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Abstract 
This paper discusses the design of a bespoke glulam footbridge on a highly sensitive and challenging 
site. The bridge was designed by WSP and Knight Architects on behalf of Monmouthshire County 
Council. The 60m long crossing will provide a safer pedestrian crossing of the River Usk between 
Llanfoist and Abergavenny. The location presents a myriad of conflicting constraints including 
flooding, heritage, aesthetics, H&S, and environmental designations. The three-span bridge 
comprises half-through configuration supported on the abutments at either end and an 
intermediate pier located in a ‘dry’ shingle bar within the river channel. The primary beams comprise 
glulam construction and are protected with external architectural timber cladding on each 
elevation. This paper will focus on the rationale which formed the basis of the design, reviewing key 
design details as well as addressing the main challenges of the design.  

Keywords: Architecture, Glulam, Footbridge, Timber, Detailing, Cladding, Aesthetics, Heritage, 
Sustainable, Stakeholder 

1. Introduction 
The Llanfoist Footbridge is a new 60m long three-
span glulam half-through footbridge, which crosses 
the River Usk, providing access between the town 
of Abergavenny to the north of the river and the 
village of Llanfoist to the south, in the county of 
Monmouthshire, Wales (United Kingdom). 

The bridge is situated on a highly sensitive site with 
numerous conflicting demands. The design 
solution has been based on a thorough analysis and 
understanding of the site context to minimise its 
impact on heritage and environment, whilst 
accommodating the needs of all key user groups; 
through continuous stakeholder consultation and 
sensitive design. 

The structural form and detailing of the bridge is 
fundamentally shaped by the constraints inherent 
in the site. The result is an architecturally elegant 
structure, in-keeping with the surrounding 

environment which efficiently accommodates the 
needs and aspirations of its users.  

A study in 2014 found that many non-motorised 
users (NMUs) were deterred from walking or 
cycling between Llanfoist and Abergavenny 
primarily by the poor pedestrian and cycling 
conditions they experienced on the existing bridge. 
As bridge designers in the 21st century we have a 
duty to implement sustainable, functional designs 
that encourage healthy living. This bridge has been 
proposed to provide an alternative safer access for 
pedestrians and cyclists and in doing so will 
promote active travel.  

2. Background 
The project was developed following Welsh 
Government’s review of existing infrastructure 
against the requirements of two significant pieces 
of legislation, the Active Travel (Wales) Act 2013 
and the Well-Being of Future Generations (Wales) 
Act 2015. The latter serves to make active travel 
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the most attractive option for relatively short 
journeys. 

The existing Abergavenny Bridge carries the A4143, 
single carriageway over the River Usk. The bridge is 
heavily trafficked and the proximity of southbound 
vehicles, particularly HGVs, to the kerb-line 
combined with a narrow, 1.3m wide footway 
creates an unappealing and potentially unsafe 
environment for pedestrians and cyclists. 

A separate, new crossing was therefore proposed 
to provide a positive impact on the lives of many 
people in the area. Those with impaired mobility 
are particularly disadvantaged by the current 
facilities, which fall short of current standards.  

Consequently, WSP and Knight Architects 
(‘designers’) were appointed by Monmouthshire 
County Council, MCC, (‘Client’) to develop a 
solution to this long-standing issue. 

3. Site 

3.1 Heritage aspects  

The new footbridge is positioned between two 
Scheduled Monuments. The existing Abergavenny 
Bridge, Figure 1, is designated as a Scheduled 
Monument and is also a Grade II* listed structure.  

The bridge was formerly known as Tudor Bridge 
because it was built by Jasper Tudor, Duke of 
Bedford and Baron Abergavenny in the reign of 
Henry VI (1422-61). The present bridge is 
understood to have been constructed in the 17th 
century in the place of a former, medieval bridge.   

It comprises a seven-span masonry arch viaduct 
with segmental voussoired arches. The pointed 

cutwaters are a prominent feature on the 
elevation.   

The nearby medieval Abergavenny Castle, 
Scheduled Monument Ref: MM056, dates back to 
circa 13th Century, having been originally an earth 
and timber motte and bailey.  

The site also contains an ancient Roman Fort 
(Scheduled Monument Ref: MM193) and a Grade II 
listed park and gardens.   

3.2 Environmental considerations 

One of the key challenges encountered during the 
design of this bridge was to ensure that the 
structure is sympathetic to the surrounding 
environment. The River Usk is designated as a Main 
River under the jurisdiction of Natural Resources 
Wales (NRW) and holds several important 
environmental designations including Special Area 
of Conservation (SAC) and Site of Special Scientific 
Interest (SSSI). North of the River Usk, the site 
comprises an area within the ancient Castle 
Meadows; an area of traditional floodplain 
meadow and community asset that sits between 
the town of Abergavenny and the River Usk. This 
provides an area of green space, popular with   
recreational users and used for grazing cattle. It is 
also occasional used for significant cultural events. 

The primary challenge of the site is its inherent 
susceptibility to flooding. Detailed flood analysis 
has shown that the River Usk breaks its banks 
during a 1 in 5-year flood event and in flood events 
of 100 and 1000-year return periods, the flood 
spread covers most of the meadows. 

There are several protected species within the 
watercourse, such a Twaite Shad, salmon, lamprey 
and otters. This had a direct impact on the solution 
for the substructure and the construction 
methodologies to be employed. This was recorded 
via the Environmental Impact Assessment process, 
which involved the preparation of a detailed 
Environmental Statement outlining what impacts 
are likely to arise and how they could be mitigated.  

4. Bridge Proposal 

4.1 Aspirations for the design 

Key aspirations for the design were related to 

Figure 1: 17th Century Abergavenny Bridge  
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context, functionality and safety. The new bridge 
should be sensitive to the site context but provide 
a fully accessible route for all potential user groups, 
whilst adhering as close as possible to the principal 
desire line both pedestrians and cyclists. 

Due to the sensitivity of the site, the impact of the 
proposed bridge construction during flood events 
had to be minimised.   

The structure had to be well integrated into the 
natural environment and have a positive 

relationship with important local features such as 
the River Usk, Abergavenny Bridge, Castle 
Meadows, Abergavenny Castle, Llanfoist Cemetery 
and Linda Vista Park and Gardens. 

There was also an aspiration for the design to have 
an elegant overall geometry and be carefully 
detailed using high-quality materials, to provide a 
pleasant crossing experience whilst delivering a 
durable design that is easy to maintain over its 
service life. 

 
Figure 2: Proposed bridge visualisation 

4.2 The design solution 

The new bridge naturally follows the desire line(s) 
connecting to existing footpath network. 

The location and orientation of the bridge was 
carefully chosen so that it became a positive 
addition to its setting by developing a positive and 
respectful relationship with the River Usk and the 
adjacent ancient landmarks. 

Placing a crossing orthogonally to the flow of the 
watercourse (not always possible or reasonable) 
shows respect for the watercourse, shortens the 
total bridge length and can minimise structural and 
fabrication challenges. 

It was paramount from a heritage and conservation 
perspective that the new bridge would not 
overshadow the Abergavenny Bridge. The 
meandering of the river allowed for both bridges to 
be orthogonal to the river but not parallel in plan. 

This leads to a positive relationship between the 
structures by minimising the number of viewpoints 
from which they overlap. The new footbridge also 
avoids competing with the historic structure 
through the use of a simple and elegant visual 
language, appropriate to their coexistence. It also 
creates new viewpoints from which to admire the 
existing bridge. For this reason, a small viewing 
platform has been incorporated within the 
footbridge to allow users to spend time simply 
appreciating the vista of the ancient arch bridge 
and meadow.  

The presence of a dry shingle bank provided an 
opportunity to position a pier within the water 
channel and minimise the span of the bridge (from 
60m to circa 28m), allowing a more slender deck to 
be adopted. As a result the intermediate support 
was incorporated within the SSSI and SAC. This 
fundamentally increased the number of structural 
solution options for this crossing. 
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The cross-section adopted for bridge has a half-
through beam superstructure fabricated from 
glulam timber, supporting a block-glued glulam 
deck. The superstructure is supported on 
elastomeric bearings at each of the reinforced 

concrete abutments, which are founded on bored 
piles. The span arrangement is asymmetric with the 
single Y-shaped pier founded on a large diameter 
caisson.  

 
Figure 3: Architectural concept design  

The simple U-shaped section gives an understated 
appearance to the beam layout and minimises the 
structural depth below the deck surface. This 
allows the vertical alignment of the crossing to be 
as low as possible (increasing functionality) whilst 
minimising flood impact. The use of half-through 
construction allows the depth of the 
superstructure to be minimised, as the primary 
beams have the dual purpose of providing 
structural support and pedestrian containment. 
This allows the bridge to be compact and elegant in 
its simplicity. This trough layout also gives a visual 
reference to the deck of the adjacent masonry 
bridge and its upstanding stone parapets. 

The need for plan bracing was eliminated by 
utilising the block-glued glulam timber deck as a 
horizontal diaphragm, transferring all horizontal 
loading into the pier and abutments.  

Glulam timber had been utilized in a number of 
structures across Europe, but as far as we are 
aware, this is the first time it has been used for a 
bridge of this scale in the UK. The choice of timber 
and stainless steel as the primary and secondary 
construction materials respectively relates to the 
aspiration for using materials that are high quality, 
have a natural appearance compatible with the 
local environment, and will age naturally. 

The modest bridge approach ramps are aligned 
with the existing paths and the water flow to 
minimise impacts on flood risk. They are read as 
part of the existing natural environment and have 
a synergetic relationship with the Castle Meadows.  

4.3 Timber Design and Detailing 

The specification and detailing of the primary 
timber beams and cladding system was key to 
maximising the service life for the structure but 
also crucial for the aesthetics of the bridge.  

Timber is an inherently ‘live’ material and swells 
and shrinks with variations in moisture content 
throughout the year. These variations need to be 
controlled via the design details and specification. 

The verification of the timber design relies upon 
the appropriate Service Class to be determined in 
accordance with Eurocode 5 [1]. The Service Class 
takes account of changes in stiffness and strength 
because of the service environment.  

The primary beams and cladding were designed to 
Service Class 2 and 3 respectively. The structural 
beams are protected from wind-driven rain by the 
external cladding hence the higher service class 
was adopted [2].  

Elevation View 

Llanfoist Abergavenny 

 

 

 

 

Deck cross-
section 
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4.3.1 Timber Specification 

For economic, fabrication, durability reasons it was 
decided that a softwood species was most 
appropriate for the timber beams. Hardwoods can 
have longer procurement lead-times and are also 
more difficult to glue due to incompatibility issues 
with gluing resins.  

The primary beams and cladding will be fabricated 
from Spruce and European Larch respectively.  

The design life of the cladding is less than that of 
the rest of the structure and will therefore require 
replacement during the service life of the structure. 
It was therefore paramount that the material 
selected is readily available, and ideally, locally-
sourced. This will not only be practical but also 
helpful to encourage ‘buy-in’ from the community 
for the scheme. European Larch is native to south 
Wales and can easily be treated to ensure that 
durability requirements are achieved. 

Table 1. Timber Specification 

 Primary 
Beams 

Cladding 

EC5 Service Class 2 3 

 Timber Species 
Spruce 

European 
Larch 

Hardwood/Softwood Softwood Softwood 

Strength Grade GL28h  C24 

The strength of the laminations can either be the 
same or varied throughout the beam, i.e. 
‘homogenous’ or ‘combined’ [3]. The design of the 
beams had to cater for load effect that result in 
flexure in both the major and minor axes. 
Therefore, a homogenous build-up was required. 

The performance of the bridge relies on the long-
term performance of the primary beams. 
Therefore, a robust and resilient preservation and 
secondary protection systems were adopted.  

BS EN 350 [4] was used to determine the 
treatability of the proposed spruce material to be 
used for the main beams. A preservation level of 
NP3 is proposed for all elements. This is the highest 
level preservation specification and was chosen to 
maximise the service life of the bridge. 

 

 
Figure 4: Cross-section of main beam 

4.3.2 Cladding Detailing 

Detailing of the cladding is a design opportunity, 
allowing the exploration of different arrangements 
and textures from the homogenous glulam 
appearance. Apart from its protective role, it also 
helps to create two different bridge perceptions: 
simple and elegant geometry from afar and rich 
and carefully detailed in closer inspection. 

The inner and outer elevations can offer different 
visual experiences to the public and the cladding 
has been detailed to reflect that. 

Vertical tongue and groove boarding with defined 
and simple geometry is proposed to the inner 
surface as the vertical lines will encourage 
movement, rhythm and perspective, Figure 5. 

 
Figure 5: Isometric showing interior tongue and 

groove vertical board and exterior shingle cladding 

The cladding arrangement on the outer elevation 
has been selected to respect the core design values 
of the footbridge. An overlapping shingle 
arrangement, Figure 6, has been chosen to be a 

vertical tongue and 
grove boarding    

Timber 
coping/lean rail 

 

Timber 
laminations 

 

Vertical tongue 
and groove 

cladding 

 

Shingle 
cladding 

 

Double layer 
of batons 

 

 

Shingle 
cladding 
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design feature that will catch the attention of 
observers, both from a distance and at close 
quarters, but still respects the elegance and 
simplicity of the environment.  

 
Figure 6: Exterior shingle cladding detail 

4.3.3 Timber Detailing 

The ventilation of the cladding-beam interface was 
a key design feature in terms of long-term 
durability. Given the cladding will act as a rain 
screen and the potential for moisture 
accumulation, it was key to ensure that air can flow 
between the cladding and the beam, with openings 
at the top and the bottom. There is no explicit 
detailing in the Eurocode for cladding. The 
recommended minimum cavity gap is 19mm [5].  

The moisture content of the timber should be kept 
below 20% to prevent fungal growth. The UK’s 
natural environment is such that the moisture 
content will seldom raise above 20% for any 
prolonged period [5]. However, for robustness, 
there is a requirement in the specification for the 
moisture content of the timber to be limited to 16% 
at the time of installation. 

The cladding is supported by an arrangement of 
treated softwood battens which differ to both 
elevations of each beam. The shingles on the 
external face are not only more exposed to wind-
driven rain but they also have an increased 
susceptibly to moisture accumulation due to the 
irregular and overlapping profile on the rear of the 
boards. This contrasts with the smooth finish of the 
vertical boarding to the internal faces, which 
encourages rapid run-off. 

Consequently, a double layer of battens has been 
specified behind the shingles to minimise the 
distances air had to flow and maximise the volume 

of air flow behind the shingles. To maintain a slim 
beam width it was determined that on the inside 
face of the beams a single layer of intermittent 
horizontal battens would provide adequate 
ventilation for the vertical boarding. 

Detailed research was undertaken to understand 
current best practice in timber detailing to arrive at 
the best arrangement of the battens and cladding, 
The guidance documents and recommendations 
identified are all focussed on buildings and have no 
bridge specific content. It was recognised that 
detailing for a building, which is typically between 
3-4m or more in height, is significantly different to 
the case of the 1.35m high cladding panels 
proposed for the bridge. The decision to use two 
layers of battens to provide greatly improved 
ventilation to the more complicated and vulnerable 
exterior shingles is considered to be optimum 
practice in this situation, particularly as the 
moisture of the timber is directly related to the 
integrity of the cladding and protection of the main 
glulam beams.  

In addition to the cladding system, a rainproof and 
diffusion-open breathable membrane is specified 
to further protect the timber from excessive 
moisture. The barrier allows the passage of air, but 
not moisture, therefore increasing the durability of 
the main beams.   

4.4 Pier Design 

The central span of the bridge acts as a tie between 
the pier arms (blue) which are embedded into the 
in-situ concrete lower plinth (grey), these three 
elements interact both visually and functionally, as 
seen in Figure 7, 

The geometry of the pier is multi-faceted and 
multi-planar, which results in a challenging steel 
fabrication and formwork arrangement.  

 
Figure 7: 3D geometry showing pier details 
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The bridge soffit level is positioned at the level of 
the 1 in 100-year flood event (plus climate change 
allowance) without the standard freeboard 
allowance, in order to reduce the footprint of the 
approach ramps and hence minimise any potential 
flood impact. Consequently, the pier arms were 
designed to be  robust and able to withstand the 
forces arising from a flood event, primarily water 
pressure due to debris accumulation and impact 
from floating debris travelling at predicted flood 
velocities.  

Other significant loads on the pier include 
unsymmetrical loading arising from the differing 
lengths of adjacent spans. This was found to 
generate significant moments that are resisted by 
the integral connection to the lower portion of the 
pier.  

The integral connection comprises two steel 
‘plunge columns’ (shown in green in Figure 7) with 
an array of shear studs to transfer the load effects 
into the pier. The design of this connection is a 
fundamental aspect of the structural system and 
the performance of the bridge as whole.  

4.4.1 Pier Substructure Construction  

A single caisson foundation is proposed to support 
the pier substructure. The controlled caisson 
construction technique will mitigate the 
environmental impact on sensitive surroundings by 
minimising risk of contamination from arisings and 
intrusion from construction plant. 

The technique avoids the use of heavy plant or 
percussive equipment to minimise the impact of 
the noise and risk of disruption to the native 
protected species, particularly Twaite Shad. This 
approach will minimise the environmental impact, 
reduce H&S risks, and minimise temporary works 
within the river. 

Early discussions with NRW drove the design 
team’s approach to the design of the pier 
foundations. A workshop was held to identify the 
main concerns of NRW and the solution developed 
was commended as an extremely positive 
response.  

5. Pedestrian Induced Vibrations  
As anticipated, the results of dynamic analysis 
showed that the superstructure has low 
fundamental frequencies for both lateral and 
vertical modes, primarily because of the low 
stiffness timber and slender design proposed.   

5.1 Lateral Horizontal Response 

The lateral stiffness of the superstructure relies on 
the  in-plane stiffness of the deck diaphragm. Our 
analyses confirmed the fundamental lateral 
frequency of the superstructure to be 1.65Hz, 
which exceeds the code threshold of 1.5Hz [6]. 
Bolted splice connections are required in the deck 
to facilitate transportation to site and erection. The 
bolted splice connections between deck segments 
have been designed to transfer shear forces 
only. The effect of the lack of continuity in the stiff 
deck diaphragm can be seen in modal analysis in 
Figure 8.    

 
Figure 8: Lateral mode of vibration – showing 

‘kinks’ in modal shape. 

5.2 Vertical Response 

The analysis confirmed that the fundamental 
vertical frequency was less than the code minimum 
threshold for vertical frequency of 5Hz [6]. 
Therefore an explicit verification of pedestrian 
comfort criteria was undertaken to evaluate the 
resulting accelerations of the bridge under a range 
of pedestrian loading scenarios.  

The vertical response of the bridge was not only 
induced by the low stiffness of the timber 
superstructure. Other major influencing factors 
included the stiffness and articulation of the Y-
shaped pier and the rotational stiffness of the steel 
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cruciform beam splices, used to join adjacent beam 
segments.   

The effective rotational stiffness of the main timber 
beam splices were calculated in accordance with 
Eurocode 5 [1]. The reduced rotational stiffness at 
this connection accounts for slip of bolts in 
connections in timber structures and is further 
influenced by the long-term loss of stiffness 
through the kmod factor.  

 
Figure 9: First vertical mode of vibration 

Interrogation of the dynamic analysis found that 
the reduced joint stiffness forces ‘pin-like’ 
behaviour at these locations. The consequences of 
this can be observed in Figure 9, translated by 
‘kinks’ in the mode shape at each splice location.  

The peak vertical deck accelerations derived from 
the time-history analysis were found to be 
acceptable for this particular bridge environment 
and anticipated usage, with the maximum 
predicted acceleration being 1.15m/s2 due to 
jogging, with the limit being 1.3m/s2. It is evident 
that the vertical response of the structure is only 
just below the limits imposed by the Eurocodes. 
This reinforces the need that comfort verifications 
should always be considered in detail when 
proposing a low stiffness footbridge.  

6. Conclusions 
The design solution adopted for Llanfoist 
footbridge was carefully developed from a clear 
understanding of its context within the local 
environment, ensuring that it achieves a positive 
and respectful relationship within the challenging 
site constraints and its historic setting.  

The interaction between the pier and 
superstructure elements posed technical design 

challenges which meant detailed analysis was 
required to fully understand the performance of 
the structure at both ultimate and serviceability 
limit states.   

The timber design and detailing is thought to be a 
ground-breaking approach within the UK bridge 
engineering community and it is hoped this design 
will be viewed to be an exemplar project for future 
timber bridge detailing and specification.  This 
design demonstrates that sustainable timber 
solutions can  be developed for cost effective and 
serviceable footbridges of significant aesthetic 
merit that meet a broad range of user needs.  
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