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CONVENTIONAL ROAD CONSTRUCTION IN AFRICA

THE IN APPROPRIATENESS OF TRADITIONAL METHODS
Sub-Saharan Africa has approximately 700,000 kilometers of rural roads,
with half of them in poor condition.
Traditional approaches to the
provision of low-volume sealed roads have stemmed from technology and
research carried out in Europe and the USA over 40 years ago in very
different environments. Locally prevailing circumstances are usually
very different in terms of climate, traffic, materials and road users. It is
therefore not surprising that many of the imported approaches, designs
and technologies are inappropriate for application in the region.
Technology, research and knowledge about Low Volume Sealed Roads
(LVSRs) have advanced significantly in the region and not only question
much of the accepted wisdom on LVSR provision but also show quite
clearly the need to revise conventional approaches. Unfortunately, there
has been little effective dissemination and uptake of the results of
research carried out in the Southern African Development Community
(SADC) region.

WHY SEALED ROADS?
The substantial length of unsurfaced, particularly gravel, roads in the
region is becoming increasingly difficult to sustain in that such roads:
impose a logistical, technical and financial burden on most road
agencies due to constraints on physical, human, financial and
natural resources
require the continuous use of a non-renewable resource (gravel)
which is being seriously depleted in many countries and, in the
process, is causing serious environmental problems

A new approach
“The successful provision of a
low-volume
sealed
road
requires ingenuity, imagination
and innovation.
It entails
“working with nature” and using
locally available, non-standard
materials and other resources in
an optimal and environmentally
sustainable manner.
…Extract
from
the
SADC
Guideline to Low-Volume Roads
2003

Re-graveling of roads takes place approximately every 18 months or after a particularly heavy rainy season.
Failure to observe the optimal timing for sealing gravel roads can be very costly to national economies, not
only in terms of incurring excess transport costs but, also, in the continuing excessive maintenance burden
and adverse socio-environmental effects. This provides a strong impetus for policy change and the adoption
of alternative, cost-effective, surfacing strategies.

www.multiseal.co.za

Tel: 073 612 3922

jaco@multiseal.co.za

2

SMART MATERIALS FROM MULTISEAL SYSTEMS
MultiSeal Systems supplies and develops environmentally friendly Smart Materials for road
construction. These Smart Materials includes in-situ material binders, soil modifiers, asphalt modifiers and
elastomeric mortar admixtures, which are ideal for LVSRs.
Smart Materials challenges the core of conventional road construction and design, by bringing in
unprecedented resilient modulus flexibility, which is needed for Mechanistic-Empirical (ME) road design
calculations. Smart Materials reduce the number of supporting aggregate layers for cement modified
/stabilized flexible and rigid road designs and thereby substantially reducing construction costs.

SOILTECH Mk. III POLYMER STABILIZERS
SoilTech stabilizing polymers are elastomers and do not become brittle when cured. The elastomer is able to
flex under load and unlike cement stabilization, will not crack under excessive loading. Another reason why
sub-base and substrate layered works are virtually eliminated from the road design.
SoilTech MK III stabilizing polymer has been purposely designed to penetrate through the road’s base layer,
into the sub-base layer, via capillary action. This sub-base strengthening process is of significant importance
as we are not only stabilizing the road’s base layer, but also creating a semi-bound sub-base. From a road
design perspective, a strengthened sub-base may negate the need for further layer-works.
SoilTech, in many instances, transforms insitu materials that would normally be classified as unusable or
waste materials, into suitably modified aggregates, for use in base and sub-base layer construction.
With Smart Road Materials (SRM), one can;
Reduce the consumption of quarry aggregate in conventional construction
In many instances in-situ materials can be used
Speed up construction time
Reduce construction costs
Dramatically reduce CO2 emissions
Reduced maintenance – as long as the asphalt wearing course layer is maintained, the structural
integrity of the road will be preserved, with the road pavement remaining rut free and eliminating
the need for base or sub-base maintenance.
These polymer advantages, addresses the pivotal factors influencing road construction costs. SoilTech
stabilized roads, should be at least 30% more cost effective than conventional road designs.
Smart Road Materials are technological advancements in nano-polymer technology that drive innovation in
new construction methodologies.
The Resilient Modulus (MR) is a measure of subgrade material stiffness. A material’s resilient modulus is
actually an estimate of its modulus of elasticity (E). While the modulus of elasticity is stress divided by strain
for a slowly applied load, resilient modulus is stress divided by strain for rapidly applied loads – like those
experienced by typical roads. This critical relationship of structural strength and high yield strain (elastic
modulus), differentiates SoilTech Mk. III polymer technology from conventional cement stabilization.
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Structural strengths achieved with SoilTech polymer stabilization, exceed international single axle loading
(80kN) standards by several hundred percent. A further major design benefit of SoilTech polymer, is the fact
that although very impressive load bearing strengths are achieved, the elastomeric properties of SoilTech
also provides unsurpassed tensile performance, for road stabilization. Engineers are now able to reduce the
number of supporting layers, traditionally used to support conventional rigid or flexible pavement designs.
SMART MATERIAL ENABLERS
SoilTech Mk. III, a third generation polymer binder, is a stabilization agent specifically designed for base and
sub-base stabilization. SoilTech has been extensively tested with 1in-situ materials in various parts of the
world.
SOILTECH & CEMENT STABILIZATION
Characteristics

SoilTech Mk. III Polymer Stabilizer

Conventional Concrete Stabilization

BASE LAYER
Stabilization
Characteristics

SoilTech polymer gains strength from
mechanical compaction, initially by a
heavy roller and thereafter compaction
by vehicle loads.
The road is opened to traffic 24 hours
after stabilization and sealed with a
wearing course after five days

2Concrete

Tensile Strength
and
Loading
Characteristics

High Tensile Strength
Elastomeric (flexible) properties of
SoilTech will ensure that the base layer
does not crack under excess loading.
Supporting layers are not normally
required

Low Tensile Strength
Concrete stabilization although strong is nonflexible and rigid and will crack and breakup
under excess loading. For this reason strong
supporting layers are required

Sub-Base
Strengthening

Although only the base layer is
stabilized, SoilTech has been purposely
designed with different sized polymer
particles, allowing the smaller nanoparticles to migrate into the in-situ subbase layer via capillary action. The subbase layer strength will be improved by
a minimum of 50% with 90 days of
stabilization.

To strengthen the sub-base a lower quantity of
cement, typically 2%, will be mixed into the
sub-base. This is assuming that the sub-base
material is suitable for cement stabilization.
Alternatively, borrow-pit material will have to
be imported.

Time Delays

stabilization is a chemical reaction
curing process which needs time to cure,
typically 4 weeks to reach 90% of strength
Stabilized roads normally remain closed for 28
days and then sealed with wearing course

Concrete stabilized roads will marginally,
continue to improve in strength for up to 12

1 Lab testing of all materials prior to road design is highly recommended, especially grading modulus and
plasticity index.
2 Concrete is a composite material composed of coarse granular material (the aggregate or filler) embedded in a hard matrix
of material (the cement or binder) that fills the space among the aggregate particles and glues them together
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months

Maturing
Longevity

&

Regular DCP reports will confirm
continuing strength improvements for
up to 12 months.
SoilTech being elastomeric by nature
does not crack or become brittle, as it
matures.
SoilTech’s high tensile
strengths will ensure that the stabilized
layers
substantially
outlast
comparatively
designed
concrete
stabilized roads.

Concrete has a very low coefficient of thermal
expansion and shrinks as it matures.
All
concrete structures crack to some extent, due
to shrinkage and tension. Concrete that is
subjected to long-duration forces is prone to
creep.

FACTORS INFLUENCING SOILTECH POLYMER STABILIZAION
Smart Materials are not miracle products and normal engineering diligence needs to be applied. Major factors
influencing stabilization results are:

Item
i.

Factor
Material or Aggregate

Comments
It stands to reason that the better quality of aggregate used, the better
results will be. Having said that, SoilTech has been designed to work
with 3marginal materials.
Ideal Materials;
i.
ii.

Plasticity index of 10 (will work with P.I of between (0 – 16)
Decent grading modulus (will work with mixed grading of <2mm)

Problem Some Materials;
i.

ii.

Percentage of SoilTech
polymer applied

Normally SoilTech would be applied at 0.5% per MOD of the material
i.
ii.

iii.

Compaction

material with very poor grading modulus– single sized particles
that are non-plastic

Where materials are poor, a higher dosage of SoilTech stabilizer
is recommended. Perhaps 0.75% - 1.5% per MDD
Modify SoilTech with higher dosage of cross-linking polymers

Compaction is critical. SoilTech polymer binders do not form chemical
crystallization bonds such as concrete when curing. SoilTech needs
mechanical compaction.
One needs above average heavy compaction at OMC level, using a 12
ton vibrating roller or heavier.

3 Insitu materials can be modified by mixing various types of insitu materials. Prior lab testing is very important.
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POLYMER ENDORSEMENTS
•

Prof. Alex Visser
Professor – University of Pretoria, South Africa
Designed 10-15 Million Single Axle (ESAL) Road Design for India using SoilTech Mk. III
polymer from Polyroads

•

Prof. S.K Rao
Professor – Indian Institute of Technology, Kharagpur
“several stabilization compounds have come into existence. The new-technology
stabilizers are polymer-based, some in liquid form and some in powder form. The
polymer creates more stable compounds giving longer performance than conventional
stabilizers like cement or lime.”

TYPICAL INSITU MATERIAL STABILIZATION RESULTS
Table 1. - Anadarko – Northern Mozambique, Africa
The following lab reports are typical of various materials stabilized with SoilTech Mk. III polymer;
Table 1 – reflects CBR results from sandy material from Northern Mozambique, stabilized with
SoilTech polymer. The results show CBR results after 15 days. However, SoilTech polymers will
continue to strengthen, as evaporation of surfactants occurs, for a period of up to 12 months.
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TYPICAL INSITU MATERIAL STABILIZATION RESULTS

Table 2. Kalahari Desert, Northern Cape, South Africa . Test results on non-plastic materials.
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Table 3. Moamba Road, Maputo, Mozambique
Moamba Road consists of good G5 gravel material from a local quarry. Material kept washing away
in the rain, until stabilized with SoilTech Mk. III polymer. Note increase sub-base strength.

ORIGINAL

Average analysis
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DCP Report - Average analysis
Region:
Project date:

Mozambique - Moamba Test Road - Stabilized AreaRoad number:
24 July, 2013
Print date:

100m Stabilized Area
25 July, 2013

Measurements included in analysis
Measurement Names
Stabilized 1
Stabilized 2
Stabilized 3

Measurement Date
24 July 2013
24 July 2013
24 July 2013

Ave. Design Structure Number in blows (DSN800):

Rut Limit:
Structural capacity (MISA):
(MISA = MIllion Standard Axles, 80 kN)

Position
1 - SHL
5 - MID
9 - SHR

Distance (km)
25
50
75

Condition
Sound
Sound
Sound

Rutting
No
No
No

Pumping
No
No
No

Long. Crack
No
No
No

Croc. Crack
No
No
No

296

Selected DCP Design Curve:

Heavy traffic

20mm
13.4

Road catagory
Base type:
Moisture condition of base:

C
Granular
Optimum

Deform
No
No
No

Other
No
No
No

Average equivalent strength (Existing Pavement Structure)
Depth
(mm)
0 - 160
161 - 320
321 - 480
481 - 640
641 - 800

W. Ave. Pen. *
(mm / blow)
1.58
2.95
7.87
9.47
9.47

Blows
119
62
39
38
38

SD
(mm / blow)
0.3
0.6
1.7
0.0
0.0

80P
(mm / blow)
1.9
3.5
9.3
9.5
9.5

CBR **
(% )
208
104
30
24
24

UCS ***
(kPa)
1647
891
298
242
242

Ave. E-Moduli
(MPa)
686
353
125
103
103

E-Moduli Range
20P - 80P (MPa)
576 - 3537
296 - 1810
105 - 648
103 - 1
103 - 1

* Weighted average penetration rate
** California Bearing Ratio - calculated from weigthed average penetration rate
*** Unconfined Compressive Strength - calculated from weigthed average penetration rate
P = Percentile value in %

Project file: C:\Program Files\WinDCP51\Mozambique - Moamba Test Road - Stabilized Area
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Table 4. Kuwait – Desert Sand. Non-plastic material
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Construction & S tabilization
The road was stabilized to a depth of 150mm, with a
SoilTech polymer application of approximately 0.5%
per MOD of the road aggregate.
Construction Time for 10 Kilomters
In the region of 8 weeks
Note: Tables below – 01/11/2010 is the control reading
Date
01/11/2010
26/11/2010
24/04/2011
15/02/2012

5 Km Section
CBR
51
62
152
211

UCS
E7 modulus
477
195
569
231
1245
486
1668
698

5 Km Section CBR
250200150-

5 Km Section
CBR

10050001/11/2010

Date
01/11/2010
26/11/2010
24/04/2011
15/02/2012

01/11/2011

3 Km Section
CBR
51
89
197
198

UCS
E7 modulus
477
195
779
311
1568
643
1573
646

SoilTech polymers will continue to strengthen for
a period of up to 12 months from the initial
stabilization date.
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SMART MATERIAL ROADS

Zeiss Road, Johannesburg (1998)
150mm Polymer Stabilized 10 mm Chip & Spray Seal

Bita – Kingankati Road , DRC (2014)
150mm in-situ material stabilized with SoilTech & 30mm
AsphalTech Wearing Course

Kinshasa road to prison , DRC (2015)
150mm in-situ material stabilized
www.multiseal.co.za

Tel: 073 612 3922

D9 Malkerns Road, Swaziland (2014)
150mm in-situ material stabilized with SoilTech &
30mm AsphalTech Wearing Course
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SOILTECH Mk. III. POLYMER - STABILIZING & PERFORMANCE

i.

Base Layer Stabilization
As mentioned previously, SoilTech Mk. III polymer has been purposely designed to migrate via
capillary action into the base layer. SoilTech has been designed with multiple particle-sized nanopolymers coated with micro surfactants in order to lower surface tension and to utilize water as a
medium to penetrate into the sub-base layer.
Typically the base layer will be ripped to a depth of 150mm. SoilTech polymer, at a ratio of 0.5%
per MOD of the material will then be poured into a water bowser and mixed with water. Further
water will be added to the base layer, in order to bring the material to optimum moisture content.
Once OMC is achieved the base layer is profiled and compacted as close to 98% optimum as
possible.
Through capillary action, the smaller SoilTech particles migrate from the damp base layer into the
sub-base layer.
The result is a secondary stabilized layer, even though only one layer has been mechanically
stabilized. Effectively, this allows for a two-layer road design. To ascertain the potential
strengths from the base and sub-base materials, one would collect in-situ material samples and
have these tested in labs, with various percentages of SoilTech polymer, and complete a sieve
analysis, Atterberg limits, CBR and UCS tests (TMH1: A1-A5)

ii.

Sub-Base Stabilization
Structural strength into the sub-base layer is dramatically increased. CBR strength increases are
determined by the quality of the layer material.
The following graphs illustrates typical structural strength increases in the base-layer (treated
with SoilTech polymer) and sub-bases layers (SoilTech migration), in a haul road environment on
a South African mine, where 350 tonne haul trucks are common.
It must be noted that this phenomenon is not restricted to haul roads, but is empirically observed
in all instances where SoilTech stabilization is implemented.

The tables on the following page shows typical empirical structural strength increases in base and sub-base
layer, even though only the base layer has been stabilized with SoilTech Mk. III polymer.
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Table 1. Nkomati Nickel Mine
Road Stabilization - Structural Improvements
Testing Average Series 1 Base Layer

CBR
UCS
E-Modulus

Testing Average - Series 1 Sub-base Layer
Base Layer
Stabilized
150mm
164
1337
520

Base Layer unstabilized 150mm
41
397
164

1500
1000
500
0

Base Layer
un-stabilized
150mm
Base Layer
Stabilized
150mm

CBR
UCS
E-Modulus

1000
800
600
400
200
0

Testing Average - Series 2 Base Layer

CBR
UCS
E-Modulus

1400
1200
1000
800
600
400
200
0

Base Layer
un-stabilized
150mm
Base Layer
Stabilized
150mm

CBR
UCS
E-Modulus

1200
1000
800
600
400
200
0
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Sub- Base Layer
un-stabilized
150mm
Sub-Base Layer
Stabilized
150mm

CBR
UCS
E-Modulus

Sub-Base Layer
Stabilized
150mm
98
847
337

Sub- Base Layer
un-stabilized
150mm
44
415
171

1000
800
600
400
200
0

Testing Average - Series 3 Base Layer

Base Layer unstabilized 150mm
41
391
162

Sub-Base Layer
Stabilized
150mm
110
938
371

Testing Average - Series 2 Sub-base Layer
Base Layer
Stabilized
150mm
160
1308
509

Base Layer unstabilized 150mm
41
397
164

Sub- Base Layer
un-stabilized
150mm
44
415
171

Sub- Base Layer
un-stabilized
150mm
Sub-Base Layer
Stabilized
150mm

Testing Average - Series 3 Sub-base Layer
Base Layer
Stabilized
150mm
132
1101
432

Base Layer
un-stabilized
150mm
Base Layer
Stabilized
150mm

Tel: 073 612 3922

CBR
UCS
E-Modulus

600
500
400
300
200
100
0

Sub- Base Layer
un-stabilized
150mm
46
435
179

Sub-Base Layer
Stabilized
150mm
60
547
222

Sub- Base Layer
un-stabilized
150mm
Sub-Base Layer
Stabilized
150mm
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SoilTech – Road Design Example

500 Shoulder

3000 lane

3000 lane

500 Shoulder

25 mm Single seal
150 mm Base
150 mm sub-base

BASE: 150mm G6, mixed with 0,5%
SoilTech Polymer to op mum MOD
AASHTO Density

Fill layers compacted in 150mm
layers and prepared to 90% MOD
AASHTO Density

Natural ground Line

Sub-base fill material. 150mm
layer compacted to 90% MOD
AASHTO density. Polymer
migra on from base layer will
strengthen 150mm layer

SoilTech Road Design – Indian Road Congress – Material with CBR of 5 & 20 MSA

1.50m
UNPAVED
SHOULDER

7.50m
CARRIAGE WAY

1.25m
1.25m
MEDIAN

7.50m

1.50m
UNPAVED
SHOULDER

CARRIAGE WAY

CL

-2.50%

-2.50%
250

100
PCC

BC 40mm THK
DBM 100mm THK
WMM 250mm THK
GSB 300mm THK
SG 500mm THK
EMB. AS PER PROFILE

PCC

7.00m
EXISTING ROAD

X-SEC. AS PER IRC - 37, DESIGN CRUST

X-SEC. AS PER ALTERNATE CRUST DESIGN

(CBR -5 & MSA -20)
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BC 40mm Thk
DBM 50mm Thk
Stabilized Base Layer 150mm Thk
GSB 200mm Thk
SG 500mm Thk
EMB. AS PER PROFILE

(CBR -5 & MSA -20)
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iii. SoilTech Application Quantities

Assuming that the M.D.D of the material is 2 000Kg per ton and that the material is found to be
acceptable, or has been modified with imported materials:

Table: SoilTech Application Rate per Kilometer (7m wide)
Application

Stabilization
Depth

SoilTech
Quantity m2

SoilTech per Km
(i.e. 7 000 m2)

4SoilTech

150mm

1.5 x litre

10 500 litres

applied at 0.5%
per M.D.D of material

iv.

Pre-Support Services
Will complete multiple Dynamic Cone Penetrometer (DCP) tests on various sections of the
road to ascertain subgrade CBR strengths & to establish a base-line for base-layer and subbase layer strengths
Soil analysis and testing for suitability (modify if necessary)
Lab testing to ascertain expected structural strength of road materials stabilized with
SoilTech MK. III

v.

Services During Construction
Onsite Polymer specialist will supervise the application of Smart Road Materials to ensure
quality control, correct mixing and application
Advise on any issues that could affect the performance of the road
Provide the necessary skill transfers and certify construction teams in the application of
Smart Road Materials

vi.

Post Support Services
Complete multiple DCP tests 30, 90 , 180 and 365 days after road stabilization and to
document structural strength improvements
Submit structural strength reports to the customer

Packaging
SoilTech is normally shipped in 1 000 litre totes. One 6 m container will accommodate 20,000
litres or product. Alternatively, one can load 32 tons of product per inter-link truck, for deliveries
by road transport
viii. Delivery
One week from placement of order. Higher volumes maximum 10 working days
vii.

Storage Lifespan
If goods are stored under shade – 12 to 18 months
If stored in direct sunlight – 6 to 8 months

ix.

Where materials are found to be substandard, it would be recommended that SoilTech application is increased to
0.75% to 1.5% of M.D.D of material
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