Session 2

Surfacing and Pavement
Options

Points to Consider

The use of local materials

When unsealed surfaces are appropriate and
when they are not.

The advantages and disadvantages of each
pavement option
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Unsealed Surface Roads

Engineered Natural Gravel Wearing Course
Surface Roads - ENSRs Roads - GWCRs

Kace otbl ¢F

ENSRs

Advantages

Low initial materials
cost

Can usually be
constructed with local
labour and plant

Suitable for light basic
access traffic

Suitable for local
managment

Kace otbl ¢F
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ENSRs

Disadvantages

eUnsuitable for
medium to high traffic

eSusceptible to erosion
by flooding or rainfall-
terrain combinations

eDust hazards

eHigh input of low-level
maintenance

GWCRs

SEACAP research in Vietham has identified limits to
the sustainable use of GWCRs in terms of :

long hauls, high rainfall, high traffic, poor material,
steep gradients, flooding, poor construction practices

and lack of maintenance capacity.
.

otbl
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GWC use can be assessed in terms of gravel loss:
Greater than 20mm/yr becomes unsustainable

Low Low Inland Rolling | Mountainous
delta/coastal | delta/coastal Flat small hills
Subject to Minimal
flood flood
1. Basic 40 25 30 20 35
Gravel Loss
(mm/year)
Key Regional | Poor quality | Poor quality Poor Gradient Gradient
Factor material material quality [ 5 404 45 2-4%: +5
2. Adjustment | +15mm/year | +5 mm/year material mm/year mm/year
to Basic Loss +10 4-6%: 4-6%: +10
forFRegt]lonaI mm/year +10 mmiyear
actor mm/year
3. -30% -30% -30% -30% -30%
Maintenance
’i guaranteed

There "Must be Appropriate Use of Materials

Gravel Loss Comparison
188 /Unsealed coarse
l gravel surface
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?’g 70 | Northern Hills: /
E 60 | Vietnam
E 50 Unsealed Lhteritic
3 40 1 / Gravel
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& 20 / Low lying Nlekong
10 / / Delta
0 A/ 1 1 1 ' 1
0O 10 20 30 40 50 60 70 80 -
m Gravel Loss/Year (mm) =
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Unsealed GWCR Use

Where specified quality material is locally available for
construction and maintenance

Where road gradients are less than 4% in medium
rainfall areas and 6% in low rainfall areas

Where adequate drainage is in place
Where an appropriate maintenance regime exists

Where flooding is only a minor local occurrence

Where traffic is below 200 motor vpd equivalent

Kace otb @

GWCR Advantages

Proven performance in tropical and sub-tropical,
gravel-rich environments

Suitable for light to medium traffic

Usually lower initial cost than most other surfacing
options

Can be used as an intermediate surface in a planned
and resourced ‘stage construction’ strategy

Kace otb =
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GWCR Disadvantages

May occur in limited natural deposits of variable quality
Subject to unsustainable gravel loss (>20mm/yr) when
use in inappropriate environments

Essential to have a sustained maintenance programme
and regular re-gravelling to replace gravel loss.

Dust pollution in dry weather. Health & -Environmental
concerns

Traffic, climatic and longitudinal gradient (<6%)
constraints on use

Kace

&

Gravel LVRR Summary

Until recently, the commonly applied
solution for improving rural access in
developing countries was to provide
gravel roads. Superficially, the attractions
looked convincing; low initial road cost,
all-weather access and simple technology
However there significant shortcomings
associated with gravel roads in the region
that have become apparent.
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Appropriate Use of Gravel

The research has clearly indicated that there
are appropriate uses for suitable quality
laterite, colluvial and alluvial gravels:

o As an unsealed road surface or shoulder
material in certain road environments

o As a base or sub-base material

o As atemporary road surface within a
staged construction programme

Kace otb -

Flexible Sealed Pavements

Seal
FIFFFFFFFFFFFFFFA
T
Graded crushed Base
stone T,

Weathered rock
gravel
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The principal seal options :

=Bituminous emulsion stone chip seals, these
can be either single SBST(E) or double
bituminous surface treatment, DBST(E).

"Hot bitumen double or single chip seals (SBST,
DBST)

=Bituminous emulsion sand seal, SS(E)

=*Bitumen penetration macadam, (PenMac)

*OTTA seal
Kece &

Seals

"J"*.-.I-— - o

DBST A
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Chip Seal

Otta seal uses a graded aggregate instead of
the generally used one sized crushed rock
aggregate and allows the use of relatively inferior
and cheaper, naturally occurring, unscreened
gravels.
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Use of Emulsion

Principal Advantages

Provide safer handling by avoiding the need to heat the
bitumen to a high temperature, and it is not flammable.

For application using labour-based methods, bitumen
emulsion is the safer and easier to use option|

Principal Disadvantages

Availability may be limited.

Shorter storing time. Emulsion must be used within 3
months of manufacture and regularly agitated (rolled if
stored in drums) to prevent premature separation of the

components.
EDUCONS|

Kace

Stabilised Bases and Sub-Bases

Sub-standard materials may be effectively improved in
order to increase strength and bearing capacity by
treatment with an additive such as cement, lime, bitumen
or mechanical stabilisation (or blending).

Soil Properties
Type of
Stabilisation More than 25% <0.075 mm Less than 25% < 0.075mm
PI<10 10<PI<20 | PI>20 Pl < 6; PP <60 PI<10 | PI>10
Cement S S M S S S
Lime M S S X M S

S: Suitable M: Marginally Effective X: Not Suitable

Kace

EDUCOMS
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Lime and Cement Stabilisation

Utilises locally available
materials

Can use locally available
agricultural equipment
for mixing.

Less curing time for
cement than needed than
for lime stabilisation

Difficult to construct
during the rainy seasons.

Specific care needs to be
taken to complete
mixing, correct moisture
addition and adequate
curing.

Limited time available for
final compaction and
shaping after mixing is
completed.

otb
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Stabilised Bases and Sub-Bases
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Mechanical Stabilisation

Utilises locally available
materials with little
haulage.

Not effected as much by
rain during construction
as lime or cement
stabilisation

No significant health and
safety issues

Testing programme
required to identify mix
proportions.

Requires careful control
on mixing operations.

Non Stabilised Bases and Sub-Bases

plasticity of its fines.

In areas where there is an adequate supply of good
natural gravel or crushed stone, the use of non-
stabilised, or unbound, granular base and sub-bases
is appropriate. drainage, or impervious layer.

The internal factors governing the engineering
performance of an unbound gravel aggregate are the
engineering behaviour and geometric properties of its
constituent particles, its mass grading and the

Kace otb
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Non Stabilised Bases and Sub-Bases

= Natural Gravel Base or Sub-base
= Armoured Gravel Road-Base

=  Sand Sub-Base

=  Quarry Run Sub-base

=  Graded Crushed Stone

=  Dry Bound or Water Bound Macadam

Kade otb S

Natural Gravel

Low cost use of locally
available materials

Local contractors well
experienced in using this
option

Requires adequate testing
control on variable natural
materials.

Some natural gravels may
not achieve technical
requirements unless
stabilised

Kade otb S
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Armoured Gravel Road-Base

The intention is the cost-
effective use of suitable locally
available natural gravels, and to
improve them sufficiently to
accept a thin bituminous
surfacing.

An initial component of natural
gravel laid, followed by a
topping or armouring (usually
50-75mm thick) of
crushed/broken stone
aggregate.

Kece otb -

Natural Sand

Potential sub-base
alternative, providing that
laboratory test on grading
and initial site compaction
testing indicate adequate
compaction is possible

Kece otb -
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Quarry Run

“Quarry Run” is used as a
general term to cover naturally
occurring rock and weathered
rock materials excavated from
a quarry or borrow area and
delivered to site without
processing.

Likely to be highly variable in
terms of grading and plasticity
hence would require adequate
control testing and site
monitoring of delivered
material

Kace otbl

GRADED CRUSHED STONE SUB-BASE
Introduction ,
This is not generally used as
an option for rural roads. It
is however a potential sub-
base and base alternative to
Dry/water bound macadam

Key issues on materials

The materials source should be sampled and tested to ensure
it is capable of providing a consistent supply of crushed
aggregate materials that complies with the specified grading,
strength, and shape criteria.

ﬂ_:'r

Kace otbl
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Macadam

A Macadam layer essentially consists of a stone
skeleton of single size stone (usually 35-50mm
nominal size) in which the voids are filled with another
material. The stone skeleton, because of its single size,
has large amounts of voids but has a high shear
strength. If confined properly, a crucial requirement
for macadam basecourses, the stone skeleton forms
the "backbone" of the macadam and is largely
responsible for the strength of the constructed layer.
The material used to fill the voids provides lateral
stability to the stone skeleton but adds little bearing
capacity

Kace otb =

DRY BOUND MACADAM BASE/SUB-BASE |
Description
The dry-bound macadam process
involves laying single-sized
crushed/broken stone of either 37.5
mm or 50mm nominal size with finer,
cohesionless material laid on top anc
vibrated into the voids, without the
use of water. Fine aggregale filler

Coarse aggregate skeleton

The term Waterbound Macadam (WBM) is generally used
to describe a material similar to DBM except that the
fines are “slushed” into the voids.. The slushing process
consists of saturating the macadam layer (coarse and
fine aggregate) by spraying it with water,

Kace otb -
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Block Pavement Options

Block paving is based on the proven ability of
individual blocks to effectively disperse load.
Concrete or clay brick and stone block options have
been adapted successfully as a viable alternative to
gravel or unsealed macadam on low volume rural
roads, especially for high rainfall or steep terrain road
environments.

Blocks are re-usable so that if road base failure
occurs they can be merely taken up, cleaned and
reused after the road-base/foundation has been
repaired.

QQE Otb EDUCONS

FIRED CLAY BRICK PAVEMENT

Description .
This surfacing consists of placing a ok
layer of bricks usually laid on their
longer edge, within mortar bedded and
jointed edge restraints or kerbs on
each side of the pavement. The kerbs
can be brick, concrete or dressed

stone.

0 Brick size may be varied depending on local practice in
brick production provided a brick layer thicness of 100mm is
retained

Q It is essential that "Engineering Quality" bricks are used

and a Vietnamese Standard crushing strength of 25Mpa is
recommended.

Kece otb E[
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Key issues on materials

Q

COBBLE STONE PAVEMENT

scription

This pavement comprises roughly cubic
selected cobble stones of 100-150mm
size being laid to camber between edge
restraints and compacted into a sand
bedding layer.

Rock for cobble stone should be tested to ensure it meets the specified
requirements of compressive strength, Abrasion value and Sodium
Sulphate Soundness

Cobble stones should be roughly cubic in shape and should have at
least one face that is reasonably flat and suitable to be the upper
surface.

The material infilling the spaces between the cobble stones should be a
loose, dry natural or crushed stone material '

Kade otb S
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Concrete Pavement Options

Cement concrete slab
pavements are widely used
to provide a high strength,
durable road surface with
very low maintenance
requirements. However, they
require a good quality non-
erodible sub-base to support
them. They are suitable for
any traffic loading from
bicycles to high flows of
heavy trucks.

Kade otb S
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CEMENT CONCRETE PAVEMENTS

Principal General Advantages

O They have good load spreading properties and are suitable for
weak subgrades

a Can be cost-effective when considering whole life costs

O Low maintenance costs for slabs

Q They are robust and able to cope with high vehicle loading

Q They are resistant to flood erosion

Principal General Disadvantages and Concerns

a High initial investment cost
0 Occasional replacement of bituminous joints as periodic
maintenance.

Kace otb -

Concrete Pavement Options

Three types of cement concrete slab pavement have
been trialled under the SEACAP programme:-

1.Bamboo reinforced concrete pavement
2.Steel reinforced concrete pavement
3.Non-reinforced concrete pavement.

Recent SEACAP research, has indicated that there is
no significant benefit to be gained by the use of
bamboo reinforcing over the use of well constructed
non-reinforced concrete

Kace otb -
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Indicative Cost

COST CONTEXT
Cost per m2 of

Indicative cost US$Km US$/Km pa\t)ement
From To From To
Laterite surfaced road 10,000 15,000 3.3 5.0
Armoured laterite with SBST| 20,000 25,000 6.7 8.3
Armoured laterite with DBST| 22,000 27,000 7.3 9.0
Crushed stone RB & SBST| 23,000 29,000 7.7 9.7
Crushed stone RB & DBST| 26,000 32,000 8.7 10.7
WBM with SBST| 24,000 30,000 8.0 10.0
WBM with DBST| 27,000 34,000 9.0 11.3
Cobble stone with SBST| 28,000 35,000 9.3 11.7
Cobble stone with DBST| 31,000 38,000 10.3 12.7
Un-reinforced concrete 34,000 40,000 11.3 13.3

gﬁ Otb« EDUCOMS

Discussion

What options are most suitable for
Cambodia ?

Regional variations in pavement and
surfacing use?

Kace otb -
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Surfacing and Pavement
Options
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REQHMWInia Unsealed Surface Roads

P .

DNUFMAEINIEREL ENSRs | | BEMOUEIITUY GWCRs

Engineered Natural Surface Gravel Wearing Course Roads -
Roads - ENSRs GWCRs
P>
Kace otb =
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ENSRs
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Appropriate Use of Gravel
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Flexible Sealed Pavements

Seal
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Chip Seal

Sand Seal

Kece otb| @
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Stabilised Bases and Sub-Bases
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Soil Properties
Type of
Stabilisation More than 25% <0.075 Less than 25% < 0.075mm
Pl< | 10<PI< | PI> PI<6; PP < Pl < Pl >
Cement S S M S S S
Lime M S S X M S

S: Suitable M: Marginally Effective X: Not Suitable
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Stabilised Bases and Sub-Bases
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