
9h Australian Small Bridges Conference 2019 

Page 1 

Replacement of Timber Bridges in Western Australia  

 
Emson Makita, Associate, Arup 

ABSTRACT 

The proportion of timber bridges in Western Australia (WA) is approximately 40 percent of the state’s 

bridge stock. The timber bridges are largely located in the south western part of WA, namely the South 

West Region, Metropolitan Region, Great Southern Region and Wheatbelt Region.  This paper 

discusses a selected number of timber bridge replacement projects that have recently been undertaken 

in WA, in which the author was involved as a design lead or reviewer. Design considerations such as 

geotechnical, waterways requirements, future maintenance, environmental issues, durability, whole of 

life cost, construction staging, community requirements and expectations, and heritage are discussed.  

The paper discusses challenges and solutions adopted in the design and replacement of the timber 

bridges. At the time of preparation of this paper, some of the bridges included in this paper were still in 

the replacement phase. Replacement solutions discussed in this paper include prestressed plank 

bridges for short spans and Teeroff bridges for short to medium spans. Simply supported and integral 

superstructure solutions are discussed as part of this paper. The paper briefly discusses, as case 

studies, the design and construction consideration for Bridges 0024A, 0025A, 0904A, 4806A, and 

0661A.  

1 INTRODUCTION  

This paper discusses a selected number of timber bridge replacement projects that have recently been 

undertaken in WA, most of which the author was involved as a design lead or reviewer. The paper 

highlights learnings in management of existing bridges as well as learnings from the author’s experience 

in design aspects that include geotechnical, waterways assessment, future maintenance, 

environmental issues, durability, whole of life cost, construction staging, community requirements and 

expectations, and heritage. The first part of this paper provides an overview of the bridge stock as well 

as an overview of the bridge structures ownership in WA. This is followed by the main body of the paper, 

which discusses challenges and learnings from the replacement of a selected few timber bridges in the 

state with prestressed concrete bridges. 

Whilst the paper discusses replacement of timber bridges with precast prestressed concrete beams, it 

must be noted that a large number of particularly unmaintainable small span timber bridges are currently 

being replaced with either reinforced concrete pipe culverts, reinforced concrete box culverts or high 

density polyethylene pipe culverts. The latter are increasingly being considered in high salinity 

environments, such as in parts of the Wheatbelt Region. 

2 BRIDGES IN WA – AN OVERVIEW 

2.1 Bridge Locations in WA 

The Western Australia bridge stock is close to 3000 and is growing with new infrastructure projects 

currently in progress. Figure 1 below is a graphical representation of bridge structures location in 

Western Australia. A large proportion of the bridge structures is concentrated within the south western 

part of the state, as can be seen below. The figure below also shows the structure types found within 

the state. Timber bridges form a significant proportion of the bridge stock and are all located within the 

south western part of the state, as depicted below.  
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         Source: Main Roads WA Webmap 

Figure 1 WA bridge locations 

To expand on the information shown above, Figure 2 below shows that approximately 90 percent of the 

bridge stock is in the four regions of the state, namely the South West Region, Metropolitan Region, 

Wheatbelt Region and the Great Southern Region. The South West Region has the largest number of 

structures in the state, with approximately 33 percent of the WA bridge stock. 

 

Figure 2 Bridge quantity by region 

2.2 Types of Bridges in WA 

As can be seen in Figure 1 above, structure types in Western Australia can be grouped into nine 

categories, which include large sign gantries. This is summarised in Figure 3 below, which however 

excludes gantries. Timber bridges form the largest proportion of the WA bridge stock at 34 percent, or 

a combined 40 percent when incorporating timber hybrid bridges. Timber hybrid bridges are largely 

timber bridges that incorporate steel and concrete elements or timber piles with concrete decks. 

Reinforced concrete and prestressed concrete bridges form a large and growing proportion of the bridge 

stock in WA at 33 percent and 18 percent, respectively. 
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Figure 3 Bridge types in WA 

2.3 Bridge Ownership in WA 

Main Roads Western Australia (MRWA) own the largest proportion of bridge structures in WA, at 42 

percent. Local Authorities around WA collectively have ownership of approximately 35 percent of bridge 

structures in WA. Thus, approximately 77 percent of bridge structures in WA are owned and maintained 

by MRWA and Local Authorities.  Other structure owners are shown in Figure 4 below. These include 

Water Corporation, Department of Environment and Conservation (DEC, now DPaW), Public Transport 

Authority of WA (PTA), Private (such as BHP, Rio Tinto and FMG), Harvey Water and Confederation of 

Australian Motor Sport (CAMS). 

 

Figure 4 WA Bridge Structures Ownership 

MRWA is responsible for maintaining standards for publicly accessible roads and bridges, which are 

primarily owned by either MRWA or Local Authorities. Each asset owner is responsible for undertaking 

routine inspection and maintenance of their own structures. Other bridge owners such as Water 
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Corporation, PTA and Private organisations such as BHP, Rio Tinto and FMG are responsible for the 

design, construction and maintenance of their structures. 

3 TIMBER BRIDGES – GENERAL OVERVIEW 

3.1 Timber Bridge Elements 

Timber bridges were a common form of bridge construction in WA’s south western regions from the 

early 1900 until the 1970s. The south western part of Western Australia has historically been host to 

large forests containing various species of flora and fauna. Timber from the forests was a readily 

available construction material. Common species of timber which was used for timber bridge 

construction, with ideal properties such as geometry and high stress grade, are provided in the table 

below. 

Table 1 Common Timber for WA Bridges 

Timber Typical Stress Grade Range 

Jarrah F7 to F17 

Karri F8 to F22 

Wandoo F11 to F27 

Marri F17 to F22 

 

Figure 5 below shows the typical arrangement of a classic timber bridge in WA. The superstructure 

comprises reinforced concrete overlay, timber decking or Bondeck permanent formwork, and timber 

stringers spaced at approximately 1m centres, with simply supported span lengths of approximately 6m. 

The stringers are supported on corbels at piers and directly on halfcaps or full caps at abutments. 

 

Figure 5 Typical WA Timber Bridge Elevation and Plan 

The typical substructure of a timber bridge comprises halfcaps at piers and/or full caps at abutments, 

timber piles, bracing at piers and timber sheeting at abutments. Figure 6 below shows a typical timber 

bridge elevation showing the abutment and wingwalls. At some bridges, some timber elements have 

been replaced with steel elements due to poor condition. This is depicted in Figure 7 below, which 

shows one of the timber piles replaced with a steel pile. Figure 8 below shows a typical substructure 

arrangement at a pier. However, it is common to find some timber elements replaced with steel elements 

at most timber bridges. 
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Figure 6 Typical Timber Bridge Abutment 

 

 

Figure 7 Photograph of a Timber Bridge Abutment 

 

 

Figure 8 Typical Timber Bridge Pier 
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3.2 Triggers of Timber Bridge Replacement 

3.2.1 Poor Condition and Insufficient Load Carrying Capacity 

Routine visual inspections and preventative maintenance and repairs are often undertaken by asset 

owners on a frequent basis, commonly on an annual basis but not exceeding five years. Common 

preventative maintenance activities include sealing end grains to prevent moisture ingress into the 

timber elements, sealing of cracks, fungi treatment, bolt tightening and corrosion prevention. This is 

usually adequate to keep the bridge in good condition and remain in service. However, at times, due to 

accelerated deterioration of condition due to weathering elements and biodegradation, say rotting or 

increased friability of timber elements, it may be necessary to load rate the bridges and subsequently 

replace under-capacity structural timber elements with steel elements to maintain the required live load 

carrying capacity. 

Load ratings are carried out on bridges identified following a detailed inspection as possibly having 
insufficient capacity for the designated loads. If the load rating indicates that a bridge is incapable of 
accommodating Vehicle Standard Regulation (VSR) loads, then, in the interests of public safety, the 
structure is either repaired or a load limit is posted. The aim of load rating analysis is to determine the 
theoretical capacity of a bridge by calculating what proportion of the T44 design vehicle, AS 5100 Bridge 
Design (CODE) M1600 design vehicle, and various other rating vehicles it can carry. 
 
Computer modelling of spans, piers and abutments is undertaken using MRWA’s Timber Bridge 
Analysis and Repair (TIMBAR) suite of programs. The method of analysis is a working stress method, 
rather than limit state, and working or service loads are used in conjunction with the allowable 
stresses. 
 
The rating vehicles comprise various axle groups, which are used unfactored to determine working load 
bending moments, shear forces and/or axial forces in the various structural members, including 
allowance for the Dynamic Load Allowance (DLA). Stresses from these load effects are calculated and 
compared to the allowable design stresses. When load rating timber bridges, generally the critical 
elements to be checked are stringers and piles identified as deficient in the detailed inspection report. 
 
For most timber bridges, it is possible to increase the load carrying capacity by replacing the defective 
timber elements with new structural steel elements. This is often a cost-effective and sustainable 
strategy for the asset owner as most structures can be kept in operation with minimal expenditure. A 
recent example is the repair works undertaken at the 38-span, 240m long Bridge 0950 over the Swan 
River, shown in Figure 9 below. The works were undertaken for less than 10 percent of the capital 
expenditure that would have been required to completely replace the bridge, whilst extending the 
existing structure’s service life by approximately 25 to 30 years.  
 

 
Figure 9 Typical Pier Pile Repairs at Bridge 0950 
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For some structures in poor condition, whole of life costing may show that replacement of the whole 
structure is more cost-effective. An example is Bridge 0025A, which carries Albany Highway in Williams. 
The structure was in poor condition with props provided at multiple locations under the structure to keep 
the highway open to traffic. See Figure 10 below. Whole of life costing and cost benefit analysis showed 
that replacement of the timber bridge was the optimum and sustainable solution. 
 

 
Figure 10 Typical condition of the then Bridge 0025 

Another example is Bridge 0904, which carried Hamilton Street over Fremantle Rail. The bridge timber 

elements were in very poor condition that a live load limit had to be implemented. Refer to Figure 11 

below which shows the load limit at the bridge before the bridge was replaced. Replacement of the 

bridge was evaluated to be the most cost-effective and sustainable solution at this bridge location. 

 

Figure 11 Load limit at Bridge 0904 
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5.1.1 Inspection Constraints 

Detailed inspection of timber bridges involves physically checking the timber elements dimensions and 
condition by drilling and taking measurements by experienced inspectors. As such, the detailed 
inspection is undertaken at specific intervals, normally every five years. As the inspectors need to be 
able to safely access the underside of the bridge and have space to operate their tools in an 
ergonomically acceptable manner, a minimum vertical clearance of 1.5m under the bridge is desirable. 
See Figure 12 below.  
 

 
Figure 12 Timber Stringer Drilling for Inspection and Maintenance 

A number of timber bridges have vertical clearance less than 1.5m, rendering them inaccessible for 
inspection. In these cases, the inspectors highlight on the inspection sheets to indicate that the condition 
of the timber element could not be established due to low headroom. Refer to Figure 13 below which 
was recorded at one of the low headroom timber bridges. Lack of structural inspection exposes the 
structure to unchecked deterioration, which could result in failure and disruption to the road network. 
Lack of access for inspection therefore triggers the need to replace the structure. 
 

 
Figure 13 Part of stringer inspection sheet at a low headroom bridge 
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4 TIMBER BRIDGE REPLACEMENT – CASE STUDIES 

This section of the paper briefly discusses, as case studies, key issues and learnings from the design 

and construction consideration for a selected few timber bridge replacements in WA. In accordance 

with MRWA Bridge naming regime, replacement bridges are denoted with an alpha suffix. For example, 

the replacement bridge for Bridge 0024 is denoted Bridge 0024A. 

4.1 Bridge 0024A 

The trigger for replacement of the 80 years old Bridge 0024, Albany Highway over Coalling Brook, was 

lack of access for inspection and maintenance due to low headroom, which ranged from 0.3m to 1.3m. 

See Figure 14 below. The timber bridge superstructure comprised timber stringers, timber decking and 

a thin RCO. The substructure comprised timber corbels at piers, timber halfcaps and piles at piers, 

abutment and wingwalls.  

Following detailed waterways analysis and whole of life costing, it was agreed with MRWA to replace 

the timber bridge with a 24.65m long 2-span precast prestressed plank bridge on reinforced concrete 

substructure.  Refer to Figure 15 below showing the elevation of the proposed replacement. The 

replacement bridge superstructure was designed to comprise 450mm deep precast prestressed 

concrete planks with a 200mm thick concrete topping slab. The planks are simply supported on 

elastomeric bearing pads on top of reinforced concrete abutments and pier. Spread footings were 

adopted as a suitable foundation system at this bridge location. 

 

Figure 14 Bridge 0024 prior to Replacement 

 

Figure 15 Bridge 0024 Elevation 
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4.1.1 Key Issues 

Key design and construction issues encountered on this project include the following: 

1. Waterway Assessment. The existing bridge was dry serviceable for a 20-year ARI event and 

wet serviceable for a 50-year ARI event. As the bridge carries a major highway, it is required to 

have dry serviceability for a 50-year ARI event and wet serviceable for a 100-year ARI event. 

This entailed widening the waterway opening area and lifting the road running levels at the 

bridge by approximately 600mm, which had an impact on access to nearby properties and a 

fuel station to the south. Early discussions were had with the Shire of Williams and the property 

owners to facilitate modification to property entrances. 

 

2. Geotechnical. Geotechnical investigations revealed that the ground within the river channel is 

made up to approximately 3 m of alluvium (comprising of silty sand, silty clay and clayey sand) 

overlying residual soil derived from granite. To achieve the required bearing capacity and limit 

long term settlement to a maximum of 10mm, the weak material above the weather granite had 

to be replaced with compacted granular fill. This presented a construction challenge due to the 

high water table; a dewatering “french drain” and piped and pumped system was implement to 

facilitate footing construction. See Figure 16 below. 

 

Figure 16 Bridge 0024A footing construction 

3. Services. High voltage overhead and underground power was present adjacent to the bridge. 

This had to be re-routed through ducting provided within the superstructure. A water main was 

also adjacent to the bridge and had to be protected and relocated ahead of the main works to 

minimise construction costs. In general, extensive utility services location and liaison with the 

asset owners was undertaken ahead of construction to avoid schedule and construction cost 

overrun. 

 

4. Constructability. To facilitate the demolition and replacement of the timber bridge whilst keeping 

traffic flow on Albany Highway, a temporary detour around the site was implemented. This 

comprised 4No x 1500 diameter High Density Polyethylene (HDPE) culverts at the downstream 

side of the bridge location. The temporary detour was designed and constructed with an 

alignment that ensured that road users could still access the nearby fuel station whilst bridge 

replacement was in progress. Tying-in of road running levels entailed that the road and 
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approach barriers had to be constructed in stages. Refer to  Figure 17 below showing a plan of 

the temporary sealed two-lane detour. 

 

Figure 17 Temporary detour adjacent to Bridge 0024A 

4.2 Bridge 0025A 

The trigger for replacement of the 80 years old timber Bridge 0025, Albany Highway over Williams River 

was the poor structural condition, risk of failure of structural elements and subsequent disruption to the 

network. The timber bridge superstructure comprised timber stringers, timber decking and a thin RCO. 

The substructure comprised timber corbels at piers, timber halfcaps and piles at piers, abutment and 

wingwalls. 

As can be seen in Figure 10 above and Figure 18, temporary props had been installed to support 

halfcaps and stringers at some locations. There was an inherent risk of the props getting washed away 

during a flooding event. Following detailed waterways analysis and whole of life costing, it was agreed 

with MRWA to replace the timber bridge with a 75.25m long 6 span precast prestressed plank bridge 

on reinforced concrete substructure.  Refer to Figure 18 for an elevation of the proposed replacement 

bridge. 

 

Figure 18 Bridge 0025 prior to Replacement 
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Figure 19 Bridge 0025A elevation 

 

Figure 20 Bridge 0025A superstructure section 

4.2.1 Key Issues 

Key design and construction issues encountered on this project include the following: 

1. Community. A Community Representative Group (CRG), which included MRWA, the Shire of 

Williams, Arup and members of the community was formed and met regularly during the design 

development phase to ensure that the design solution and construction methodology would 

meet the community’s expectations. The proposed solution ensured that there would be 

minimal disruption to local businesses and community mobility. 

 

The timber bridge carried a busy Albany Highway and a footpath on one side. Vehicle and 

pedestrian traffic had to be kept undisrupted for the duration of the works. Two temporary Bailey 

bridges with live load capacity for T44 were installed downstream of Bridge 0025. One of the 

bridges was installed with a footpath to provide pedestrian access as the bridge links two 

sections of the town and there is a park and recreation ground on the river bank that is opposite 

to the town centre. Refer to Figure 21 and Figure 22 below which both show the temporary 

bridge. The temporary bridges had a reduced waterways dry serviceability of 5-year ARI and 

would therefore need to be shut to traffic in the event of a major of flood event. 

 

At the south western corner of the bridge approach guardrails, there was a landmark 100 years 

old tree that had to be retained at the request of the community. The temporary road and 

permanent road alignment design therefore took this into consideration. Refer to Figure 23 

below showing the tree and the recreation park mentioned above. 

 

2. Waterway Assessment. As the new bridge carries a major highway, it is required to have dry 

serviceability for a 50-year ARI event and wet serviceable for a 100-year ARI. The road levels 

at the bridge were lifted and channel widening and training was undertaken to achieve dry 

serviceability for a 50-year ARI event. However, the threshold for a 100 years wet serviceability 

was exceeded by 70mm. However, raising the bridge further at this location would have 

impacted on the access to business properties near the bridge, which was not desirable. It was 

therefore agreed to retain the levels with the excess depth for the 100 year ARI event. 
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3. Geotechnical. Geotechnical investigations comprising four boreholes revealed that the ground 

within the river channel is made up of 3.5m to 8.5m deep alluvium (comprising of silty sand, 

silty clay and clayey sand) overlying weathered to medium strength granite. Rock socketed 

piles with sacrificial steel casings for the depth above the rock were designed to largely rely on 

the skin friction and end bearing within the socket.  

 

Predrilling probing was undertaken at each pile location to determine the non-socketed / cased 

length of the pile. During the drilling for the sockets, it was found that the bed rock had varying 

slope and properties, which complicated seating of casings and concentricity of vertical 

reinforcement. To ensure that socket and main shaft bars would be in contact for lapping, the 

reinforcement cages and to be rotated by approximately 5 degrees and the vertical 

reinforcement cranked slightly to suit.  

 

4. Site constraints. The bridge site is constrained by a fuel station to the north east and Lions 

Park to the south east. Whilst standard extruder type end terminals could be installed to three 

of the four corners, there was insufficient space at the north east corner which meant that the 

required length of need as per Austroads Part 6 could not be achieved. Instead, Energy 

Absorbing Barriers (EAB), which are suitable for a 50km/h speed limit were adopted. 

 

Figure 21 Bridge 0025A site on the RHS after Demolition 

 

Figure 22 Temporary Bailey Bridge Elevation 
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Figure 23 Landmark tree and Recreation Park 

4.3 Bridge 0904A 

The trigger for replacement of the 100 years old timber Bridge 0904, Hamilton Street over Fremantle 

Rail was the poor structural condition, risk of failure of structural elements and an unstainable live load 

limit of 5 tonnes. The bridge was suffering from long standing fire damage, termite damage, water 

ingress through the thin RCO, rotting structural timber elements and general visible excessive bending 

of stringers. Figure 24 below shows a photograph of the bridge prior to demolition. 

Following investigations of a number of bridge replacement options, it was agreed with MRWA to 

replace the timber bridge with a 25m long single span T-roff bridge, with the superstructure integral with 

the substructure.  Refer to Figure 25 for an elevation of the proposed replacement bridge, which is 

currently under construction at the time of preparation of this paper. 

 

Figure 24 Bridge 0904 prior to replacement 
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Figure 25 Bridge 0904A Elevation 

 

Figure 26 Bridge 0904A Cross Section at Abutment 2 

 

Figure 27 Bridge 0904A Plan 
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4.3.1 Key Issues 

Key design and construction issues encountered on this project include the following: 

1. Site constraints. The bridge is within a densely built residential environment. Hamilton Street 

and Railway Parade intersection is just off the bridge at the northern end. The running surface 

levels at the intersection had to be maintained as significant changes would have impacted on 

drainage of both roads. The proposed bridge running surface levels therefore had to match the 

intersection levels, resulting in a one way fall towards the west as seen in Figure 26 above. 

 

Bridge 0904 crosses over the Fremantle Railway Line and the Public Transport Authority (PTA) 

required a minimum vertical clearance of 5.4m above the rails. A shallow superstructure was 

therefore required to account for the constraints due to the road levels and the set soffit levels 

under the bridge. This was achieved by designing 950mm deep T-roffs, integral with the 

abutments. In addition, this precluded the maintenance issues associated with regular 

inspection and future replacement of bearings as these are not required for an integral bridge. 

 

Abutments and wingwalls were designed to be of secant piles comprising 750mm hard piles 

and 600mm soft piles. This ensured that substructure construction could be undertaken with 

the railway in operation as this precluded excavation for footings adjacent to the railway.  

 

Due to the proximity of the Hamilton Street – Railway Parade intersection, the bridge deck had 

to be designed with a flared arrangement at this end to accommodate the design turning circle 

of 19m long Prime-mover and Semi-trailer. This complicated the analysis of the integral bridge 

and fabrication of the edge beams. Following discussions with T-roff suppliers, it was deemed 

appropriate to design the edge T-roff beams with truncated flares to suit. 

 

Due to insufficient space for Austroads Part 6 compliant length of need for barriers at the bridge 

approaches, Energy Absorbing Barriers were adopted at the ends of 4 rail bridge barriers. This 

was deemed acceptable considering the low design speed at the bridge location. 

 

2. Stakeholder management. Bridge 0904A is on the border of two local authorities; namely The 

Town of Cambridge to the north and The City of Subiaco to the south. In addition to the local 

authorities and service owners, MRWA and the PTA were key stakeholders. All stakeholder 

requirements had to be addressed with the design. Several design review and risk workshops 

were held to ensure that all requirements were adequately captured. Early liaison with the 

multiple stakeholders was a key element of the project success. The community was also 

engaged as part of the design, with interactive visualization prepared to closely represent the 

replacement structure.  Refer to Figure 28 which shows visualization images created for the 

new bridge. 

 

3. Constructability. An extensive constructability study was undertaken to demonstrate that the 

existing bridge could be demolished in short railway possessions and to demonstrate that the 

new bridge could be constructed largely with railway traffic in operation and with Railway 

Parade accommodating bi-directional road traffic. Construction staging, including early 

relocation of overhead power thus formed a significant part of the design process to prove 

feasibility of the proposed solution. 
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Figure 28 Bridge 0904A Visualization 

 

4.4 Bridge 4806A and 4806B 

The trigger for replacement of the 40 years old hybrid timber Bridge 4806, Cowalla Road over Moore 

River, was the inadequate capacity of the single lane to accommodate increasing traffic volumes of 

heavy vehicles. Cowalla Road has two lanes at each approach to the single lane bridge.  Figure 29 

below shows a photograph of the timber bridge prior to demolition. 

The timber bridge is in a generally good condition, save for the non-complying guardrails. Considering 

whole of life costing it was decided to retain the existing bridge for at least another 30 years. In the 

interim stage, a new 59.35m single lane Bridge 4806A will be constructed adjacent to the existing Bridge 

4806. In the ultimate stage, Bridge 4806 will be demolished and Bridge 4806A will be widened to 

become a two-lane Bridge 4806B. 

Figure 30 below shows an elevation of the proposed interim and ultimate replacement bridge. Figure 

31 shows a cross section of the interim bridge to be constructed alongside the existing timber hybrid 

bridge. The ultimate arrangement – Bridge 4806B is shown in Figure 32 below. The superstructure for 

the interim and ultimate bridges comprise prestressed precast concrete planks with a 200mm thick 

topping slab. The substructure comprises reinforced concrete headstocks and bored piles at piers and 

reinforced concrete abutments and bored piles at both abutments. The bridge was modelled with fixed 

supports at one of the piers, allowing expansion joint movement at both abutment ends. Flood loading 

was also considered as part of the design. 
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Figure 29 Bridge 4806 prior to replacement 

 

Figure 30 Bridge 4806A / B Proposed Elevation 

 

Figure 31 Bridge 4806A Proposed Section 
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Figure 32 Bridge 4806B Proposed Section 

4.4.1 Key Issues 

Key design and construction issues encountered on this project include the following: 

1. Construction staging. Bridge 4806A was designed to be constructed with the hybrid timber 

Bridge 4806 in operation. The major constraint with this proposal was the proximity of the 

existing bridge and deep excavations required for abutment and wingwall construction, without 

destabilising the embankment at the approaches to the existing bridge abutments. A 

constructability study was therefore undertaken as part of the design process, with temporary 

sheet pile retaining walls incorporated to facilitate construction of Bridge 4806A. 

The interim Bridge 4806A was designed with a width between kerbs of 4.7m, which accounted 

for future single lane running during widening to achieve the ultimate arrangement for Bridge 

4806B. The abutment wall, deck topping slab and headstocks incorporated reinforcement bar 

couplers, which would be utilised during future bridge widening, thus averting the need to drill 

into the existing structure and using chemical anchors. 

2. Scour. Scour assessment was undertaken as part of the waterways analysis. Whilst it was 

noted that, based on the Colorado State University scour assessment approach (Hydraulic 

Engineering Circular No 18, 193), there was theoretical potential for localised scour at piers of 

up to 2m, the evidence at the existing bridge suggested that this was unlikely. Instead, it was 

agreed with MRWA Waterways branch that the pier piles could be designed accounting for up 

to 2m scour, with facing class rock protection provided at abutments as a minimum. This was 

a cost-effective approach, considering the low (approximately 1.8 m/s) 100-year ARI flow 

velocity. 

3. Heritage. Aboriginal Heritage Risk Assessment (AHRA) was completed and it indicated that the 

proposed site is within the South West Native Title Settlement area and impacts three 

registered Aboriginal Heritage Inquiry System (AHIS) sites. It was therefore recommended to 

seek early approvals at an early stage to avoid project delay. 

4.5 Bridge 0661A 

The trigger for replacement of the 80 years old Bridge 0661, Weld Street over Gingin Brook, was lack 

of access for inspection and maintenance due to low headroom, which ranged from 0.5m to 0.9m. A 

weir is present at approximately 70m downstream of the bridge. This retains water in the brook, which 

is a desirable feature for the community but adds to the complication of lack of access to inspect Bridge 

0661. See Figure 14 below showing the 2-span timber bridge. The timber bridge superstructure 

comprised timber stringers, timber decking, a thin RCO and a footpath to the eastern side. The 

substructure comprised timber corbels at the pier and bedlogs supported on masonry walls at the pier 

and abutments.  
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Following detailed waterways analysis and whole of life costing, it was agreed with MRWA and the 

Local Authority to replace the timber bridge with a 9m long single span precast prestressed plank bridge 

on reinforced concrete substructure.  Refer to Figure 34 for the elevation of the proposed replacement. 

The replacement bridge superstructure was designed to comprise 300mm deep precast prestressed 

concrete planks with a 150mm thick concrete topping slab. The planks are simply supported on 

elastomeric bearing pads on top of reinforced concrete abutments. Geotechnical investigations and 

analysis showed that the abutments had to be supported on piles at this bridge location. 

 

Figure 33 Bridge 0661 prior to replacement 

 

Figure 34 Bridge 0661 proposed elevation 

 

Figure 35 Bridge 0661 proposed section 
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4.5.1 Key Issues 

Key design and construction issues encountered on this project include the following: 

1. Construction staging. Bridge 0661 is the only crossing in the town linking two parts of the town 

that are separated by the brook. Construction staging thus formed an intrinsic part of the design 

process as Weld Street had to remain open to road and pedestrian traffic at all times. This 

requirement meant that temporary sheet piles had to be installed to facilitate construction of the 

bridge in two halves. This requirement to construct the bridge in two halves therefore dictated 

the overall bridge width, meeting the minimum requirements of a width between kerbs of 8.2m 

and a footpath width of 2m. 

2. Geotechnical. For a typical single span plank bridge like Bridge 0661, the abutments are 

normally supported on spread footings. However, following the geotechnical investigation, it 

was determined that spread footings would not be suitable at this bridge location due to the 

compressible ground material, which comprised of alluvium; sand overlying clayey sand 

overlying silty sand. Piled foundations were adopted at this bridge as Borehole sampling and 

CPTs showed that the ground was very weak up to a depth of 12m below ground level. 

Replacement of the weak ground material was impractical.  

3. Waterways Analysis. Waterways analysis had initially been undertaken by others using the 

Rational Method. This resulted in theoretically large flows at the bridge location, suggesting that 

the running surface levels at the bridge had to be raised by approximately 700mm, in addition 

to channel silt removal. Modification of the road running levels to this extent would have 

significantly increased construction costs due road realignment.  

A reassessment of the waterways using Flood Frequency Analysis (FFA) flow rates from the 

Department of Water’s 2014 Gingin Brook Flood study confirmed that there was no need to 

significantly raise the road running levels at the bridge location to meet the performance 

requirements. The proposed bridge exceeds the requirement of dry serviceability for a 20 year 

ARI event and wet serviceability for a 50 year ARI event. The proposed bridge provides more 

waterways area than the timber bridge, which itself had never been overtopped, according to 

historical evidence.  

5 CONCLUSION 

This paper has provided a brief overview of the bridge stock in WA and discussed a selected number 

of timber bridge replacement projects that have recently been undertaken in WA, all of which the author 

was involved in either as a design lead or as a technical reviewer. The paper has highlighted some 

common triggers of timber bridge replacement, which broadly are poor condition of the structure, failure 

of structural elements to carry the required live loading and lack of access for maintenance. 

Whilst the paper has discussed replacement of timber bridges with precast prestressed concrete beams, 

it must be noted that a large number of particularly unmaintainable small span timber bridges are 

currently being replaced with either reinforced concrete pipe culverts, reinforced concrete box culverts 

or high density polyethylene pipe culverts. The latter are increasingly being considered in high salinity 

environments, such as in parts of the Wheatbelt Region. 

This paper has heighted some key design and construction consideration issues, which often dictate 

the structural solution and whole of life costs. Aspects discussed in this paper include geotechnical 

design requirements, waterways assessment and performance, environmental issues, durability, future 

maintenance, whole of life cost, construction staging, community requirements and expectations, and 

heritage.  
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