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ABSTRACT: This paper reports on the use of sustainable resoemhancing bituminous
products at OR Tambo International Airport (ORTI&\er the past five years. It also report
on new innovative asphalt products and designstiftezhto be utilised and/or developed by
Airports Company South Africa (ACSA) as environnadlyt less impacting alternatives to
replace current standard pavement constructionugteftiesigns. The study evaluate the cost
benefits (or premiums) and the environmental bémedf various alternative product and
design technology. It was concluded that thesattliand identified new alternative products,
i.e. Recycled Asphalt Mixes, High Modulus Asphaida-oamed-Based Warm Mix Asphalt
together with Long Life/Perpetual Pavements teabgywlcan bring about both significant
Nett Present Value cost advantages (x20% savings)eavironmental benefits (20 to 30%
less CQ, aggregate, binders) when compared to the corom@itiproducts and design
methods. An implementation strategy was formuldtedfurther use of these advantageous
products and processes were put in place for prapegroject assessment of alternative
product utilisation.
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1 BACKGROUND

Until 2005, Airports Company South Africa (ACSA)imearily utilised new asphalt (and
concrete products) and also new crushed stone wWayks materials in all their
reconstruction, rehabilitation and new constructiworks for aircraft and road pavement
structures. Rehabilitation designs typically cetesi of constructing new asphalt layers on
top of the old, failed layers. Alternatively, thédoasphalt (and/or concrete layers) was
removed to the depth of the granular layers and (tieiaker) asphalt (and/or concrete layers)
was inlaid and overlaid.

The milled-out old asphaltic materials were tyficaspoiled or used as granular
selected layers. No effective recycling of theséuafle bitumen bound materials was
considered.

Typically, new and rehabilitation work on the asjitpavement types at ORTIA alone,
adds up to about 100 000 tons of asphalt layerapeum. This requires approximately 95
000 tons of new crushed aggregates, 5 000 tonstwhén binder and 2 000 tons of fuel



resources. The carbon dioxide emissions are egtihtatbe +6 000 tons p.a. In other words
+6 000 trees need to be planted per annum to tisettae effects of these carbon emissions.
Since 2005, initiatives were put in place to reeyahd re-use these valuable materials during
the rehabilitation process as to effectively lower required new resources quantities.

2 STRATEGIES USED TO IMPLEMENT THE SUSTAINABILITY EHANCING
INITIATIVE

The strategy undertaken was to formulate suitablatisns to safely optimise the use of
sustainability enhancing and environmental beregdfigroducts and construction technology,
that:

» Bear norisk to ACSA (no comprising on safety avgurct life),

» Are cost effective enough to reduced ACSA’s camtgdenditure costs in order to justify
implementation,

* Maximise recycling of existing materials, treatiiigas assets, as to reduce the use of
“new” natural resources (i.e. crushed stone andunie@n) and hence enhance
sustainability,

* Reduce environmental impacts by reducing harmfubaa dioxide emissions (during
supply and construction).

ACSA is dependent on its regularity-body to apprdunding (and recovery from the
airliners) for its capital projects. All the cowgi and repairs need to be done cost-effectively
and ACSA puts high value on innovative, value agdamd cost-saving design exploration.
Various contractors, producers and industry bod{8ABITA, ITT-US, CSIR) and
International studies and best-practise reports papers (Australia Asphalt Pavement
Association, North American Pavement Associationternational Society of Asphalt
Pavements) reports and papers were consultedaiedtto formulate optimal and innovative
solutions based on newly developed state-of-theehnology and manufacturing best-
practise methods (Disten et al 2008, Nat Dept. Jpart 2009, Pretorius 2009, Rodriques
2008).

The initial Phase 1 study (covering the use ofyRked Asphalt and Long-Life Asphalt
surfacing layers) and implementation exercise (2@03007) were followed by a broad and
comprehensive research and international bestigpeaftilow-up (Phase 2) study which took
place over 2008 and 2009. This involved intensiwgestigation into advanced methods and
technology application, with a view to aligning dué projects with ACSA’s principles of
sustainability and preservation of the environmenfarious product trial sections were
installed to verify product performance.

Technology from France (High Modules Asphalt), @he and USA (Recycled Asphalt
and Warm-Mix-Asphalt) and selected internationa¢csalist studies (Long Life/Perpetual
Asphalt Technology) were studied (Disten et al 2008t Dept. Transport 2009, Pretorius
2009, Rodriques 2008). Technical design inputsevextracted from various International
studies and papers (ICAP 2006, RILEM 2003/8, CARSA4/7, ARRB 2003/7), AAPA and
NAAPA research report and South African Internagigoublications.

3 KEY DEVELOPMENT AND IMPLEMENTATION STEPS
Development of the products utilised were dividatbiphases. The first phase started in

2005/6 during the initial design of the Hotel andnkee Taxiway Rehabilitation projects.
Initial development steps consisted of the follogvin



Economic Analyses of all pavement layer productedus the pavement design to
ascertain viable, alternative resources that ane reastainable, that can reduce costs and
which lessen the impact on the environmental. SJiwely identifies various innovative
alternative bituminous products and designs, wheve lower environmental impact and
that can be utilised to replace current standavépant products/designs. In quantifying
the advantage versus costs of these alternativeesjmmovative product, i.e. the use of
recycled asphalt in new plant manufactured asphedés, stood out as a viable product.
Long-life shoulder asphalt mixes also hold sigaifit sustainability and nett-present
value-based cost-saving benefits;
Design meetings with asphalt suppliers, paving reatdrs and ACSA followed in order
to verify the efficiency and produceability of thmoduct and to ensure performance
guality and minimum product standard can be obthine
The worldwide body—of-knowledge on products wasleated and assimilated as to
ensure risk-free and optimal development and agipdic of the product;
Comprehensive laboratory mix development of thedpet, were done followed by
various development and testing cycles until theeasary performance criteria of the mix
were obtained. Specialist rut resistance anddatigsistance simulation testing was done
with highly specialised test equipment (i.e. Modébbile Load simulator, Gyratory
Compactor Study and 4-Pt Beam Fatigue test). Sffatiee-art design methodologies such
as the Bayley Method and Superpave Method desigwerdions were also utilised;
Various field trial sections were commissioned lunthe constructability and
design/performance criteria on field trials werefied and proven.
Implementation on five major construction projecee ORTIA (rehabilitation
reconstruction and new pavements) (see Sectiondetails);

Further studies in 2008/9 to develop and implemenite comprehensive, sustainability

enhancing and environmentally conscious products dasigns for airport pavement asset
management and construction. Development stepsdied:

Detailed studies to identify implementable and dgyable products and design

methodologies which can maximise the sustainahilityesources usage;

Cost-benefit study to measure and quantify the renmental benefits (or lowered

impacts) of the sustainable/’greener” products @esigns;

Developing guideline implementation steps for fatdiesign methodologies and product
selection to ensure that ACSA’s strategy of envimentally responsible construction and
resources utilisation is successfully implemented.

Currently trial sections with High Modules Asphaberpetual pavement structures and
Foamed-Based Warm-Mix-Asphalts are in process dmed developed technology is

planned to be implemented in pavement rehabilitaBmd new construction projects

worth approximately R1.5 billion over the next l€nys.

4 MAIN OBSTACLES ENCOUNTERED AND IMPLEMENTATION CHALENGES

The main obstacles were to identify products ansigiealternative which can preferably
deliver cost-reductions over the long term (NPVH astill enhance sustainable usage of
resources. New product developments generallyltr@sthigher initial capital costs (vs
standard products) and ways had to be found tocowse this. Also due to the heavy-duty
nature of aircraft loadings (one aircraft wheel2dtton loading is equivalent, in terms of
damage, to £1 000 standard 8 ton truck axles)etiteproduct still had to be a superior, high
guality layer with zero tolerance for non-perforroaror safety risk.

Practical obstacles encountered in verifying andelibging reliable solutions included:
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Test facilities where the performance propertiethefnew products could be verified (i.e.
fatique resistance, etc) are limited in RSA. Prapan test beds had to be constructed at
the suppliers’ facility to prepare representatest samples for special testing. Significant
efforts and trials-and-error development followedl dbtained sound representative
samples for accurate performance testing;

The airport construction environment is extremelysuitable and difficult for new
product or sensitive/specialist proddcts construction windows are small (+3 — 7 hours
at a time) and immediate loading of completed layisr required after reopening to
aircraft traffic. New products and construction thuelologies get subjected to the
harshest possible loading conditions (heavy airordfeel loads within 30 minutes of
completion) and no room for safety/failure riskésés

The design technology of new innovative productg #nhance resource sustainability is
very new and has mostly been developed overseaspjplication on roads projects.
Application for Heavy duty, aircraft loading at @arts leaves no room for risky designs.
The development, assimilation and implementatiorthefe technologies (including the
new High-Modules-Asphalt and Warm-Mix-Asphalt) r@&ed new performance testing
and performance criteria development along with mahensive in-situ field trial
verification before implementation on a full scataild be implemented.

PRODUCT RECOMMENDATIONS AND FUTURE  SUSTAINABILITY

ADVANTAGES

The following combinations of new and initially in@mented proven innovations were
identified for further implementation on the estteth R1.5 billion (€150 million) new and
rehabilitation pavement projects to follow over tiext 10 years (Phase 2 of implementation

ph

asing):
The use of higher content Recycled Asphalt Layesgproximately 40% of the milled
out old asphalt can be effectively mixed into nensducts, thereby saving meaningful
guantities of new aggregate and bituminous bindsrsvell as the energy/carbon saved
due to not having to produce these omitted material
The use of innovative new asphalt products, sudHigls Modules Asphalt (HIMA) with
higher fatique resistance and stiffnesses willlteéauess layer thickness, resulting in less
raw materials utilisation and heating fuel/carbéoxiie emissions in the manufacturing
process;
The use of new binder modifiers and asphalt pradocmethods, which lower the
production temperature of asphalt by £20°C, canltés £15% lower fuel consumption
and carbon-dioxide output during plant productiofarious “Warm-Mix-Asphalt” types
is available in RSA, each with its own unique qm&mium/saving and fuel/carbon saving
combination. The main types include:
- Foamed-Bitumen Type which cost £1% to 3% less ttmventional asphalt;
- Wax-Modifier types and Surfactants which cost +5%renthan conventional asphalt ;
The use of innovative long-life pavement designsctvidecreases life-cycle costs and
material usage of new flexible pavements by 2092%66 over full design analyses
periods. This saves both raw materials (aggregatelsbituminous binders) as well as
heating fuel/carbon-dioxide output in terms of tt@mbined manufacturing processes
over the full life cycle period.

In utilising these alternative technology and prtd at ORTIA alone, the following

cost-reduction and resource sustaining benefite waiculated (see Tables 1 to 4, with a
summary in Table 5): [Note : RE)€1]



Table 1: Potential Advantages of Reclaimed Asp(ir#)

Cost Items and % Saving \(alue of . Environmental Benefit
Saving/Premium
e +5—-10% reduction in e +20% less aggregate
pavement layerworks cost (2.5 million ton x 0.2 = 300 000
(R50/ton of asphalt saving) ton)
»  Rehab work (R500 million over | _ oo i o *  $5-10% less binder
10 years) g9 (8 000 ton)

* Fuel usage same

R70 million saving »  Bituminous fumes/emissions
same

* New work (xR1 billion over
10 years)

n

Table 2:  Potential Advantages of HIMA

Value of

Cost Items and % Saving . . Environmental Benefit
Saving/Premium
e +20% less pavement »  +25% less aggregate (380 000
layerworks costs ton)
«  Rehab work (+R500 million *  #5% less binder (4 000 ton)

n

R100 million saving

over 10 years) e +20% less fuel (2 500 ton) or

7 500 ton less CO,

R200 million saving | * Bituminous fumes/emissions
same

* New work (£R1 billion over
10 years)

n

Table 3: Potential Advantages of Perpetual/Long §phalt

Cost Items and % Saving V_alue of . Environmental Benefit
Saving/Premium
¢ 20% less pavement «  +20% less aggregate (300 000
layerworks costs (over 30 years ton) over 30 years
life cycle; more expensive initial

e +15% less binder (12 000 ton
over 30 years)

* Rehab work (+R500 million *R100 million saving | «  +20% less fuel (2 500 ton) or
over 10 years) on life cycle costs 7 500 ton less CO,

costs)

n

«  New work (+R1 billion over *R200 million saving | *  Bituminous fumes/emissions
10 years) on life cycle costs lower (+20%)

n

Note: “Based on life cycle cost over long analyses period, but additional initial costs will be required.



Table 4: Potential Advantages of Warm Mix Asphalp& 1: Foamed Bitumen*

Value of

Cost Items and % Saving Saving/Premium

Environmental Benefit

» +R3/ton asphalt cost reduction » Aggregate and binder usage
same
* Rehab work (¥R500 million ~ R2.5 million savin or 150 i
over 10 years) . 9 |« +10%-15% less fuel (1 litre/ton

asphalt reduction; 1 500 ton
over 10 years of 4 500 ton less
COy)

Bituminous fumes/emissions
lower (>50%)

* New work (£R1 billion saving R5.0 million saving
over 10 years) .

n

Note*: The study found that Warm Mix Asphalt Typgeand 3 (i.e. FT Waxes and Surfactants have a
+5% cost premium and similar environmental benefi$-oamed Bitumen in Table 6D.



Table 5:

Summarised Advantages of Various Viablst&oable Resource Enhancing and EnvironmentalheBaal Combinations (10 years

period)
Note:This breakdown is based on the flexible paverasphalt work estimated for the next 10 yeaBRITIA (R10= €1)
Reduction or Increases Relative to Base Cost/Usage Values of Standard Products”
Standard Recycled High modules Recycled Warm-Mix-
Products Base Asphalt and Asphalt and Asphalt and A Combined % of Standard
. . ) sphalt for New
values High M odules LongLife LongLife and Rehab Advantages of Product Base
Asphalts for Pavements for Pavements for Pavements Selected Products Values
Rehabilitations | new Pavements | new Pavements
* Rehab cost "R100 million N/A N/A -R1 million R101 million|  20% lower
R500 million
* New cost N/A -R110 million|  -R110 million -R2 million -R222 million|  22% lower
R1 000 million
* Aggre_g_ate= -0.2 million ton| -0.16 million ton| -0.14 million ton N/A -0.5 million ton 33% lower
1.5 million ton
» Binder=
-3 000 ton -6 000 ton -7 500 ton N/A -16 500 ton 22% lower
>5 000 ton
* Fuel(CQ) =~ | 600ton(-1800 -750ton (-2300 -750 ton (-2 300 -500 ton (-1 500 -2 600 ton (-8 00(
12 000 tons ton) ton) ton) ton) ton) 22% lower
(36 000 ton)
* Tree
Equivalents*= -1 800 treeg -2 300 treeg - 2300 trees - 1 500 trees -8 000 trees  "22% lower
36 000 trees

Note:

#Assumed applications: Recycled Asphalt and HiIMA @#d 6B) combined on all base asphalt layers on @bgéhabilitation work; HiIMA and Long-Life Paveren
Technology (6B and 6C) combined on 40% of new ptsjand Recycled Asphalt and Long-Life Pavemenhifielogy (6C and 6A) combined on further 40% of new

projects; Foam WMA (6D) in 35% of work (new or réfldation).*Amount of trees to remove G@missions (one tree remove 1 ton QWer life of 10 — 20
years).



6 KEY BENEFITS AND ACHIEVEMENTS OF THE PROJECT

The key realised benefits of the completed implaaten study of the identified
environmentally beneficial and sustainability enting pavement products are summarised
in 6.1 to 6.3 below and future benefits from fuydpéication of the study is listed in 6.3.

6.1 Recycled asphalt usage:

Valuable construction materials (asphaltic mats)jalvhich otherwise would have been
spoiled, were re-used resulting in cost saving®@®SA (5% of new product costs).
Approximately 20% was recycled into new asphalt esixand +70% was re-used as
valuable road surfacing material;

The spoiling or dumping of these valuable, salvageand environmentally hazardous
asphaltic materials was effectively reduced by 90E80%.

Re-use of these asphaltic products, by reclaimmdy recycling it to form £15% of the
mix of new asphalt production, effectively redudbd aggregate production by +20%,
the bitumen binder usage by 5% and the overall fiselge (less aggregate production,
etc.) by +10%.

Re-use of these recycled asphaltic products agacsg on lower quality/standard roads
(100% re-using realised) effectively reduces newregate production by 100%, fuel
using by +80% (limited haulage on-site, no re-hegtno aggregate production or paving
cost) and binder usage by 80% (only lone fifth @fvrbinder sprayed in to enhance re-
bonding).

6.2 Long Life Asphalt Shoulder mixes:

It is envisaged that the use of slightly more expenshoulder asphalt surfacing layers
(‘carbon black’, modified for enhanced durabilitglt +3% higher initial cost, on three
major contracts to date, will extend the estimdifdspan of the mix by £50%. This
translates to a lifespan of 20 years as opposé@® tgears. On a discounted, net-present
value-base, this reduces cost and resources (adgregtumen and fuel) over time by
+35%.

6.3 Extent of Project Implementation and Futurelémgentation

The implementation process stretched over fiveelgsgpjects at OR Tambo International
Airport between 2006 and 2009 namely:

Hotel Taxiway Rehabilitation: 30 000 tons of nesphalt containing 10% old recycled
asphalt were placed in 2006;

Yankee Taxiway and runway O3R/21L Rehabilitatiod0& 000 tons of new asphalt
containing +15% old recycled asphalt were place@@®7 +15 000 tons of long life

shoulder asphalt layers placed;

Alpha/Bravo Taxiway Rehabilitation: 50 000 ton éw asphalt containing 15% old
recycled asphalt were placed in 2008 £10 000 téhsny life asphalt placed on shoulder
areas;

New Construction of Airside Ring Road North and dside Permanent Haul Road:
+30 000 tons of recycled asphalt was re-used addgbsurfacing/base layer (100% re-
used) on sections of the new Airside Ring Road IWNamd the permanent haul road
constructed for the Midfield Apron construction aré his resulted in 90% reduction in
new aggregate and 70% lower cost to ACSA.



In addition, further strategic and innovative teclogies, based on the success of
these pioneer projects, were formulated. Theseamidible OR Tambo International Airport
to meet the following sustainability/environmenyaeneficial targets on their next 10 year's
intended projects:

* 33% reduction in aggregates for asphalt layers@£HID ton reduction);

* 22% reduction in bitumen binder for asphalt layefs 500 tons reduction);

* 22% lower fuel and C®emissions or a reduction of £8 000 trees equivalEnobtain
carbon neutrality).

7 FUTURE IMPLEMENTATION STRATEGY AND PRODUCT STUDI&

This initiative is planned to be replicated at mithe ACSA Managed Airports (including
Cape Town International and Durban Internationatpét) and the following strategy are
foreseen:

» The feasibility of each alternative product/desigrbe evaluated on a project to project
basis.

» All asphalt to be recycled with a minimum of 30% lie added back in new asphalt
layers;

» All base layer asphalts to be either High Modulepialt or to make use of other long-
life asphalt design methodologies in order to redagerall material consumption over
the long life cycle cost comparison period (firgltsection implemented in 2009);

» Foam Based Warm-Mix-Asphalt to be used on all raading/non-critical areas
(shoulders, low performance on outer edges of ryswand taxiways) and trials on
loading areas. Application on loading areas twfelafter trial verification.

» High Modulus Asphalt as Apron Base layers: Theaeiplg of more expensive concrete
base layers on aprons with innovative high stiffnesphalt base layers will reduce
carbon-dioxide output and therefore significandguce environmental impact due to the
lower carbon footprint (and lower costs) of asphaltoncrete.

8 SUMMARY AND CONCLUSIONS

Airports Company of South Africa has explored vasiooptions to align construction
processes and designs with lower environmental ¢t and more sustainable resource
usage.

Innovative implementations of sustainable resourtdesation solutions stretched over
four major projects and consisted of the reseadevelopment, testing, verification and
implementation of various design methodologiesgptral or long life pavement design) and
innovative alternative products (Recycled Asphatltt-Mixes; Recycled Asphalt In-situ
Surfacing layers, High Modules Asphalt as subsifot concrete layers and or thick asphalt
base layers, Foamed-Based Warm-Mix Asphalt, Lorig Ciarbon Black Modified shoulder
mixes).

The projects summarised in Table 6 below wereessfally implemented over the last
four years:



Table 6:

Projects where Sustainability Enhancinghfielogy were Implemented

] ] Cost Saving/
Project Innovagv:scl?r?‘;stligr;]/product Sustainability Benefit Obtained Premium Note:
R10= €1)

Hotel Taxiway
Rehab (2006)

Use of recycled asphalt in
new plant Hot Mix Asphalt
(HMA)

Saving of 10% (3 000 tons) new aggregate,
5% new bitumen binder (75 tons)

R1 million savings

Yankee Taxiway
(and RWO3R/21L)
(2007)

Use of recycled asphalt in
new plant HMA and long
life shoulder designs

Saving of 15% (15 000 tons) new aggregate,
5% new bitumen binder (250 tons)

R3 million savings

Alpha, Bravo and
India Taxiway
Rehab (2007/8)

Use of recycled asphalt in
new plant Hot Mix Asphalt
and use of long life shoulde
(carbon black) mixes in
untrafficked areas

Saving of 15% (7 500 tons) new aggregate,
5% bitumen binder (250 tons) for Recycled
AC; 5 000 tons aggregate, 300 ton bitumen
binder and 50 ton fuel (150 ton @&aving
for long life shoulder component

R3 million on long

R2 million savings
on Recycled
Asphalt;

life mixes

Airside Ring Road
North

Use of recycled asphalt as
new surfacing mix for Ring
Road and Haul Road

Saving of 100% in asphalt surfacing (3 500
tons aggregate; 150 ton bitumen binder; 30
fuel or 90 ton C@emissions)

toR3 million savings

Current design and new innovative methodologieseldped over the last year, ear-marked
for implementation in the next 10 year projectddhbe following additional benefits:

Table 7:

Current and Future Sustainability Enhagd¢implementation at ORTIA

Standard Product Base Valuesfor 10 Year

Projects

Combined Advantages of Selected
Innovative products Technologies’

% of Standard
Product Base

Values
* Rehabilitation cost R500 million R101 million lower cost 20% lowelr
* New Project Costs R1 000 million R222 million lower cost 22% lowelr
» Aggregate usage R1.5 million tons 0.5 million ton reduction 33% lower
e Binder usage: 5 000 tons 16 500 ton reduction 22% lower
Fuel usage: 12 000 tons 2 600 ton reductio 22% lower

CO, usage (or Tree Equivalents for €O

Neutralising)= 36 000 tons (or 36 000 trees)

8 000 ton reduction (8 000 trees)

22% lower

FInnovative products/technology includes Recycleghsdt, High Modulus Asphalt, Foamed-based Warm Mix
Asphalt on shoulders, Recycled Asphalt (100%) wegcourses and long life pavement technology).

Based on this study, ACSA has incorporated thasgegies to utilise the Phase 2 and
Phase 1 design methodologies and products on ecpitoy-project merit base as of 2010.
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