALTERNATIVE C - 'CONCRETE BLOCK



Truss end support boxes
- Proposed Remediation Schedule

Castlefield Viaduct (282210)
06/08/25 | Issued for Information | RR

CVI-ARP-ZZ-72Z-SK-S-3033 Rev 2

ARUP

NOTES:

1. For truss end support remedial details refer to drawings
CVI-ARUP-ZZ-7ZZ-DR-S-4017 + 4018

2. Refer to Arup Principal Inspection & Assessment
CVI-ARUP-ZZ-ZZ-RP-S-00001 for further background

-\.‘....i_l .:'.

el
; Pt

¥

Sl B AR (
o e Nt

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.

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

TRUSS END SUPPORT BOXES - CONDITION SUMMARY

NTS; SEE NOTE 3

Condition No.

Red 9

2=33

- Includes
July °25
Span 1
surveys

Notes:

NS

- 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

Debris

v
v
v
v

- Brushing down
deposited rust
and other debris
from pier head,
to inner and outer
planes

NOTE: to BS

EN 8501-1

PROPOSED REMEDIATION SCHEDULE

- S.I (Special
Inspection by
Arup) needs
removal of rust

- Focusing only
on reds, 1.e. those
to be remediated

NTS; SEE NOTE 3

N X

- Follows shortly
after S.I (to avoid
need for re-
cleaning)

Remediate

- As per Arup
remedial details
4017 +4018

NOTE: number
unchanged from
Arup Principal
Inspection +
Assessment

Reference
examples of
debris to be
removed

- sufficient for
S.i

- to avoid risk
of falling
debris to
public

DEFINITIONS - DEBRIS REMOVAL

N Network Rail

(®)

L .
'H.\_\_-;:'_. ~

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

Network Rail

. = fair condition

- paint in fair condition and
predominantly present
- negligible corrosion

. = partial deterioration

- excessive corrosion, loss of
paint and loss of thickness but
no loss of section

- corrosion is evident to the
web panels

|

. = extensive deterioration

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

- some remaining paint

- corrosion mainly
concentrated to vertical +
horizontal stiffeners

- minimal corrosion to web
panels

O = not surveyed or incomplete survey; insufficient to appraise.

% =updated following July 2025 Span 1 surveys

CONDITION LEGEND

NTS 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

TERMINOLOGY

Allow for

compression
diagonals as solid
plates within box

2 OUTER
PLANE

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-7Z-SP-S-000007)

DEFINITIONS - PAINTING

NTS

NTS



Truss end support boxes CONDITION LEGEND TERMINOLOGY
- Condition is appraised overall per truss end against the reference examples below

- CO N d |t| O N Su m mary - As a simplified conservatism, the worst case plane dictates the overall condition for an end
Castlefield Viaduct (282210) . = fair condition ‘ = partial deterioration

- paint in fair condition and

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

- excessive corrosion, loss of
paint and loss of thickness but
no loss of section

- corrosion is evident to the
web panels

- some remaining paint - at least some area with total
- corrosion mainly loss of section (i.e. holes) to
concentrated to vertical + the lower web panels

1. Summary below show best available photographs for each truss support box, as from horizontal stfeners e
Arup 2025 Inspection. Incomplete survey alternatively due to poor access or limitations of panels

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 O = not surveyed or incomplete survey; insufficient to appraise.
more negatively or positively pending further surveys.

= minor deterioration . = extensive deterioration
NOTES O — .

7 =RevA update to condition appraisal
A} k4

-

<

SPAN 1B SPAN 1A

TO CORNBROOK



ARUP

Appendix B — 1870s Viaduct
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Truss End Support Boxes — Remedial Options Appraisal
CVI-ARUP-ZZ-ZZ-RP-S-000003

Castlefield Viaduct - Phase 2
Truss End Support Boxes — Remedial Options Appraisal

APPENDIX B - 1870s VIADUCT

Overview

* 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.

1990s Metrolink Works

* 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.

October 2025

1893 Cheshire Lines Committee Line
'1890s Castlefield Viaduct'

}
A
e S
¢

‘; 1873 Cheshire Lines Committee Liverpool Railway S
= '1870s M

2o -

Concrete infill
between inner
+ outer planes

Concrete

- between
diagonals

- extending beyond
truss support box

Through bolts at
truss support box
- through
concrete infill

within




Truss End Support Boxes — Remedial Options Appraisal
CVI-ARUP-ZZ-ZZ-RP-S-000003

Castlefield Viaduct - Phase 2
Truss End Support Boxes — Remedial Options Appraisal

APPENDIX B - 1870s VIADUCT

Document List

* 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

October 2025

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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3 rivate replaced on
tog *

§ rivats repioced

1 tivet replaced
on top Honge

1 rivet reploted
on top flonge

2 rivets reploced

10 rivels repigcen

2 rtivets replaced

All overheoa girders replaced {19 No.)
except 2 No. restroining cost iron
casieliotion of the centrol pier.

Reter OEW Group Limited Drg.

WS/AIKINS

—tuy, bnacs

No's 1 to § for getous.

2 rivets repiaceo
l NOTES

13@11: D @ F !@ »1'tuzlz\!nz

1. All dimensions ore i milimetres.

2. For detoils of the remedicis 1o Span 2844
see drowing no. 2342,

3. For metot repair gelods see arg no. 2157 & 2348

4 All repiocement sieeiwork 10 be (rode 43
uniess noled otnerwise

5. Al rivets must be checked ogonst MRIt

6. for protectuve trecimeny refer (o
Brioge A47 Pginting Conoilion Report ong
Brioge A47 Cooling Speciticolion
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NOTES.

All dimensions ore in miliimetres.

All reinforcement 1o be in occordance with
BS 4449 "Hot rolled steel bors for the
reinforcement ot concrete”, or BS 4461 “Cold
worked steel bors for the reinforcement of
concrete.

3. Abbreviations.

T denotes high yield high bond bars

R denoles mild steel bors

T denotes top

B denotes bottom

NF denotes near face

FF denotes for foce

EF denotes eoch foce

The reinforcement nototion used an this drowing
is as follows :

Number Bor Type Size Mork Spocing Position

10 T 200 O 150 T
Min. lop to reinforcement to be 400 where D is
the diometer of the forger reinforcing bar uniess
unless stoted otherwise.

Concrete cover to reinforcement to be 35mm
uniess stated otherwise

7. Concrete to be Class 40/20 in accoraance with

the Specificotion.
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MR17 : Lacing Bar Repair
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Flevation of Cross Girder
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1l i i ¢ tifien
plate of croms gras: R4 I RO458 [ Mwo [ 2357 Sz

2No. S00x90x12thk pit,
BNo. M20 MSFG oolts

-H.‘{‘-p
@) O,
~ ’
O
/ \ﬁ
7’ ~
(\ 3
s
N °
N |
Exigting bent or corrodea
lacing bors to te removed
] and replocea one at o time
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e \* Temporary struts to be
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” \ relgtive positions of lhe
N ,\f latice webs wnie igcing
bars are oosent
O Q,
~ #

Note : This repar is not requireg
where the damageo locing
bare Lie entirely within the
bottom cnorg {See acetod MR14)

if the thickness of the tap flonge is grecter than Smm
ol the existing rivets must be cnecked. Any delective
rivels (Heow giometer <28%mm, Height <10mm)} must be
replaced with M20 HSFG boits,

internol Elevation
Pioting repoy if corrosion
to lacea compressive memper only

12ZN0. M20 HSFG botts

INo. S00x280x12thi pit,
BNo. M20 HSFG boils

I Flevotion

Piating repoir if corrasion
to locea tension member oniy

2No. 500x30x12thk pit

Mo, 300x250x12thk pit

xternagl Elevation

Pioting repoir if corrasion
to both tension ono
COMPression memuers

MR12 & MR13 : Plating repair of Lattice Intersections

Piating repoirs. 12mm plate + M20 boits
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It the thickness of {he top flonge at ony section is less than Smm
remove the flange for o min length of 500mm ana cut bock untill
minimum thickness of retomnea fionge = llmm
Repiace with o new tiler piote 400x12thk x (L~ 3mm) ! 2mm
Reconnect uaing M20 HSFG bolls in existing rivet holes

Elevation of Cross CGirder

MR11 .

Repairs to top flange of

<

MR20 - Repair to bottom

1 corrosion hoa resuited 0 seporolion
af the bollom flange piotes it must te
removea and the gop filled with ¢ seoiont

lange o

WVS/AIKINS

NOTES:
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Appendix C — Concrete Infill — Further Structural Commentary
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APPENDIX C - CONCRETE INFILL - FURTHER COMMENTARY

Overview

These further notes are provided in response to MCC queries on the concrete
infill, raised by email 4t September 2025.

Construction Sequence

An indicative proposed construction sequence is included on drawing CVI-
ARUP-ZZ-7Z7-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.

October 2025

Maintenance

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-7Z7-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.
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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 Concrete splitting Concrete saws
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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

Pneumatic breakers Stitch drilling



