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ABSTRACT

Improving the productivity of the multi-billion dollar annual investment in the
maintenance and rehabilitation of the roading infrastructure could bring about
huge cost savings and ensure optimal use of resources and tax payers’ money.
There is currently little or no research on productivity improvement of the New
Zealand roading sector. This study aimed to identify productivity constraints and
improvement measures in the road maintenance and rehabilitation (RMR)
sector in New Zealand. The study also aimed to provide insights into the RMR
process and the criteria that inform strategic decisions for action. Based on a
descriptive survey method, qualitative and quantitative data were gathered
through pilot interviews and on-line surveys. The investigations were limited to
the views of consultants and contractors involved in the New Zealand road
pavement maintenance and rehabilitation sector. Content analysis and multi-
attribute methods were used in the analysis of the primary data for this

research.

Results from the pilot interviews revealed 61 productivity constraint factors.
These were aggregated into two main categories: internal and external factors,
with an additional eight sub-categories. The five internal factor sub-groups were
project finance, workforce, technology/process, project characteristics, and
project management/project team characteristics. The three external factor sub-
groups were statutory compliance, unforeseen circumstances, and “other”

external forces.

Results of the multi-attribute analysis showed that inaccurate estimates, lack of
good leadership management capacity, resistance to accept new technologies
in road maintenance projects, site location and environmental constraints, and
frequency of design changes/change orders/late changes were the most
influential internal constraint factors on the level of productivity in the road
maintenance and rehabilitation sector in New Zealand. Additionally, the Health
and Safety in Employment Act, Resource Management Act, inclement weather,
market conditions and the level of competition in the industry for jobs were the

most significant factors under the broad category of external constraints.



Recommendations for improving productivity in the New Zealand RMR sector
include providing more training courses for the workforce to participate in, in
order to improve the level of skills and experience in the work force; having
sufficient budget for using new technologies, such as road failure detection
systems; using new cost-effective materials with a longer life cycle; providing
accurate estimations; applying up-to-date leadership management skills; and
improving the quality and accuracy of designs to minimise design errors and
late change orders; as well as having adequate planning and regular monitoring
of the entire process. It is expected that the application of these
recommendations by designers, project managers and contractors could lift
efficiency and productivity in the RMR sector and ensure optimal use of

resources in the sector, as well as boost the New Zealand economy.

Keywords: New Zealand roading industry, productivity, road construction, road

pavement maintenance, road pavement rehabilitation.
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Chapter 1. INTRODUCTION

1.1 Overview

This chapter describes the background of this study and also explains why this
study is essential in New Zealand; it explains the problems that the research
aims to explore and what solutions exist. Furthermore, this chapter explains the

scope and limitations of the study and the structure of the report.

1.2 Background

The multibillion dollar annual investments in road rehabilitation and
maintenance in New Zealand mean that improvement in the productivity and
performance of the roading sector could not only contribute to the social and
economic growth of New Zealand, but also optimise delivery of value for the
public good. For instance, the New Zealand Treasury (2012) observes that
effective infrastructure is important for facilitating economic growth, adding that
the Government's objective is for New Zealand's infrastructure to be a means to

permanently lift the sustainable growth rate of the economy.

From a focused perspective, the New Zealand Transport Agency (NZTA) (2009)
observes that to move people, goods and services efficiently and safely, for a
small, sparsely populated country such as New Zealand that is far from world
markets, having a robust transport network is vital. Consequently, infrastructure
development is one of the New Zealand Government’s key levers for economic
growth. The NZTA (2009) argues that because a strain on the nation’s road
network could halt economic progress, the New Zealand Government is
investing heavily in infrastructure now, to encourage future economic growth.
An efficient freight industry with access to cost effective transport is essential to
the competitiveness of New Zealand businesses, because around 92% (by
weight) of all freight within New Zealand is moved by road (NZTA, 2009).
Efficient and effective rehabilitation and maintenance of the New Zealand road
network is therefore a crucial underpinning of the strategic and financial health

of New Zealand and New Zealand businesses.



Road rehabilitation and maintenance projects often involve challenges and
risks, which are quite difficult to ascertain or forecast at the tendering stage. On
account of this uncertainty, road projects are usually depend on a cost
reimbursement basis, whereby the contractor gets reimbursed for prime costs,
together with an allowance for profit, in accordance with a pre-agreed method
(Standards New Zealand, 2003). Not having accurate benchmarks for
monitoring quality, costs, and schedule at the planning stage, means that
efficiency or productivity in road construction is a complex process that requires
innovative project leadership (Page, 2010), strict supervision, and accurate
contract documentation (Durdyev & Mbachu, 2011) to ensure successful

outcomes.

Planning and monitoring performance based on the sound principles of strategic
infrastructure asset development and management is therefore a very important
issue, especially in relation to road rehabilitation and maintenance. This calls for
an evidence-based decision making process that relies on empirical study
(Cunningham, 2010). The New Zealand Government, through its National
Infrastructure Plan, is keen on investing $7.5 billion in infrastructure asset
development and maintenance (National Infrastructure Unit, 2011).
Furthermore, the New Zealand Treasury (2012) has highlighted the need for
increased productivity and improved management of Crown assets as a means
of achieving the Government's objective of leveraging infrastructure investment,

to permanently lift the sustainable growth rate of the economy.

Given the importance of strategic road asset management, which is supported
by research-led and evidence-based decisions, there is a need to investigate
issues around road rehabilitation and maintenance with a view to establishing a

framework for improved performance in the planning and monitoring process.

Drawing upon the grounded theory method of qualitative research (Corbin &
Strauss, 2008), issues around the rehabilitation and maintenance of road
projects were investigated. The investigations involved observation of
processes and procedures, as well as an examination of emerging theories or
explanations for desired improvement through innovation and improved

productivity and performance.



1.3 Research Problem

After an in-depth literature review, | found that several studies had been done
on ways of improving productivity in road pavement maintenance; these
included Lee, Lee, and Harvey (2006), Lee, Harvey, Ibbs, and St. Martin (2002),
Lee and Ibbs (2005), Lee, Lee, and Ibbs (2007), and Dunston, Savage, and
Mannering (2000). However, these studies merely provided a list of productivity
constraints in the road pavement maintenance sector, without prioritising them
to enable optimum disbursement of available resources to address the critical
constraints (Talvitie & Sikow, 1992).

Within New Zealand, few, if any, researchers have studied the subject matter of
the current research. Only a few articles existed on the improvement of
productivity in the field of road maintenance and construction projects, which

are the major projects with huge investment outlays in New Zealand.

This research fills an important knowledge gap, by not only updating research
on the key productivity constraints that are peculiar to the New Zealand roading
sector, but also prioritising these constraints so that available resources could
be channeled to address the most critical of these.

1.4 Research Aim and Objectives

The research aimed to explore the road pavement maintenance and
rehabilitation process in New Zealand, with special focus on the various
constraints to productivity and performance in the process, as well as areas for
improvement. Specifically, the research was driven by the following objectives:

1. To investigate the road pavement maintenance and rehabilitation
process in the New Zealand roading sector, and the criteria that inform
maintenance and rehabilitation decisions.

2. To establish where the key challenges lie and where efficiencies could

be improved in the process.



1.5 Importance of the Research Findings

The findings of this study will provide proper guidelines for improving
productivity in the road pavement maintenance and rehabilitation sector by
providing a list of critical productivity constraints for project managers, asset
managers, contractors, and generally all parties who are involved in the New
Zealand roading sector. Knowledge of the key constraints and the improvement
measures will guide stakeholders in taking action to reduce the cost of projects,
and increase efficiency and productivity in maintenance and rehabilitation

operations.

1.6 Research Proposition

A proposition was put forward to guide the research in terms of gaining
understanding of the nature of the primary data for the research, the research
process, and how the data would be analysed. The proposition assumes that
the broad categories of internal and external productivity constraint factors
identified during the pilot study phase would be confirmed as being relevant by

respondents in the second phase questionnaire survey.

1.7 Scope and Limitations

The investigations were limited to the 38 New Zealand companies that were
involved in roading maintenance and rehabilitation as identified through online
Yellow Pages searches. These companies comprised a range of contractors,
consultants, and subcontractors. Companies who were not part of the Yellow
Pages database were therefore not included in the study. The study was a
shapshot survey conducted during the period October to November 2013. The
study is therefore limited in terms of capturing trends in productivity constraints

over time.



1.8 Structure of Thesis

The thesis comprises five chapters and appendices as shown in Figure 1 below.

Chapter 1:
Introduction

Chapter 2:
Literature
Review

Chapter 3:
Research
Methodology

Chapter 4:
Discussion

Chapter 5:
Conclusions
Recommendation

1) Background
2) Problem statement
3) Research aim and objectives

1) Road maintenance & rehabilitation management
process

2) Technical issues in road maintenance &
rehabilitation

3) Key productivity challenges and solutions for
improvement

1) Adopted research method

2) Research model

1) Presenting the survey's findings

2) Analysing the survey's answers

3) Presenting the final result and discussion about
the results

1) Conclusions

2) Recommendations for Further Studies

Figure 1: Key structure of report

Chapter one covers the introduction to the research, providing the background,
problem statement, objectives, propositions, scope and limitations, and the

structure of the final report.

Chapter two is a review of a wide variety of extant literature on the subject of
productivity in the field of road maintenance and rehabilitation, in New Zealand
and overseas. This chapter helps to fit the study into the context of existing
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research, which provides the baseline for designing the research, analysing the

data and interpreting the results.

Chapter three describes the research methodology, including the method for
data gathering, data analysis and compliance with the Massey University ethical

requirements.

Chapter four presents the data and a discussion of the results in relation to the

research objectives.

Chapter five concludes the research, summarises the main findings, and

provides recommendations for further studies.

The report has appendices that include copies of the interview schedules used
for the pilot interviews, questionnaires used for the surveys, and the ethical
clearance for the research granted by the Massey University Human Ethics
Committee (MUHEC).



Chapter 2. LITERATURE REVIEW

2.1 Overview
This chapter aims to provide insights into the road pavement maintenance and
rehabilitation process, the key constraints to and the improvement measures for

productivity and performance in the process.

It has tried to provide an integrated answer to the objectives, as gathered from
the literature. It also aims to link the current study to previous research in this
area, as well as to identify gaps in the existing body of knowledge on the topic,

and how these could be filled.

In addition, it has tried to provide general information about the road
maintenance implementation process in New Zealand, by studying all kinds of

road failures and road treatment approaches.

As mentioned previously, the focus of this research is on the key productivity
constraints in the New Zealand road maintenance projects. However, In order to
gain knowledge about productivity in road maintenance projects, this study has
attempted to provide a brief description of all kinds of failures that are common
in the New Zealand road network, as well as recommended treatment methods,
which have been suggested by the survey participants who were working in this
field.

It is clear that improving productivity in road maintenance is not achievable
without focusing on three subjects: finding the key constraints of productivity,
understanding the common failures and the best and most cost effective
treatment methods, and finally using the results of research in real projects to

improve productivity.

The following subsections focus on the process of road pavement maintenance
management, the technical issues, and the key challenges to productivity in the

process.



2.2  Productivity in Context

The term, ‘productivity’ in the context of road pavement maintenance and
rehabilitation, lacks adequate research attention and a generally accepted

understanding in the road maintenance management (Talvitie & Sikow, 1992).

Productivity in road pavement maintenance is fast becoming a priority issue in
almost all developed countries, given the huge amount of investment needed to
maintain and rehabilitate aging infrastructure. Lee and Ibbs (2005) reported that
a significant portion of road networks in most developed economies, such as
the United State of America, have exceeded their 20 year design lives and are
seriously deteriorating. Consequently, expensive maintenance is required to
mitigate the rapid rate of deterioration and restore the aging infrastructure to

useful lives.

Productivity can be explained by different methods for different purposes. From
an economist’s perspective, Schreyer (2001) viewed productivity as the ratio of
a measure of output to a measure of resource input. In the context of
construction, a number of authors (Chan & Chan, 2004; Mbachu, 2008) have
seen productivity as the contractor’s ability to deliver the key project objectives
in the most cost-effective manner. The principal project objectives in this
respect are usually cost, schedule, scope, and quality target achievement.
Mbachu and Seadon (2013) identified three key components of productivity at
the project level as: ‘efficiency’ (i.e. the optimal use of project resources to
achieve set targets); ‘effectiveness’ (i.e. the extent to which the set project
objectives were achieved), and ‘sundry measures’ (these are measures of other
aspects of performance such as safety, client satisfaction and environmental

performance).

In the context of this study, productivity refers to the extent to which the set
targets have been achieved on a project. To ensure that the study participants
have the same level of understanding of the concept, a question was put to
them during the pilot interviews to gauge their level of understanding and to
compare this with the concept adopted in the study.



2.3 Road Pavement Maintenance Management Process

2.3.1 Introduction

It is essential to explain the purpose of road maintenance. Robinson, Danielson
and Snaith (1998) clearly explained that "maintenance reduces the rate of
pavement deterioration, it lowers the cost of operating vehicles on the road by
improving the running surface, and it keeps the road open on a continuous
basis"(p.5).

As categorised by Johanns and Craig (2002), pavement maintenance can be
divided into three types. First is preventive maintenance, the second type is
corrective maintenance, and the third is emergency maintenance. Of these
three types of maintenance, preventive maintenance is the most important type.
Preventive maintenance is significantly more cost effective and efficiency
promoting than costly corrective maintenance or reconstruction. The cost of
corrective pavement maintenance that could be reduced through inexpensive
early preventive maintenance is significant. The below Figures (2 & 3) show the
time and effect of this type of maintenance.

Preventive

Corrective

Pavement Condition

Emergency

Time or Traffic

Figure 2 : Categories of pavement maintenance

Source: Johanns and Craig (2002)
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Figure 3: Performance of preventive maintenance treatment

Source: Johanns and Craig (2002)

Johanns and Craig (2002) stated that "planned strategy of cost-effective
treatments to an existing roadway system and its appurtenances that preserves
the system, retards future deterioration, and maintains or improves the
functional condition of the system without increasing the structural capacity”" (p.
5).

As has been mentioned above, for achieving this purpose, an integrated
management process is essential. It is assumed that road maintenance
management will have more detailed aims. As Robinson et al. (1998) described,

these include:

e The use of a systematic approach to decision-making within a consistent
and defined framework.

e To assess budget needs and resource requirements.

e To adopt consistent standards for maintenance and for the design of
associated works.

e To allocate resources effectively.

e To review policies, standards and the effectiveness of programs on a
regular basis.

As Johanns and Craig (2002) stated, even a minimal 20% useful life extension

of airfield asphalt pavements could increase efficiency and save the FAA
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hundreds of millions of dollars a year in additional maintenance and

replacement.

An accurate review of international literature on road maintenance management
ventures that were used to increase productivity and performance will help the
maintenance management tasks that are currently undertaken. The
maintenance management tasks include data collection, monitoring strategies,

performance strategies and decision making. The review concentrates on:

¢ International road maintenance management cycle.

e The New Zealand road maintenance management cycle, based on
monitoring performance in one of New Zealand's main contractors.

e What methods and technologies are used for collecting data in projects
and how the collected data can influence effective and productive
decision making systems.

¢ Classification of factors that have effected productivity and performance,
based on the opinion of experienced managers and staff who are
working in this field.

e The types of new technologies used for collecting, monitoring, storing

and managing data in relation to road failures and road maintenance.
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2.3.2 The Pavement Maintenance Management Process
Traditionally, planning and organising maintenance implementation in roading
contracting companies has been prepared on a historical basis. Companies, by
using information gathered from their completed projects, would specify their
new budget for the coming year, with an adjustment for inflation; this has some
problems, such as uncertainty, in predicting their budgets. Successful and
productive management of any process, in any organisation, is only possible by

using up-to-date information.

Robinson et al. (1998) have offered, in their book, a common system that is
known as the management cycle, with information management situated at the
heart of this cycle. The cycle provides a series of well-defined steps for

achieving successful decision making. Figure 4, below, shows this cycle.

Defines aims \

Monitor and Audit Assess needs

A\ 4
&
<

A

MANAGEMENT
INFORMATION

A 4

(data)

Implement activities Determine actions

\ 4
A

A
\ 4

K Determine costs

and priorities

Figure 4: Flowchart of Road Management Cycle

Source: (Robinson, Danielson, & Snaith, 1998)
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The pavement maintenance management process could be categorised and
described by the following factors (Robinson et al., 1998):

¢ Management functions

e Project management

e The management cycle

e Cycle within the management functions (a cycle of activities that are
undertaken within each of the management functions of planning,

programming, preparations and operations).

2.3.3 Management Process
The following processes need to be considered as primary road maintenance
management functions. It is obvious that all the following steps have a huge

impact on improving productivity in the road maintenance sector.
Planning

The first important function that needs consideration in terms of improving

productivity in road maintenance management functions is planning.

Planning involves consideration of a road network system that needs a long
term program for regular inspection of the road condition, and for gathering
information to make productive maintenance strategies. For strategic level
decision making in pavement maintenance management, the condition of the
network has to be described by using indicators that summarise the large
amount of information obtained from the measurements (Sunitha,

Veeraragavan, Srinivasan, & Mathew, 2013).

In order to do the modeling, a forward works program must be created and
regularly updated describing maintenance activities and financial forecasts. The
pavement performance model evaluations are a significant part of planning,

specifically in terms of productive planning.

Planning plays a crucial role in deciding final productivity outcomes in the road

pavement maintenance and rehabilitation process.
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Programming

The second factor to be considered as a primary road maintenance
management function is programming, which is implicated in its development
under a limited budget; programming is normally accepted by professional
managers. In the case of road maintenance, estimation of maintenance
expenditure is one of the main issues that needs to be undertaken through
consideration of different types of projects, and different types of treatments and
budgets. Also, consideration of productivity is an aspect of programming. It
would be ideal if a cost-benefit analysis could be undertaken for determining the

economic feasibility of each set of works (Robinson et al., 1998).
Preparation

Preparation is the next stage, which follows design completion, when projects
are organised for implementation. At this stage, engineers and technicians who
are normally working in a technical department will review and refine designs
and work on preparation detail, to make a sufficient, acceptable preparation

process. Productivity outcomes are highly dependent on this stage.
Operations
This stage includes all on-going projects’ work.

Decisions about the management of operations are made typically on a
daily or weekly basis, including the scheduling of work to be carried out,
monitoring in terms of labor, equipment and materials, the recording and
evaluation of work completed, and the use of this information for
monitoring and control (Robinson et al., 1998, p. 13).

Generally, the process of management starts with planning and finishes with
operations. The road maintenance operations start by considering all network
conditions, finding subsections where treatments are needed and then
specifying the appropriate treatments for the failures. Finally, the quality of the
work is checked. Definitely, the main stage that contributes hugely to

productivity is the operations stage.
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2.4 Data Collection, Methods and Strategies

2.4.1 Storing Data, Analysing Data, Using Data
A proper data collection strategy provides managers with the ability to
understand a range of failures, problems and related causes, through making a
complete database from which to make sufficient and productive decisions.
Therefore, introducing some methods and new technologies for collecting
information about road failures was a key point for this research. Providing an
objective reference will help managers and decision makers to make

appropriate choices.

This stage of management could be called the heart of the management cycle.
So it is clear that choosing strategies in terms of data collection and monitoring,
will lead to fulfilling the demand for productive results.

All details need to be taken into account at the time of data collection and
performance monitoring to achieve national service levels, as detailed below by
(Bush, 2011).

More efficient and reliable infrastructure

e Improved transport safety
e Improved transport access
e Lower environmental impacts

e Improve customer services

The performance of pavement road maintenance, specifically in the field of
surfacing maintenance, can be seen as a complicated issue that needs a
significant amount of information collected during the usage time. Therefore, it
Is important to establish a responsive, flexible and advanced strategy for
collecting data.

As Robinson et al. (1998) described, managers who are making decisions need

appropriate data on such aspects as:

e Determining optimum road condition, and the maintenance
strategies and expenditure needed to achieve this
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e Determining optimum road condition within actual budget
constraints

e Assessing current levels of road and bridge condition
e Determining appropriate level of investment

e Prioritising capital improvements and investments in
maintenance

e Simulating the effect of any improvements on the future
condition and performance of the road system

e Estimating the cost of improvements

e Controlling on-going expenditures

Table 1 shows factors that are important for making proper decisions.

Table 1: Important factors for making decision

(PRIATE) Element Aspects

Road Inventory Network/ Location
Geometry

Furniture/ appurtenances
Environs

Pavement Pavement Structure
Pavement Condition

Structures Structures Inventory
Structures Condition

Traffic Volume
Loadings
Accidents

Finance Costs
Budget
Revenue

Activity Projects
Interventions
Commitments

Resources Personnel
Materials
Equipment

Source: Peterson and Scullion (1990)

Based on roads hierarchy, providing a periodic database of pavement
conditions is the first stage in developing an efficient and productive

management system. Roughness, skid resistance, and distress are some types
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of condition data that should be collected routinely (Sunitha, Veeraragavan,
Karthik, & Mathew, 2013).

A guideline prepared by Peterson and Scullion (1990) and published by the
World Bank shows the principles for data design to provide a framework for the
roads sub-sector. The following criteria should be considered when selecting

data items:

e Relevance

e Affordability

e Appropriateness

e Information Quality

e Reliability

Table 2 gives more detail about each of these criteria for selecting data.
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Table 2: Explanation about each criterion for selecting data

Relevance

Every data item collected and stored must have a direct influence on the output that is required from the
system, which should already have been determined. Other data items which may be considered as
desirable, interesting or, possibly, useful in the future, should be omitted in favour of those that are
essential, relevant and of immediate use, unless a very good cost-benefit case can be made for their
collection.

Appropriateness

The volume of data and the frequency of updating them are major determinants of the cost of operating the
management system. Some types of data are collected at different times in a staged process, and the
intensity and detail of measurement may differ between these stages, usually adding progressively more
detail to the basic information acquired originally. For example: for pavement structural assessment as part
of a strategic planning process, data on road condition would need broad coverage across the network, but
would have a low sampling rate; however, for engineering design of a project at the later preparation stage,
intensive sample over the limited extent of the project would be necessary to refine the design and contract
guantities. The technology and resources involved in acquiring, processing and managing the data should
be appropriate to the administration's capacity for maintaining the equipment, conducting the surveys, and
sustaining the data processing.

Reliability

Data reliability is determined from the following:

+ Its accuracy, defined by a combination of precision (the error associated with repeated measurements
made at separate times or places, or by separate operators and/or instruments) and bias (the degree to
which the mean measurement reflects the range and variability of all data points)

+ Its spatial coverage; for network-level planning, low intensity sampling is adequate whereas, for
engineering design of projects at the preparation stage, intensive sampling is needed with full coverage of
the project area

- Completeness of data is important because missing items degrade the reliability of the outcome

- Currentness ensures that data which change rapidly from year-to-year, or which have a large impact on
the ultimate decision, are kept up-to-date more than data which do not change so rapidly or are less
sensitive

A balance between the reliability of data and certainty of outcome should be sought. For example: high
precision, intensive sampling of entire networks, such as can be obtained using mechanised methods, may
represent over-investment if the analysis method used is very general or approximate, or if the results are
only to be used for broad planning.

Affordability

The volume and quality of the data items, and the associated data acquisition, must be affordable in terms
of the financial and staff resources available to collect data and keep them current. The scope and quality of
data are choices that must be weighed against the resources required to sustain them in the long-term, and
against the value of the management decisions that rely upon them.

Available resources and skills vary between road administrations, and may change over time. For small
organisations, or where skills and resources are scarce in a larger organisation, simple and basic types of
data, quality and collection methods must suffice. Where skills and resources are more abundant, a wider
range of data, including the use of automatic collection methods, may be appropriate. Problems arise when
administrations with very limited resources are responsible for managing large road networks.

Information Quality

It was noted earlier that, as the management process moves from planning, through programming and
preparation to operations, the amount of data detail required can be seen to increase progressively in
intensity, but to reduce in the extent of its network coverage. Determining the appropriate level of data detail
to be used by a system, therefore, depends on the management function for which it will be used. The
functional approach to system classification is preferable to an application basis, such as pavement
management, bridge management, or traffic management. This is because the function more clearly
delineates the amount of data detail required.

Source: Peterson and Scullion (1990)
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2.4.2 Strategies for Data Collection in Road Maintenance
Various methods for collecting data are available. Selecting an appropriate
method for road networks should be based on the type of road and purpose of

data usage.
Options Available

In one approach, high level condition data are collected across the whole
network each year. These data are used for planning and programming
purposes, and then in those sections that may be likely to undertake any
exercise, evolutionary Information will be gathered. Also more detailed data will
be collected for those sections that have produced designs, or for those
sections that have implementations under process. It is obvious that after
collecting new information, the database will be updated, accordingly. This
collected data will be used during the annual road inspection or during the

execution process of a maintenance project.

In an alternative approach, information about road network conditions will be
collected with a cycle of three or five years across part of the network. This
information, or current data if available, will be used each year during
programming decisions for individual sections of the network. Thus, the
network’s condition information will be stored to give an estimate of the current
condition across the whole network. The information will be stored at the same

level of detail, but with a different age.
Other combinations of the above are also used:

¢ Annual data collection on the primary road network, whereas a cycle of
data collection may be used in lower roads in the hierarchy

e Cyclic approach used for the whole network, but with data collected at a
lower level of detail

e Cyclic collection methods can be used without projection of condition.

All of the above mentioned strategies have different implications for the level of

data detail recorded and stored (Robinson et al., 1998).
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Cost-Benefit Analysis

Another important issue regarding choosing a productive strategy for data
collection, is to use a cost effective method. For achieving this purpose, ideally,
a cost-benefit analysis should be undertaken about the level of data detail to be
collected and used. The levels of collected details are different and depend on
the results of a cost-benefit analysis, which will also differ for each road
administration and are also presumably different, depending on such items as:

e The size and level of development of the network

e Geography

e Topography

e Climate

e Road hierarchy

e Traffic level

e Urban and rural location

e Political or environmental sensitivity of the location on the network or the

data item

Nevertheless, the most important key aspect is that the survey strategy
adopted, and the amount and level of data that should be gathered, should be
subject to rigorous analysis to determine what is cost-effective for its

subsequent application (Robinson et al., 1998).

Generally, economic analysis is an essential factor for calculating all project
benefits. Also practical limits, which exist in gathering information, should be
considered, for example, the amount of time and energy that can or should be
spent in gathering information (NZTA, 2010).

2.5 Data Collection in Road Maintenance by Using Non-
Destructive Evaluation
To improve productivity in road maintenance, a periodic road inspection that
provides accurate and up-to-date information about the road surface conditions,
is the most efficient way to maintain high road standards at the lowest price.
Distress measurement is a crucial factor when evaluating road quality, as

cracking is the best indicator of a need for preventive maintenance treatments.
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The road sector has started to consider a new approach to road maintenance
by adopting a “preservation culture”, which consists of immediately protecting
structures once they have been constructed or renewed. Based on economic
and safety reasons, using manual observation methods are costly and also
have problems associated with variability and repeatability resulting in
inconsistencies in distress details. Also, these methods of inspection are risky
for personnel due to traffic hazards (CSIRO,2011; Gavilan et al.,, 2011).
Therefore, "an automated distress detection system to quantify the quality of
road surfaces and assist in prioritizing and planning the maintenance of the
road network becomes essential” (Gavilan et al., 2011, p. 9629)

Categorising distress detection methods based on the level of human

intervention could be organised in three levels:

e Completely manual
e Semi automated

e Completely automated

Human inspection includes several problems, such as the lack of consistency
among operator criteria, which has a huge effect in reducing productivity.
Authorities, road owners and scientists have undertaken many efforts to
overcome the noted problems in road inspection. Their efforts lead to the first
semi automatic system for road inspecting purposes. A semi automatic system
uses many different collection technologies for collecting road images, and then
passes the images to qualified staff for disaster detection. This system reduced
many traffic hazards and increased process speed, but still used manual
distress detection, or at least an important level of intervention. It is obvious that
using this system is possible with staff well trained in both pavement distress
evaluation and in the use of the workstations. Therefore, it is essential to add
the cost of having professional staff to use this system, which is a discouraging
issue for agencies contemplating use of a semi automated system (NCHRP,
2004; Gavilan et al., 2011).
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2.5.1 Review of Crack Detection Systems and Technologies in
Different Countries
As Wang and Elliot (1999) indicated in their report, initially available automated
technologies for road distress detection were all based on an analog video
capturing and storage system. The problem was the low image quality, as well
as difficulties in working with computers, as the information had to be digitised

to be processed, increasing the cost and complexity of the system.

Since digital systems have appeared, specialist companies in road assessing
have preferred to use them. Most of them employ video imaging techniques
using either area scan or line scan cameras, with just a few examples of laser-
based systems. Area scan methods use a two dimensional array of pixels to
cover some of the pavement area, while line scan devices use a single line of
sensor pixels to form the image by integrating successive scans. High-quality

image collection requires sufficient lighting to overcome shadows and sunlight.

In 1999, the Australian Commonwealth Scientific and Industrial Research
Organization (CSIRO) was the first entity to develop an automated road crack
detection system, RoadCrack (CSIRO, 2011), that was able to identify cracks
wider than 1 mm at highway speed. This system has surveyed Australia for

several years using line-based digital cameras mounted on a vehicle.

The most widely employed system in the USA is Fugro Roadware’s Automatic
Road Analyzer (ARAN) platform (2011). The ARAN system uses area scan
cameras with two system configurations, 2 mm resolution with strobe lighting or
1 mm resolution with infrared lighting, to record road images that can be rated
either visually or through Roadware’s automated crack detection software
(WiseCrax) (Gavilan et al., 2011).

Some of the ARAN specifications have been listed below (Fugro Roadware,
2011):

e 50% reduction in computing hardware over the previous platform with the
same functionality
e Database driven systems

¢ Robust, fault tolerant systems
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Plug and play system integration

Microsoft.net platform

Real-time sub-cm data synchronisation

Advanced mission management software (on-vehicle and office software
for data collection, calibration, and simulation)

Increased portability of subsystem components

Global solution with interfaces in several languages

User friendly operating system to minimise training costs and operator
error

Industry-defining warranty

Dynamic architecture supporting future upgrades

Also widely employed in the USA, is WayLink’s Digital Highway Data Vehicle
(DHDV) (WayLink Systems Corporation, 2007), which performs full-lane width

distress surveys at speeds of up 100 km/h and uses WayLink’s Automated

Distress Analyzer (ADA) software for real-time detection. Some of the key

features are listed below:

Full-lane width distress survey of pavements at speeds of up to 60mph
(100 km/h) and processes cracking data in real-time with ADA, with laser
based imaging sub-system for shadow-free image collection. ADA can
also be used offline in office environment.

Full-lane width Rutting Measurement, using accurate lasers that can
detect ruts down to 1-mm depths.

Longitudinal profiling system to present longitudinal roughness, and
calculate International Roughness Index (IRI), Ride Number (RN), and
Macrotexture (MT) values, in accordance with the ASTM standards.
Pavement Right-of-Way imaging system, with multiple high-resolution,
digital colour cameras to capture imagary of roadway and roadside
structure. Varying camera options are available, including 1080p High-
Definition (HD) cameras.

Positioning System Array consisting of a differential GPS receiver, DMI,
and a multi-axis solid-state Gyroscope. User can also select high-

precision Inertial Measurement Unit (IMU).
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e Multimedia Highway Information System (MHIS), a user-friendly
application designed to dynamically display the DHDV-produced data
sets in a descriptive, visual, and flexible user interface. The deluxe
version of MHIS allows user to manually edit and add various distresses
defined through LTPP, MicroPaver, and others.

In Europe, the PAVUE system ("Ramboll, 2011) has operated in the
Netherlands and Finland. Ramboll's system can be equipped with either
multiple video cameras or line scan cameras for collection of continuous images
of the road surface, which are automatically analysed with the Automated
Image Evaluation System (AIES) (Gavilan et al., 2011, p. 9631).
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Figure 5 : Picture of Detected Cracks

Source: ("Ramboll Rst Pavue-Crack Recognition System," 2011)
Figure 5 shows some results from the Ramboll system.

It is worth mentioning the Highways Agency Road Research Information
System (HARRIS), which is the result of 10 years research carried out by the
UK'’s Transport Research Laboratory (TRL) with the objective of demonstrating
the application of state-of-the-art technology in the assessment of road

conditions at traffic speed (Transport Research Laboratory, 2013).

"This system has surveyed national and local roads using line scan cameras
and 3.5m survey width, providing several objective evaluations about its
performance” (Gavilan et al., 2011, p. 6931).

As mentioned by the TRL (2013), this system has some benefits, such as the

capability to carry out surveys over the full range of conditions encountered on
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the network; the ability to operate at traffic speed, which means no traffic
management is required; a reduced need for hazardous and costly visual
inspections; and ability to collect high quality forward and downward facing

videos of the road surface.

Gavilan et al. (2011) have illustrated another new method for pavement
evaluation, the laser test method. This is the most promising and innovative
method. An example of a laser-based system is the GIE Laser VISION system
(GIE Group, 2009). This system uses four laser sensors and provides 3D
measurements giving the system the potential for improved distress
measurement. However, it has a weak point which is its low resolution (3 mm by
110 mm), so it is limited to measuring transverse cracking
(Rijkswaterstaad,2009).

Recently, a new distress detection system, Mobile 3D Video Mapping
(M3DVM), based on a set of 360 degree laser scanners positioned on a van
has been presented. However, this new technology needs more development
as the operation costs are too high and the location error of points in the
imagery is about 5 cm (Gavilan et al., 2011).

It is obvious that comparing commercial systems is not always conceivable. It
has been noted in a report by the World Road Association- PIARC, (2003) that
the problem arise from the lack of standardised methods to evaluate accuracy

and repeatability of distress detection systems.

The below flowchart (Figure 7) shows the global overview of a proposed
adaptive road distress detection system that is divided into four main stages:
road surface classification, pre-processing, non-crack features detection, and
crack detection. The output of the classifier is used to adapt the system

parameters (Gavilan et al., 2011).
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Figure 6: Global overview of a proposed adaptive road distress detection strategy

Resource:Gavilan et al. (2011).

2.5.2 Texture Measurement

Another issue that needs an integrated evaluation before starting any
maintenance process is measuring pavement surface texture. This is because
this information informs the decision on the type of road maintenance, or
rehabilitation process, to be adopted. If the texture measurement is not properly
done, then the maintenance or rehabilitation program adopted will have been
founded on wrong assumptions. This could impact negatively on productivity
through rework or faulty interventions, which ultimately, will lead to high costs
and poor road performance.

Road texture provides the ability to drain free water from the road during wet
weather, as well as creating friction resistance, which allows interaction
between the tyres and road, and assists in the braking and steering of a vehicle
(Holloway, 2011).

Doubtless, there is a strong correlation between road friction and accident risk.
In rainy weather, the wet pavement accident rate is related to the skid
resistance of the pavement, therefore it is important to maintain skid resistance

at levels sufficient to prevent high wet-weather accident rates.

Meanwhile, in terms of productivity and In order to characterise the chip seal

design and the materials required for the road resurfacing process, the depth of
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texture measurement of the road surface is a very crucial input (Huang, Gholam

Hoseini, Moldovanu, & Devan, 2011).

All professionals in this field agree that the surface texture characteristics can
be used to test the skid resistance of a pavement. Several parameters describe
texture and by measuring their physical process, or details, regression
techniques can be used to relate skid resistance to the chosen texture
parameter or process. Two scales of texture are of particular importance: micro
texture (small-scale asperities) and macro texture (large-scale asperities)
(Wambold, Henry, & Hegmon, 1982).

As Huang et al. (2011) indicated,

"Micro texture having deviation amplitudes of 0.5 mm or less and is due
mainly to the crystalline surface of the aggregates or the small particles
in asphalt, and macro texture in amplitudes less than 50mm from the

surface plane, down to micro texture size" (p.2).

Micro texture is the fine scale texture of individual aggregate particles and
macro texture is the projection of wear-resistant coarse aggregates above the

pavement surface (Phillips & Kazmierowski, 2010), as displayed in Figure 8.

Micro-texture, = 0.5mm
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Figure 7: Macro-texture

Source: (Phillips & Kazmierowski, 2010)

Currently contact measurement methods are the most usual and traditional
methods for measuring the macro texture. These methods include the outflow
meter and sand patch, with the sand patch as the most usual method. The

outflow meter estimates the pavement texture indirectly. The outflow meter
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works based on measuring the time for a fixed volume of water to escape from
a measured cylinder with a rubber bottom (Wang, Yan, Huang, Chu, & Abdel-

Aty, 2011). An example of an outflow meter is depicted in Figure 9.

Figure 6: Outflow meter

Source: (Klaruw RMS Ltd., 2012)

The sand patch test relies on a given volume of sand, which is spread out on a
road surface. The standard procedure is as follows: a fixed volume of sand (45+
0.5 ml) with granulation between 300 and 600 pm is distributed to form a
circular patch, the diameter of which is measured. By dividing the volume of
sand with the area covered, a value is obtained that represents the average
depth of the sand layer, i.e. an average (texture depth) (Huang et al., 2011;
Pavestech, 2012). Figure 9 shows a sand patch test being undertaken.

28



Figure 7: Sand Patch Test

Source: (Pavestech, 2012)

The average texture depth is given by the ration of volume over area of patch to
the nearest 0.1 mm, which is called the Sand Patch Texture Depth (SPTD) or
Mean Texture Depth (MTD).

SPTD= V/ m+4D"2
For the standard 45ml volume:
SPTD= 57300/ D2 (mm)

Sand patch testing is repeated every 50m and is taken for each wheel path and
one on the center of two. The value for all readings is averaged, and the value
obtained is used in road maintenance design. However, this method of texture
testing has some limitations, such as taking a long time to perform. The
operation of this test is normally done in moving traffic and with changing
climate, so operators are faced with road hazards, and reproducibility of the test
is poor (Huang et al., 2011; Pidwerbesky, Waters, Gransberg & Stemprok,
2006). However, to overcome these disadvantages, alternative tactile texture
measurements, such as laser sensing and image processing techniques, have

been developed.
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A new technology for road testing systems, the road testing vehicle SCRIM,
was developed by the Transport and Road Research Laboratories to provide a
routine method of measuring the resistance to skidding (SFC) of wet roads
(Hosking & Woodford, 1976).

To determine areas of low skid resistance and texture, SCRIM Exception
Reports are produced. These report the locations where the SCRIM
Friction Coefficient (SFC) is greater than 0.1 SFC below the site
investigatory level (which varies depending on site category). The report
also highlights sites where Mean Profile Depth (MPD) is less than given
threshold levels. A photographic log of each type of deficient site (where
either SFC or MPD is below threshold) is part of the exception reporting
(Chamberlain, 2005, p. 5).

Another major advancement in non-contact measuring methods for measuring
pavement texture is based on laser technology. The Circular Track Meter
(CTMeter) is a type of laser based device, which has been widely used in macro
texture measurement (Abe, Tamai, Henry, & Wambold, 2001; Henry, 2000;
Noyce, Yambo, Chapman, & Bill, 2007; Wang et al., 2011). "The CTMeter has a
laser displacement sensor mounted on an arm that rotates on a circumference
with a 142 mm radius and measures the texture with a sampling interval of

approximately 0.9 mm" (Wang et al., 2011, p.683).

As has been indicated by Flintsch, Huang, and McGhee (2007), Henry (2000),
and Wang et al. (2011) the Mean Profile Depth (MPD) obtained by the CTMeter
has high correlation with the MTD measured by the sand patch method.
However, the CTMeter has some weak points, such as being relatively
expensive and time- consuming. The CTMeter is also limited to measuring the
static circular track on which the DFT measures the dynamic coefficient of
friction. Due to the fixed and relatively large sampling interval, the CTMeter can
only measure macro textures with longer wavelengths (Wang et al.,, 2011).
Moreover, another weakness, which has lead to low test efficiency in the field
test, was its inability to collect data along a linear wheel path at higher speed
(Pidwerbesky et al., 2006).
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Therefore, to improve productivity and efficiency, vehicle-mounted laser devices
have been developed to measure macro texture along the linear wheel path at
highway speeds without interfering with traffic. In comparison with existing
methods, the laser based method has several major merits with regards to both
hardware and software. Regarding hardware, the proposed device has high
resolution in both vertical and horizontal directions. Regarding software, the
proposed device contains comprehensive functions required by regular macro
texture measuring. Therefore, vehicle-mounted laser devices are regarded as a
good method to measure macro texture for pavement management, from a

practical perspective (Wang et al., 2011).

Focusing on the above, a best practice approach to texture measurement
ensures that the appropriate maintenance or rehabilitation intervention is taken
in order to minimise road failure and rework, and to improve productivity and

performance in the process.

2.5.3 Falling Weight Deflectometer (FWD)
The quality of compacted soils, including base course and sub base, is the most
essential factor in the construction of pavement layers and other earthworks
that need assessment. The Falling Weight Deflectometer (FWD) is an important
tool for measuring the pavement surface deflection at various distances from a
dynamic load (Arnold, Salt, Stevens, Werkmeister, Alabaster & Van Blerk,
2009).

As characterisation of the resilience model (MR) is the most important feature of
sub grade soil for designing or evaluation, roading agencies have been
provided with nondestructive tests, such as the Falling Weight Deflectometer
(Rahim & George, 2002).

The Falling Weight Deflectometer (FWD), which measures pavement
deflections, was assessed for its ability to predict the life of a newly constructed
or rehabilitated pavement. By using the FWD test, a wide range of sub grade
soil types, (fine- and coarse-grain soils) can be categorised. This test has been

designed for conducting directly on the sub grade, before and after preparation,
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and it is repeated at the same place after the final construction stage (Brown et
al., 2002).

Deflection measurement results show that the back-calculated moduli of the
prepared subgrade are in good agreement with the laboratory values (Rahim &
George, 2002).

Research by Arnold et al. (2009) in conjunction with the NZTA, recommended
some methods to analyse the FWD measurements, in order to develop a

standard method for predicting pavement life from the FWD.

The following table shows the recommended methods for analysing the FWD
measurements, and shows the best time for making decisions about starting a
maintenance process. Using this test is one of the best methods to help
decision makers make a good decision about starting maintenance or
rehabilitation projects. It also has a huge effect on cost and time, which can
directly improve efficiency and productivity.

32



Table 3: Recommended methods for analysing the FWD measurements

Standard Recommendation
Load The impact load should be standardised and remain the same.
Analysis The Austroads M-EP method should be used (without consideration of a critical layer for most

cases) to predict life for individual FWD-measured points. A strain multiplier may be used
(although only after careful consideration) if one can be determined from past projects.

Strain multiplier | For low-volume roads on volcanic soil subgrades in the Bay of Plenty (<1 million ESAs) a strain
multiplier of 0.4 may be appropriate while a value of 0.7 is most common for ather projects.
These strain multipliers are only relevant if the 10th percentile value is used to determine the
pavement life. However, past performance should be used to calibrate the subgrade strain
criterion to local conditions.

Predicting life Within a project length all FWD-predicted lives (a minimum of 10 is required) should be combined
(ESAs until and the 10th percentile determined and deemed the predicted life until pavement rehabilitation is
rehabilitationis | required. The 50th percentile may be calculated and used for comparison.

required)

Payment Because of errors in FWD predictions the estimated upper limit on life should be five times the
reduction 10th percentile FWD predicted life. If this upper limit is below the design life then a payment
reduction or increased maintenance period could be considered.

Source: Arnold et al. (2009)

The current quality control/quality assurance (QC/QA) methods are based on
achieving certain physical properties such as the layer thickness, a target field
density, and moisture content. However, achieving a certain density does not
guarantee acceptable performance of the compacted highway base layer during
its service life (Alshibli, Abu-Farsakh, & Seyman, 2005).

However, as Alshibli et al. (2005) have described, current methods of controlling
the quality of compacted soils and bases must be improved, and robust,
portable devices capable of giving representative measurements of the
properties sought in the design, such as the stiffness/strength of the material,

must be introduced.

2.6 Road Condition Rating
Productive decision making is not achievable without assessing routine road
maintenance and also providing a database of each road element condition

from a visual survey.
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The survey needs to be performed by experienced experts who walk over the
selected road network and record defects on the survey form. By using RAMM
pocket software, the geographic position of each defect will be characterised on
the map. Appendices D and E show samples of treatment selection and
inspection forms, that are currently in use in the Fulton Hogan maintenance

department.

Subsequently, once the survey form has been completed, the survey
information will be entered into the road inventory databases of the RAMM
contractor software. More information about defect recording and rating

purposes follow.

2.7 Classification of Road Failures, Selected Treatment
An investigation into road failures classification and road treatments is essential

for exploring all obstacles to improved productivity.

2.7.1 Typical Cross Sections
For a comprehensive understanding of the following definition about road
defects and conditions, it will be useful to show a typical cross section of roads
(Figures 10 and 11).
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Figure 8: Cross section of rural roads

The unsealed area between the edge of seal and the surface water channel are

called as shoulders (Transfund New Zealand, 1997).
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Figure 9: Cross section of urban roads

Source: Transfund New Zealand (1997)

2.7.2 Separating Road Structure for Maintenance Purpose

As has been described in the RAMM manual, for rating purposes the road

structure can be divided into the following sections:

1- Surface water channels and shoulders

2- Carriageway

2.7.3 Surface Water Channels (SWCs) and Shoulders

Most pavement failures are caused by water penetrating under the pavement,

so one of the most important sections of pavement, which plays a main role in

keeping roads safe and flawless, is the drainage system. The Surface Water

Channel (SWCs) and shoulders are designed to drain water.

The SWCs can be divided into the following types.

2.7.3.1 Earth Channel or Surfaced Channels.

Types of surfaced channels are:

Kerb and channel
Concrete dished channel

Mountable kerb and channel
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e Concrete nib kerb (if it is acting as a drainage path)
e Sealed channel

e Asphaltic concrete channel

e Half pipe channels

e Any other constructed channel that has been surfaced

2.7.3.2 Surfaced channels
Table 4 shows the length of defective channels that are unable to gather and

transport water from the pavement to the catchpit/sump.

Table 4: Rating of defective channels
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LHS Surfaced

Surface Water Channel
(SWC) - Broken

The length of surfaced SWC in the rating length
that is ineffective because it is broken. An entry is
required

LHS Surfaced SWC with
High Lip of Channel

The length of surfaced SWC in for the rating
length that is ineffective because it has a high
channel lip. An entry is required.

LHS Surfaced SWC with

The length of surfaced SWC in for the rating

Broken  Surface  at | length that is ineffective because there is a break

Channel Lip in the carriageway surfacing along the
pavement/channel boundary.

Surfaced SWC with The length of surfaced SWC in the rating length
that is ineffective because the channel is blocked.

Blocked Channel An entry is required.

Surfaced SWC with The length of surfaced SWC in metres for the

Grade of Channel

Incorrect

rating length that is ineffective because the grade
of the channel is uphill to the catchpit. An entry is
required.

Source: Transfund New Zealand (1997)
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2.7.3.3 Earth Surface water Channels
Table 5 shows the length of defective Earth Surface water channels that are
unable to gather and transport water from the pavement to the catchpit/sump.

Table 5: Rating of defective Earth Surface Water channels

Earth SWC -Blocked The length of earth SWC in meters' for the rating
length which is blocked by vegetation and/or soll
such that water ponds and the SWC is not able to
effectively channel water away from the pavement
to a cut-out or culvert. An entry is required.

Earth SWC-Inadequate | The length of earth SWC in metres for the rating
length that is below the standard set by the road
controlling authority. This could also be a length
where an SWC is required but does not exist. An
entry is required.

Ineffective Shoulder The length of shoulder in metres for the rating
length that will not allow the free flow of water from
the road surface to the SWC. An entry is required.

Channel Condition Scale of 1 — 3 specifying the general condition of

. the Water
Indicator

Channel in regard to its effectiveness.

(1=Good , 2 = Average, 3 = Poor)

Source: Transfund New Zealand (1997)

2.7.4 Part one: Description of Surfaced Channel's failures

Broken Channel

Any channel that is badly cracked or broken and will let waters flow steadily to
the base and sub-base material is called a broken channel. Inadequate joints
between kerbing blocks and separation between two sections of the channel,
are also classed as broken channels, as seen in Figure 12.
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Break between kerb
and channel
Measure length
affected

Figure 10: Broken channel

Source: Transfund New Zealand (1997)

The photos below (Figures 13-15) show broken channels, inadequate kerb

block joints and separation between the channel and back of the kerb.

el

Figure 11: Example of a broken channel

Source: Transfund New Zealand (1997)
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Figure 12: A badly broken kerb

Source: Transfund New Zealand (1997)

Figure 14 shows an example of a broken kerb and channel that are readily
leaking water through to the sub-base of the carriageway.

Figure 13: A broken section of channel adjoining a vehicle crossing

Source: Transfund New Zealand (1997)
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Separation between the channel and the kerb up-stand is to be rated as broken.

Figure 14: Single crack in the kerb

Source: Transfund New Zealand (1997)

A single crack >10mm wide at the surface is rated as 1m of broken channel.

High Lip Channel

If the lip of channel is 10mm, (the height of a Bic pen), or more higher
than the carriageway surface then the length of kerb affected is recorded.
Where there is also broken carriageway surface, this height will have to
be estimated from a straight edge placed on the carriageway surface and
extended to the channel edge (Transfund New Zealand,1997, p.21).

Figure 15: High Lip Channel

Source: Transfund New Zealand (1997)
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“Where the carriageway surface is shaped so that it is more than 10mm below
the channel lip at a short distance from the line of the channel, then this should
also be rated as high lip” (Transfund New Zealand, 1997, p.21).

Figure 16: Low lip channel

Source: Transfund New Zealand (1997)

This photo (Figure 19) is a good example of a lip channel above the

carriageway surface.

Figure 17: High lip channel

Source: Transfund New Zealand (1997)
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Broken Surface at Channel Lip

These kinds of failures happen when the space (more than 10mm) is between
the channel and the carriageway. The length of channel that is affected needs
to be recorded, as well as the length of kerb where there is structure separation

between the kerb and the carriageway, if existent.

>10mm

Figure 18: Broken surface at channel lip

Source: Transfund New Zealand (1997)

NOTE: If the defect is the same as in Figure 20, it indicates that the broken

surface is the cause of a high lip, and it should be rated as broken surface.

Straight Edge

Figure 19: Broken surface at channel lip

Source: Transfund New Zealand (1997)
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Figure 20: A break in the carriageway surface alongside the channel

Source: Transfund New Zealand (1997)

Blocked Channel

If weed growth, firm-settle debris or other obstructions block 75% of the channel
width and stop water flowing, thereby conducting water onto the carriageway, it
is called a blocked channel. The following pictures (Figures 23 and 24) show
two examples of a blocked channel.
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Figure 21: Kerb and channel blocked by debris and weed growth

Source: Transfund New Zealand (1997)

Figure 22: Kerb and channel blocked

Source: Transfund New Zealand (1997)
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In the case of a kerb and channel blocked by a badly maintained plate crossing,
the length of the crossing would be recorded as blocked.

Grade of Channel Incorrect

When a specific length of channel does not have sufficient slope and is
therefore ineffective, it can cause water to pond onto carriageway surface.

Figure 25 shows an example of an uphill grade kerb and channel.

Figure 23: Water ponding in a channel can indicate uphill grade

Source: Transfund New Zealand (1997)

Earth Surface Water Channels

"Earth surface water channels (ESWCs) and shoulders are rated for the whole
length not just the inspection length" (Transfund New Zealand, 1997, p.27).

Problems with earth surface water channels can be divided into three sections:

e Blocked shoulder
e Inadequate shoulder

¢ Ineffective shoulder
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Blocked Shoulder

Vegetation, slips, soil, aggregate or general debris may block the ESWC
(Figures 26-29). If the channel is not able to transfer water from the pavement

to cutoffs/culverts, it will be rated as a blocked channel.

Figure 24: ESWC blocked by a solid mass of vegetation

Source: Transfund New Zealand (1997)
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Figure 25: ESWC blocked by weed growth

Source: Transfund New Zealand (1997)

Figure 26: Blocked culvert (blocked ESWC)

Source: Transfund New Zealand (1997)
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In Figure 28 the culvert has been blocked; the inlet for the culvert can just be
seen and the length of the culvert would be recorded as blocked.

Figure 27: ESWC Blocked by a slip

Source: Transfund New Zealand (1997)
Inadequate Shoulder

If the depth of the adjoining carriageway surface to the invert is less than
300mm (400mm for highways), it will be rated as an inadequate, as depicted in
Figure 30.

Carriageway

Edae of seal—\ J —

300mm
(400mmon S H.)

Figure 28: Shoulder cross section
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"Where there is no defined ESWC but the ground falls away from the

carriageway, the depth is assessed at a point 3m from the edge of seal”

(Transfund New Zealand, 1997, p.30)(Figure 31).

3m

A

Edge of seal

—

Carriageway

Iy
300mm
(400mmon S H.)

Y

Figure 29: Shoulder cross section

NOTE: one important issue is that the minimum standard for channels may vary

due to local conditions, therefore, the consultant should check with the client to

establish any local variation (Transfund New Zealand, 1997).

Figure 30: An inadequate ESWC

Source: Transfund New Zealand (1997)
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Figure 31: Inadequate ESWC

Source: Transfund New Zealand (1997)

Figure 33 shows inadequate ESWC because of the depth of the channel. The
weed growth would slow water down but would not cause it to pond.

Figure 32: Inadequate ESWC

Source: Transfund New Zealand (1997)
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Figure 34 depicts a case where an ESWC does not exist. It is rated as
inadequate as there is not 300mm of ground fall 3m out from the edge of the

carriageway.
Ineffective Shoulder

If any obstruction prevents water flowing freely from the carriageway to
cutoffs/culvert, the length of shoulder will be rated as an ineffective shoulder.

OR: Any obstruction (e.g. windrow) that would cause ponding of water to a
depth of> 50mm:

e Between the carriageway and the surface water channel
e Within 2m of the carriageway surface where there is no formed surface

water channel and the ground falls away from the carriageway.

Typically high shoulders with edge rutting would be rated as ineffective
shoulders. Low shoulders that do not impact on the flow of water should not be
rated (Transfund New Zealand, 1997).

Figure 33: Ineffective shoulder due to deep tyre track

Source: Transfund New Zealand (1997)
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If, for any reason, the shoulder was too much higher than the carriageway
surface and it does not let water flow away from the carriageway, it will be rated
as an ineffective shoulder. Another problem, illustrated in Figure 36, is an

ineffective shoulder due to deep tyres tracks.

=

Figure 34: Shoulder is ineffective due to the wheel rut along the edge of the carriageway

Source: Transfund New Zealand (1997)
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Figure 35: Ineffective shoulder due to the high area between the carriageway and the ESWC

Source: Transfund New Zealand (1997)

2.7.5 Alternative Drainage Rating
As the RAMM instruction manual described, based on the existing method,

there are some problems with rating the drainage:

"Disproportionate amount of time rating ESWC's compared to carriageway
faults, variations in local requirements, Importance of the results to the
treatment selection process" (Transfund New Zealand, 1997, p. 1).

Therefore, based on the discretion of the client, the RAMM instruction manual

has introduced some alternative ways for rating as follows:
Combined Rating

To better balance the effort in rating ESWC drainage with the use of data
in the treatment selection process, the three defect types (ineffective

shoulder, blocked SWC, and inadequate SWC) may be amalgamated
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into a single rating as inadequate drainage (Transfund New Zealand,
1997, p.37).

However, the first option (recorded as three separate defects) is still available,
but it should be considered that recording the length of inadequate drainage is

by length in metres.
Selective Rating

Based on one of the following reasons, the client has the option of designating

a certain area that should not to be rated.

e Ground is free draining
e Sub-soil drainage is present
¢ An embankment situation

e Super elevation on curves

Figure 38 demonstrates a logic flow for the selective rating method.
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Yes

ESWC RATING FLOW DIAGRAM

START

Has Client defined
ground as free

draining?

Has Client defined
subsoil drainage

Yes

present?

Is 80% of the
drainage OK

Yes

Are the faulty
sections <10m in

Yes

length?

No

Is the ESWC
blocked?

If the ESWC was

Is the ESWC
inadequate?

Yes

Is the
shoulder
Ineffective?

Yes

Record 0 for all
faults

not blocked

would it be No

adequate?

Record length Record 0 Record length Record 0 Record length | Record 0
of blocked Blocked of inadequate inadequate of ineffective || ineffective
ESWC ESWC ESWC shoulder shoulder

Figure 36: Flowchart of ESWC rating method

Source: Transfund New Zealand (1997)
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ESWC Condition Severity Indicator

To illustrate the general intensity of failures on the ESWCs, this system of rating

allocates a number on a scale of 1 to 3.

This scale has been described in the RAMM instruction manual, therefore, it is

essential to exactly follow these instructions.

1- Indicates low severity of faults as typified by ESWCs that comply with

the conditions in the flow chart above.

l.e. 80% of the ESWCs in the treatment length show no faults and faulty

areas are less than 10m long
Or
e Subsoil drainage is present
e The ground is free draining
e The client has specified that ESWCs are not required for this TL.

2 -Indicates that the ESWC faults exceed the levels above. (Longer than
10m in length and Over 20% of the total length of channel is faulty. But
there are no obvious water related faults on the carriageway or evidence

of flooding or ponding on the carriageway, or shoulder.

3-Indicates that the ESWC faults exceed the levels of level 1 and the

following conditions also exist
e Boggy or rough water damaged shoulder
e Evidence of water ponding on the shoulder or carriageway

e Water related faults on the carriageway adjacent to areas of faulty
ESWC. (Transfund New Zealand, 1997, p.39).

2.7.6 Part two: Description of Carriageway Failures
The carriageway is the main area of road that is rated only within the defined
inspection length. Table 6 briefly describes all kind of pavement failures and the

methods of rating.
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Table 6: Pavement failures and the rating methods

Number of Traffic Lanes

The number of traffic lanes in the inspection length. An entry
1s required.

Average Rut Depth

Rutting The length of wheel path where rut depth exceeds 30mm (
20mm on state highways)
OR: Average rut depth for the inspection length recorded as the

average of readings taken at the start, s, ¥z, ¥4 and end
points in the outside wheel path for each side of the road.

Corrugation and Shoving

The length of wheel path in metres in the inspection length
that is exhibiting shoving. An entry Is required.

Scabbing and Raleving

The area of carnageway in sgquare metres in the inspection
length the seal has lost more than 10% of the sealing chip. In
the case of asphaltic concrete surfaces this will be the area of
pavement showing signs of raveling (surface attrition). An
entry is required.

Flushing or Bleeding

The length of wheel path in metres in the inspection length
where the carnageway surface has flushed. An entry is
required.

Alligator Cracks

The length of wheel path in metres in the inspection length
that is exhibiting alligator (fatigue) cracking. An entry is
required.

Longitudinal and Transverse
Cracks Or Transverse
{Themal) Cracking

The length in metres in the inspection length exhibiting
longitudinal and transverse cracking. An enfry is required.

Joint Cracks

The length in metres in the inspection length of joining
cracking. An entry is required.

FPotholes

The number of potholes in the inspection length. An entry is
required.

Pothole Patches

The number of pothole patches in the inspection length. An
entry is required.

Edge Break

The length of carriageway edge in metres in the inspection
length showing signs of edge break where there is no
surfaced channel. An entry is required.

Edge Break Patches

The same criteria apply here as for edgebreak except that
the edge break has been patched.

High/Low Service Covers.
High Low Patches and
Trenches And Slippage
Cracking

The number of service covers and trenches in the wheelpath
that are above or below the level of the carriageway by
20mm or more

Water Bleeding and
Pumping

The area of carnageway In square metres

Sources: Pavement Interactive (2009), Transfund New Zealand (1997)

2.7.7 Carriageway Rating

The main section of the rating process is rating the carriageway, since many
different defects may occur on the road surface. Differentiation between defects
is one of the more difficult phases in road pavement maintenance. However, the
the differences between defects, and

following explanations illustrate
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techniques required to observe these defects, helping this process to be more
recognisable.

A classification of all types of carriageway surface failures, possible causes and

repair types to illustrate the results of this comprehensive research, follows.

Rutting (Wheel tracking)

Figure 37: Shallow rutting

Source: Pavement Interactive (2009)

There are two basic kinds of pavement rutting or permanent deformation that
have been a long term problem for pavement, particularly for hot-mix asphalt
(HMA) or flexible pavement:

1. Mix rutting
2. Sub-grade rutting.

Mix rutting occurs when the sub-grade does not rut yet the pavement
surface exhibits wheel-path depressions as a result of compaction/mix
design problems. Sub-grade rutting occurs when the sub-grade exhibits
wheel-path depressions due to loading. In this case, the pavement
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settles into the sub-grade ruts causing surface depressions in the wheel-
path (Pavement Interactive, 2009, p.8).

Safety Concern

In rainy weather the ruts fill with water, which can cause vehicle hydroplaning.
Another dangerous problem is that the ruts tend to pull cars towards the rut's

path (Pavement Interactive, 2009; Fulton Hogan, 2006).
Possible Causes of rutting failure
The following are possible causes of rutting failure of the road pavement:

¢ Inadequate compaction of sub-grade during the construction process.

¢ Inadequate compaction of base-course during the construction process.

e Consolidation of base-course or sub-base due to excessive moisture
content.

e Base-course layer too thin and sub-grade deforms under the traffic. Sub-
grade rutting (e.g., as a result of inadequate pavement structure)

e Traffic volumes in excess of the design causing base course to break
down

e Inappropriate mix design or manufacture (e.g., excessively
high asphalt content, excessive mineral filler, insufficient amount of
angular aggregate particles)

e Narrow ruts are generally a sign that rutting has occurred in the top layer
of the pavement.

e Wide ruts are generally a sign that the rutting has occurred through the
entire depth of the pavement (Fulton Hogan, 2006; Pavement Interactive,
2009).

Also, Fang, Haddock, White, and Hand (2004) stated that "improper design,
poor materials or construction quality, poor drainage conditions, and/or any

combination of these factors may result in an inadequately designed layer"
(p.51).
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Figure 38: Finite element analysis results (FEA)

Source: (Fang et al., 2004)

Figure 40 illustrates finite element analysis results (FEA) of different pavement
layer failures: (a) surface failure; (b) base failure; (c) subgrade failure; and (d)

surface profiles.

The Best Repair Strategy

A heavily rutted pavement should be investigated to determine the root
cause of failure (e.g. insufficient compaction, sub-grade rutting, poor mix
design or studded tire wear). Slight ruts (< 1/3 inch deep) can generally
be left untreated. Pavement with deeper ruts should be leveled and

overlaid. (Pavement Interactive, 2009, p. 1).

Some common repair strategies have been offered in Fulton Hogan's Sealed

Pavement Maintenance Manual (2006). These are:

e For minor rutting, fill the ruts with rut-fill slurry and follow up with a chip
seal.
e Add makeup metal to the rut and then stabilise, re-lay and compact,

followed with chip seal.
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e For serious ruts, a full investigation should be carried out to work out
what has caused the rutting. This will most likely involve using a

laboratory and a pavement designer.

Generally large ruts will re-occur in a short time unless a full depth overlay is

carried out.
Rating Type

It is clear that the first step for deciding which kind of treatment should be used

IS an accurate rating. There are two options for rating the ruts.
e Optionl: (Exceeding 30mm)

When the depth of wheel path exceeds 30mm and is measured under a 2m
long straight edge, rutting tends to funnel down and up over a length of failure
road. It is important to mention that only the length of rutting that has 30mm

depth or more will be recorded (Transfund New Zealand, 1997).

Figure 39: Definition of maximum rut depth of a transverse surface profile

Source: (Fang et al., 2003, p. 50)
e Option 2: (Mean rut depth)

As described in the RAMM instruction manual, the mean rut depth is calculated
by measuring 10 times, using a two metre long straight edge (Figure 43). In the
outside wheel path in each direction, at the start, 1/4, 1/2/ 3/4, and end points in
the inspection length (see Table 7). By using these 10 readings, the inspector

can calculate the mean depth (Transfund New Zealand, 1997).

Table 7: An example of rutting measurement
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Ruth Depth Start | 1/4 1/2 3/4 End Total

Left Wheel Path 12 10 15 30 13 80

Right Wheel Path 10 0 0 10 0 20
Total 100
Mean |10

Source: (Transfund New Zealand, 1997)

2m Straight Edge

Depth of Rut

Figure 40: Rutting measurement method

Source: (Transfund New Zealand, 1997)

Based on the two options outlined above, Fang et al. (2004) have described
how the types of treatment are different. When rutting is limited to the surface
layer, it is a pavement failure, and when rutting is observed in both the surface
and base layer, it will be called a base failure, unless it is observed in the sub
grade layer, so that the failure refers to the deepest layer of the supporting
rutted surface. Therefore, "the layers above the damaged layer need to be
replaced and the failed layer needs to be rehabilitated to prevent the relapse of

the rutting in a short period of time after rehabilitation” (Fang et al., 2004, p. 50).

Also, it will be useful to mention the results of Simpson, Daleiden, and Hadley
(1995) who hypothesised that "the area under the transverse surface profile
could be used to predict the source of rutting from within the pavement

structure”(p,45)..They classified 128 transverse surface profiles into four main
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categories representing the source of rutting failures. Table 8 presents these
four categories, which are:

1) Surface failure
2) Base failure
3) Sub grade failure

4) Sub grade heave

Table 8: Rutting origin sorting criteria

Hypothestzed fatlure mode Total area (mm’) Ratio of areas Number of sections
Subrade <4500 <04 ol
Base ~4300-700 04-1.25 i
Surface 700-5000 |.235-30 13
Heave > 000 >3 i

Source: Simpson et al. (1995)

In addition, Fung et al. (2004) illustrated the shape of the transverse surface
profiles, Figure 43, but they indicated that "sub grade heave could not coexist
with rutting because the sub grade would be weakened by the heavy, and an
increase rutting rate would result in a sub-grade failure® (p. 3).

Surface (HMA) failure w
Base failure v%
Subgrade failure v

Figure 41: Shape of transverse surface profiles
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Appendix G and Table 9 show a sample of rated rutting failure over almost
three years in the Waitakere region, which is one of Fulton Hogan's

maintenance projects.
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Table 9: Sample of rated rutting failure during 3 years at Waitakere region
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Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT LTD. 30 April 2013.
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The Best Repair Strategy

A professional investigation is necessary to categorise the level of rutting. Slight
ruts (<1/3 inch deep) can generally be left untreated, but for deeper ruts the
following process has been offered (Pavement Interactive, 2009).

As described in Fulton Hogan's Sealed Pavement Maintenance (2006) report,
repairs to the minor rutting involving filling the ruts with a rut-fill slurry and
following up with a chip seal (for chip-seal paved roads). Alternatively, the
makeup metal could be added to the rut and subsequently stabilized, re-laid
and compacted. It could then be finished with the chip seal.

For serious ruts, a full investigation should be carried out to determine the
actual cause of the rutting. A decision could then be made about the proper
type of treatment. “Generally, the large ruts will re-occur in a short time unless

a full depth overlay is carried out” (P.18).

Shoving and Heaving (Bulging of the road surface)

One of the main reasons for shoving is displaced material. Shoving occurs
when materials are displaced to form a bulge or heave alongside a depressed
area, see Figures 44 and 45. The length in metres is recorded (Transfund New
Zealand, 1997).

Nominal line of surface

Figure 42: Sample of shoving

A form of plastic movement typified by ripples (corrugation) or an abrupt
wave (shoving) across the pavement surface. The distortion is
perpendicular to the traffic direction. Usually occurs at points where
traffic starts and stops (corrugation) or areas where HMA abuts a rigid
object (shoving) (Pavement Interactive, 2009).
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Figure 43: Shoving

Source: (Pavement Interactive, 2009)
Possible Causes

As has been explained in Fulton Hogan's (2006) manual there are some

possible causes for shoving failures.

1- The fist problem is when water penetrates under the road surface through a
crack, under the pumping action of the vehicles, the seal and other materials

will move.

2- Another cause is when there is no shoulder support for the material, or the
shoulder is too steep or too narrow, and vehicles force the material out towards
the edge of shoulder.

3- The base-course fails and the material breaks down and is squeezed out

sideways and then lifts up.
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4- Compaction has been carried out against a soft base.

Figure 44: A large shoved area
Source: (Transfund New Zealand, 1997, p. 42)

It is not essential to record additional faults such as cracking, potholes and
patches within the shoved area.

Figure 45: An abrupt shove near a service cover

Source: (Pavement Interactive, 2009)
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The Best Repair Strategy

Determining the causes of heavily corrugated or shoved pavement is essential
for choosing repair strategies. "The repair strategies generally fall into one or
two categories: Small, localized areas of corrugation or shoving. Remove the
distorted pavement and patch. Large corrugated or shoved areas indicative of
general HMA failure. Remove the damaged pavement and overlay" (Pavement
Interactive, 2009).

In addition, the following repairing categorisation could be used for choosing the
best strategy. These steps have been indicated in Fulton Hogan's (2006)
manual. The first three steps are in relation to a shoved area that is caused by
corrugation. The first and best action is to level out the corrugations and
stabilise the pavement. Then, surface with a minimum of 35mm stone mastic
asphalt (SMA), porous asphalt, or dense graded mix where the texture is
deemed not to be a problem. An alternative is to carry out a minor leveling over
the corrugations, then overlay with 35mm SMA, porous asphalt, or dense

graded asphalt.

Straight road corrugations use the minor level repair method using an asphalt
paving machine with the screed wound down. Fill in the corrugations and leave
mix alone if specification allows. Otherwise, seal after six months trafficking to

allow diluents to get out of the asphalt.

The second four types of repair are in relation to other kinds of shoving. If the
base course has good stone size in the failed area, then stabilise the area with
a stabilising agent suitable for the material and traffic loadings. If there is no
shoulder support, the engineer should be advised and shoulder repair should
also be carried out. If the shoving is very severe due to the base course
breaking down under stress, then a dig out should be considered to add base
strength. There may be an overlay required if there is insufficient strength in the
pavement to cope with the forces applied by the traffic.

Cracks
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Cracks happen when the pavement is too old and the surface (seal or asphalt)
does not have enough flexibility under the action of heavy traffic. Different types
of cracks appear in the three major pavement structures: rigid, semi-rigid or
flexible structures. Cracks may range between 2mm to 30mm and may different
vary in length. One of the most important impacts of cracks is that they leak
water into the pavement. Fulton Hogan’s manual (2006) has mentioned six

causes for cracking and water leaking, in this case, into the asphalt.

1- Weakness of applying tack coat before laying the final mix (tack coat too
small or no tack coat).

2- Age of surface. Old surfaces always start cracking because of fatigue.

3- Insufficient mix temperature before applying and also inadequate
cohesion between two sections of the applied mixture.

4- Applying a new base course in old trenches.

5- Some cracks happen due to settlement of the underlying pavement.

6- Use of ground beside the road surface, causing movement of the road
surface and then cracking.

Figure 48 shows examples of some of the most common crack types.

isolated crack block cracking alligator cracking
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Figure 46: Example of some of the most common crack types

Source: (Francken, 2005)
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A precise classification for crack failures on asphalt pavement, which has a
huge influence on productivity, was undertaken by Siddique and Hoque (2005),

as summarised below:

1- Fatigue or alligator cracks
2- Block cracking

3- Reflection cracks

4- Edge cracks

5- Edge joint cracks

6- Lane joint cracks

7- Shrinkage cracks

8- Slippage cracks

9- Widening cracks
Moreover, some possible causes of cracks are listed below:

e Lack of strong sub-grade, which will cause shoving, then cracks occur on
the surface under the action of vehicles.

e Poor seal that allows water to seep through the pavement and then it will
be caused for shoved base course.

e Using a huge amount of inessential cement for stabilisation of weak sub
grade, which then causes block cracks on the surface.

e Some cracks and shoving happen on the surface of a bend area
because of weak pavement surface.

e Asphalt oxidisation, which is caused by age of surface, will cause block

cracks.
In addition, some different kinds of cracks have been described subsequently.
Alligator Cracks (Fatigue Cracks)

When a series of interconnected cracks happen on the road pavement, it is
called an "alligator crack" (Figure 51). This kind of surface distress is caused by

fatigue failure.

Fatigue failure occurs under repeated traffic loading.
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As the number and magnitude of loads becomes too great, longitudinal
cracks begin to form (usually in the wheel paths). After repeated loading,
these longitudinal cracks connect forming many-sided sharp-angled
pieces that develop into a pattern resembling the back of an alligator or

crocodile ("Pavement Interactive, 2009, p. 2).

Also, "Alligator cracking is commonly called chicken wire cracking as it has the

appearance of chicken wire mesh" (Transfund New Zealand, 1997, p. 43).

The most common method for rating alligator cracks is by visual observation.
They will be more obvious when the water start to penetrate into the cracks, so
it is easiest to observe after light rain and also in colder seasons. However, it is
difficult to observe fine cracks on a wet surface and bright sunshine, and is
easier to observe in shadow and dry weather, as demonstrated in Figures 49
and 50.

Flushing, rutting, and alligator cracking are usually found in the wheel
paths shown by traffic wear on the carriageway surface. Sometimes
vehicles traffic the pavement outside the normal wheel paths such as in
bus bays, sealed shoulders etc. If any of the above faults are found
outside the wheel paths, they should be recorded. The total recorded
however, may not exceed the number of wheel paths x length of

inspection section" (Transfund New Zealand, 1997, p. 43).
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Figure 47: Observing fine cracks in the sunshine

s, B S

Figure 48: Observing fine cracks in shadow

Source: (Transfund New Zealand, 1997)
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Figure 49: Sample of Alligators Cracks

Source: Pavement Interactive (2009)
Possible Causes for Alligator Cracks

The main cause for alligator cracking is inadequate structural support. As
described above, cracks can be caused that water leak to the base and sub
grade and finally lead to pothole damage if not treated. Based on Transfund
New Zealand’s (1997) RAMM manual, some possible and common causes for

alligator cracking are listed below:

e Decrease in pavement load supporting characteristics.

e Probably the most common reason is a loss of base, sub-base or sub-
grade support from poor drainage. Water under a pavement will
generally cause the underlying materials to become weak.

e Stripping on the bottom of the HMA layer. The stripped depth contributes
little to pavement strength so the effective HMA thickness decreases.

e Increase in loading (i.e., the pavement is being loaded more heavily than

anticipated in design)
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¢ Inadequate structural design (i.e., the pavement was designed too thin
for the anticipated loads)

e Poor construction (i.e., inadequate compaction)”

Appendix H and Table 10 show a history of road faults, specifically alligator

cracks.
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Longitudinal and Transverse Cracks (Not Joint Cracks)

These kinds of cracks include longitudinal, or parallel, and transverse cracks
along and across carriageways (see Figures 52 - 54). They are usually a type of
fatigue cracking and also cause similar problems to the other types of cracks

described above.

Furthermore, these kind of surface failures also happen on another kind of
pavement, for example, concrete pavement, as was indicated in investigations
by Jia-liang and Qing-hua (2012). Replacement of the sub grade caused
longitudinal cracks on the newly rehabbed joint concrete pavement, more so
than rubblisation and break-and-seat, in a project investigated by them. Non
uniform compaction of the replaced sub grade, attributable to diversity of
replacing materials, inappropriate moisture, and some construction problems,
caused plastic deformation, which caused longitudinal cracks.

Figure 50: Straight longitudinal and transverse cracks

Source: (Pavement Interaction, 2009)
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Figure 51: A small irregular longitudinal and transverse crack

Figure 52: Straight longitudinal and transverse cracks

Source: (Transfund New Zealand, 1997)
Possible Causes for Longitudinal Craks

The findings of the investigations by Jia-liang and Qing-hua (2012) indicated

that sub grade replacement caused more longitudinal cracks on the newly
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rehabbed JCP than rubblisation and break-and-seat because it seemed to have
caused plastic deformation and non-uniform compaction of the replaced
subgrade, attributable to diversity of replacing materials, variances in moisture
content of replacing materials, and some problems related to construction. The
plastic deformation and non-uniform compaction, in turn, led to uneven
settlement of the replaced subgrade and then voids underneath new surface
slabs. Also they found that heavy truck traffic was one of the major factors
causing longitudinal and transverse (L&T) cracks.

Joint Cracks

Joint cracks almost always happen after repairing the surface of the
carriageway. They can be caused by a number of issues, which are:

e Construction joints in asphaltic concrete pavement
e Construction joints in concrete pavements

e Joints between concrete and asphalt pavements
(Transfund New Zealand, 1997)

The joint crack will be rated as a L&T crack if it occurs in a continued surface
and if it is a visible joint between two different surfaces; the total length of the

crack will be recorded for rating purposes.

Figure 53: Joints along service trenches

Source: (Pavement Interactive, 2009)
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Figure 54: Saw cuts that have not been sealed also rate as joints

Source: (Pavement Interactive, 2009)

Figure 55: Joint crack at the edge of a repair

Source: (Pavement Interactive, 2009)
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Figure 56: Joint cracking around a patch

Source: (Pavement Interactive, 2009)

Selecting the Best Repair Strategy

Generally, for any kind of crack, an investigation determining the root cause of
failure is essential. The offered process for finding the root cause is, digging out
a pit or coring the pavement to determine the pavement’s structural makeup, as
well as determining whether or not subsurface moisture is a contributing factor.

Based on these kind of cracks, some different types of repair strategies have
been offered by Fulton Hogan’s (2006) manual on sealed pavement

maintenance. These are:

If the fault is due to soft sub grade then the pavement design should be
checked. A short term repair would be to stabilise the pavement to maintain

safety.

If the pavement has cracked and shoved badly a dig will need to be carried out

and potential stabilisation of the sub-base prior to adding new base course.
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Block cracking due to over cementing will require stabilisation of the sub-base,
potentially followed by stabilising the block cracked surface.

For oxidized asphalt, mill the asphalt and re-compact the base.
The Best Repair Strategy

The first strategy for repairing pavement cracks is crack filling. A crack filling
repair is a repair to an asphalt mix or a sealed pavement that has cracked due

to stress and that crack has travelled across the asphalt or seal on the road.

Cracks can be 2mm to 30mm wide and several metres long. Three different

ways for crack repairing are:

1- Emulsion and sand (for cracks up to 5mm wide).

2- Emulsion, sand and cover the crack with a crack seal bandage (for
cracks 6mm to 15mm wide).

3- Hot polymer modified binder (for cracks 16mm to 30mm wide) (Fulton
Hogan, 2006).

An investigation is essential to figure out the root cause of a fatigue cracked

pavement. The following steps need to be implemented.

The fault is due to soft sub grade: the pavement design should be checked. A
short term repair would be to stabilise the pavement to maintain safety. If the
pavement has cracked and shoved badly, it will most likely need a dig-out and
perhaps stabilising of the sub-base prior to adding new base-course.

Block cracking due to over cementing will require stabilising of the sub-base.

Then look at perhaps stabilising the sub-base prior to adding new base-course.

Oxidized pavement needs to be milled and then the base re-compacted and
then followed up with new pavement surface. Meanwhile it is worth mentioning,
for low-volume roads, the fog seal is preventive maintenance for this kind of
failure and is used to restore or rejuvenate a HMA surface. In some cases it is
possible to postpone the need for a BST or non-structural overlay for a

maximum of two years.

More detail can be found in Table 11.
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Table 11: Brief description of all kinds of cracks repair strategies

Alligator Cracking Repair: A fatigue cracked pavement should be investigated to
determine the root cause of failure. Any investigation should involve digging a pit or
coring the pavement to determine the pavement's structural makeup as well as
determining whether or not subsurface moisture is a contributing factor. COnce the
characteristic alligator pattern is apparent, repair by crack sealing is generally
ineffective. Fatigue crack repair generally falls into one of two categories: Small,
localized fatigue cracking indicative of a loss of subgrade support. Remove the cracked
pavement area then dig out and replace the area of poor subgrade and improve the
drainage of that area if necessary. Patch over the repaired subgrade. Large fatigue
cracked areas indicative of general structural failure. Place an HMA overlay over the
entire pavement surface. This overlay must be strong enough structurally to carry the
anticipated loading because the underlying fatigue cracked pavement most likely
contributes little or no strength (Roberts, Kandhal, Brown, Lee, & Kennedy, 1996)

Block Cracking Repair: Strategies depend upon the severity and extent of the block
cracking: Low severity cracks (< 1/2 inch wide). Crack seal to prevent (1) entry of
moisture into the subgrade through the cracks and (2) further raveling of the crack
edges. HMA can provide years of satisfactory service after developing small cracks if
they are kept sealed (Roberts et al.,, 1996). If looks are important, or cracking is
extensive, a slurry seal can be placed over the sealed cracks. High severity cracks (>
1/2 inch wide and cracks with raveled edges). Remove and replace the cracked
pavement layer with an overlay.

Longitudinal Cracking Repair: Strategies depend upon the severity and extent of the
cracking: Low severity cracks (< 1/2 inch wide and infrequent cracks). Crack seal to
prevent (1) entry of moisture into the subgrade through the cracks and (2) further
raveling of the crack edges. HMA can provide vears of satisfactory service after
developing small cracks if they are kept sealed (Roberts et al., 1996). High severity
cracks (> 1/2 inch wide and numerous cracks). Remove and replace the cracked
pavement layer with an overlay.

Transverse (Thermal) Cracking Repair: Strategies depend upon the severity and extent
of the cracking: Low severity cracks (< 1/2 inch wide and infrequent cracks). Crack seal
to prevent (1) entry of moisture into the subgrade through the cracks and (2) further
raveling of the crack edges. HMA can provide years of satisfactory service after
developing small cracks if they are kept sealed (Roberts et al., 1996)High severity
cracks (> 1/2 inch wide and numerous cracks). Remove and replace the cracked
pavement layer with an overlay.

Joint Reflection Cracking Repair: Strategies depend upon the severity and extent of
the cracking: Low severity cracks (< 1/2 inch wide and infrequent cracks). Crack seal to
prevent (1) entry of moisture into the subgrade through the cracks and (2) further
raveling of the crack edges. In general, rigid pavement joints will eventually reflect
through an HMA overlay without proper surface preparation. High severity cracks (> 1/2
inch wide and numerous cracks). Remove and replace the cracked pavement layer with
an overlay after proper preparation of the underlying rigid pavement.

Slippage Cracking Repair: Removal and replacement of affected area.

Sources: Pavement Interactive, (2009); Roberts, Kandhal, Brown, Lee, &
Kennedy (1996)
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Pothole
Potholes have been introduced in one article, as follows:

Small, bowl-shaped depressions in the pavement surface that penetrate
all the way through the HMA layer down to the base course. They
generally have sharp edges and vertical sides near the top of the hole.

Potholes are most likely to occur on roads with thin HMA surfaces (1 to 2

inches) and seldom occur on roads with 4 inch or deeper HMA surfaces.
(Roberts et al., 1996)

Figure 57: Pothole

Source: (Pavement Interactive, 2009)

Potholes range in size from 50mm across up to 1 metre across. Depth can vary
from 50mm up to 200mm deep in extreme cases. However, the break must
have a maximum dimension of 70mm or more to be rated as a hole, as

illustrated in Figure 60.

Figure 58: Pothole size

Source: (Transfund New Zealand, 1997)
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In addition, the rating for potholes is a count of quantity, however, sometimes a
pothole is rated as a pothole patch, where it is less than 0.5m2 in area
(Transfund New Zealand, 1997).

Another definition for a pothole provided by Transit New Zealand (1993) is:

...where surface attrition has occurred over an area exceeding 70 mm in
diameter but not exceeding 1m2 in area and the base course aggregate
is exposed, or where the defect exceeds 50 mm in depth in structural
asphaltic concrete. A pothole shall also be where surface attrition has
occurred over an area exceeding 70 mm diameter and the underlying
pavement is exposed. This does not include scabbing and stripping on a

chip seal (p. 1).

Appendix | and Table 12 show a range of rated potholes for a specific area. It is
obvious from these figures that in some roads, with specific usage, the count of
potholes that have occured are different.
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Table 12: Sample of rated potholes failure during 3 years at Waitakere region

Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT
LTD. 30 April 2013.

Possible Causes for Potholes

The main cause for potholes is fatigue cracking. Generally, a pothole is the final
result of fatigue cracking if the appropriate treatment has not taken place (for
HMA surfaces).

When pressure from car tyres pushes the water into the pavement surface, it
causes it to blow out the surface aggregates, causing potholes. Therefore, in

wet weather potholes grow very rapidly.

Another cause for potholes, which occurs more on sealed surfaces, is flushed
bitumen. "The bitumen stuck on the tyres pulls the road surface apart" (Fulton
Hogan, 2006, p. 104).

Furthermore, as described in Fulton Hogan's (2006) manual, spillage of all

kinds of fuel on the sealed surface will destroy the seal waterproofing
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specification and also, a blocked nuzzle on the bitumen sprayer will have a
considerable impact on situating insufficient waterproofed surface.

Safety Concern

An untreated pothole might cause serious vehicular damage or a crash for
crossing cars. Infiltration will also happen on the surface by potholes.

Figure 59: A pothole caused by fatigue cracking
Source: (Transfund New Zealand, 1997)

- o . g

Figure 60: Potholes in Smithfield Ave, Paremoremo

Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT
LTD. 30 April 2013.The Best Repair Strategy
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The repair processes start with preparation of the repair area, which includes
excavation, trimming the sides of excavations and removing distressed or loose
materials. The excavation of the damaged area shall be carried out in such a

manner that the integrity of adjacent sections of pavement are not disturbed.

The next step is backfilling the damaged area. The backfilling process depends
on the kind of pavement. In granular pavement, for less than 100 mm deep, to
ensure bond with the surrounding pavement material, a light tack-coat of
emulsion shall be applied to all surfaces in contact with premix material, then
should be filled with premix material. A thorough compaction is essential to
make a uniform density that does not move under the action of ordinary road
traffic.

In granular pavement, when the depth of repair is more than 100 mm deep,
backfilling to a level of 50mm below the finished level may be done with base
course of nominal maximum size not greater than 0.4 times the layer depth. The
remaining 50mm shall be constructed in accordance with the previous

pavement design.

In structural asphaltic concrete pavements, the contractor shall select the repair
method most appropriate to correct the defect. The following issues should be

considered:

Ragged edges shall not be permitted. Where the defect extends below
the depth of the asphaltic concrete, all distressed unbound granular
material shall be removed and the base of excavation compacted to
provide a firm foundation for replacement materials. Base course
aggregate confirming to the requirements of TNZ M4 specification shall
be used to reinstate the repair to the underside of the asphaltic concrete.
Repair material used above the underside of the structural asphaltic

concrete shall conform to the requirement of TNZ M10 specifications.

...The finished running surface of the repair... shall be waterproof... (and)
shall match the general profile of the adjacent surface have no sharp

ridges and shall be such that it does not allow water to pond nor is higher
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than the adjacent pavement by more than 10 mm when measured by a 2
m straightedge(Transit New Zealand, 1993, p. 3).

Edge Break

Edge break failures appear at the edge of a road's surface. This failure occurs
where there is no supporting drainage system, such as surface water channels,

or the existing drainage system does not work.

A

Source: (Transfund New Zealand, 1997)
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Figure 63: Edge break

As has been described in Transfund New Zealand’s RAMM manual (1997):

Edge break will be rated if the seal width is reduced by 100mm or more
from the nominal edge of seal. The length recorded shall be measured
from the start of the taper leading up to the 100mm+ edge break to the
point where the broken edge rejoins the line of the nominal seal edge as

shown in the diagram and photo below (p. 53).

\— Straight edge or string line on

nominal seal edge

v

Measured length of edge break

Figure 64: Edge break measurement
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Possible Causes for Edge Break

Generally, edge breaks occur due to pressure of vehicle tyres on the edge of
sealed or HMA pavements. The pressure is caused by reasons such as:

¢ Vehicle driving over the edge

e Road is too narrow for two passing cars, therefore, the second car
passes close to edge of pavement.

e The support ground has been washed by heavy rain because of lack of
vegetation.

The Best Repair Strategy

The edge break repairs need to be carried out to stop the sealed pavement
from fretting away and becoming a safety hazard for the travelling public.

As has been indicated by Fulton Hogan’s (2006) manual, for minor edge
breaks, normal repair is to use the standard edge break repair methodology.
Major edge breaks may require the edge break to be first filled with base course

to within 50mm of the top of pavement.

However, in all cases it is essential to check the real cause of an edge break
and try and fix the original problem first, then repair the edge break. This may
mean that the inside of the curve requires sealing so that vehicles no longer

travel over the edge seal.

Ravelling or Scabbing

When chipseal or asphaltic concrete pavement aggregates are separated from
a carriageway's surface, it is called scabbing for chipseal or raveling for

asphaltic concrete.

The rating process for chipseal and asphalt surface is the same. The pavement
will be rated as a scabbed or raveled area when it has lost more than 10% of its
surface aggregates. The scale for this rating is in square metres.
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Figure 65: A chipseal with greater than 10% chip loss in large areas

Source: (Transfund New Zealand, 1997)
Possible Causes for Ravelling or Scabbing

Some possible causes exist, which are a little different between chipseal,
asphalt and other kinds of pavements. Some common reasons for raveling on

asphaltic surfaces are as follows.

The first reason is age of the surface. For example for asphalt, age causes
asphalt binder oxidation. When the binder gets older, the oxygen reacts with its
constituent molecules resulting in a stiffer, and therefore, more viscose material,
so it is more likely for the aggregate to separate from the pavement as they are
pulled away by traffic. This reason has also been illustrated by Holleran,
Wieringa, and Tailby (2006):

The main mechanisms of aging of bitumen are oxidation and the loss of
volatiles. When bitumen ages it becomes higher in viscosity (stiffer) and
the composition changes noticeably. These changes can lead to

93



brittleness and loss of adhesion, especially in the presence of water
(Oxidation products are acidic and can be hydrolyzed) (p. 1).

Dusty aggregate is another problem, because dust does not allow a strong
stickiness between the asphalt's binder and the aggregate. Aggregate
segregation: if fine aggregate does not exist in the aggregate gradation, the

asphalt binder is unable to bind big particles together.

Inadequate compaction: inadequate compaction will cause inadequate cohesion
within pavement materials. Inadequate compaction might also cause rutting on
the pavement surface, because if the initial compaction has not been sufficient,

compaction may be done by car tyre pressure, which means rutting will happen.

Moreover, "mechanical dislodging by certain types of traffic (studded tires, snow
plow blades or tracked vehicles) might cause rutting on the pavement"

(Pavement Interactive, 2009, p. 8).
Safety Concern

The raveling or scabbing causes the aggregate to become loose on the
pavement. Also water ponding in raveled sections may result in vehicles
hydroplaning and finally, loss of skid resistance.

The Best Repair Strategy

Selecting the best repair strategy is up to determining the root cause of failure.
Generally two categories exist for repairing raveled pavement.

The first is for small, localised areas of raveling. Remove the raveled pavement
and patch. If the pavement is still structurally sound, the raveling can be fixed
with a fog seal or slurry seal. Secondly, large raveled areas are indicative of
general HMA failure. Remove the damaged pavement and overlay (Mamlouk &
Zaniewski, 1998; Pavement Interactive, 2009).

Flushing (Bleeding)

Where the bitumen or binder comes up and covers the surface of the aggregate
on the road, it is called flushing or bleeding. The specifications of a flushed area
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are generally a flossy and smooth appearance, as well as lack of surface

texture and skid resistance when wet.

The rating method for flushing is in metres, where the surface is affected by

flushing.
Possible Causes for Flushing (Bleeding)

The possible causes have been described by Pavement Interactive (2009).
Bleeding occurs when asphalt binder fills the aggregate voids during hot
weather or traffic compaction, and then expands onto the pavement surface.
Since bleeding is not reversible during cold weather or periods of low loading,
asphalt binder will accumulate on the pavement surface over time. Flushing

often results in surface irregularities (Brewer, 2007)
Likely causes are:

e Excessive asphalt binder in the HMA (either due to a poor mix design or
manufacturing problems).

e Excessive application of asphalt binder during BST application.

e Low HMA air void content (e.g., nhot enough void space for the asphalt to

occupy), likely a mix design problem.

In the case of chip seal, Ball and Patrick (2005) described that: "there is a
maximum compaction level for any particular multilayer chip seal with a
corresponding void content; if the total binder content is greater than this, then

flushing will eventually occur" (p. 9).
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Figure 66: Carriageway with extensive flushing on the wheelpath's surface

Source: (Transfund New Zealand, 1997)
The Best Repair Strategy

The following measures may improve or decrease the flushing but cannot repair
an underlying problem. Therefore, the best choice is to find and repair the

underlying problem that initially caused the flushing.

For a minor bleeding correction coarse sand can usually be applied to blot up

the excess asphalt binder.

Major bleeding can be corrected by cutting off excess asphalt with a motor
grader or removing it with a heater planer and then replacing a new layer by
overlying the area with a seal coat or hot planet mix having a suitable asphalt
content, or planing the area. If the resulting surface is excessively rough,

resurfacing may be necessary (Brewer, 2007; Pavement Interactive, 2009).
High and Low Service Covers and Trenches

Service covers that are too high or too low cause vibrations that may annoy
nearby landowners and cause discomfort to the travelling public. They can also
be a safety hazard (Fulton Hogan, 2006).
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For the purpose of rating service covers (hydrants, manholes, etc), the number
of service trenches that are lower or higher than the carriageway surface need
to be recorded. Figure 69 shows an example of this failure.

Figure 67: High service cover

Source: (Transfund New Zealand, 1997)
The Best Repair Strategy

The repair process starts by finding all out of specification service covers and

preparing a schedule for starting repairs. The stages are:

e Cut around it with a concrete saw to create a straight edge and tidy
appearance.

e Dig out materials where a riser/ adjusting ring will be placed.

e Compact around the outside of the pipe.

e Reseat cover to level and profile

e Backfill with basecourse

¢ Reinstate surfacing

e Apply road marking

e Use temporary traffic management

2.7.8 Treatment Application
The process of treatment starts with defining initial treatment lengths by finding
the widest surfaces within each road split in:

e ADT
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e Number of lanes
e Pavement type
¢ Pavement use

e Urban/Rural flag
It is important to split the treatment length to the same subsections.

2.7.9 Preparing Reseal List
It is clear that when preparing a reseal list, one of the most important issues in
terms of sufficiency and productivity, is to have a good knowledge of all kinds of
failures and offered treatments. Investigation of successful companies in the
field of road maintenance and rehabilitation processes showed that almost all of
them have achieved this issue by preparing a database. This allows the expert
to access a huge resource of monitored, implemented projects and also use
previous experiences to provide a productive method of project implementation.
In addition, developing and recording appropriate pavement maintenance
solutions, particularly, for the project area network, is the most important issue,

because the offered solutions vary depending on a number of factors such as:

o "Traffic Loading- particularly the percentage of heavy vehicle traffic.
e Climate

e Drainage systems

e Season
e Geology
e Terrain

e Other Local Characteristics" (Fulton Hogan, 2006, p. 13).

To generate a database, it is important to mention all kinds of road failures and
treatment performances. It would be useful to categorise maintenance

implementation in four main sections:

e Edge break repair

e Pothole repairs

e Crack filling repair

e Heavy duty pavement maintenance
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One of the main causes for pavement failure, which needs heavy duty
pavement maintenance, is water entering the pavement layers; therefore,
effective drainage is the first step for preventing future failures and also for
repairing current defects. Figures 70 and 71show a positive drainage system

that has been used for repairing damage caused by water leaking.
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Figure 68: Positive drainage, 3D diagram

Source: (Fulton Hogan, 2006)
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Figure 69: Positive drainage, cross-section

Source: (Fulton Hogan, 2006)
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2.8 An Introduction of RAMM Software

Road owners, contractors, and consultants in New Zealand have been using
RAMM software for storing data and decision making. RAMM has been used by
all parties that are involved in New Zealand's roading sector, and it has been
the benchmark for road asset management software in New Zealand for over
25 years. It is now used in Australia. The capability of transferring information
between RAMM Contractor and RAMM databases enables both the contractor
and the network owner to have productive contract management (Mackenzie,
2011).

The most important subsection of this software, in relation to road maintenance
management, is RAMM Contractor. RAMM Contractor is highly operational
software with the following functions, which makes it effective software for
improving productivity in road maintenance and rehabilitation management.
RAMM Contractor provides productive and sufficient management for road
maintenance and rehabilitation projects by facilitating the following processes
(Mackenzie, 2011):

e Job management

e Monthly works program
e Monthly claiming

e Contract history

¢ Reporting and analysis

e Staff contract permissions

2.9 Introducing RAMM Pocket Software
The best definition for RAMM Pocket has been written by Mackenzie (2011):

Pocket RAMM is the module of the suite of products which enables a
user to run RAMM on a notebook, laptop, tablet or PDA, and to perform
Contract, Inventory and Claim management while mobile, in the field.
Virtually all of the everyday maintenance ability of RAMM Contractor is
present in Pocket RAMM (p. 21).
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2.10 Model of Productivity Constraints in a Road Maintenance
Project

To improve productivity in the road maintenance and rehabilitation process, the

key constraints need to be identified so the available resources can be directed

at eliminating, mitigating or transferring the risks involved.

Some studies have been conducted in the past to identify productivity
constraints, or ways of improving productivity in the roading sector. For
instance, Gill and Zuccollo (2012) argue that the first step to improving
productivity is to have a common national performance framework/ benchmark.

Other measures include the following:

e Having common data protocols

e Having agreed common standards on levels of service

e Improved data infrastructure to enhance data input and user access

e Focus upon measuring the effectiveness of road maintenance
interventions

e Learning through communities of practice

e Enhancing the capability of people to work in a different way

e Support by leadership, engagement, focus and commitment.

In the specific aspects of urban pavement maintenance and rehabilitation, Lee
and Ibbs (2005) argued that one key constraint to productivity and performance
was heavy traffic. Therefore, integrating pavement materials, design,
construction logistics and minimising the maintenance impact on traffic flow are
clearly essential. Lee and Ibb’s (2005) findings also indicate that for high
volume urban freeways, exploring the most economical rehabilitation strategies

is essential. These could be accomplished through the following approaches:

e The pavement should have a service life of at least 30 years. To achieve
this goal, thinner structural sections, materials and curing times should
be reduced to shorten construction time without sacrificing quality and
performance.

e Construction schedules should be fast and should focus on minimising

traffic delay impact without sacrificing construction productivity.
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e Traffic delays resulting from construction closures should be minimised.

Lee et al. (2007) further reported that nighttime productivity was affected by
traffic volume, type of work, material delivery, lighting, supervision,

communication, and worker morale.

Furthermore, Dunston et al. (2000) compared production rates achieved during
a project using full weekend closure with those documented for a similar project
using nighttime closures. They observed that higher average shift production
rates were achieved using a full weekend closure strategy that allowed a longer
period of uninterrupted work. The works of Lee et al. (2007) and Dunston et al.
(2000) showed that traffic volume was one of the most important constraints
against productivity, beside other factors.

One constraint that has a huge impact on productivity during nighttime
rehabilitation or maintenance is lighting. "Surprisingly little research has been
done on the subject of lighting for nighttime construction. Having determined
lighting to be one of the most important elements of nighttime construction”
(Dunston et al., 2000, p. 8).

From a different perspective, Talvitie and Sikow (1992) investigated the role of
proper equipment for road pavement maintenance on productivity. They argued
that efficient, high-capacity machines would be idle in small projects, whereas
many small machines would be in each other's way for small project, and would
also be too slow for big scale projects. The second issue around machine
capability is the ability and skill of the machine operators.

Another obstacle against productivity is major resource constraints that are
limiting the production capabilities of urban pavement rehabilitation (Lee et al.,
2002).

From a design perspective, Ball and Patrick (2005) found that in New Zealand,
roads surfaced with chip seal fell below expected lifespan. Approximately 30%
of state highway chip seal surfaces failed through flushing before they reached
half their expected lifetimes, and some 5700 km (50%) showed significantly
reduced seal lifetimes because of flushing. Flushing was also a major cause of

seal failure in urban areas.
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To address this constraint, refining the designed plans through the use of new
materials is a cost effective option for achieving productivity. For example a new
product such as GSB-88 Sealer/Binder pavement preservation can control

corrosion and sustainment of road pavement (Cline, 2009).

Generally, New Zealand focused investigations could provide new insights on
the constraints that impact the capacity and productivity of road maintenance
and rehabilitation, and could provide alternative strategies and processes for
pavement maintenance. This research therefore, focused on addressing factors
that have influenced road maintenance productivity based on the point of view

of experienced people who are working in this field.

As a starting point for the investigation, the following model of broad internal
and external productivity constraints, which were found in the literature, will be
used and subsequently modified with the empirical data from the pilot interviews

and quantitative surveys.

Internal Constraints: External Constraints:

Finance Schedule targets

Economical
Workforce Cost target
Political
Technology/ Process Quality target
Unforeseen

Relationship Management
target

Project Circumstance

Characteristics

Statutory Compliance target Legal/ Regulatory

Project team
Characteristics/
Management

Productivity achievement

Figure 70: Holistic model of productivity constraints

The above model (Figure 72) has provided insights into the key criteria for

productivity measurements and the anticipated principal external and internal
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constraints. The relevance of the identified constraints to the New Zealand

roading sector were explored in the qualitative and quantitative surveys.

2.11 Summary of the Review of Literature and Knowledge Gap
This chapter has provided insights into the road pavement maintenance and
rehabilitation process, the key constraints to, and the improvement measures

for productivity and performance in the process.

The chapter aimed to provide answers to the research objectives as gathered
from the literature. It also aimed to link the current study to previous research in
this area, as well as identify the gaps in the existing body of knowledge on the

topic, and how these could be filled.

In addition, it has tried to provide general information about the road
maintenance implementation process in New Zealand by exploring different

road pavement failure mechanisms and treatment approaches.

Overall, it was found that information on the road maintenance and
rehabilitation process, the key constraints to, and the improvement measures
for productivity and performance in the process, relate to overseas countries.
Little or no research has been carried out to gain insights into the peculiarities of
the issues as relating to the New Zealand roading sector. Through case study
and questionnaire surveys, this study aimed to contribute to filling the identified
knowledge gap by exploring specifics about the New Zealand road pavement
maintenance and rehabilitation process, and productivity constraints and

Improvement measures.
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Chapter 3. RESEARCH METHODOLOGY

3.1 Overview

This section aims to introduce the research methodology that has been used in
this study. It presents the steps followed in the implementation of the research,
from concept phase to completed phase. Figure 73 shows these steps in a
flowchart. This chapter also provides information about data gathering and
methods for analysing the data. The research program shows the schedule for
the tasks that provided a baseline for the monitoring process. Compliance with

ethical requirements for the research is also highlighted.

3.2 Research Design

The research adopted a mixed method involving a first stage of qualitative data
gathering through pilot interviews and a second stage of data gathering through
a questionnaire survey. The first stage qualitative data gathering was based on
grounded theory. As recommended by Corbin and Strauss (2008), grounded
theory helps researchers to drive a general, abstract theory of a process, action,
or interaction, grounded in the views of participants in a study. Therefore, this
framework was adopted to provide guidance about all facets of the research.
Information gathered from the interviews and the literature was used to design
an open-ended questionnaire for gathering quantitative data. The aim the open-
ended survey was to give survey participants the opportunity to provide further
constructs over and above those established during the qualitative survey, or to

make further comments about issues of interest.

3.3 Qualitative Survey

To identify where productivity constraints arise in the roading maintenance
sector in New Zealand, nine pilot interviews were scheduled. The target
population was chosen from those of Fulton Hogan's managers who occupied
various managerial roles within the maintenance sector. As much as possible,
the managers were chosen based on their background experience of working
with other organisations, such as the NZTA or other consultants. This helped to
gather points of view of other parties involved in road maintenance. The
Interview questions were designed to be open ended, allowing the participants
to share their experiences in connection with the questions asked. The
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constructs generated during the pilot interviews were used to design the

questionnaire for the quantitative survey.

3.4 Quantitative Survey
The questionnaire survey was hosted on the SurveyMonkey server- a web-
based survey platform. The survey participants were invited to respond to the

online survey through links in the emails sent to them.

The questionnaire was designed based on two broad categories of constraints:
internal constraints and external constraints. The external and internal
constraints included some sub-constraints. Respondents were asked to rate the
relative levels of impact of the identified constraints on a 5-point Likert scale
(Maurer & Pierce, 1998). This allowed the participants to rate, based on their

experiences in the road maintenance sector in New Zealand.

3.5 Flowchart of the Research

Figure 73 shows the process followed in carrying out this research. This
consisted of 15 inter-related steps. Identifying the research problem was the
first step. This was followed by another 14 steps and finally finishes with
publishing the findings and sending a summary of the research findings to
participants, in keeping with the pledge made to them as a reward for

participating.
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Figure 71: Flowchart of the process of the research project from conception to completion

Start Research

v

Contact to roading construction companies in order to find research

problem

v

Consult with supervisor to get topic approval

A

O

N

Review relevant literature to
identify existing knowledge gap
that needs to be filled

A

\ 4

J

v

N

Consult with industry supervisor
about identified gap to get

approval

v

-

Again consult with supervisor to get final topic approval

v

Modify research problem in cooperation with university supervisor and industry

supervisor, designing pilot survey questions and questionnaire survey

v

Compile research proposal and obtain approval

v

Obtain approval from MUHEC

Approved
P
Conduct Questionnaire survey with target population

‘ !
( . . .

Gather responses, analyse responses, compile other information and

finish writing, and then submit 1* draft of thesis
\
) v
Make corrections after supervisor's review and submit final thesis

) y ¥
( . . . . . .

Send summary of findings to Publish the finding in related

interested participants journals

-

107



3.6 Target Population

Selecting a target population of participants for this research comprised two
stages. The first stage was finding a target population of companies that were
involved in roading maintenance contracts in New Zealand. The second phase
involved finding managers or staff with highly professional backgrounds who

were working in the selected companies.

3.7 Sampling Frame for the Study

In the absence of a database or organisation for the target population, an online
search through the Yellow Pages was adopted to establish the sampling frame
for the study. The search phrases comprised “road pavement maintenance”,
“road pavement rehabilitation”, “road contractors”, “highway contractors”,
“highway consultants”, “road construction companies in New Zealand”, “roading
consultants in New Zealand” and similar search phrases. In total, the 38
consulting and contracting firms that came up as being involved in road
pavement maintenance and rehabilitation in New Zealand formed the sampling

frame for the study.

Due to the limited number of subjects in the sampling frame, a census survey
was carried out by inviting all of them to participate in the survey. This ensured

that each subject had an equal opportunity of participating in the survey.

3.8 Data Analysis

The multi-attribute analysis method was recommended by a number of studies
(Durdyev, 2011; Mbachu & Nkado, 2006), as the appropriate method for
analysing responses from respondents who rated attributes of various

dimensions in a questionnaire survey based on the Likert rating scale.
Mean rating point (MRP)

The aim of the multi-attribute analysis was to compute the mean rating point
(MRP), which could be taken as the representative rating point for a group of
respondents rating the variables under a particular subset (Mbachu & Nkado,
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2006). This was particularly important for understanding the group’s consensual
rating, since the respondents associated different rating points to the variables
based on their perceptions of the relative importance or relative weights of the
variables. Mbachu and Nkado (2006) provided an expression for computing the

mean rating point (MRP) as shown in Equation 1.
_ 5
MR] = ZK—I(Rpjk * %R ) ()

Where MRj= Mean Rating for constraint factor j, =Rating Point k(ranging from 1-
5), and = Percentage Response to rating point k, for constraint factor j.

Relativity index (RI)

Further to the mean rating point, Mbachu and Seadon (2013) and Mbachu and
Nkado (2006) provide the relativity Index (RI) for evaluating the relative
contributions of a set of subcomponents to the component level outcome. This
was computed as a unit of the sum of mean ratings (MRs) of the
subcomponents within a set of variables. Equation 2 is an expression of the RI.

MR ;
RI; =
ijlMR]

(@)

Where: R; = Relativity index for the ™ subcomponent in a set. This could also be
expressed as a percentage. MR; = Mean rating for the jth subcomponent

computed using Equation 1.

Rating scale

Mbachu and Nkado (2006) argued that the 5-point Likert rating was the most
appropriate rating scale for survey responses, adding that a fewer point rating
scale would fail to properly discriminate the priority levels of the

subcomponents, while a larger rating scale would be too cumbersome for
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respondents. In addition, they (2006) argued that a 5-point or less rating scale
does not need re-scaling from an ordinal to an interval scale using
Correspondence Analysis for the purpose of performing mathematical
computations on the ratings. Mbachu and Nkado (2006) provided the rescaled
version of the ordinal rating points into 5 band interval rating, as shown in Table
13, for use in interpreting the results of the multi attribute mean rating analysis,
and the prioritisation of the analysed variables in a subset. The table shows that
any variable that receives a mean rating point below 2.60 out of the 5-point

maximum should be considered as insignificant.

Tablel3: Rescaling 5-point ordinal Likert scale to 5 band interval rating for
interpreting multi-attribute analysis outcome

Ordinal 5-point rating Rescaled Interval rating band
Rating Significant
point Nominal interpretation  Min Max level
5 Very high 4.20 5.00
4 High 3.40 4.19 Significant
3 Moderate 2.60 3.39
2 Low 1.80 2.59 .

Insignificant

1 Very low 1.00 1.79

[Interval rating band: ‘Very high’ (4.20 - 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 — 3.39); ‘Low’ (1.80 — 2.59); “Very
low’ (1.00 - 1.79)]

3.9 Research Model

The research investigation process started with finding the key constraints in
the New Zealand road maintenance sector through an in depth review of
literature. The identified constraints were categorised into internal constraints
and external constraints. Furthermore, the internal constraints comprised 44
sub-factors, while the external constraints comprised 17 sub- factors. Figure 75

(in the following chapter) shows all the factors and sub-factors.

In order to evaluate and analyse the level of impact of each sub-factor on road
maintenance productivity, a Likert rating was used. This helped to identify the

relative levels of impact of the constraints as the basis for their ranking.
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3.10 Research Schedule
The scheduled timeframe for the execution of the different stages of the

research is shown in appendix C.

As illustrated, the forecast for the final completion of the study was around late
February, 2014.

3.11 Ethical Clearance for the Research

Based on the requirements and policy of Massey University, before obtaining
research data, permission to undertake the research was applied for. The
application was made and approval given by Massey University's Human Ethics
Committee (MUHEC). Appendix B presents the Low Risk Notification approved
for the study.
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Chapter 4: DATA PRESENTATION, ANALYSIS AND
DISCUSSION OF RESULTS

4.1 Overview

The objectives of this study were in two parts. The first part looked at the
process of road maintenance and rehabilitation process in the New Zealand
roading sector.

The second part aimed to establish where the key challenges lay and where
efficiencies could be improved in the process of road pavement maintenance.
The second part was addressed through a two stage primary data gathering
process that comprised pilot interviews and questionnaire surveys as explained

in the Methodology chapter.

The aim of this chapter is to present and analyse the data obtained from the
pilot study and questionnaire surveys. The following subsections therefore
present the analysed primary data and discussion of the results in relation to the

research objectives.

4.2  Pilot Interview Results

Pilot interviews were conducted with a convenience sample of 9 interviewees,
as explained in the Methodology chapter. The interviewees comprised two
design and project management consultants, four contractors, one client and
two subcontractors. As stated in the Methodology chapter, the aim of the pilot
interviews was to establish the key constraints that have an effect on
productivity in road maintenance and rehabilitation. Constructs generated at the
pilot interviews were used to design the questionnaire for the second stage

quantitative survey.

4.3 Interviewees’ Understanding of the Concept of Productivity
The interviewees’ understanding of the concept of productivity in the road

maintenance and rehabilitation sector was first assessed by asking them to
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freely define the concept, in line with their everyday usage in practice. Content
and thematic analysis was used to analyse the recurring themes in the
interviewees’ feedback. Generally, the following components of the concept

were mentioned, or alluded to, by the interviewees in their definitions:

e Speed of construction

e Achievement of cost target/ budget

e Quality of construction; compliance with specifications
e Waste minimisation

e Optimum resource utilisation

e Minimisation of idle times

e Efficiency

e Client satisfaction

e Safety in construction

The above constructs constitute the concept of productivity as defined in the
literature review, namely, a measure of the extent to which the set targets have
been achieved on a project; the targets being cost, time and quality. The
constructs such as client satisfaction and safety also constitute Mbachu and
Seadon’s (2013) ‘sundry’ measures of productivity. Surprisingly, there was no
mention of environmental impact or sustainability as a component of
productivity, despite global concerns about these aspects. Perhaps, the reason
behind this gap would be worthy of investigations in further research.

4.4  Road Maintenance and Rehabilitation Process

The first objective of the study was to investigate the road pavement
maintenance and rehabilitation process in the New Zealand roading sector, and
the criteria that inform the maintenance and rehabilitation decisions. During the
investigations, while undertaking a case study with Fulton Hogan, a 12-step
process was found. The details are summarised in Figure 75 and explained in

the following subsections.
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Figure 72: Road pavement maintenance and rehabilitation process in New Zealand
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Step 1: Inspection by Road Controlling Authority

The first step in the road pavement maintenance and rehabilitation process is a
field inspection by the Road Controlling Authority in conjunction with the NZTA.
The aim of the inspection is to identify the condition of the road pavement and
formulate the appropriate Maintenance Intervention Strategy (MIS). The MIS is
a statement that describes the types of normal maintenance activities that are
appropriate given the planned future capital works and renewal goals. The key
objective is to communicate the normal maintenance intent to contractors
selected for the works execution. The inspections are informed by the Forward
Work Programme (FWP) of the NZTA. The FWP records the predicted
maintenance treatments required for each road section treatment length. The
program indicates the year in which treatment is planned and the key reason for
the design to establish a particular treatment at any point in time (Transit New
Zealand, 2000). The outcome of the inspections is a list of up-coming
maintenance or rehabilitation that will be needed in each road section.
Contractors will use the list as a starting point for the next action step.

Step 2: Inspection by the contractors

Depending on the procurement system in place and the way responsibilities are
allocated, the second step is the site inspection by contractors. The aim at this
stage is to evaluate and validate the maintenance and rehabilitation list
proposed by the council. List evaluation gives contractors the opportunity to

have detailed planning and designing as described in the following steps.

Step 3: Planning for project implementations

Obviously, planning plays a crucial role in improving final productivity outcomes
in the road pavement maintenance and rehabilitation process (Wambold et al.,
1982).

Planning for a maintenance or rehabilitation project will be provided based on

the outcome of the evaluation of the council’s list by the contractors. The

115



planning involves a consideration of the road network system, which needs a
long term program for regular inspection of the road condition and for gathering
information to make productive maintenance strategies. The level of accuracy of
the evaluation and planning exercises can guarantee or mar the success of
project implementations, achievement of acceptable results, and the level of

productivity and performance on the job.

Step 4: Check for underground utilities and other upcoming projects

The next stage is to locate and re-direct any underground utilities within the
sections mapped for rehabilitation. The programs of other infrastructure service
providers, such as Watercare, Transpower or Telecom, need to be checked to
avoid potential conflict, delay and disruption during the proposed maintenance

and rehabilitation period in a given area.

Step 5: Tests

This step is essential for providing data and information for appropriate and cost
effective designs and project implementation. The most important tests include
texture measurement, crack detections and the falling weight test. Based on the
results of these tests, a decision will be made on whether to maintain or
rehabilitate the failed road section, and what sort of maintenance or
rehabilitation is needed. A complete review of the various tests is provided in
Chapter 3.

Step 6: Design and specifications

The sixth stage is the design and specifications that underpin the quality
assurance for the road pavement maintenance and rehabilitation project. At this
stage the contractor provides designs, plans and specifications based on the
evaluated list, test results and other influential issues, such as road hierarchy,

and the kind of and reason for the road section failures. The designs, plans and
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specifications detail the kind of treatment and appropriate materials, plant,
equipment and workmanship to be used in a maintenance or rehabilitation work,
to meet the quality standards specified for the road section in accordance with
New Zealand regulations, as stated in the NZTA'S State Highway Asset
Management Manual (SHAMM). The design stage has a huge effect on
productivity because it sets the stage for the implementation process. Wrong
design assumptions or uneconomic designs could constrain productivity

outcomes.

Step 7: Programming and scheduling

At this stage, all road maintenance and rehabilitation works being handled by
the contractor need to be properly planned for, and scheduled together, to
provide performance measurement benchmarks, ensure optimum use of
available resources, and to integrate the works of other subcontractors.
Modeling is often required, which provides a forward works program for the
contracting organisation. This must be created and regularly updated,
describing maintenance activities and financial forecasts. The model of
pavement performance evaluations is a significant part of productive planning.
Road Asset and Maintenance Management (RAMM) is the main software used
in New Zealand for undertaking planning and modeling work. The integrative
software is used by all parties, such as the council, consultants, contractors and

subcontractors, involved in a project.

Step 8: Cost and quantity estimation

Following the completion of the design, specification and planning processes, a
cost and quantity estimation is undertaken. This stage has a very important
influence on productivity outcomes, as it sets the budget or cost plan, for the
proposed maintenance or rehabilitation work. If not properly done, it will lose its
potential as a benchmark for cost performance and the cost target may not be
realised. The quantity estimation and costing is done by the quantity surveying
department of each contracting company. It involves a thorough estimation of
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the direct costs of materials, labour and plant, and the indirect costs of project
overheads, an appropriate contingency provision for risks, and the contractors’
profit margin for the job. The accuracy of this step helps to increase productivity

and minimise wastage of materials, money and resources.

Step 9: Project organisation, implementation and monitoring

This step marks the commencement of the project implementation. First, the
organisation required for the project execution is set up, involving the
recruitment and procurement of the appropriate workforce, materials and
equipment for the job. The project plan would have specified the sequence of
the work, the responsibility allocation and the expected completion time for the
set milestones, and for the overall project. The scale of the organisation and the
reporting framework that is needed depends on the size and complexity of the
job, as determined by the nature of the failures to be addressed in the project.

The next issue, which is quite important at this stage for measuring productivity
and performance in the project, is progress and performance monitoring.
Monitoring is aimed at detecting any significant deviations from the project plan,
the immediate and remote causes and the necessary intervention measures to
bring the project on track. Proper monitoring will ensure that the project is
completed on target, within budget and to the desired quality level. The plans
may be revisited to align with real life constraints experienced during the

implementation stage.

Step 10: Pre-seal repairs and preparations

After the pavement design, the next stage starts by preparing the site for the
proposed maintenance. Preparation includes evaluation of the integrity of the
footpath condition, checking drainage, vegetation, signage, clearing detritus,
and sweeping the ground.
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Also at this stage, contractors will submit claims for works duly completed.
Interim payments will be made for approved works that comply with the contract

terms and conditions and the specified quality standards.

Step 11: Final quality checks

Final quality check comes after project completion. Different tests are used for
the quality checks based on the specified characteristics of the repaired
pavement. The regular test for asphalt in New Zealand is the NAASRA
Roughness Count, which is routinely implemented during and after project
completion. Essentially, the test provides a good objective measure of the
surface characteristics of the completed road pavement in terms of the ride
quality experienced by a passenger car occupant (McLean & Ramsay, 1996).
Another test is texture measurement, which is used for measuring the texture

guality of the applied chip seal.

Step 12: Update RAMM Contractor/ Project completion

The final stage involves updating the maintenance data maintained in RAMM
Contractor for the completed road pavements. Once a project is finished, asset
managers update all information about a project by importing new information
into the RAMM software. This stage is also essential, with a huge impact on
decision making for up-coming projects. The information informs the planned
and preventative road pavement maintenance/ rehabilitation program for the

future.

4.5 Constraints to Productivity in the Road Maintenance and
Rehabilitation Process

The interviewees’ feedback on the constraints to productivity in the road

pavement maintenance and rehabilitation process were analysed, using content

analysis, as described in the Methodology chapter. Results show that the

constraints could be categorised into internal and external groupings as follows:
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Internal constraints

e Project finance

e Workforce

e Technology and process
e Project characteristics

e Project management
External constraints

e Statutory/ regulatory compliance
e Unforeseen events

e Other factors

The subcomponents of the above broad categories are modeled in Figure 75.
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Broad and sub-categories of productivity constraints in the road pavement maintenance and rehabilitation process
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4.6 Questionnaire Survey

The recurring constraint factors identified during the pilot interviews were
incorporated into the questionnaire so they could be rated for relevance and
relative levels of impact in the second stage quantitative surveys. The
questionnaire was pre-tested for relevance and clarity before being
administered to the survey participants, as described in the Methodology
section. The following subsections provide details about the survey responses

and discussion in relation to the research objectives.

4.6.1 Survey Responses

In total, 38 New Zealand companies were found to be involved in road
maintenance and rehabilitation work through online search engines, such as the
Yellow Pages and Google. These companies comprised contractors,
consultants and subcontractors. After identifying the companies, a list of
potential respondents who were working in the identified companies in related
roles was compiled. Through these compilations, a target sampling frame of
205 respondents was established for the research. Invitation letters were
forwarded to the respondents via email and phone calls. Following reminders,
40 responses were received by the cut-off date. This represented a 20%
effective response rate.

4.6.2 Demographic Profile of Respondents

Frequent Role of the Respondents in the Project Team

Figure 76 shows the demographic profiles of the survey participants in terms of
their role as members of the project team. From this figure, it can be seen that
the majority (75%) of respondents were contractors, with the smallest group
being subcontractors (2.8%), and clients (2.8%). The results of this research
could therefore be highly influenced by the opinions of contractors. The greater
proportion of contractors was a positive outcome, given that they have an

important role in any field of construction projects (Mbachu & Nkado, 2007).
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Demographic Profile of Respondents
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Figure 74: Frequent role of respondents in project team

Length of Experience of the Respondents in above Capacity

Figure 77 presents the length of experience of the respondents in their key roles

as project team members. As shown, the majority (67.5%) of the participants

have at least 10 years experience in the roading sector in New Zealand. This

depth of experience adds to the quality of the feedback.
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Length of Experience of the Respondents
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Figure 75: Respondents' length of experience as project team role players

4.6.3 Status of the Respondents in their Organisations

Figure 78 presents each survey participant’s role in their organisation, and
shows that a majority (62.5%) belonged to the Manager/ Associate Director
category. As would be expected, the General Foreman/ Section Head and the
Director/ Executive Director categories comprised the smallest groups, with
9.4% and 3.1%, respectively.

Implications for research

In total, all the respondents occupied leadership or senior positions in their
respective organisations. It is, therefore, expected that the feedback from those
who make strategic decisions about road pavement maintenance and
rehabilitations would be of high quality, and so add to the reliability of the study
findings and conclusions.
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Status of the Respondents in their Organisation
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Figure 76: Respondents' status in their organisation

4.7 Prioritising the Productivity Constraint Factors

The 61 factors identified during the pilot interviews were rated for their relative
levels of impact during the questionnaire survey. The following subsections
present the prioritisation of the sub-factors under the eight broad categories of
Project Finance, Workforce, Technology/ Process, Project Characteristics,
Project Management/Project Team Characteristics, Statutory Compliance,
Unforeseen Circumstances and Other External Forces.

4.7.1 Project Finance Related Constraint Factors
Out of the eight factors identified under the project finance related category, five
were rated as being influential to the productivity of the road pavement
maintenance and rehabilitation process in New Zealand. Table 14 presents the
analysed sub-factors and their relative levels of influence. The table shows that
the most influential factors under the project finance category were inaccurate

estimates and the lack of collaboration between consultants and contractors.
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These sub-factors achieved mean rating points of 3.67 and 3.53, respectively.
The finding of inaccurate estimate as a major productivity constraint factor was
consistent with similar findings by Wang and Horner (2007) that an accurate
cost estimate is essential for major road maintenance at the early stage of
design. In addition, Vassallo and lzquierdo (2002) concur by arguing that
tackling financial constraints arising from inaccurate estimates is a significant
way to improve productivity in the construction industry. Also Nijkamp and
Ubbels (1998) found that inaccurate estimate could have a critical influence on

the whole project and may even lead to planning failures.

The next most influential factor rated by respondents was a lack of collaboration
between consultant and contractors. This finding is important because road
pavement maintenance and rehabilitation is a complex process that is greatly
influenced by the relationship among various actors involved in execution of the
maintenance tasks. The relationship factor becomes more critical when
outsourcing maintenance tasks. To minimise the problem of lack of
collaboration between consultant and contractors, the most important success
factor was found to be creating mutual “goodwill trust” between partners
(Olsson & Espling, 2004).
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Table 14: Analysis of the Project Finance constraint factors

Levels of impact on productivity and performance

I Level .
Very Lo MmO Very No Rating of Rating
low High Idea Average | Count
mpact

1.Inaccurate 0 15.40 0 30.80 25.60 0 .

e 2.60% % 17.90% % % 7.70%  3.67 High 39
2. Lack of
collaboration
between 260 0% avoow 0 10 260w 353 High 39
consultant and 0 0 0
contractors.
3. Inadequate %
supply or high &
cost of needed =
resources: 2.60% 120)80 38.50% 250)60 120)80 7.70%  3.36 Mozerat 39 2
money, men, 0 0 0
materials &
machinery;
4 Reworks: 1280 77006 308006 2310 2050 5440 g3, Moderat 44

% % % e

5. Under- 0 17.90 0 23.10 0 10.30 Moderat
velluee vl 7.70% % 33.30% % 7.70% % 3.06 o 39
6. Late 15.40 33.30 0 10.30 0 12.80
payments: % % 25.60% % 2.60% % 2.44 Low 39 _
7. Dispute and &
litigation 23.10 35.90 12.80% 12.80 0.00% 15.40 2.18 Low 39 E
costs; % % % % >
8. Lenders’ =
high interest 2?,)50 350)90 15.40% 2.60% 0.00% 2‘2)60 2.00 Low 39
charges; 0 0 0

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 — 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —

3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 - 1.79)
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Project Finance
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Figure 77: Importance of each factor under category of Project Finance

Further project finance related factors

Respondents were asked to advise on additional factors under the project
finance category in the text box sections of the open-ended questionnaire. The

respondents’ feedback is listed as follows.

1. Insufficient funds or budget for proper road maintenance and
rehabilitation due to issues such as the “gas tax” not bringing in enough
revenue. [Perhaps, concerns such as this would have informed the
recent Cabinet’'s agreement to repeal regional fuel tax and introduce a
compensating increase in fuel exercise duty and an equivalent increase
in road user charges. The Office of the Minister of Transport (2013)
states that these changes will increase the total income from road users
as well as improve the fund allocations to the National Land Transport

Fund for state highway construction and road maintenance].
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2. Financial risks introduced by fluctuating workloads and lack of forward
planning: steady workload to the market is required throughout the year.
At the moment, most work comes out for tender all at once in July -
September due to new budgets. Then more work comes out in May/June
and must be spent in winter. This leads to capacity issues and
uncertainties, which has serious financial implications.

3. Insufficient budget to undertake preventative maintenance works for
early interventions. This causes backlog of preventative maintenance
works and further deterioration of the failures to more expensive
intervention costs at a delayed stage.

4. Inaccurate estimates arising from client’s inaccurate project information
and preference to lowest tender: often tenderers are required to tender in
competition for work using inaccurate information provided in the tender
documents and conditions. Tenderers are not given sufficient time to
verify the accuracy of the background information and are constrained to
price the associated risks well for fear of losing the contract in an era of
lowest tender. The result is serious financial cash flow problems and low

margins that constrain the contractors’ productivity and performance.

4.7.2 Workforce Related Factors
The level of impact of the sub-factors under the workforce category on
productivity in road maintenance was analysed in Table 15 and summarised in
Figure 80 for better visual appreciation. The table shows that eight out of the
identified 10 sub-factors had moderate to high impact on the productivity and
performance of road maintenance and rehabilitation projects in New Zealand.
The most influential factor was found to be lack of good leadership/
management capability on the part of the project management team. Miiller
and Turner (2010) concur with this finding by confirming that the project
manager's leadership style and the project manager's leadership capability

impact significantly on a project's success.
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They also found that motivation is an important factor of a project's success and
productivity. Their research findings indicated that motivation is the second

most influential factor.

The next influential factor was found to be low level of motivation/ commitment
of the workforce. The value of this factor as a potential productivity influencer
was documented in the work of Tohidi (2011) on the effect of motivation on
productivity. Tohidi (2011) argues that having an effective reward system can
improve the level of motivation because motivation has a huge effect on

increasing productivity during a project's implementation.

Low level of skill and experience of the work force was analysed as the third
effective factor on productivity of road maintenance projects. This finding aligns
with the findings of earlier studies - Mason, O'Leary, and Vecchi (2012),
Durdyev (2011),Mojahed and Aghazadeh (2008), and Alinaitwe, Mwakali, and
Hansson (2007), who similarly concluded that the level of skill and experience

of the work force have significant influence on productivity.
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Table 15: Factors ranked under Work Force Group

Levels of impact on productivity and performance

Rating .

Very Mode . Very No Level of  Rating

Low = rate I High  Idea A\ézra Impact Count
1. Lack of good
leadership/ 2.60 15.40 o 2820 2050 260 )
management % % 30.80% % % % 3.50 High 39
capability
ol 260 2110 2370 1050  2.60 Moder
;r:](:tlvatlon/commltm % % 39.50% % % % 3.19 ate 38
3. Low level of skill
and experience 5(';) 0 Zsofo 28.20% 2?%10 150):10 2(')2 0 318 M;)t(;er 39
of the workforce
4. Poor monitoring
or appraisal of 7(',/1 0 2%)?0 28.20% 3%230 1?,/':’0 2(';) 0 316 M;)tcéer 39
performance =
5. Overly long s
working hours with =
insufficient rest 5(',/10 23;)10 38.50% 23:,)10 5.10% 5;0 3.00 M:t‘;er 39 5
periods, especially 0 0 0 0 @
during night work
6. Inadequate
empowerment 7.90 2370 o 23.70 o 2.60 Moder
(training and % % 36.80% % 5.30% % 2.95 ate 38
resourcing)
7. Poor resource 7.90 2630 26.30% 3420 0.00% 5.30 2.92  Moder 38
leveling % % % % ate
8. Lack of
experience of
current job and 00 3330 0m0m 200 sa0m A0 282 MO g
operational
conditions
9.Workforce health 1280 4360 30.80% 10.30 0.00% 2.60 2.39 Low 39 Insi
issues % % % % gnif
10. Workforce 1540 4870 25.60% 5.10% 2.60% 2.60 2.29 Low 39 ican
absenteeism % % % t

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 — 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 - 1.79)

Further workforce related factors

Respondents were asked to advise on additional factors under the workforce
related category. Only one respondent provided feedback as follows:

¢ Not enough jobs for the upcoming workforce

¢ Individuals working longer or entering retirement later
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2. Low level of
motivation/commitment

5. Low level of
skill and experience..

3. Poor monitoring or
appraisal of performance

8. Overly long working
hours with insufficient...

4. Inadequate
empowerment (training...

6. Poor resource
levelling

7. Lack of experience
of current job and..

10. Workforce
health issues

8. Workforce absenteeism

0.5 1 15 2 25 3 35 4

Figure 78: The level of impact of each factor under Work Force group

4.7.3 Technology/Process Related Factors
The analysis of the sub-factors under the technology/process related broad
category of roading maintenance productivity constraints is presented in Table
16 and Figure 81. The table shows that all the seven subfactors identified
during the pilot interviews were rated as having a significant influence on the
productivity and performance outcomes in the road maintenance and
rehabilitation projects.
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Table 16: Analysis of the sub-factors under the technology/process

Levels of impact on productivity and performance

Very
Low

Low

Moderate

High

Very
High

No
idea

*Rating
Average

Level of
Impact

Rating
Count

1. Resistance to
accept new
technologies in
road maintenance
projects( include
new Methods &
Materials)

2. ineffective
approach to road
maintenance

3. Lack of

adequate training
0N New Processes
and technologies

4. Inadequate
road failure
detection
system

5. Inadequate IT
infrastructure and
application in
road maintenance
industry

6. Suitability or
adequacy of the
plant &
Equipment
employed

7. Insufficient
monitoring
process for road
failure detection

2.60%

7.70%

2.60%

2.60%

2.60%

7.70%

5.10%

30.8
0%

28.2

0%

33.3
0%

39.5
0%

359
0%

35.9
0%

33.3
0%

33.30%

33.30%

35.90%

34.20%

41.00%

33.30%

46.20%

23.10
%

17.90

%

20.50
%

15.80
%

15.40
%

12.80
%

7.70
%

10.30%

12.80%

5.10%

5.30%

2.60%

7.70%

5.10%

0.00

0.00
%

2.60
%

2.60
%

2.60
%

2.60
%

2.60
%

3.08

3.00

2.92

2.81

2.79

2.76

2.74

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

39

39

39

38

39

39

39

Significant

*Rating average = mean rating (see Equation 3.1): ‘Very high’ (4.20 — 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’

(2.60 — 3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 — 1.79)

The survey respondents’ feedback shows that resistance to accepting new

technologies, materials and methods in road maintenance projects is the most

important factor that has a significant impact on productivity and performance in

road maintenance projects. This result is consistent with the findings of

Mukhopadhyay et al. (1997) and Peansupap and Walker (2005) who argued

that using new technologies, such as ITC, could enhance the effectiveness of

many construction processes at each project phase. Peansupap and Walker

(2005) maintained that change resistance often hinges on the lack of

understanding of how to actually implement a new technology into a

construction organisation, and the training costs and time required to bring
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workers up to speed on the use of the new technology. Furthermore, Bjork
1999, 2003) and Gambatese and Hallowell (2011) found that implementing new
technologies can improve integration as well as enhance productivity and

service delivery in construction projects.

Technology/ Process

35

2. ineffective approach §. Inadegquate road 1. Suitability or
to read maintenance failure datection systam adequacy ofthe plamt &
Equipment employad

4. Resistance to accept 3. Lackofadequae 5. Inadequata T infrastrucue 7. Insufficiant
new technolegies in road trRiNiNg ©n naw processes and application menitoring process for
maintanance projects... and technologies in road maintenance i... road failure detection

Figure 79: The level of impact of each factor under technology/ process broad category

Further technology/ process related constraint factors

Respondents of the surveys freely supplied the following additional factors

under the technology/ process broad category:

1- Lack of funds to purchase new technologies

2- Consultants / clients requiring the use of preferred technology known
to them i.e. RAMM, which is a great tool but not implementing it
correctly or not understanding its use themselves. This could be quite
frustrating to the contractor and could impact on work progress and
productivity due to the large amount of data processing required.

134



4.7.4 Project Characteristics Related Factors
The analysis of the sub-factors under the project characteristics related broad
category is presented in Table 17. Figure 82 summarises the factors for better
visual appreciation. The table shows that all eight subfactors identified during
the pilot interviews were rated as having a significant influence on the

productivity and performance outcomes in road maintenance and rehabilitation

projects.

Table 17: Analysis of the sub-factors under the project characteristics

Levels of impact on productivity and performance

Very
Low

Low

Moderate High

Very
High

No
Idea

*Rating
Average

Level of
Impact

Rating
Count

1. Site's location
and environmental
constraints (e.g.
traffic volume,
climate, subsoil
and topography)

2. Planning &
logistic issues
impacting on
continuous work
flow

(e.g non-closure
period)

3. Un-conducive
time frames within
which most road
works must be
carried out

4. Public
notification issues
(e.g. community
and
environmentalists’
resistance to
infrastructure
development
plans)

5. Type of
procurement
adopted

6. Project
complexity: scale,
design

7. Relation
between rehab size
and

plant utilization

8. Nature and
significance of
road

in the Road
Hierarchy

0.00
%

0.00
%

0.00
%

5.10
%

0.00
%

0.00
%

2.60
%

5.30
%

7.70%

21.10
%

20.50
%

15.40
%

32.40
%

26.30
%

23.70
%

23.70
%

30.80%

26.30%

23.10%

35.90%

35.10%

36.80%

39.50%

44.70%

43.60
%

28.90
%

41.00
%

28.20
%

13.50
%

26.30
%

15.80
%

21.10
%

15.40%

18.40%

12.80%

10.30%

16.20%

5.30%

10.50%

0.00%

2.60

5.30

5.10

2.70

5.30
%

7.90

5.30
%

3.68

3.47

3.47

3.24

3.14

3.11

3.09

2.86

High

High

High

Moderat
e

Moderat
e

Moderat
e

Moderat
e

Moderat
e

39

38

39

39

37

38

38

38

Significant

*Rating average = mean rating (see Equation 3.1)
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 - 1.79)

. “Very high’ (4.20 - 5); “‘High’ (3.40 — 4.19); *

Moderate/ average’ (2.60 —
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Project Characteristics

1. Planning & logistic 4. Public notification 8. Project complexity: 5. Nature and
55ues impacting on continuous issues (2.g. community and scale, design significance of road in
work flow (2.g ... environmentalists' ... the Road Hierarchy
3. Sites location and 2. Un-conducive time frames 7. Type of 8. Relation batwaan
environmental constraints within which most road procurament adoptad rzhab ziza and
{e.g. traffic volume... waorks must be cam... plant utilization

Figure 80: The impact of project characteristics factors

The most influential factor in this subgroup was found to be issues relating to
site location and environmental constraints, such as traffic volume, climate,
subsoil and topography. This result is consistence with the findings of Perrier,
Langevin, and Campbell (2006), who confirmed that influences such as site
location and subsoil conditions impact significantly on productivity and efficiency
of road maintenance. The next important factor relates to planning and logistics
issues that impact on the continuity of the workflow. As indicated by Mobley
(2002) and also Wang, Chu, and Wu (2007), one third of all maintenance costs
are wastes arising from unnecessary or improper maintenance activities, and
which could be associated with improper planning and logistics issues. In
addition Lee et al. (2006) submitted that "the contractor’'s production rates
varied considerably depending upon the construction logistics, material delivery
and hauling methods, lane-closure tactics, and/or pavement designs being
implemented"” (p. 798).
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Further project characteristics related constraint factors

Respondents to the survey freely supplied the following additional factors under
the project characteristics broad category.

1- Jobs are in small bits that result in high cost per square metre and
overheads.
2- Timing and availability of road closures is an issue: if we had full closures

we could complete a whole lot more work.

4.7.5 Project Management/ Project Team Characteristics Related
Factors

The sub-factors under the project management/ project team characteristics

group of constraint factors were analysed in Table 18. For better visual

appreciation, the sub-factors were summarised in Figure 84. The table shows

that all 11 sub-factors identified during the pilot interviews were rated as having

a moderate to highly significant influence on the productivity and performance

outcomes in road maintenance and rehabilitation projects.

The table shows that the most influential factor on productivity in road
maintenance relates to frequent design changes, change orders or late changes
at critical stages of the implementation process. This result corroborates with
earlier studies (Assaf and Al-Hejji (2006); Makulsawatudom, Emsley, and
Sinthawanarong (2004); Alinaitwe et al. (2007); and Kadir, Lee, Jaafar, Sapuan,
and Ali (2005)), which equally concluded that late change orders significantly
constrain productivity in the road maintenance process. This is usually due to
the delay to works while waiting for revised project information, or wastages
involved in correcting the completed work sections to meet the revision

requirements.

The second most influential constraint stemmed from lack of sufficient planning
from the outset. To elaborate this point, one of the respondents hinted that poor

planning at the onset had an adverse impact on contractor productivity during
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the implementation stage. Lack of adequate time for robust planning and poor

risk analysis could contribute to poor planning, which in turn sets unreliable

baselines for benchmarking performance at the implementation stage (Mbachu
& Nkado, 2006).

Further Project Management/ Project Team Characteristics related constraint

factors

The following are additional factors advised by the respondents in the text box

sections of the open-ended questionnaire:

1.

Inaccurate measurement/ monitoring of progress: Some respondents
alluded to the fact that if completed works were not measured correctly in
relation to the work progress, the progress report would be inaccurate in
terms of productivity and performance outcomes during interim valuation
stages. [It should be noted that progress monitoring issues have been
covered under the seventh factor captioned ‘lack of proper and regular
coordination, supervision, and performance monitoring’].

Sharing of cost savings: Incentives should be provided to motivate
project stakeholders explore ways of reducing costs in the project. In
addition, the achieved cost savings should be shared as bonuses in
accordance with the extent of cost savings achieved by each
stakeholder.

Avoiding unnecessary or duplicated processes: proper coordination
should be in place to allocate responsibilities to minimise or eliminate
overlaps and duplication of efforts.

Promote innovation: Stakeholders should be encouraged to explore
innovative ways of delivering value without being constrained by
contractual provisions, regulations and red-tapes; “We are good in this
country at regulating but not good at cutting through the red tape and
getting on quickly with the job”. “Over regulation/ legislations stifle
creativity, innovation and value delivery”. Value engineering, lean
construction and last planner methodologies could be explored to

improve innovation and value delivery.
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5. Learning organisation: Efforts should be made to debrief on projects with
a view to articulating the lessons learned and innovations achieved for
improving the management and outcomes of future projects. “We are
often too process-driven and pay little attention to how our efforts
contribute to the final outcomes or the bigger picture. We often resort to
covering our tracks in case things go wrong”. [It should be noted that the
respondents’ feedback largely amplifies the fifth constraint factor entitled,
‘Lack of organisational learning: applying lessons learnt from previous
projects to solving challenges in current project’].

6. Encourage partnership and win-win outcomes: “The regulators should be
in partnership with the providers and get onboard and work as teams,
guiding each other along the way rather than waiting for mistakes to be
made and pass the buck”. “We are too heavy on top management and
design resources and not enough spent on the doing, interactions and

teamwork part of the project”.
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Table 18: Factors ranked under project management/ project characteristics

Levels of impact on productivity and performance

*Rating Level Rating
\(g\r,\),/ Low Moc;erat High \I-ﬁg;%/ i’c\il:a Average of Count
Impact
e R 510% 2.60% 2820% 080 282006 510% 378  High 39
change orders/late changes %
& Lack ofsuffictentplanning from 51095 2050 19800 3590 231006 260% 353  High 39
3. Lack of effective communication
among key 000% 2260 308006 2280 45006 26006 332 Modera o9
stakeholders % % te
4.Relationship management/ degree
of harmony, trust and cooperation 2 60% 17.90 38.50% 25.60 10.30%  5.10% 324 Modera 39
between contractor, consultant and % % te
council
5. Lack of organizational learning:
(applying lessons learnt from o 23.10 0 15.40 0 0 Modera
previous projects to solving 5.10% % 35.90% % 17.90% 2.60% 3.18 te 39
challenges in current project) =
[
g ; K]
Sr;égnsfoz‘e’sgt LTS 000 29%0 azeow 3% 260 s10% 314 MO g £
D
(%]
7. Lack of proper and regular
coordination; supervision; 5.10% 2%)20 23.10% 330)30 7.70%  260% 3.1 Mot‘;era 39
performance monitoring and control 0 0
fHeE;rp:)tj?gcetntcezgnd competencies of 5.30% 1%:10 39.50% 2%/.?0 530%  2.60% 311 Mot(;era 38
9. Lack of project organisational
culture that supports high 770 2820 0500 210 15400 s20%m 31 MR g
productivity and performance
10. Poor project management and risk 7.70% 28.20 20.50% 30.80 10.30%  2.60% 308 Modera 39
management processes % % te
11. Poor sufficient supply chain
ma}Ir}ager_nen_t, eﬁpeaally as it relates 5 30% 28.90 28.90% 31.60 260%  2.60% 297 Modera 38
to "just-in-time" supply % % te

principles

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 - 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 — 1.79)
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Project Management/ Project Team Characteristics
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Figure 81: Relative levels of influence of the sub-factors under the broad category of project management/

project team characteristics

4.7.6 Statutory Compliance Related Factors
Table 19 presents the analysis of factors relating to the statutory compliance
group. Results show that the Health & Safety in Employment Act and Resource
Management Act were rated as the two most influential sub-factors within the
statutory compliance category. A study by Durdyev (2011) also found statutory
compliance as a key constraint issue (to labour productivity) in the New Zealand
building and construction industry. In addition McShane (1996) reported that
there were high compliance costs to businesses associated with the Resource
Management Act, with a dampening effect on productivity in the construction

industry.
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Table 19: Ranked factors under the category of statutory compliance

Levels of impact on productivity and performance

Rating Rating
\Ifery Low BRI High Vgry Noidea  Averag Ll ef Count
ow e High e Impact
1. Health &
Eﬁzﬁ%;%em 90 2630% 1840% 2370% 1840% 7.90% 326  Moderate 38
Act
2. Resource 5.30 23.70%  23.70% 15.80% 21.10%  10.50% 3.26 38 §
Management % Moderate 2
Act g)
3. Local 7.90 23.70%  39.50% 18.40% 0.00% 10.50% 2.76 38 [79)
Authority % Moderate
Bylaws
4. Construction  10.50 26.30%  34.20% 13.20% 2.60% 13.20% 2.67 Moderate 38
Contracts Act %
5 Employment 7-90  31.60%  42.10%  530%  260%  1050%  2.59 38
Relations Act % Low 5
R e | 5]
6. Consumer 1050 3950%  23.70% 2.60% 5.30% 18.40% 2.42 Low 38 "E
Guarantees Act % 2
7. Fair Trading 13.20 34.20%  26.30% 5.30% 2.60% 18.40% 2.39 Low 38 =

Act

%

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 — 5); ‘High’ (3.40 - 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 — 1.79)

Figure 84 provides a summary of the key influential factors under the statutory

compliance group.

Statutory Compliance

35

2. Resourca
Managemeant Act

1. Health & Safety
in Employmeant Act

Figure 82: Importance of each factor under the category of statutory compliance

3. Local

4. Construction
Contracts Act

Authornty Bylaws

§. Consumer
Guarmntaes Aot

5. Employment
Relationz Act

7. Fair Trading Act
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4.7.7 Unforeseen Events Related Factors
Analysis in Table 20 shows that inclement weather was perceived as the most
influential sub-factor under unforeseen events, with high impact on productivity
in road maintenance projects. Similar findings have been made in a number of
studies, such as Alinaitwe et al. (2007), Makulsawatudom et al. (2004), Kazaz,
Manisali, and Ulubeyli (2008) and Kadir et al. (2005). These studies confirmed
the pervasiveness of inclement weather as a key constraint factor to productivity

and performance in the construction industry.

Further factors related to unforeseen events

The following are additional factors advised by the respondents in the text box

sections of the open-ended questionnaire:

1. Heavy rain and flooding can be detrimental to work continuity and
could significantly slow down progress. Some respondents hinted that
this could be avoided with good pre-planning, proper risk analysis and
contingency planning, and earlier program starts.

2. Risk sharing: unforeseen circumstances are an issue, due to the
difficulty in accurately forecasting them or the high costs associated
with properly budgeting for them. The increased costs caused by
bona fide delays should be shared among the project stakeholders in
relation to the risks they bear. This will help to minimise conflict over

genuinely unforeseen delays.
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Table 20: Factors ranked under unforeseen events

Levels of impact on productivity and performance

: Very No Rating | evelof  Rating

VeryLow Low Moderate High High Idea Average  |mpact Count
Linclement 5700, 54000 1620%  37.80% 3510% 270% 400  High 37 »
weather c
2.Unforeseea .8
ble ground =
conditions 2.70% 10.80% 35.10% 3240% 16.20% 2.70% 3.50 High 37 =)
necessitating 2
revisions
3. On-site
accidents/ 19.40% 30.60% 30.60% 13.90% 2.80% 2.80% 2.49 Low 36
Acts of God Inii‘fnr:ifi
4. Natural 0 o 21.6% o 0 o
B —— 32.40% 32.40% ®) 8.10%  2.70% 2.70% 2.14 Low 37

*Rating average = mean rating (see Equation 3.1): “‘Very high’ (4.20 — 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 — 1.79)

Unforeseen Circumstances

1. Inclement weather

2. Unforeseeable

ground conditions
necessitating revisions

3. On-site accidents/

Acts of God

4. Natural disasters

Figure 83: shows the importance of each factor under category of unforeseen circumstances

The next most influential factor under the category of unforeseen circumstances

relates to unforeseeable ground conditions. To minimise the risk associated

with this subfactor, Baynes (2010) suggested that a systematic assessment of

the nature and sources of various hazards must be used to identify and

differentiate the types of geotechnical risks during implementation of a project,

in line with their risk profiles and the required contingency provisions.
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4.7.8 Other External Forces
Table 21 presents an analysis of the sub-factors under the wider external forces
broad category. Figure 86 presents a more visual segregation of the factors in

accordance with their relative levels of influence.

Table 21: Ranked factors under the wider external forces broad category.

Levels of impact on productivity and performance

Very No  *Rating  |evelof  Rating

Very
High  Idea Average Impact Count

Low Low Moderate High

1. Market

conditions

and level of 30.80

competitions 7.70% 17.90% 33.30% % 7.70%  2.60% 3.13 Moderate 39
in the

industry for

jobs

2. Inflation /

fluctuations in 17 9505 282005 2820% 7 510% 260% 263  Moderate 39
material %

prices

Significant

3. Energy 15.40%  43.60% 25.60% 7.70% 5.10% 2.60% 2.42 39
crises/rising Low

costs

4. Frequent

changes in

government 13.20

policies/ 21.10%  42.10% 15.80% % 530% 2.60% 2.38 Low 38
legislations

impacting on

construction

5. Interest 18.40%  39.50% 31.60% 0.00% 5.30% 5.30% 231 38
rate/cost of Low

capital

6. 23.70%  42.10% 21.10% 7.90% 2.60% 2.60% 2.22 38
Fluctuations
in exchange
rate

Insignificant

Low

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 — 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 - 1.79)

The table shows that only two out of six sub-factors were perceived as being
significant, with a ‘moderate’ level of influence. Constraints relating to market
conditions and the level of competition in the industry were the most influential
in this group. Some of the respondents hinted, in the open-ended section of the
questionnaire, that stiff job competition in the market and clients’ inclinations to
the lowest tender price drive up costs and claims, and drive down quality and
profit margins. Though it might appear that this is good for clients in the initial

stages, it is not so in the long run. This development is not helpful to consultants
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and contractors due to the associated cash flow risks and low margins on the

job.

Conclusions of a number of studies, such as Aw, Chung, and Roberts (2000);
Bernard, Eaton, Jenson, and Kortum (2000) and Porter (2000) are consistent
with the findings of this survey. The authors found that market conditions were
an important factor for all kinds of trades and industries, as it dictates how the
industry stakeholders operate, compete and interact, and has a profound

influence on expected outcomes, including productivity and performance.

Other External Forces

35

1. Inflation / fluctuations 6. Frequent changes in 2. Fluctuations
in matenal prices govemmeant policies’ in exchange mte
legislations impacting on...

5. Market conditions and 3. Enemgy 4. Intarast ratalcost
level of competitions crisasinising costs of capital
in the industry for jobs

Figure 84: The importance of each factor under the category of other external forces

4.7.9 Relative Levels of Impact of the Broad Constraints Categories
The relative levels of impact of the broad constraints categories were analysed

in Table 22 so as to provide a basis for prioritisation.
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Table 22: The level of impact of productivity constraints under the broad categories of internal and
external

Levels of impact on productivity and performance

Very : ) Rating Level of  Rating
Low Low Moderate High  VeryHigh  Average Impact Count
1. Workforce 260% 1050% 36.80%  39.50%  10.50% 3.45 High 38
2. Project
management/
project 0.00% 10.80% 54.10%  27.00%  8.10% 3.32 Moderate 37
team
characteristics -
H c
ghaprl:éteecrtistics 0.00% 1580% 44.70%  36.80%  2.60% 3.26 Moderate 38 g
=
4. Project finance 7.90% 26.30% 34.20% 23.70% 7.90% 2.97 Moderate 38 f,—’,’
5.
Technology/proce  2.60%  26.30% 47.40% 21.10% 2.60% 2.95 Moderate 38
SS
S\'/éf]rt‘:oresee” 270% 4050% 32.40%  1620%  8.10% 2.86 Moderate 37
Zor?]tslt:‘;r?crg 15.80% 21.10% 31.60%  28.90%  2.60% 2.8 Moderate 38
8. Other external
forces (economic, 5 4000 351006  27.00%  8.10% 5.40% 235 Low 37 Insignificant

political, industry,
etc)

*Rating average = mean rating (see Equation 3.1): “Very high’ (4.20 - 5); ‘High’ (3.40 — 4.19); ‘Moderate/ average’ (2.60 —
3.39); ‘Low’ (1.80 — 2.59); “Very low’ (1.00 - 1.79)

The table shows that seven out of the eight identified factors under the broad
categories of road maintenance productivity constraints were ranked as
moderate to high influencers. The most influential constraint category relates to
workforce issues. It should be noted that the most influential sub-factors under
the workforce category comprise lack of good leadership/ management
capability, low level of motivation/commitment, and low level of skill and
experience of the workforce. Workforce related issues, as one of the most
influential set of factors constraining productivity and performance in the
construction industry (of New Zealand), was also reported by Fabling and
Grimes (2010). The significance of workforce related issues was found by
Mbachu and Nkado (2006) based on the conclusion that all other factors of
production — materials, money, machinery and method — can be effectively
controlled, but it is difficult to control the workforce, owing to the complexity of
its characteristics and behavior; without proper control of the workforce, all other

efforts could be sub-optimal in terms of delivering expected results. Only good
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leadership can bring about the best outcomes in workforce outputs. In addition,
Durdyev and Mbachu (2011) found workforce related issues a key underpinning

of labour productivity in the New Zealand building and construction industry.

Project finance issues constituted the second most influential broad constraint
category. This finding supports that of Chan and Kumaraswamy (1997), that
project finance related issues could underpin and drive other constraint factors.
This would be understandable, given that cash flow is the lifeblood of the
building industry (Mbachu, 2008).

Relative levels of contributions of broad categories to productivity outcomes

Using the Relativity Index (Equation 2) highlighted in the Methodology chapter,
the relative levels of contribution of the broad constraint categories were
analysed to reveal where the greatest opportunities for improvements lie. Figure
87 summarises the results of the relative levels of contributions of the broad
categories on productivity and performance outcomes in the New Zealand road
pavement maintenance and rehabilitation projects, with workforce related

issues contributing over 14% of the outcomes.
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Figure 85: Broad categories of productivity constraint factors in the road pavement maintenance and
rehabilitation process showing their key components

4.8 Recommendations for Improving Productivity in Road Maintenance

and Rehabilitation Projects

Results of the relative levels of contributions of the broad categories to the
productivity and performance outcomes in New Zealand road pavement
maintenance and rehabilitation projects (Figure 87) reveal where the greatest
opportunities for productivity and performance improvement lie in the process:
l.e. with the broad category offering the highest contribution to productivity
outcomes. Figure 87 shows that workforce related issues have the highest
contribution (over 14%) to productivity outcomes. Recommendations for
improving productivity in road pavement maintenance and rehabilitation projects
could therefore be made along the lines of addressing the identified influential

sub-factors under the priority broad categories as follows.
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Recommendations addressing the key sub-factors related to workforce issues

From Table 15, recommendations for improving workforce related issues could

be as follows.

1. Improving leadership and management skills by regular training courses
for enhancing management skills which includes technical skills,
managerial skills, financial skills, IT skills, legal skills, communication
skills and general skills, such as marketing, understanding the
organisation and chairing meetings. These are essential skills for having
successful, productive leaders and managers (Edum-Fotwe & McCaffer,
2000).

2. Improve motivation of the workforce by providing appropriate incentives
such as rewards, bonuses, worker involvement in key decision making

processes and career development plans (Khan, 1993).

Recommendations addressing the key sub-factors related to project

management/ project team characteristics

From Table 15, recommendations for improving project management/ project
team characteristic related issues could be as follows:
1- Apply sufficient consideration in design stage to avoid delays in project
caused by changing designs or late order changes.
2- Providing better and sufficient planning and scheduling from the outset to
have non-stop processes during a maintenance or rehabilitation project,

also to avoid cost overrun and disputes (Assaf & Al-Hejji, 2006).

Recommendations addressing the key sub-factors related to project

characteristics

From Table 15, recommendations for improving project characteristic related

issues could be as follows:

1- Have a precise investigation from the planning phase to reduce site

location and environmental constraints.
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2- Predictive advanced planning & logistic issues impacting on continuous
work flow (Lee, Ibbs, Harvey, & Roesler, 2000).

Recommendations addressing the key sub-factors related to project finance

From Table 15, recommendations for improving project finance related issues
could be as follows:

1- Avoiding inaccurate estimates at the early stage of design by providing a
proper estimation regime (Vassallo & Izquierdo, 2002).

2- To minimise the problem of lack of collaboration between consultant and
contractors, the most important success factor would be creating mutual

“goodwill trust” between partners (Olsson & Espling, 2004).

Recommendations addressing key sub-factors related to technology/process

From Table 15, recommendations for improving technology/process related
issues could be as follows:

1- Providing sufficient training and time to bring workers up to speed on the
use of new technology and also to give them a better understanding of
ways of using a new technology. This could be lead to minimising

resistance of accepting new technologies (Peansupap & Walker, 2005).

Recommendations addressing key sub-factors related to unforeseen events

From Table 15, recommendations for improving unforeseen event related

issues could be as follows:

1- The effect of unforeseen events could be minimised with good pre-
planning, proper risk analysis and contingency planning, and earlier
program starts (start a project in the proper season).

2- Systematic assessment of the nature and sources of various hazards

must be used to identify and differentiate the types of geotechnical risks
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during implementation of a project, in line with their risk profiles and
required contingency provisions (Baynes, 2010) .

Recommendations addressing key sub-factors related to statutory compliance

From Table 15, recommendations for improving statutory compliance related

issues could be as follows:

1- Proper planning regarding H&S and resource management Act to avoid

any unforeseen consequences and conflicts.

Figure 88 highlights recommendations for improving productivity along the lines
of addressing the identified influential sub-factors under the priority broad

categories.
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1-Avoid inaccurate estimation at the early stage of design by
providing accurate estimation regime.
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pre-planning, proper risk analysis and contingency planning, and
earlier programme starts (start a project on the proper season).
2-Systematic assessment of the nature and the sources of the
various hazards must be used to identify and differentiate the types
of geotechnical risks during implementation of a project in line with
their risk profiles and the required contingency provisions.
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Figure 86: Recommendation for improving productivity in road maintenance and rehabilitation projects in
New Zealand

153



Chapter 5: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
This research aimed at identifying productivity constraints in road maintenance
and rehabilitation projects. Detailed investigation of management and project
implementation processes was undertaken, and the priority influential
constraints to productivity were explored through a survey of clients, consultants

and contractors in the road maintenance and rehabilitation sector.

Results of the investigations and analysis into the road pavement maintenance
and rehabilitation process revealed a 12 step approach that commences with
the road surface inspection by the Council, validation of the Council’s repair list
by the contractors, project planning, preliminary tests, design, programming and
scheduling, and estimation, through to project organisation, pre-seal repair, final
quality checks and information update on the RAMM Contractor software at the
completion stage. Productivity constraints lie in the various steps and build up to
create the final productivity outcome in any given project. A framework for
addressing constraint factors and for improving overall productivity and
performance in the road pavement maintenance and rehabilitation process was
provided to guide clients, consultants and contractors involved in the road

pavement management sector.

Results of the analysis of the productivity constraint factors show seven broad
categories, the most influential being workforce related issues. This was found
to  contribute 14.4% of the productivity outcomes in road pavement
maintenance and rehabilitation projects. Other broad categories in diminishing
order of influence comprise project management/project team characteristics,
project characteristics, project finance, technology/process, unforeseen events
and statutory compliance. Surprisingly, the external forces comprising
economic, political and industry related sub-factors were not found to be
significantly influential.

Under the broad category of workforce related factors, eight out of the 10 sub-

factors identified during the pilot survey were analysed as being significant. The
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most significant sub-factor in this category was found to be lack of good
leadership/management capability. Other significant sub-factors in diminishing
order of influence comprise low level of motivation/commitment, low level of skKill
and experience of the workforce, poor monitoring or appraisal of performance,
overly long working hours with insufficient rest periods, especially
during night work, Inadequate empowerment (training and resourcing), poor
resource leveling and lack of experience in current job and operational

conditions.

The survey respondents provided additional sub-factors under each broad
category, as well as comments on innovative ways of addressing the sub-
factors with a view to improving productivity outcomes in relation to the broad

constraint categories.

Based on the survey results, the following recommendations were put forward
for improving productivity in the New Zealand road maintenance and

rehabilitation industry.

e Improving leadership and management skills by regular training courses
for enhancing management skills.

e Improving motivation of the workforce by providing appropriate
incentives, such as rewards, bonuses, worker involvement in key
decision making processes and career development plans.

e Applying sufficient consideration in design stage to avoid delay in the
project caused by changing designs or late order changes.

e Providing better and more sufficient planning and scheduling from the
outset to have a non-stop process during construction and to avoid cost
overrun and disputes.

e Having a precise investigation from the planning phase to reduce site
location and environmental constraints.

e Better planning of logistical issues impacting on continuous work flow
(the effect of unforeseen events could be minimised with good pre-

planning).
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e Proper risk analysis and contingency planning, and earlier program starts
(start a project on the proper season).

e Systematic assessment of the nature and sources of various hazards
must be used to identify and differentiate the types of geotechnical risks
during implementation of a project in line with their risk profiles and the
required contingency provisions.

¢ Providing sufficient training and time to bring workers up to speed on the
use of new technologies (to give them a better understanding of the ways
of using a new technology).

e Avoiding inaccurate estimations at the early stage of design by providing
an accurate estimation regime.

e Minimizing the problem of lack of collaboration between consultant and
contractors. The most important success factor is creating mutual

“goodwill trust” between partners.

Altogether, by considering the identified priority productivity constraints on road
maintenance and rehabilitation projects and trying to tackle them, remarkable

productive and efficient results are achievable.

5.2 Recommendations for Further Studies
This study focused on exploring productivity constraints in road maintenance
and rehabilitation. However, there are many other issues that need further
investigation to explore other influencing factors on improving productivity in this
field.

During this study it was found that there was a lack of investigation on applying
new technologies. New technologies, such as new road failure detection
systems can improve productivity though setting up more preventive

maintenance in New Zealand.

Furthermore, some other problems were found during this study, such as lack
of a formal measurement regime applying to road maintenance for measuring
performance and productivity in the road maintenance sector. Gill and Zuccollo

(2012) also found the same issue:
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The first problem is that there is no cycle of performance measurement.
Rather there is an open loop with limited direct and indirect feedback
from the monitoring and measurement subsystem to the design of
programmes and policies. This lack of a closed loop is impeding
performance improvements being identified and implemented. The lack
of measurement of the effectiveness of interventions, such as pavement
treatments, inhibits learning and the development of asset management

expertise (p. 1).
Therefore, this field could be another subject for future investigation.

Further investigations should also be focused on the effect of using new
products and materials that give a longer life cycle to the road pavement, such
as emulsified sealer/binder (GSB-88) on improving productivity in road
maintenance and rehabilitation projects.

157



5.3 REFERENCES

Abe, H., Tamai, A., Henry, J., & Wambold, J. (2001). Measurement of pavement
macrotexture with circular texture meter. Transportation Research
Record: Journal of the Transportation Research Board, 1764(1), 201-
209.

Alinaitwe, H. M., Mwakali, J. A., & Hansson, B. (2007). Factors affecting the
productivity of building craftsmen-studies of Uganda. Journal of Civil
Engineering and Management, 13(3), 169-176.

Alshibli, K. A., Abu-Farsakh, M., & Seyman, E. (2005). Laboratory evaluation of
the geogauge and light falling weight deflectometer as construction
control tools. Journal of materials in civil engineering, 17(5), 560-5609.

Arnold, G., Salt, G., Stevens, D., Werkmeister, S., Alabaster, D., & Van Blerk,
G. (2009). Compliance testing using the Falling Weight Deflectometer for
pavement construction, rehabilitation and area-wide treatments (pp. 82).
New Zealand: New Zealand Transport Agency.

Assaf, S. A., & Al-Hejji, S. (2006). Causes of delay in large construction
projects. International Journal of Project Management, 24(4), 349-357.
doi: http://dx.doi.org/10.1016/}.ijproman.2005.11.010

Aw, B. Y., Chung, S., & Roberts, M. J. (2000). Productivity and turnover in the
export market: micro-level evidence from the Republic of Korea and
Taiwan (China). The World Bank Economic Review, 14(1), 65-90.

Ball, G. F. A., & Patrick, J. E. (2005). Resealing strategies to increase seal life
and prevent seal layer instability. NZ Transport Agency: Opus
International Consultants Ltd, Lower Huitt.

Baynes, F. (2010). Sources of geotechnical risk. Quarterly Journal of
Engineering Geology and Hydrogeology, 43(3), 321-331.

Bernard, A. B., Eaton, J., Jenson, J. B., & Kortum, S. (2000). Plants and
productivity in international trade: National Bureau of Economic
Research.

Bjork, B.-C. (1999). Information Technology in Construction—domain definition
and research issues. International Journal, 1(1), 3-16.

Bjork, B.-C. (2003). Electronic document management in construction-research
iIssues and results: ITcon.

Brewer, K. A. (2007). AASHTO Maintenance Manual for Roadways and Bridges

Brown, E., Cooley Jr, L. A., Hanson, D., Lynn, C., Powell, B., Prowell, B., . . .
Huner, M. (2002). NCAT Test Track Design, Construction and
Performance: National Center for Asphalt Technology, Auburn
University.

Chamberlain, S. (2005). Scrim And Texture Data Collection Contract
Management. Paper presented at the International Surface Friction
Conference, 2005, Christchurch, New Zealand.

Chan, A. P., & Chan, A. P. (2004). Key performance indicators for measuring
construction success. Benchmarking: An International Journal, 11(2),
203-221.

Chan, D. W. M., & Kumaraswamy, M. M. (1997). A comparative study of causes
of time overruns in Hong Kong construction projects. International
Journal of Project Management, 15(1), 55-63. doi:
http://dx.doi.org/10.1016/S0263-7863(96)00039-7

158


http://dx.doi.org/10.1016/j.ijproman.2005.11.010
http://dx.doi.org/10.1016/S0263-7863(96)00039-7

Cline, G. (2009). NAVFAC Evaluation of GSB-88 Sealer/Binder Pavement
Preservation for Corrosion Control and Sustainment of Military Pavement
Infrastructure, Transportation News, p. 5.

Corbin, J., & Strauss, A. (2008). Basics of qualitative research: Techniques and
procedures for developing grounded theory: Sage.

CSIRO. (2011). Automated detection of road cracks. Retrieved from
http://www.csiro.au.ezproxy.massey.ac.nz/solutions/RoadCrack

Cunningham, P. (2010). Driving Productivity Improvement in the Infrastructure
Sector. Paper presented at the Roading New Zealand Confrence, New
Zealand.
http://www.roadingnz.org.nz/sites/roadingnz.org.nz/files/Peter _Cunningh
am.pdf

Dunston, P., Savage, B., & Mannering, F. (2000). Weekend Closure for
Construction of Asphalt Overlay on Urban Highway. Journal of
Construction Engineering and Management, 126(4), 313-319. doi:
doi:10.1061/(ASCE)0733-9364(2000)126:4(313)

Durdyev, S. (2011). PARETO ANALYSIS OF ON-SITE PRODUCTIVITY
CONSTRAINTS AND IMPROVEMENT TECHNIQUES IN NEW
ZEALAND BUILDING INDUSTRY. Master, MASSEY.

Durdyev, S., & Mbachu, J. (2011). On-Site Labour Productivity of New Zealand
Constraints and Improvment Measures. [Journal Article]. Australasian
Journal of Construction Economics and Building, 11, 16.

Edum-Fotwe, F. T., & McCaffer, R. (2000). Developing project management
competency: perspectives from the construction industry. International
Journal of Project Management, 18(2), 111-124. doi:
http://dx.doi.org/10.1016/S0263-7863(98)90075-8

Fabling, R., & Grimes, A. (2010). HR practices and New Zealand firm
performance: what matters and who does it? The International Journal of
Human Resource Management, 21(4), 488-508.

Fang, H., Haddock, J. E., White, T. D., & Hand, A. J. (2004). On the
characterization of flexible pavement rutting using creep model-based
finite element analysis. Finite Elements in Analysis and Design, 41(1),
49-73. doi: http://dx.doi.org/10.1016/}.finel.2004.03.002

Flintsch, G. W., Huang, M., & McGhee, K. (2007). Harmonization of
macrotexture measuring devices. Pavement Surface
Condition/Performance Assessment: Reliability and Relevancy of
Procedures and Technologies, 47-58.

Francken, L. (2005). Prevention of Cracks in Pavements. Taylor & Francis, 6,
18.

Fugro Roadware. (2011) Automatic Road Analyzer (ARAN). Retrieved from:
http://www.roadware.com/products/Aran_9000/

Fulton Hogan. (2006). Sealed Pavement Maintenance (1st ed.). New Zealand:
Fulton Hogon Ltd.

Gambatese, J. A., & Hallowell, M. (2011). Enabling and measuring innovation in
the construction industry. Construction Management and Economics,
29(6), 553-567.

Gavilan, M., Balcones, D., Marcos, O., Llorca, D. F., Sotelo, M. A., Parra, I., . ..
Amirola, A. (2011). Adaptive Road Crack Detection System by Pavement
Classification. [Article]. Sensors, 11(10), 9628-9657. doi:
10.3390/s111009628

159


http://www.csiro.au.ezproxy.massey.ac.nz/solutions/RoadCrack
http://www.roadingnz.org.nz/sites/roadingnz.org.nz/files/Peter_Cunningham.pdf
http://www.roadingnz.org.nz/sites/roadingnz.org.nz/files/Peter_Cunningham.pdf
http://dx.doi.org/10.1016/S0263-7863(98)90075-8
http://dx.doi.org/10.1016/j.finel.2004.03.002
http://www.roadware.com/products/Aran_9000/

GIE Group. (2009). Pavement Evaluation and Management. Retrieved from:
http://www.gieinc.ca/main_en.html

Gill, D., & Zuccollo, J. (2012). Role and limits of performance measures. New
Zealand: NZIER.

Henry, J. J. (2000). Evaluation of pavement friction characteristics (Vol. 291):
Transportation Research Board.

Holleran, G., Wieringa, T., & Tailby, J. (2006). Rejuvenation Treatments For
Aged Pavements
http://www.waikato.transit.qovt.nz/content files/conference/G-
Holleran.pdf

Holloway, D. (2011). Calibration of laser devices used for the measurement of
pavement surface texture: accuracy of pavement texture measurement.
Paper presented at the International Surface Friction Conference, 3rd,
2011.

Hosking, J., & Woodford, G. (1976). Measurement of skidding resistance. Part
1: guide to the use of SCRIM.

Huang, L., Gholam Hoseini, H., Moldovanu, A., & Devan, K. (2011). Road
Texture Depth (RTD) Monitor Development (pp. 28). Auckland University
of Technology (AUT): Auckland University of Technology (AUT).

Jia-liang, Y., & Qing-hua, W. (2012). Causes of Longitudinal Cracks on Newly
Rehabilitated Jointed Concrete Pavements. [Journal Article]. JOURNAL
OF PERFORMANCE OF CONSTRUCTED FACILITIES, 10. doi:
10.1061/(ASCE)CF.1943-5509.0000212.

Johanns, M., & Craig, J. (2002). Pvement Maintenance Manual. In N. D. o.
Roads (Ed.). United State of America: Nebraska Department of Roads.

Kadir, M. A., Lee, W., Jaafar, M., Sapuan, S., & Ali, A. (2005). Factors affecting
construction labour productivity for Malaysian residential projects.
Structural Survey, 23(1), 42-54.

Kazaz, A., Manisali, E., & Ulubeyli, S. (2008). Effect of basic motivational
factors on construction workforce productivity in Turkey. Journal of Civil
Engineering and Management, 14(2), 95-106.

Khan, M. S. (1993). Methods of motivating for increased productivity. Journal of
management in engineering, 9(2), 148-156.

Klaruw RMS Ltd. (2012) OutflewMeter (OFM). Retrieved from:
http://www.klaruw.co.uk/news-klaruw/94-new-outflowmeter-ofm.html

Lee, E., Harvey, J., Ibbs, C., & St. Martin, J. (2002). Construction Productivity
Analysis for Asphalt Concrete Pavement Rehabilitation in Urban
Corridors. Transportation Research Record: Journal of the
Transportation Research Board, 1813(-1), 285-294. doi: 10.3141/1813-
34

Lee, E., & Ibbs, C. W. (2005). Computer Simulation Model: Construction
Analysis for Pavement Rehabilitation Strategies. [Article]. Journal of
Construction Engineering & Management, 131(4), 449-458. doi:
10.1061/(asce)0733-9364(2005)131:4(449)

Lee, E., Lee, H., & Harvey, J. T. (2006). Fast-track urban freeway rehabilitation
with 55-h weekend closures: I-710 long beach case study: ASCE-AMER
SOC CIVIL ENGINEERS.

Lee, E., Lee, H., & Ibbs, C. W. (2007). Productivity Aspects of Urban Freeway
Rehabilitation with Accelerated Construction. [Article]. Journal of

160


http://www.gieinc.ca/main_en.html
http://www.waikato.transit.govt.nz/content_files/conference/G-Holleran.pdf
http://www.waikato.transit.govt.nz/content_files/conference/G-Holleran.pdf
http://www.klaruw.co.uk/news-klaruw/94-new-outflowmeter-ofm.html

Construction Engineering & Management, 133(10), 798-806. doi:
10.1061/(asce)0733-9364(2007)133:10(798)

Lee, E., Ibbs, C., Harvey, J., & Roesler, J. (2000). Construction Productivity and
Constraints for Concrete Pavement Rehabilitation in Urban Corridors.
Transportation Research Record: Journal of the Transportation Research
Board, 1712(-1), 13-22. doi: 10.3141/1712-02

Mackenzie, G. (2011). RAMM Contractor. In R. S. Ltd. (Ed.), (3th ed.).
Auckland, New Zealand: RAMM Software Ltd.

Makulsawatudom, A., Emsley, M., & Sinthawanarong, K. (2004). Critical factors
influencing construction productivity in Thailand. The Journal of KMITNB,
14(3), 1-6.

Mamlouk, M. S., & Zaniewski, J. P. (1998). Pavement Preventive Maintenance:
Description, Effectiveness, and Treatments. ASTM SPECIAL
TECHNICAL PUBLICATION, 1348, 121-135.

Mason, G., O'Leary, B., & Vecchi, M. (2012). Certified and uncertified skills and
productivity growth performance: Cross-country evidence at industry
level. Labour Economics, 19(3), 351-360. doi:
http://dx.doi.org/10.1016/].labeco.2012.03.003

Maurer, T. J., & Pierce, H. R. (1998). A comparison of Likert scale and
traditional measures of self-efficacy. Journal of applied psychology,
83(2), 324.

Mbachu, J. (2008). Conceptual framework for the assessment of
subcontractors' eligibility and performance in the construction industry.
Construction Management and Economics, 26(5), 471-484.

Mbachu, J., & Nkado, R. (2006). Conceptual framework for assessment of client
needs and satisfaction in the building development process. Construction
Management and Economics, 24(1), 31-44.

Mbachu, J., & Nkado, R. (2007). Factors constraining successful building
project implementation in South Africa. Construction Management and
Economics, 25(1), 39-54.

Mbachu, J., & Seadon, J. (2013). Productivity Improvement in Building Life
Cycle (1 ed.): bookboon.com.

McLean, J., & Ramsay, E. (1996). INTERPRETATIONS OF ROAD PROFILE-
ROUGHNESS DATA: REVIEW AND RESEARCH NEEDS.

McShane, O. (1996). The Impact of the Resource Management Act on
the"Housing and Construction" Components of the Consumer Price
Index: The Bank.

Mobley, R. K. (2002). An introduction to predictive maintenance: Butterworth-
Heinemann.

Mojahed, S., & Aghazadeh, F. (2008). Major factors influencing productivity of
water and wastewater treatment plant construction: evidence from the
deep south USA. International Journal of Project Management, 26(2),
195-202.

National Infrastructure Unit. (2011) National Infrastructure Plan 2011. New
Zealand. Retrieved from:
http://www.infrastructure.qovt.nz/plan/2011/nip-julll.pdf.

NCHRP. (2004). Automated Pavement Distress Collection Techniques.
Washington, DC, USA: Transport Research Board of the National
Academies.

161


http://dx.doi.org/10.1016/j.labeco.2012.03.003
http://www.infrastructure.govt.nz/plan/2011/nip-jul11.pdf

New Zealand Transport Agency. (2009). Roads of National Significance.
Retrieved from: http://www.nzta.govt.nz/network/rons/.

New Zealand Transport Agency (2010). Economic Evaluation Manual (Vol. 1).
New Zealand: New Zealand Transport Agency.

New Zealand Treasury. (2012) Retrieved 20 april 2013, from
http://www.treasury.govt.nz/economy/infrastructure

Nijkamp, P., & Ubbels, B. (1998). How reliable are estimates of infrastructure
costs? Research Memorandum, 1998, 29.

Noyce, D. A., Yambo, J., Chapman, J., & Bill, A. (2007). Incorporating road
safety into pavement management: maximizing surface friction for road
safety improvements. Work, 005.

Olsson, U., & Espling, U. (2004). Part I. A framework of partnering for
infrastructure maintenance. Journal of Quality in Maintenance
Engineering, 10(4), 234-247.

Page, I. C. (2010). Construction industry productivity: BRANZ.

Pavement Interactive. (2009). Pavement Distress. Retrieved from:
http://www.pavementinteractive.org/article/general-guidancepavement-
distress/#sthash.yQtGPtOJ.dpuf

Pavestech. (2012). Sand Patch Test. Retrieved from:
http://www.pavestech.com/our-equipment.php

Peansupap, V., & Walker, D. H. (2005). Factors enabling information and
communication technology diffusion and actual implementation in
construction organisations. Electronic Journal of Information Technology
in Construction, 10, 193-218.

Perrier, N., Langevin, A., & Campbell, J. F. (2006). A survey of models and
algorithms for winter road maintenance. Part I: system design for
spreading and plowing. Computers & Operations Research, 33(1), 209-
238.

Peterson, W. D. O., & Scullion, T. (1990). Information systems for road
management: draft guidelines on system design and data issues (pp. 6).
Washington DC:

Phillips, T., & Kazmierowski, T. (2010). Improving pavement friction and
aggregate skid resistance on Ontario Highways. 16(3). Retrieved from:
http://www.mto.gov.on.ca/english/transtek/roadtalk/rt16-3/

Pidwerbesky, B., Waters, J., Gransberg, D., & Stemprok, R. (2006). Road
surface texture measurement using digital image processing and
information theory. Transfund New Zealand

Porter, M. E. (2000). Location, competition, and economic development: Local
clusters in a global economy. Economic development quarterly, 14(1),
15-34.

Rahim, A., & George, K. (2002). Falling weight deflectometer for estimating
subgrade elastic moduli. Journal of Transportation Engineering, 129(1),
100-107.

Ramboll. (2011). Ramboll Rst Pavue-Crack Recognition System. Retrieved
from: http://rst.ramboll.se/produkter/rst%20pavue

Rikjwaterstadd (n.d.) ARCADIS Advanced Inspections Project Innovative
Technologies to Improve Highway Condition Monitoring.Report of the
Innovation Projects Highway Maintenance RWS-DVS. Retrieved from

162


http://www.treasury.govt.nz/economy/infrastructure
http://www.pavementinteractive.org/article/general-guidancepavement-distress/#sthash.yQtGPtOJ.dpuf
http://www.pavementinteractive.org/article/general-guidancepavement-distress/#sthash.yQtGPtOJ.dpuf
http://www.pavestech.com/our-equipment.php
http://www.mto.gov.on.ca/english/transtek/roadtalk/rt16-3/
http://rst.ramboll.se/produkter/rst%20pavue

http://www.rijkswaterstaat.nl/images/Advanced%20Inspection%20Project
%20Final%20Report tcm174-283988.pdf

Roberts, F. L., Kandhal, P. S., Brown, E. R., Lee, D.-Y., & Kennedy, T. W.
(1996). Hot mix asphalt materials, mixture design and construction.

Robinson, R., Danielson, U., & Snaith, M. (1998). ROAD MAINTENANCE
MANAGEMENT CONSEPTS AND SYSTEMS. New York: Palgrave.

Schreyer, P. (2001). OECD productivity manual: A guide to the measurement of
industry-level and aggregate productivity growth: Organisation for
Economic Co-operation and Development.

Siddique, A., & Hoque, A. M. (2005). CRACK SURVEY, CRACK REPAIR
METHODOLOGY AND OVERLAY DESIGNFOR REHABILITATION OF
A RUNWAY PAVEMENT. Journal of the Eastern Asia Society for
Transportation Studies, 6, 15.

Simpson, A. L., Daleiden, J. F., & Hadley, W. O. (1995). RUTTING ANALYSIS
FROM A DIFFERENT PERSPECTIVE. Washington, USA:
Transportation Research Board.

Standards NewZealand. (2003). Conditions of Contract for building and civil
engineering construction (NZS 3910: 2003). New Zealand: Standards
New Zealand

Sunitha, V., Veeraragavan, A., Srinivasan, K. K., & Mathew, S. (2013).
Application of factor analysis in maintenance management of low volume
roads. International Journal of Pavement Research and Technology,
6(2), 130-135.

Talvitie, A. P., & Sikow, C. (1992). Analysis of productivity in highway
construction using alternative average cost definitions. Transportation
Research Part B: Methodological, 26(6), 461-478. doi:
http://dx.doi.org/10.1016/0191-2615(92)90011-K

Tohidi, H. (2011). Teamwork productivity & effectiveness in an organization
base on rewards, leadership, training, goals, wage, size, motivation,
measurement and information technology. Procedia Computer Science,
3(0), 1137-1146. doi: http://dx.doi.org/10.1016/j.procs.2010.12.185

Transfund New Zealand. (1997) RAMM Road Condition Rating and Roughness
Manual. (1997). Wellington, New Zealand

Transit New Zealand. (1993). Specification for the Repair of Potholes in
Bituminous Surfaced Roads. Retrieved from:
http://nzta.govt.nz/resources/repair-potholes/docs/repair-potholes.pdf

Transport Research Laboratory (2013) Highways Agency Road Research
Information System 2 (Harris2). Retrieved from
http://www.trl.co.uk/facilities/mobile_test equipment/highways agency r
oad_research_information_system.htm

Vassallo, J. M., & Izquierdo, R. (2002). Modeling road maintenance
management and financing. Journal of Transportation Engineering,
128(6), 559-567.

Wambold, J. C., Henry, J. J., & Hegmon, R. R. (1982). Evaluation of pavement
surface texture significance and measurement techniques. Wear, 83(2),
351-368.

Wang, K., & Elliot, R. (1999). Investigation of Image Archiving for Pavement
Surface Distress Survey Final Report. Fayetteville, NC, USA:
Department of Civil Engineering, University of Arkansas.

163


http://www.rijkswaterstaat.nl/images/Advanced%20Inspection%20Project%20Final%20Report_tcm174-283988.pdf
http://www.rijkswaterstaat.nl/images/Advanced%20Inspection%20Project%20Final%20Report_tcm174-283988.pdf
http://dx.doi.org/10.1016/0191-2615(92)90011-K
http://dx.doi.org/10.1016/j.procs.2010.12.185
http://nzta.govt.nz/resources/repair-potholes/docs/repair-potholes.pdf
http://www.trl.co.uk/facilities/mobile_test_equipment/highways_agency_road_research_information_system.htm
http://www.trl.co.uk/facilities/mobile_test_equipment/highways_agency_road_research_information_system.htm

Wang, L., Chu, J., & Wu, J. (2007). Selection of optimum maintenance
strategies based on a fuzzy analytic hierarchy process. International
Journal of Production Economics, 107(1), 151-163. doi:
http://dx.doi.org/10.1016/}.ijpe.2006.08.005

Wang, N., & Horner, M. (2007). CSI model for estimating road maintenance
projects. Construction Management and Economics, 25(12), 1269-1281.
doi: 10.1080/01446190701670373

Wang, W., Yan, X., Huang, H., Chu, X., & Abdel-Aty, M. (2011). Design and
verification of a laser based device for pavement macrotexture
measurement. Transportation Research Part C: Emerging Technologies,
19(4), 682-694.

WayLink Systems Corporation. (2007). WayLink Digital Highway Data Vehicle
(DHDV). Retrieved from: http://www.waylink.com/DHDV.htm

World Bank.: Infrastructure and Urban Development Department Report INU
77.

World Road Association. (2003) Automated Pavement Cracking Assessment
Equipment - State of the Art. London, UK: World Road Assossiation-
PIARC.

164


http://dx.doi.org/10.1016/j.ijpe.2006.08.005
http://www.waylink.com/DHDV.htm

APPENDICES:

APPENDIX A: DOCUMENTS USED IN PLANNING AND CONDUCTING THE
PILOT SURVEYS AND QUESTIONNAIRE SURVEYS

APPENDIX B: APPROVAL FOR MUHEC LOW RISK NOTIFICATION
APPENDIX C: RESEARCH PROGRAMME
APPENDIX D: SAMPLE FORM IS FOR THE TREATMENT SELECTION

APPENDIX E: SAMPLE OF ROAD'S FAILURES SURVEY FORM

APPENDIX F: SAMPLE OF RATED RUTTING FAILURE DURING ALMOST 3
YEARS AT WITAKERE REGION

APPENDIX G: SAMPLE OF RATED ALLIGATPORS FAILURE DURING ALMOST 3
YEARS AT WITAKERE REGION

APPENDIX H: SAMPLE OF RATED POTHOLE FAILURE DURING ALMOST 3
YEARS AT WITAKERE REGION

165



APPENDIX A: DOCUMENTS USED IN PLANNING AND CONDUCTING THE
PILOT SURVEYS AND QUESTIONNAIRE SURVEYS

Al: Covering letter for the pilot Interviews

A2: Participant consent form- Individual

A2: Sample copy of the pilot Interview questions
A3: Covering letter for the questionnaire survey

A4: Sample copy of the questionnaire

166



APPENDIX Al: Covering letter for the pilot Interviews

M v MASSEY UNIVERSITY

TE KUNENGA KI PUREHUROA
me?® UNIVERSITY OF NEW ZEALAND

School of Engineering & Advanced Technology
Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: +64 9 414 0800 extn 41544 Fax: +64 9 443 9774

Dear Sir/Madam

Survey Topic: Improving Productivity in Road Pavement Maintenance and
Rehabilitation in New Zealand

My name is Saeed Karimian, a Master's research student of the School of
Engineering and Advanced Technology, Massey University, New Zealand. My
research is entitled, “Improving Productivity in Road Pavement
Maintenance and Rehabilitation in New Zealand ".

The aim of this study is to investigate the level of impact and frequencies of
occurrence of the key productivity constraints as well as establishing innovative
ways of improving productivity in the road maintenance industry. The outcomes
of the study are expected to guide efficiency planning, monitoring and
performance, to improve productivity in the New Zealand future road projects.

The questions below will be asked to industry operatives who are involved in
road pavement rehabilitation and maintenance projects. You have been
selected to participate in the research survey based on your related experience
in the field of road maintenance.

Participation in this research is voluntary and you are under no obligation to
accept this invitation. However, feedback from representatives of reputable
organizations or experts, such as you, will help to achieve the objectives of the
study. | would therefore be grateful if you could grant me your time for this
purpose. | assure you that your responses will be treated with strictest
confidentiality and will be used solely for the purpose of this research.

I will highly appreciate your time and help for making this research a success. If
you have any queries or want to have access to a summary of the project
findings when it is concluded, please contact me through my contact details:

Saeed Haji Karimian
School of Engineering & Advanced Technology
Private Bag 102 904, North Shore City 0745
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Auckland, New Zealand

Cell: +64 22 089 1217

Fax: +64 9 443 9774

Email: saeedhajikarimian@gmail.com

You may wish to contact my supervisors:

Dr. Jasper Mbachu

Senior Lecturer and coordinator, Construction Programs

School of Engineering & Advanced Technology
Private Bag 102 904, North Shore City 0745
Auckland, New Zealand

Tell: +64 9 414 0800 extn 41543

Fax: +64 9 4439774

Email: J.I.Mbachu@massey.ac.nz

Kacha Vuletich

Resurfacing Manager at Fulton Hogan

Waitakere City Council Road Maintenance Contract
40 Flexman Place

PO Box 305, Silverdale, 0944, New Zealand

Phone +64 9 427 0447 Ext 9327
kacha.vuletich@fultonhogan.com

Saeed Haji Karimian (Researcher)

Yours faithfully
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APPENDIX A2: Participant consent form- Individual

M v MASSEY UNIVERSITY

TE KUNENGA KI PUREHUROA
ae® UNIVERSITY OF NEW ZEALAND

School of Engineering & Advanced Technology
Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: +64 9 414 0800 extn 41544 Fax: +64 9 443 9774

Improving Productivity in Road Pavement Maintenance and Rehabilitation

in New Zealand

PARTICIPANT CONSENT FORM- INDIVIDUAL

| have read the information sheet and have had the details of the study
explained to me. My questions have been answered to my satisfaction, and |

understand that | may ask further questions at any time.

| agree to participate in this study under the conditions set out in the Information
Sheet.

Signature: Date:

Full Name:
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APPENDIX A2: Sample copy of the pilot Interview questions

QUESTIONS:

1-

2-

What aspects of the road pavement maintenance work are you involved
in?

Repairing patches within the network

How would you define productivity in the context of road pavement
maintenance and rehabilitation?

Patches are small and time consuming, rehab work has larger areas

where plant can be utilized better

Based on your experiences, how do you think performance could be
improved in your section of the road rehabilitation and maintenance
process?

a) Larger areas to ensure we don't revisit the same area of the network

regularly

b) Do all work in the area so we don’t go back for a few years

C) Uksing new products so we can recycle the same road latter down the
trac

d) Think outside the square when it comes to rehab and Maintenance.

What is your current position within your company?

Divisional Manager

How many years of work experience have you had in your current

position?

Six years

Do you have further comments on the issues around productivity in the
road pavement rehabilitation and maintenance projects and how these
could be improved?
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Thank you for your time. Your inputs to this study are greatly appreciated. If you
would like to have summary of the key findings of the study, you may advise
your contact address for sending you the feedback.

C/O: _Bob Wilson

Fax:

Email: __ bob .wilson@fultonhogan.com

Disclaimer: This project has been evaluated by peer review and judged to be
low risk. Consequently, it has not been reviewed by one of the University's
Human Ethics Committees. The researcher named above is responsible for

the ethical conduct of this research.

If you have any concerns about the conduct of this research that you wish to
raise with someone other than the researcher, please contact Professor
John O'Neill, Director (research Ethics), telephone 06 350 5249, e-maill

humanethics@massey.ac.nz
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APPENDIX A3: Sample of covering letter for the questionnaire survey

M v MASSEY UNIVERSITY

TE KUNENGA KI PUREHUROA
me?® UNIVERSITY OF NEW ZEALAND

School of Engineering & Advanced Technology
Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: +64 9 414 0800 extn 41544 Fax: +64 9 443 9774

Improving Productivity in Road Pavement Maintenance and Rehabilitation
in New Zealand

Dear Daniel

We are conducting a research survey which looks at how productivity and performance
could be improved in the road pavement rehabilitation and maintenance operations in
New Zealand.

Based on an online search engine or through personal referral, you have been selected
to participate in the survey as one of the key service providers in the New Zealand
roading sector. We'll appreciate 15 -20 minutes of your time in responding to the
survey online at:

https://www.surveymonkey.com/s/Improving-Productivity-in-Road-Pavement-
Rehabilitation-and-Maintenance-in-New-Zealand.

We'll also appreciate it if you could forward the link to your colleagues or associates
who are involved in the road pavement rehabilitation and maintenance services.

All responses to the survey will be treated in confidence and used solely for research
purposes without linking the responses to individuals or firms.

By patrticipating in the survey, you'll be contributing to the advancement of research in

New Zealand and the improvement of productivity and performance of the roading
sector.

Please feel free to contact us if you require more information or you would like to
request for the research result.

Many thanks in advance for your anticipated participation and useful feedback.
Regards,

Saeed Karimian(Researcher)

School of Engineering and Advanced Technology,

Massey University

Kacha Vuletich (Industry Supervisor)

Resurfacing & Asset Manager
Fulton Hogan Limited.
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APPENDIX A4: Sample copy of the questionnaire

A PROJECT FINANCE: Cash flow problems arising from:

9]

MASSEY UNIVERSITY
TE KUNENGA KI PUREHUROA

UNIVERSITY OF NEW ZEALAND
School of Engineering & Advanced Technology
Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: +64 9 414 0800 extn 41544 Fax: +64 9 443 9774

Research Survey

Improving productivity and performance in road pavement rehabilitation and maintenance

By:
Saeed H.Karimian

The following broad categories of internal constraints have been identified as the key restraints to the achievement of productivity.

Under each category, sources of the constraints are listed. Using the 5 point rating scales provided, please could you rate the levels of impact
the frequency of occurence of each constraints source based on your exprience? It will be appriciated if you could add additional constraints
or your opinion which have not been included in the list.

Impact rating scale: VH = Very high (5): H= High (4); M = Moderate(3): L = Low (2): VL = Very low (1).

Level of impact of the
constraints on the productivity

VH | H M L VL

Internal constraints 5 4 3 2 1

eap] ON

—

Late payments

Inaccurate estimates

(TR

Reworks

Under- Valued work

Dispute and litigation costs

Lenders' high interest charges

e e

Inadequate supply or high cost of needed resources: money.men. materials & machinery

oa

Inadequate coopreation between consultant and contractors

Other sources of cash flow problems? Please specify

8

9

WORKFORCE: Productivily constraints arising from:

Lack of good leadership/ management capability

Low level of motivation/commitment

Wk =

Poor monitoring or appraisal of performance

Inadequate empowerment (training and resourcing)

Low level of skill and experiance of the workforce

Poor resource levelling

B

Lack of experience of current job and operational conditions

o

Workforce absenteeism

9. Overly long working hours with insufficient rest periods, especially
during night work

10. Workforce health issues

Other workforce constraints? Please specify

8

9

TECHNOLOGY/ PROCESS: Productivity constrainfs arising from

1.Sustainability or adequacy of the plant & Equipment employed

2.Ineffective approach to road maintenance

3.Lack of adequate training on new processes and technologies

4 Resistance to accept new technologies in Road Maintenance Projects(Include new Methods & Materials)

5.Inadequate IT infrastructure and application in road maintenance industry

6. Inadequate road failure detection system

7. Insufficient monitoring process for road failure detection

Ofther technology/ process constraints? Please specify:

7 I I

173




4w MASSEY UNIVERSITY
g TE KUNENGA KI POREHUROA

"mme®  UNIVERSITY OF NEW ZEALAND
School of Engineering & Advanced Technology
Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: 464 9 414 0800 extn 41544 Fax: +64 9443 9774

Research Survey

Improving productivity and performance in road pavement rehabilitation and maintenance

By:
Saeed H. Karimian

The following broad categories of internal constraints have been identified as the key restraints to the achievement of productivity.

Under each category. sources of the constraints are listed. Using the 5 point rating scales provided. please could you rate the levels of impact
the frequency of occurence of each constraints source based on your exprience? It will be appriciated if you could add additional constraints
or your opinion which have not been included in the list.

Impact rating scale: VH = Very high (3); H = High (4): M = Moderate(3): L = Low (2); VL = Very low (1).

Level of impact of the
constraints on the productivity
VH|[H [M [L [VL
Internal constraints 5 [4a [ a 2 | 1

wap] Op

D PROJECT CHARACRERISTICS: Productivity constraints arising from.:

1 Planning & logistic issues impacting on continuous work flow (e.g non-closure period)

2. Un-conducive time frames within which most road works must be carried out

3.S1te’s location and environmental constramts (e.g. traffic volume, climate. subsoil and topography)

4.Public nofification 1ssues (e.g. community and environmentalists” resistance to infrastructure
development plans)

5. Nature and significance of road in the Road Hierarchy

6. Project complexiry: scale, design

7. Tvpe of procurement adopted

8. Relation between rehab size and plant utilization

Other project characteristic constraints? Please specify

5 [T T [ T |

9 [T T [ T |

E PROJECT MANAGEMENT/ PROJECT TEAM CHARACERISTIC!
Productivity constraints arising from:

. Lack of sufficient planmng from the outset

1
2. Poor project management and risk management processes
3. Lack of effective communication among key stakeholders

4. Lack of proper and regular coordination; supervision: performance monitoring and control

5. Lack of project organisational culrure that supports high productivity and performance

6.Relationship management/ degree of harmony. trust and cooperation between contractor, consultant and
council

7. Experience and competencies of the project team

8. Frequency of design changes/ change orders/late changes

9. Client's overt influence on the project process

10. Poor sufficient supply chain management, especially as it relates to "just-in-time" supply principles

11. Lack of organizational learning: (applying lessons learnt from previous projects to solving challenges
in current project)

Other project management constraints? Please specify

8 [T T [ T |

o [ T T [ T |

2. The following broad categories of external constraints have been identified as the key restraints to the achievement of productivity. Under each
category. sources of the constraint are listed. Using the 5-point rating scales as before, pleased could you rate the levels of impact and the frequency
of occurence of each constraint source based on your exprience? It will be appreciated if vou could add other constraints which have not been
included in the list.

Level of impact of the
constraints on the productivity
VH | H M L VL
External constraints 5 4 3 2 1

Bap[ ON

A STATUTORY COMPLIANCE: Productivify impediment arising from cempliance with:

1. Health & Safety in Employment Act

- Resource Management Act

[PV

Local Authority Bylaws

o

 Construction Contracts Act

5. Employment Relations Act

6. Consumer Guarantees Act

7. Fair Trading Act

Other compliance issues? Please specify:

10 [T T [ T |

11 [T T [ T |

B UNFORSEEN EVENTS: Productivity impedimenis arising from unforseen events:

1. Inclement weather

. Unforeseeable ground conditions necessitating revisions

[FYRN]

. On-site accidents/ Acts of God

4. Namural disasters

Other nunforseen evenis issues? Please specify

5 [T T [ T |

6 [T T [ T |
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e MASSEY UNIVERSITY
@ TE KUNENGA KI PUREHUROA

"fee®™ UNIVERSITY OF NEW ZEALAND

School of Engineering & Advanced Technology

Private Bag 120 904, North Shore City 0745
Auckland, New Zealand
Tel: +64 9 414 0800 extn 41544 Fax: +64 9 443 9774

Research Survev

Improving productivity and performance in road pavement rehabilitation and maintenance

By:
Saeed H Karimian

The following broad categories of external constraints have been identified as the key restraints to the achievement of productivity

Under each category, sources of the constraints are listed. Using the 5 point rating scales provided, please could you rate the levels of mmpact
the frequency of occurence of each constraints source based on your exprience? It will be appriciated if you could add additional constraints
or your opimon which have not been mcluded in the hist.

Impact rating scale: VH = Very lugh (5); H = High (4); M = Moderate(3); L = Low (2); VL = Very low (1).

Level of impact of the o
constraints on the productivity | =
VH|H | M | L [vL|F
External constraints 5 4 3 2 1 3
» OTHER EXTERNAL FORCES: Productivity constraints arising from misellaneous including:
1. Inflation/ fluctuations in material prices
2. Fluctuations in Exchange rate
3. Energy crises/ costs
4. Intrest rate/ cost of capital
5. Market conditions and level of competitions m the mdustry for jobs
6. Frequent changes m government policies/ legislations impacting on construction
Other consirainis from miscellaneous sources? Please specify
9 [ T T [ 1
3. For the broad categories of internal and external constraints mentioned before, how would you rate their relative levels of impact on the
achievement of on-site productivity as well as their occurrence frequencies? Five- point rating scales have been provided as before.
Level of impact of the e
VE[H [M [ L [JVL ]| =
Broad categories of internal and external constraints 5 4 3 2 1 B
1. Project finance
2. Workforce
3. Technology/ process
4. Project charactinsties
5. Statutory compliance
6. Unforseen events
7. Project management/ project team characteristics
8. Other External forces ( economic, political, industry, etc)

4. If there is one piece of advice you can give to improve productivity in the New Zealand Road Mamtenance industry, what would that be? (You are
welcome to supply more than one piece of advice, if you choose tol)

SECTION II: DEMOGRAPHIC BACKGROUND

1. Kindly indicate only one of the following as your most frequent role as a member of the project team-

Consultant Contractor

Client/ owner Subcontractor

Other (please specify):

2. Kindly indicate how long have you been working in the industry in the above capacity?

More than 25 years 10-14 years
20-25 years 5-9 years
15-19 years lower than 5 years

3. Kindly imndicate your status in the organization

Director/ Executive Director General forman/ Section head

Manager/ Associate Director Team Leader/ Supervisor

Other (please specify):
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APPENDIX B: APPROVAL FOR MUHEC LOW RISK NOTIFICATION

B1: Letter of Approval for MUHEC Low Risk Notification

B2: Screening Questionnaire to Determine the Approval Procedure
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MASSEY UNIVERSITY
TE KUNENGA KI PUREHUROA

16 August 2013

Saced Karimian

15 Peach Road
Glenfield
AUCKLAND 0629

Dear Saeed

Re: Productivity and Performance in Road Pavement Rehabilitation and Maintenance: Roading
Contractors’ Perspectives on the Barriers and Improving Measures in the Auckland Region

Thank you for your Low Risk Notification which was received on 17 July 2013.

Your project has been recorded on the Low Risk Database which is reported in the Annual Report of the Massey
University Human Ethics Committees.

The low risk notification for this project is valid for a maximum of three years.

Please notify me if situations subsequently occur which cause you to reconsider your initial ethical analysis that it is
safe to proceed without approval by one of the University’s Human Ethics Committees.

Please note that travel undertaken by students must be approved by the supervisor and the relevant Pro Vice-Chancellor
and be in accordance with the Policy and Procedures for Course-Related Student Travel Overseas. In addition, the
supervisor must advise the University’s Insurance Officer.

A reminder to include the following statement on all public documents:

“This project has been evaluated by peer review and judged to be low risk. Consequently, it has not
been reviewed by one of the University’s Human Ethics Committees. The researcher(s) named above are
responsible for the ethical conduct of this research.

If you have any concerns about the conduct of this research that you wish to raise with someone other
than the researcher(s), please contact Professor John O’Neill, Director (Research Ethics), telephone 06
350 5249, e-mail humanethics@massey.ac.nz”.

Please note that if a sponsoring organisation, funding autherity or a journal in which you wish to publish requires
evidence of committee approval (with an approval number), you will have to provide a full application to one of the
University’s Human Ethics Committees. You should also note that such an approval can only be provided prior to the
commencement of the rescarch.

Yours sincerely
J o
—_—

John G O’Neill (Professor)
C!lall‘, Human Ethics Chairs’ Committee and
Director (Research Ethics)

cc Dr Jasper Mbachu
ichu Prof Don Cl
School of Engineering and Advanced School of E::i‘rr:gf,:rliilosand Advanced
Technology Technolo, g
Albany PN456 e

Letter of Approval for MUHEC Low Risk Notification

Massey University Human Ethics Committee
Accredited by the Health Research Council

" o Research Ethics Office
assey University, Private Bag 11222, Palmerston North 4442, New Zealand T +64 6 3505573 +64 63505575 F +64 6 350 5622

b "
Echu yacnz  animalethi Bt

dC.NZ Www.massev.ac.nz
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APPENDIX B2: Screening Questionnaire to Determine the Approval
Procedure

s ) o
%@ Massey University
e Kunenga ki Purehuroa
SCREENING QUESTIONNAIRE

TO DETERMINE THE APPROVAL PROCEDURE
(Part A and Part B of this questionnaire must both be completed)

Name: SAEED HAJI KARIMIAN

Project Title: Productivity and performance m road pavement rehabilitation and maintenance:
Roading contractors' perspectives on the barriers and mproving measures in the Auckland region.

This questionnaire should be completed following, or as part of, the discussion of ethical issues.

Part A

The statements below are being used to determine the risk of your project causing physical or
psychological harm to participants and whether the nature of the harm is minimal and no more
than is normally encountered in daily life. The degree of risk will then be used to determine the
appropriate approval procedure.

If you are in any doubt you are encouraged to submit an application to one of the University’s
ethics committees.

Does your Project involve any of the following?
(Please answer all questions. Please circle either YES or NO for each guestion)

Risk of Harm

1. Situations in which the researcher may be at risk of harm. YES

2 Use of questionnaire or interview, whether or not it is anonymous which might| YES
reasonably be expected to cause discomfort, embarrassment, or psychological or
spiritual harm tfo the participants.

3. Processes that are potentially disadvantagecus to a person or group, such as the | YES
collection of information which may expose the person/group to discrimination.

4. Collection of information of illegal behaviour(s) gained during the research which | YES
could place the participants at risk of criminal or civil liability or be damaging to their
financial standing, employability, professional or personal relationships.

5. Collection of blood, body fluid, tissue samples, or other samples. YES

6. Any form of exercise regime, physical examination, deprivation (e.g. sleep, dietary). YES

7. The administration of any form of drug, medicine (other than in the course of | YES
standard medical procedure), placebo.

8. Physical pain, beyond mild discomfort. YES

66 @06 G & 6|6

9. Any Massey University teaching which involves the participation of Massey| YES
University students for the demonstration of procedures or phenomena which have a
potential for harm.

Secreening Questionnaire to Determine the Approval Procedure 2013 Page 1 of 3
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Informed and Voluntary Consent

10. Participants whose identity is known to the researcher giving oral consent rather than | YES
written consent (if participants are anonymous you may answer No).

11. Participants who are unable fo give informed consent. YES

12. Research on your own students/pupils. YES

13. The participation of children (seven (7) years old or younger). YES

14. The participation of children under sixteen (16) years old where active parental | YES
consent is not being sought.

15. Participants who are in a dependent situation, such as those who are under custodial
care, or residents of a hospital, nursing home or prison or patients highly dependent
on medical care.

YES

16. Participants who are vulnerable. YES

8B 6 36|66 &

17. The use of previously collected identifiable personal information or research data for | YES
which there was no explicit consent for this research.

®

18. The use of previously collected biological samples for which there was no explicit [ YES
consent for this research.

Privacy/Confidentiality Issue

€

19. Any evaluation of organisational services or practices where information of a| YES
personal nature may be collected and where participants or the organisation may be
identified.

Deception

20. Deception of the participants, including concealment and covert observations. YES

Conflict of Interest

21. Conflict of interest situation for the researcher (e.q. is the researcher also the| YES @
lecturer/teacher/freatment-provider/colleague or employer of the research
participants or is there any other power relationship between the researcher and
research participants?)

Compensation to Participants

22. Payments or other financial inducements (other than reasonable reimbursement of | YES
travel expenses or time) to participants.

Procedural

23. A requirement by an outside organisation (e.9. a funding organisation or a joumal in | YES
which you wish to publish) for Massey University Human Ethics Committee approval.

Screening Questionnaire to Determine the Approval Procedure 2013 Page 2 of 3
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Part B

FORPROPOSED HEALTH AND DISABILITY RESEARCH ONLY

Not all health and disability research requires review by a Health and Disability Ethics Committee
(HDEC).

Your study is likely to require HDEC review if it involves:

« human participants recruited in their capacity as:
consumers of health or disability support services; or
relatives or caregivers of such consumers; or
volunteers in clinical trials; or

« human tissue; or

« health information.

In order to establish whether or not HDEC review is required: (i) read the Massey University Digest
of the HDEC Scope of Review standard operating procedure; (ii) work through the ‘Does your
study require HDEC review?’ flowchart; and (iiij) answer Question 24 below.

If you are still unsure whether your project requires HDEC approval, please email the Ministry of
Health for advice (jdecs@moh.qovt.nz) and keep a copy of the response for your records.

24. 1s HDEC review required for this study? YES

Select the appropriate procedure to be used (choose one option):

If you answer YES to any of If you answer YES to question If you answer NO to all of the
the questions 110 23 (Part A) 24 questions in Parts A and B
and NO to Q24 in Part B (Part B)
2 2 2
Prepare an application Prepare an application Prepare a
using the using the Low Risk Notification
MUHEC Application Pa‘:k Health & Dlsablllty EthICS * No_fe_ researchers who are new
Committee Application to the University, new to research
Form with  human  participants or for
whom Committee approval is
desirable are welcome to sendin a
full MUHEC application, even If the
Screening Questionnaire
questions have all been answered
‘no”.
2 \
GO BACK TO APPROVAL PROCEDURES, STEP 4, AND DOWNLOAD THE INFORMATION

REQUIRED.
http:/fwww.massey.ac.nz/massey/research/research-ethics/human-ethics/approval.cfm

Sereening Questionnaire to Determine the Approval Procedure 2013 Page 3 of 3
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APPENDIX C: RESEARCH PROGRAMME
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APPENDIX D: SAMPLE FORM IS FOR THE TREATMENT SELECTION.

E Fulton Hogan

(Courtesy of Fulton Hogan)

CHIPSEAL TREATMENT SELECTION

CLIENT: Auckland Transport

CONTRACT No. TADBOZ5C

Start RP

Date:
WARD:
RD ID Mo Road Name:
From:
Ta:

Finish RP

Current surface:

Dimensions Length

FH Recommendation

Alternative Treatment

High turning stress
Steep Gradient
Intersections

Stressors:

Heawy Traffic tuming

[0 WD WC

33 3 3

Drelamination

Chip loss

Flushimg

Deleterious materials
Permeable Surface
Uneven texture
Rough Surface
Cracking

Falishing

Surface Defects

R T T T

333333333

1 Must Do

Priority
[

5]

Can wait 2-3 y=ars

4 Can wait 3-5 years

Recommend rehab.

2 Can wait til next season

Schools within vicinity of site:

Shops/industry within vicinity of site:

Best time of operations:

Site Description:

Width
Area
Pavement Repairs Reguired
Fotholes
Edge breaks
Shape Comection
MilFil
Texturising
Water Cutting

Traffic management
L1 Generic

LZ Site Specific
Detour

Traffic Volume ADT

Revised RPs

Stabilisation
Digouts
Vegetation
Lichen
Fre-sweep

Pre-coat chip

HCW

MAASRA Ave

Last sealed

Mame / Description

Inspected by :

FHMH Form 001 Treatment Selection

Foad Name 0

Start Location

Finish Location

FHMH Form 001 Treatmant Selection

Length 0

m
Ave. Width I m
Area 0 m’
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APPENDIX E: SAMPLE OF ROAD'S FAILURES SURVEY FORM

(Courtesy of Fulton Hogan)

NSCC Road Maintenance Inspections

Figune 11: NECT Road Malnisnanos incpections fom

[Erteed

[Fanind ¥

v

1

Sioad Hame

M
et

[

[ores

Pameare Tigs

mme moni

I Feature 2R 2

Fawit Codes
O - Digout Aligator Cracking
O - Digout Saturated Favement

OO - Digout Deformason
L - Lewvel Depression

FE - Footpath Broken

FN - Footpai install New
FU - Footpath Unsase
JLT - Jointsenl LAT Cracks

SWC - 3WEC Maint CrivErokenDamage

Tanjl Arsan

[ Fuiton nogan
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APPENDIX F: SAMPLE OF RATED RUTTING FAILURES DURING ALMOST 3 YEARS AT WITAKERE REGION

Rutting
(M2)
L
100 ,-'# ;
] A ||
A
B00_LA #_,#" .-*'f
AL |
a ALy
'Illl
o H.-" d
= F
s
Y
m_|f - & Tani
.'P-'T'“.v”'rm
i . Mty
& |
f' ?.I? f {;.!.* i_h'l o g & 5 5 r_ 3 Ihlirla:;r,q Cif 1 N
¥ - ¥ y ) L & 'n'h J"'n &, (3 [ b S
L A . § ¢ & Qf i E B R S iy “ﬂm""’“"".'w
& o "'.Ii ; f é\' h.'-‘ _{E' iﬂ.‘- ;‘.
* 9

Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT LTD. 30 April 2013.
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APPENDIX G: SAMPLE OF RATED ALLIGATOR FAILURES DURING ALMOST 3 YEARS AT WITAKERE REGION

Alligator Cracking
(M2)
,.a"J
;.r‘
16202 #f
4 L
140y A
A
2000_L# |
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#0000 _L#| o
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2000 _J oty
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1 Wy
'*uj v
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Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT LTD. 30 April 2013.
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APPENDIX H: SAMPLE OF RATED POTHOLE FAILURES DURING ALMOST 3 YEARS AT WITAKERE REGION

Pot Holes
(Counted)
: |+
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.-"'H ALy
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Source: Fulton Hogan's Monthly report, prepared by ONSITE DEVELOPMENT LTD. 30 April 2013
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