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Chapter One: Introduction

1.0 Introduction
1.1 Aim

The aim of this research project is to determine through primary and secondary research to
investigate and prove whether skid resistance in SMA’s can be improved through modern

techniques in Wales and to prove if these SMA’s are improving in development.

1.2 Objectives

To achieve these aims the researcher has identified the following objectives:

- To research from literature how SMA’s have developed since their inception, their
associated advantages, disadvantages, and modern improvements in preventing early
life skid resistance.

- Demonstrate how modern techniques have reduced or eliminated early life skid

resistance problems are being reduced in Wales.

1.3 Hypotheses

The hypotheses for this research project are “Early life skid resistance can be achieved

through modern developments and techniques” and “SMA’s are improving”

1.4 Research Methodologies & Justifications

To achieve the objectives that are outlined above, this research project will explore industry
standards, practices and theories regarding SMA’s their development for use in Wales by
critically analysing and interpreting data from a wide variety of sources. The researcher will
critically analyse and interpret data from a wide variety of information via journals, books,
government documentation as secondary data, this will allow us to directly target our

research questions.

Also, by using primary research from leaders in the industry in the form of contractors that
are directly involved in the manufacture and development of SMA’s and other materials,
Welsh Government designers who are specifying, leading, and pushing for ‘new’ SMA

products to be installed throughout the trunk road network in Wales. Using the researchers



personal experience within the industry over the last 5 years as part of a client/delivery team
will help provide a real representation to which stage SMA mixes are being driven, installed

and the direction in which they are headed.

All research will be represented accurately through graphs and tables both quantitatively and
qualitatively to effectively develop an understanding of the topic. All data will help form an
analysis for discussion in an un-biased manor for gaps in research, where clarity or more
information might be required and where SMA’s currently stand as a leading pavement

material in Wales.



Chapter Two: Literature Review

2.1 — The inception and development of SMA’s

Stone Mastic Asphalts (SMA) originated and took popularity from Germany in the mid
1960’s as an alternative answer to a “Chipped Gussasphalt” product which offered a
reduction of wear that was caused by studded tyres (Transport Research Labratory, 1994).
SMA’s are regarded as having excellent performance as a more durable pavement providing
superb rut resistance, is less susceptible to cracking, temperature deformations and
weathering with heavier loads. Continued developments of the product then led to spread
throughout Europe (1980’s) following the recognition of its performance at a national
standard in 1984 commonly referred to as the ‘German Standard Specification’ (The German
Federal Department of Transportation, 1997) and subsequently spread through rest of the
world (1990°s) respectively.

In the UK the product has really took off in the 1990°s when a study into German SMA’s led
to the Transport Research Laboratory (TRL) investigating the product and published a report
in 1994 (Transport Research Labratory, 1994.). It included a specification for the use of SMA
as a surface course material prepared by the Highways Agency for the trial of this product
onto Trunk Roads (i.e., Motorways/A-Roads/B-Roads) in draft form in the UK. It was
initially viewed as a heavy-duty product but following its inception, was heavily promoted
due to its performance. One major incentive was that it offered a more practical and
alternative solution to areas where Chipped-HRA (Hot Rolled Asphalt) (British Standards

Institute, 2016) was not as easily installed. It then massively took popularity in 1995.

A variety of developments and design mixes of SMA’s being installed and tested on several
European countries including Wales and the development of their new ‘WG SMA” (Welsh
Government, 2020), SMA products are increasing in popularity amongst road authorities and
within the asphalt industry itself moving away from TSCS (Thin Surface Course Systems) as

a more cost-value material.

2.2 — Differences between SMA’s and conventional surfacing mixes

There are a wide variety of surfacing mixes and products constantly being developed all over
the world including Open Grade Asphalts (OGA’s) Textured Thin Asphalts (TSCS) & Hot
Rolled Asphalts (HRA’s).



SMA’s are described as dense, gap-graded bituminous mixtures that have high contents of
stone, bitumen and filler that are modified with a suitable binder carrier such as fibres
(Civilenggseminar.blogspot.com. 2022). The European definition of an SMA (Hainin et al.,
2010) describes them as “a gap-graded asphalt concrete composed of a skeleton of crushed

aggregates bound with a mastic mortar”.

SMA’s typically have a minimum binder content of 6.5%, high stone content greater than
70% that ensures good stone on stone contact after compaction and a high stiffness that can
be achieved through the addition of fibres and crushed aggregate/sand (AAPA, 1993), this
means that there are significantly less voids than its counterparts of OGA and TSCS. It
should be noted that although the product is denser in SMA’s resulting in lower air void
content and surface texture, the product is only slightly quieter than its counterparts compared

to that of loud HRA’s due to high positive surface textures.

Typically, SMA’s have polymer modified binders that help to increase resistance to permeant
deformation, increases life span of the pavement, reduce drainage inhibitors this can help to

increase stability in SMA’s as seen in figure 1 particularly between 5-7% binder content.
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Figure 1 — Shows the stability with and without Polymer modified binders in SMA’s
(https://www.engineeringcivil.com/wp-content/uploads/2013/04/Stability-vs-

Binder-curve-analysis.jpg)

2.3 — Road Surfacing Characteristics

To get good surface course characteristics it is often derived that materials should aim to be
picked considering a variety of factors, whilst safety is taken primarily into account,
durability and value for money should also be reviewed as significant factors.

The service life of materials is described in Table 1, where SMA’s provide a good median
material in life cycle of around 10-20 years. Comparatively to standard cheap AC (Asphalt
Concrete) materials of 6-8 years and more expensive HRA’s that can extend to 20+ years.

MATERIAL MATERIAL MATERIAL
SERVICE LIFE IN SERVICE LIFE IN
DESIGNED ROADS | EVOLVED ROADS

Asphalt Concrate e.g B 3]

AC dense, AC close

{ot Rolled Asphalt (HRA) 20 20

Thin Surface Course

Systems (TSCS) eg. O G42 15 10

Stone Mastic Asphalt (SMA)

a. Low Textune A A

b Crther 15 4]

MOTE: HRA and ‘low texture” Shd are more able 1o accommaodate the

variability of evolved roads.

Table 1 — Design life of materials in roads (Mpa-uat.spindogs.com. 2015)

Each material has different characteristics that contribute to Micro/Macro textures, noise,
wheel tracking, skid resistance, cracking resistance, ride quality and spray control, that all
influence how schemes are designed. Hampshire County Council (2016) have adopted and
developed guidance on surfacing options within their authority Table 2 shows how these

surfacing materials and characteristics can be ‘ranked’ in a simple readable format.



Relative attributes Table 2
MATERIAL Skid Durability Wheel Cracking i Structural Hoise Spray
Resistance tracking Resistance Cruality Conitrilsuticon Il Controd
Petformance
Micture Clause 5 1 & 5 4 ]
O3 L2
Design
:;‘A Design mix 5 L] 4 4 4 -
High Stone
Content 5 4 3 B 6
Asphalt Concrets 3 3 4 3 5 4
Surface Course Clause 942 [ "
SMA 5 4 ] 5 -] 4 -] 4
Micro- asphalt Surface
Course [12-18mim) 3 4 3
Surface Drassing, Single 5 1 3
Surface Dressing, Racked in 4 1 3
High Friction Surfacing & 9 1
Surface Treatment

Note: * Polymer modified & low void content 942 denvatives have proven best at crack inhibition
{concrete overlays)

SN R O RO

Poor — | — Excellent |

Table 2 — Materials and their associated attributes ranked (Hampshire County Council, 2016)

It should be noted that Surface Course Clause 942 (thin surfacing systems) and SMA’s are
broadly categorised within the same section, it does however, give good indication of how the
material will perform over a whole life cycle. It does not give indication of early-life and
associated skid resistance issues and how design mixes can be accounted for within the table
such as the WG SMA and how they are countering this issue and may be ranked differently

and arguably should perform better.

2.4 — Advantages of SMA’s

There are a variety of advantages of SMA’s that are listed below and are generally widely

accepted adapted from Richardson (1999):

1. 20-30% increase in whole pavement life over other conventional pavements such as
Asphaltic concretes and Thin Surface Course Systems.

2. High resistance to rutting
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3. Low Permeability & high aggregate interlock (higher binder percentages) — allows
less water through the surface which leads to less surface break up.

4. Potentially higher skid resistance after early life due to high percentages of fractured

aggregate

5. Strength and stiffness due to binder percentages and structure thus resulting in a
longer service life, equal to or greater than that of DGA’s and longer than OGA’s and
AC’s.

6. Reduction in reflective cracking due to being a more flexible material

7. Usable on heavily trafficked roads.

8. 100% recyclable.

2.5 — Disadvantages of SMA’s

SMA’s also have a variety of associated disadvantages that need to be accounted for when
choosing this product that need to be accounted for especially when installing the product that

may result in a variety of modes of failures.

1. Longer mixing and higher mixing temperatures which may result in delayed
production and supply chain of the product to site.

2. Bleeding of bitumen through the aggregate may lead to areas of poor skid resistance
on the surface which may lead to increased costs down the line where surfacing may
need to be re-installed or re-textured.

3. Higher material costs associated with design mixes with higher bitumen and filler and
within new materials such as WGSMA the post-applied grit to the surfacing to
increase early life skid resistance.

4. Poor early life skid resistance in conventional mixes needs to be accounted for until
thick binder film has ‘worn off’ by traffic (Civilenggseminar.blogspot.com. 2022)

5. Stripping of asphalt layers below the SMA surface course

6. Premature rutting

2.7- Skid Resistance in SMA’s

Having good skid resistance in materials/products on roads is important in ensuring the safety
of traffic on the road, especially when the road becomes wet. SMA’s are negatively textured
and therefore the composition of these products have a major part to play to ensure the
materials integrity (Wasilewska, 2014). Due to the high binder content in SMA’s it tends to
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create a film on the surface which can take time to wear off (i.e., first year of installation) and
therefore the application of post applied grit can minimise this issue in the early life. Figure 2
below shows the change in skid resistance (SCRIM — sideways coefficient routine
investigation)in a section of 14mm SMA (Mean Grip number — Intervention Level) over the
first 350 days of trafficking. Initially the skid resistance was very low 0.35-0.45 and after 9-

12 months resulted in values of around 0.8 (Stankiewicz, Slabonski and Slabonska, 2018).

0.9

=
-..J

o
(=]

o
n

Mean GripNumber

DE L I 1 1 1 L)
0 50 100 150 200 250 300 350

Time since laid (days)

Figure 2 — The effective estimation of skid resistance of SMA pavements in relevant aspect of
safety and durability of asphalt roads (Stankiewicz, Slabonski and Slabonska, 2018)

As aresult it is derived in figure 3 that the application of post-applied grit can provide texture
depths of 1.5mm initially falling to 1.2mm after 9 months and 1.1 mm after 12 months as
seen in figure 3. However with the wearing of binder film on trafficking after 12 months
reaching a higher level will offset and create an equilibrium for the product to reach it’s

optimum surface texture of anywhere between 0.8-1.1mm.
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Figure 3 — expected change in texture depth over months of trafficking of post applied grit
SMA. (Richardson, 1999).

Review of progress (500 words — submissions 2-5)

1. What new skills did you learn in the period?
So far during the project | have gained academic skills such as reviewing literature. |
have learnt that there is a wide range of literature surrounding the topic of SMA’s;
including a range of sources that | would unlikely come across in my day-to-day
work. Similarly, it has granted me the opportunity to reflect on my current practice
within my work environment and use the knowledge of new SMA products to inform
future practice. This will consist of assessing the characteristics and compositions and
evaluating the benefits and disadvantages of different treatments. Finally, the period
has developed my skill of my resourcefulness; liaising with contractors and clients

within the industry and offering my knowledge of SMA’s when proposing treatments.

2. How have you been able to adapt / use the new skills learnt within the work
environment? e.g. time management / technical / soft skills
| have had to utilise time management skills during the project, planning when to
conduct the research, write up and reviewing the work alongside my day-to-day life

commitments, work environment etc. has helped my time management. It has also
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4.

improved my technical knowledge and increase my competence on SMA’s and provide

resource in meetings surrounding skid resistance etc.

What was the highlight and why?

The highlight has been researching and broadening my knowledge on old historical
SMA’s, SMA’s in different countries which has subsequently enhanced my overall
ability to understand a full use of SMA’s whereas before | only had primary knowledge
on modern newly developed SMA’s such as the WGSMA due to only working in this

industry for the last 5 years.

What part of the task / activity were most challenging and least challenging?

The most challenging was finding relative information around skid resistance and
getting good data that is easily readable/presentable so that the research can be
communicated effectively and clearly. The least challenging was finding advantages
and disadvantages surrounding SMA products my own knowledge backed up by
research online was quite saturated and | continued to look until I found no new

advantages/disadvantages.

How are you progressing according to your objectives (learning contract)?

| am content with how | am progressing however considering there is a significant
amount of literature to review within this topic all relevant to the questions and
hypotheses that are progressively being answered and supported by literature. Once the
discussions and methodology sections take place it should come together as a sound

piece of literature with solid answers to the hypotheses.
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2.8 — Welsh Government SMA (300).

Chapter Three — Methodology

3.1 — Mixes, manufacture, laying & compaction (TAIT trials for approval in Wales)

3.2 -Lab & Site measurements

Chapter Four — Discussion

Chapter Five — Conclusion
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