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Abstract  
Bridges are important links in the road network. Over the years, bridges have been designed to 
various standards as they were built in different periods. The road infrastructure grew as the 
country developed and the population spread out. The technology also has significantly developed 
resulting in better understanding of bridge structures and their behaviour. As funds availability is 
tightened, road authorities are facing challenges related to the implementation of optimal bridge 
management programs based on lifecycle cost, remaining life and bridge capacity considerations. 
In this context, this paper presents the Australian experience in managing bridges, and proposes a 
strategy to upgrade bridges on sub-networks in a proactive way in anticipation of new operational 
loads or legal limits being imposed. The paper also provides an example illustrating the 
applicability of proposed strategy.  
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1. Introduction 
 
The road network in any country originated with roads connecting the capital city with regional 
centres. Next, the rural towns were connected with villages and regional centres. The road 
network grew as the population grew and settled in various parts of the country. Bridges are 
relatively more expensive to construct than road pavement, and are therefore designed for a 
longer service life. In Australia as in many parts of the world, if a new operational or legal load is 
to be introduced, or if the bridges in the network are to be upgraded to a most recent load standard 
using available funds, a clear strategy is not available to road authorities for implementation. In 
the past, bridge information such as details of construction drawings and basic bridge inventory 
data were recorded manually. A physical file was created with construction information and 
photographs of the final structure. Bridge inspection information and any major repairs or 
improvements carried out were filed. Many road authorities have attempted to update and 
maintain their records but could not keep up with it owing to lack of experienced staff, lack of 
resources allocated to the task, and underestimation of the importance of the task. 
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Throughout the world, it is a common practice in the construction industry to develop design 
standards to accommodate future requirements. The design standards are regularly revised or 
completely replaced by new ones owing to research and development into new materials and 
technology. The situation is the same with bridges; bridges have been designed in the past to 
various different design standards as they became effective, and these design standards were 
revised as the transport industry demand grew. Australia is no exception; different design 
standards were used in the past, and it has not been possible to upgrade all of the bridges to the 
newly introduced design standard owing to obvious economic reasons.  Additionally, there is 
considerable pressure from the transport industry to make the road authorities allow heavier loads 
on the roads. The heavy vehicle technology has developed to a level where large and long heavy 
vehicles can manoeuvre without any difficulties. But many of the existing bridge structures do not 
have adequate load capacity to carry these loads. Against this background, this paper reports on a 
research study aiming at developing and testing a strategy to upgrade bridges, on sub-networks, in 
a proactive way in anticipation of new operational loads. 
 
 
2. Bridge Structural Capacities and Loading Scenarios  
 
The advancement of human society around the globe is very much dependent on infrastructure 
development. As the human population grew, the infrastructure also grew. The lifestyle changed 
as the economies of certain regions grew. The capacity of the existing infrastructure could not 
cope with the change in lifestyle, the advancement in technology, and the demand for better and 
improved infrastructure. This has led to infrastructure problems that have compounded over 
recent decades for the following reasons (Hudson et al., 1997): 1) under-investment in public 
works programs; 2) lack of good management systems for infrastructure; 3) failure to recognise 
the importance to the future economy of maintaining a sound physical infrastructure; 4) cutbacks 
that have slashed public works budgets; 5) failure to replace the infrastructure as fast as it wears 
out; 6) failure to realise that the lack of infrastructure seriously impacts on the services that the 
government can provide; 7) tendency by national, state and local officials to defer maintenance, 
and 8) increased costs to taxpayers to repair and rebuild the obsolescent infrastructure.  
 
In light of the above, it is clear that there is a need for a well-planned proactive process to achieve 
sound asset management objectives such as suitable levels of service at minimum life cycle cost. 
Ideally, a bridge maintenance management system should consist of several modules that may be 
used for the effective management of bridge assets either corporately or at the network level. 
These modules can be used for developing strategies for different aspects of bridge management 
such as widening, strengthening, replacement, and/or simply repainting of bridges. The design 
standards that have been used in Australia reflecting the changes of standard design loads over the 
years. Up until 1977, every state and territory had different allowable mass limits. Only in 1988, 
the legal mass limits for heavy vehicles were made uniform across Australia when the 42.5 tonne 
gross mass limit was adopted across the country (NAASRA, 1985). The service level of a bridge 
depends mainly on its load carrying capacity that is controlled by the design standard used at the 
time when the bridge was designed. This has resulted in bridges on the same road having different 
design standards and hence having different load capacities. The types of vehicles have also 
changed over the recent past reflecting continual increase of operational loads. Table 1 lists 
current and proposed operational loads in Australia and their corresponding bridge service levels.  
 
 
 
 



 359

Table 1: Current and Proposed Operational Loads 
 

Service Level Operational Load Remarks 
Level 1 Legal Loads 42.5t Current legal load 
Level 2 B-Double 55.5t Currently used on approved routes 
Level 3 B-Double 62.5t Currently used on approved routes 
Level 4 B-Double 68t Proposed industry requirement 
Level 5 Road train 85t Currently used on approved routes 
Level 6 MLR 45.5t Recommended legal load 

 
To achieve a higher service level, it is therefore necessary to analyse the network for what is 
available in terms of structural capacity, and how best the operational vehicles can be categorised 
and manoeuvred, utilising the available capacity creating specific purpose routes and areas by 
differentiating road network standards between those of primary and volume routes and those of 
general access routes. The differentiated standards would be to support terminal to terminal 
operations including access to ports, rail terminals etc. (AUSTROADS, 1994). In this way, the 
road authorities can invest in bridge replacement and upgrading to accommodate higher load 
capacity for only the primary routes. This is to avoid being burdened with the responsibility of 
finding funds for upgrading all bridges.  
 
 
3. Cost Implications 
 
In a study titled ‘Roads 2020’ that was carried out to make forecasts at a strategic level for 
expenditure needs for investment and maintenance between 1998 and 2005 and 2005 and 2020, 
the authors have selected three scenarios for bridges. Bridges from a selected database were 
assessed for their capacity to withstand loads under the following three scenarios (BTCE, 1997): 
Scenario 1: Gross mass increase from the current 42.5t to 45.5t with no further increases; 
Scenario 2: Gross mass increase to 45.5t in 1997 and further increase to 52.0t in 2010 with no 
further increases; Scenario 3: As for 2 above but with a further increase to 58t in 2020.The 
analysis shows that an immediate expenditure of AUD$24M is needed on the National Highway 
System (NHS) and increasing from AUD$47.3M for Scenario 1 to AUD$321.2M for Scenario 3 
for the period 2021 to 2030 based on 1997 estimates.  
 
Owing to heavy public scrutiny of government expenditure for value for money on infrastructure 
development and capital, it is common practice to cost various options for bridge upgrading or 
replacement. When a bridge is proposed to be replaced or upgraded, an option study is initially 
carried out. A Cost Benefit Assessment (CBA) is carried out to rank the options, see Fig. 1. As 
part of this CBA, a Life Cycle Costing (LCC) is undertaken for each option to include all the 
recurring and maintenance costs over the assumed operational life, and a recommendation is then 
made. Major LCC cost components are: i) construction cost; ii) maintenance cost; iii) disposal, 
replacement or upgrade costs, and iv) salvage costs. The most significant and least readily 
appreciated variable is the need to determine appropriate LCC periods for each bridge considered 
for replacement or construction and they depend on: 1) Physical; 2) Economic; 3) Functional; 4) 
Technological; 5) Social; and 6) Legal issues (Ballesty and Orlovic, 2004). Discounting is the 
common technique used to adjust for the time effects by recognising a preference for events that 
occur in the far future (Langston, 2005). Rates as set out by government guidelines for economic 
appraisal of capital works are: 4% p.a. as the rate with a sensitivity analysis of 7% and 10%. 
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Fig. 1: Cost Benefit Assessment 
 
 
4.  Strategy Development 
Currently the bridges on any road network are checked for capacity when there is a proposal to 
allow new operational vehicles. This also happens when a single operator wants to introduce a 
truck with new axle configuration that will have much commercial benefit to their company 
resulting from greater haulage. As a first step, this paper proposes isolating a section of the 
network, say a particular route to see the type and load capacities of the bridges on that route, and 
determine the suitability of that route for each of the selected operational loads representing a 
service level. This is followed by conducting an economic analysis to determine the cost 
associated with upgrading any load-deficient bridges to allow them to carry each of these 
operational loads. Finally, develop the economic options to upgrade that route from one service 
level to the other where each operational load defines a service level.  
 
The methodology is best demonstrated by selecting a hypothetical sub-network with a total of 23 
bridges having different capacities. Fig. 2 illustrates the sub-network with three possible routes, 
namely ADB, ACDB and ACEB. To simplify the analysis, there are 10 bridges on each selected 
route. The structural capacity of each bridge is indicated in terms of a service level in Column 2 
of Tables 2 through to 4 where equivalent load capacities have been assumed in terms of 
operational load-based service levels. 
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Fig. 2: Hypothetical Sub-network 

 
The requirements for upgrading these bridges to the next service level are also indicated in 
Columns 3 through to 6, based on which a service level is proposed for the route. The suitability 
of each route for assigning appropriate service levels has been tested based on the assumed 
capacity of the bridges on the route. Finally, the number of bridges that require upgrading for 
each route is also determined and a recommendation is made based on this information. For each 
route, Table 5 illustrates the number of bridges that require upgrading in response to the 
recommended service level. So, it can be seen that it is economical to assign a service level (SL) 
of 2 for Route ACEB by upgrading two bridges only; assign service levels of 2 and 3 by 
upgrading 1 or 3 bridges; and assign a service level of 3, 4 or even 5 by upgrading 4 bridges. This 
is a simple analysis to demonstrate how economies can be gained using this methodology. Now 
the individual upgrading requirements will have to be looked into in detail to estimate the costs 
involved so that the route options can be closely compared before assigning the appropriate 
service level. The individual upgrading requirements for each bridge can be analysed only when 
more details are available on each bridge. 
 
Section sizes that have been used in construction are usually recorded in Work-As-Executed 
(WAE) drawings. The actual capacity of bridges is calculated based on the WAE drawings. As 
such, these capacities are generally more than what a design load requires in analysis. The load 
effects of the operational loads are calculated independently for the same bridges according to 
their span configuration. These load effects are then compared with the actual capacities of these 
bridges to see whether they have adequate capacity to carry these operational loads. An 
appropriate load factor is also applied when comparing the load capacity with the load effects. 
Therefore, the cost and method of upgrading a particular bridge is based on which operational 
load is going to be used, the assigned service level and the available capacities of the bridges on 
that particular route. It can be seen from the envelope in Fig. 3 that all the loads have similar 
effects in span range of 5-15m. The maximum moments start to increase between 20m and 25m 
spans and vast differences can be seen beyond 25m. This demonstrates that as the spans increase 
above 20m the chances of bridges requiring upgrades can be higher and hence the cost of 
upgrading can be much higher.  
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Table 2: Details of Route 1 – Via ADB 
Bridge 

No 
Equivalent 
Capacity 

Suitability
for SL2

Suitability
for SL3

Suitability
for SL4

Suitability 
for SL5 

01 Level 1 Upgrade Upgrade Upgrade Upgrade 
02 Level 2 Adequate Upgrade Upgrade Upgrade 
03 Level 3 Adequate Adequate Upgrade Upgrade 
04 Level 4 Adequate Adequate Adequate Upgrade 
05 Level 5 Adequate Adequate Adequate Adequate 
06 Level 3 Adequate Adequate Upgrade Upgrade 
07 Level 3 Adequate Adequate Upgrade Upgrade 
08 Level 4 Adequate Adequate Adequate Upgrade 
09 Level 5 Adequate Adequate Adequate Adequate 
10 Level 2 Adequate Upgrade Upgrade Upgrade 

Number of bridges 
require upgrading 1 3 6

 
8 

 
 

Table 3: Details of Route 2 – Via ACEB 
Bridge 

No 
Equivalent 
Capacity 

Suitability
for SL2

Suitability
for SL3

Suitability
for SL4

Suitability 
for SL5 

10 Level 2 Adequate Upgrade Upgrade Upgrade 
11 Level 3 Adequate Adequate Upgrade Upgrade 
12 Level 5 Adequate Adequate Adequate Adequate 
13 Level 2 Adequate Upgrade Upgrade Upgrade 
14 Level 2 Adequate Upgrade Upgrade Upgrade 
15 Level 1 Upgrade Upgrade Upgrade Upgrade 
16 Level 4 Adequate Adequate Adequate Upgrade 
17 Level 2 Adequate Upgrade Upgrade Upgrade 
18 Level 5 Adequate Adequate Adequate Adequate 
19 Level 2 Adequate Upgrade Upgrade Upgrade 
01 Level 1 Upgrade Upgrade Upgrade Upgrade 

Number of bridges 
require upgrading 2 7 8

 
9 

 

 
Table 4: Details of Route 3 – Via ACDB 

Bridge 
No 

Equivalent 
Capacity 

Suitability
For SL2

Suitability
for SL3

Suitability
for SL4

Suitability 
for SL5 

10 Level 2 Adequate Upgrade Upgrade Upgrade 
09 Level 5 Adequate Adequate Adequate Adequate 
20 Level 5 Adequate Adequate Adequate Adequate 
21 Level 5 Adequate Adequate Adequate Adequate 
22 Level 5 Adequate Adequate Adequate Adequate 
23 Level 5 Adequate Adequate Adequate Adequate 
17 Level 2 Adequate Upgrade Upgrade Upgrade 
18 Level 5 Adequate Adequate Adequate Adequate 
19 Level 2 Adequate Upgrade Upgrade Upgrade 
01 Level 1 Upgrade Upgrade Upgrade Upgrade 

Number of bridges 
require upgrading 1 4 4

 
4 
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Table 5: Comparison of All Three Routes 

Route 
Description 

Suitability 
for SL2 

Suitability
for SL3

Suitability
for SL4

Suitability
for SL5

Recommend
 

ADB Upgrade 1 Upgrade 3 Upgrade 6 Upgrade 8 SL 2 & 3 
ACEB Upgrade 2 Upgrade 7 Upgrade 8 Upgrade 9 SL 2 
ACDB Upgrade 1 Upgrade 4 Upgrade 4 Upgrade 4 SL 3, 4 & 5 
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Fig. 3:  Maximum Moment Envelope 

 
 
The Linear Programming (LP) technique can be used to compare the benefits in increased freight 
volume owing to upgrading service levels for any route, or to identify constraints and limitations 
in haulage owing to reduced capacity of some bridges along the route. The Minimum Cost 
Network Flow Models (MCNFM) can be used to balance the network flow of freight volume of 
any sub-network or a complete network. A sensitivity analysis also could be performed using this 
method before deciding to assign a service level. The purpose of the application of LP here is 
mainly to estimate the benefits of route upgrading in terms of improved haulage and hence the 
unit cost of upgrade. The improved haulage is due to the increased capacity of the route from the 
upgrade from one service level to the other. 
 
The overall decision-making process is illustrated in Fig. 4. The process facilitates the preparation 
of funding strategies to implement any upgrading programs to assist bridge planners in 
developing their strategies to upgrade bridge infrastructure networks in order to satisfy the 
transport industry demand. Bridge maintenance planners can then assess, plan, budget, program 
and implement bridge network upgrading in an affordable and efficient way. 
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Fig. 4: Proposed Decision-making Process 
 
5.  Concluding Remarks 

There is considerable pressure from the transport industry to make road authorities allow heavier 
loads on the roads. Heavy vehicle technology has developed to a level where large and long 
heavy vehicles can operate without any difficulties in manoeuvring. But many of the existing 
bridge structures do not have adequate load capacity to carry these loads. This paper proposed a 
methodology to identify routes for use by commercial vehicles and to determine the appropriate 
service level for these routes. The developed methodology includes steps to upgrade a route from 
one service level to another that is higher. 
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If the bridge infrastructure network is to be efficiently used, the transport industry should have the 
flexibility to move its goods in the most efficient way by reducing the unit cost of transport. This 
can only be achieved by upgrading the existing network to allow the operational loads that are 
very commonly used by transport operators. To achieve this, the network will have to be analysed 
for the variation in structural capacity of bridges in each sub-network and upgrade the sub-
network to a required standard to allow a particular, or a few, operational vehicles.  
 
It is concluded that a proper strategy is needed for bridge infrastructure management taking into 
consideration existing bridge capacities based on cost of upgrading alternative routes to assigned 
service levels. The proposed methodology allows bridge planners and strategists to evaluate 
existing heavy vehicle routes for upgrading to different service levels and simplifies the decision-
making process using appropriate tools, thus bringing huge savings in bridge replacement and 
upgrading costs. 
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