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FUNDAMENTALS OF CON-AID PAVEMENT DESIGN

1.1. Introduction:

CON-AID treatment is most suitable for poor quality soils containing clayey
material.  Due to the ion exchange and water repellent propert ies of CON-AID,
the treated soil will improve over time in its engineering properties, such as less
water retention and higher strength.  This section concentrates on the design
considerations, the applicability of CON-AID and a guide to its application.

1.2. Design Strategy

The fundamentals of CON-AID pavement design are based on the original
California Bearing Ratio (CBR) method of cover design.  This incorporates
maximum vehicle wheel loads and the cover requirements for the soil strength at
a given depth.  This is clearly distinct from a conventional design based on the
number of heavy vehicles per day concept.  See example AppendixH

A single wheel overload can cause a pavement failure whereas repetitive light
vehicular traffic will increase the streng th (and life) of the CON-AID treated
pavement.

It is essential that, prior to any layer treatment with CON -AID, the design
must provide for adequate cover over the untreated subgrade for the wheel
loads the road is ultimately to carry.

Design Method ( Thickness required)

Hence this is basically a gravel road, there is no proper failure criterion for a
gravel wearing course and the damaging effect of different axle loads on a
CON-AID road are not well known.

The required gravel thickness shall be determined as follows:

a) Determine the minimum thickness necessary to avoid
excessive compressive strain in the subgrade (D1)

b) Determine the extra thickness needed to compensate for
the gravel loss under traffic during the period between
regravelling operation ((D2)

c) Determine the total gravel thickness required by adding
the above two i.e ((D 1+(D 2)

However for the sake of this exercise we shall adopt a thickness of 150mm layer
as the thickness of the layer which can be treated with CON-AID at once.

1.3. Informatio n required for CON -AID

The following information must be collected:



1.3.1. Traffic Assessments:

An assessment of the type of vehicles (especially the heaviest vehicles) likely to
be using the road, must be made.

1.3.2. Present Condition of the Road and its properti es

Dynamic Cone Penetrometer (DCP) tests must be performed to a minimum depth
of 50cm along the length of the proposed (or existing road) at a minimum rate of
5 tests per km or where significant changes in pavement materials are noted.  It
is essential that representative soil samples be collected for reactivity testing.
Notes on the road width, drainage, as well thickness of the remaining gravel
should be made.  The samples must be analysed for Grading and Atterberg
Limits (liquid, plastic limits and plastic index).

The results of these investigations, including DCP tests and visual assessment,
enable the length of the road to be divided into relatively uniform sections for the
purpose of rehabilitation.

1.3.3. Location of Borrow Pits

Existing or possible gravel borrow pits should be identified marked
and noted i.e. haul distance from borrow pit to road entrance and
along the centreline.

1.3.4. Application Rates

The application rate of CON-AID depends upon how reactive the clay minerals
are to CON-AID and the amount of clay present in the soil.  Although clay
minerals are relatively uniform in a specific geological region, the amount of clay
present (at a given place) may vary depending upon the grading sizes of the
material.

Taking the above into account, some additional information and material will be
required by CON-AID Head office.  It is necessary to obtain representative
samples along the road and these must be sieved to determine the grain size
distribution.

This is the procedure to be followed:

 Record the mass of the samples taken over the thickness of the layer to
be treated (15cm)



 Sieve the material on the 0.425mm sieve (should the sample contain
large stones protect the 0.425mm sieve with a 2mm sieve)  (To establish
field application

 Record the mass of the material passing through the 0.425mm sieve.

 These readings should be forwarded to Juanco Contech Ltd Head
office, Juanco Centre, Ngong Road together with a 200 gram sample
of the material passing the 0.425mm sieve.  To establish field application
rate (FR)””.see 2.2.2.

Juanco Contech Ltd  will carry out the reactivity test and advise on the
construction application rate in litres per unit area covered by one undiluted
litre of CON-AID.

Note:
An excessive amount of CON-AID will hamper effect ive compaction and may
increase surface slipperiness. Hence do not over apply. If the problem of
slipperiness is encountered, place a thin layer of 2 cm clean sand or gravel
over the treated area.

1.4. Drainage:

1.4.1 Drainage is vital in all roadway designs.  Poor drainage will lead to a
rapid deterioration of the road surface.  It is, therefore, essential to
provide effective drainage.

Water in a roadway comes from two sources:

 Surface water  from precipitation, such as run -off and flooding.
 Subsurface water  from seepage, high water table and capillary

rise.

1.4.2 Surface water:

   An important consideration in road construction is to prevent water from
   ponding on the surface and, thereby, penetrating into the base or wearing
   course.  The road must, therefore, be shaped with a crown, cross -fall or
   super-elevation on curves of 3-5%.  On unsurfaced roads, a slope of more
   than 5% often leads to erosion.

In flat or low -lying areas it is essential to lift the road to facilitate run -off.

(a) Side drains:

Water, having run off the road, must not be allowed to collect or pond on the
roadside, as it will penetrate into the road¾s foundation.  It is therefore necessary
to drain off this water and any other surface water from areas alongside the road
into side drains.  These side drains should be wide enough to take the expected
flow of water without scouring and eroding.  Flat -bottomed drains are less prone



to erosion than V-bottomed drains.  On steeper grades some form of erosion
protection is essential, such as lining and/or check dams.

(b) Mitre drains:

In order to relieve the volume and velocity of flow in the side drains, it is
essential to provide mitre.

- Closer spacing of flat grades and greater spacing on steeper
grades

- But not so far as to cause excessive flow velocities.

The above spacings may appear to be illogical and some explanation is,
therefore, necessary.

Flat grades are usually in low laying areas collecting large volumes of water from
surrounding higher areas.  Because of the flatness, flow velocities are low.

So we have for the flat grades large volumes and low velocities with potential
pondage.  Frequent relieve (outflow) is therefore required.  Steep grades on the
other hand have less volume with higher velocities so greater spacing can be
allowed.

(c) Cut -off or catch -water drains:

When a road runs in a cut along the side of a hill, water flowing down the hill can
overtax the side drain.  To prevent this from happening it is essential to construct
a cut-off drain at the top of the  cut.  The soil from this drain must be placed on
the downhill side to form a berm (raised/elevated mount).  Such drains must be
suitably demarcated to facilitate essential regular maintenance.

(d) Culvert:

The road structure must not interfere with the cros s drainage of the area. Culvert
lines may, therefore, be necessary.  Attention must be given to their size and
inlet and outlet control.

1.4.3 Subsurface water:

  Common causes of road failures may be a high groundwater level, seepage
  and even springs beneath the road, especially in cuttings.  Experience has
  shown that the majority of subsurface water failures occur in cuttings.
  Effective Subsurface drainage is often the only viable remedy.

  Subsurface drainage can be costly and it is advisable, therefore, to consult
  specialised expertise.   The cost of subsurface drainage properly placed is
  always justified.



It has been frequently proven that CON -AID treatment obviates the
need for subsurface drainage.





1.4.2 General dr ainage problems:

Drains with too low a flow velocity will silt up, whereas too high a velocity will
lead to scouring.  In such cases where the natural topography is such that water
will disperse naturally, drains can be omitted with considerable cost savings.

When dealing with low cost, high -density township roads special attention must
be given to drainage:

 Covered areas are proportionately larger, resulting in an increased runoff.
 The common custom is to have swept, unvegetated areas surrounding

buildings.  Again run-off is increased together with transportation of silt.
 Littering is high and refuse removal, usually, inadequate.
 Drains should be of a larger capacity than that normally provided for in

townships.
 Whenever possible grade velocities must be such so as to permit the

transportation of silts but prevent erosion.
 Since the amount of silt and debris is high, culvert pipes tend to block

very readily.  To overcome this problem (and save costs a shallow stone-
pitched gully may be a better alternativ e.

 Obviously a further consideration (when considering the size of drains) is
the rainfall pattern.  In heavy thunderstorm areas larger capacity drains
will be required, than in areas having amore gentle precipitation.

1.4.3 Fills

 Fills must be brought up in a layered construction.
 Side slopes must be maintained at the proper safe angle.  Too steep a

slope can cause slips having disastrous results.

1.4.4 Saturated Condition

 No road can float on water and special precautions must be taken in such
conditions.

 The road should be lifted to a height of approximately 1 metre above
general ground level in low-lying areas.

 Proper drainage is vital in road construction and it must be given serious
prior attention.

 CON-AID is very useful in preventing water absorption by suc h fill
materials.




