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Abstract:  The New Nowra Bridge is the third crossing over the Shoalhaven River at this location and 
will carry all northbound traffic on the Princes Highway through Nowra. It is one component of the design 
and construct Nowra Bridge project, which widens 1.7kilometres of the Princes Highway including the 
bridge approaches, key intersection improvements and modifications to the local road network.

The bridge is located to the west (upstream) of the two existing bridges crossings the Shoalhaven River 
and it has an overall length of 359.7m. The 10-span length and arrangement was dictated by the 
geometry of the existing bridges.

The piers comprise of reinforced concrete V-shaped elements supported on pilecaps and piles. With 
the exception of the northern abutment that has a spread footing and pier one’s concrete bored piles, 
the remaining of the bridge foundation has adopted driven steel tubular pile with a concrete infill plug 
due to the depth of up to 58 metres depth to bedrock below the tidal waters.

The incrementally launched double T girder superstructure is continuous for the full length and it has 
longitudinal and transverse post-tensioning. 

The paper will discuss the concrete design adopted considering marine conditions and peak heat of 
hydration for massive concrete elements to meet the project specifications. On-site testing was carried 
out to verify the concrete material quality and durability performance requirements and the durability 
modelling for the concrete elements.

Keywords:  Incremental launch construction, Double T concrete girder, Concrete testing, Durability 
modelling.

1 Introduction

The new Northbound Bridge is the third crossing over the Shoalhaven River at this location. The 1881 
heritage listed 2 lane whipple truss bridge was the first crossing and it currently carries southbound 
traffic. The prestressed concrete box girder bridge opened to traffic in 1980, as a second crossing 
designed to cater for northbound traffic. At the completion of the project, the new Nowra Bridge will 
carry northbound traffic and the 1980 concrete bridge will carry southbound traffic, while the 1881 steel 
bridge will be closed to vehicular traffic prior to being repurposed into a pedestrian and cyclist path 
bridge.

The Nowra Bridge Project, besides the construction of the new Nowra Bridge, also includes: 

 Widening of the existing bridge over Bomaderry Creek,
 Minor lane adjustments on the existing northbound bridge to convert it to three lanes of 

southbound traffic,
 Removal of vehicular traffic from, and closure of, the existing southbound bridge to allow project 

works to undertake investigation, rehabilitation and repurposing work for adaptive reuse following 
opening of the new northbound bridge. (a separate project) 

 Upgrading of the Princes Highway to provide three northbound and three southbound lanes from 
the Bolong Road intersection through to the location where three lanes exist at the southern extent 
of the project (approx. 75 metres north of the Moss Street intersection),

 Widening of Illaroo Road over a distance of about 270 metres,
 Upgrading of the Princes Highway and Bolong Road intersection,
 Upgrading of the Princes Highway and Illaroo Road intersection,
 Upgrading of the Princes Highway and Bridge Road intersection,



 Construction of a new local road, Shearwater Way, to enable the partial closure of Pleasant Way 
intersection opposite Bridge Road,

 Additional adjacent local road adjustments,
 Dedicated off road shared paths and footpaths along the length of the project,
 Urban design and social amenity improvements, and landscaping including pedestrian links to the 

existing southbound bridge,
 Provision of a roundabout intersection for Fairway Drive and Illaroo Road approximately 

200 metres from the Illaroo Road and Princes Highway Intersection,
 Utilities relocations works. 

These major components of the projects are shown in Figure 1.

Figure 1.  The Project’s location and key features

2 Geometric requirements 

The scope of works of the Northbound Bridge Project includes construction of the new bridge, 
associated roadworks and infrastructure. This includes modification to Illaroo and Bridge Roads, 
construction of a pedestrian access path under the northern abutments of the three bridges in span 1 
and an improved shared path on the southern foreshore of the Shoalhaven River in span 10.

The site is constrained by requirements to keep the Princes Highway and the existing bridges open to 
traffic during construction, heritage listed items and the proximity of the existing northbound bridge. The 
project boundary shown in Figure 2 was determined by TfNSW to protect heritage, reduce impacts of 
future foreshore activation and maintain traffic capacity during construction.



Figure 2.  Site plan

2.1 Road Alignment
The horizontal alignment of the new Northbound Bridge is straight. The vertical alignment has an 
approximate 400metre long summit curve with 1.8% and 1.9% grades each way. The crest of the summit 
curve is within Span 5

Figure 3.  Road alignment

2.2 General arrangement

The new Northbound Bridge over the Shoalhaven River has 10 spans and an overall length of the deck 
on the control line is 359.70 metres. Span 1 is 31.23 metres long, spans 2 to 8 are 38.50 metres long, 
span 9 is 34.00 metres long and Span 10 is 21.76 metres long (lengths measured between support 
centrelines). 

The new Northbound Bridge achieves a minimum vertical clearance to match the existing 1980 concrete 
bridge over the length of the entire bridge, except at spans 1, 9 and 10. However, these three spans do 
have a vertical clearance greater than the existing 1881 steel bridge. Spans 1 and 10 are not navigable 
due to existing obstructions and span 9 achieves navigational clearance 18 x 7.44 m. A total of seven 
35.4 m wide by 7.44 m high navigational channels are compliant with required navigational clearances 
(25 x7.44 m). These are located beneath Spans 2 to 8 where the new deck is above the existing 
northbound bridge soffit level. 



Minimum clear spacing between the existing and the new northbound bridges is a constant 5m as per 
project requirements, which allows for clear separation of the bridges, whilst allowing for future 
maintenance access.

Figure 4.  General arrangement (north side)



Figure 5.  General arrangement (south side)

2.3 Cross section 

The superstructure which carries northbound traffic, has four traffic lanes, each 3.5 metres wide, two 
1.0metre wide shoulders and a 3.5 metre wide shared path on the western side. The overall width of 
the superstructure is 21.065 metres. The deck has a two-way, 3% crossfall from the centreline of the 
carriageway. Change of superelevation from -3.0% to 0.3% develops in the first span eastern side due 
to road design requirements leading off the northern end of the bridge, which is adjusted by means of 
variable depth asphalt. The wearing surface in Spans 2 to 10 is 75 mm thick asphalt.

Bridge traffic barriers, 1400 mm high medium performance level barriers, consisting of standard TfNSW 
concrete barriers with twin steel railings, are installed either side of the carriageway to provide edge 
protection and to separate the road traffic from the shared path users. Edge protection to the 3.5m wide 
shared path consists of a steel railing fixed to the edge of the concrete cantilevered deck. 



Figure 6.  Cross section

2.4 Articulation 

The bridge superstructure is structurally continuous over its full length with finger plate expansion joints 
at each abutment. The superstructure is supported on spherical bearings, one under each T beam. The 
bearings are fixed on the downstream side and guided transversely on the upstream side at pier 1-8. 
At Pier 9 the downstream bearing is longitudinally sliding and the upstream bearing free sliding. The 
bearings are free sliding at each abutment with horizontal restraint blocks. Additionally, horizontal 
longitudinal restraints are placed at the abutments to resist forces exceeding positive ULS thermal and 
SLS braking forces and water forces acting transverse on the piers.

Figure 7.  Bearing layout

3 Bridge structural elements

3.1 Superstructure

The superstructure is comprised of continuous, post-tensioned concrete, incrementally launched double 
T girders. The overall depth of the superstructure is 2.715 metres. The cross section has been optimised 
to simplify casting and launching. 

The bridge is prestressed in the longitudinal direction with straight tendons stressed before launching. 
The “concentric prestressing”, comprises 6 tendons with 25-strand tendons in the bottom and 10 
tendons with 19-strand tendons in the top flange (per web). This configuration eliminated the need to 



install continuity prestressing after completion of launching operations. The straight tendons are 
coupled at every other launching segment. The bottom two tendons in the first and last segments had 
vertical deviation to allow the installation of stress bars for launching nose and pulling frame. In the 
transverse direction, in addition to reinforcement, the full width of the bridge deck is prestressed with 5 
-strand tendons spaced at 1 m, to maintain crack control in B2 exposure classification. The first two 
segments have additional transverse 2-strand tendons at 1 m spacing on the downstream cantilever 
where additional asphalt thickness is provided to develop the superelevation transition.

The superstructure is constructed using incremental launching, where bridge segments are cast in the 
casting bed positioned behind Abutment B on the southern foreshore. The double T girder was pushed 
forward progressively as each segment was completed and another segment was cast. To improve 
safety in construction, by eliminating construction at heights over the navigable river, barriers and 
drainage elements were installed in the 4th bay of the casting yard and launched with the main girder 
out from the abutment. The superstructure includes 19 segments in total with a typical segment length 
of 19.25m and a shorter 11.92 m long segment at the rear end.

A web thickness of 2200 mm has been adopted at the bottom and 10 to 1 inclination of its sides. The 
middle part of the deck has 300 mm thickness with haunches max 740 mm high at web joints. The deck 
cantilevers have a variable thickness from 600 mm at the web to 250 mm at the free end.

Figure 8 shows one of the launch stages of the bridge.

Figure 8.  Incremental launching of bridge

3.2 Substructure

The Abutment A is a conventional sill beam type founded on rock. The Abutment B is spill-through type 
supported by driven steel tubular piles.

All piers are comprised of reinforced concrete V-shaped elements supported on piles. Piers 1 to 8 (over 
water) have pile caps connecting the group of four piles, while Pier 9 (on land) has the pier directly 
supported by three piles. All piles, except those at Pier 1, are driven steel tubular type with a concrete 
infill plug. Piles at Pier 1 are cast-in place bored reinforced concrete type with temporary steel casings 
that are left in place.

The pile design at piers 2 to 9 and Abutment B consists of a 25metre reinforced concrete infill plug 
extending to a suitable depth to meet strength and durability requirements. The plug extends as a 
reinforced concrete pile down 3 metres below the ground level where a benign chemical profile is 
demonstrated by soil/water testing along the depth of the pile. Within the sulphate risk area, this 
reinforced concrete section will provide structural integrity in case of sulphate initiated corrosion causing 
section loss of the steel tube. Below the sulphate risk area, the reinforced concrete section extends a 



further three pile diameters in length (4.5m) to facilitate load transition, from the concrete plug to the 
steel pile. Below the transition area the steel pile tube extends to founding rock levels with consideration 
of structural, geotechnical and durability aspects.

The pile caps comprise of permanent precast shell and in-situ concrete infill and the pile cap shell is 
considered as part of the pile cap’s structural capacity. The tidal zone extent is from MWS RL 0.489m 
to MLWS RL -0.223m. As per project requirements the pile cap extends from RL +1.0m to RL-1.0m. 
Stainless steel reinforcement is provided as per the specified requirement for exposure classification C 
extent.

The overall pile group performance has been assessed by undertaking an appropriate pile group 
analysis in accordance with AS2159 – 2009 Section 4.4.3.1 (b) Note 3. The analysis was carried out 
using design software PLAXIS 3D to assess pile interaction effects and demonstrate that the total and 
post construction settlements are compliant with project settlement requirements.

4 Concrete Design for durability

The Nowra Bridge Project alignment is located within 1-50km limits for near coastal exposure. The area 
is not close to any major sources of atmospheric pollutants such as smelters or heavy industry. 
Exposure to deleterious agents such as CO2, NOx and SOx at significant concentrations within the 
project alignment is therefore not expected. Mean annual rainfall is 871.9 mm and min/max ambient 
temperature is 6.6°C / 27.8°C at Nowra (Nowra RAN air station AWS) according to the Bureau of 
Meteorology (http://www.bom.gov.au). The ambient conditions are assessed as moderate.

The bridge is located more than 13 km from the coast at Shoalhaven Heads. Hence, a “B1” atmospheric 
exposure to AS 5100 for concrete is considered appropriate based on a durability assessment of the 
local conditions. However, as per SWTC “B2” atmospheric exposure was considered in the design. 
Table 1 summarises the atmospheric exposure classifications used as the basis for the design.

Concrete mix parameters, strength grades and covers have been selected for respective elements in 
the project in accordance with the project requirements. Concrete mix designs include provisions for 
erosion, delayed ettringite expansion and sulphate attack.

As several sections are large and, as the specified concretes necessarily have high cement contents, 
temperatures developed during hydration are expected to be significant and require additional 
measures such as selective mix design including the raw materials, cooling of concrete materials, 
placing concrete at specific time periods, insulation of forms and protection to premature exposure to 
the environment to be used to minimise the risk of cracking. Thermal modelling of high cracking risk 
elements was completed.

Table 1.  Durability assessment of atmospheric exposed reinforced concrete elements of BR01

Bridge 
No.

Element Assessed 
Exposure 
Classification 
(Note B)

Design 
Exposure 
Classification 
(Note C)

Design 
Concrete 
Grade (MPa)

Required 
Cover (mm) 
(Note A)

BR01 Cast in-situ double T girder B1 B2 50(Note D) 40mm**
BR01 Curtain walls, parapets B1 B2 40 60mm
BR01 Precast barriers B1 B2 50 40mm**
BR01 Cast in-situ barriers B1 B2 40 60mm
BR01 Approach slab B1 B2 40 60mm
BR01 Cast in-situ pier column (above 

RL +3.0m)
B1 B2 40 60mm

BR01 Cast in-situ pier column (between 
RL+1.5m and RL +3.0m)*

B2 C1 50 80mm

BR01 Cast in-situ pier column (below 
RL+1.5m)*

C1 C2 50 80mm

 
* Denotes elements with stainless steel reinforcement
** Cover is based on rigid steel formwork and intense compaction 



Note A: According to AS 5100.5-2017: For elements cast against ground, additional cover must be added: 10mm 
if the concrete surface is protected by a damp-proof membrane, 30mm otherwise. If curing compounds will be 
used, as is the case for the Double T girder for example, concrete cover must be increased by 5mm for exposure 
classification B1 and 10mm for other classifications relative to the values provided in the table.
Note B: Assessed exposure conditions are based on soil, groundwater, surface water and concrete chloride and 
carbonation ingress data from adjacent existing bridges where available as well as AS 5100.5 and AS 2159 
compliance. Design exposure classifications may differ from assessed exposure classifications in order to comply 
with SWTC requirements.
Note C: Provisions for future cathodic protection in accordance with the requirements of Roads and Maritime BTD 
2008/13 must be provided all reinforced and prestressed concrete elements that have an exposure classification 
B2 or severe.
Note D: Minimum concrete grade required for durability is 40MPa.

4.1 Substructure  
The substructure comprises of piles, pile cap and piers. 

For concrete elements protected by permanent steel casing i.e., the Shoalhaven River Bridge reinforced 
concrete plugs at Piers 2 to 9, exposure classification B2 to AS 5100.5 was considered appropriate. 
Also considering the permanent casing provides protection to the reinforced concrete plug from contact 
with river water for the full design life. The permanent 25mm thick steel casing will remain intact for the 
duration of the 100year design life, even considering non-uniform corrosion (a total corrosion allowance 
of 10mm for uniform corrosion and an extra 5mm to conservatively account for the risk of non-uniform 
corrosion is required i.e. 15mm corrosion allowance in total) and river water will not enter via top of the 
steel casing due to the sealed design detail.

Similarly, for bored RC piles at Pier 1, exposure classification B2 to AS 5100.5 was considered 
appropriate. Also considering the 16mm thick temporary steel casing will be left in place therefore will 
provide protection to the reinforced concrete bored pile over the entire design life, for the exact same 
reasons as discussed above for the pier 2 to 9 RC pile plugs. Table 2 summarises the substructure 
exposure classifications used as the basis for the design.

Table 2.  Durability assessment of BR01 reinforced concrete elements submerged in river 
water

Bridge 
No. Element

Assessed 
Exposure 

Classification 
(Note D)

Design 
Exposure 

Classification 
(Note B)

Design 
Concrete 

Grade 
(MPa)

Required 
Cover (mm) 

(Note A)

BR01
Concrete plugs of driven steel 
piles (Pier 2 to Pier 9) (in 
permanent steel casing) B1 B2 50(Note C) 70

BR01
Bored piles (Pier 1) (in 
temporary steel casing left in 
place)

B1 B2 50(Note C) 70(Note E)

BR01 Pile caps precast shell C1 C2 50 80
BR01 Pile caps cast in-situ infill C1 C2 50 80

Note A: According to AS 5100.5-2017: If curing compounds will be used, concrete cover must be increased by 5 
mm for exposure classification B1 and 10 mm for other classifications.
Note B: Provisions for future cathodic protection in accordance with the requirements of Roads and Maritime BTD 
2008/13 must be provided all reinforced and prestressed concrete elements that have an exposure classification 
B2 or severe.
Note C: Minimum concrete grade required for durability is 40 MPa.
Note D: Assessed exposure conditions are based on soil, groundwater, surface water and concrete chloride and 
carbonation ingress data from adjacent existing bridges where available as well as AS 5100.5 and AS 2159 
compliance. Design exposure classifications may differ from assessed exposure classifications in order to comply 
with SWTC requirements
Note E: The pile casing will stop at top of socket material and therefore the bored piles in socket material is 
considered as cast against ground. The pitch of the lower cage will be reduced to comply with the cover requirement 
in AS5100.5 for elements cast against ground.



4.2 Control of early age thermal cracking of concrete elements:  
For early age thermal cracking, noting the requirements of AS 5100.5-2017, RMS B80 and Appendix 
13 of the SWTC, the following strategy and mitigation measures are proposed.

Specific elements were assessed for maximum temperature rise using a thermal analysis modelling. 
The analysis considers summer pouring first. High ambient temperatures lead to high concrete 
delivered temperatures and the combination leads to high maximum in-situ temperatures and high 
temperature differentials, with the consequence that in summer thermal cracking can be a higher risk. 

For early age thermal cracking, noting the requirements of AS 5100.5-2017, Appendix 13 of the SWTC 
and RMS B80, the following strategy and mitigation measures are proposed:

Elements with the least dimension smaller than 1000mm:

 No specific requirements.

Elements with the least dimension greater than or equal to 1000mm:

 CIRIA C766 modelling to cover the key elements in this range, i.e. piles, pile caps piers and 
abutments

 Typically, ternary blended cementitious systems containing either 40% GGBFS, 30% FA and 
30% SL Cement or 30% GGBFS, 25% FA and 45% SL cement are specified in the concrete 
mixes. These will have the added benefit of reduced embodied carbon emissions due to the 
high proportion of SL cement replacement with SCM’s.

 Limit on concrete delivery/placement temperature to control the peak temperature and 
temperature differentials. 

Concrete curing temperature in large concrete elements with minimum cross-section dimension greater 
than 1m will be monitored by thermocouples to confirm conformance, in accordance with the SWTC. 

Double T Girder (approx. 2.200 m x 2.560 m):  Due to massive size of double T girders, it was difficult 
to control the peak temperature and temperature differentials using commonly adopted strategies such 
as lowering the concrete placement temperature, use of low binder concrete mix etc. Therefore, water 
cooling pipes are introduced in these elements to keep the peak temperature and temperature 
differentials within the allowable limits. The following parameters are adopted in the thermal modelling.

 Concrete mix: S50-B2 - Ternary blend (Binder content 480 kg/m3, binder composition: 25% FA 
+ 30% BFS + 45% SL cement)

 6 cooling pipes (25mm diameter) with a flow rate of 1.06 m3/hr of 25oC water from 8h - 48h after 
pour commencement. 

 Formwork removal: after 48 hours
 Controlled outside (ambient) temperature: 15oC - 25oC for summer and 13oC - 18oC for winter
 A wind speed of 0 m/s due to covering provided to the structure after formwork removal with a 

plastic sheet or other equivalent wrapping. 

Table 3.  Peak temperature and temperature differential for double T with top face insultation - 
25% FA + 30% BFS mix

Max. Diff. Temp 
(oC)- 

Month Formwork 
type and 
retention 

time

Concrete 
placement 

temperature 
(oC)

Form
work 

remov
al time 

Controlled 
outside 

temperature 
(oC)

Period for 
maintaining 

outside 
temperature 
and covering 

removal

Peak 
Temper

ature 
(oC) Within 

first 9 
days

After 9 
days

January - 
Summer

6 mm steel + 
insulation (R 
0.2); 2 days

28 2 days 15-25 9 days 67 25 29

June -
Winter

6 mm steel + 
insulation (R 
0.2); 2 days

25 2 days 13-18 9 days 64 27 29



 

Figure 9.  Cooling pipes arrangement within the double T girder

The thermal modelling outcome for double T girder is provided in Figure 10.

Figure 10.  Peak temperature and temperature differential for Double T

4.3 Chloride Modelling:  
Surface chlorides on existing Shoalhaven bridge:  Site concrete testing was conducted on the 
existing bridge over the Shoalhaven River to determine the surface chloride levels. Eight cores were 
extracted from two piers in three different zones i.e. in splash, spray and atmospheric zones as shown 
in Figure 10.



 

Figure 10.  Core locations at existing Shoalhaven River bridge

The chloride profiles of these cores are presented in Figure 11. The curve of best fit was plotted based 
on the average values of chlorides at each depth taken from all the cores in same exposure zone.
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Figure 11.  Chloride profiles from existing Shoalhaven bridge in different exposure zones.

Table 4.  Exposure classification for new Shoalhaven River bridge BR01 based on assessed 
surface chloride concentrations of piers from the adjacent, existing Shoalhaven River bridge 
Cs (wt.% binder)
(Existing bridge)

RL range of 
exposure zone (m)

Assessed exposure 
classification based on surface 
chloride of existing Shoalhaven 

River bridge

Cs (wt.% binder) 
considered in analysis 

for new bridge

3 -1.75 to +1.95 C1 4.5

2 +1.95 to +3.0 B2 4.5

0.5 > +3.0 B1 3.0

Based on the site data collected from concrete cores taken from the existing Shoalhaven River bridge, 
it was recommended that AS5100.5 exposure classifications as verified by testing were B1 for the 
superstructure above RL +3.0m, B2 for the zone between RL +1.95m to +3.0m and C1 for the zone 
between RL -1.75m and +1.95m. Based on these assessed exposure levels and the verified chloride 
ingress in these zones, the following conservative surface chloride levels were used for the project.

 



 Atmospheric zone (AS 5100.5 Exposure Classification B2): 

For structures which are exposed to the atmosphere a chloride surface concentration of 3.0% 
by weight of cement was selected for exterior concrete. 

 Splash/tidal/spray zone (AS 5100.5 Exposure Classification C2 and C1): 

For splash and tidal zone, a chloride surface concentration of 4.5% by weight of cement was 
selected.

The modelling results obtained from mean input parameters described in Table 5 indicate a service life 
in excess of 100 years for both exposure classes and all four mixes modelled when concrete design 
covers meet the requirements of AS5100.5, including accounting for the negative construction tolerance 
on cover. 

The predicted levels of chloride diffusion after the 100year design life for the four design concrete mixes 
assessed are presented in Figure 12. 
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Figure 12.  Predicted chloride diffusion after 100years

Table 5.  Summary of Chloride Ingress Modelling Results
Exposure 

class B2 (40 
MPa)

Exposure 
class B2 (50 
MPa)-Double 

T

Exposure 
class B2 
(50 MPa)-

Piles

Exposure 
class C2 

Chloride migration coefficient at 28 
days (NT BUILD 492) (x 10-12 m²/s)

8.0 4.0 8.0 4.0

Chloride diffusion coefficient at 56 days 
(NT BUILD 443) (x 10-12 m²/s)

3.5 2.0 3.5 2.0

Assumed surface chloride 
concentration, Cs (% by weight of 
binder)

3.0 3.0 4.5 4.5



Predicted carbon steel reinforcement 
chloride concentration corrosion 
activation depth (from the concrete 
surface) after 100years (mm)

45 32 60 45

Predicted stainless steel reinforcement 
chloride concentration corrosion 
activation depth (from the concrete 
surface) after 100years (mm)

N/A N/A N/A 23

Design cover (mm) 60 40 70 80

Factor of safety for chloride durability 
(once the typically -5mm cover 
construction tolerance is included)

1.2 1.2 1.2 1.5

5 Conclusions 

Incrementally launched bridges are an effective and safe construction method for bridges with medium 
span length. Several design and construction innovations were implemented for the benefit of this 
project. 

This paper presents the basic structural details of permanent and temporary works designs for the new 
Northbound Bridge over Shoalhaven River at Nowra in New South Wales, Australia. Specific thermal 
and chloride modelling was carried out for the project. The chloride modelling was backed up by on site 
testing and showed that the project exposure classifications were conservative. 

Major work on the Nowra Bridge project – Princes Highway upgrade started in mid 2020 and the project 
is expected to be complete by mid 2024.  

6 Acknowledgments

We would like to acknowledge the valuable contribution made by the following organisations including 
TfNSW, Shoalhaven City Council, Freyssinet Australia, Pike Engineering Pty LtD, BG&E (PE), SMEC 
(PV), and Fulton Hogan. We would like in particular to thank Richard Woods and Ken Wheeler for their 
technical consideration and advice during the design development and internal review. We would like 
to acknowledge the crucial contribution made by Liam Hutton and Thomas Platel in the geotechnical 
and foundation design of the bridge.


