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ABSTRACT 

 
The United Nations Sustainable Development Goal on building resilient infrastructure, 

highlights the urgent need for enabling evidence-based decision making for Infrastructure 
Asset Management (IAM) supported by targeted platforms such as Digital engineering and 
Digital Earth. This paper aims to lay the foundation for a novel digital infrastructure asset 
management platform by evaluating the critical asset information requirements for resilient 

road infrastructure. The authors present the findings of an exploratory study through 
evaluating the experiences of asset management experts from road research institutes, state 
and local government bodies based in South East Queensland. The findings of the exploratory 
study are presented under four key themes of: 1) Using Digital engineering to managing 

complex data, 2) Current practices and outlook, 3) Key asset information requirements 
related to road infrastructure resilience, and 4) Data structures, interactions and 
interdependencies of information requirements. Findings regarding asset information 
requirements (AIR) through planning, design, construction, acquisition, operations and 

disposal are presented in the form of an AIR Matrix. An augmented asset interaction matrix is 
also presented showing temporal, spatial and logical relationships between the key asset 
information requirements. The authors conclude the importance of digital engineering and 
several key opportunities towards improving road infrastructure resilience. This research 

builds a foundation for academics and practitioners to understand existing context and trends 
in the application of digital engineering. It is proposed that industrial practitioners will also 
benefit in using the matrix to identify critical asset information towards resilient road 
infrastructure and that these findings also have implications for addressing the United Nations 

Sustainable Development Goals.  
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1. INTRODUCTION 

World’s economic prosperity is reliant on on strong infrastructure networks that safely and 
reliably connects people and businesses. The Australian Government is investing nealry $100 

billion over the next 10 years through its rolling infrastructure plan, which requires more 
data-driven rationales and principles in decision making [1]. Within this context, Digital 
Engineering has emerged as a targeted approach to derive better business, project and asset 
management outcomes. This paper aims to lay the foundation for a novel digital 

infrastructure asset management platform by evaluating the critical asset information 
requirements for resilient road infrastructure and their interrelationships.  Anchoring on the 
literature from the last two decades, this exploratory study evaluated the experiences of senior 
asset management decision makers from road research institutes, state and local government 

bodies based in South East Queensland. The findings of the exploratory study are presented 
under four key themes as follows; 
 

 Using Digital engineering to managing complex data,  

 Current practices and outlook,  

 Key Asset information requirements related to road infrastructure resilience,  

 Data structures, interactions and interdependencies of information requirements  

 
The asset information requirements (AIR) and its use throughout the asset life cycles phases 
of planning, design, construction, acquisition, operations and disposal were presented through 

an AIR matrix. Then the authors developed an augmented asset interaction matrix with 
temporal, spatial and logical relationships between the key asset information requirements. 
Based on the lived experiences, and rich insights shared by the industrial practitioners it is 
clear that digital engineering is uncovering a myriad of future opportunities for infrastructure 

management to digitalise the data structures and streamlines their operations. This research 
build foundation for academics and practitioners to understand the existing context and trends 
in the application of digital engineering.  
 

2. METHOD  

A qualitative exploratory study was deemed appropriate due to the novelty of the Digital 

Engineering phenomena, and therefore in-depth interviews were undertaken to gain insights 
from industrial practitioners. Potential participants were invited to participate in semi-
structured interviews through a method of snow-ball sampling, whereby interviewees were 
invited to nominate other potential participants. Invited participants included management 

and operations personnel with digital engineering/ asset management experience for over 5 
years, from government and industry. Interviews were conducted in person on a date and time 
of participant’s choice and convenience. The semi-structured interview questions were 
developed based on the findings of the literature review, and in total, there were 8 in-depth 
interviews. The summary of the participants is presented in Table 1 with the code names of 

the participants that will be used in the findings and discussion section.  
 

The digitally recorded interviews were prepared for analysis by manually transcribing 
through the NVivo software [3]. Data reduction methods were then used to read and analyse 

the transcribed data [4]. 
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Table 1: Summary of the interview participants 

 
Interview participants (P) O rganization No of interviews Interview 

duration  

P1: Senior technology leader  National road research organization  2 90 min 

P2: BIM expert  State government organization  1 60 min 

P3: Asset management expert  State government 1 60 min 

P4: Asset management expert Local council 1 2 60 min 

P5: Asset management expert Local council 1 1 60 min 

P6: Asset management expert Local council 2 1 60 min 

 
A data-driven, inductive analysis method of in-vivo coding was carried out using NVivo Pro 

(version 11) software to create nodes from the interview data [5]. During in-vivo coding  
labels were assigned to each relevant section of data in the interview transcripts, using a word 
or a short phrase extracted from data [6]. This was done by examining the data repetitively 
and 155 in-vivo codes were created. Axial coding techniques were then used to iteratively 

deduce the 155 in-vivo codes into 26 major categories, and identified interactions between 
initial codes [6]. Finally, selective coding identified 4 main categories, which systematically 
relates to all categories. The themes were derived through a thematic analysis [8]. Two 
researchers coded the interview data to corroborate the emergent themes to reduce bias in the 

synthesised data [9,10]. 

3. FINDINGS AND DISCUSSION  

This section evaluates criticality of evidence-based timely data for decision making towards 
resilient road infrastructure, drawing on interview and report data. Relevant quotes from 
interviewees, and key information requirements for resilient  road infrastruture are presented 
and details are extensively discussed with supporting key literature.  In presenting the 

findings of the semi-structured interviews, the four emergent themes from thematic analyses: 
1) Using Digital engineering to managing complex data, 2) Current practices and outlook, 3) 
Key Asset information requirements related to road infrastructure resilience, and 4) Data 
structures, interactions and interdependencies of information requirements. 

3.1 Using Digital Engineering (DE) to managing complex data  

Overall, the data clearly highlighted a common appreciation of the need for Digital 

Engineering (DE), for asset managers to thrive in increasing connected, data-driven world. 
Through the initial contextual inquiry, insights on digital engineering were gathered from 
industrial practitioners. Many of the participants highlighted that they are still at the early 
phases of applying digital engineering for their process; however they aspire to integrate 

more digital approaches in the future.   
 
DE was described as, “all of the engineering activities that sit around the modelling and data 
and information capture that can occur across any particular phase of design or 

construction, operations and maintenance” (P2).  It was emphasized that DE, and a lot of the 
other pieces that set engineering standards and apply engineering standards to design or 
construction, operations and maintenance. Building Information Modeling (BIM) was viewed 
as a subset to digital engineering. It was acknowledged that if DE was a broader umbrella of 

digital processes and practices that apply engineering principles and policies, BIM is the data 
management of the data set that we generate through the design. Their journey so far was 
described as in the form of modelling for road infrastructure projects for a considerable 
period of time, the method in the past for capturing the asset data was that was modelled the 

actual road construction project.    
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Digital twin was identified as another element that could be augmented to the DE principles. 
A digital twin is a digital representation of a physical asset, process, or system, as well as the 

engineering information that allows us to understand and model its performance. For 
example, “Digital twin is the new buzz word that came along where you do all that electronic 
and digitally first. if you put the construction cycle, the digital twin is been advocated heavily 
now” (P4). The current challenges on classes other incompatibility issues were well-

understood. It was stated that by having that system from end to end, across the life cycle 
facing there is no need for file conversation and the data could be easily transferred and 
moved the across the system.  
 

The integration of DE to the key elements of their functional asset management system was 
identified as critical by the local councils. These key elements as maintenance management 
systems, asset accounting, infrastructure risk management, predictive modelling and 
mobility. For example, “For me it’s about knowing what we got in terms of the asset register. 

Its make-up material, diameter, length, whatever it might be geographic positioning, digital 
asset management is then in our number of transactions, it might be maintenance, condition 
assessment and predictive modelling. There should be conditions performance management” 
(P6). The local council (2) engages in significant level of condition and performance 

monitoring. That along with asset accounting, risk management, predictive and performance 
monitoring and maintenance (both proactive and reactive) the full gamut of is being required 
for performance, of course condition ratings and there are these things like utilisation of the 
asset does it meet the requirements.  

 
It was concluded that Digital infrastructure asset management “means a lot of opportunity, 
but at the moment not a lot of reality” (P1). It was claimed that even with the abundance of 
information there but to make better decision around performance, risk and costs. So, its 

fundamentally about making right decisions, based on a broad range of inputs and 
understanding context and objectives.  It was evident from all the practitioner that there are 
clear opportunities for digital engineering to use as a targeted approach in realising better, 
strategic outcomes in infrastructure asset management.  

 

3.2 Current practices and outlook:  Application of Digital Engineering for managing 

data  
 

All practitioners shared a variety of digital tools, technologies to manage complex data in 
managing their infrastructure. These include Building Information Systems (BIS), 
Geographic Information System (GIS), SMEC pavement management systems, AutoCAD, 
2D, 3D and 12D modelling.  The interviewees shared the state government body is currently 

using the building information system (BIS-1996 Oracle database) which is a data structure 
inventory tool. This contains all available inventory data/ information requirements. The asset 
management expert from local council 2 (P5) expressed the interest and willingness to use 
BIM processes. For example, “I have a great interest currently in the BIM process at the 

moment. With some real value at the moment. Just done some training at the using 
Navisworks where it talks about that clash detection and modelling and things like that. That 
was for infrastructure, so we know how to go through those processes. They are aspired” 
(P5). The Senior technology leader (P1) added to this conversation they are highlighting the 

use of cloud systems in place where they are trying to receive all the information in cloud as 
well, along the field investigations and field inspections.  
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The local council 2 currently uses a combination of systems to store our condition data with 
some link to SAP and ESRI GIS for register and maintenance management system. And used 
in the whole of life costing and performance monitoring or predictive modelling. They also 

have separate systems like SMEC pavement management systems that manage our predictive 
modelling for road pavements. The SMEC Pavement Management System (PMS) is a 
powerful database designed to store and easily access a large range of information relating to 
roads, paths and road inventory items existing in the road corridor. The PMS is a planning 

tool that is able to model pavement and surface deterioration due to the effects of traffic and 
environmental ageing. It can be used to determine long-term maintenance funding 
requirements and to examine the consequences on network condition if insufficient funding is 
available. The PMS is capable of producing accounting reports for asset replacement costs, 

current written down valuation, and depreciation. 
 
 
The state government organization, on the other hand, is also in the journey of utilising the 

emerging digital technologies to convert 2D creations into 3D models. The BIM expert (P2) 
explained, “the creation and capture of the information is happening through 3D modelling. 
The generation of 3D models, and 2D drawing come from it. The step change of the moment 
is moving to trying to move away from 2D digital data capture, into a 3D object model” (P2). 

12D model is World Leading Software for Surveying, Civil and Water Engineering. With 
12D Model's powerful design capabilities, difficult surveying and civil design tasks can be 
easily visualised and completed. 12D Model includes a powerful programming language, 
which allows users to build their own options, from the extensive 12D Model programming 

library. Furthermore, its other applications such as Bentley was recognised as a powerful tool 
to accelerate project delivery and improve asset performance for the infrastructure that 
sustains our economy and our environment.  Also, it was acknowledged that Autodesk can 
also generate 3D models. However, as the next incremental change, they aspire to create an 

open BIM environment to be able to easily share information. This will enable transferring 
information between native file format design packages into something viewable or heading 
down the path of industry foundation class open file source.  
 

The asset management expert (P4) expressed his view on digital infrastructure asset 
management as an integration of all these to start with the end in mind, to produce useful 
asset management planning outputs, evidence-based decision making about timing of either 
planning and maintenance intervention to do capital renewal investments. It was emphasized 

that the digital landscape and technology are purely supporting those outputs the data 
requirements for the whole of life of infrastructure are independent of the tools and the users 
should be able to uplift and go into a new piece of technology. This variety of technologies 
will equip practitioners to store, analyse data to improve road resilience through enabling 

better strategies to disaster response and recovery.  

3.3 Key Asset Information Requirements (AIRs) related to road infrastructure 
resilience  

Asset information requirements are critical for evidence-based decision-making and setting 
priorities. Within this context, facilitating movement, reducing cost and improving disaster 
resilience were considered as key priorities. Through the interviews, it was evident that 7 key 

asset information requirement categories are considered critical for road infrastructure 
resilience. These include 1) Resilience, 2) Environment, 3) Costs, 4) Road use, 5) Risks, 6) 
Performance, 7) Condition. Each AIR need was categorised according to its life cycle phase 
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of planning, design, construction, acquisition, operations and disposal.  These phases were 
adopted from the Austroads asset management system standards.  
 

3.3.1 Resilience  

 
Resilience data shows the ability to restore asset service following an event. It was 
emphasized that there is increasing attention on resilience and use of biomimicry to create 
innovative solutions inspired by nature. The asset management expert from local council 2 

(P6) particularly focused on flood mitigation drainage assets, beach and waterways assets 
where they are subject to tide and inundation. He stated that “In terms of resilience it goes 
back to the inventory data one of the examples is we got a lot of concrete bridge piles and 
storm water pipes and make suffice concrete cover over the reinforcements. That cover 

eroded over the time or micro crack or cracking allows saltwater to penetrate and then it gets 
spoilt and it get into failure mode”. A clear relationship between resilience and performance 
and inventory were identified. For example, “when there is a cracking off the concrete. And 
what we have to do is then how it erupts the pile, realign the pile or rip it out. That’s a 

performance issue. In terms of the resilience, for me it probably comes back to inventory 
data, the class of pipe, or standards used to construct the asset. From an asset manager we 
are yet to come back with evidence around true impact of an asset. What if it is coming out 
through our condition assessment” (P6). 

 
Due to the impact of climate change might on road assets and it was highlighted that there is 
a critical need for more data and evidence on what mitigations measures can be taken, and 
these measures could be informed through an augmented data repository including inventory, 

condition performance.  Within the context of failure mode, it is critical to identify what are 
the failure modes for, to what percentage of failure, what are the deterioration factors acting 
upon asset types, what is a factor could be oxidisation, salt water corrosion, tidal inundation, 
temperature, humidity, rainfall. Engineers and asset managers will have to carefully asses 

each of these elements to decide the extent of the impact by those deterioration factors, what 
are our treatment options. For example, “specific to the asset type, road pavement- patching, 
spray sealing, stabilisation reconstruction, then you got maintenance, crack sealing. Once 
you got those what our overarching asset management strategy, based on whole of life cost 

analysis we are going to apply, maintenance strategy, capital renewal strategy, and then 
breaking that down” (P4). 
 
It is critical to assess the age of the asset and how it has been functioning and if there is a 

natural disaster and damage the road that asset managers need to be conscious about. Within 
this conversation, the senior technology leader (P1) expressed that criticality and resilience 
are deeply embedded within the performance. For example, “We try and build that resilience, 
so longevity of life is really key for us. We will continue to research how well certain 

pavements will react for certain conditions” (P1). This highlights the critical need to invest in 
ongoing research to discover materials, methods to facilitate an improved level of 
infrastructure resilience.  

3.3.2 Environmental data 

Due to roads operate exposed to the environment, the road performance is impacted by 

environmental condition heavily. The major environmental condition shall be captured by 
items such as geographical data (i.e. topography), climate data (i.e. temperature regime, 
rainfall) and construction data [11]. Most practitioners claimed that Physical geographic and 
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geospatial referencing data, Environmental data (i.e. weather, flooding, soil types), 
Susceptibility to natural hazards (fire) were key environmental data types to be considered 
during planning, acquisition, operations and disposal phases of the asset 

management/development system. The participant 4 stated that “networks or sub-networks 
heavily flooded and heavily goes underwater there will be a different way of managing them. 
They have higher susceptibility of damage, and similar types of soil will have an impact.” 
Furthermore, when they maintain/ modify assets for wider roads, they also have to consider 

factors such as trees, biodiversity corridors, fish passages etc.  As established by the industry 
practitioner’s environmental data heavily support the management of road performance. 

3.3.3 Costs (Critical renewal/ upgrades, maintenance and financial valuation) 

 
Critical renewal/ upgrades and financial valuation are two key cost categories in addition to 

maintenance costs. Critical renewal/ upgrades are supported by key sub data types such as 
capital value, residual capital value and treatment options. Financial valuation can be divided 
into replacement cost, use of life/ Asset life, unit rate and financial performance which are 
used throughout the asset life cycle. There is a clear relationship to condition data as the 

remain life can be evaluated based on the condition which will inform the decision of 
intervention. Maintenance cost includes labour, material, plants and equipment and contract, 
maintenance activities data (maintained activities data- to maintenance inspections, 
programmed maintenance and cyclic maintenance and reactive maintenance) and disposal 

costs (i.e.: labour, material, plants and equipment and contract).  
 
The asset management expert from local council 2 (P6) claimed that he would treat financial 
evaluation separate asset accounting. For example, “we are required under the accounting 

standards of the local government act. But what we use for the actual replace ment cost is 
quite different. Valuing like examples put back a service of a pavement, in actual reality it 
would be separate. Use for life, replacement cost, unit rate, measuring all square meters, 
using rest of the inventory data for that, square metre radius for the replacement cost that 

depreciates” (P6).  
 

3.3.4 Road use  

 
Road use captures the usage of assets. Within this category traffic volumes, congestion, 

capacity, outputs, bicycles/pedestrians, axle load, freight use, community users, traffic growth 
are key subcategories predominantly used in planning and operations phase. The asset 
management expert from local council 1 (P4) highlighted the importance of engaging 
community members in receiving feedback on congestions, rideability and noise amount, 

condition as they are key inputs for decision making. The freight use was also re-iterated by 
this participant as this kind of road utilisations have a major impact on the asset. For example, 
“That’s one of the many challenges with regards to decision mak ing, that network from 
geometry perspective or strength perspective is adequate for different kind of loads.” Road 

use could be a very broad asset information requirement and having a deeper understanding 
of the types of uses will enable effective and efficient management of road assets.  

3.3.5 Risks 

 
Risk category was a key emergent category which captures potential risks associated with the 

asset type and mitigation measures. This data types are used mainly in the planning, 
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construction, operation and disposal stages. The asset management expert from local council 
2 shared that “A potential risk might be a catastrophic failure or a failure of a component of 
an asset or whatever that might be. You will have various mitigation measures, one of that 

would be regular maintenance inspection which is a valid one. Other could be proactive 
maintenance, others could be hierarchy of control” (P6). This participant also pointed out 
how risks are related to maintenance data and condition data, especially to programmed 
maintenance and cyclic maintenance and reactive maintenance. 

3.3.6 Performance data  

 
Performance of an asset can be attributed to finance (the cost of asset ownership) and service 
(the customer service performance of the asset). Key elements under this category would be 
asset life, outputs, service performance, fit for purpose, community inputs and achievement. 

Asset management expert from local council 2 (P6) expert added to this by saying 
“performance is really about the asset meeting the design intent” (P6). These performance 
data are used throughout the asset life cycle especially in planning, design, construction, 
acquisition and operations.  Austroads data standard was recognised as a widely used data 

standard for managing roads in South East Queensland. Both local council experts (P4, P6) 
emphasized on the value of this document in having standard definitions and defined data 
architecture which enables consistent use of language and coding in road asset management.  
 

In going forward, the participant 4 proposed the use of digital communication between assets 
and data to be stored in clouds would facilitate the creation of a whole digital asset 
environment. He clearly distinguished the difference between the human’s ability to identify 
physical assets and the asset’s artificial intelligence could go beyond that leveraging sensor 

technologies, BIM and other digital engineering methods to achieve this blue sky thinking.  

3.3.7 Asset condition data 

Asset condition is the forefront of the planning and acquisition processes, and it was re-
iterated that collecting the right attributes will enable the users to properly maintain the asset. 
This allows monitoring and reducing risk at later stages of the asset life cycle. Participant 2 

added to this context by highlighting their priorities when developing a program or project up 
for funding. Firstly, they identify the network need especially interrogating why they need to 
do a project in a particular location. To augment the previous step, they collect crash history 
data, as a foundation to decide why they need to put up a project for funding. Financial 

resources are a pivotal factor in asset decisions and therefore works and costs are critical in 
the earlier phase of the asset life cycle.  
 
For example, “We just not only want to know the defects and the severity of the defects, 

condition assessment, determination of how it got left. When we talk life to intervention, 
classic integration curve, we are not running it to. Is it condition zero- 1 brand new or both. 
We basically want to do, there will be a whole heap of maintenance supplied in that period as 
well. So that’s an intervention point, we get in their re-seal or reconstruct” (P6). It was 

emphasized that the identification of intervention point is critical to roll out their maintained 
strategies.  
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Table 1: Asset information requirements matrix 
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*Classification 

 

Functional priority 

 

 





Service profile  

Hierarchy  

Economic and social 

*Inventory data 

Name  

     

Unique Identifier 

Location 

Jurisdiction 

Geometry 

Components  

Classification 

Existing assets 

Design standards 

*Condition data 

Surface/ elements 

     

Pavement 

Kerb and channel 

Bridge 

Pathway/ footpaths 

Unsealed roads 

Remaining useful life 

*Network 

Network name 



 

  

Node 

Link 

Strength, geometry  

Link sections 

Environment 

Physical geographic and geospatial referencing 

data 


 
  

Environmental data (weather, flooding, soli types) 

Susceptibility to natural hazards (fire) 

Road use data 

Traffic volumes,  

   





Congestion  

Capacity 

Outputs 

Bicycles/Pedestrians  

Axle load 

Freight use 

Community users 

Traffic growth  

Capital renewal/ 
upgrades  

Capital value 

     Residual capital value 

Treatment options- 

Maintenance costs 

Maintenance cost  

     
Maintenance activities data  

Disposal costs  

Failure incident management data  

Financial valuation  Replacement cost 

     
  Use of life/ Asset life  

  Unit rate 

  Financial performance 

*Criticality                               

Impact on the route 

 
 




Service profile  

Importance of that route 

*Resilience 

Damage state- failure mode 

    


Access state 

Type of material 

Distance to susceptible environments  

Duration 

 

*Performance Asset life     
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Function group/ data types 
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Outputs 

Service performance 

Fit for purpose 

community/ customer input  

Achievement  

*Road access 
Identification (restriction type, reason) 

 
 


Time period 

*Risk  

Potential risks 







 Mitigation measures  

Asset type 

* Primary functional groups were adapted from [2] 

3.4 Data structures, interactions and interdependencies of information requirements 

The following sections discuss the logical, spatial and temporal relationships between the 
information asset requirements uncovered through the interviews with industrial practitioners.  

3.4.1 Spatial 

Spatial relationships discuss the data or information that identifies the geographic location of 
features and boundaries. Participant 1 expressed the importance of visualising spatial 
relationships between each category and how it will enable digital engineering to harnessing 
better outcomes in each asset information category. Key demonstrations between 

environment and condition data would enable decision makers to factor in environmental 
changes, risk, characteristic and its impact on asset conditions. For example, “if flooding risk 
were to be spatially visualised though a map and that could be useful resource for asset 
managers to take necessary action to preserve the roads conditions” ( P1).  

The criticality of the asset can be spatially visualised which would indicate the road hierarchy 
(i.e.  network critical asset).  Being able to visualise relationships would enable data-driven 

decision making. That would also have a relationship between network. Participant 4 shared 
that knowing where within the tunnel certain item will be extraction fence electrical 
conduiting, and safety grace having that spatial awareness is key and this could be related to 
risk category as well. Road use and access show clear spatial relationships. For example, “in 

our organization we have interactive maps which is very similar google earth we have 
number of map layers that we can turn particular things on, and off which can show us where 
a particular object is which ever. 3000 bridges across the network we have that mapped. So, 
if we know what we got to do, regular maintenance needs to happen, that spatial relationship 

which how’s which bridge and where that s how we go and inspect such and such bridge. 
And those are reported by front end that gives us the analytics piece – dashboard that allows 
us to find out particular data sets behind” (P2).  

There is also a spatial and logical relationship between environment and resilience categories. 
For example, the participant 5 shared thoughts on the recent environmental catastrophe 
Cyclone Debby, “First thought is the way the roads, got terribly hammered after cyclone 

Debby and the flooding we had last couple of years.  You can put those two things down as 
it’s a summertime issue. And the way that flooding situation, they are one day and next day 
they are gone. So, there is a timely situation there. It’s almost seasonal. How our roads 
respond is almost seasonal” (P5). 
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Being able to visualise the network data in a spatial manner would be so convenient for 
condition assessment. Furthermore, it was claimed that it was important to bring in 
classification into every other data category. Specially to connect it to the inventory data and 

road use types. For example, “We need to bring classification into everything, that helps us to 
understand what inventory data may be used.  Then the condition data. For us knowing 
spatially where everything is key to us so then we can actually look at how do we bring into 
the maintenance operation of that information” (P4).  

Inventory and condition, network and environment are key categories which would 
demonstrate spatial relationships. In addition, these relationships can be leveraged to manage 

congestion, road use, maintenance and access. For example, “when we are designing and 
thinking of it, what is the ease of access and maintenance down the track could be 
facilitated” (P2). 

3.4.2 Temporal 

As previously discussed under spatial relationships, it is critical to identify both spatial and 

temporal relationships as these could have cumulative impacts on decision making. Temporal 
data that represents a state in time. Temporal data that represents road use and condition data 
shows clear temporal relationship. Participant 4 added to this conversation by expressing his 
ideas on road management and evaluation of congestion data and its impact on road use and 

access. At the point of what was down the access to certain roads might be restricted. And the 
road use also has temporal relationship.  

Environmental conditions vary from time to time. This has a relationship between inventory 
data (geographic location and environmental data). For example,” Identifying the geographic 
location of environmental data. That will have an impact on the way it’s been utilised” (P5).  

For example, Acid sulphite soils had an impact on the road conditions and also how it can be 
maintained. This was supported by Participant 5, “Not too long ago- 5 years ago, we looked 
at roads that were affected by Acid Sulphite soils. And AS soils budding up parts of your road 

network. And say you’ve storm water network, you have created a little hotspot for potential 
works/ for something to happen and make sure your response is not just a band -aid response, 
but you would really want to take it from end to end and having a look at all your joins all 
your connections down the track and either sides”( P5). 

Network condition, criticality and maintenance data also have clear temporal relationships. 
For example, “Temporal can be in different categories, in a day congestion might be in peak 

time. And then week in congestions- not that busy in weekend. In the monthly and yearly 
congestion is in school holidays and non-school holidays. And season aspect and 
environmental aspect (P4)”  

Participant 4 emphasized the importance of defining the time domain in terms of short, 
medium, long terms; network or project level. This domain brings a variety in the types of 
inspection and condition assessing done for infrastructure assets. For example, “Looking 

forward to we collect condition data every three years. Which is more network level 
condition data. But our construction and maintenance branch do it every few months.  They 
look at potholes and patches and all those operational maintenance issues. And we are 
looking at network improvement issues which is good enough to do every couple of  years. 

And in a long-term indicator and not so immediate. So, this domain of short-term vs long-
term, daily vs hourly, yearly vs monthly, will give you a different answer for temp oral (P4)” 
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3.4.3 Logical (type) 

Logical relationships represent by standardizing the people, places, entities and the rules and 
relationships between them using a standard language and notation, i.e. organizational 
ownership and provided services are associated with operational conditions to proactively 

identify and respond to potential problems, relationship between assets and critical services 
the asset supports. In asset management perspective, AIR demonstrates a logical relationship 
with each other. This consists of key examples such as condition data and inventory data. For 
example, Condition data and inventory data, we do try and capture the installation date and 

the age of the asset and some them may have that longevity, the other are starting to think 
again about tunnels and extraction fans the maintenance arioso there or we need to know 
that maintenance regime, often we need to go out maintenance. This shows a link to 
maintenance as well” (P6). 

Condition data and financial evaluations has a unique logical relationship.  For example, “If 
we think about how well each different pavement types perform- expectation about an 

optimal lifetime- truck may come along as an increase over the lifetime a great increase in 
heavy vehicles start to erode its performance. Then the surface needs to be maintained than 
earlier would have when planned at the installation. Traffic volumes and other outside 
factors will affect the resilience” (P1) 

The road use and the environment/ network have a close spatial and logical relationship. For 
example, “We looked at roads that were running through Koala corridors. We were looking 

at roads that went close to hospitals, close to shopping centres, schools.  Close to school is 
interesting because you got the heavy bus loads (P5).” 

Resilience and condition data, maintenance data also demonstrate logical relationship. For 
example, “Inspection of a 6 monthly regular maintenance need to occur; you do get the 
resilience piece out as well. That you install. To maintain I the longevity of life.  Resilience 
comes back to the fact that dollars spent as well. Let’s get longevity per dollar, high price 
and if something fails that’s a problem” (P4).  

Performance can be taken as an example for different level of road use and works and costs. 

For example, “Performance connected to works and costs. Road use – changes of volume- 
temporal relationship” P2).  The costs, network and classification also show a logical 
relationship. For example, the type of the network, it sits in the hierarchy of our planning 
process that we will look at that network need may be, need to connect to finances.  

There was clear logical relationship shared among network and environment. For example, 
“Capacity on the network and the environment – carbon- through a failure of the network 

that leads to congestion actually has an impact in environment- greater carbon exposure” 
(P1). In addition, another participant added, “construction of the network its impact on 
environment and the material we use – build particular assets -highlighted for us a concrete- 
connection- embodied energy” (P2). 

These AIR have logical, spatial and temporal relationships where those links are leveraged 
throughout the asset life cycle. Figure 1 presents the identified links and relationships 

between asset information requirements and decision making. The decision-making process 
consists of key steps including review context, define objectives, evaluate influencing factors, 
investigate causes of action, engage stakeholders and plan.  
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Figure 1: Asset information and decision-making process 

 

Table 3 synthesizes all derived relationships from the examples discussed above.  The grey 
boxes are the spaces that is linking similar asset management categories therefore it can 
ignore. The empty boxes show where there was no relationship experienced by the industrial 
practitioners. 
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Table 2: Asset information requirement relationships matrix 

 
Inventory  Condition  

Network/ 
Environment 

Road use 
data/ 

utilisation 

Works and 
costs 

Criticality Resilience Performance Access Classification Risk 

Inventory                      

Condition     


       






Network/ 
Environment 

                

Road use data/ 
utilisation 

                 

Works and costs                 

Criticality                

Resilience         


          

Performance                

Access                 

Classification   
 

                

Risk                    

*Relationship type= Spatial- , Temporal--, Logical- 
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4. CONCLUSIONS  

This foundational study contributes to infrastructure asset management field by providing a 
rich and contextualised understanding of the experience of senior decision makers from asset 
management field on critical asset information requirements toward improving road 
resilience. The authors have established 66 asset data types, which emanate from the 14-asset 

information requirement function groups. Findings of this study led to the addition of few 
functional groups such as risk, capital renewal/ upgrades, financial valuation to the Austroads 
standards. These groups capture additional information that would enable asset managers to 
make more informed, evidence-based decision related to infrastructure asset management.  

The limitations of this report show potential areas for further investigation. Firstly, the sample 
investigated is relatively small as a result of the employed research method, therefore having 

limited generalisability. Further empirical generalisation could be achieved through 
conducting case studies and supporting them with surveys. This exploratory research findings 
provide groundwork to further understand how digital engineering can be embedded deeply in 
the road management sector. Mainstreaming digital engineering toward improving road 

infrastructure resilience needs an ongoing commitment to optimising available digital 
technologies and continuously researching on novel approaches to ensure data integrity and 
system interoperability.  

There is significant capacity to leverage digital engineering for resilient road management in 
South East Queensland. Key opportunities are identified below, within the context of all asset 
management practitioners sharing a responsibility for advancing the use of digital in 

infrastructure asset management in SEQ. This includes local council, industry and 
government all working together to engage in digital engineering practices and realise the 
associated benefits related to resilient infrastructure, streamlined data systems and 
interoperability. The industrial practitioners highlighted opportunities of applying digital 

engineering techniques for creating digital infrastructure asset management system for 
industry growth. This includes: 

• Implementing digital strategies for managing complex data related to asset 
management and interoperable systems to reduce duplication of steps   

• Establishing effective communication between key stakeholders including councils, 
contractors and government  

• Researching into different material types feeds into the resilience asset information 

• Exploring opportunities for using digital equipment to create a digital city using 

artificial intelligence, communication among infrastructure, geo-fencing and 
autonomous vehicles   
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