Technical Paper

Design optimisation supporting sustainable
link-road optioneering

ABSTRACT

This paper reviews a new link-road construction project in the UK, utilising the ORIS digital platform
to optimise pavement design and minimise environmental impact over a 60-year lifecycle. The study
adhered to the DMRB CD 225 and CD 226 design standards and evaluated the base design proposed
by the client and three alternative design options. Multiple criteria were evaluated for each pavement
design option including material consumption, costs, and carbon emissions. In addition, locally
sourced materials like steel slag aggregates were prioritised for sustainability.

The optimal flexible pavement design with a Thin Surface Course System reduced construction and
maintenance costs by 15% and lifecycle carbon emissions by 15% compared to the client's preferred
design. The findings demonstrate the value of lifecycle analysis and the efficiency of digital tools
such as the ORIS platform to reduce costs, emissions, and resource use through sustainable design.
This highlights major potential for greener construction in future road infrastructure projects.

1 INTRODUCTION

Road networks are critical infrastructures
that support national economies and
facilitate the movement of people and
goods. As population and economic
growth continue, developing efficient and
well-connected road systems is essential
for reducing travel times and improving
accessibility. However, road construction
and maintenance present significant
economic and environmental challenges,
highlighting the need for sustainable
solutions. In this context, the digitalization
of the road sector has emerged as a vital
area of study, offering potential to optimise
construction processes and reduce costs.
Understanding the importance of road
engineering and exploring avenues for
technological advancement is imperative for
governments, policymakers, and industry
stakeholders [[1],[2]]

This paper evaluates the application of value
engineering and whole life cycle costing
supported by digital tools in the road
infrastructure design process through a real-
world case study: the construction of a link
road on the UK's Local Highway Network,
also known as the Major Road Network.
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The case study focused on optimising
pavement design while minimising
environmental impact using a
comprehensive analysis that considered
the construction phase, a 60-year
analysis period and economic feasibility.
By integrating factors such as material
knowledge, resource consumption,
environmental impact, construction
cost, and maintenance needs, the study
aimed to identify the most economically
advantageous and sustainable pavement
design that promoted efficient resource
use based on whole life cycle costs and
performance.

2 PROJECT OVERVIEW

To support AECOM's design for a new
1.6 km link road for the Major Road
Network, collaboration occurred with
ORIS, a decision support tool specialising
in pavements, during the early stages.
Based on several factors, including but
not limited to the relatively low volume
of traffic on this particular road (12 million
standard axles) and a cost comparison
analysis, rigid pavements were discarded
as potential design options. Furthermore,
an initial assessment highlighted the
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challenges associated with integrating a
rigid pavement into the pre-existing fully
flexible pavement.

The design options evaluated at the
preliminary stage were fully compliant with
the latest Design Manual for Roads and
Bridges (DMRB) standards, considering

a Class 2 foundation with subbase on
capping. AECOM proposed the following
pavement design options:

® Fully flexible pavement with a Thin
Surface Course System (TSCS)

® Fully flexible pavement with a Hot
Rolled Asphalt (HRA) surfacing
with rolled in pre-coated chippings
(performance design)

® Flexible pavement with a TSCS on a
Hydraulically Bound Granular Mixture
(HBGM category B) base.

Additionally, AECOM's client-preferred
design served as the baseline or reference
design for conducting a comprehensive
comparative analysis, enabling informed
decision-making based on quantifiable
differences. Table 1 provides a summary
of the pavement designs evaluated using
the ORIS platform.
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Base design Base design

Layer type Thickness (mm) Layer type Thickness (mm)

SMA 6 with steel slag 30 SMA 6 with steel slag 30 3 METHODOLOGY

aggregates aggregates
AC 20 dense binder 50 AC 20 dense binder 50
AC 32 dense base AC 32 dense base 60
Type 1 subbase HBGM-B
Capping Type 1 subbase
Capping
Total thickness Total Thickness
Fully flexible TSCS Fully flexible HRA
Layer type Thickness (mm) Layer type Thickness (mm)

SMA 6 with steel slag 30 HRA 35/14 surf PMB 50
aggregates + PCC

AC 20 dense binder 60 AC 20 dense binder 60
AC 32 dense base AC 32 dense base

Type 1 subbase Type 1 subbase

Capping Capping
Total thickness Total Thickness

Table 1: Pavement designs evaluated by AECOM for the new construction of the link-road

) 3.1 Whole Life Cost

L) Service Service
Life (yrs) Life (yrs) Life (yrs)
Scenario 1 Scenario 2 Scenario 3
Discounted costs (£)
Replacement TSCS
Replacement BIN
Replacement BASE

Discounted residual value (£)
o Replacement HRA + BIN
Replacement BASE

NPSV (£)
Replacement TSCS

Replacement BIN
Replacement BASE

Table 2: Pavement designs service lives of materials.
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3.2 Whole Life Carbon

Benefits and loads
Constructi
U Product stage oy = Use stage beyond the system
stages stage bounda
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Raw material supply
Manufacturing
Construction
Replacement
Refurbishment
Operational energy use
Operational water use
Demolition

Reuse / Recovery /

Recycling potential

Figure 1: Life cycle stages and modules used for the LCA of this scheme

4.2 Whole Life Cost
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Figure 2: Sourcing environment used within the analysis, from the ORIS platform

4 RESULTS AND DISCUSSION

4.1 Pavement construction cost
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Figure 3: Total construction cost (£) of the pavement design options evaluated
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Figure 4: Cumulative construction and maintenance cost (£) of the pavement design options over the 60-year analysis period, and (b) maintenance
cost in year 60.
Fully Fully

Base . . Flexibl
of £3.36 million, as indicated in Table 3. desian flexible flexible onel-)l(lz.’,Gi’l
Despite the higher residual value at the 9 TSCS HRA
end of the 60-year analysis period due Discounted costs (£) 3,857,107 3,265,006 3,625,248 3,393,409
tb9 tdhe rleplac§ment 01; OHI(?A Slerace and Discounted residual value (£) 35,228 35,228 101,280 35,228

inder layers in year 60 (as shown in

Figure 4), the fully flexible pavement with NPSV (£) 3,821,879 3,229,779 3,423,968 3,358,181
a chipped HRA surface proved to be the Table 3: Results from the Whole Life Cost (WLC) sensitivity analysis in GBP (scenario 1 service lives).

least economically beneficial option, with
an NPSV of Base Fully Fully

£3.42 million. . flexible flexible
design TSCS HRA

Flexible
on HBGM

The WLC appraisal was supplemented with
a sensitivity analysis that involved varying

Discounted costs (£)

S Scenario 2 4,101,821 3,496,784 3,629,029 3,615,260
th f life of the TSCS and HRA e e el oS
€ oracing e o e, > on Scenario 3765319 3160576 3298150 3,293,674
surfacing across the different pavement
design options, as shown in Table 2. Dlscou.nted residual value (£)
Whilst the selection of the preferred Scenar!o 2 64,584 64,584 64,584 64,584
Scenario 3 35,228 35,228 35,228 35,228

design option based on the lowest NPSV
remained unaffected by the surfacing life NPSV (£)

expectancy, it did impact the ranking of Scenario 2 4,037,237 3,424,861 3,558,407 3,550,676
the NPSV vélues among the options, as Scenario 3 3,730,091 3,125,348 3,294,610 3,258,446
presented in Table' 3 and 4. Table 4: Results from the Whole Life Cost (WLC) sensitivity analysis in GBP (scenario 2 and 3 service lives).
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4.3 Material consumption

Throughout the 60-year analysis period, the fully flexible pavement with a TSCS demonstrated the lowest material consumption,
amounting to 83,400 tonnes, as shown in Figure 5. This represented a notable reduction of 15% (98,000 tonnes) compared with the
base design. Conversely, the flexible HBGM design required a total of approximately 86,600 tonnes of materials, making it the highest-
consuming design option among those three evaluated against the base design. This higher consumption was primarily attributed to
the materials needed for the (170 mm) HBGM layer replacements over the 60-year analysis period.

However, it is worth noting that the TSCS proposed for the fully flexible and for the flexible with HBGM base designs incorporated
locally available steel slag aggregate, replacing 50% of the natural aggregates used in this TSCS layer. This replacement of natural
aggregates with steel slag resources led to substantial savings, amounting to 3,900 tonnes in reduced consumption of natural
materials. Lastly, the fully flexible with a chipped HRA design generated a material quantity exceeding 85,900 tonnes throughout
its lifespan, as shown in Figure 5.
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Figure 5: Cumulative construction and maintenance material consumption (tonnes) of the pavement design options over the 60-year analysis period,

and (b) total material consumption over the analysis period.

4.4, Whole Life Carbon
In terms of environmental sustainability, the fully flexible TSCS design proved to be the most favourable option among the pavement

design alternatives, emitting a total of 2,810 tonnes of CO2 equivalent (tCO,e) over the analysis period. Comparatively, the fully
flexible HRA and flexible on HBGM designs resulted in carbon emissions that were 10% and 11% higher than the fully flexible pavement
with a TSCS, with emissions of 3,090 tCO.e and 3,120 tCO._e, respectively, as depicted in Figure 6.
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Figure 6: Carbon emissions (kg.CO2eq) of the pavement design options evaluated by ORIS over the 60-year analysis period and, (b) detail of the

cumulated emissions of the fully flexible TSCS design.
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