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Climate change is impacting the globe severely and it is imperative that society responds
in coordinated manner. Over the centuries the road industry has identified water as the
main enemy of roads infrastructure and to cope with that, specific methodologies were
established to anticipate the impact of water absorption by the road material, one of them
being the Atterberg indicators. However, in practice the mechanism of water absorption
is not necessarily replicated in the material testing protocols and time exposure to water
is hardly certain given the advent of climate change. This study was conducted in attempt
to demonstrate that following a rational approach based on nanotechnology with applica-
tion of new modified emulsion, the road industry can significantly improve the ability of
the pavement materials to withstand and adapt to climate change while allowing practi-
tioners to innovate and provide long term sustainable infrastructure that meets an End
Product Specification.
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Emulsion; End Product Specification; Unconfined Compressive Strength (UCS), Indirect
Tensile Strength (ITS).
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1 INTRODUCTION

Over the years the road construction industry has relied on the Atterberg indicators, firstly intro-
duced in 1911 by a Swedish agricultural scientist, to anticipate water effect in soil materials and
adoption of this approach has impacted tremendously the Design of pavement structure and its
performance. With the advent of climate change, especially in a vulnerable climate change coun-
try such as Mozambique, in the downstream of main regional rivers and flood plains, the oppor-
tunity to delve into water effect damage and climate adaptation measures was pursued in an air-
field project widening in the Northern Province of Cabo Delgado, Mueda district, by applying a
novel concepts of Pavement design, in essence constituting an introduction of new pavement ma-
terials that are hydrophobic while satisfying strength requirement as prescribed in the TRH24 -
November 2023 edition by the Department of Transport, South Africa.

The scope of widening airfield width from 24 up to 30m with a new pavement structure as a
complementary asphalt overlaying to the central part of the runway which was already under-
taken, tested this new methodology of Material Compactible New Modified Emulsion, MC-NME,
successfully designed, field tested and proved appropriate for similar sites with a strong potential
to utilise non-conventional materials in the basecourse and lighten the structure and reduce con-
struction cost.

2 PROJECT BACKGROUND

Mueda airfield was constructed between the years 67 and 70 and opened to traffic in 1971 as a
Portuguese military airfield. It is said that the airfield must have been constructed to withstand
Hercules Lockerhead L-100 as a reference aircraft. However, after the onset of military insur-
gence currently underway in the Northern Mozambique which poses a series of logistic challenge
by road, air operations soared including a sudden introduction of Locker head Hercules C-130.

Figure-1: Top view of Mueda Airfield. 50 years after construction, the population have encroached to
the airfield conflicting operations with the day-to-day life.

During colonial time the state of the art in airfield and road pavement was predominantly consti-
tuted of a cement stabilised layers on top of natural gravel, Santos (1967), and invariable with
sand asphalt as a wearing course. This structure could be retrieved from Mueda and Mocimboa
da Praia in Cabo Delgado Province and many other relevant Projects in Mozambique such as the
National Road Nr.1, especially in the southern part of Mozambique where outcrop was problem-
atic and even non-existing in the majority of the situations.

The Government of Mozambique intent, as a matter of emergency, was to assist the logistics in
the area, and therefore commissioned a multi-institutional task force that visited the infrastructure
and recommended a thin asphalt overlay onto the full width as an immediate action. However,
along the course of actions and after a Dynamic Cone Penetrometer “DCP” tests, the lateral parts
of the runway exhibited weak strengths, as per Kleyn (1983), De Beer (1988) and Jordaan (1989)
which implied full-depth reconstruction limited to the lateral 3 meters each side of the runway
width. The widening comprised full pavement reconstruction from selected layer, inspired by an



innovative pavement technology of Material Compactible new Nano-Modified Emulsions “MC-
NME”, which is the object of this paper.

2.1 Original Pavement Structure

The pavement overlay design as a preventative measure for the full width of the runway was an
administrative decision on an emergency and reported in ANE (2022). However, during contrac-
tor’s mobilization, a structural survey was conducted at the entire airfield pavement for which the
Dynamic Cone Penetrometer was very useful, as reported in the ANE (2023), due to high relative
shear stress which alone or in detrimental combination with ingress of water, in a high annual
rainfall area of 1500mm plus, would seriously compromise structural integrity of the pavement,
with a potential risk of permanent deformation and shear failure.

Unfortunately, few weeks after, the evaluated risk proved accurate and runway shoulders showed
localized serious (more than 30mm) permanent deformation on a particular rainy day after a single
pass by a military aircraft Hercules C-130.

2.2 New Pavement Structure

A combination of different aspects of design and implementation ranging from the i) high rainfall
intensity, typical of tropical areas, and therefore a demand for an hydrophobic layer, ii) the intent
to promote the adequate longitudinal junction to the old cemented layer, iii) the speedy of con-
struction, iv) effectively maximization of strength of naturally occurring material comprised of
lateritic soils, among others, has prompted the new technology for pavement design using Nano-
modified emulsions to be adopted.

3 METHODOLOGY

For the application of the new design bringing hydrophobicity characteristics of the stabilized
materials, the established procedure for MC-NME as outlined in the South African TRH24
(2023), was a remarkable inspiring reference. The project was designed after a i) thorough labor-
atory mix designs firstly from readily available Nano-modified anionic Emulsions from undis-
closed source in south Africa and ii) complemented by locally produced MC-NME for laboratory
validation tests and iii) full scale production and laboratory and field trial section to for confirma-
tion.

4 PROJECT EXECUTION

To achieve the desired objective, the methodology was implemented in the following manner:

»  Material assessment through laboratory testing for validation on the applicability of the
new technology. This consisted in material characterisation and strength assessment. The
emphasis here goes to the identification of minerals constituents of the soils from within
the same typical tropical borrow pit with varying characteristics in depth. For stabilisation
with NME purposes, PH of fluids was also assessed.

= Strength assessment in the laboratory through UCS, ITS and test for hydrophobicity.

= Execution of Trial section and control for field confirmation.

4.1 Material assessment

The existing borrow pit located in the vicinity of the Project site is characterized by occurrence
of a soil with a lateritic behavior as per its behavior according to Villibor (2005) rather than the
minerals ration, the so called sesquioxide of iron and alumina ratio, S/R, defined in many litera-
tures and adopted by Gidigasu (2011), resulting in of 7,2 and 3,9 respectively for samples 1 and
2. The area has favorable condition for laterite occurrence given the high annual precipitation,



1500 m per year plus and an average annual temperature of 26 degrees plus and a good drainage
resulting from mountainous area. It is apparent that material has a sudden change in its character-
istics in depth which would regard a stockpiling procedure as a precautionary measure to avoid
materials contamination.

Figure-2: Borrow-pit area with a weathered material char-
acterised by leached materials noticeable in the vertical profile.
The material exhibited high variation in consistency in depth
with some occurrences of calcinated materials which can be
attributed to the remarkable aspect of tropical borrow-pit and
experience would suggest a stockpile during procurement of
soil materials. Materials S/R was calculated as 7,2 for far
deeper down and 3,9, more calcinated one for the top part.

It is widely agreed that coarser materials as per South African materials classification TRH14
(CSRA) would render better strength parameters, although not entirely true specially if chemical
bonding as observed by Jordaan (2017, 2021 and 2022) the proposition was nevertheless referred
as an evaluation criterion in the pre-screening of mix design. Given this, grading envelops for G3
and G4 materials classification were plotted for that reference.

In this context, two samples were exploited namely, sample-1 from the bottom part, 3-7m deeper
as well as sample-2, from the top 2-5m deeper excluding the overburden organic material, for
characterization and compatibility with a Nano Modified Emulsion, also referred as “NME”.

Samples 1 and 2 were subjected to X-R, Diffraction test “XRD”, for identification of type of
minerals contained, test results ass reported in XRD (2023), and rendered slightly different min-
erals composition as expected from pedogenic materials, ascribed from the lateralization process
with feldspars minerals dissolved in the presence of moisture in a typical tropical environment
where relatively high temperature is playing another pivotal role. Grading analysis was investi-
gated and mechanical improvement inspired by the new COTO-Chapter 4 (2020) specification
Draft TRHXX was pursued to the extent possible by improving the coefficient of uniformity (Cu).
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Figure-3: Grading analysis of borrow pit samples 1 (bottom) and 2 (top)

For this borrow pit, quartz (very stable mineral and non-reactive) is the main mineral present
followed by kaolinite (mineral of 1:1 layer) and more than 90% of material comprises these two
minerals, which is typical characteristics of soils in Mozambique, according to authors observa-
tion. Although the complementary minerals range from 1,8-5,2% of same minerals (anatase and



goethite), the difference in strength (UCS and ITS) could be attributed to a relatively high per-
centage of quartz and small in kaolinite clay on the material passing 75 microns sieve.
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Figure-4: Synthesized evaluation of mineral composition of the 2 samples. Source XRD- Pretoria, 2023.

The project is located in an area classified as Aw koppen Geiger and characterised with abundance
occurrence of acidic soils, TRH 24 (20230) which makes it as a potential natural resource for
straight stabilisation with organofunctional silane, wheeler (2005). As such, several fluids were
tested for PH as under:
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Figure-5: Assessment of PH of reference Fluid solutions

It should be registered that low PH values (3,5 -5,5) may increase the rate of weathering and
residue become enriched in minerals containing high proportion of alumina (kaolinite, halloysite,
gibbsite) and titania (anatase and rutile) as per Wheeler (2005). Natural occurring soil was also
tested for mineralogic composition in order to assess the presence of problematic minerals such
as clays, micas, etc. This was done in complement to the traditional test such as grading analysis
and Atterberg indicator in order to assess the durability of material over the design period even in
the presence of water. Incidentally, in 1976, the British Standard has even recommended that the
material mineralogical fingerprint should be part of materials assessment for pavement engineer-
ing and pavement engineering practices is wilfully not adopting it so far.

Given the innovative type of technology at its incipient phase in South Africa and Mozambique
for that matter, there was a considerable interest to delve into the subject. Duplicated samples
were sent for XRD on fractions 75micons as well as 2micron both in Mozambique and in South



Africa. With availability of test equipment for a much greater detail in Mozambique, with XRF
data already obtained and yet to be further analysed.

At first, density was picked as a pre-selection criterion and secondly by Strength achieved for
different mixes combinations. It was interesting to observe that 0% additive (meaning 100% wa-
ter) fluid, gave the highest density around 2,276.5 kg/m®, and for the material sourced deeper
down in the borrow pit, mix-1, the density was 2,225 kg/m3 (for 1,5% additive to the dry soil and
a dilution rate of 87ml additive into 240ml water, while for the material in the upper level, mix-
2, bulk density was 2,200.0 kg/m’ (for 1,7% additive to the dry soil and a dilution rate of 97ml
additive into 240ml water). It was interesting to see that increasing concentration of additive led
to reduction in the maximum bulk density, presumable on account of less dense fluid while more
viscous.

n Ranked MDD's (Kg/m3)
1%
B o -
© N u b b d - o a ~
@ i N 2 2 ¥ ] 4 g0
8 o ¢ 7 g 8 & I E g u
o =1 - - ~ ~ = ~ o -
~N (: o~ o~ ~ I I = ~N
N - I I
0 0 o o o o o o &
MXType: o Q‘oe o A o & o o & o \Q(oe) \Q‘oa \Q‘oa \Q‘o P e \Q(oé
OGN 59 ot I ONCOMNC IR LN DT L L1 AT
PR\ S @ @ @ @@ @ O @
o o oo . oo 2 o“?"jﬁ ufo 2 ok oy o’ b nio a® uJa a® o’ 2® b’ > u’e ° uln a® Ro‘e oo 2 ofo” g ofo P oo i
g™ gh™ 4 5 9,2 SIeT el i
APl el x x\’ ,Lx i P

Figure-6: Maximum Density assessment upon Mod-AASHTO Compaction from several fluid solutions

To increase confidence on this tendency, nine samples were produced for 3 mixes, see
Figure 7, and mix 1@1,5% was preferred one, based on the highest bulk density.
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Figure-7: Bulk density (kg/m?) repeatability

4.2 materials strength assessment and hydrophobicity

For non-reactive fluid as water, density could be used as a selection criterion and although pure
water was rendering highest density, as per figure 6, it would have been incorrect to rely solely
on density, given that NME is a chemically reactive fluid, the ultimate criteria was based on
strength measured by ITS and UCS as per the test protocol indicated in the TRH24. Residual
bitumen binder content is typically in the range of 1,7 to 2,5% while Nano-polymers were tested
in the range of 0,8% up to 1,7%. Ultimately mix-1was the selected one with a conservative margin
or less risky.

Mix design for bitumen material compactible NME was achieved at site production of anionic
SS60 (cationic emulsion is not recommended), by an appropriate soap, blend of caustic soda,



stearic acid and vinex-140 at 0,35%, 0,06% and 1,4% respectively and Nano-modification with
organofunctional silane at 25% into final SS60 emulsion after a 15%, 20%, 25% and 30% Nano-

additive to protect the material from water absorption was tested.
It was noteworthy that significant variation in strength results could be achieved depending on
the source or location of the material in the borrow pit (mix-1: deeper down and mix-2 upper
layer) and type of fluid (characterized by fluid, basically the additive percentage on the dry mass,
1,5% and 1,7%, and dilution ratio, e.g. 87ml additive into 200ml water, etc.) which were all com-
pacted at the optimum compaction fluid content, OCFC. comprising water, bitumen binder and
emulsion soap from emulsion SS60 and additional water for compaction that serves as a carrier
for induction of the binding bitumen in the material, making the right viscous fluid.
One extremely important economic factor was the remoteness of the site (some 3,000 km north
of capital city of Maputo, with road in a poor condition plus 500 from JHB to Maputo, which
leads to absolutely minimum importation of construction materials attractive. For this particular
project, only bitumen, the soap for emulsion production and Nano-additive was imported. Anionic
SS60 was produced on site and Nano modification also done on site and mix established based
on UCS and ITS dry and wet and water absorption check as per TRH24 test protocol. It was also
decided to monitor water evaporation during rapid curing phase as well as water absorption after
4 hours of sample submersion in water. Invariable high water evaporation was leading to high
water absorption probably for reasons of interconnected pores created in the process.
Incidentally during the initial tests with commercial sourced NME even with different soap con-
stituents based on vynsol instead of vinex-140 considerable variation on the results could be ob-
served. Lately it found grounds on similar observation published in the literature, Mshali (2012),
making very relevant the test on material compatibility given the minerals involved for chemical
reaction with NME. This may be attributed to the chemical balances/composition in the bitumen
as a by-product from crude oil distillation and the interaction formed with the quality of emulsi-
fying agent “soap” with the long chain and normally much expensive emulsifying agents normally

reacting better as reported by Murphy (2019).
Mix Design : (Mix-1: 70-0-30 / Mix-2: 60-15-25 / Mix-3: 100-0-0)
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Figure-8: Samples 1 and 2 were subjected to strength test by means of Comprehensive Unconfined Com-
pressive Strength (UCS) and Indirect Tensile Strength (ITS) tests at dry and wet conditions for materials

classification as per TRH24.



Experience indicated that site mixing was advantageous since it enabled any fine-tuning in the
mix to be effective as opposed to a ready to go mix. In addition, a Nano silane Nano polymer was
also tested and all results indicated in figure 8 above.

In accordance with the same figure-8, the sample located deeper, Sample-1, has a much higher
result. Notwithstanding this, other options consisting of a 60% sand blend with 40% 13,2 mm and
another one with 60% sand blend with 15% 13,2mm aggregate plus 25% crusher runner were also
investigated. For the sake of increased confidence in the mix design, sample with 60% soil, 15%
13,2mm, 25% crusher runner was selected, even though, at laboratory tests, sample 70% soil,
30% Crusher runner did provide similar high strength values, especially for ITS testing which
would better qualify the mix for the sub-base layer.

It can confidently be concluded that Density is not a fair indication of strength of material, much
so if different fluids (water or even same additive but at different dilution rate). Strength build
can be understood from two distinctive actions taking place simultaneously, one being the little
thine (Nano additive) coating the soil particles and bringing about hydrophobicity and another
being the interparticle cohesion being promoted by bitumen (2-5 Nano-meters) size of droplets.
From Mohr Coulomb theory, a component of strength comes from soil gradation but a significant
contribution comes from chemical bonds between particles that is promoted by the binding agent,
bitumen droplets in this case. It is commonly recommended that, interparticle cement bonding be
obviated by providing a flexible rather than a rigid one such as the chemical cement and a rela-
tively high modular ratios can be mobilized which contributes to a better performance of the
pavement layer on account of better accommodation of much higher strain at the bottom of the
layer.

It was noticeable that weight variation due to change in water content in the sample would be very
informative in twofold, evaporation during drying phase and subsequent absorption, in case of
wet tests. High evaporation would invariably lead to low strength, presumable leaving open small
channels, interconnected, that would not only reduce strength but also enabling water ingress later
in soaking stage for wet tests. It is believed that non-connected pores would restrain water ab-
sorption to minimum levels and therefore assisting in retained strength, Jenkins (2000).

5 EXECUTION OF TRIAL SECTION AND CONTROL FOR FINAL ACCEPTANCE

Two trial sections were executed on separate sides of the runway and mix-1 comprising i) 60%
soil, ii) 15% aggregate and iii) 25% crusher run was ultimately selected over mix-2 of 1)70% soil
and ii) 30% aggregate or mix-3 comprising solely of soil (100%). Although mix 1 and 2 had
similar laboratory results, figure-8, mix 1 was selected at the discretion of the author given a more
balanced and stable grading 5). One of the objectives of trial section in a road construction is to
test the contractor’s ability to construct the pavement layer as specified and this was achieved
successfully after an initial trial mixing with motor grader only and an improved process that was
achieved by introducing the pre-mixing with road mixer before motor grader for cross blending
with a much better looking of the resulted in-situ mixed material. Conventional compaction equip-
ment was subsequently utilised with a 18ton drum roller making 3 passes followed by pneumatic
tyre roller for final passes and slushing. During finishing of the layer slushing was achieved by
lightly applying a further diluted emulsion and pneumatic roller.

It is worth mentioning that all necessary adjustments were made at the trial section one of them
being the precautionary measure of not overpassing the layers, relatively to a similar water com-
paction process, since the Nano-modified emulsion brings about a lesser energy at compaction.
Since the exposed surfacing was proven hydrophobic both at laboratory compacted samples and
at trial section, it was plausible to expect a refusal to prime coat and this constituted one the
strongest motivation for slushing of top layer with the same Nano-modified emulsion as a finish-
ing process for compaction which left the base surface layer with an exceptional good-looking
mosaic.
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Figure-9: Hydrophobicity phenomenon observed in materials treated with bitumen NME, in b) and c),
exhibiting water repellence and in a) untreated soil totally soaked by capillary and similarly a 6% ce-
mented stabilized sample (even with 800KPa ITS) did absorbed 40mm water after 3min only.

After air curing of the layer, placement of 50mm asphalt concrete was preceded by a light spray
of further diluted Nano-modified emulsion to clean the surface and enrich for adhesion with sub-
sequent asphalt layer and making no need for the conventional tack coat. The runway is in suc-
cessful operation since December 2023.

a) Excavation for full dept  b) Aggregate Spreading c) MC-NME stabilized d) Asphalt concrete Paving
reconstruction by labour based Basecourse

Figure-10: Conventional construction operations

5.1 pavement modelling and mechanistic evaluation

Pavement was modelled Mechanistically and processed in software BISAR 3.0, for primary pave-
ment response parameters (stresses and strains) in critical locations within the pavement, similarly
to the South African established Bitumen Stabilised Materials technology “BSM” as recom-
mended by Liebenberg (2004) at the bottom of 1** and 3™ quarter of the layer and Permanent
Deformation is expected to be the mechanism of failure, Rust (2019). For this, Mohr-Coulomb
theory drives the analysis for which plastic strain criteria is checked in terms of either the Factor
of Safety concept introduced by Maree (1978) or Deviator Stress Ratio (DSR), lately introduced
in the South African, Theyse (2000). Notwithstanding these, it turned out that both were satisfac-
tory in averting a premature shear failure.

It was important to consider that, although it was reported that Airfield was designed for the
Lockerhead L-100, the aircraft fleet being observed comprises L-410 and the CASA-CN295 and
very seldomly Locker head C-130. However, with a clear intent to get a sensitivity of a different
fleet, although not foreseeable, the heaviest operated aircraft by the Mozambique National Airline
company LAM, the Boeing 737 was also introduced in the analysis and unsurprisingly it became
the critical aircraft given its extremely high tyre pressure, as much as double of the C-130, alt-
hough with the similar weight capacity.

In the absence of more appropriate tools for pavement and materials assessment, such as a Triaxial
cell, the situation prompted to be inspired by BSM Mohr-Coulomb strength parameters, cohesion
and friction angle, and values of 225KPa and 35° were selected from BSM?2 category. For obtain-
ing the primary pavement response, Pavement was then conventionally modelled for Mechanistic
Empirical Analysis, using the software and the pair of stresses calculated, O3 (which enabled



corresponding O at failure to be obtained and ultimately the predicted performance indicators,
either as Safety Factor or in terms of Stress Ratio, see Theysee (2000; 2010).
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Figure-11: Mohr-Coulomb Circles inference of materials strength parameters (Cohesion and Friction

Angle): a) For a typical BSM-2; b) Superimposing NME -UCS results; and c¢) BISAR 3.0 output (o1 and
63) for different aircrafts loads.

Although not proved yet, NME failure line was empirically derived by superimposing the Mohr-
Coulomb circle from UCS tested sample (O3= 0) and fitting the failure line by sliding up the BSM
line, thus assuming the friction angle constant (assumption yet to be verified in the triaxial cham-
ber or shear box), resulted in cohesion value in the order of 400Kpa, in the order of maximum
range reported for foam bitumen, TG2 (2002).

It should be warned that this should be viewed as hypothetical cohesion value derived from Mohr-
Coulomb procedure, a model dependent, and not as a realistic. It is also regarded that the state of
the art adopting Mohr-Coulomb theory is also not robust enough to explain similar situations for
unbound granular layers, presumable on account of challenges encountered in determining accu-
rately enough the yield strength of the sample at specific conditions, and common flaws in the
theory do exist whereas tensile stress develops even in a cohesionless materials, that was later
discussed thoroughly by Theyse (2000) who hypnotised that Residual compaction and Suction
Pressure were wilfully obviated from the analysis although these are part and parcel of strength,
especially in an unbound partial saturated material. Until a detailed assessment is conducted, these
strength parameters obtained through steps a), b) and summarised in ¢) cannot be assumed. None-
theless, it is expected that cohesion values increase from typical BSM values, given the chemical
bonding nature and water hydrophobicity of Nano-stabilized material.

5.2 Constructability (Construction and Quality Control)

Construction of MC-NME layerworks was smooth and very compatible with conventional road
building equipment. As a matter of fact, no special equipment was required and it consisted on a
usual construction with difference being a special fluid instead of just water.

Two blending processes were tested, i) the use of motor grader and ii) motor grader in sequence
combination with soil mixer, which proved much efficient with much uniform mix achieved on
account of cross-blending, and it did reduce construction time quite considerable.



As quality control procedures, DCP and Troxler were used for quality control of layer works
during compaction. Another unconventional equipment used at research environment, the Mois-
ture Condition Value “MCV” was also calibrated for controlling fluid content for effective com-
paction and proved relevant and opens up the interest to further research towards a better mix
design using different fluids specially in quality control for compaction using viscous fluids.

Another very important process is the slushing of the top layer which needs to be carefully con-
ducted to promote both increased hydrophobicity as well as good adhesion with bituminous layer
on top either a surface dressing or asphalt concrete. This was achieved after a tested slushing with
a further diluted NME applied just at the finishing compaction was achieved successfully. Alt-
hough not part of a standard recommendation, asphalt concrete was retained from original struc-
tural design and for reasons of convenience in airfield design considering risk to aircraft fuselage
specially at early stages of operation

6 SPECIFIC CONSIDERATIONS

6.1 Technical Comparison

The Nano-modification of emulsion is very effective in turning the so-called marginal material
(if assessed through traditional methods or classification such as the current TRH14) into a usable
one even in the upper parts of pavement structure given its vast improved strength. The ability
of the stabilised layer for flexibility makes the structure competent for overlaying relatively weak
sub-layers or subgrade and therefore reducing substantially the overall thickness of the pavement
structure. It was further observed how easy the layer gets compacted by applying a reduced num-
ber of roller passes. Contrary, heavy equipment in a relatively thin layers was not advised as the
viscosity makes the mix tandem and no ability to retain compaction.

The addition of MC-NME into the pavement structure is promising to elevate the knowledge
in the subject of pavement engineering and change it fundamentally towards a robust one than
traditional approaches since it not only considers the retained strengths but more importantly the
protection of the material from water ingress and even factoring this property at mix design phase
considering the minerals present in the materials and promoting longevity and non-catastrophic
mode of failure. However, one of the challenges involved is the materials compatibility that needs
to be carefully considered from borrow pit exploitation point of view as well as properties of the
anionic SS60 and as a long term benefit it is expected to require less attention during maintenance
period.

6.2 Environmental comparison

Environmental considerations nowadays dictate the best technical solutions in pavement con-
structions and obviating it is probably not responsible and can’t assure investment from Govern-
ments and developing partners. With this novel technology, non-traditional and marginal natural
occurring materials which are in abundance have a huge potential for effective utilisation either
as a sub-base or base, more so in the Mozambican context where 85% plus of traffic spectrum
within the gazetted roads demands relatively light to medium pavement structures but still ex-
tremely vulnerable to climate changes.

The predominant tendency of either cement stabilise the layer works or relies more on impor-
tation of crushed stones (G1 to G3) materials that enhance good physical interaction between the
particles, interlocking, and therefore a high cohesion or even good quality gravel materials, G4,
is not sustainable and the incorporation of MC-NME is a game changer.



6.3 Economic Comparison

Expectedly as a decisive aspect, cost comparison attracts the majority of attention when inno-
vative solutions are analysed which is also apparent in any context of scarcity of resources. How-
ever, it is crucial to track where the cost saving originate from and distinguish all its components.
This will assist in an effective comparison between the traditional and new technology. Compar-
ison should not be solely in material cost and it was noticed during preliminary discussion that
decision makers were tempted to simple compare unfairly and inappropriately the cost of replac-
ing traditional binders such as cement by NME without due cognisance of the subordinated lighter
and less maintenance demanding structure. All in all, the pavements should be compared as a
whole structure, vertically, and all costs and benefits associated with, should be accounted for,
and compared relatively to its Net Probable Present Cost, Jordaan (1985). Although relatively
small size of the project, 2 strips of 3m each and 2,4km long, even with more than 3,000 km, the
two options had similar materials cost. However, it should be registered that a huge economic
contribution, and other exogenous benefits stemming from environmental, social community in-
tegration into the project and many other shadow costs is created to the benefit of the society as a
whole, project saving of 45% plus, as reported by Steyn (2023) in another project. The technology
is more captive of labour-intensive methods as demonstrated in the project and agrees with Jor-
daan (2021), which is crucial in this highly unemployment rate area, arguable one of the reasons
attributed to the military insurgence.

Although in the case of Mueda, a lot of outcrops do exist, the cost is prohibitive and for the
wide parts of Mozambique, such as the south, this resource is simply inexistent.

There are indirect savings since there is no need for transport cost since natural available ma-
terials can be utilised, as revealed in Steyn (2023), which in conjunction with less compaction
effort brought about by lubrication from NME constituents and in cascade, the time and energy
consumption savings associated with, will certainly sky rocket the appetite for it.

7 SUMMARY AND ONCLUSIONS

Pavement building materials in civil engineering practise is characterised by some traditional tests
including material grading, compressibility bearing ratio and Atterberg indicators for which cor-
related performance is from time to time wanting specially in dealing with water long term effect
in the performance. The study delved into this aspect by evolving into material mineralogic com-
position and through a scientific approach, a bitumen anionic emulsion was successfully fine-
tuned with Nano-modification to bring about hydrophobicity and improving water absorption
which was paramount at Mueda airfield area, in Mozambique, given the high annual precipitation
above 1600mm.

The study adopted a novel approach to design of pavements for load bearing capacity with great
economic and environmental consideration by reducing pavement thickness while maximizing
utilisation of naturally occurring soil in the upper layers of a pavement that is also able to cope
with climate changes required attributes.

The study was inspired by the recently launched South African draft TRH24 with a supplementary
guide aiming at an end product specification moving away from the traditional recipe kind of
approach and an input design quantity, giving back and increased design responsibility to Engi-
neers who are expected to perform their duties at their best knowledge acknowledging the specific
site project as anciently done.

Enabling the utilisation of traditionally classified poor materials as a source for stabilisation with
New Modified Emulsions brings about flexibility to accommodate high strains at the bottom of
stabilised layers, essential to bridge weak subgrade layers and establish a failure mechanism that
is not catastrophic and therefore more forgiving for the national budget which can now be plan



ahead for pavement maintenance and/or rehabilitation as a collateral benefit. It was also demon-
strated that the application of NME technology does not demand any special type of equipment
and laboratory or field test but a doubled attention into materials characteristic. Pavement design
can no longer be assembled with a wilful disregard to water influence in long run and strength
and water hydrophobicity supersedes the current emphasis on density assessment in far greater
detail and traditional materials classification for that matter.
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