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Limitations

URS has prepared this Report for the sole use of Kilkenny Borough Council (“Client”) in accordance with the
Agreement under which our services were performed. No other warranty, expressed or implied, is made as to the
professional advice included in this Report or any other services provided by URS. This Report is confidential and may
not be disclosed by the Client nor relied upon by any other party without the prior and express written agreement of URS.

The conclusions and recommendations contained in this Report are based upon information provided by others and
upon the assumption that all relevant information has been provided by those parties from whom it has been requested
and that such information is accurate. Information obtained by URS has not been independently verified by URS, unless
otherwise stated in the Report.

The methodology adopted and the sources of information used by URS in providing its services are outlined in this
Report. The work described in this Report was undertaken between [insert date] and [insert date] and is based on the
conditions encountered and the information available during the said period of time. The scope of this Report and the
services are accordingly factually limited by these circumstances.

Where assessments of works or costs identified in this Report are made, such assessments are based upon the
information available at the time and where appropriate are subject to further investigations or information which may
become available.

URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which
may come or be brought to URS’ attention after the date of the Report.

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections
contained in this Report.

Unless otherwise stated in this Report, the assessments made assume that the sites and facilities will continue to be
used for their current purpose without significant changes.

Where field investigations are carried out, these have been restricted to a level of detail required to meet the stated
objectives of the services. The results of any measurements taken may vary spatially or with time and further
confirmatory measurements should be made after any significant delay in issuing this Report.

Forecast cost estimates do not include such costs associated with any negotiations, appeals or other non-technical
actions associated with the agreement on measures to meet the requirements of the authorities, nor are potential
business loss and interruption costs considered that may be incurred as part of any technical measures.

Copyright

© This Report is the copyright of URS Infrastructure & Environment UK Limited. Any unauthorised reproduction or usage
by any person other than the addressee is strictly prohibited.
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1. INTRODUCTION

Kilkenny Borough Council proposes to construct a pedestrian footbridge in Kilkenny City as
part of the ‘Smarter Travel Plan’. The location of the bridge between Bateman’s Quay and
John’s Quay on the River Nore will provide a practical and direct route which will be regularly
used, linking areas west of the River Nore, including High Street and Kieran Street, to areas
east of the river including John’s Street, John's Green, Michael Street and McDonagh
Junction.

It is a key sustainability principle of the Kilkenny City Local Area Plan to improve the
accessibility of the City Centre for pedestrians and cyclists and to provide: ‘a practical level of
accessibility for all, regardless of age, mobility or availability of mode choice and the [transport]
network must pragmatically cater for all trips that have an origin or destination in the City
Centre'.

The following is an overall review of various structural options that have been considered for
the Kilkenny City Pedestrian Bridge.

Environmental impacts have not been considered in detail for this option at this stage as part
of this review.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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2.1

2.2

LOCAL CONTEXT

Location

The bridge site has been identified by Kilkenny Borough Council, and is identified on drawing
reference (47061456/P8/100-2).

The location spans the River Nore in a West to East orientation, crossing from Bateman’s
Quay on the West side to Johns Quay on the East side. The site is close to the existing
Carnige Library on the east and connects to the pedestrian route through park land, Back
Lane and on to John’'s Lane. On the west side the bridge connects to the pedestrian route
which runs to the north of Dunne’s Stores to connect with Kieran’s Street and High Street.

Adjacent Bridges

The following are the current existing crossings of the River Nore in the direct vicinity to the
proposed location:

— Johns Bridge 200m down stream
— Greens Bridge 500m upstream

It is also noted that the proposed Central Access Scheme Bridge is located 360m upstream at
the north side of the Diageo Brewery.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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3.1

3.1.1

3.1.2

3.1.3

SITE CONSTRAINTS

River Nore Flood Levels
OPW Section 50

As required by the Arterial Drainage Act 1945, the proposed bridge crossing will be the subject
of an application to the Commissioners of Public Works for Section 50 consent prior to
construction.

Matters such as profile of piers, structural integrity and durability and hydraulic performance in
flood events will be addressed in detail as part of that process. It is proposed to use existing
hydraulic modelling information used for the design of the current flood defences and river
channels to define the minimum clearance required for the pedestrian bridge. It is also noted
that it is currently proposed to place the pedestrian bridge soffit level above the required
flooding levels. As such it is not proposed to complete detailed hydraulic modelling for the
pedestrian bridge.

River Nore Drainage Scheme Flood Model

In the case of the City of Kilkenny, flood defences were constructed in 2004 as part of the
River Nore Drainage Scheme (RNDS) which was funded by the Office of Public Works (OPW).
During the preparation of the design of these flood defences, the OPW had developed and
calibrated a mathematical model of the flows in the River Nore channel. The original model
was developed using the HECRAS software and was calibrated and validated using various
historic flood data. The results also compared favourably with those derived from a physical
model constructed by others on behalf of the OPW.

The original model extended upstream from Greens Bridge and the related flood defence
works provided protection to all properties considered vulnerable to flooding for flood levels
equal to the predicted 100 year flood level plus a design freeboard of 300mm.

For the purpose of the assessment of the impacts arising from the proposed bridge, a copy of
the model, which contained the final profiles of the river channel after construction of the
Drainage Scheme in 2004, was obtained from the OPW as part of the work completed for
Kilkenny County Council on the Central Access Scheme bridge preliminary design.

Application of Flood Model for Pedestrian Bridge

This model has been taken and interpreted for the proposed location of the pedestrian bridge.
Two sets of data were available 1) 100 yr flood level (44.48mOD), 2) 100 yr flood level +20%
allowance for climate change (44.69m).

Based on the cross section from this model a preliminary design level has been chosen for the
purposes of generation of bridge visualisations and initial design drawings. This level is based
on the higher level allowing for 100 yr flood level with the additional 20% added for climate
change.

The current design level based on the above is 44.69mOD plus the typical allowance of
300mm freeboard that is required by the OPW giving a bridge level of 44.99mOD.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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3.2

Based on this level and latest survey information the proposed bridge should be located at a
level approximately 300mm above current wall levels on the east bank (Johns Quay), and
approximately at the footway level on the west bank.

Kilkenny City & Environs

As part of the initial design the overall character and tourism elements of the city have been
considered as part of the review of existing conditions and the following noted:

The overall character of the City and in particular the heritage townscape of the
historic centre.

Kilkenny offers a unique selection of historic sites and buildings from the 7th century
onwards reflecting a tradition of monastic settlement, and has a number of high quality
buildings of historic and architectural significance such as Kilkenny Castle, St.
Canice’s Cathedral, Rothe House, St. Francis Abbey and Black Abbey.

The City is compact enough for tourists to explore on foot.

The natural beauty of the River Nore Valley, and the linear park along the eastern
banks of the River Nore in Central Kilkenny.

The services provided in the City hotels, guesthouses, restaurants, shops, design
centre, theatre, galleries and cultural events.

The reputation of the City for arts, culture and crafts.
It is a specific tourism objective of the Kilkenny Local Authorities to promote and

encourage tourism development, and to facilitate improved access to and from the
City and Environs.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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3.3

Bank/Wall Foundations (RNDS)

The River Nore channel and river wall, banks and other physical infrastructure within the river
corridor underwent substantial construction works as part of the River Nore Drainage Scheme.
The aim of which was to protect the centre of Kilkenny City for major flooding events.

A number of as built documents and drawings have been provided to URS by Kilkenny County
Council outlining the work completed as part of these construction works. The designers of
these works were engineering consultants Mott MacDonald.

The primary area of interest for the pedestrian bridge is the forms of both of the river walls at
the proposed bridge location. The following is a brief extract of the currently available
information on the river walls.

As built drawings provided as part of the RNDS safety file provide an indication of what the
current river walls are founded upon. Drawing numbers 24203/MAR/041, 042, and 043
provide the clearest information on foundation type. The walls are founded on a ground
anchor/sheet pile arrangement, with an expected anchor spacing of 3m. Extracts of these
drawings have been reproduced below for clarity.

KILKENNY

(BORD)

|
|
|
|
L

Defence Reference R105 ta R107 Defence Reference L103
Archarad Shest Al Wall with Concrets 'Ster’ Wall, Anchores Shast Ple Wl wih Conrete Stem’ Wil

Figure A - RNDS Plan & Sections

The above figures indicate the general arrangement of the walls at the proposed bridge
location. It is noted that the ground anchors pass to significant depths beyond the back of the
current footway and road carriageways on both sides of the river.

The following tables from the RNDS safety file indicate the ground anchor details — angle,
spacing, inclination and lengths. It is noted that from initial surveys there are significantly
larger numbers of anchor heads cast into the capping beam for the sheet pile wall.

This may lead to difficulty with positioning of foundation piles unless they are clearly identified,
it will be investigated further as part of the detailed design and will depend on the bridge option
chosen.

KCPB_BridgeOptionsReport_Revl FINAL.docx




Kilkenny City Pedestrian Bridge
Preliminary Options Report — Bridge Options

Table 1 - West Bank Ground Anchor Details

3.4

3.4.1

3.4.2

Particular Site Constraints
West Bank

Current design levels are suitable for landing bridge at or close to existing footway/road levels,
thus eliminating the need for major ramps or steps to bridge crossing.

The following are the main constraints that were identified with regard to bridge structural form
on the west bank:

— Proximity to existing road way — Bateman Quay (6m)

— Shopping and parking facilities located in the Market Yard area directly east of the
proposed location.

— Vehicle entrance to Dunne’s’ Stores and adjacent car parks.

— Need to integrate with existing pedestrian route, which is currently located at an
uncontrolled unmarked crossing 20m to the north of the current position.

— Recently refurbished “Tea Houses” located just to north of proposed location.

East Bank

— Linear walk way along River Nore to be maintained or integrated into the proposed
bridge.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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— Close proximity to existing terraced houses. North and south of proposed location, 9
to 17 Bateman Quay, and 7 and 8 Bateman Quay respectively.

— Close proximity to Carnegie Library.

— Need to integrate ramps/steps with existing pedestrian and cyclist routes. Some
consideration of future routes may be necessary or improvement to existing routes.

— Level difference of 1.6m (bridge landing at 44.99mOD, existing ground level
43.4mOD).

— Current width area available for bridge landing and ramp layouts between river wall
and existing kerb line is 5.7m. If high quality open ramps suitable for pedestrians are
used it is expected that this width will be insufficient.

3.5 Environmental

The River Nore carries a large volume of water during flooding; it is also a Special Area of
Conservation (SAC), and a very important game-fishing amenity. It was proposed that the
new bridge associated works should not restrict the natural flow of the river, particularly during
flooding, and the construction and future operation of the bridge should have no adverse
environmental impacts.

Also the form of the bridge should be such that it does not impair the current views along the
river. This approach suggested that options which required significant heights may not be
acceptable. Furthermore it was recognised that the new bridge presented an opportunity to
provide a focal point for the future development of the river frontage, and therefore its
appearance was important.
River Nore SAC has multi-habitat, multispecies interests:

— Otters & Bats

— Pearl Mussel, Crayfish, Lamprey, Twaite Shad, Atlantic Salmon

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.1

4.2

BRIDGE OPTIONS

Bridge Dimensions for Preliminary Design
Span

Bank to bank clear span at proposed bridge location is 34.5m. Actual span may change
depending on location of foundations, bridge type, and other constraints on either bank.

Deck Width

3m to allow for shared pedestrian cyclist space across deck.

Parapet Height

In order to cater for cyclists a railing height of 1.4m has been used for the preliminary design.

It is noted the recently published National Cycle Manual indicates a range of railing heights for
bridges catering for cyclists from 1.2m to 1.4m.

Ramp Rest Areas (East Bank)
Minimum required of 1.5m. For preliminary design 2m has been allowed.
Ramp Turning Circle for Cyclist

An initial cycle turning circle on ramps has been provided with a 3m envelope. Review of the
National Cycle Manual does not indicate a recommended value, however the UK Department
of Transport guidance document “Designing Cycle Infrastructure” gives an indication of a
requirement for a 3.3m overall turning circle requirement for a conventional bicycle.

This issue will be investigation further depending on the preferred bridge option chosen, and
where necessary the east bank ramp arrangement will be adjusted to provide suitable turning
space for cyclists to meet design guidance. For the purposes of preliminary design envelop of
3m has been allowed for.

Bridge Types Considered

The following are the types of options that have been considered as part of the preliminary
design and optioneering for the proposed pedestrian bridge.

- Option 1 Beam

- Option 2 Arched Beam/Truss

- Option 3 Lattice Truss

- Option 4 Vierendeel Arch

- Option 5 Vierendeel Half Through Truss
- Option 6 Box Girder with Truss

- Option7 Cable Stayed

- Option 8 Wooden

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.3 Option 1 —Beam
4.3.1 Structural Form
General

The straight beam option is a practical and economical structural solution. The following are
general comments relating to the primary structural elements.

The vertical loading is transferred to the piled foundations by two Structural Steel
Universal Beams.

Transverse Universal Beams connected perpendicular to the two primary Universal
Beams support the 3m wide deck.

CHS bracing at intermediate locations will provide lateral and torsional restraint.
Profiled fin plates are bolted directly to the main longitudinal beams at 4m intervals.

Curved sheet cladding will conceal all structural members and bolted connections.

Figure C - Short Span Beam Bridge (Germany)

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.3.2

Beam Sizes

This structural form consists of structural steel Universal Beams spanning both longitudinally
and transversely. The longitudinal span beams will be approximately 1m in depth.

The deck is supported on transverse steel Universal Beams of approximately 0.3m in depth.
The transverse beams are bolted to the primary longitudinal beams at specified intervals.

3000

Universal Beam Deck Support

Structural Steel Universal Beams

CHS Bracing

Cross Section
1:100

Figure D - Indicative Section for Beam Bridge
Lateral Stability

Lateral and torsional stability of the structure is catered for through inclusion of cross bracing
at intermediate locations longitudinally.

Railings and Cladding

Railings are bolted onto profiled fin plates which in turn are bolted to the main longitudinal
beams at 4m intervals. All bolted connections and structural members will be concealed using
curved sheet cladding to give a streamlined and curved finish.

Foundations

The foundation solution for this option is similar to the foundation solutions for each of the
other bridge options. Piled foundations are required to transfer the foundation support loading
to a level below the existing quay wall. This will prevent any additional loading (vertical and
horizontal) acting on the anchored quay walls. The self-weight of the bridge and imposed
loading will be transmitted directly to the piled foundations which will consist of between 2 and
4 piles on both the East and W est banks of the river.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.3.3

4.3.4

4.3.5

Visual Issues

Large depth of beam creates heavy structure raised significantly above the river and adjacent
banks. Lighter railings and surface fixtures can be used to mitigate this as no structural
support is required from railings. All bolted connections and structural members will be
concealed using curved sheet cladding. As well as concealing the structural members, the
curvature can provide the illusion of a shallow structural depth.

Cost Estimate

This is an economic solution with an estimated cost of €2,400 / m” of deck.

Due to the significant abutment works on the East Bank the total cost of the structure is
therefore estimated at €470,000, this is primarily due to the additional works required on either
bank due to the 1m height increase.

These estimates are based on a 37.5m span and a 3m deck width.

Summary

- Efficient solution.

- 37.5m span primary longitudinal beams approximately 1m in depth, raising the bridge
significantly above the river and creating further issues with tie in at both west (>1m level
difference) and east (>2.6m level difference).

- Transverse beams supporting deck.
- Allows use of light railings and deck features.
- The proposed location of the bridge is considered a visually and environmentally sensitive

area. From a visual perspective, a simple beam bridge is considered not particularly
suitable.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.4 Option 2 — Arched Beam/Truss
44.1 Structural Form
General

The tapered beam option is visually and structurally quite different from the simple beam
option. The tapered beam consists of a steel hollow box section. The depth of the beam
reduces significantly towards the middle of the span giving an aesthetically appealing
structure. Due to the curvature of the bridge, horizontal forces develop at the supports on both
banks which must be resisted and considered as part of the foundation solution. Figure C is an
example of a typical tapered beam bridge.

Figure E - Typical Tapered Beam Bridge

Figure F - Tapered Truss (Millennium Bridge)
4.4.2 Foundations

The foundations required for a tapered beam bridge must resist both horizontal and vertical
forces and may require significantly larger works on both banks.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.4.3

4.4.4

4.4.5

Figure G - Foundation Example

It is anticipated that some build out of the banks may be required. It is expected that this
option would significantly impact on the existing River Nore Drainage Scheme river walls,
sheet piling and ground anchor arrangement, which would require further detailed review in
order to define suitable foundation options.

Visual Issues

Increased depth on approach to bridge abutments would have a similar effect to that of the
simple beam in increasing the overall height of the bridge due to the requirement to keep
above river flood levels. This will increase height of bridge significantly.

Slender central section of bridge increases visual permeability of the bridge, and creates an
elegant solution to the river crossing, which may help to mitigate the increase in height.

Cost Estimate

It is estimated that this bridge form would be considerably more expensive than a beam bridge
due to costs to fabricate the tapered box section or the tapered truss.

Foundation costs will also increase due to significant horizontal reactions. Raked piles may
not be achievable due to existing ground conditions / obstructions. Some in-stream works
may also be required at the river walls directly below the landing position.

The estimated basic cost of the bridge structure and foundation works is €3,000 / m?. The
West and East Bank works would be similar to those for the Beam option described above.

Additional costs would be incurred due to the complex abutment construction. The total cost
is therefore estimated at approximately €800,000. A more detailed cost estimate would be
required if this option was to be considered further.

The recently constructed Millennium Bridge on the River Liffey in Central Dublin is an example
of similar form of bridge using a tubular truss arrangement (also tapered across the span)
rather than a beam/girder. It is understood that this recently constructed bridge cost in the
region of €1.5m.

Summary
The tapered beam option is an elegant solution, however horizontal forces must be resisted

on both banks which will increase the size and complexity of the piled foundations. This is
unfavourable due to the constraints imposed on site by the ground anchors.

KCPB_BridgeOptionsReport_Revl FINAL.docx

13



m Kilkenny City Pedestrian Bridge
Preliminary Options Report — Bridge Options

It is also considered that this structural option would be outside of the overall funding available
to Kilkenny Borough Council.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.5 Option 3 — Lattice Truss
45.1 Structural Form
General

A bridge made from narrow structural members which act together to act as a structural frame.
The truss acts in the same way as a deep beam but can span similar distances with a lighter
and more aesthetically pleasing structure.

Figure H - Lattice Truss

This formation allowsa low landing profile at both east and west banks as the deck can be
formed at the lower chord of the truss. This therefore reduces the overall height and size of
ramps on the east bank, and a smooth transition on west bank.

Figure | - Double Lattice Truss

KCPB_BridgeOptionsReport_Revl FINAL.docx
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452

45.3

Structural Sizes

The following figure gives an indication of the structural elevation and section of a suitable
lattice truss arrangement for the proposed span.

Handrail at 1.1m Vertical Guard Rails V Lattice Truss System

CHS Bracing
Universal Beam Deck Support

| Elevation Cross Sectlon

Figure J - Lattice Truss Typical Elevation & Section

Main structural section sizes are 250 x 10 SHS truss members. This may be revised in
detailed design to provide some variation in section sizes to help with visual impact of truss.

The estimated steel weights for a 250 x 10 SHS are 75kg/m.
Foundations

Foundations consist of piled foundations which should have a relatively low impact on
underlying ground anchored walls.

Visual Issues

Box section truss may result in an “industrial” bridge; however specific treatments, finishes and
lighting of bridge can significantly reduce this affect.

Low profile of bridge is particularly suitable for bridge location, and is considered to fit well with
the medieval history of Kilkenny City, particularly the nearby Kilkenny Castle.

Horizontal guard rails are not recommended. Vertical guard rails can be utilised to prevent
climbing.

Low arching of this option can provide a suitable partner for Johns Bridge located directly to
the south and is deemed preferable than straight option. Arching of the truss bridge will lead to
a more aesthically pleasing and less industrial looking footbridge but will increase the
fabrication costs. It may also increase foundation costs due to horizontal loading applied to the
foundations by the curvature of the deck.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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Figure K - Arched Lattice (Basic GA)

Cost Estimate

a0 Fmsmts
Fomaon

ROUS

This is one of the most economic solutions with an estimated cost of €2,400 / m2 for the basic

structural costs.

Including the various costs at both abutments this option would have estimated total cost of

€410,000.

These estimates are based on a 37.5m span and a 3m deck width.

It is noted that this option will also create significant savings on the construction requirements
on the east bank through significant reduction of ramp heights and lengths in comparison to all

other bridge types (bar similar truss variations).

Summary

— Detailing required to ensure visually pleasing bridge for all users, particularly with

regard to vertical guard rails.

— Arched version considered to be more visual pleasing than straight.

— Low depth of overall structure is suitable to the site constraints on either bank and
also does not contrast with other key features of Kilkenny City such as St Canice’s

Kilkenny Castle.

— Considered to be the most economic structural solutions in terms of overall cost.
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4.6

46.1

Option 4 — Vierendeel Arch
Structural Form
General

The Vierendeel Arch structure is a visually impressive structure. It consists of an upper arched
member with vertical members connecting to the lower horizontal member. The deck is
supported within the truss system itself with the arched members rising above deck level.

Figure M - Vierendeel Arch Bridge Deck

Lateral Stability

Lateral stability of the structure is achieved using horizontal cross bracing members below
deck level.

Guard Rails

Guard rail posts are bolted to the main truss frame. The horizontal guard rails are splayed
inwards (towards the centre of the deck) to prevent climbing,

KCPB_BridgeOptionsReport_Revl FINAL.docx
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Vierendeel Truss System

The deck is supported and contained within the Vierendeel Truss. The members spanning
between the lower and upper arched members are splayed. The truss height about deck level
is approximately 2.8m.

The vertical members are connected using fixed joints. This results in larger joints and
members to resist the bending moments which occur at each joint.

—_—__ﬂ______ﬁ_— ] Vierendeel Truss Sysiem—l_j:\
| \ /
I| || | || | || l Handrail \ / / =
- | 1 __ @
A’_ __|i { 1 I ] Ill_ s 3000 f II."IIIII ‘E_:c
—| — | ] = Guard Rails & / g
l * ] 1 ¢ ) 9
| — A .
E:':‘L’I [= -_j? L = !u‘.l A
- CHS Bracing £
Partial Elevation Cross Section

1100

P S0P LEVELe
4

Figure N - Vierendeel Truss (GA)

4.6.2 Foundations
Supports for the Vierendeel Truss option consist of piled foundations and is similar to that
required for both simple truss and beam options.

4.6.3 Visual Issues
Creates a statement structure with clear appealing visual elements, particularly when viewed
from afar. Vertical members create and frame views for users.
Considered out of character with Kilkenny City, however arched form of bridge ties shape back
to the form of Johns Bridge located directly downstream of the proposed crossing point.
Height of arch would be significantly above deck level. Initial design indicated height of
approximately 2.8m.

4.6.4 Cost Estimate

Estimated cost of €2,700 / m2. The West and East Banks works would be of similar value to
the lattice truss discussed above.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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The total cost of the structure is estimated at €440,000. These estimates are based on a
37.5m span and a 3m deck width.

4.6.5 Summary
— Provides a significant statement structure.

— Low vertical profile in terms of clearance above river flood levels and impact on
landing position on east bank due to majority of structural form above soffit level.

— Low impact on foundations.

— Considered to be in conflict with the overall nature of the site and historic nature of
Kilkenny City.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.7 Option 5 — Vierendeel Half Through Truss
4.7.1 Structural Form
General

This option is very similar to Option 3 — Lattice Truss discussed above. It differs with the
elimination of diagonal members and inclusion of closer spaced vertical members. (Note —
vierendeel typically refers to inclusion of vertical truss members).

Figure O - Typical Vierendeel Truss (Monasteriven)

The following are general comments on the overall form.

— Vertical members can result in a more pleasing rectangular configuration, avoiding the
need for diagonal members.

— Joints are required to be rigid and are larger due to requirement to transfer moments
through the joint (i.e. not simple pinned connections used in the lattice truss option
already proposed). The structural members of Vierendeel trusses become subject to
bending moments and shear forces in addition to direct tension or compression.

— The resulting joints are often very heavy in appearance and can be more costly to
fabricate.

— If the structure is clad on outside the truss from will be hidden — therefore lattice would
be preferred on cost basis.

A vibration analysis has not been carried out at this stage as this will be looked at in detail
once a bridge option is chosen.

Depth of structure, size of members, deck depths

The depth of the structure may not necessarily increase, though the dimensions and/or weight
of the members may increase to resist the additional bending and shear stresses. Deck depth
is determined by the structure spanning between the two Vierendeel trusses. This is unlikely to
be affected.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.7.2

4.7.3

4.7.4

The following are indicative member sizes:
— 300 x 10 SHS or 250 x 16 SHS. (Heavier steel thickness and thus more expensive).
The following are estimated steel weights:

— Keeping the same section overall size an increase from section size from 250 x 10
SHS (75kg/m) to 250 x 16 SHS (115kg/m) would be required.

— Therefore approximate 40% increase in steel weight from the lattice truss option.
Foundations

There is no significant difference to the bridge supports if using a half through Vierendeel truss
compared to the lattice truss.

Cost

It is expected to be more expensive than the lattice truss option. Cost will be increased due to
larger structural members and more complex connections. The connection requirements
alone may add a further 10% of the overall fabrication costs due to the need to transfer
moments through the joints. Estimated 40% increase in total compared to lattice truss.

The estimated cost of the structure is €3,000/m2, and it is estimated that a cost of €490,000 is
likely when all abutment works have been included. This has been based on 37.5m span and
3m wide deck.

Summary

The vertical truss members may have move visually pleasing form than the diagonals of the
lattice truss; however it is likely that the heavier joints of the Vierendeel Truss may reduce this
improved visual affect.

To achieve similar design deflection and ensure structural efficiency a significant increase in
structural steel weight is required. A further additional cost is also required in the manufacture
of joints within the Vierendeel truss due to the need to transfer moments through the joint.
Therefore the structural form is less economic than lattice truss. Overall these impacts would
result in a cost increase of over 40% when compared to the Lattice Truss option.

This option could be considered further in tandem with the lattice truss option; however it is
considered that the lattice truss would be a more economic solution with a similar visual
impact.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.8 Option 6 — Box Girder
4.8.1 General
The aim of the box girder is to provide additional strength to the bridge to allow for smaller

members on the upper section of the bridge or to increase the allowable span. It acts in a
similar manner to the beam option.

000wy Clasr Wiclth

5 mm theck epoxy non sbp surfacing
on & stedd deck plale

AHS Fasca
Boam

Angle Ty il

Staal Plate Diaphrsgems

Folkded Sloel

i . -
SULRTNT) Plats Box Girdér

Onersll Whadth

General Cross Section

Figure P - Box Girder Typical Section

4.8.2 Cost
The estimated cost is €3,000 / m” with a base cost of €337,500.
The total cost of the structure totals €540,000 due to the increased depth of structure and
consequential abutment and bank works. This is based on a span of 37.5m and a 3m deck
width .

4.8.3 Summary

This option will raise the deck similar to beam option.

Likely to be more expensive due to the fabrication costs of the box girder, cantilevered deck
and the requirement for moment connections.

Overall - not considered suitable.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.9

49.1

Option 7 — Cable Stayed
Structural Form
General

In this form of bridge, the main deck support beams or girders are given additional support at
intervals along their length by inclined tension members (cable stays) connected to a high
mast or pylon.

Cable stayed construction is sometimes used for footbridges (typically spans of 35m and
above) to give support and stiffness to an otherwise light structure. The existing span of the
River Nore at the proposed crossing location is approximately 37.5m, and therefore suitable
for considering a cable stayed option.

Deck

The deck girders thus sustain both bending and compression forces and therefore will
continue to require sufficient stiffness to resist these forces. The deck is ‘suspended’, in the
sense that it relies on the tensile stays to provide some of the vertical support.

Cable stayed bridges are relatively flexible and more prone to oscillation under wind or under
deliberate excitation by users. A detailed check of the dynamic response of any proposed
bridge will need to be carried out at detailed design stage.

Cable stays can be used with any of the forms of bridge deck construction previously
considered for the Kilkenny Foot Bridge (e.g. lattice truss, vierendeel truss, and beam).

The deck supporting stays are in general anchored at floor level to the longitudinal structure.
Whether beams or trussed, the longitudinal structure will need to be stiff and strong enough to
span between cable anchor points and they may need substantial depth to resist design
forces.

To provide a lighter appearance, with shallow beam/floor depth, cables supporting a
vierendeel girder and half-through construction may be considered. This would minimise the
depth of the deck structure, hence preventing further increase in height of the proposed
pedestrian bridge above the River Nore banks. It is anticipated that a deck depth of 400 to
500mm would be required if a truss format was not chosen.

The cable supports are generally provided to the main deck support beams at approximately
10m to 15m spacing.

Structural sizes cannot be determined at this stage as they depend heavily on the form of the
cable stayed bridge particularly the cable and pylon arrangements which are discussed in
more detail below.

Pylon and cable arrangement

At least two forestays should be provided in each plane as it is difficult to validate the need for
one single stay on economic and/or appearance grounds. The minimum span for a cable
stayed bridge with two forestays is around 35m (therefore deemed a suitable option for the
proposed Kilkenny Footbridge).

KCPB_BridgeOptionsReport_Revl FINAL.docx
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A single backstay is usually sufficient for smaller spans. The backstay is typically anchored to
a reinforced concrete abutment (generally 1/3 of bridge span from the pylon). Further
backstays are required if the back span is long and requires intermediate support.

Backstays may require the diversion of existing vehicular and pedestrian traffic routes on
Bateman’s Quay.

The cable stays are normally made from wire rope or spiral strand and can be arranged
transversely via a central or twin suspension arrangement (see advantages and
disadvantages below).

For most footbridges, twin planes of cable stays in a lateral arrangement will normally be used,
one to each side of the bridge deck The central arrangement will require a stiffer deck
structure.

Transverse Positioning (Cables)

Central Suspension (cable stays anchored to a central spine beam/girder supporting the
bridge deck).

Advantages:
— This option is aesthetically superior.

Disadvantages:

— The deck requires higher torsional rigidity and the bending stiffness of the deck is not
exploited to its capacity.

Figure Q - Cable Suspension Types (Central & Twin)

Twin Suspension (cables supporting both edges of the deck). Note that this configuration can
be from either a single pylon or twin pylons.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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Advantages:

— This option provides improved stiffness and stability of the deck,

— This option provides greater aerodynamic stability to the structure.
Disadvantages:

— Head room clearance may be restricted.

— Erecting A-frame pylon is generally more complicated.
Longitudinal Cable Arrangements

There are two main longitudinal configurations of cables — fan and harp. A combination of
both configurations can be used for more complex cable stayed bridges.

e {a) Fan system

e {b) Modified fan

ol ich Harp system
Figure R - Cable Configurations

Harp

Advantages:

— This option is aesthetically superior.

Disadvantages:

— This layout is not the best from the static loading or economic point of view.
Fan

Advantages:

— This layout is advantageous from the static loading point of view.

Disadvantages:

KCPB_BridgeOptionsReport_Revl FINAL.docx

26



m Kilkenny City Pedestrian Bridge
Preliminary Options Report — Bridge Options

— This option is aesthetically poor.

— Leads to reduction in deck area for pedestrian/cyclists when located along centre line
of bridge deck.

Option — 3 Semi Harp

Semi Harp is an intermediate solution, between extremes of Harp and Fan patterns. This
pattern combines the advantages of both these systems, whilst minimising their
disadvantages.

Pylon arrangement

The cables are supported by pylons; generally one single pylon at one end of the main span
will suffice up to approximately 100m span. If a cable stayed bridge is chosen, it is envisaged
one pylon be considered for the Kilkenny Footbridge, positioned on Bateman's Quay — the
western bank of the Nore River.

[

o 1
guuinnEnEEEEE

.-‘.”""‘-'.Hu.gu._.__-
Figure S - Pylon Arrangements

[Top Left: A Frame, Twin Cables. Top Right: Inclined Single Pylon, Harp Cables. Btm Left:
Goal Post Pylons. Btm Left: Single Pylon, Back Stay, Twin Cables]
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4.9.2

4.9.3

There are varying shapes of pylons including the following:
— A’ frame pylons, with the two stay planes inclined;
— Individual pylon legs for each cable plane;
— “Goal-post™- the stays can then lie in a vertical plane.
— Bespoke cantilevered — inclined to omit the need for back stays

Footbridge pylons are usually A Frame or Goal posts comprising steel box or circular sections.
These structural forms are chosen for slender appearance, ease of construction and economy.

Inclined reinforced concrete cantilevered pylons can be used where back stays may not be
achievable. These tend to be aesthetically pleasing and can provide iconic structures.
However, these are generally used for large/multi span bridges and can attract higher
construction costs.

Pylon heights will vary depending on the various structural forms that are available. Typically
for cable stayed pedestrian footbridges of similar span pylons are of the order of 12 to 15m in
height. Shorter pylon towers can cause significant cable sag while taller pylons may require
larger/heavier cables as they are less structurally efficient.

Foundations

Imposed loads as well as self weight of the bridge structure will be supported by the cables
which in turn will be supported by the pylon and backstay (if required). Substantial reinforced
concrete, piled foundations will be required to support the downward pylon loads and to
prevent uplift of the backstay anchorage.

A pile foundation will also be constructed on John's Quay to support the bridge load and
ramps/staircases. Piled foundations will ensure no additional surcharge is applied to the
existing quay walls.

Visual Issues

The visual appearance of stayed structures can be very effective. They are frequently
considered appealing or eye-catching and can be tailored to provide a substantial visual focal
point, particularly when situated in areas which are undergoing regeneration or improvements
with associated modern developments.

At the current position proposed for the pedestrian bridge the location of the large pylon
structure on the western bank of the River Nore (Bateman Quay/Market Yard area) may
conflict with prominent historical structure of St Canice’s Tower located further west within the
city environs and also the refurbished stone faced “Tea House” directly north along the bank.
For example a tower of 15m height would be 10m above the roof level of the Tea House.

Views looking south from the linear park along the east bank (taking in Kilkenny Castle/Johns
Bridge in the back ground) may also be considerable affected by a large pylon structure on
either bank. The west bank is preferred from this perspective as it would maintain a clear view
of the castle from the linear park.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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494

4.9.5

However in mitigation of this impact the position is close to recently completed modern court
house buildings, and the recently acquired Diageo site for which development has yet to be
considered.

Cost

A cable stayed bridge is expected to be more expensive than the other options considered for
the Kilkenny Pedestrian Footbridge.

As costs will be dependent on option chosen the following is a broad indication of construction
costs and should be revisited once further detail is available on the type of cable stayed
bridge.

Approximate Cost Estimate:
The estimated Cost/m? for the structure would be €3,150 to €3,800.

The total cost is estimated at €860,000 based on a 37.5m span by 3m deck width). The
increase in cost is mainly due to the extended deck for a cable stayed bridge and substantial
ground works associated with the Pylon and Cables.

For the purposes of this estimate the following have not been considered:

— Changes to adjacent road layout, where pylon and back stays require space within the
Bateman Quay/Market Yard area on the west bank.

—  Only minimum deck area of 37.5m river span x 3m wide deck considered. Depending
on option chosen deck may need to be extended

Summary

Provides a statement structure.
— Pylon(s) expected to extent to 12m to 15m in height.

— Height of pylon(s) on west bank may conflict with St Canice’s Tower, Johns Bridge,
and therefore the historic nature of Kilkenny City.

— Back stay requirement would impact on adjacent traffic lanes.
— It does not eliminate the need for structural deck, due to need to resist lateral and

torsion forces. Therefore thickness of deck will be similar to other truss type bridge
options, railings however could be of lighter construction.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.10 Option 8 —Wooden Options
4.10.1 Structural Form

Typically wooden bridges would take the structural form of a truss for smaller spans and a
glue lam beam for longer spans. There are a number of combinations of this that may be
suitable for the span being considered for the proposed bridge.

v

Figure T - Wooden Bridges

It is considered that a wooden truss would not be suitable for the size of span under
consideration. Typically wooden trusses are used for smaller span pedestrian walkways with
spans of approximately 10 to 15m. The larger span of 37.5m required for the proposed

KCPB_BridgeOptionsReport_Revl FINAL.docx
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4.10.2

4.10.3

location would be expected to be beyond the capacity for suitable sized wooden sections
particularly from a visual perspective.

The alternative is a glue laminated wooden beam or arch configuration. In some
arrangements this involves additional steel structural bracings and fixings.

Cost
The estimated cost is €3,000 / m? for a wooden structure.

The increased depth of structure and subsequent abutment and bank works give an estimated
total cost of €540,000.

Summary

A deep section glue laminated beam arrangement is deemed unsuitable for the proposed
location due the additional height that would be added to landing positions on both banks.

The built up and medieval nature of the proposed site is not suitable for a wooden format
similar to the examples above, as the site and city environs are noted for their use of
limestone stone work in buildings and wall.

Some argument could be made to allow for inclusion of wooden cladding, decking or other
features on a number of the previous options to improve the overall user experience and
softening of some harsh features. This would be considered in due course for the option that
is taken forward to detailed design.

KCPB_BridgeOptionsReport_Revl FINAL.docx
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5. CONCLUSIONS

Table 3 - Summary Table (All Options)

Simple Beam

2 Tapered
Beam/Girder

3 Lattice Truss

4 Vierendeel Arch

5 Vierendeel Truss

Straight forward construction
Lower cost
Simple foundations

Structural form more visually pleasing than similar
beam

Functional and practical to construct, maintain.

Fits into local environment

Lower cost

Lowest profile, hence lower height of abutment and
ramps on east bank

Statement Structure.

Structural form provides low profile (similar to
lattice truss).

As above for Lattice Truss, plus:

Improvement in visual impact due to use of vertical
members.

KCPB_BridgeOptionsReport_Revl FINAL.docx

Significantly depth caused issued on landing at
both banks.

Not visually pleasing (unless cladded)

Complex foundations

Complex design, and construction

Higher costs

Detailing required to improve visual aspects of
truss.

Not a statement structure, however suitable design
and detailing of approaches to bridge can create
suitable statement to provide dramatic new bridge
crossing environment.

Out of keeping with medieval city environs — St
Canice’s, Kilkenny Castle etc.

As above for Lattice Truss, plus:

Higher cost due to steel & moment joints.
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Not suitable for further consideration
due mainly to visual impact and
abutments.

Not suitable for further consideration
due mainly to impact at abutments.

Could be considered further.

Not suitable for further consideration
due nature of site and historic nature of
Kilkenny City.

Could be considered further.
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Box Girder .

7 Cable Stayed .

[ ]

[ ]

8 Wood —| o
Arch/Beam

Can have a slender appearance.

Reduces depth of deck beam.

Potential to provide dramatic centre piece and
focal point for Kilkenny City, with view to
regeneration of Diageo site and Market Yard area
of the City.

Space for pylon on west bank.

Natural materials

KCPB_BridgeOptionsReport_Revl FINAL.docx

This option will raise the deck similar to beam
option.

Likely to be more expensive due to the fabrication
costs of the box girder, cantilevered deck and the
requirement for moment connections.

Significant depth of deck still required unless truss
option chosen.

Out of keeping with medieval city environs — St
Canice’s, Kilkenny Castle etc.

Pylon and back stays may impact significantly on
road system on west bank.

Difficult to maintain.

Higher cost.

Increased design checks due to susceptibility of
vibration and oscillation.

Span does not suit simple solution.

Does not match local environment.

Out of keeping with river banks and nature of city.
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Not suitable for further consideration
due mainly to visual impact and
abutments.

Could be considered father, however
full “buy in” of all stakeholders required.

Not suitable for further consideration
due mainly to impact at abutments, and
site environment not suiting material
options.
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Table 4 - Cost Summary

URS

(i) Deck Area Span Width M (ii) Abutment & Bank Works
Height
Basic 37.5 3 112.5 Increase: | +1m +0.2t00.6
Extended 42.5 3 127.5
West Bank € 40,000 € 15,000 € 10,000
(iii) Cost Summary East Bank € 100,000 € 45,000 € 30,000
Deck H Estimated
Options Area Increase Cost/M2 Base Cost West Bank East Bank Add. Costs Total Comments
1 | Beam 112.5 1 € 2,400 € 270,000 € 55,000 € 145,000 € 470,000
2 | Arched Beam/Truss 112.5 1 € 3,500 € 393,750 € 55,000 € 145,000 € 200,000 € 793,750 | Abutment works included as additional
costs.
3 | Lattice Truss 112.5 0 € 2,400 € 270,000 € 40,000 € 100,000 € 410,000
4 | Vierendeel Arch 112.5 0 €2,700 € 303,750 € 40,000 € 100,000 € 443,750
5 | Vierendeel Truss 112.5 0 € 3,000 € 337,500 € 50,000 € 100,000 € 487,500
6 | Box Girder 112.5 1 € 3,000 € 337,500 € 55,000 € 145,000 € 537,500
7 | Cable Stayed 127.5 0.5 € 3,800 € 484,500 € 50,000 € 130,000 € 200,000 € 864,500 | Extended deck for cable stay option.
Pylon, Cables & Substantial ground works
included as additional costs
8 | Wood 112.5 1 € 3,000 € 337,500 € 55,000 € 145,000 € 537,500

KCPB_BridgeOptionsReport_Revl FINAL.docx
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5.1 Developed Options and Visualisations

From the above options the following four options were selected to be reviewed and computer
generated visuals created in order to assess in more detail their overall applicability to the
proposed site and the Kilkenny City environs, particularly in relation to their overall visual
impact.

- Option 1 Beam

- Option 3 Lattice Truss

- Option 4 Vierendeel Arch

- Option 7 Cable Stayed

5.2 Developed Options Overall Summary (Pros & Cons)

Table 5 - Summary Table (Developed Options)
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5.3

Emerging Preferred Option

Following review of the four developed options, and in particular review of visualisation, it is
considered the Arched Lattice Truss should be recommended as the emerging preferred
option.

In summary the following characteristics of the lattice truss have highlighted it as the most
suitable structural and architectural option. This is considering the various constraints (both
financial and environmental) at the proposed site:

- Low visual impact, and suitable for centre of Kilkenny City
- Cost effective
- Low impact on River Nore flood constraints

- Straight forward construction
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Notes

1. All dimensions are in millimetres unless noted otherwise.

2. All levels are in metres above Ordnance Datum.

3. Design dredge levels: Dredge levels at start and finish of defence lengths
are shown on the table. Dredged levels between these points will vary

uniformly.

4. Bank elevation: Bank elevations shown on the table are the maximum

level expected in the defence length.

5. Capping beam and cladding: Refer to River Wall Details Sheet 045.

6. The installed face of masonry cladding is to be vertical.

7.  All sheet piles shall be grade 43a.

8. For details of weepholes beneath Capping Beam to Steel Pile and Secant

Pile Wall see Drawing No. 045.

9. For details of weepholes through 'Stem' wall see Drawing No. 045.

10. For scour protection in Defence length R115, refer to Drawing No.

24203 /WEM/040 "River Breagagh Weirs".
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