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Foreword 

Roads and Maritime Services has prepared this document as a ‘how to select 
and investigate’ guide for Country Bridge Solutions bridges.  The guide provides 
a process for investigating site specific requirements, as well as the technical 
information and instructions to carry out the necessary pre-construction 
activities. 
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1. Common terms used in this guide 

Term Definition 

AADT Annual Average Daily Traffic, determined by measuring the 
number of axle pairs crossing at a specific site per year and 
dividing this number by 365 

Abutment sill beam  Horizontal precast concrete member that supports the deck 
modules and retains earth fill at the abutments 

Alignment The geometrical form of the centreline of a carriageway in 
both the horizontal and vertical directions 

AS5100 Australian standard for bridge design that sets out the 
requirements for the design, using limit states principles, of 
bridges and other structures 

Asset An item of economic value owned by a person or 
organisation 

Australian Height Datum 
(AHD) 

A common national surface level datum approximately 
corresponding to mean sea level 

Australian standard Standards prepared, adopted or approved by Standards 
Australia 

Blockout A void in the abutment sill beam or pier headstock to 
accommodate the pile starter bars 

Carriageway That portion of a road or bridge used by vehicles, including 
shoulders. 

Cast-in-situ Concrete that must be poured on site at a particular stage of 
construction, rather than precast and transported to site 

CBS Country Bridge Solutions 

Certification Document issued by the designer certifying that reasonable 
professional skill and care has been used in the preparation 
of the design, with a view to securing that it has been 
checked for compliance with the relevant standards, and 
has been accurately translated into construction drawings. 

Concrete closure strip Cast-in-situ concrete that connects neighbouring deck 
modules and provides transverse structural continuity 

Component Any discrete part of the bridge brought to site for assembly 

Contractor Organisation or individual that has been contracted to 
construct the bridge 

Crossfall The carriageway slope at right angles to the alignment, 
expressed as a percentage 
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Term Definition 

Deck module CBS prestressed concrete double-T superstructure element 

Design criteria The particular requirements specified by Australian 
standards and other technical documents that the design 
must satisfy 

Designer Organisation/person responsible for the design and 
certification of the bridge 

Design flood A flood of known magnitude or average recurrence interval, 
or a historic event which is selected for bridge design 
purposes 

Dial Before You Dig Dial Before You Dig is a free national referral service 
designed to prevent damage and disruption to the vast pipe 
and cable networks which provides Australia with essential 
services 

Driven pile  Precast reinforced concrete pile, installed by driving 

Environmental Impact 
Assessment 

The process by which information about the potential 
environmental effects of a development proposal are 
collected, assessed and taken into account 

General arrangement Drawing sheet that gives an overall view of the bridge as it 
will appear once constructed, including a plan, elevation, 
typical cross section, site plan and vertical alignment 
diagram (as appropriate), and general notes pertaining to 
the whole drawing set. 

Grade The rate of longitudinal rise or fall of a carriageway with 
respect to the horizontal, expressed as a percentage 

Hydraulics The study of water flow in waterways, in particular the 
evaluation of flow parameters such as water level and 
velocity 

Hydrology The study of the rainfall and runoff process including the 
evaluation of peak flows 

In-situ (Latin) translates literally to “on site” or “in position” i.e. cast 
in-situ concrete piers 

In-situ concrete closure strip Permanent cast in-situ concrete element that joins adjacent 
deck modules in the same span. 

Laminated elastomeric 
bearing 

A bearing made from natural rubber that has two or more 
metal plates bonded into it 

Low performance level traffic 
barrier 

Twin rail steel traffic barrier designed to meet low 
performance level criteria in accordance with AS5100 

Module holding down bracket Stainless steel bracket assembly that provides uplift 
restraint to the superstructure during submergence 
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Term Definition 

Pier headstock Horizontal precast concrete member that supports the deck 
modules at the piers 

Pile Fully or partially buried bridge element arranged vertically 
and providing bridge foundation 

Roads and Maritime Services 
Engineering Services – Bridge 
engineering 

The authority responsible for design and certification of CBS 
components 

Scour The erosion of material by the action of flowing water 

Scour protection Measures taken to reduce the effects of scour around 
bridge foundations and road embankments, such as large 
loose stones (rip rap) or gabions. 

Skew The angle between a line at right angles to the alignment 
and the centreline of the abutment sill beam or pier 
headstock 

SM1600 Traffic loading model defined in AS5100, Part 2: Design 
loads 

Soffit Downward facing surface of any bridge component 

Span  The horizontal distance between supports of a member 

T44 Traffic loading model defined in AUSTROADS Bridge 
Design Code 1996, Part 2: Design loads 

Timber beam bridge Bridge in which the principal means of spanning between 
piers is longitudinal timber members, typically round 
undressed hardwood 

Waterway opening The area in the vertical plane of the alignment bounded by 
the natural ground surface and the design flood level, minus 
the area of piers, abutments and other permanent 
obstructions to flood flows 
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2. Introduction 

Background 
When a bridge is closed or is load limited, the impact on regional communities and the local 
economy can be significant. 

Local councils, as road authorities, face the growing challenge of maintaining and eventually 
replacing ageing bridges on Regional and Local roads. 

The NSW Government is developing Country Bridge Solutions (CBS) to help councils meet this 
challenge. CBS will: 

• Provide regional and rural councils with simple and easy to build bridge solutions developed 
by expert bridge engineers 

• Deliver cost savings through the use of standardised bridge components 
• Use existing council resources and regional manufacturing capability to replace and build 

bridges 
• Assist council staff during investigation, design, construction and maintenance through the 

provision of technical guides 
• Promote regional economic growth through local employment opportunities 

 

  

CBS prestressed concrete modular bridge system 

What is CBS? 
CBS is a modular bridge system developed by Roads and Maritime Services (Roads and 
Maritime) to assist councils in replacing bridges on regional and local road networks. The system 
delivers an innovative and reliable standard bridge design and construction sequence consistent 
with both Australian Standards and Roads and Maritime technical documents. 

Conceived for the replacement of ageing timber beam road bridges in regional NSW, the CBS 
system has two key strengths: 

1. It provides a suite of standardised solutions that can be constructed under various site 

conditions with minimal variation to the design of the bridge components. 

2. Its designs are supported by a set of best practice guides that clearly explain the processes 

that need to be followed throughout the entire asset life cycle in order to ensure a high 

quality, durable, safe and fit-for-purpose bridge solution for each site. 
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Key features of CBS include: 

• A suite of standard bridge drawings for a modular bridge solution. 
• Guidance on solution selection, site investigation, detailed design, construction, operation 

and maintenance management provided in a set of four best practice guides. 
• A fully certified bridge deck system, incorporating prestressed concrete double-T deck 

modules. 
• Standardised substructure components that can be easily adapted to suit a range of site 

conditions. 
• Three standard bridge configurations to suit different future traffic demands and site 

constraints, including a two-lane and a single-lane ‘stitched’ solution, as well as a simplified 
‘butted’ solution for remote sites with very low expected heavy vehicle traffic volumes. 

 
Why CBS? 
The CBS system provides councils with: 

1. High quality, durable and easy to build structural solutions developed by technical experts in 

bridge infrastructure and explained in guides written in plain language. 

2. New bridges designed to current Australian bridge design standard traffic loading. 

3. Opportunity to improve access for heavy vehicles and agricultural equipment through an 

enhanced standard carriageway width. 

4. Opportunities to use local labour resources and regional manufacturing capability. 

5. Transportability of precast components on standard General Access trucks. 

6. Minimised on-site concrete requirements, especially for remote lightly trafficked sites. 

7. Low performance level traffic barriers suitable for submergence. 

8. Guidance on bridge asset management. 

9. Reduced maintenance requirements resulting from a 100 year design life. 

10. Increased capacity of regional transport networks to the benefit of community and 

commerce. 

Responsibilities 
Roads and Maritime has standard drawings for the components of a modular bridge solution, as 
well as guides covering solution selection, site investigation, detailed design, construction, 
operation and maintenance management. 

Though not an exhaustive list, the responsibilities of the council, should they choose to use CBS, 
include the following: 

• Produce or procure a set of detailed drawings for each site, incorporating the standard deck 
modular system and adapting the substructure components to the site conditions 

• Certify the final bridge design for the site 
• Meet all WHS obligations during investigation, design, construction and maintenance 

operations 
• Meet all environment and heritage obligations during investigation, design, construction and 

maintenance operations. 
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2.1. This Guide 
This guide has been developed to assist NSW councils with assessing their site for suitability for 
CBS, selecting the right CBS bridge type for their site, and carrying out all the investigations 
necessary to produce a detailed bridge design. Guidance has been provided based on Roads 
and Maritime policies and typical practices.  

As a road authority, the council may adopt different practices in accordance with its own policies 
and procedures in some instances. Where decisions to deviate from the content of this guide are 
taken, care should be taken to ensure that the quality of the product is not compromised. 

The information in this guide is necessarily general in nature, and council should seek specialist 
advice where recommended in order to successfully develop a bridge solution for their site.  

The guide starts with the assumption that an existing bridge has been chosen for replacement, 
and that a site location and approximate road alignment for the new structure has been 
determined, and lies near the existing structure, but not on the existing bridge footprint.  

The guide can be applied to other situations with appropriate discretion.  

Investigation for the design of the approach road including signage, delineation, traffic barriers 
and drainage is not covered in this guide. 

The investigation stage is necessary to gather data required for the detailed design of the bridge, 
and these data will also be useful throughout the lifecycle of the bridge asset. These types of 
investigation will be carried out for any new bridge design, regardless of whether CBS will be 
used. During the early stages of these investigations, the suitability of CBS will be determined, 
but the guides are useful beyond that point even if a CBS bridge is not appropriate for the site. 

The diagram below shows how this guide sits within the overall sequence of the CBS process. 

 
Figure 2-1: The Country Bridge Solutions overall sequence 

2.2. Country Bridge Solutions delivery process 
The following information provides a brief outline of the CBS delivery process to assist the reader 
during the suitability and investigation phase. 

The CBS system delivers a set of standard components that can be combined and used for 
specific bridge sites with a minimum amount of design work required to complete a drawing set 
for a new bridge.  

The whole CBS delivery process, and how the four guides combine with the CBS standard 
drawings and council requirements to inform that process, is shown below. 

 

Suitability and 
Investigation Design Construction 

Operation 
and 

Maintenance 
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CBS Suitability and 
Investigation Guide
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Figure 2-2: Country Bridge Solutions delivery process 
 

3. Initial Investigations and CBS Suitability 
Once an existing bridge has been identified for replacement, and an approximate alignment for a 
new bridge is known, the first decision in the CBS process is to determine whether that site and 
alignment will be suitable for a CBS system. If suitability is confirmed, the second step is to select 
the most appropriate CBS bridge type for the site. Investigations can then proceed in preparation 
for the detailed design. 

10  |  Country Bridge Solutions – Suitability and investigation guide 
Suitability and investigation guide – April 2016 Edition 2 Version 1.2      UNCONTROLLED WHEN PRINTED 

10 



 

 

Council decides to 
replace the bridge

Initial Records Review

Site Visit

Choose initial bridge 
alignment and envelope

(No./span length
Height

Substructure)

CBS suitability?

Undertake Detailed 
Investigations

Review and confirm
CBS suitability and 

bridge type

Safety in Design

Design

Construction

Operation and Maintenance

YE
S

YE
S

Use another bridge typeNO

Use another bridge typeNO

C
B
S
-
S
U
I
T
A
B
I
L
I
T
Y

I
N
V
E
S
T
I
G
A
T
I
O
N

Suitability and Investigation Process

Investigation Documentation 

Safety in Design

CBS Construction Guide

CBS Design Guide

CBS Operations and 
Maintenance Guide

Select CBS Bridge Type

 

Figure 3-1: Investigation process  
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3.1. Initial records review 
Available data for the existing bridge will be useful and could lead to savings during the overall 
investigation process. The existing information could include anecdotal information as well as 
documented information. While existing information for the bridge structure and the surrounding 
area can be used, its current status and validity should be confirmed. 

Key existing data to collect includes: 

• Work as Executed drawings of existing bridge (may provide information on flood levels,           
geotechnical conditions, existing alignment, etc.) 

• Existing bridge inventory records, such as span lengths, structure and foundation type 

• Historical information such as high flood levels, details of any modifications to the existing 
bridge and any previous bridges at the site 

• Previous waterway studies on file for the bridge site and for the wider catchment area 

• Other catchment and rainfall information 

• Traffic information, including the average number of vehicles that cross the bridge, what 
percentage are heavy vehicles, typical traffic speed and likely future increases 

• Council Local Environment Plans (may provide environmental and heritage considerations, 
future land use – will there be significant changes at the bridge site during its lifetime?) 

• Information from any previous geotechnical investigations, such as borehole data 

• Assessment of utilities. This would typically include a Dial Before You Dig (DBYD) check of 
the site and adjoining properties, as well as a check of existing bridge drawings 

• Survey information including adjacent property boundaries. 

If in doubt ask, often the above information can be provided by experienced personnel within 
council. 

Careful review of existing information can assist further investigations and can be of great value 
in reducing the scope and cost of those activities. 

In addition, reported flood levels and scour repairs are important when considering the new 
bridge height, waterway area and whether or not the new bridge will be overtopped during 
flooding. 

3.2. Site visit 
A visit to site in the early stages of investigation is highly recommended and should include 
council personnel with detailed knowledge of the site. The site visit should be used to verify 
information collected during the records review and to collect relevant information for use in 
development of the new bridge design. 
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The process should include: 

• Prior to site visit: 

o Prepare checklist of items of interest, based on records review 

o Assemble and check essential equipment, including digital camera, large measuring 
tape and safety and first aid equipment 

• During the site visit: 

o Inspection of the existing bridge, road embankments and upstream and downstream 
waterway for evidence of scour during flooding and possible evidence of previous 
flood levels, including debris 

o Review access suitability for vehicles that will carry out geotechnical testing 

o Identify locations for the new bridge, look at pier locations – if the bridge is in a 
waterway can piers be located away from normal flow? 

o Confirm the proposed approach geometry, alignment and construction staging for the 
new bridge (the most efficient outcome is usually placing the new bridge on a new 
alignment and utilising the existing bridge or side track for traffic while minimising the 
length of road approaches to be rebuilt). If possible place survey pegs on the 
proposed alignment for future reference 

o Take measurements of the existing bridge, including span lengths, clearance above 
ground and abutment wall height 

o Other information (existing side track, hazards, general observations) 

o Observe traffic volumes and mix of traffic – are there large heavy vehicles or 
agricultural equipment? 

o Look for evidence of utilities, including overhead powerlines, underground utilities, 
cables and pipes  

o Will the existing structure be demolished at completion of the work? Are there any 
useful materials that can be salvaged and utilised by council? 

o Take an abundance of photographs 

• Post site visit:  

o Document your findings, including labelling photos. 

o Compare site findings with information collected during the records review and update 
records where necessary 
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3.3. Assessment criteria for CBS Suitability 
Efforts have been made to develop a suite of solutions to suit a broad range of site conditions. 
Particular care has been taken to accommodate those conditions in which the majority of existing 
timber beam bridges will be found. However, the need to standardise has meant that not all 
situations can be accommodated. 

The following checklist is used to determine whether CBS should be considered for a particular 
site. Each criterion is in the form of a question, which can typically be answered using historical 
information relating to the existing bridge, however a site visit is recommended if possible. 

The notes given below the checklist give guidance in addressing each criterion. If accurate data 
is not available, an estimate can be made in order to progress to the next stage of investigation. 
In that case, the suitability against certain criteria must be confirmed as information comes to 
hand during the investigation phase. The checklist can also be used to guide the selection of the 
new alignment so that a CBS system will be suitable. 

If during the investigation phase any of the criteria are found not to be satisfied, the suitability of 
the CBS system to the site must be reviewed. Each criterion is essential to the suitability of CBS, 
and results from a geometric or technical design limitation of the system itself. 

Standard criteria Yes No 

1. No more than two traffic lanes on road approaching bridge?   

2. 30-year projected AADT does not exceed 1000 vehicles a day?   

3. Proposed bridge alignment is straight, has a constant grade and no skew?   

4. Bridge deck height does not exceed 10m above ground or creek bed level?   

5. No individual span of the proposed bridge exceeds a length of 12m?   

6. Proposed bridge does not reduce waterway opening in comparison to the 
existing bridge waterway?   

7. A dedicated pedestrian bridge or cycleway is not required?   

8. The bridge site is not located within 1km of the shoreline of a large 
expanse of salt water?   

If the answer is yes for all of above then the CBS system is applicable. 
 

Where these criteria are not fully met a CBS bridge may still be appropriate, but an assessment 
to confirm suitability by a designer will be required. 

Notes on standard criteria: 

1. The maximum carriageway width available for CBS is 8.5m. Therefore, standards adopted in 
the design of CBS require that the approach road has no more than two marked traffic lanes, 
usually one in each direction, and that the distance between edge lines will not exceed 7.3m. If 
there are to be no marked lines, the answer to this criterion will usually be “yes”. If there are 
more than two marked lanes, CBS is not appropriate. 
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2. The geometric properties of CBS limit its use to low traffic volume locations. Design values for 
traffic volumes are the expected volume in 30 years from construction, based on a projection 
of current data. The current AADT can be derived from data collected by the use of automatic 
counting devices, or established based on visual surveys over a suitable period. The 30-year 
projection can be extrapolated from known data if counts over successive years have been 
carried out. Otherwise, an estimate based on expected residential and commercial growth in 
the area can be made. CBS is not appropriate when this projected value exceeds 1000 
vehicles per day.  

3. The CBS modules have not been designed to be constructed on horizontal or vertical curves, 
and the piers and abutments must be at right angles to the road centreline. Where the site 
does not permit this arrangement, CBS is not appropriate. 

4. The low performance level traffic barrier on the CBS bridges is limited for use in low traffic 
volumes where the bridge is set at a limited height above the ground. Where this criterion is 
not met, the designer may be able to modify the traffic barrier to meet a higher performance 
level. Specialist bridge design advice is required in such cases. 

5. CBS modules are only available in 8m, 10m and 12m lengths. If a longer span is required to 
clear an obstacle, CBS is not appropriate. 

6. In remote areas, detailed flood information is often not available. However, bridges over 
watercourses built in the past often restricted the available area for floods to pass through. It is 
critical not to further constrict the waterway, and CBS presents the opportunity to improve the 
flood performance of the crossing. This criterion is achieved if, for the design flood level, the 
area of the opening under the bridge exceeds the available opening under the existing bridge 
for the same flood level. If the design flood level is not known, compare the total opening 
available under the soffit of each bridge superstructure, excluding the area of the piers. 

7. The CBS system has not been designed to provide separate access for cyclists and 
pedestrians. If off-road access is required for these users over the bridge, CBS is not 
appropriate. 

8. The bridge components have been designed with a concrete exposure classification that 
permits use in most areas of NSW away from the coast. The durability of CBS cannot be 
ensured if this criterion is not met. 

3.4. Selection of the CBS bridge option 
If CBS has been determined to be suitable, the next step is to select the appropriate CBS bridge 
type for the site. This process is based on a slightly more detailed assessment of the 
characteristics of the proposed site and alignment. 
 
The system has been designed with three simply supported span lengths. Standard span lengths 
of 8m, 10m and 12m are available. Within these parameters, there are three bridge 
configurations available: 
 

3.4.1. Type 1: Two Lanes ‘stitched’ (8.5m carriageway) 
Comprises four prestressed concrete double-T modules placed side-by-side and stitched 
together with cast-in-situ concrete closure strips. This provides an 8.5m carriageway width with a 
two-way cross fall, to carry two lanes of traffic. It has a 150mm high kerb with an 800mm high low 
performance level steel traffic barrier. (Figure 3.2 Type 1 shown below). 
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 Figure 3 2: Two lane “stitched’ bridge 

 

3.4.2. Type 2: Single Lane ‘stitched’ (4.2m carriageway) 
Comprises two prestressed concrete double-T modules placed side-by-side and stitched together 
with a single central cast-in-situ concrete closure strip. This provides a 4.2m carriageway width 
with either two-way or one-way cross fall, to carry only one lane of traffic. It also has a 150mm 
high kerb with an 800mm high low performance level steel traffic barrier. 

 

 
Figure 3-3: Single lane ‘stitched’ bridge (Note: Cross fall as required) 

 

3.4.3. Type 3: Single Lane ‘butted’ (4.2m carriageway) 
Comprises two prestressed concrete double-T modules placed side-by-side with a central 
longitudinal deck joint in place of a cast-in-situ concrete closure strip. This also provides a 4.2m 
carriageway width for one lane of traffic, but is suitable only for remote locations where high 
quality concrete is difficult to bring to site, and where the expected volumes of heavy vehicle 
traffic will be very low.  
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 Figure 3 4: Single lane ‘butted’ bridge (remote low volume roads) 

 

The following outlines the circumstances where each of these bridge types is appropriate, in 
order for councils to select the right CBS solution for their needs. The types have been designed 
assuming the following criteria will be strictly followed. If council wishes to adopt a bridge type in 
circumstances not fully consistent with these criteria, they will need to have the designer certify 
that the bridge has been designed for those specific circumstances. 
 
Once the investigation phase has been completed, the criteria used for the selection of the bridge 
type should be reviewed to ensure that they are still valid, before detailed design commences. 
 
For all sites deemed appropriate for a CBS bridge, the Type 1 configuration is applicable. It is 
anticipated that the majority of CBS sites will adopt this configuration. However, for very low 
traffic volumes, the specifications of the standard two lane solution may be excessive. Two 
alternatives are available, and can be adopted if all the additional selection criteria for that type 
are met. 
 
Type 2 – Single Lane (4.2m carriageway) 
A bridge should not constrict the available carriageway width for traffic, however the Type 2 
configuration is available for sites that meet all of the following criteria: 

CBS Type 2 selection criteria Yes No 

1. The site is appropriate for CBS   

2. The approach road is a single lane road that is unsealed, or that has not 
more than 7m of sealed surface width 

  

3. The AADT 30 years from bridge completion is projected to be below 150   

4. Visibility on the approaches is sufficient to allow approaching vehicles to 
stop before the bridge if there is an oncoming vehicle 

  

5. The existing bridge is a single lane bridge   

If the answer is yes for each of the above then the CBS Type 2 configuration is 
applicable. 
 

Notes on CBS Type 2 selection criteria: 

1. This structure type must meet all the standard criteria for the CBS system, in addition to 
several further restrictions. If any single criterion is not met, CBS Type 2 is not appropriate. 

 

2. The carriageway width available for this solution is 4.2m. Only one lane of traffic is 
permissible on this bridge type. If two lanes of traffic are operating on the approach road, the 
bridge must not constrict them to one lane. If this criterion is not met, the approach road 
would be deemed to normally operate with two lanes of traffic, and so CBS Type 2 is not 
appropriate. 
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3. Current design standards do not permit single lane bridges in any circumstances where the 
traffic volume exceeds 150 vehicles per day. If the projected AADT is above this value, CBS 
Type 2 is not appropriate. 

 

4. It is impossible for two vehicles to pass on the bridge. If this criterion is not met, this traffic 
condition is unsafe, and CBS Type 2 is not appropriate. 

 

5. It is not in accordance with the objectives of CBS to reduce the capacity of a road. If there is 
facility for two lanes of traffic on an existing bridge, the new bridge should not introduce a 
lower standard. 

 
Type 3 – Single Lane (4.2m carriageway, no in-situ closure strip) 

Whilst Types 1 and 2 provide very efficient and durable structures, there may be circumstances 
where the remoteness of the site prohibits the delivery of batched concrete for on-site casting. 
For such cases, a solution without in-situ concrete closure strips is available. The modules for this 
solution are designed to a reduced traffic loading, and feature an open gap longitudinal deck joint 
between modules. For these reasons, this solution is best limited to situations where Type 2 
bridges would be appropriate, with some further restrictions, as follows: 

CBS Type 3 selection criteria Yes No 

1. The site is appropriate for CBS   

2. The approach road is a single lane road that is unsealed, or that has not 
more than 7m of sealed surface width 

  

3. The AADT 30 years from bridge completion is projected to be below 150   

4. Visibility on the approaches is sufficient to allow approaching vehicles to 
stop before the bridge if there is an oncoming vehicle 

  

5. The existing bridge is a single lane bridge   

6. The road is not a through route and is not a Classified Road under the 
Roads Act 1993 

  

7. The road provides access only to a limited number of private properties, 
or to a national park, state forest, or other undeveloped parcel of land 

  

8. The land use is not likely to change because the physical, landscape or 
planning constraints would make future development difficult 

  

9. The route alignment is unsuitable for multi-trailer heavy vehicles such as 
B-doubles, and is not likely to be made suitable through upgrading within 
the design life of the bridge 

  

10. The heavy vehicle component of the projected AADT is a negligible 
percentage, and during seasonal or peak periods of heavy vehicle traffic 
in the area, the maximum number of heavy vehicles crossing the bridge 
on any one day will not exceed 10 

  

11. The indicative or posted speed limit of the road/bridge is not more than 
60km/h 

  

If the answer is yes for each of the above then the CBS Type 3 configuration is 
applicable. 

 

Notes on CBS Type 3 additional selection criteria: 

Criteria 1 to 5 are the same as for Type 2 bridges. Criteria 6 to 11 arise from the Roads and 
maritime policy for adopting reduced road traffic loading for the design of bridges (RMS Bridge 
Technical Direction BTD2014/01). 

The safety of all road users is the most important consideration when selecting the most 
appropriate solution for an individual site. Where the use of the route by cyclists is known or 
anticipated, the selection of a solution incorporating open gap joints is strongly discouraged. 
These joints, and the lack of transverse deck slab continuity they entail, introduce a number of 
structural challenges that the designer must overcome, and present durability challenges. 
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3.5. Utilities upgrades 
The standard designs in the CBS system do not include provision for services. If services are 
required to be carried across the bridge, the standard designs will require modification by a 
qualified engineer and approval and certification by the relevant authorities. 

3.6. Traffic barrier assessment 
The standard designs of the CBS system use low performance level traffic barriers in accordance 
with AS5100. The design engineer should undertake a barrier risk assessment of the specific site 
to determine whether this is appropriate, or if a different performance level is required. Detailed 
guidance on the selection of barrier performance level is provided in Appendix B of AS5100.1. 

If alternative barrier containment performance levels are necessary for the traffic barriers, they 
will require detailed design and certification. 

Based on the initial desktop assessment and the site visit council should have determined the 
preliminary alignment and structural envelope (pier and abutment locations) for the new bridge. 
The next stages of the investigation are more detailed and are required to finalise the alignment 
and structural envelope of the new bridge and as key inputs into the detailed design phase. 

Key activities are listed below and detailed information is provided in the following sections: 

• Environment and heritage 

• Site survey 

• Road design 

• Hydrology and waterway investigation 

• Geotechnical investigation. 

 

4. Environment and heritage 

IMPORTANT 

Environmental assessment is required to ensure the new bridge investigation, design and 
construction complies with legislative requirements.  

The environmental assessment will indicate if the site has specific environmental or heritage 
aspects that will be required to be incorporated in the investigation, design and construction of 
the bridge. 

Council is responsible to ensure that it complies with all environmental legislation, regulations 
and codes of practice. 

 
It is good practice to commence environmental and heritage assessments early in the detailed 
site investigations phase.  
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4.1. Typical environmental considerations 
The following items should be considered when selecting a site for the new bridge: 

• Assessment of adjacent flora and fauna. 

• NSW Fisheries authorities have specific requirements that must be addressed as part of new 
bridge design. These may include the minimisation of the number of piers in streams and/or 
provision of fish runs to allow upstream migration. Current practice in NSW is to seek advice 
early in the process from NSW Fisheries. 

4.2. Heritage considerations 
• Prior to arranging for the replacement of a bridge, a check must be made as to whether the 

bridge or site is heritage listed.  It may be recognised and named in one or more of the 
following: 

• State Heritage register 

• Local Environmental Plan documentation 

• Registers of non-statutory bodies (e.g. National Trust, Engineers Australia) 

• Aboriginal heritage or sites of significance. 

If the bridge or site is heritage listed a formal heritage application will need to be made to the 
relevant authority to gain approval for the work.  A heritage consultant should be engaged to 
prepare a Statement of Heritage Impact (SoHI) and any other relevant reports required for the 
heritage application. The heritage approval may include site specific requirements that must be 
incorporated into the design. 

 

5. Site survey 

IMPORTANT 

The site survey records the topography of the bridge site. The survey should also record 
features and items at the bridge site including road alignment, utilities, existing bridge piers 
and drainage pits. 

The survey is required to accurately locate the new bridge. The survey will also be used for 
design of the new elements including hydrologic assessment and pile lengths. 

The level of detail required will depend on the site location. For example, in an urban location 
a very detailed survey may be required. 

The survey should be carried out by a qualified surveyor.  

 

The survey information will assist in finalising alignment and structural envelope, hydrology and 
waterway checks and geotechnical investigation for the new bridge, so should be carried out prior 
to these activities when the likely location and alignment of the new bridge has been determined. 
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It is recommended a new survey of the site is carried out regardless of the existing available 
information and should be carried out by a qualified surveyor. This will provide current information 
and should include as a minimum: 

• The exact location and size of the existing bridge piers and abutments particularly 

° Headstock ends 

° Wingwalls 

° Piles at ground level 

• Contours of the existing ground surface extending at least 30m either side of proposed 
alignment 

• Sufficient length of the approach roads and embankment to allow tie-in with the existing 
approaches 

• The existing services and utilities on and around the site and attached to the existing bridge 
should be positively identified and accurately located during the site survey. It is possible the 
DBYD (and other service searches) may not locate all the services running through the site so 
it is important the surveyor makes every effort to locate all services and utilities potentially 
affected by the work 

• Reduced levels of the existing structure deck surface along the centreline 

• Extent of structure above (e.g. barriers) and below (i.e. soffit of girders) the deck surface 
levels 

• Property boundaries 

• Establishing temporary benchmarks (TBM) for survey control 

• Marking proposed alignment centrelines and bridge location, including pier lines. 

It is important level information be provided in the survey. This data will be used to confirm deck 
and substructure levels for the new structure, as well as pile lengths. Levels should be relative to 
the Australian Height Datum where possible. The datum adopted must be clearly provided in the 
survey information. 

When engaging the surveyor, the scope of work should specify: 

• Output format required (i.e. Microstation/CAD) and should be coordinated with council’s 
designer 

• Coordinates system 

• Survey extents (refer above) – if a detailed survey is required additional items for survey 
might include drainage pit inverts, sign locations, and accesses to properties adjoining the 
works area. 
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6. Road Design 
An important process that must be carried out during the CBS investigation phase is the design of 
the road that will use the bridge. In order for the traffic to have a smooth and safe approach 
toward and transition onto and off the bridge, the bridge must be designed to fit a predetermined 
road alignment. The design will also affect the selection of the CBS bridge type, according to the 
expected traffic volume, as well as temporary arrangements for traffic during construction. 

IMPORTANT 

The road design finalises the road geometry at the bridge site, including the vertical and 
horizontal alignment for the future bridge.  The investigation is required as the system can 
only be used with specific road alignments, and the geometry and set-out of the bridge 
depends upon it 

This design is important as the vertical and horizontal alignment and the design speed have 
an impact on the bridge design in relation to: 

• The bridge geometry 

• Drainage of the deck 

• The number of lanes 

• The safety of the road user. 

 

Early in the road design, the following outcomes should be achieved: 

• A site specific description of the geometry of the approach roads, including the available land 
area on either side of the existing approaches and bridge for permanent road widening or for 
temporary deviation or temporary side tracks during the work 

• Determination whether a temporary crossing is necessary and feasible during construction. 

These outcomes will help determine whether the new bridge construction method is either: 

• On the same alignment as the existing bridge, requiring either a temporary side track or a 
temporary full road closure during the work; or 

• On a new alignment beside the existing bridge 

CBS is not suitable for a staged half-width construction method.  
 

Once the approach road alignment is determined, an initial alignment for the new bridge should 
be plotted. The alignment investigation should then confirm whether the CBS solution is suitable, 
based on the standard criteria listed in Section 3. 

The new bridge alignment will be produced using the data from the survey, and its vertical 
alignment will initially be based on the existing bridge levels. The alignment will need to be 
adjusted during the waterway investigation in order to achieve the optimum flood performance 
while minimising approach road works. 

The final bridge alignment will depend on council’s own policies and requirements. The safety of 
all road users is the most important consideration during design. 
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Other factors influencing alignment design include: 

• The layout of the existing crossing during construction and the availability of detours 

• Whether the existing bridge is to be retained or demolished 

• Availability of land and encroachment on private property and other constraints 

• Cost versus benefits of alternatives to the existing alignment 

• Planned future use of the crossing. 

This is not a complete list and this guide is not intended for use in the design of the road, except 
when it affects the bridge design 

 

7. Hydrology and hydraulics 
Most CBS structures will cross waterways, and their design is significantly influenced by the 
waterway characteristics and behaviour. The behaviour of the waterway in flood is also 
influenced by the bridge design, so the hydrology and hydraulics investigation is critical to 
achieving an optimal design. 

The key outputs from this investigation are: 

• Design flood level 

• Design flood velocities 

• Extent of scour evident at the site of the existing bridge 

• Required waterway area under the new bridge 

• Required level of deck surface 

• Required bridge length 

• Design depth of scour for piers 

• Whether a detailed waterway investigation is required 

The investigation process suitable for replacement of timber bridges on small waterway crossings 
is outlined below: 
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Timber Bridge Replacement 
for small waterway crossings

Collection of flood information
Flood Report

Observed flood level
Bridge drawings

Flood photos

Retain existing conditions?
Road approaches?

Deck level?
Girder depth?
Bridge length?

Abutment locations?

No

Yes

Waterway investigation 
NOT required

No

Yes
Site sensitive to 

development 
upstream?

Waterway investigation 
IS required

 
 

Figure 7.1 Waterway Investigation Process 

 

The new bridge should only retain the existing conditions if they are currently adequate. The 
following information will assist councils in assessing the current bridge waterway performance, 
and deciding whether the bridge length and height are appropriate. 

7.1. The effects of scour 
Scour occurs when the increased energy of the water flow is sufficient to remove streambed 
material. There are three types of scour that can occur in streams with implications for bridges. 

7.1.2.  Local scour 
Local scour is caused by the turbulence resulting from piles or piers restricting the flow of water.  
Horseshoe vortices occurring at the bottom of the pile as a result of water flowing vertically down 
the pile result in the development of a scour hole at the streambed. The severity of scour is a 
function of the increased energy and the physical properties of the bed material. 
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Bridge foundation design should ensure that structural integrity remains after the scour reaches 
its maximum depth.  In the case of driven piles, the depth of embedment must be sufficient to 
ensure the load capacity of the pile is not compromised by future scour.  If scour is possible down 
to the depth of rock, driven piles should not be used. 

7.1.3.  Contraction scour 
Contraction scour occurs as a result of the reduction of the waterway area by a bridge. The 
increase in energy of the restricted velocity is sufficient to remove streambed material at 
abutments, piers and road embankments. 

The bridge waterway will usually be smaller than in the natural stream under flood conditions, 
therefore the water velocity through the bridge will increase. The acceptable restricted velocity 
through the bridge will depend on the local conditions in terms of the type of material in the  
streambed and its likelihood to cause scour. The potential effects of restricted velocity on the 
stability of abutments and road embankments also need to be assessed to determine whether 
scour protection of abutments and embankments is required. 

7.1.4. Cut back scour 
Cut back scour occurs when the streambed steps down to a lower level at one isolated location. 
The stream may tend to cut back the bed upstream and lower the streambed to return to a more 
uniform gradient and energy head. If a bridge is located upstream of a scour hole location there is 
a risk the streambed levels at the bridge will be lowered. The implications for the bridge will 
depend on the depth of scour and the pile embedment length.  

Typical design measures to control scour include: 

• Installation of scour protection mats, gabions, reno mattresses, rip rap (rocks) 

• Increasing the waterway by adding additional spans to a bridge. 

7.2. Assessment of existing bridge waterway  
Previous information obtained during the initial records review and the site visit of the current 
bridge performance will aid the design of the new bridge.  

Existing factors that will assist include: 

• Evidence of local scour around the foundations of an existing bridge 

• Evidence of bank scour as a result of turbulent flow adjacent to abutments (check to see if 
there any exposed tree roots. This may indicate changed ground levels) 

• Examination of bore logs to assess the alluvium particle sizes which may indicate potential 
scour depths 

• Examination of bore logs to determine marked change in standard penetration test values that 
may indicate potential scour depths 

• Depth to rock and potential scour depth in alluvium if driven piles to be used 

• Historic changes in position of waterway and/or water channel. 
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The following section provides examples of information gathered during site visits that will help 
illustrate what to look for. 

The picture below (Figure 7.2) shows scour at an existing timber bridge. The watercourse on the 
downstream side of the bridge is significantly wider than it is upstream. Although it appears 
tranquil, the original stream width would have been similar to what is currently upstream.  

The approach embankment has been built jutting into the floodplain. This has created a 
constriction and the flow velocities have created a scour hole downstream of the bridge. Any new 
bridge constructed at this site should have an increased waterway area when compared to the 
existing bridge and preferably be longer. The approach embankment of the existing bridge should 
be excavated as well. 

 
Figure 7-1: Scouring at bridge  
 
The picture below (Figures 7.3) shows an upstream view of a typical bridge following a major 
flood. Note the indicative velocity and sheet scouring in the foreground and the debris deposited 
at the abutment. 
This bridge exhibits a similar scour hole underneath and just downstream of the bridge. When it is 
all vegetated, it looks tranquil and natural, but it is evidence that again the waterway opening is 
too narrow. A longer bridge is required. 

The existing bridge also shows that there has been scour at the base of the pier and a 
steepening of the embankment back to the abutment on the far side. 

And finally, look at the difference between the river bank in the foreground and that under the 
bridge on the near side (arrow). This has also been scoured out by flooding. 
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Figure 7.3 Upstream view – post flood 

 

 

 
Figure 7.4 Upstream view – during flood 

 

Figure 7.4 shows the same bridge in flood. A flood is often hard to visualise until it occurs, but 
now it is easy to see that there is enough force to cause the problems evident in the previous 
photograph. Note the debris on the guardrail – this bridge was overtopped. 
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The pictures below (Figures 7.5 and 7.6) show a depression in front of the abutment of an old 
bridge, which is evidence of scour at some time in the past, prior to the flood that washed the 
remaining structure away. This old bridge was on a constricted waterway that led to high local 
stream velocities, strong enough to wash the rip rap downstream, as well as the dilapidated 
remains of the structure. If these signs are apparent at council’s site, a longer bridge will be 
required. A waterway engineer should carry out a simple hydraulic check to determine what 
waterway area is required. 
 

 
Figure 7-5: Effect of constricted waterway 
 

 
Figure 7-6: Stream bank erosion 
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The pictures above (Figure 7-6) and below (Figure 7-7) show the rip rap washed away and 
erosion of the stream bank. 

  
Figure 7-7: Stream bank erosion  
 
Again any new bridge constructed at this and similar sites should have an increased waterway 
area when compared to the existing bridge and preferably be longer. 

7.3 What happens when you get it wrong? 
 

Figure 7.8 below demonstrates the importance of adequacy of the designed waterway opening 
and scour protection. The new bridge in this case should have been longer, and the abutment 
from the old bridge should have been removed, as it also constricts the waterway. Had these 
things been done, the owner would have been spared the cost of building a new bridge twice, 
and the community would have been spared the disruption. 
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Figure 7-2: Effect of inadequate length and scour protection for the new bridge 
  

Abutment from old 
timber bridge 

Replacement bridge 
now required 
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8. Geotechnical investigation 

IMPORTANT 

The geotechnical investigation indicates the ground conditions and material on which the 
bridge will be founded. The foundation design is unique to each bridge site and the foundation 
type and size is dependent on the local geotechnical conditions. The geotechnical 
investigation ensures the bridge is stable and is founded on competent ground 

The investigation and interpretation should be undertaken by experienced geotechnical 
engineers. The boreholes should be drilled by experienced contractors. 

 

The geotechnical investigation for the bridge site is generally carried out in two stages: 

1. The first stage involves the review of existing information and a site inspection 

2. The second stage is investigations and analysis of the geotechnical conditions for the design 
foundations. 

While the CBS superstructure is designed for driven piles or spread footings, the specific site 
geotechnical requirements will inform the design.  

8.1. Initial investigation 

8.1.1. Review of existing information 
Prior to any site visit a review of historic information should include: 

• A review of any existing geotechnical information for the site 

• An examination of the existing bridge WAE Plans indicating foundation type and as 
constructed levels. 

8.1.2. Site inspection 
A site inspection is essential as part of the initial investigation to determine the following: 

• Type of soil in the overburden and size of alluvium particles 

• Presence of rock outcrops in the bed 

• Presence of boulders in the banks and bed 

• Geological profile in adjacent road cuttings 

• Scour at the existing bridge 

• Signs of instability in rock faces at proposed pier footing locations 

• Presence of large logs in the stream that may indicate the construction risk depending on the 
foundation type. 
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8.2. Geotechnical investigation and analysis 
If the information obtained is deemed adequate, a decision as to the extent of geotechnical 
investigation is made. 

The level of geotechnical investigation can vary from confirmation of known conditions to a 
detailed investigation of unknown conditions. 

If it is determined that a geotechnical investigation is required then boreholes and investigations 
should then be conducted. They should include a minimum of one test bore to be taken at each 
pier and abutment. The bore holes should be staggered to assist in providing information about 
any dip of the stratum. The analysis of the borehole investigation will determine the type and 
depth of substructure elements required for the bridge; and specifically whether driven piles, 
bored piles or spread footings are most appropriate and the type and extent of scour protection 
required.  

8.3. Geotechnical investigation supplier 
The geotechnical investigation should be carried out by an experienced and qualified ground 
investigation company. 

The investigation report should produce as a minimum the following information: 

• A factual geotechnical report containing the borehole log information and site ground 
conditions  

• An interpretive geotechnical report describing the properties of the ground materials at the 
bridge site. This includes bearing capacity, effective angle of friction, stiffness, skin friction, 
etc. 

• Soil and groundwater testing should be carried out in areas of suspected soil acidity and 
erodibility and be included in the interpretative report. 

The information in both reports is required by the designer for the design stage. 

8.4. Geotechnical investigation report 
The geotechnical investigation report must recommend the foundation type required for the 
bridge and needs to match the geology of the bridge site. The following factors will influence the 
foundation type adopted: 

• Depth to rock will impact whether spread footings or piles are most appropriate 

• Type and size of overburden material such as gravel or boulders will impact whether driven 
piles are most appropriate 

• Potential for settlement 

• Rock strength 

• Presence of thin hard layers that may need to be penetrated may require steel H piles 

• Whether the overburden material is prone to scour. 

A review of foundation information should be carried out to assess the need for changes in the 
extent of the investigation, such as additional boreholes or changes in suitable foundation types. 
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The geotechnical investigation indicates which foundation types should be adopted and these 
shall be designed and certified for the specific bridge site. 

The report should also include: 

8.4.1. Geology of the area 
The general geological classification of the site area should be obtained prior to finalising the 
details of the geotechnical investigation.  This information will give an indication of the type of 
material likely to be encountered at the site during construction. The number and location of test 
bores may also be influenced by the local geology.  

8.4.2. Soil and groundwater testing 
The bridge substructure has been designed for a category B1 exposure, therefore testing will be 
required to confirm this exposure classification is met for the specific bridge site. Samples of soil 
and groundwater should be tested for the following: 

• pH (soil acidity) 

• Sulphates (the use of agricultural fertilisers can result in high concentrations within streams) 

• Chlorides (high concentrations can occur even in non-marine environments). 

The potential for deterioration of concrete depends on the level of concentration of any one of the 
above. Based on the results of testing specific requirements may be needed, including: 

• The use of sulphate-resisting cement 

• The use of blended cements using supplementary cementitious materials such as fly ash and 
silica fume. 

8.5. Special recommendations for geotechnical conditions 
The following section includes a non-exhaustive list of recommendations for specific geotechnical 
conditions. 

8.5.1. Special recommendations for granite country 
The potential for variability in the geological profile must be considered when interpreting test 
boreholes. For example, the construction of piled or spread footings in granite country has the 
potential to cause significant contractual issues because of the highly variable geological profile.   

The weathering pattern of granite often results in the formation of large boulders surrounded by 
areas of highly weathered material that may extend to a considerable depth. Therefore test 
boreholes located two to three metres apart may encounter weathered granite in one, and fresh 
granite in the other, showing that the bedrock profile of granite can be highly variable over 
relatively short distances.  

Where this variability occurs and spread footings are used, extensive excavation of extremely 
strong rock will be required. When fresh granite is encountered the borehole needs to be taken to 
sufficient depth to determine if it is within a boulder and if so how large the boulder is.  It is 
therefore recommended that in granite country: 
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• For driven piles, boreholes should be taken at the final position of each pile 

• For spread footings, boreholes should be taken at each corner and at the centre of the 
footing. 

These recommendations may mean that a second geotechnical investigation will need to be 
carried out once the detailed design of the foundations has been finalised. However, the 
additional costs of this approach will be smaller than the labour and equipment claims by the 
contractor in the event of significant variations in the site geology. 

8.5.2. Special recommendations for black soils 
Piles driven in dry black soil need to be driven to a sufficient depth to ensure the required load 
capacity will be available when the soil is saturated.  A minimum pile penetration should be stated 
on the drawings to ensure piles driven in the dry do not subsequently settle when the soil 
becomes saturated. 

8.5.3. Special recommendations for soft soils 
Soft soils present particular issues in terms of bridge design, such as draw-down loads (negative 
friction) to piles as a result of soil consolidation and lateral movements to abutment piles and 
abutment rotations caused by horizontal soil movements as a result of surcharge loads from road 
embankments. Where soft soils are present on the site, consideration should be given to 
lengthening the bridge to reduce the height of abutments and therefore avoid potential instability. 

8.5.4. Special recommendations for fine sands 
The potential exists for driven piles in fine sands to undergo a significant relaxation of the driving 
resistance over the first 12 to 24 hours. This relaxation phenomenon occurs as a result of the 
build-up of pore pressure, resulting in a false driving resistance. This apparent driving resistance 
dissipates with time and therefore can be overcome by re-driving all piles after a period of 12 to 
24 hours. 

8.5.5. Mining and subsidence 
Past and present mining activities can have a considerable impact on the design of a bridge. 
Assessment of the mining impacts requires close liaison with the relevant statutory authority and 
the mining company. Maps of designated mine subsidence areas are produced by relevant state 
authorities.  Bridges constructed in those areas will need to be designed for anticipated ground 
movements resulting from future mining activities. 

The design parameters for ground movements are usually prepared by the mine subsidence 
authority using geotechnical models. These parameters include vertical displacement and the 
orientation and degree of the ground slope. The ground slope results from the transition from the 
original ground levels to the subsided ground levels. The ground slope moves as a ‘wave’ 
through an area as mining progresses and hence differential movements and rotations may occur 
over the length of the bridge. 

The need to accommodate mine subsidence movements will require the provision of measures 
that need design and certification for the bridge site. 
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9. Documentation of investigation 
At completion of the investigation phase the council should document the outcomes in a factual 
and succinct format for the design phase. 
 
The information obtained from the investigation stage is essential for the design phase. 
 
The documentation that will typically be prepared at the conclusion of the investigation stage will 
include: 

• Record of selection of the CBS bridge type best suited to the site 

• A concept general arrangement, indicating: 

° Deck levels 

° Span lengths 

° Abutment and pier locations 

° Approach road alignment 

° Design flood level 

• Hydrology investigation report 

• Geotechnical investigation comprising: 

° Factual report 

° Interpretive report 

• Site survey in appropriate electronic file format 

• Environmental and heritage requirements and other information that has been identified for 
design and construction of the bridge presented in a bridge concept report. 

These should all be provided to the designer and will form part of a council’s file for the bridge. 
 
 

10. Community Consultation 
It is important to decide how to best engage communities and stakeholders at the early stages of 
planning a project. The key engagement activities include: 
 
• Develop project area profile 

• Identify key stakeholders, potential issues/opportunities and levels of engagement 

• Develop engagement strategy and program of early engagement activities 

• Develop key messages. 

At a minimum, key messages usually cover: 

• Project features / work description 

• Benefits to motorists and community 

• Work details where applicable including timing, impacts and mitigation activities 
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• Commitment to working with the community and stakeholders 

• Project funding 

• Project contract details. 

It is important that the reviewed and updated key messages and information is provided to the 
community regularly as the project progresses 
 
Issues that inconvenience the community and/or attract media attention should be highlighted 
and managed early. 
 
Communities are usually sensitive about issues such as: 

• Costs (commitments, timing) 

• Community (traffic, safety, access) 

• Environment (noise, water and air quality) 

• Heritage significance. 

Prior to arranging for the replacement of a bridge, a check must be made as to whether the 
bridge or site is heritage listed.  It may be recognised and named in one or more of the following: 

• State Heritage register 

• Local Environmental Plan documentation 

• Registers of non-statutory bodies (e.g. National Trust, Engineers Australia) 

• Aboriginal heritage or sites of significance. 

If the bridge or site is heritage listed a formal heritage application will need to be made to the 
relevant authority to gain approval for the work.  A heritage consultant should be engaged to 
prepare a Statement of Heritage Impact (SoHI) and any other relevant reports required for the 
heritage application. The heritage approval may include site specific requirements that must be 
incorporated into the design.  
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11. Frequently asked questions 
Is the CBS system proprietary?  
The CBS system is a modular bridge system that was developed by Roads and Maritime for use 
in NSW.  Roads and Maritime allows any asset owner to use the CBS details. The use of the 
details must be in accordance with the design criteria. 

Who supplies the CBS system? 
The CBS components can be fabricated by any precast supplier familiar and able to produce 
precast in accordance with Roads and Maritime Specification B80. 

Is the CBS system economical? 
The CBS system has been designed to minimise ongoing maintenance and repair tasks. The use 
of precast components reduces construction time and complexity. 

Can the current service level at the bridge site be improved? 
The CBS system allows for improvements in the alignment and performance of the bridge 
crossing. If areas for improvement are identified, then a cost benefit analysis should be 
undertaken to inform the design. 

How do I handle utilities on my bridge? 
The CBS components do not have provisions for utilities; however the components can be 
modified to accommodate services. The design and certification of the components to 
accommodate utilities would be carried out by the designer (the Roads and Maritime certification 
would no longer be valid). 

What are the typical span lengths and widths? 
The CBS is suitable for bridges: 

• Spans of 8m, 10m or 12m 

• 4.2 m or 8.5 m width between barriers/kerbs. 

Can the CBS system be used for a skewed bridge? 
The CBS is suitable for bridges with zero degree skew only. 

Can the CBS system be used for a curved bridge? 
The CBS is not suitable for curved bridges. 

How do you accommodate vertical curves? 
The CBS system is not suitable for vertical curves. Where vertical curves are required the 
approach roads should be modified to accommodate them. 

How do you accommodate roadway cross slopes and crowns? 
The CBS system is designed for a three per cent two-way cross fall for the two lane bridge and 
one-way cross fall for the single lane bridge.  The cross falls are accommodated in the headstock 
geometry. 

What is the recommended wearing surface? 
The concrete surface of the deck module can be used as wearing surface.  The superstructure 
has been designed to accommodate a 10mm sprayed bituminous seal if required by asset owner. 
This is recommended to improve durability. 
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Foreword

Roads and Maritime Services has prepared this document as a ‘how to select and investigate’ guide for Country Bridge Solutions bridges.  The guide provides a process for investigating site specific requirements, as well as the technical information and instructions to carry out the necessary pre-construction activities.
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1. Common terms used in this guide

		Term

		Definition



		AADT

		Annual Average Daily Traffic, determined by measuring the number of axle pairs crossing at a specific site per year and dividing this number by 365



		Abutment sill beam 

		Horizontal precast concrete member that supports the deck modules and retains earth fill at the abutments



		Alignment

		The geometrical form of the centreline of a carriageway in both the horizontal and vertical directions



		AS5100

		Australian standard for bridge design that sets out the requirements for the design, using limit states principles, of bridges and other structures



		Asset

		An item of economic value owned by a person or organisation



		Australian Height Datum (AHD)

		A common national surface level datum approximately corresponding to mean sea level



		Australian standard

		Standards prepared, adopted or approved by Standards Australia



		Blockout

		A void in the abutment sill beam or pier headstock to accommodate the pile starter bars



		Carriageway

		That portion of a road or bridge used by vehicles, including shoulders.



		Cast-in-situ

		Concrete that must be poured on site at a particular stage of construction, rather than precast and transported to site



		CBS

		Country Bridge Solutions



		Certification

		Document issued by the designer certifying that reasonable professional skill and care has been used in the preparation of the design, with a view to securing that it has been checked for compliance with the relevant standards, and has been accurately translated into construction drawings.



		Concrete closure strip

		Cast-in-situ concrete that connects neighbouring deck modules and provides transverse structural continuity



		Component

		Any discrete part of the bridge brought to site for assembly



		Contractor

		Organisation or individual that has been contracted to construct the bridge



		Crossfall

		The carriageway slope at right angles to the alignment, expressed as a percentage





		Deck module

		CBS prestressed concrete double-T superstructure element



		Design criteria

		The particular requirements specified by Australian standards and other technical documents that the design must satisfy



		Designer

		Organisation/person responsible for the design and certification of the bridge



		Design flood

		A flood of known magnitude or average recurrence interval, or a historic event which is selected for bridge design purposes



		Dial Before You Dig

		Dial Before You Dig is a free national referral service designed to prevent damage and disruption to the vast pipe and cable networks which provides Australia with essential services



		Driven pile 

		Precast reinforced concrete pile, installed by driving



		Environmental Impact Assessment

		The process by which information about the potential environmental effects of a development proposal are collected, assessed and taken into account



		General arrangement

		Drawing sheet that gives an overall view of the bridge as it will appear once constructed, including a plan, elevation, typical cross section, site plan and vertical alignment diagram (as appropriate), and general notes pertaining to the whole drawing set.



		Grade

		The rate of longitudinal rise or fall of a carriageway with respect to the horizontal, expressed as a percentage



		Hydraulics

		The study of water flow in waterways, in particular the evaluation of flow parameters such as water level and velocity



		Hydrology

		The study of the rainfall and runoff process including the evaluation of peak flows



		In-situ

		(Latin) translates literally to “on site” or “in position” i.e. cast in-situ concrete piers



		In-situ concrete closure strip

		Permanent cast in-situ concrete element that joins adjacent deck modules in the same span.



		Laminated elastomeric bearing

		A bearing made from natural rubber that has two or more metal plates bonded into it



		Low performance level traffic barrier

		Twin rail steel traffic barrier designed to meet low performance level criteria in accordance with AS5100



		Module holding down bracket

		Stainless steel bracket assembly that provides uplift restraint to the superstructure during submergence



		Pier headstock

		Horizontal precast concrete member that supports the deck modules at the piers



		Pile

		Fully or partially buried bridge element arranged vertically and providing bridge foundation



		Roads and Maritime Services Engineering Services – Bridge engineering

		The authority responsible for design and certification of CBS components



		Scour

		The erosion of material by the action of flowing water



		Scour protection

		Measures taken to reduce the effects of scour around bridge foundations and road embankments, such as large loose stones (rip rap) or gabions.



		Skew

		The angle between a line at right angles to the alignment and the centreline of the abutment sill beam or pier headstock



		SM1600

		Traffic loading model defined in AS5100, Part 2: Design loads



		Soffit

		Downward facing surface of any bridge component



		Span 

		The horizontal distance between supports of a member



		T44

		Traffic loading model defined in AUSTROADS Bridge Design Code 1996, Part 2: Design loads



		Timber beam bridge

		Bridge in which the principal means of spanning between piers is longitudinal timber members, typically round undressed hardwood



		Waterway opening

		The area in the vertical plane of the alignment bounded by the natural ground surface and the design flood level, minus the area of piers, abutments and other permanent obstructions to flood flows





2. 
Introduction

1. 

2. 

Background

When a bridge is closed or is load limited, the impact on regional communities and the local economy can be significant.

Local councils, as road authorities, face the growing challenge of maintaining and eventually replacing ageing bridges on Regional and Local roads.

The NSW Government is developing Country Bridge Solutions (CBS) to help councils meet this challenge. CBS will:

· Provide regional and rural councils with simple and easy to build bridge solutions developed by expert bridge engineers

· Deliver cost savings through the use of standardised bridge components

· Use existing council resources and regional manufacturing capability to replace and build bridges

· Assist council staff during investigation, design, construction and maintenance through the provision of technical guides

· Promote regional economic growth through local employment opportunities



 

CBS prestressed concrete modular bridge system

What is CBS?

CBS is a modular bridge system developed by Roads and Maritime Services (Roads and Maritime) to assist councils in replacing bridges on regional and local road networks. The system delivers an innovative and reliable standard bridge design and construction sequence consistent with both Australian Standards and Roads and Maritime technical documents.

Conceived for the replacement of ageing timber beam road bridges in regional NSW, the CBS system has two key strengths:

1. It provides a suite of standardised solutions that can be constructed under various site conditions with minimal variation to the design of the bridge components.

2. Its designs are supported by a set of best practice guides that clearly explain the processes that need to be followed throughout the entire asset life cycle in order to ensure a high quality, durable, safe and fit-for-purpose bridge solution for each site.







Key features of CBS include:

· A suite of standard bridge drawings for a modular bridge solution.

· Guidance on solution selection, site investigation, detailed design, construction, operation and maintenance management provided in a set of four best practice guides.

· A fully certified bridge deck system, incorporating prestressed concrete double-T deck modules.

· Standardised substructure components that can be easily adapted to suit a range of site conditions.

· Three standard bridge configurations to suit different future traffic demands and site constraints, including a two-lane and a single-lane ‘stitched’ solution, as well as a simplified ‘butted’ solution for remote sites with very low expected heavy vehicle traffic volumes.



Why CBS?

The CBS system provides councils with:

1. High quality, durable and easy to build structural solutions developed by technical experts in bridge infrastructure and explained in guides written in plain language.

2. New bridges designed to current Australian bridge design standard traffic loading.

3. Opportunity to improve access for heavy vehicles and agricultural equipment through an enhanced standard carriageway width.

4. Opportunities to use local labour resources and regional manufacturing capability.

5. Transportability of precast components on standard General Access trucks.

6. Minimised on-site concrete requirements, especially for remote lightly trafficked sites.

7. Low performance level traffic barriers suitable for submergence.

8. Guidance on bridge asset management.

9. Reduced maintenance requirements resulting from a 100 year design life.

10. Increased capacity of regional transport networks to the benefit of community and commerce.

Responsibilities

Roads and Maritime has standard drawings for the components of a modular bridge solution, as well as guides covering solution selection, site investigation, detailed design, construction, operation and maintenance management.

Though not an exhaustive list, the responsibilities of the council, should they choose to use CBS, include the following:

· Produce or procure a set of detailed drawings for each site, incorporating the standard deck modular system and adapting the substructure components to the site conditions

· Certify the final bridge design for the site

· Meet all WHS obligations during investigation, design, construction and maintenance operations

· Meet all environment and heritage obligations during investigation, design, construction and maintenance operations.



1. 

2. 

2.1. This Guide

This guide has been developed to assist NSW councils with assessing their site for suitability for CBS, selecting the right CBS bridge type for their site, and carrying out all the investigations necessary to produce a detailed bridge design. Guidance has been provided based on Roads and Maritime policies and typical practices. 

As a road authority, the council may adopt different practices in accordance with its own policies and procedures in some instances. Where decisions to deviate from the content of this guide are taken, care should be taken to ensure that the quality of the product is not compromised.

The information in this guide is necessarily general in nature, and council should seek specialist advice where recommended in order to successfully develop a bridge solution for their site. 

The guide starts with the assumption that an existing bridge has been chosen for replacement, and that a site location and approximate road alignment for the new structure has been determined, and lies near the existing structure, but not on the existing bridge footprint. 

The guide can be applied to other situations with appropriate discretion. 

Investigation for the design of the approach road including signage, delineation, traffic barriers and drainage is not covered in this guide.

The investigation stage is necessary to gather data required for the detailed design of the bridge, and these data will also be useful throughout the lifecycle of the bridge asset. These types of investigation will be carried out for any new bridge design, regardless of whether CBS will be used. During the early stages of these investigations, the suitability of CBS will be determined, but the guides are useful beyond that point even if a CBS bridge is not appropriate for the site.

The diagram below shows how this guide sits within the overall sequence of the CBS process.



Figure 21: The Country Bridge Solutions overall sequence

1. 

2. 

2.1. 

2.2. Country Bridge Solutions delivery process

The following information provides a brief outline of the CBS delivery process to assist the reader during the suitability and investigation phase.

The CBS system delivers a set of standard components that can be combined and used for specific bridge sites with a minimum amount of design work required to complete a drawing set for a new bridge. 

The whole CBS delivery process, and how the four guides combine with the CBS standard drawings and council requirements to inform that process, is shown below.









Figure 22: Country Bridge Solutions delivery process



3. Initial Investigations and CBS Suitability

Once an existing bridge has been identified for replacement, and an approximate alignment for a new bridge is known, the first decision in the CBS process is to determine whether that site and alignment will be suitable for a CBS system. If suitability is confirmed, the second step is to select the most appropriate CBS bridge type for the site. Investigations can then proceed in preparation for the detailed design.





Figure 31: Investigation process 



3. 

1. 

2. 

3. 

3.1. Initial records review

Available data for the existing bridge will be useful and could lead to savings during the overall investigation process. The existing information could include anecdotal information as well as documented information. While existing information for the bridge structure and the surrounding area can be used, its current status and validity should be confirmed.

Key existing data to collect includes:

•	Work as Executed drawings of existing bridge (may provide information on flood levels,           geotechnical conditions, existing alignment, etc.)

•	Existing bridge inventory records, such as span lengths, structure and foundation type

•	Historical information such as high flood levels, details of any modifications to the existing bridge and any previous bridges at the site

•	Previous waterway studies on file for the bridge site and for the wider catchment area

•	Other catchment and rainfall information

•	Traffic information, including the average number of vehicles that cross the bridge, what percentage are heavy vehicles, typical traffic speed and likely future increases

•	Council Local Environment Plans (may provide environmental and heritage considerations, future land use – will there be significant changes at the bridge site during its lifetime?)

•	Information from any previous geotechnical investigations, such as borehole data

•	Assessment of utilities. This would typically include a Dial Before You Dig (DBYD) check of the site and adjoining properties, as well as a check of existing bridge drawings

•	Survey information including adjacent property boundaries.

If in doubt ask, often the above information can be provided by experienced personnel within council.

Careful review of existing information can assist further investigations and can be of great value in reducing the scope and cost of those activities.

In addition, reported flood levels and scour repairs are important when considering the new bridge height, waterway area and whether or not the new bridge will be overtopped during flooding.

3. 

3.1. 

3.2. Site visit

A visit to site in the early stages of investigation is highly recommended and should include council personnel with detailed knowledge of the site. The site visit should be used to verify information collected during the records review and to collect relevant information for use in development of the new bridge design.







The process should include:

· Prior to site visit:

· Prepare checklist of items of interest, based on records review

· Assemble and check essential equipment, including digital camera, large measuring tape and safety and first aid equipment

· During the site visit:

· Inspection of the existing bridge, road embankments and upstream and downstream waterway for evidence of scour during flooding and possible evidence of previous flood levels, including debris

· Review access suitability for vehicles that will carry out geotechnical testing

· Identify locations for the new bridge, look at pier locations – if the bridge is in a waterway can piers be located away from normal flow?

· Confirm the proposed approach geometry, alignment and construction staging for the new bridge (the most efficient outcome is usually placing the new bridge on a new alignment and utilising the existing bridge or side track for traffic while minimising the length of road approaches to be rebuilt). If possible place survey pegs on the proposed alignment for future reference

· Take measurements of the existing bridge, including span lengths, clearance above ground and abutment wall height

· Other information (existing side track, hazards, general observations)

· Observe traffic volumes and mix of traffic – are there large heavy vehicles or agricultural equipment?

· Look for evidence of utilities, including overhead powerlines, underground utilities, cables and pipes 

· Will the existing structure be demolished at completion of the work? Are there any useful materials that can be salvaged and utilised by council?

· Take an abundance of photographs

· Post site visit: 

· Document your findings, including labelling photos.

· Compare site findings with information collected during the records review and update records where necessary







1. 

2. 

4. 

5. 

6. 

6.1. 

6.2. 

3. 

3.1. 

3.2. 

3.3. Assessment criteria for CBS Suitability

Efforts have been made to develop a suite of solutions to suit a broad range of site conditions. Particular care has been taken to accommodate those conditions in which the majority of existing timber beam bridges will be found. However, the need to standardise has meant that not all situations can be accommodated.

The following checklist is used to determine whether CBS should be considered for a particular site. Each criterion is in the form of a question, which can typically be answered using historical information relating to the existing bridge, however a site visit is recommended if possible.

The notes given below the checklist give guidance in addressing each criterion. If accurate data is not available, an estimate can be made in order to progress to the next stage of investigation. In that case, the suitability against certain criteria must be confirmed as information comes to hand during the investigation phase. The checklist can also be used to guide the selection of the new alignment so that a CBS system will be suitable.

If during the investigation phase any of the criteria are found not to be satisfied, the suitability of the CBS system to the site must be reviewed. Each criterion is essential to the suitability of CBS, and results from a geometric or technical design limitation of the system itself.

		Standard criteria

		Yes

		No



		1. No more than two traffic lanes on road approaching bridge?

		

		



		2. 30-year projected AADT does not exceed 1000 vehicles a day?

		

		



		3. Proposed bridge alignment is straight, has a constant grade and no skew?

		

		



		4. Bridge deck height does not exceed 10m above ground or creek bed level?

		

		



		5. No individual span of the proposed bridge exceeds a length of 12m?

		

		



		6. Proposed bridge does not reduce waterway opening in comparison to the existing bridge waterway?

		

		



		7. A dedicated pedestrian bridge or cycleway is not required?

		

		



		8. The bridge site is not located within 1km of the shoreline of a large expanse of salt water?

		

		



		If the answer is yes for all of above then the CBS system is applicable.







Where these criteria are not fully met a CBS bridge may still be appropriate, but an assessment to confirm suitability by a designer will be required.

Notes on standard criteria:

1.	The maximum carriageway width available for CBS is 8.5m. Therefore, standards adopted in the design of CBS require that the approach road has no more than two marked traffic lanes, usually one in each direction, and that the distance between edge lines will not exceed 7.3m. If there are to be no marked lines, the answer to this criterion will usually be “yes”. If there are more than two marked lanes, CBS is not appropriate.



2.	The geometric properties of CBS limit its use to low traffic volume locations. Design values for traffic volumes are the expected volume in 30 years from construction, based on a projection of current data. The current AADT can be derived from data collected by the use of automatic counting devices, or established based on visual surveys over a suitable period. The 30-year projection can be extrapolated from known data if counts over successive years have been carried out. Otherwise, an estimate based on expected residential and commercial growth in the area can be made. CBS is not appropriate when this projected value exceeds 1000 vehicles per day. 

3.	The CBS modules have not been designed to be constructed on horizontal or vertical curves, and the piers and abutments must be at right angles to the road centreline. Where the site does not permit this arrangement, CBS is not appropriate.

4.	The low performance level traffic barrier on the CBS bridges is limited for use in low traffic volumes where the bridge is set at a limited height above the ground. Where this criterion is not met, the designer may be able to modify the traffic barrier to meet a higher performance level. Specialist bridge design advice is required in such cases.

5.	CBS modules are only available in 8m, 10m and 12m lengths. If a longer span is required to clear an obstacle, CBS is not appropriate.

6.	In remote areas, detailed flood information is often not available. However, bridges over watercourses built in the past often restricted the available area for floods to pass through. It is critical not to further constrict the waterway, and CBS presents the opportunity to improve the flood performance of the crossing. This criterion is achieved if, for the design flood level, the area of the opening under the bridge exceeds the available opening under the existing bridge for the same flood level. If the design flood level is not known, compare the total opening available under the soffit of each bridge superstructure, excluding the area of the piers.

7.	The CBS system has not been designed to provide separate access for cyclists and pedestrians. If off-road access is required for these users over the bridge, CBS is not appropriate.

8.	The bridge components have been designed with a concrete exposure classification that permits use in most areas of NSW away from the coast. The durability of CBS cannot be ensured if this criterion is not met.
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3.4. Selection of the CBS bridge option

If CBS has been determined to be suitable, the next step is to select the appropriate CBS bridge type for the site. This process is based on a slightly more detailed assessment of the characteristics of the proposed site and alignment.



The system has been designed with three simply supported span lengths. Standard span lengths of 8m, 10m and 12m are available. Within these parameters, there are three bridge configurations available:
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3.4.1. Type 1: Two Lanes ‘stitched’ (8.5m carriageway)

Comprises four prestressed concrete double-T modules placed side-by-side and stitched together with cast-in-situ concrete closure strips. This provides an 8.5m carriageway width with a two-way cross fall, to carry two lanes of traffic. It has a 150mm high kerb with an 800mm high low performance level steel traffic barrier. (Figure 3.2 Type 1 shown below).





 Figure 3 2: Two lane “stitched’ bridge



3.4.2. Type 2: Single Lane ‘stitched’ (4.2m carriageway)

Comprises two prestressed concrete double-T modules placed side-by-side and stitched together with a single central cast-in-situ concrete closure strip. This provides a 4.2m carriageway width with either two-way or one-way cross fall, to carry only one lane of traffic. It also has a 150mm high kerb with an 800mm high low performance level steel traffic barrier.





Figure 3-3: Single lane ‘stitched’ bridge (Note: Cross fall as required)
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3.4.3. Type 3: Single Lane ‘butted’ (4.2m carriageway)

Comprises two prestressed concrete double-T modules placed side-by-side with a central longitudinal deck joint in place of a cast-in-situ concrete closure strip. This also provides a 4.2m carriageway width for one lane of traffic, but is suitable only for remote locations where high quality concrete is difficult to bring to site, and where the expected volumes of heavy vehicle traffic will be very low. 



 Figure 3 4: Single lane ‘butted’ bridge (remote low volume roads)



The following outlines the circumstances where each of these bridge types is appropriate, in order for councils to select the right CBS solution for their needs. The types have been designed assuming the following criteria will be strictly followed. If council wishes to adopt a bridge type in circumstances not fully consistent with these criteria, they will need to have the designer certify that the bridge has been designed for those specific circumstances.



Once the investigation phase has been completed, the criteria used for the selection of the bridge type should be reviewed to ensure that they are still valid, before detailed design commences.



For all sites deemed appropriate for a CBS bridge, the Type 1 configuration is applicable. It is anticipated that the majority of CBS sites will adopt this configuration. However, for very low traffic volumes, the specifications of the standard two lane solution may be excessive. Two alternatives are available, and can be adopted if all the additional selection criteria for that type are met.



Type 2 – Single Lane (4.2m carriageway)

A bridge should not constrict the available carriageway width for traffic, however the Type 2 configuration is available for sites that meet all of the following criteria:

		CBS Type 2 selection criteria

		Yes

		No



		1. The site is appropriate for CBS

		

		



		2. The approach road is a single lane road that is unsealed, or that has not more than 7m of sealed surface width

		

		



		3. The AADT 30 years from bridge completion is projected to be below 150

		

		



		4. Visibility on the approaches is sufficient to allow approaching vehicles to stop before the bridge if there is an oncoming vehicle

		

		



		5. The existing bridge is a single lane bridge

		

		



		If the answer is yes for each of the above then the CBS Type 2 configuration is applicable.







Notes on CBS Type 2 selection criteria:

1. This structure type must meet all the standard criteria for the CBS system, in addition to several further restrictions. If any single criterion is not met, CBS Type 2 is not appropriate.



2. The carriageway width available for this solution is 4.2m. Only one lane of traffic is permissible on this bridge type. If two lanes of traffic are operating on the approach road, the bridge must not constrict them to one lane. If this criterion is not met, the approach road would be deemed to normally operate with two lanes of traffic, and so CBS Type 2 is not appropriate.



3. Current design standards do not permit single lane bridges in any circumstances where the traffic volume exceeds 150 vehicles per day. If the projected AADT is above this value, CBS Type 2 is not appropriate.



4. It is impossible for two vehicles to pass on the bridge. If this criterion is not met, this traffic condition is unsafe, and CBS Type 2 is not appropriate.



5.	It is not in accordance with the objectives of CBS to reduce the capacity of a road. If there is facility for two lanes of traffic on an existing bridge, the new bridge should not introduce a lower standard.



Type 3 – Single Lane (4.2m carriageway, no in-situ closure strip)

Whilst Types 1 and 2 provide very efficient and durable structures, there may be circumstances where the remoteness of the site prohibits the delivery of batched concrete for on-site casting. For such cases, a solution without in-situ concrete closure strips is available. The modules for this solution are designed to a reduced traffic loading, and feature an open gap longitudinal deck joint between modules. For these reasons, this solution is best limited to situations where Type 2 bridges would be appropriate, with some further restrictions, as follows:

		CBS Type 3 selection criteria

		Yes

		No



		1. The site is appropriate for CBS

		

		



		2. The approach road is a single lane road that is unsealed, or that has not more than 7m of sealed surface width

		

		



		3. The AADT 30 years from bridge completion is projected to be below 150

		

		



		4. Visibility on the approaches is sufficient to allow approaching vehicles to stop before the bridge if there is an oncoming vehicle

		

		



		5. The existing bridge is a single lane bridge

		

		



		6. The road is not a through route and is not a Classified Road under the Roads Act 1993

		

		



		7. The road provides access only to a limited number of private properties, or to a national park, state forest, or other undeveloped parcel of land

		

		



		8. The land use is not likely to change because the physical, landscape or planning constraints would make future development difficult

		

		



		9. The route alignment is unsuitable for multi-trailer heavy vehicles such as B-doubles, and is not likely to be made suitable through upgrading within the design life of the bridge

		

		



		10. The heavy vehicle component of the projected AADT is a negligible percentage, and during seasonal or peak periods of heavy vehicle traffic in the area, the maximum number of heavy vehicles crossing the bridge on any one day will not exceed 10

		

		



		11. The indicative or posted speed limit of the road/bridge is not more than 60km/h

		

		



		If the answer is yes for each of the above then the CBS Type 3 configuration is applicable.







Notes on CBS Type 3 additional selection criteria:

Criteria 1 to 5 are the same as for Type 2 bridges. Criteria 6 to 11 arise from the Roads and maritime policy for adopting reduced road traffic loading for the design of bridges (RMS Bridge Technical Direction BTD2014/01).

The safety of all road users is the most important consideration when selecting the most appropriate solution for an individual site. Where the use of the route by cyclists is known or anticipated, the selection of a solution incorporating open gap joints is strongly discouraged. These joints, and the lack of transverse deck slab continuity they entail, introduce a number of structural challenges that the designer must overcome, and present durability challenges.
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3.5. Utilities upgrades

The standard designs in the CBS system do not include provision for services. If services are required to be carried across the bridge, the standard designs will require modification by a qualified engineer and approval and certification by the relevant authorities.
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3.6. Traffic barrier assessment

The standard designs of the CBS system use low performance level traffic barriers in accordance with AS5100. The design engineer should undertake a barrier risk assessment of the specific site to determine whether this is appropriate, or if a different performance level is required. Detailed guidance on the selection of barrier performance level is provided in Appendix B of AS5100.1.

If alternative barrier containment performance levels are necessary for the traffic barriers, they will require detailed design and certification.

Based on the initial desktop assessment and the site visit council should have determined the preliminary alignment and structural envelope (pier and abutment locations) for the new bridge. The next stages of the investigation are more detailed and are required to finalise the alignment and structural envelope of the new bridge and as key inputs into the detailed design phase.

Key activities are listed below and detailed information is provided in the following sections:

Environment and heritage

Site survey

Road design

Hydrology and waterway investigation

Geotechnical investigation.
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4. Environment and heritage

		IMPORTANT



		Environmental assessment is required to ensure the new bridge investigation, design and construction complies with legislative requirements. 

The environmental assessment will indicate if the site has specific environmental or heritage aspects that will be required to be incorporated in the investigation, design and construction of the bridge.

Council is responsible to ensure that it complies with all environmental legislation, regulations and codes of practice.







It is good practice to commence environmental and heritage assessments early in the detailed site investigations phase. 





4.1. Typical environmental considerations

The following items should be considered when selecting a site for the new bridge:

Assessment of adjacent flora and fauna.

NSW Fisheries authorities have specific requirements that must be addressed as part of new bridge design. These may include the minimisation of the number of piers in streams and/or provision of fish runs to allow upstream migration. Current practice in NSW is to seek advice early in the process from NSW Fisheries.

3. 

4. 

4.1. 

4.2. Heritage considerations

Prior to arranging for the replacement of a bridge, a check must be made as to whether the bridge or site is heritage listed.  It may be recognised and named in one or more of the following:

•	State Heritage register

•	Local Environmental Plan documentation

•	Registers of non-statutory bodies (e.g. National Trust, Engineers Australia)

•	Aboriginal heritage or sites of significance.

If the bridge or site is heritage listed a formal heritage application will need to be made to the relevant authority to gain approval for the work.  A heritage consultant should be engaged to prepare a Statement of Heritage Impact (SoHI) and any other relevant reports required for the heritage application. The heritage approval may include site specific requirements that must be incorporated into the design.
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5. Site survey

		IMPORTANT



		The site survey records the topography of the bridge site. The survey should also record features and items at the bridge site including road alignment, utilities, existing bridge piers and drainage pits.

The survey is required to accurately locate the new bridge. The survey will also be used for design of the new elements including hydrologic assessment and pile lengths.

The level of detail required will depend on the site location. For example, in an urban location a very detailed survey may be required.

The survey should be carried out by a qualified surveyor. 







The survey information will assist in finalising alignment and structural envelope, hydrology and waterway checks and geotechnical investigation for the new bridge, so should be carried out prior to these activities when the likely location and alignment of the new bridge has been determined.





It is recommended a new survey of the site is carried out regardless of the existing available information and should be carried out by a qualified surveyor. This will provide current information and should include as a minimum:

The exact location and size of the existing bridge piers and abutments particularly

Headstock ends

Wingwalls

Piles at ground level

Contours of the existing ground surface extending at least 30m either side of proposed alignment

Sufficient length of the approach roads and embankment to allow tie-in with the existing approaches

The existing services and utilities on and around the site and attached to the existing bridge should be positively identified and accurately located during the site survey. It is possible the DBYD (and other service searches) may not locate all the services running through the site so it is important the surveyor makes every effort to locate all services and utilities potentially affected by the work

Reduced levels of the existing structure deck surface along the centreline

Extent of structure above (e.g. barriers) and below (i.e. soffit of girders) the deck surface levels

Property boundaries

Establishing temporary benchmarks (TBM) for survey control

Marking proposed alignment centrelines and bridge location, including pier lines.

It is important level information be provided in the survey. This data will be used to confirm deck and substructure levels for the new structure, as well as pile lengths. Levels should be relative to the Australian Height Datum where possible. The datum adopted must be clearly provided in the survey information.

When engaging the surveyor, the scope of work should specify:

Output format required (i.e. Microstation/CAD) and should be coordinated with council’s designer

Coordinates system

Survey extents (refer above) – if a detailed survey is required additional items for survey might include drainage pit inverts, sign locations, and accesses to properties adjoining the works area.
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6. Road Design

An important process that must be carried out during the CBS investigation phase is the design of the road that will use the bridge. In order for the traffic to have a smooth and safe approach toward and transition onto and off the bridge, the bridge must be designed to fit a predetermined road alignment. The design will also affect the selection of the CBS bridge type, according to the expected traffic volume, as well as temporary arrangements for traffic during construction.

		IMPORTANT



		The road design finalises the road geometry at the bridge site, including the vertical and horizontal alignment for the future bridge.  The investigation is required as the system can only be used with specific road alignments, and the geometry and set-out of the bridge depends upon it

This design is important as the vertical and horizontal alignment and the design speed have an impact on the bridge design in relation to:

The bridge geometry

Drainage of the deck

The number of lanes

The safety of the road user.







Early in the road design, the following outcomes should be achieved:

A site specific description of the geometry of the approach roads, including the available land area on either side of the existing approaches and bridge for permanent road widening or for temporary deviation or temporary side tracks during the work

Determination whether a temporary crossing is necessary and feasible during construction.

These outcomes will help determine whether the new bridge construction method is either:

On the same alignment as the existing bridge, requiring either a temporary side track or a temporary full road closure during the work; or

On a new alignment beside the existing bridge

CBS is not suitable for a staged half-width construction method. 



Once the approach road alignment is determined, an initial alignment for the new bridge should be plotted. The alignment investigation should then confirm whether the CBS solution is suitable, based on the standard criteria listed in Section 3.

The new bridge alignment will be produced using the data from the survey, and its vertical alignment will initially be based on the existing bridge levels. The alignment will need to be adjusted during the waterway investigation in order to achieve the optimum flood performance while minimising approach road works.

The final bridge alignment will depend on council’s own policies and requirements. The safety of all road users is the most important consideration during design.



Other factors influencing alignment design include:

The layout of the existing crossing during construction and the availability of detours

Whether the existing bridge is to be retained or demolished

Availability of land and encroachment on private property and other constraints

Cost versus benefits of alternatives to the existing alignment

Planned future use of the crossing.

This is not a complete list and this guide is not intended for use in the design of the road, except when it affects the bridge design
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7. Hydrology and hydraulics

Most CBS structures will cross waterways, and their design is significantly influenced by the waterway characteristics and behaviour. The behaviour of the waterway in flood is also influenced by the bridge design, so the hydrology and hydraulics investigation is critical to achieving an optimal design.

The key outputs from this investigation are:

· Design flood level

· Design flood velocities

· Extent of scour evident at the site of the existing bridge

· Required waterway area under the new bridge

· Required level of deck surface

· Required bridge length

· Design depth of scour for piers

· Whether a detailed waterway investigation is required

The investigation process suitable for replacement of timber bridges on small waterway crossings is outlined below:







Figure 7.1 Waterway Investigation Process



The new bridge should only retain the existing conditions if they are currently adequate. The following information will assist councils in assessing the current bridge waterway performance, and deciding whether the bridge length and height are appropriate.

7. 

7.1. The effects of scour

Scour occurs when the increased energy of the water flow is sufficient to remove streambed material. There are three types of scour that can occur in streams with implications for bridges.
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7.1.2.  Local scour

Local scour is caused by the turbulence resulting from piles or piers restricting the flow of water.  Horseshoe vortices occurring at the bottom of the pile as a result of water flowing vertically down the pile result in the development of a scour hole at the streambed. The severity of scour is a function of the increased energy and the physical properties of the bed material.





Bridge foundation design should ensure that structural integrity remains after the scour reaches its maximum depth.  In the case of driven piles, the depth of embedment must be sufficient to ensure the load capacity of the pile is not compromised by future scour.  If scour is possible down to the depth of rock, driven piles should not be used.

7.1.3.  Contraction scour

Contraction scour occurs as a result of the reduction of the waterway area by a bridge. The increase in energy of the restricted velocity is sufficient to remove streambed material at abutments, piers and road embankments.

The bridge waterway will usually be smaller than in the natural stream under flood conditions, therefore the water velocity through the bridge will increase. The acceptable restricted velocity through the bridge will depend on the local conditions in terms of the type of material in the 

streambed and its likelihood to cause scour. The potential effects of restricted velocity on the stability of abutments and road embankments also need to be assessed to determine whether scour protection of abutments and embankments is required.

7.1.4. Cut back scour

Cut back scour occurs when the streambed steps down to a lower level at one isolated location. The stream may tend to cut back the bed upstream and lower the streambed to return to a more uniform gradient and energy head. If a bridge is located upstream of a scour hole location there is a risk the streambed levels at the bridge will be lowered. The implications for the bridge will depend on the depth of scour and the pile embedment length. 

Typical design measures to control scour include:

Installation of scour protection mats, gabions, reno mattresses, rip rap (rocks)

Increasing the waterway by adding additional spans to a bridge.

7.2. Assessment of existing bridge waterway 

Previous information obtained during the initial records review and the site visit of the current bridge performance will aid the design of the new bridge. 

Existing factors that will assist include:

Evidence of local scour around the foundations of an existing bridge

Evidence of bank scour as a result of turbulent flow adjacent to abutments (check to see if there any exposed tree roots. This may indicate changed ground levels)

Examination of bore logs to assess the alluvium particle sizes which may indicate potential scour depths

Examination of bore logs to determine marked change in standard penetration test values that may indicate potential scour depths

Depth to rock and potential scour depth in alluvium if driven piles to be used

Historic changes in position of waterway and/or water channel.

The following section provides examples of information gathered during site visits that will help illustrate what to look for.

The picture below (Figure 7.2) shows scour at an existing timber bridge. The watercourse on the downstream side of the bridge is significantly wider than it is upstream. Although it appears tranquil, the original stream width would have been similar to what is currently upstream. 

The approach embankment has been built jutting into the floodplain. This has created a constriction and the flow velocities have created a scour hole downstream of the bridge. Any new bridge constructed at this site should have an increased waterway area when compared to the existing bridge and preferably be longer. The approach embankment of the existing bridge should be excavated as well.



Figure 72: Scouring at bridge 



The picture below (Figures 7.3) shows an upstream view of a typical bridge following a major flood. Note the indicative velocity and sheet scouring in the foreground and the debris deposited at the abutment.

This bridge exhibits a similar scour hole underneath and just downstream of the bridge. When it is all vegetated, it looks tranquil and natural, but it is evidence that again the waterway opening is too narrow. A longer bridge is required.

The existing bridge also shows that there has been scour at the base of the pier and a steepening of the embankment back to the abutment on the far side.

And finally, look at the difference between the river bank in the foreground and that under the bridge on the near side (arrow). This has also been scoured out by flooding.

 

Figure 7.3 Upstream view – post flood







Figure 7.4 Upstream view – during flood



Figure 7.4 shows the same bridge in flood. A flood is often hard to visualise until it occurs, but now it is easy to see that there is enough force to cause the problems evident in the previous photograph. Note the debris on the guardrail – this bridge was overtopped.











The pictures below (Figures 7.5 and 7.6) show a depression in front of the abutment of an old bridge, which is evidence of scour at some time in the past, prior to the flood that washed the remaining structure away. This old bridge was on a constricted waterway that led to high local stream velocities, strong enough to wash the rip rap downstream, as well as the dilapidated remains of the structure. If these signs are apparent at council’s site, a longer bridge will be required. A waterway engineer should carry out a simple hydraulic check to determine what waterway area is required.





Figure 75: Effect of constricted waterway





Figure 76: Stream bank erosion



The pictures above (Figure 7-6) and below (Figure 7-7) show the rip rap washed away and erosion of the stream bank.

 

Figure 77: Stream bank erosion 



Again any new bridge constructed at this and similar sites should have an increased waterway area when compared to the existing bridge and preferably be longer.

7.3 What happens when you get it wrong?



Figure 7.8 below demonstrates the importance of adequacy of the designed waterway opening and scour protection. The new bridge in this case should have been longer, and the abutment from the old bridge should have been removed, as it also constricts the waterway. Had these things been done, the owner would have been spared the cost of building a new bridge twice, and the community would have been spared the disruption.

 Replacement bridge now required

Abutment from old timber bridge



Figure 78: Effect of inadequate length and scour protection for the new bridge




8. Geotechnical investigation

		IMPORTANT



		The geotechnical investigation indicates the ground conditions and material on which the bridge will be founded. The foundation design is unique to each bridge site and the foundation type and size is dependent on the local geotechnical conditions. The geotechnical investigation ensures the bridge is stable and is founded on competent ground

The investigation and interpretation should be undertaken by experienced geotechnical engineers. The boreholes should be drilled by experienced contractors.







The geotechnical investigation for the bridge site is generally carried out in two stages:

1. The first stage involves the review of existing information and a site inspection

The second stage is investigations and analysis of the geotechnical conditions for the design foundations.

While the CBS superstructure is designed for driven piles or spread footings, the specific site geotechnical requirements will inform the design. 
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8.1. Initial investigation
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8.1.1. Review of existing information

Prior to any site visit a review of historic information should include:

A review of any existing geotechnical information for the site

An examination of the existing bridge WAE Plans indicating foundation type and as constructed levels.
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8.1.2. Site inspection

A site inspection is essential as part of the initial investigation to determine the following:

Type of soil in the overburden and size of alluvium particles

Presence of rock outcrops in the bed

Presence of boulders in the banks and bed

Geological profile in adjacent road cuttings

Scour at the existing bridge

Signs of instability in rock faces at proposed pier footing locations

Presence of large logs in the stream that may indicate the construction risk depending on the foundation type.
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8.2. Geotechnical investigation and analysis

If the information obtained is deemed adequate, a decision as to the extent of geotechnical investigation is made.

The level of geotechnical investigation can vary from confirmation of known conditions to a detailed investigation of unknown conditions.

If it is determined that a geotechnical investigation is required then boreholes and investigations should then be conducted. They should include a minimum of one test bore to be taken at each pier and abutment. The bore holes should be staggered to assist in providing information about any dip of the stratum. The analysis of the borehole investigation will determine the type and depth of substructure elements required for the bridge; and specifically whether driven piles, bored piles or spread footings are most appropriate and the type and extent of scour protection required. 
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8.3. Geotechnical investigation supplier

The geotechnical investigation should be carried out by an experienced and qualified ground investigation company.

The investigation report should produce as a minimum the following information:

A factual geotechnical report containing the borehole log information and site ground conditions 

An interpretive geotechnical report describing the properties of the ground materials at the bridge site. This includes bearing capacity, effective angle of friction, stiffness, skin friction, etc.

Soil and groundwater testing should be carried out in areas of suspected soil acidity and erodibility and be included in the interpretative report.

The information in both reports is required by the designer for the design stage.
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8.4. Geotechnical investigation report

The geotechnical investigation report must recommend the foundation type required for the bridge and needs to match the geology of the bridge site. The following factors will influence the foundation type adopted:

Depth to rock will impact whether spread footings or piles are most appropriate

Type and size of overburden material such as gravel or boulders will impact whether driven piles are most appropriate

Potential for settlement

Rock strength

Presence of thin hard layers that may need to be penetrated may require steel H piles

Whether the overburden material is prone to scour.

A review of foundation information should be carried out to assess the need for changes in the extent of the investigation, such as additional boreholes or changes in suitable foundation types.

The geotechnical investigation indicates which foundation types should be adopted and these shall be designed and certified for the specific bridge site.

The report should also include:
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8.1. 

8.2. 

8.3. 

8.4. 

8.4.1. Geology of the area

The general geological classification of the site area should be obtained prior to finalising the details of the geotechnical investigation.  This information will give an indication of the type of material likely to be encountered at the site during construction. The number and location of test bores may also be influenced by the local geology. 
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8.4.1. 

8.4.2. Soil and groundwater testing

The bridge substructure has been designed for a category B1 exposure, therefore testing will be required to confirm this exposure classification is met for the specific bridge site. Samples of soil and groundwater should be tested for the following:

pH (soil acidity)

Sulphates (the use of agricultural fertilisers can result in high concentrations within streams)

Chlorides (high concentrations can occur even in non-marine environments).

The potential for deterioration of concrete depends on the level of concentration of any one of the above. Based on the results of testing specific requirements may be needed, including:

The use of sulphate-resisting cement

The use of blended cements using supplementary cementitious materials such as fly ash and silica fume.
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8.4. 

8.5. Special recommendations for geotechnical conditions

The following section includes a non-exhaustive list of recommendations for specific geotechnical conditions.
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8.1. 

8.2. 

8.3. 

8.4. 

8.5. 

8.5.1. Special recommendations for granite country

The potential for variability in the geological profile must be considered when interpreting test boreholes. For example, the construction of piled or spread footings in granite country has the potential to cause significant contractual issues because of the highly variable geological profile.  

The weathering pattern of granite often results in the formation of large boulders surrounded by areas of highly weathered material that may extend to a considerable depth. Therefore test boreholes located two to three metres apart may encounter weathered granite in one, and fresh granite in the other, showing that the bedrock profile of granite can be highly variable over relatively short distances. 

Where this variability occurs and spread footings are used, extensive excavation of extremely strong rock will be required. When fresh granite is encountered the borehole needs to be taken to sufficient depth to determine if it is within a boulder and if so how large the boulder is.  It is therefore recommended that in granite country:





For driven piles, boreholes should be taken at the final position of each pile

For spread footings, boreholes should be taken at each corner and at the centre of the footing.

These recommendations may mean that a second geotechnical investigation will need to be carried out once the detailed design of the foundations has been finalised. However, the additional costs of this approach will be smaller than the labour and equipment claims by the contractor in the event of significant variations in the site geology.
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8.5.2. Special recommendations for black soils

Piles driven in dry black soil need to be driven to a sufficient depth to ensure the required load capacity will be available when the soil is saturated.  A minimum pile penetration should be stated on the drawings to ensure piles driven in the dry do not subsequently settle when the soil becomes saturated.
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8.5.3. Special recommendations for soft soils

Soft soils present particular issues in terms of bridge design, such as draw-down loads (negative friction) to piles as a result of soil consolidation and lateral movements to abutment piles and abutment rotations caused by horizontal soil movements as a result of surcharge loads from road embankments. Where soft soils are present on the site, consideration should be given to lengthening the bridge to reduce the height of abutments and therefore avoid potential instability.
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8.5.4. Special recommendations for fine sands

The potential exists for driven piles in fine sands to undergo a significant relaxation of the driving resistance over the first 12 to 24 hours. This relaxation phenomenon occurs as a result of the build-up of pore pressure, resulting in a false driving resistance. This apparent driving resistance dissipates with time and therefore can be overcome by re-driving all piles after a period of 12 to 24 hours.

8.5.5. Mining and subsidence

Past and present mining activities can have a considerable impact on the design of a bridge. Assessment of the mining impacts requires close liaison with the relevant statutory authority and the mining company. Maps of designated mine subsidence areas are produced by relevant state authorities.  Bridges constructed in those areas will need to be designed for anticipated ground movements resulting from future mining activities.

The design parameters for ground movements are usually prepared by the mine subsidence authority using geotechnical models. These parameters include vertical displacement and the orientation and degree of the ground slope. The ground slope results from the transition from the original ground levels to the subsided ground levels. The ground slope moves as a ‘wave’ through an area as mining progresses and hence differential movements and rotations may occur over the length of the bridge.

The need to accommodate mine subsidence movements will require the provision of measures that need design and certification for the bridge site.

9. Documentation of investigation

At completion of the investigation phase the council should document the outcomes in a factual and succinct format for the design phase.



The information obtained from the investigation stage is essential for the design phase.



The documentation that will typically be prepared at the conclusion of the investigation stage will include:

Record of selection of the CBS bridge type best suited to the site

A concept general arrangement, indicating:

Deck levels

Span lengths

Abutment and pier locations

Approach road alignment

Design flood level

Hydrology investigation report

Geotechnical investigation comprising:

Factual report

Interpretive report

Site survey in appropriate electronic file format

Environmental and heritage requirements and other information that has been identified for design and construction of the bridge presented in a bridge concept report.

These should all be provided to the designer and will form part of a council’s file for the bridge.





10. Community Consultation

It is important to decide how to best engage communities and stakeholders at the early stages of planning a project. The key engagement activities include:



Develop project area profile

Identify key stakeholders, potential issues/opportunities and levels of engagement

Develop engagement strategy and program of early engagement activities

Develop key messages.

At a minimum, key messages usually cover:

Project features / work description

Benefits to motorists and community

Work details where applicable including timing, impacts and mitigation activities



Commitment to working with the community and stakeholders

Project funding

Project contract details.

It is important that the reviewed and updated key messages and information is provided to the community regularly as the project progresses



Issues that inconvenience the community and/or attract media attention should be highlighted and managed early.



Communities are usually sensitive about issues such as:

Costs (commitments, timing)

Community (traffic, safety, access)

Environment (noise, water and air quality)

Heritage significance.

Prior to arranging for the replacement of a bridge, a check must be made as to whether the bridge or site is heritage listed.  It may be recognised and named in one or more of the following:

State Heritage register

Local Environmental Plan documentation

Registers of non-statutory bodies (e.g. National Trust, Engineers Australia)

Aboriginal heritage or sites of significance.

If the bridge or site is heritage listed a formal heritage application will need to be made to the relevant authority to gain approval for the work.  A heritage consultant should be engaged to prepare a Statement of Heritage Impact (SoHI) and any other relevant reports required for the heritage application. The heritage approval may include site specific requirements that must be incorporated into the design. 



















11. Frequently asked questions

Is the CBS system proprietary? 

The CBS system is a modular bridge system that was developed by Roads and Maritime for use in NSW.  Roads and Maritime allows any asset owner to use the CBS details. The use of the details must be in accordance with the design criteria.

Who supplies the CBS system?

The CBS components can be fabricated by any precast supplier familiar and able to produce precast in accordance with Roads and Maritime Specification B80.

Is the CBS system economical?

The CBS system has been designed to minimise ongoing maintenance and repair tasks. The use of precast components reduces construction time and complexity.

Can the current service level at the bridge site be improved?

The CBS system allows for improvements in the alignment and performance of the bridge crossing. If areas for improvement are identified, then a cost benefit analysis should be undertaken to inform the design.

How do I handle utilities on my bridge?

The CBS components do not have provisions for utilities; however the components can be modified to accommodate services. The design and certification of the components to accommodate utilities would be carried out by the designer (the Roads and Maritime certification would no longer be valid).

What are the typical span lengths and widths?

The CBS is suitable for bridges:

Spans of 8m, 10m or 12m

4.2 m or 8.5 m width between barriers/kerbs.

Can the CBS system be used for a skewed bridge?

The CBS is suitable for bridges with zero degree skew only.

Can the CBS system be used for a curved bridge?

The CBS is not suitable for curved bridges.

How do you accommodate vertical curves?

The CBS system is not suitable for vertical curves. Where vertical curves are required the approach roads should be modified to accommodate them.

How do you accommodate roadway cross slopes and crowns?

The CBS system is designed for a three per cent two-way cross fall for the two lane bridge and one-way cross fall for the single lane bridge.  The cross falls are accommodated in the headstock geometry.

What is the recommended wearing surface?

The concrete surface of the deck module can be used as wearing surface.  The superstructure has been designed to accommodate a 10mm sprayed bituminous seal if required by asset owner. This is recommended to improve durability.

12. 
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