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ABSTRACT

Various studies have been done to show that labour-based construction can meet the

h_ighstandards normally required in the construction of roads. The organisational

requirements that were needed to ensure the efficient use of labour have also been

dealt with in various studies. Tile need for alleviation of poverty, unemployment and the

negative social impact thereof by increasing the labour input in construction is

understood by all concerned.

A further step is however necessary before the idea of increasing the . labour

component in any kind of roadwork can be taken seriously. Engineers need to move

forward from the policy and organisational issues associated with labour intensive

construction and start to provide designers with sound and innovative engineering

solutions to overcome the hurdles experienced on the ground.

r.,is study looks at the process of foam bitumen stabilisation of soils and gravels with

a view of utilising this innovative method for labour intensive construction. The material

after having been stabilised can be placed in a stockpile. Actual durations that the

material can safely remain in stockpile have been determined in this study to be in

excess of six months for recycled asphalt and in excess of four months for the foam

stabilised sand. Foam stabilised gravel was also studied and showed that after a year

in stockpile the material failed probably due to a weakening of the bitumen and

aggregate bond. Covering the stockpiled material did not show any significant

difference to that of a similar uncovered stockpile. The position within the stockpile also

did not have much effect on the engineering properties of the stoc piled material.

The fact that the foam stabilised material can be worked on when cold and that it can

be stockpiled for several months implies that the material is labour friendly and can be

used in labour intensive construction of road base course layers or wearing course

layers.
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1.0 lntroductlon

1.1 The Purposeof the Study

The purpose of this study is to ascertain the properties of foamed bitumen treated soils

and gravels as rar as stockpiling and curing conditions are concerned. Foamed bitumen

has in the recent past emerged as a stabiliser that has great potential in the application

of labour intensive construction. This application is due to two main properties of

foamed bitumen:

• Foamed bitumen treated soils and gravels can be worked while cold which

makes it amenable to labour intensive construction methods.

• Foamed bitumen can be used to improve marginal road construction materials

to acceptable base course standards while keeping the material workable.

Some methods that are used to stabilise available materials include cement and

lime stabilisation and bitumen emulsion treatment. Foam stabilisation has

recently emerged as a feasible and innovative method of stabilisation with the

possibility of increasing the labour content without sacrficinq quality. The length

of time during which a material can be worked is critical. A material that hardens

over a short period of time (for example a few hours) does not lend itself to the

use of labour intensive methods as it would necessarily hurry the construction

rate and could lead to compromises on the quality of the work. On the other

hand a material that has a significant period over which it retains its properties

would afford the workmen the opportunity of organising their work processes to

suit the required specifications and would ultimately result in a quality

commodity. Foam stabilised material has this potential and hence this study

intends to determine the duration which the foam stabilised material can be

stockpiled.



The purpose of this study was to determine the following:

The duration to which foamed materials, foamed sand, foamed gravel and

foamed reclaimed asphalt ( RAP), could be stockpiled and yet still retain their

physical properties or usefulness in engineering terms.

• To determine the effect, on the physical properties. of covering the foam bitumen

stabilised stockpile material and protecting it against adverse conditions such

s .,tight and rain.

+ To determine the effect, on the physical properties, of the relative position of

materials in the stockpile and to determine the variation of deterioration ,··/ithm

the stockpile.

To ascertain the curing conditions required for optimum results.

The properties that are currently used in South Africa in the design of the foam bitumen

stabilised materials are the following:1

a) The dry and wet Marshall stability or the dry and wet Indirect Tensile Strength

(ITS)

b) The retained Marshall stability or the retained ITS.

c) Resilient modulus at 25 "C.

d) Dynamic creep at 25 "C.

These parameters were used in this study to determine the various properties of the

foam stabilised material in the stockpiles.
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1.2 Implications of Labour IntensiveConstruction

1.2.1 Unernployrne, It

Unemployment is trls main cause of adverse social behaviours in societies where it

soars to ; .:;h lev(:)ls. This is the situation in many countries of the world especially the

so called third world countries of which South Africa is not exempted. This situation has

prompted the government of South Africa to come up with such programmes as the

Reconstruction and Development Programme (RDP) to counter the trend of the world

towards such niceties as cornputerlsanon and automation which tend to negatively

impact on the unemployment situation. The various organisations and institutions that

have the capacity to address poverty and sustained job creation srould have a clear

philosophical approach to labour Intensive construction ( Horak et dl 1995).

1.2.2 Related Studies ~

A number of studies have been done to determine whether the trend towards

mechanisation C9n be reversed by introducing labour to do the same work, and one

such study done by the World "'ank in 1971 concluded that, "It is technically possible

to substitute labour for equipment far all but about 10 to 20% of the total road

construction costs for the higher quality construction standards _.nsldered here, while

relaxation of standards to an intermediate quality permits labour substitution for an

additional 5 to 6 % of the costs" (IBRD report, 1971). The above having been accepted

in theory, was proved in practise by projects that were done in Africa by Prof. R.

McCutcheon( McCutcheon, 1990). The best known of the projects is the Kenyan Rural

Access Road Project (McCutcheon, 1993). The philosophy of the substitution of labour

for equipment becomes easier to grasp when it is realised that all the first stone base

pavements were constructed by human power in the first wave of the hUlikln

development ( Horak et al, 1996). Using labour intensive construction methods, the

Romans were able to construct 33 OOOkmof road (Steiger, 1993).
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An irnpor tant factor in the continued use of labour based road construction was the

continued improvement of the road building material. The road materials developed .

from the Roman type stone roads to more uniform stones laid edgewise developed by

Pierre-Marie Jerome Tresaguet (Steiger, 1993). In the eighteenth century Thomas

Telford improved the road construction materials by using smaller rocks (75mm thick,

'125mm wide and 325mm deep) and John Louden Macadam subsequently developed

the material by using 25mm diameter aggregate (Steiger, 1993). The highly labour

lntenslve waterbound Macadam roads are still in use today even in South Africa

(Horak, 1983).

A lot of work has been done in relation to the use of labour intensive road construction

in rural areas in Africa (McCutcheon, 1990 and 1993) and in the urban areas (Gertzen,

1956). All these previous studies show that labour intensive construction is a feasible

construction method. Emphasis should be placed on technical aspects to bolster the

developments in labour intensive construction. S 'me of the work done includes the

engineering of the material properties to make them labour friendly and the introduction

of innovative methods of construction (SABITA, 1994 and Weinmann, 1996). This

document also intends to contribute towards the search for labour friendly materials

and procedures that will ultimately result it I a greater labour component in road

construction.

4



2.0 AN INTRODUCTION TO FOAM BITUMEN STABIUSATION

2.1 SCOPE

This chapter covers foamed bitumen, its history, properties and how it is used to

stabilise soils and gravels. Particular attention is drawn to the labour friendly aspects

of this product.

2.2 DEFINITIONS

Bitumen: Bitumen is a dark brown to black cementious material formed from surface

accumulation of petroleum or may be found naturally impregnated within porous rock

such as sandstone or limestone as rock bitumen. Modern bitumen is produced

commercially by reftning crude otl,

Stabilisation: Stabilisation is any process whereby the properties of a material are

improved (Transvaal Roads, 1973). Types of stabilisation methods include:

- Cement stabilisation

- Lime stabilisation

- Emulsion .::;cabilisation

- Foam stabilisation

Aggregate :This is the solid material that makes up the matrix of road construction

materials and includes gravels, sand and weathered rock material.

Foamed Bitumen: This is a binder agent produced by the injection of 1.5-2.5% cold

water into a hot penetration grade bitumen. This results in a significant increase

in the bitumen volume and a decrease in the viscosity of the bitumen. The

chanqe in viscosity allows for ease of mixing with damp or wet aggregate.

5



Foam Si.abilised Material: Refers to aggregate material that has been mixed with

foamed bitumen in order to improve the properties of the aggregate to suit the

required road requirements.

In this study the following terms are used to describe different types of materials that

have been stabilised with foamed bitumen:

- Foam stabilised Sand for a mixture of foamed bitumen and sandy aggregate.

- Foam stabilised Gravel for a mixture of gravel and foamed bitumen.

- Foam stabilised RAP material for a mixture of reclaimed asphalt and foamed

bitumen.

2.3 DESCRIPTION

Foam bitumen is bitumen that has been mixed with moisture in order to engineer the

properties of the bitumen. The most important physical properties of a bituminous

bmder are its viscosity and its surface tension. These two parameters' are of great

importance when considering blturrtlnous paving mixtures. In the making of bituminous

mixes, the binder must be fluid enol~gn to flow through the entire aggregate mass and

coat this aggregate wholly. While in the laying, the mixture should remain plastic

enough to be spread easily. It is then important that the spread material should harden

quickly thereafter to allow the passage of vehicular traffic.

The surface tension is important as far as the bonding of the binder to the aggregate

is concerned. Surface tension of the binder in relation to that of the aggregate must be

such that +he surface moisture of the aggregate can be displaced and a strong bond

formed between the bin';er and the aggregate.

In our technology the required viscosity is normally obtained by heating the binder and

to ensure proper bonding of the aggregate with the binder, the aggregate is usually

heated. This is a costly exercise as the temperature of the binder has to be maintained

at temperatures as high as 160-170°C for significant time durations. It suffices to say

6



that these high temperatures ma C·.1 it '~ ificult for human labour to work the mixture.

Other bituminous binders available are cutback bitumens and emulsified bitumens. The

idea here is to decrease the viscosity of the binder and th.reby significantly reduce or

eliminate the need to heat the binder or the aggregate. Tnere are however problems

of laying associated with the latter binders. The binder should set quickly after (aying

and this implies that the solvent in the cutbacks should be removed quickly and the

emulsion should break at the proper time and water should be eliminated rapidly. This

may necessitate the use of additional equipment and delay the opening of the road to

traffic. The delay is undesirable.

Foamed bitumen approaches the ideal binder, i.e. one that can be used on cold or even

damp aggregate and which retains sufficient plasticity to be spread easily and then sets

quickly. The process of foaming has been shown not to affect the chemistry of the

binder. If foamed bitumen is used in mixing aggregate and binder, the aggregate does

not need to be heated and it has been shown that foamed bitumen penetrates crevices

and does not only coat the agglomerations of dust as the liquid binders will do. Foam

is also useful in that it is immediately effective and that it does not greatly alter the

existing moisture content of the road in those cases where insitu stabilisation is used.

The advantage of this is that the road can be opened to traffic directly. If emulsions are

used the moisture content of the road is altered. In addition the emulsion can take a

long time before it breaks and releases the bitumen. The increased moisture content

and delayed binding action of the bitumen leads to the probability of problems such as

rutting (Department of Transport, 1993). .

2.4. PHYSICAL AND CHEr~ICAL ASPECTS OF FOAMED BITUMEN:

The process of foaming is an alternative method of reducing the viscosity of bitumen

without the use of cutters or high water levels as in emulsions. The fineness of the

bitumen created facilitates the coating of the aggregate surface. It has been found that

the foam has the following properties (Macarone et al, 1993);
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Table 2.4.1: Percentages of Constituent Elements in Foam Bitumen

Bitumen Water Additives Air

Before Foaming (Fly mass) 97% 2% 1% -
After Foaming (By volume) 5% - - 95%

Water is lost by evaporation in the expanded state resulting in the changes shown

in the table. The air escapes and the foam collapses to give a bitumen residue

similar in properties to the original bitumen.

2.5 MATERIAL PARAMETERS AND DESIGN

The following material parameters were obtained from a U bituFOAM for Africa"

pamphlet (Lewis, undated). The soil or gravel used for the base or wearing course

should comply with the following:

Table 2.5.1 Aggregate Requirements for Foaming.

Expansion ratio, minimum

Half life, minimum

Maximum particle size 53mm

Grading modulus, minimum 1.8

Plasticity Index, maximum 10, unless treated wfth roadlime in which case a
PI up to 15 (before treatment) is acceptable.

Passing 75 micron: 5% min, 15% max .:

Soaked CBR at 93% Mod.MSHTO 20 minimum

The foamed bltumen properties should be:

15 times
15 seconds

8



The foam bitumen treated material should comply with the fo·llowing (Lewis,

undated):

Table 2.5.2 Foam Stabilised Material Requirements.

Property EOto E2 traffic· E3 and E4 traffic*"

Marshall stability at 25°C 8 kN min 10 kN min
Retained stability at 25°C 60% min 70% min
Ir.direct tensile strength

(dry) 100 kPa min 150 kPa min

Resilient modulus at 25°C 900MPa min 1500 MPa min

Dynamic creep at 25°C 10 MPa min 15MPa min

Voids in mix 5% to 15%

•
Note: .. Veri light to medium traffic roads with E80llane < 3x106

H High to very high traffic roads with E80/lane < 3- SOx·JOs,

2.6 PERFORMANCE OF FOAM BITUMEN STABILISED MATERIAL IN

DIFFERENT CONDITIONS

2.6.1 INITIAL TRIALS

In the earliest tests on the product by Csanyi (Csar.yi,1957)· in 1956 a trial section

of approximately 2.5m wide X 6.1m long and with 150mm thick foam stabilised soil

was laid using soil stabilised in a plant and transported to the test area. The

important thing to 110tehere was that it was possible to spread the plant mix by

means of a rake. This has great relevance in labour-based construction. The

material having been spread was then compacted by a pneumatic roller and

monitored over a week. There was no settlement, ravelling or rutting in spite of the

heavy rain that fell during the period. Slight scuffing of the surface occurred and this

9



led to the decision to seal the surface with a single layer of a sand seal. Four

months later the road was performing well and had withstood heavy rain, snow and

ice on the surface and large temperature variations. Similar tests were carried out

on in-place stabilised soil and these produced the same result.

2.6.2 E'FFECT ON SASE COURSE

Studies in Kuwait (Blssada, 1987), which has very high ambient temperatures,

investigated the use of roamed-bitumen stabilised local sand. This was of particular

interest because there was a lack of or limited supply of good quality coarse

aggregates and an abundance of poorly graded sands that are unsuitable for base

layer construction. This is a situation similar to some parts of South Africa. Another

reason for the interest was the high susceptibility of the asphalt pavement to

deformation rather than to fatigue cracking in ambient temperatures of 15°C to

55°C.

To study the effect of different climatic conditions typical in hot climatic regions,

Bissada (1987) used three different grades of bitumens: AC-20, AC-2.5 and a

vacuum asphalt residue (VAR) and simulated the following curing conditions of the

test samples:

a) In air at 23°C depicting dry conditions.

b) In a humidity chamber (at 23°C) with 100% humidity. This depicted humid

low temperature conditions in this type of hot weather climate.

c) In an oven at 40°C depicting local dry conditions.

For the various grades of bitumen, the properties were measured in terms of their

foam expansion ratios and half lives. The VAR grade was found to exhibit the lowest

viscosity and the highest expansion ratio and half life values at all the foaming

temperatures of 60, 135, 150 and 165°C and the moisture contents considered. The

table below summarises the properties of the bitumen.

10



Table 2.6.2.1 Asphalt Properties
r---

Bitumen Grade

Property
AC-20 (similarto AC-2.5 (similarto VAR(simiiar to
60170 penbitumen) 80/100 penbitumen) cutaack bitumen)

Penetration at I250C(0.1 mm) 67 135 ,\10

Softening polntt''C) 51 45 36

Viscosity(MPa/sec)

at:

60°C 2.8*105 3.5*104 5.0*103

135°C 5.2*102 2.4*102 1.5*102

150°C 3.0*102 1.4*102 0.9*102

165°C 1.2*102 0.8*102 0.5*10'2.

Specific Gravity 1.030 1.01 1.005

Foamed bitumen mixtures made with AC-20 which had on expansion ratio of 9 and

half life of 8 seconds gave the lowest Marshall stability. Foamed bitumen AC-20 did

not have good mixing properties with sands used in the study having stickiness and

lumping problems. The AC-2.5 and VAR with high expansion ratios and half lives

did not have the same problems.

By visual examination of the mixtures it was concluded that the VAR had the best

aggregate coating in terms of uniformity. This suggests that the lower the viscosity

the better the aggregate coating achieved.

It should be noted that in these experiments increasing the bitumen content did not

improve the Marshall stability but caused the reverse effect. Curing AC~20 soil

stabilised mixtures at 40°C over a three day period showed that the stability of the

mixture increases with curing time for a particular bitumen content. A comparison of

11



the effect of bitumen content on the stability of a hot asphalt 'mix and that of a foam

mh: showed that maximum stability of foamed-bitumen specimens was 1.5 to 2.0%

less bitumen than for a hot mix specimen. Improving the grading of a sand to be

stabilised improves the fo=rned-sand mix.

2.6.3 EFFECT OF CURING CONDITIONS

Analysing the results of the tests carried out by Arntr Bissada (1987) the following

deductions were made:

.. Moisture loss from time of moulding the specimens is accompanied by an

increase in stability .

.,.The highest rate of gain of the stability was obtained with the oven cured

specimens at 40°C which achieved maximum stability in 3 days .
•

...Curing in the humidity chamber gave the slowest rate of gain of stability.

50% of s.,ability was obtained after 14 days of curing .

..The air cured specimens achieved maximum stability equivalent to the oven

cured specimens after 21 days.

* There was no direct relationship between loss of moisture and strength

gain. This suggested that other factors such as aging of the binder may be

playing a role.

It was concluded that at pavement service temperatures above 30°C foamed

bitumen mixes give higher tensile strengths !"I,'" ~sifient modulus than for the

cor-responding hot asphalts at elevated S6 ric..) temperatures.

Measured against the criteria of subgrade deformation, foamed bitumen base and

subgrade layers are superior to unbound materials like sand - gravel mixes.

At local prevailing temperatures (Mean Annual Average Temperatures of 31°G)

12



foamed bitumen mixes are equivalent to the corresponding hot sand asphalt mixes.

Looking at cost effectiveness, foamed bitumen seems to be a better option than the

conventional hot asphalt mixes or the granular base materials depending on the

haulage distances. At high temperatures foamed bitumen base layers show superior

resistance to permanent deformations than the corresponding hot asphalt layers. In

these situations foaming should be adopted.

2.7 DESIGN CONSIDERATIONS FOR LABOUR INTENSIVE CONSTRUCTION

In addition to the factors given in the above text, the following should be noted in

labour intensive construction:

- Binder proportion and type should be SUGhas not to lead to excessive

stickiness. The binder used should meet the requirements of a high

expansion ratio and a high half life .
•

- The biggest advantage of foamed bitumen is its ability to be stockpiled for

long periods after mixing but before compaction. This means that labour

intensive construction can be accommodated in that a machine to foam the

bitumen rnay be used and rnaterlr "piled for use by the labourers who

will be laYII,g the material at a ~ .Le.

- Foamed asphalt would be lei areas where there are no suitable

aggregates for road constr or where the haulage distance to suitable

material is uneconomical, as l••,I loca! marginal material can be utilised.

It has been shown in laboratory tests done that the foam bitumen briquettes are

generally weak in creep deformations. This was attributed to the low bitumen

content of the; foam bitumen. It is advised that some form of lateral support should

be used in practice to restrain the foam bitumen ego placing of kerbs along the road

or raising the edges of the supporting rr.aterlal to same level as the foamed bitumen

surface.
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Methods needed to make labour-basad application successful:

The :,igh standards of construction must be maintained in labour Intensive

construction. Setting out of the road and !he line and level control must be accurate.

To maintain good compaction levels, it is suggested that a tria! section should bs

done to assess loose layer thickness required to produce desired compacted

thickness (in the tests dane by Csanyi (1957) it was noted that placing the foamed

bitumen base to an uncompacted depth of 6 inches or 150 mm gave a sufficient

compaction at 5 inch thickness Le. 12Smm). The moisture content should be

controlled and measurement of riding surface etc should be done to ensure

compliance with the specifications.

Level of expertise:

As in the conventional construction methods, good organisation, planning and

management are required for a quality product.

Level of Contractual skills:

Similar to earthworks jobs but tolerance measurement is more important and high

density essential. It has been recommended that a compactior of 98% of Mad.

AASHTO maximum density should be aimed for.

Productivities :

In a labour intensive project done on the Ethani Road in Embo, KwaZulu- Natal

(Lewis, undated), it was possible for a work force of 25 local labourers to construct a

road 1500m long and 4.5 metres wide within 17 weeks. The activities involved

included the road bed preparation, application of a "foamed base", asphalt surfacing

and asphalt berms. The foamed bitumen base was placed by hand using rakes and
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shovels. In tris project it was found that 10 men could spread and compact 30m3 a

day, an aw:m:'ge productivity per man of three cubic metres a day.

Laying Yechnlques:

The laying technique used in labour based construction is different to that employed

by machine intensive construction. In machine intensive work, the grader normally

spreads a thin layer of material over the surface and then each thin layer is

compacted by a roller. In labour intensive construction, the loose material to be

compacted is normally spread in one operation. An initial rolling is then carried out,

resulting in some hollows and bumps showing in the surface. More loose material is

then added to the hollows and the bumps are cut to level. The material is then

compacted again and the levels are re-checked. This operation of adding more

material to the hollows and cutting the bumps is repeated until the levels are correct.

Final shaping and compaction are then done.

The most important thing in the laying of foamed bitumen bases or sub bases is that

the correct density should be achieved and the method used by Csanyi (1957) is a

very useful one. In a trial section, Csanyi found that a loose layer thickness of

1S0mm gave him a compacted layer of 125mm at the specified densities thickness

with the material that he used. It should be noted that in gener ..u layer thickness is

not an accurate indicator of density.
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3.0 REViEW OF PREVIOUS WORK

3.1 NORWAY

3.1.1 Summary of Norwegian use of Foam Bitumen

The following informetion is based on the data presented by representafves of the

lcopal Group, one of Norway's leading Contracting firms, at a seminar in South Africa.

Icopal has representations in seven (7) European countries rs well as in Canada and

in the USA and therefore has extensive experience.

In the group, the countries that deal specifically with road construction are Denmark

and NOf"INayand these do more work in emulsions than in foamed bitumen. For

purposes of this study, only work done in NOf"INayis made use of.

Norway is a country with a pc pulation of four million people and has a length of 2700

km. The maximum load limit on most roads is 100kN axle ( up to 14 000 AnT ). Most

roads, 60 - 80%, are classified as low volume roads.

Major cordmlx research projects have been done using gravel emulsions (emulsion

stabilised gravels) for surfacings (40mm) and road bases as weH as foam bitumen for

road bases. The distribution of work done is as follows:

Table 3.1.1 Use of Foam Stabilisation and emulsions in NOf"INay

TECHNIQUE FOAM EMULSIONS

In-place Milling 1 300000m2 2700000m2

Plant Mix 640 OOOm2 700 00Om2
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The traffic limits for the different techniques used at dif'erentdepths are:

Table 3.1.2 Traffic limits for Foam in Norway

TECHNIQUE Depth 0-100 (Upper Dep;" 100-200 (Lower)

Base)
.._

Inplace Milling 1500AADT 3000AADT

Plant Mix 3000AADT 5 000 AADT

The use of foam (and emulsions) is picking up in Norway due to the fact that most

roads are far from hot mix plants and economically it becomes more feasible to use the

foam option. Graders and pavers are normally used to mix and lay the foam.

Problems peculiar to Norway ars:

1.The aggregate is acidic and only cationic emulsion mixes are suitable. The

cationic mixes break easily and cause lumps of bitumen to form disrupting the

mixture quality.

2. The weather is very unstable and it can rain any time.

The aggregate used is normally found locally and is crushed where necessary by

mobile crushing machines. This causes the further problem of dust coating which thi':!

French do away with by washing the aggregate. The Norwegians try not to wash the

aggregate.

The grading of the aggregate used is based on the percentage passing the 75 um

sieve, 20% being the upper limit. For foamed bitumen the percentage of fines is

between 5 and 15% while for gravel emulsions (emulsion stabilised gravel) it's kept

between 1 and 7%.

17



For the type of material used in Norway, the P.1. is not a problem as the material is not

plastic. For very wet areas or wet aggregate, the use of foam is preferred to that of

emulsions as it reduces the amount of water to be added,

The experience in Norway shows that there is rising use of foamed bitumen as it has

met the technical requirements of the Norwegians anc! has coped well with their

peculiar problems of wet and dusty aggregates. But the figL:res show that inplace

milling is very common and little work has been done with regards to the use of labour

with this material, a factor which may be due to the high labour costs in Norway.

3.2 FOAM BITUMEN EXPERIENCE IN AUSTRALIA

3.2.1 Background

In Australia there exists a good network of roads and the traffic volume increase

necessitates that the existing roads be upgraded or strengthened. The use of foamed

bitumen as a stabilising agent has found a niche as the method can be used cost

effectively to rehabilitate failed and fatigued pavements or to improve the properties of

marginal road materials. The cost saving comes as a result of the fact that the existing

material can be reused as opposed to the bnt'ging in of new material, which is often

scarce.

Another plus in the use of the foam stabilisation method has been the minimal

disruption of traffic during the rehabilitation process.

The foam bitumen process was introduced in Australia (Macarone et al, 1993) as early

as 1960, a few years after Csanyi had disc ...v"'"9d the process, by Mobil. Their variant

of the process had been patented by Mobil. The rising cost of ell and bitumen ir the

19705 led to decline in use of foam bitumen. With today's technology and advances in

the mix designs, the foam stabilisation was reintroduced into Australia by Emoleum Ltd
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at a competitive level.

The reality in most developed countries is that recycling of materials has to be

accepted as the solution to the problem of ever increasing traffic loads while the

crushed rock material for base construction is becornlnq progressively more scarce. A

common method of stahllislr :J has been the use of cement stabilisers. This method has

shown some weaknesses however, such as shrinkage <"1 Gic!<ingand a reduction in the

pavement stiffness early in the pavement's life. The solution to this has traditionally

been to increase the asphalt overlay thickness. The alternative offered by bitumen

based stabilisation is claimed to have a reduced cost L.ndquicker construction times.

There are two methods of bitumen based stabilisation cunently in use in Australia. The

one is emulsion mixed in place or in plant and the other the use of foamed bitumen.

The use of roamed bitumen in stabillsinq the base course materials requires less water

compared to emulsions and this mix consequently does not' have to cry up before the

required strength is achieved (emulsions have to lose water before gaining maximum

strength). The curing offoamed bitumen "':as also been found to be .taffected by the

weather conditions (Bergeron, 1992). In contrast emulsions are more affected by the

prevailing conditions. If the temperatures are high the emulsion breaks early and gains

strength at a faster rate than if the temperatures are low or the conditions are wet.

3.2.2 AUSTRAUAN FOAMED BITUMEN STABILISATION.

Design of the Foamed Bitumen Mixes

A small laboratory plant, which is a scaled down version of the one that will be used on

the site, is used to determine the foamed bitumen characteristics. It should be noted

that it is possible to use any bitumen as t'"'e foam can be designed for the particular

application. Studies done in Australia show that there is no significant difference

between results obtained while using class 170 (80/100 pen) bitumen or class 320
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(60170 pen). The characteristics that have been adapted for use in Australia are an

optimum expansion of 15 times and a half life of 60 seconds which are normally

obtained with a water content of 2.6% and an additive of 0.7%. The bitumen

temperature is normally kept between 170°C and 190°C as it affects the foam

expansion and half life.

The same rational approach as in asphalt design has been adopted in Australia and

is summarised below.

Obtain a representative field sample of crushed base material.

Determine the grading of the crushed material

Determine the optimum moisture content (O.M.C) of the foamed mix

Prepare foamed bitumen samples

Cure the samples for three days at 60°C

Measure the resilient modulus (dry and wet) and creep w~ing Materials Testing

Apparatus (MATTA)

It is useful to note the following:

The O.M.C for a foamed bitumen mix is usually 1% to 2% less than that of the

neat granular material

The moisture content of the aggregate prior to foaming is critical as it aids the

dispersion of the foam through the material. The recommendation is that the

material on a site should be brought as close to the O.M.C as possible before

mIxing.

The creep resistance of foam bitumen has been found to be very good in studies

that have done in both Australia and the UK (Macarone et al, 1993).

The permeability of foam bitumen is reduced by a factor between 10 and 100

times when granular materials are foamed with 4% bitumen.

The recommended minimum fines from experiments done on 20mm crushed

stone was 8%.
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CONSTRUCTION

The Stabilisation Equipment

Typicallv ~heAustralians use the following equipment in construction:

-Caterpiilar RR250 ( a specialised pulverising mixer) or similar fitted with a foam

spray bar and associated additive system ~Caterpillar Publication, 1994).

-Bitumen Tanker specially fitted for feeding hot bitumen to the insitu mixer.

-Water cart for distribution of water to the aggregate.

-A grader of the CAT12 class (Caterpillar Publication, 1994).

-Single drum Vibratory steel roller; 11tonne static weight such as the Dynapac

CA25

-Pneumatic tyred roller; 19t (fully ballasted)

The Construction Procedure:

1. Pulverisation of the existing pavement by means of the CATRR250. This particular

machine can pulverlsa material up to 330mm depth including 150mm asphalt layer. For

depths of asphalt greater than this or for concrete surfaces other means should be

used.

2. Check of material for grading adjustments if necessary.

3. J\pplication of water to bring material to O.M.C.

4. Stabilisation with foamed bitumen.

5. Shaping, trimming, and compaction of the pavement. Conventional equipment is

used for this operation and three to four hours is required, a saving of two hours on the

cement stabilising process. The compaction up to 300mm depth can be done by the 15t
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tandem steel roller without a pneumatic tyre roller having to pre-roll.

6. Application of a primerseal for protection of the foam stabilised base layer before

applying a wearing course.

7. As necessary application of asphalt wearing course or final chipseal or slurry seal.

QUALITY CONTROL

The mixing of the bitumen into the material is done through special nozzles and is very

accurately controlled. Periodic Visual inspection for uniformity as weH as binder content

checks are done. The main parameters that are checked are:

* Grading

."Binder Content and dispersion

* Compaction (Nucleodensiometer)

* Resilient modulus.

Production rates can be between 1400 and 2500m2/day depending on the depth.

3.2.3 PROJECTS CARRIED OUT IN AUSTRAUA

Rehabilitation of Somerton Road - Shire of Bulla, Victoria

The section was a 2km section of road on the Somerton Road and was situated 20 km

north of Melbourne. The traffic on this road was 20000 vehicles per day with 15%

heavy vehicles. The road was showing signs of distress with extensive cracking, rutting,

patching and general shape loss. The pavement consisted of a granular material of

about 400mm depth with a bitumen seal and a small section of road that had a 50mm

asphalt overlay. From the deflection results 30% of the road was deemed to be in need

of strengtheninq to resist the rutting induced by the heavy traffic.
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The alternatives that were put forward for the rehabilitation of the road were:

a) Place a thick asphalt overlay

b) Cement recycling and thick asphalt overlay

c) Cement recycling and thin asphalt overlay.

Only the first two options were found to offer a suitable alternative to meet the required

20-year design life as well as to sufficiently counter the cracking that would be induced

by the cement treated layer. The thin overlay option (third solution) would have only

been suitable as a short term solution. The minimum asphalt thickness required to

prevent cracks initiated in the cemented layer from coming through to the surface would

have been at least 175mm.

The foamed bitumen alternative was considered on the basis that it offered a 40% cost

saving as compared to both reconstruction and thick asphalt overlay. Refer to the table

below for the predicted pavement lives of the conventional deep strength asphalt and

foamed bitumen stabilisation alternative.

Foamed bitumen was adopted as it offered a longer predicted life at a reduced cost

(40% less cost).

Table 3.2.3.1 Comparison of Rehabilitation Alternatives in Norway

COMPARISON OF TWO REHABILITATION ALTERNATIVES

Deep Strength Asphalt Foamed Bitumen Alternative

45mm wearing course 45mm wearing course asphalt

90mm intermediate asphalt layer

100rnm base asphalt layer 300mm Foamed bitumen layer

150mm cement treated base

Predicted life: 3x107 E80's Predicted life: 5x107 ESO's
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Work Program

To accommodate the traffic, ths road was done in alternate sections 400m long. This

allowed the completed sectior of road to be cpened to traffic at the end of the ,") "

work. It was found that the primerseal application and asphalt wearing course could be

postponed for as long as two weeks in dry weather. In cases where rain was imminent
I

it was recommended that a primerseal be placed 8i the end of the day's work.

Field Performance

Compaction results as well as deflection and resilient modulus were done. The

compaction required was set at a minimum of JdAASHTO. The results obtained

were all above the requirement to the full depu, ~v\)Omm)of the stabilised material.

The wet modulus requirements were set at 1300MPa and again the foamed material

was able to meet this requirement.

Another matter of note was that the deflection of this section of road was reduced from

O.7mm before stabilisation to O.4mm after stabilisation. A further reduction in the

deflection was envisaged as the foamed material gained strength.

STUD ROAD, ROWVILLE

This road is a highly trafficked arteria! road in the eastern suburbs of Melbourne. The

section of road had many edge defects and lacked stiffness as indicated by the

curvature results. A number of sections had insufficient pavement depth. Due to the

inadequate depth it was decided that the road would be rehabilitated for the short term

period only. Again the foamed bitumen stabilisation was employed. Varying depths of

foamed bitumen stabilisation was done from 150mm to 300mm. The 150mm section

was also treated with 2% lime. A 35mm asphai. . :ler was then applied to the whole

section.
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The results of curvature tests (sirnilar to deflection tests) "done two months later
1

showed that maximum curvature was reduced from O.5mm to O.3mm. This result does

indi :lte a small gain in strength but there was a marked improvement in the uniformity

of the results, Results of tests done seven 1 .iths later were more varied and this was

attributed to the drainage and subgrade conditions.

TULLAMARINE FREEWAY, MELBOURNE, VICTORIA

Trus road involved the upgradln~ of an emergency lane on the read linking IVJelboume

to the airport so as to accommodate the increasing traffic. The project involved the

removal of two asphalt layers and then foam stabilising the 300mm layer of granular

base material.

The new asphalt consisted of two layers of 50mrn AC20 asphalt and 30mm of a polymer

modified open graded asphalt as the wearing course. The work was done over the
•

weekend to minimise traffic disruption. The foam stabilisation was done on the first day

and then asphalt surfacing was done on the next day. A year later the road was still

performing satisfactorily.

SPRING ROAD, CITY OF M( nRA8BIN, VICTORIA

The pavement exhibited signs of distress including potholing and cracking. The

pavement consisted of 20mm of spray seal and 175mm of macadam over a heavy clay

subgrade. Foamed bitumen stabilisation was chosen over cement stabii'r ation in this

case because the pavement W<:AS very thin. Reconstruction would hav 9 been too

expensive.

The rehabilitation was achieved by pulverising the pavement to a depth of 180mm and

then foam stabilising the top 150mm and surfacing the road with 30mm AC 10 asphalt

overlay. Tests on ceres taken four months after construction gave modulus values

close to the design value of 2300MPa. The same road was found to performing
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~ntly after seven months.

BROWNS ROAD, SHIRE OF FLINDERS, VICTORIA

Browns Road is a link road to the Momington Freeway in the south eastern suburbs of

Melbourne. The road had similar conditions to Spring Road. The foamed bitumen

stabilisation was chosen in preference to reconstruction and cement stabilisation due

to the (ower costs and the elimination of shrinkage cracking.

The existing road consisted of sprayed seals over a (ow quality natural gravel.

Rehabilitation consisted of adding a 100mm layer of 20mrn crushed rock over the

existing pavement and then pulverising and foam stabilising to a depth of 200mm. A

double coat emulsion seal (size 10mm end 7mm) completed the surfacing. After nine

months of service the road is performing well and there are no signs of shrinkage

cracking .
•

3,2.4 SUMMARY

The Australian experience showed that:

1) Foamed bitumen pavements cure rapidly allowing early trafficking of the road and

therefore minimal disruption to the road users in cases where a section of road is being

rehabilitated.

2) The foamed bitumen material allows more time for compaction, shaping and trimming

than cementitious pavements and the riding quality is nat compromised.

3) The process of foaming the material is accurately controlled allowing specified

quantities to be used.

4) Foamed bitumen is a cost effective and rapid method of road rehabilitation.
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3.3 SOUTH AFRlCA

3.3.1 Introduction

Several projects have been carried aut in Southern Africa and valuable infonnation has

been obtained with regards to the characteristics and properties of the product as well

as the practical implications of foamed bitumen.

Some early work was done on the feasibility of stabilising sands by using foamed

bitumen (Marais, 1977). The work suggested solutions for the particular problems that

were being experienced in South West Africa (Namibia) because of the Kalahari sand

and calcrete that are readily available. The use of foam bitumen was one of the

solutions that were proposed. Subsequently some experimental sections were done

in okatana, Namibia (Joubert et al, 1989). The results of the experiments, done over

a period of four years, concluded that foam bitumen stabilisation was a feasible solution

provided that sound engineering and construction practices were used.

Some of the more recent projects that have been done include the following:

Mbazwana to Sodwana Bay - a road rehabiiitation project (Lewis,

undated)

Cliffdale Road Trials -9 road rehabilitation project (Lewis, undated)

Embc Valley Trust - a labour intensive project (Hefer, 1995)

Soweto project with the use of stabilised gravel (Jenkins, 1994).

Various Projects involving insitu recycling of materials (Hefer, 1995 and

Lewis, undated).
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The scenario in South Africa is often that of upgrading roads "from dust roads fa black

top roads and the provision of infrastructure such as roads. There is a lot of potential

for the employment of the people who need these services when the projects are being

carried out. If this potential is utilised to its fullest extent there would be positive effects

such as more money going into the cornrm.nltv, A lot of emphasis has been placed on

the rehabilitation of roads. This study is based on materials obtained from a road

project in Duku Duku which aimed at providing access to the rural folk living in this

sandy area on the North Coast of Natal.

The use of foam bitumen is of particular interest in areas that have marginal road

building materials such as sand. Areas where the utilisation of hard aggregates is very

expensive, due to long haulage or cue to the need for crushing the aggregate, should

consider foam stabilisation.

3.3.2 A Review of Projects Carried out in South Africa

Mbazwana to Sodwana Bay

This project was done ir11994 and the lengi.h of road that was done was 11.2 km of the

Provincial Road P466. The situation here was that the local material was a marginal

road building material consisting of a Single sized sand with 100% passing the 2mm

sieve and 2% passing the 7S-micron sieve. The closest source of good road building

material (gravel) was at least sixty (60) km away.

It was more cost effective to treat the eXisting local material than to transport the gravel

to the site. The foam stabilised sand was used as a 150mm base course layer. The mix

design recommended the addition of 2% cement to improve on the low filler

percentage. The original mix design was done by the equipment suppliers (in Canada)

and then redone in R.SA See Table 3.3.2.1.
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Table 3.3.2.1 Early Tests on Foam in Mbazwana to Scdwana Bay Project

Parameter Original Mix Mix Design Typical Field Cores after 1 Yr
Design Canada (RSA) Results

Bulk Relatve 1.784 - - 1.835
Density

Max Theo. RD 2.474 - - 2.444

Void Content 27.8 - - 24.9

Soak<ld 7.3 6.7 5.1 -
Stability(kN}

Dry Stability (kN.) 9.1 9.0 5.6 -
Retained 75.6 74.4 91.1
Stability(%)

Resilient Modulus - - 1212 2026

Dynamic Creep - - Hi.6 31.0

In this project a few practical lessons were learnt. The first was that because the

underlying subgrade was of cohesionless sand it was very difficult to work over it and

the problem was compounded by the fact that the lIl1derlying material tended to dilute

the foam base course layer. These problems were surmounted by the use of two layers

to make up the 150mm base course.

The first layer then provided a platform for the second -layer, The project also

discovered it did not seem to make a difference whether the foam layer was protected

by a slurry seal layer or not as the sections that were sealed performed as well as the

unsurfaced sections. The development of the strength of the foam treated pavement

with time was found to be excellent with the DCP probe failing to penetrate the layer.

The results of tests done on cares taken are given in Table 3.4.2.1. The road is

performing well with no rutting in spite of the heavy traffic from logging trucks and

adverse weather conditions.
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Clitfdale Road Trials

As a result of the success of the Mbazwana to Sodwana Bay project the Department

of Transport decided to do another section on tile heavily trafficked Gliffdale road

(Road P504). The traffiC count here was 350 vehicles per day. The section of road had

steep gradients of about 15% and also had curves. The material was foamed in March

1995 and then stockpiled until July 1995 when the material was placed using a motor

grader. During the stockpile period the material was uncovered. The results of tests

after two weeks and af.er two months are given in the tables below. The results give

an insight into the possibilities of foam bitumen.

1) Weathered granite treated with S.5% foamed bitumen and 1% road lime

Table 3.3.2.2 Cliffdale Road Trials: Weathered Granite

Parameter • Plant Mix After 2 Weeks Plant Mix After 2 Months

Dry Stability(kN.) 13.7 12.5

Soaked Stability (kN.) 11.5 7.3

Retained Stability 83.9 58.4

Resilient Modulus - -
Dynamic Creep(MPa) 1- 8S.3
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2) 80% RAP + 20% crusher dust treated with 1.7% foamed b'itumen

Table 3.3.2.3 Cliffdale Road Trials: RAP
r--
Para

Dry

me(er Plant Mix After 2 Weeks Plant Mix After 2 Months
------
Stc:;!1i1ity ('r<N.) 23.7 23.7

..-
ked Stability(kN.) 17.4 19.1

ined Stabiiity 73.4 80.6
-~

ilient MJdulus(MPa) 1503 1453

am~c Creep (MPa) . 14.5

Soa
f--'-
~et,'a

I Res

~•

Emho Valley Trust~ labour Intensive Project

This project was thefrrst project in South Africa (1994), if not in the world, to employ'

labour intensive methods of construction with foamed bitumen. Foam stabilisation was

found to be more viable on a cost basis than the suggested alternative of a concrete

pavement. The foam pavement also had the distinct advantage that the road would be

kept open during construction. In this project two teams were used, one to lay the foam

bitumen and the other to do the surfacing. In the steeply graded areas the foam was

placed in layers of 150mm and in the better areas the layer thickness used was

125mm. The surfacing was a hot I .. :X asphalt surfacing of 2Smm. The rate at which the

WOI~<was carried out averaged 3 rn3 per man per day, spreading and compacting. The

compaction was done by a Bomag 90 pedestrian controlled roller which was able to

achieve the 98% MOO. AASHTO density speclfled, The compaction results were as

shown in the table below:
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Table 3.3.2.4 Cliffdale Road Trials: Compaction Results

I Test Parameter Value

MOD. AASHTO Density(kg/m~ 2053

Bulk Relative Density 2.135
.-

Average Field Density(kg/m~ 1935

Percentage Compaction based on:

a) Moisture! Density 96.7

b) Bulk ReI. Density 93.0

The road is serving the community wei!, showing no signs of distress in wet conditions.

The community can also pride itself for having built the road. This project showed that

the ability of foam stabilised material to be stockpiled for a long time can be utilised in

labour-based construction.

3.3.3 SUMMARY

South Africa has the technical capability of making use of the various methods of

utilising foamed bitumen including modifYing current standard equipment for use in

foam bitumen manufacturing (Hefer, 1995). Some other advantages that can be utilised

by using foamed bitumen are quicker construction times (Akeroyd, 1989), durability to

combine the advantages of using both cold and hot mixes (Custedo at ai, 1983) and

economic viability as ~oa-r ,',•..It costs by up to 60% (Soter, 1994 and Aksroyd, 1989).

The unique element ('f the South African experience with foamed bitumen has been

that an attempt at integrating the machinery used in the process of producing the

foamed bitumen and labour intensive methods of construction has been successful.

This was mainly due to the fact that the foamed material could be stockpiled for a long

time. More knowledge has been gained 0;'1 the properties, mixing techniques and

compaction of foam bitumen. It has been found to be a practical and a less expensive

alternative for areas where good quality road building material is difficult to find.



4.0 EXPERIMENTAL DESIGN

4.1 Stockpile Life of Foamed Bitumen

It has been suggested that foamed bitumen can be kept up to three months in a

stockpile and still be used successfully in the field without much effect on the properties

of the foamed bitumen (Lewis, undated). This experiment is aimed at quantifying this

in terms of the strength loss of the foamed bitumen. It is the goal of this experiment to

determine the limit for the stockpile life of foamed bitumen with some degree of

precision .

.The aim here is to investigate the following aspects:

To test the theory that a protective membrane or crust farms around the

stockpiled material retaining moisture within and/or retaining the properties of

.the material. To achieve this, the material at the surface, to a depth of 100mm,

was tested and the results compared to the results obtained by testing the

materials from deeper within the stockpile.

• To find if stockpiling results 'n an increase in the hardness of the material which

ultimately affects the workability and cornpactlbility of the material when required

for use in the field.

+ To test whether the strength is influenced by wetting and drying cycles during

the stockpile life. To achieve this objective part of the material was exposed to

the weather elements and another part of the same material was protected from

the weather elements by covering it up.
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4.2 Tested Parameters

a) Protective Coat -: The Marshall stability tests were done at different positions on the

surface and inside the stockpile. The aim was to determine whether there was any

variation between the strengths observed on the surface layer (depth of 100mm) and

the strength in the middle of the stockpile. Testing the surface layer consisted of

sampling the material to a depth of 100mm at the various positions as shown in the

Figure 4.5.1. A garden trowel was used in the first instance to assess the workability

of the different materials. If the material was not sufficiently workable, the shovel and

the pick were then considered.

b) Effece on Compaction Effort required - concern here was that the same compactive

effort would yield a decreasing density with time due to the consolidation of the

stock ills. To determine the validity of this assertion, standard density tests of materials
•

from the same relative positions were done over time.

c) Strength - The design parameters that are used currently in South Africa, refer to the

South African experience in chapter 3.4, require that either the dry and wet Marshall

stabilities or the dry and wet Indirect Tensile Strength (ITS) be done and subsequently

the retained strength is determined. The required values for acceptability of a foam mix

have been given in the second chapter, These parameters were used to determine

whether the stockpiled material was deteriorating to a point that was unacceptable by

measuring the values at varying time intervals.

The test method t...... vas chosen and that has been adopted by Bitutek Laboratory (a

leading laboratory in the testing and designing of the foamed bitumen in South Africa)

has been the ITS method due to the fact that the readings are quite substantial in the

order of hundreds and this makes it easier to determine small variations as compared

to the Marshall test which gives small figures of the tenth order and consequently

require very accurate machines to measure small variations.

34



d) Other tests done on the material WE:lre(TMH1, 1986):

i. The MOisture Density relationship

ii. Moisture content determination

iiI. Binder content determination

iv. Bulk relative densities

v Microscopic analysis of the material.

4.3 r,,1aterialsto be Tested

a) Foamed sand from the Duka-Duka project. (Refer to Appendix A for material

characteristics)

b) Recycled Asphalt ( RAP) from Colas

c) Foamed gravel from a Soweto project.

4.4 Standardisation of Moisture Contents Before Laboratory Tesiting.

Any tests that were to be done on the material were to be tested under standard

conditions so that comparisons could be drawn between the different results obtained.

The moisture content was one of the conditions that was crucial to ensuring that the

material was under the same conditions.

To determine the effect of the moisture content on the properties of the foam stabilised

material an initial control experiment was done on the material as it was found on site

and another was done on the same material after adjusting the moisture content to the

optimum moisture content.

35



The foam stabilised gravel results at 12 months in Stockpile:

Table 4.4.1 Foam Stabilised Gravel: Effect of Moisture

Position B6 4 5 7
Moisture 14.9 6.1 11.2 11.8

Content

Binder 2.9 2.9 3.2 2.4

Content

B.R.D 1.93 1.86 2.028 2.039

3

Dry ITS 258 159 415 427
Wet ITS '" * * *

Retained
Note: * sample collapsed

B6 represents material that was sampled and bagged after 6 months and kept for another 6

months.

Unshaded area represents material ae found on site.

Shaded area represents material adjusted to O.M.e.

Foam Stabilised RAP: At Month 2 in stockpile:

Table 4.4.2 Foam Stabilised RAP: Effect of Moisture

Position RT 1 4

MIC 3.~ 2.9 3.5

Binder 5.8 6.6 6.5

Content

B.R.D 2.159 2.04 2.058

Ory ITS 707 479 567

Wet ITS 541 385 364

Retained 76.5 80.4 64.2
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Note: Unshaded area represents material as found on site.

Shaded area represents material adjusted to O.M.C.

R.T refers to foam RAP treated with 1% OF 30% emulsion.

Foamed Sand Material: At Month 0:

Table 4.4.3 Foam Stabilised Sand: The Design

MfContent B/Content Bulk R.D

267 189 70.8

Position Dry ITS Wet ITS Retained

ITS

1 13.7 5.0 1.765

OMC = 10,3%

The above results show that the foamed material parameters were altered by the

adjustment of the moisture content to O.M. C. Because of the effect of moisture, and the

fact that the material would be brought to OMC at the time of construction, all

subsequent samples tested were brought to O,M.C before laboratory testing was done.
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4.5 Stockpile Layout

The materials tested were placed in a conical shape in the stockpile resting at their~
natural angle of repose. the positions 1, 4, 7, 6 and 3 were 1OOmmfrom the surface

of the material. Positions 5 and 2were from inside the stockpile. It should be noted that

positions 1 and 4 are syrm.ietrical to positions 3 and 6. For this reason and for

purposes of saving on the material required for the study one stockpile was used for

the covered and uncovered stockpile investigation. One side of the stockpile was

covered and the positions named as for a separate stockpile ie position 3 and 6 were

called 1 and 4 respectively.

Figure 4.5.1 below shows the arrangement of the tested positions.

Figure 4.5.1

mrCAL S1'OCKPn.E
l'O',ITI0NS
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5.0 TESTING PRO<?:RAMMEAND RESULTS

5.1 Material: Foam Stabilised Sand (ex Duku Duku)

5.1.1 Original Design:

General

The design of foam bitumen is done in the laboratory by use of a small plant which is

designed to mix small quantities of foam for the purpose cf making test samples. The

specimens made are normally tested by means of Marshall tests. Marshall briquettes

are made and are then cured by leaving the briquettes in their moulds for twenty four

hours at ambient temperatures and then the samples are extracted and further cured

at eooc for twenty four hours, The specimens are ready to be tested on cooling.

The choice of the optimum binder content of a mix is determined on volumetric and

Marshall curves as for the hot mixed asphalt. The exception is that the briquettes here

are not soaked at an elevated temperature prior to the Marshall tests or I.T 8 test,

Instead the susceptiblllty to moisture of the material is checked by doing additional

Marshall tests or I.T.S test on samples previously soaked at reduced pressure. A

mlnlmum "stained stability of 60% is required. ThE:!reslllent modulus test and the

dynamic creep are carried out to assist in the determination of the optimum binder

content.

8ggregate

The aggregate contained a mixture of two materials as follows:

iii) Dune Sand 60%

b) Berea red sand 40%
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To the mixture 1% cernent was added

The material grading of the rrix is shown in Appendix A

Foamed Bitumen Mix

The above aggreg:ate was mixed with 150/200 pen bitumen from SAPREF and the

various mixtures tried are shown in Appendix A.

Below is the final mix design adopted for the foamed sand mixture.

Table 5.1.1 Foam Stabilised Sand: The Design.

Mix binder mlc B.R.D ITS ITS
NO content

ITS Dynamic Resilient

creep(MPa) Modulus

Note: Aggregate for both mixes contained 75% of dune sand and 25% berea led.

Mix number 2 contained 1% cement and mix number 1 had no cement
Mod AASHTO of the mlxW<ls1868k.;:'m3
Optimum moisture content (O.M.C) was 9.3%
Fill area represents the adopted design

5.1.2 Stockpile Experiment:

Duku Duku sand was foamed in May 199" in order to provide a black top road to this

rural community. Six tonnes of the material were then transported to Durban where It

was placed in a stockpile. As the material 'vIas too little to provide 1'''''0 separate

stockpiles, one stockpile was made into a conical shape and one half of the stockpile

WaScovered with canvas.
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The following tests wer ....I.~en carried out en the stockpile:

iii Strength with time (performance over a four month period) ~ Investigated by

means of the Indirect Tensile Strength ( ITS) on the soaked and dry samples.

Refer to section 5.1.3 for the results.

II Workability with time - Manual labour was enqaqed about once a month to work

the material during the sampling with aim of determining the point at which the

material became unworkable. The worker was given a garden trowel and was

asked to sample the material at the various positions as determined by the

testing program. His assessment of the ease with which he was able to collect

the samples was recorded (refer to table 5.1.2). The foamed sand proved to

have minimal problems and though tests were done over time there was no

change in the workability of the material. A garden trowel was sufficient to work

the materia;

Table 5.1.2 Foam Stabilised Sand: Workability

Material: Foamed Sand Mixture I
Position Penetration by garden trowel Worker's Classification

Top O.SIT!deep Easy very workable

Middle O.5m Inside Easy very workable

Surface (100mm depth) Easy very workable

Note: Tool used by worker was .In all cases a garden trowel.

Measurements were the same for the duration of the project.

Compactibility of the material with time. It is to be determined whether the same

effort will yield a progressively diminishing density as the material ages. To

achieve this, the material was compacted according to Marshall procedure for
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making samples and the bulk relative densities were recorded. Refer to Figures

5.1.4 and 5.1.5

• The moisture contents at all positions sampled (refer to Fig 4.5.1) within the

stockpile were taken, without adjustment of moisture content, and examined to

determine if there is a relationship between the relative position in the stockpile

and the moisture content. It is hoped that some light will be shed on the

existence or lack of a protective coat around the material in the stockpile.

5.1.3 Results

a) Moistui e Density Relationship

The moisture contents at which the Marshall properties are carried out will greatly

influence the results obtained. To Obtain a common base for comparison purposes the

optimum moisture content had to be determined and then served as the common

denominator for all subsequent tests. The maximum dry density Was also useful in

determining the percentage compaction achieved using the Marshall method. Refer to

Appendices A for a graphical illustration of the molsture-denslty reiaticnshlp.

Test results at Start: Month a

Table 5.1.3.1 Foam Stabilised Sand: Result Month 0

Position 1

Moisture 13.~t%

content

Binder 5%

Content

B.R.D 1.787

Dry ITS 250

Wet ITS 189

Retained 74.4%
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Note: Fill area represents the covers iarea of stockpile

All results were obtained at a.M.e

Test Results: Month 2

These results were the average of random samples taken from the mixture after

transportation to Durban and represent the average of the whole stockpile just before

one half of the stockpile was covered. All positions will therefore have the same values

for each measured parameter.

Table 5.1,3.2 Foam Stabilised Sand: Result Month 2

Position 1

MlC 9.4
r--r-'

5BIC

B.R.D

Dry ITS 214.

5

Wet ITS 207

Retained 96.5

Note: Fill area represents the covered area of stockpile
All te~ult$were Ilbtal(\ed at o.M.e
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Test Results: Month 3

Position

Table 5.1.3.3 Foam Stabilised Sand: Result Month 3

7

m/c

1

10.1

B/(" 4.5

B.R.D 1.84

Dry ITS 257

4

10.7

4.4

1.868

275

5

Retained 72

Wet ITS 185 189

68.7

Note: Fill area represents the coveredarea of stockpile
All resultc were obtained at O.M.e

Test Results! Month 4

Table 5.1.3.4 Foam Stabilised sand: Result Month 4.

m/c

BIC

B.R.D

Dry ITS

Wet ITS

Retained

ition 1

9.1

4.8

1.862

228

135

4

8 ~. ,
4.2

1.855

193

120

5

8.2

4.9

1.848

182
126
69.2

Note: Fill area represents the covered area of stockpile

All results were obtained at a.M.e
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5.1.4 Statistical Analysis

Table 5.1.4.1 a Bulk Relative Density: Uncovered

Time (Months) Position 1 Position 4 Position 7 Position 5
0 1.78'7 1.787 1.787 1.787
3 1.84 1.868
4 1.862 1.855 1.843 1.848

Anova: Two-Factor Without Replication

SUMMARY Count sum Average Variance
Row 1 3 5.361 1.787 0
Row 2 2 3.708 1.854 0.000392
Row 3 3 5.56 1.853333 9.23E·05

Column 1 3 5.489 1.829667 0.001486
Column 2 3 5.51 1.836667 0.001892
Column 3 2 3.63 1.815 0.001568

ANOVA
Source of Variation S$ df MS F P-va/ut F orit
Rows 0.689102 2 0.344551 0.909481 0.47253 6.9442719
Columns 0.776141 2 0.388373 1,025156 0.437084 6.944276
Error 1.515374 4 0.378843

Total 2.981222 8 -

Table 5.1.4.1 b Bulk Relative Density: covered

Time (Months) Position 1 Position 4 IPosition 7 Position 5
0 1.787 1.787 1.787 1.787
3 1.854 1.842 1.841 1.862
4 1.849 1.839 1.856 1.856

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance
Row 1 3 5.361 1.787 --'G'
Row2 3 5.537 1.845667 5.23E-05
Row 3 3 5.544 1.848 7.3E,-OS

Column ., 3 5.49 1.83 0.001'393
Column 2 3 5.468 1.822667 0.000956
Column 3 3 5.484 1.828 0.001317

... uwo.o""""_
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ANOVA
Source of Variation SS df MS F P-value F crit
Rows 0.007168 2 0.003584 87.18108 0.000503 6.944276
Columns 8.62E-05 2 4.31 E-05 1.048649 0.430373 6.944276
Error 0.000164 4 4.11E-05

Total 0.OQ7419 8

Table 5.1.4.1a shows that the F-values for both the rows and the columns are below the

critical F-values of 6.944276. This means that there is no significant variation in the bulk

relative density at the 5% significance level.

Table 5 .1.4.1b shows that the Fwalue of 1.04 for the columns is below the critical F-

values of6.944276. This means that there is no significant variation in the Bulk relative

density for the covered stockpile with time at the 5% significance level. The rows

however show that there is a significant difference in the bulk relative density by position

in the covered stockpile since F= 87 is greater than Fvcritical.
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5.1.4 Stat; stical Analysis

Table 5.1.4.23 Dry Indirect Tensile Strength: Uncovered

Time(Months) Position '1 Position 4 Position 7 Position 5
0 250 250 250 250

'--
2 214.5 214.5 214.5 214.5
3 257 275
4 228 193 180 182

Anovc: Two-Factor Without Replication

SUMMARY count Sum Average Variance
Row 1 3 750 250 0
Row 2 3 643.5 214.5 0
Row 3 2 532 266 162
Row 4 3 601 200.3333 616.3333

Column 1 4 949.5 237.375 385.2292
Column 2 4 932.5 233.125 1331.729
Column 3 3 644.5 214.8333 1225.083

ANOVA
ource of Variation SS df MS F P-value rsr:
Rows 8338.896 3 2779.632 0,492302 0.700536 4.757055
Columns 14688.17 2 7344.083 1.300714 0.339424 5.143249
Error 33877.17 6 5646.194

Total 56904.23 11

Table 5.1.4.2b Dry Indirect Tensile strength: Covered

Tlme(Morlths) Position 1 Position 4 Position 7 Position 5
0 250 250 250 250
2 214.5 214.5 214.5 214.5
3 247 221 240 214
4 206 240 179 237

Anova: Two-Factor Without Replication

SUMMARY Count Sum Averafle Variance
Row 1 3 750 250 0
Row 2 3 643.5 214.5 0
Row 3 3 708 236 181
Row 4 3 625 208.3333 934.3333

column 1 4 917.5 229.375 501.2292
Column 2 4 925.5 231.375 271.2292
Column 3 4 883.5 220.875 1002.729
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ANOVA
source of Variation 55 df M5 F P-value Fcrit
Rows 3343.562 3 1114,521 3.373928 0.095624- 4.757055
columns 248.6667 2 124.3333 0.376387 0.701466 5.143249
Error 1982 6 330.3333

Total 5574.229 11

Table S.1.4.2a) and b) shows that the F-values for bath the rows and the columns are

below the critical Fvvalues of 4.757055 and 5.143249 respectively. This means that there

is no significant variation in the Dry ITS for the uncovered and covered stockpiles both in

terms of the position of the test and in time, at the 0.05 significance level.
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Table 5.1.4.3a Wet ITS :Uncovered

Time(Months) Position 1 Position 4 Position 7 Position 5
0 189 189 189 189
2 207 207 207 207
3 185 189
4 135 120 113 126

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance
RoW1 3 567 189 0
Row 2 3 621 207 0
Row3 2 374 187 8
Row 4 $ 368 122.6667 126.3333

colrmn 1 4 7i6 179 952
Column 2 4 705 176.25 14n.25
Column 3 3 509 169.6667 2489.333.
ANOVA
Source of Variation SS df MS F P-value F crit
Rows 17068.33 3 5689.444 2.033013 0.210834 4.757055
Columns 6782.167 2 3391.083 1.211738 0.361393 5.143249
Error 16791.17 6 2798.528

Total 4Q641.67 11

Table 5.1.4.3b Wet ITS: Covered

Time(Months) Posltlon 1 Positior,4 Position 7 Position 5
0 189 189 189 189
2 207 207 207 207
3 208 178 172 160
4 133 189 132 176

Anova: ,(wo-Factor Without Replication

SUMMARY Count Sum Average Variance
Row 1 3 567 189 0
Row, 3 621 207 0
Row 3 3 558 '186 372
Row 4 3 454 15'1.3333 1064.333

Column 1 ·f 737 184.25 1243.583
Column 2 4 763 iS0.7S 144.25
Column 3 4 700 175 1026
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ANOVA
P-value'-~source of Variation 5S df MS F

Rows 4870 3 '1623.333 4.107105 0.066674- 4.75"Q· :5
Columns 501.1667 2 250.5833 0.633987 0.562618 5.14,3249
Error 2371.5 6 395.25

Total 7'74-2.667 11 ..... ____,

Table 5.1.4.3.a) and b) shows that. the P-values for both the raws and the columns are

below the critical Fvvalues of4.757055 and 5.143249 respectively. This means that there

is no significant variation in the Soaked ITS for the uncovered and covered stockpiles

both in terms of the position of the test and in time, at the 0.05 significance level.
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Table 5.1.4.4a Retained ITS: Uncovered

Time(Months) Position 1 Position 4 Position 7 Position 5
a 74.4 74.4 74.< 74.4
2 96.5 96.5 96.5 96.5

72 - 68.73
4 59.2 62.2 62.8 69.2

Anova: Two-Factor Without Replication

-SUMMARY Count Sum Average Variance
Row 1 3 223.2 74.4 0
Row 2 3 289.5 96.5 0
Row 3 2 140.7 70.35 5.445
Row 4 ~ 184.2 61.4 3.72

Column 1 • 302.1 75.525 240.0492.,
Column 2 4 301.8 75.45 221.7767
Column 3 3 233.7 77.9 293.11

ANOVA
Source of Variation SS - df MS F P-value F erit
RoWS 3987.06 3 1329.02 3.144437 0.108039 4.757055
Columns 776.355 2 388.H7S 0.918421 0.44~777 5.143249
Error 2535.945 6 422.6575

Total 729!?36 11

Table 5.1.4.4b Retained ITS: Covered

Time(MOllths) Position i Position 4 Position 7 Positions
a 74.4 74.7 74.4 74.4

96.5 - 96.5 96.52 96.5
3 84.2 80.5 71.8 74.8
4 64.6 78.8 73.7 74.3

Anova: Two-FactO, Without Replication

SUMMARY Count Sum Average Variance
"ROW1 3 223.5 74.5 0.03
Row2 3 289.5 96.5 a
Row 3 3 236.5 78.83333 40.52333
Row 4 3 217.1 72.36667 51.74333

COlumn 1 4 319.7 79.925 186.1292
Column 2 4 330.5 82.625 9'1.48917
Column 3 4 316.4 79.1 135.7667-
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ANOVA
Source of Variation 5S df MS F P-value F cri:
Rows i082.757 3 360.9189 13.75817 0.004254 4,757055
Columns 27.195 2 13.5975 0.518335 0.619944 5.143249
Error 157.3983 6 26.23306

Total 1267.35 11

Table 5.1.4.4.a shows that the Fvvalues for the rows and the columns are below the

critical F-values of 4.757055 and 5.143249 respectively. This means that there is no

significant variation in the Retained ITS for the uncovered stockpiles both in terms of the

position of the test and in time, at the 0.05 significance level.

Table 5.1.4.4.b shows that the F-value of 13.758 for the rows is greater than the critical

F-vaJue of 4.757055. This means that there is a significant variation in the retained ITS

for the covered stockpile with position at the 0.05 significance leveL The columns

however show that there is no significant difference in the retained ITS in time in the

covered stockpile since F= 0.518 is less than F-criticaL
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Material : Foam Stabili$ed Sand
Figure 5.1.10
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5.1.5 Conclusions

The analysis was limited because only a single sample was tested at months 0 and 2.

However certain trends were evident.

,[;ffect of Stockpiiing on Bulk Relative Density:

a) There was an increase of the B.R.D with time for all the positions tested as well as

for both tne covered stockpile scenario and the uncovered stockpile scenario [ figum

5.1.4 and Figure 5.1.5]. The B.R.D seems to reach it...climax after about 3 months, after

which it stabilises.

b) The material that was covered shows no significant difference from the material that

was uncovered [ Appendices E.1]

c) The material sampled from the outer surface of the stockpiled material did not have

any significant difference to the material sampled from within the stockpile [Appendices

D.1].

d) At level of significance of 5%, the material shows no significant decrease or increase

in the B.R.D over the four (4) month period that the tests were carried out over. [Tables

5.1.4.1a and b]

Dry Indirect '1 ensile Strength

a) The Foam stabilised sand shows no significant improvement I decrease of the I.T.S

on covering the material. [Appendices E.1]

b) The surface samples and the inner samples showed no significant difference

[Appendices 0.1 J
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c) The graphs shown in Figures 5.1.6 to 5.1.9 show that the material having been

prepared in month 0, and exhibiting the shown characteristics, on covering after two

months ( when material was moved to stockpile in Durban) improved on its dry ITS

before it showed signs of weakening in the fourth month.

The grapfls ir. Figures 5.1.10 to 5.1.13 (uncovered stockpile) show a mixture of

improvements before month 4 and a rapid declir 3 at positions 5 and 7.

The interesting thing to note is that in all cases the dry ITS remained well above

the 150kPa required for the higher trafficked roads.

d} The statistical analysts on table 5.1.4.2 a and b shows that at levi'll of significance

of 5% the variation of strength over the four months was not significant.

Soaked Indirect TensileStrength

a) The Figures 5.1.6 to 5.1.13 show that from tb" time .e material was stockpiled

(month 2) the soaked ITS deteriorated at a more rapid rate than the corresponding dry

!TS.

b) Again the analysis of Appendices E.2 and D.2 shows no significant difference

between the inside of the stockpile and the outside nor between the covered and

uncovered material.

c) Tables 5.1.4.3 a) and b) show no significant variations in the soaked ITS over the

four-month period for both the uncovered and covered material.
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Retained Indirect Tensile Strength

a) As the graphs 5.1.6 to 5.1.13 show the soaked ITS decreasir.g at a faster rate than

the dry ITS, the retained ITS is less at the beginning and becomes larger at the end as

the dry ITS values start to decrease.

b) The ANOVA (analysis of variance) in Table 5.1.5::1shows that there is no significant

variation in the results obtained for the uncovered material over the duration of the

experiment.

The Table 5.1.4.4b shows however that there is a significant variation between

the top (position 7), middle ( position 4) and bottom (position 1) of the covered

stockpile. This implies that at least one of the positions does not have the same

mean retained ITS as the other positions.

c) Appendices D.2 shows that there is no significant difference between the retained

ITS on the surface samples and the samples from within the stockpile.

d) Appendices E.2 shows that there is a significant difference between the covered

material and the uncovered material as far as the Retained ITS is concerned.

Gene~al

The workability of the stabilised material was found to be very similar to the

unstabilised material. Therefore the stabilised sand material can be expected to have

tre same productivities with labour based construction as for the unstabilised material

(refer to chapter 2.7).
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5.2. Foam Stabilised RAP

5.2.1 Designed Parameters

Aggregate

The aggregate consisted of a mixture of 85% RAP from Colas in Durban and 15%

crusher dust from the Ridgeway Quarry in Durban. Refer to Appendix B for the moisture

density of the material.

Foamed RAP Mixture

Refer to the Appendix B for the detailed design options considered. Below is a table

showing the option adopted for the materia!.

Table 5.2.1: Foam Stabilised RAP: Design

Binder

content

Moisture

Content

Bulk Soaked Dry

Rei. D ITS ITS

Retained Dynamic Rf3silient

ITS Creep Mod.

Optimum moisture content was 5.2%

5.2.2 Parameters Investigated: Stockpile life.

The test programme was carried cut an one large stockpile in Durban foamed in March

1997.The material was placed in a conical shape as the typical section (refer to section

5.1. 4) depicts, and material was sampled from May 1997 (2 months old) for testing.

The material was very hard even from the beginning and working the material proved

to be difficult as a pick was required to sample the material. A shovel would not even
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penetrate the material.

Table 5.2.2 Foam Stabilised RAP: Workability

Material: Recycled Asphalt (RAP)

POSITION Shovel penetration Workers Opinion

Top 500mm deep No penetration Hard pickable material

Side 500mm inside No penetration Hard pickable

Surface 100mm No penetration Hard pickable

Note. The results are true for the duration of the testing programme.

5.2.3 Test Results

The testing programme wa~ designed as for the foamed sand, the difference being that

this stockpile was left completely uncovered. The results obtained are shown bel »«.

Test Results: Month 2

Table 5.2.3.1: Foam Stabilised RAP: Result Month 2

~

1 '* 5 7 RT. 051 Ion

Mfcontent 2.9 3.5 4.9 3.4 3.9

8/co;;tent 6.6 6.5 7.1 7'.8 5.8

B.R.Density 2.061 2.066 2.081 2.167 2.052
..... - ..

Dry ITS 471 562 ! .;)'13 561 493

Wet ITS 420 441 505 409 395
._ ..

Retained 89.2 78.5 88.1 ·l~LJ 80

Note: The quoted moisture cor ,f.. -arethe natural moisture contents

RT represents foamed F ~("al that was treated with 1% of 30% emulsion.
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Test Results: Month 4

Table 5.2.3.2: Foam Stabilised RAP: Month 4

Position 1 4 5 7

Mlcontent 1.8 1.6 3.1 3.4

B/content - - - -
B.R.Density - - - -
Dry ITS 581 572 377 516

Wet ITS 466 411 406 397

IIRetained 80.2 171.9 107.7 76.9

Test Results: Month 5

Table 5.2.3.3: Foam Stabilised RAP: Month 5

Position 1 4 _j_ 5 l._7

M/content 3.2 3.4 4 4

B/content - - - - .--
B.R.Density 2.04 2.065 2.057 2.054

Dry ITS 556 556 591 498

Wet ITS 369 490 401 501

Retained 66.3 88.1 67.9 100.6
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Test Results: Month 6

Table 5.2.3.4: Foam Stabilised RAP: Month 6

Position 1 4 5 7

M/content 3.3 1.1 4.5 4.1

B/content 6.4 7.2 5.8 6.6

B.R.Density 2.05 2.038 2.066 2.049

·...ryITS 472 301 375 511,_-
Wet ITS 383 247 324 418

Retained 81.14 82.1 86.4 81.8 I

,),
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5.2.5 Statistical Analysis

table 5.2.5. t Bulk Relative Density

Time (Months) Position 1 Position 4 Position 7 Position 5
2 2.06'[ 2.066 2.167 2.081r---- 5 2.04 2.065 2.054 2.057
6 2.05 2.038 2.049 2.066

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average vetienco
Row 1 3 6.2£4 2.098 0.003577
Row 2 3 6.159 2.053 0.000157
Row 3 3 6.137 2.045667 4.43E·05

Column 1 3 6.151 2.050333 0.00011
Column 2 3 6.169 2.056333 0.000252
Column 3 3 6.27 2.09 O,O()4453

••
ANOVA
Source of Variation SS df MS F P-vaJue F crit
Rows 0.004<918 2 0.002409 2.00157 0.2498Q4 6.944276
Columns 0.002743 2 0.001371 1.139599 0.4058 6.944276
Error 0.004814 4 0.001203

Total 0.012374 8

Table 5.2.5.2 DfY Indirsct Tensile Strength

Time (Months) position 1 Position 4 IPosition 7 Position 5
2 471 562 561 573
4 581 572 516 377
5 556 556 498 591
6 472 301 511 375._
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AnoV3: Two-Factor Il\Iithout Replication

SUMMARY Count Sum Average Variance

Row 1 3 1594 531.3333 2730.333

Row 2 3 1669 556.3333 1240.333
Row 3 3 1610 536.6667 1121.333
Row 4 3 1284 428 12477

Column 1 4 2080 520 3240.667
Colum:12 4 1991 497.75 17248.25
Column 3 4 2086 521.5 751

ANOVA
"'SOurCe of Variation SS df MS F P-value F cti:
Rows 29996.92 3 9998.972 1.779027 0.250952 4.757055
Columns 1415.167 2 707.5833 0.125894 0.883977 5.143249
Error 33722.83 6 5620.472

Total 65134.92 11

Table 5.2.5.1 shows that the F-values for the rows and the columns are below the critical

F-values of 6.944216. This means that there is no significant variation in the bulk relative

density in terms of the position of the test and in time, at the 0.05 significance level.

Table 5.2.5.2 shows that the F-values for the rows and the columns are below the critical

F-values of 4.751055 and 5.1432 respectively. This means that there is no significant

variation in dry ITS in terms of the position of the test and in time, at the 0.05

significance level.
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Table 5.2.5.3 Wet ITS

Time (Months) Position 1 Position 4 Position 7 Position 5
2 420 441 409 505
4 466 411 397 406
5 369 490 501 401

383 247 418-6 324

Anova: Two-Factor Without Replication

SUMMARY count Sum Average Vi:,riance
Row 1 3 1270 423.3333 264.3333
Row 2 3 1274 ~24.6667 1330.333
Row 3 3 1360 453.3333 5364.333
Row 4 3 1048 349.3333 8160.333

Column i 4 1638 409.5 1881.667
Column 2 4 1589 397.25 11093.58
Column 3 4 1725 431.25 22.36.25

.'
ANOVA
Source of Variation SS df MS F ()·valu" F crit
Rows 17768 3 5922.667 1.275223 0.364652 4.757055
Columns 2372.167 2 1186.083 0.255378 0.782635 5.143249
Error 27866.5 6 4644.417

.Total 48006.67 11

Table 5.2.5.4 Retained ITS

Time (Months) Position 1 Position 4 [Position 7 Position 5
2 89.2 78.5 72.9 88.1
4 80.2 71.9 76.9 107.7
5 66.3 88.1 100.6 67.9
6 81.14 82.1 81.8 86.4
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Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance
Row 1 3 240.6 80.2

.
68.59

Row 2 3 229 76.33333 17.46333
Row 3 3 255 85 301.33
Row 4 3 245.04 81.68 0.2412

Column 1 4 316.84 79.2.1 90.39107
Column ~ 4 320.6 80.15 45.93
Column 3 4 332.2 83.05 150.1367

ANOVA
Source of Variation SS df MS F Pwelue F cri:
Rows 116.1764 3 38.72547 0.31264 0.816113 4.757055
Columns 32.052:7 2 16.02613 0.129383 0.881024 5.143249
Error 743.1968 6 123.8661

Total 891<4255 11

Table 5.2.5.3 shows that the F-values for the rows and the columns are below the critical

F-values of 4.757055 and 5.1432 respectively. This means that there is no significant

variation in the soaked ITS in terms of the position of the. test and in time, at the 0.05

significance level.

Table 5.2.5.4 shov, 3 that the Fvvalues for the rows and the columns are below the critical

F-values of 4. 757055 and 5.1432 respectively. This means that there is no significant

variation In the retained ITS in terms of the position of the test and in time, at the 0.05

significance level.
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Material: Foam Stabilised RAP
Figure 5.2.1

Material: Foam Stabilised RAP
Figure 5.2.2
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Material: Foam Stabilised RAP
Figure 5.2.4
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5.2.5. Conclusions

a) Bulk Relative Densities: The B.R.D shows generally low variation over the duration

of six (6) months, except for the single wayward second month result for position? The

low variability may be attributed to the largeness of the particles and the hardness of

the material in the recycled asphalt (RAP) which makes it difficult to compact. The

Table 5.2.5.1 shows no significant variation from bottom to top of the stockpile and nor

is there any significant variation over time.

b) The dry ITS: this parameter remained high for the first 5 months before it showed

signs of decreasing [ Figures 5.2.3 to 5.2.6 ]. In comparison to the required dry ITS the

material showed no slqnificant deterioration. Table 5.2.5.2 shows no significant

variation in the positions tested as well as over time.

c) The Soaked ITS: this did not exhibit any significant decrease in the first four (4) to•
five (5) months and seemed to fallow the general behaviour of the dry ITS. Again Table

5.2.5.3 shows no significant variation with position of test nor ,vith time.

d) The retained ITS remained well above the 60% required for E4 traffic over the

duration of the experiment. The result for month 4 on position 5 seems to be

inconsistent. [ Refer to Table 5.2.5.4 for proof of insignificance of position of test and

time in stockpile]

e) Appendices F.1 and F.2 shows no significant difference between the surface and the

inside of the stockpile for the B.R.D, the dry ITS, the Soaked iTS and the Retained ITS.
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5.3 SOWETO FOAM STABILISED GRAVEL

5.3.1 Designed Parameters

Aggregate:

The Soweto material was a red weathered chert gravel material. A number of tests were

carried out on this material and these include the following:

The California Bearing Ratio (CBR) and the Marshall test for the foamed bitumen

design. Refer to Appendices C for details.

Foamed Gravel Mixture

An initial design was done in A.ugust 1994 and the reoweathered chert showed some

good results as far the soaked stability was concerned giving an average value of

12.2kN (refer to Appendices C, test dated 20/8/94)

Further tests on the material were done in October 1995 and these surprisingly gave

poor results for the retained Marshal! Stability at values less than 4.0kN.

The final tests were done in January 1996 and the material was mixed with some quartz

material less than 40mm in size. The design alternatives considered are given in detail

in Appendix C.

To ensure that the strength of the material was measured at the same moisture content

for comparison purposes, the moisture density relationship of the foamed material was

investigated and all tests done were at the optimum moisture content of 10.7%. ( Refer

to Appendix D)
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An extract of the d lsign is shown below.

TableS.3.1

Mix No_ Binder m/c B.R.D Marshall Marshall Retained

Content Stability Stability Stability

(Dry) fY'Jet)

1 4.0% 9.6% 2.038 2S.2kN 7.2kN 28.6%

2 4.4 9.2 2.048 23.1 14.0 60.6

Sample 1: This sample had gravel and no quart: was added.

Sample 2: This sample wa>:igravel with some 37.5mm quartz material added

The stability requirements for EO to E2 traffic are minimum dry stab. of kN.

5.3.2 Parameters Investigated:

The material was foamed in June 1996 and was stockpiled for a year before testing was

carried out on the material. Some of the material was bagged after it had spent six

months in stockpile. Both the bagged material and the material In stockpile were tested

after a year ( June 1997). The materials were tested by means of the Indirect Tensile

Strength (ITS) tests and the aim was to determine whether the stockpile material

showed deferential. deterioration in properties between the material at the surface of

the stockpile and that in the middle of the stockpile. It ~as also the aim of the

experiments to determine whether the bagged material had better physical properties

than the material in stockpile.

It should be noted however that despite the fact the foam stabilised gravel had been

in stockpile for over a year it could still be penetrated with a shovel and was as

workable as the unstabilised gravel in the area.
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5.3.3 Test Results

Table 5.3.2.1: 11110 nth 12:

II
Where Moisture Binder Bulk Rei. Dry ITS Wet Retained

Tested Content Content Densfu_ ITS ITS

a b a b a b a b a b a b
trn from 11.2 10.7 3.2 3.2 2.03 2.05 415 364 " ., - -
top.

500mm 11.8 10.7 2.4 2.4 2.04 2.05 427 393 * " - -
into side

toomm 6.1 10:7 2.9 2.9 1.86 2.03 159 339 ... " - -
surface

Surface 6.0 10.7 3.2 3.2 1.85 2.01 82 405 ,. " - -
Disturbed ,
Bagged 14.9 10.7 5.8 5.8 1.93 1.97 258 237 " * - -

a represents natura! parameter as sampled in stockpife

b represents the parameter measured at optimum moisture content

...indicates that the sample collapsed.

Table 5.3.2.2: Month 13: Correlation between ITS and Marshall

Moisture Binder B.R. Dry Ory Wet Retained

content content " '.('..ilty ITS Stability ITS ITS

..

500mm 12.6 --- --- 386 29.5 " ----

into side

100mm 6.7 - ---- 345 29.1 " ----

of

surface

Bagged -- ---- 432 26.5 '" -------
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• indicates that sample collapsed

Moisture content recorded is the natural moisture content

Other parameters were tested at O.M.e

5.3.4 Conclusion

a) The foam stabilised gravel was very variable as indicated by the fact that the design

done on the material in 1994 gave good results and yet the same materia! gave poor

results when tested a year later. The addition of quartz. material to the mixture had the

effect of improving the retained stability of the material.

b) The effe ..:;t of bringing the moisture content to a.M.e seems to be that of improving

the properties of the material, whether or not the original! natural moisture content was

above or belo,w the a.M. e [ Table 5.3.2.1]

c) When the material is in its natural state it appears as though the outer/surface

material is drier than the lnne: ,f~ri?1 ( eg the moisture content for the surface

disturb, material was 6% am ;1e material one metre within the stockpile was

11.2%). The tests done at r state show tilat the material on the surface of the

stockpile is inferior to the r ,f within the stockpile. On bringing the moisture content

to o.m.c the properties ~ materia! become more uniform.

d) Bagging of the material does not improve the properties of the material.

e) Tests done in the thirteenth month show that the dry Marshall stability remains high

even after 13 months in stockpile and that the material fails due to lack of strength

when soaked. [ Note that the designed dry Marshall stability was 23.1 kN and the dry

stability at the thirteenth month was greater than this value].
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5.4 Rejuvenation of Foamed Bitumen on Addition of Emulsion

5.4.1 Effect on Foam Stabilised Gravel Material

The results shown above (Tables 12 and 13) clearly indicate that the foamed gravel

was beyond usefulness according to the criteria for the design of foamed bitumen. As

a trial solution engineers have been using emulsions to 'restore' the foamed bitumen

stabilised materials to acceptable levels.

To determine whether the material could be restored to acceptable properties, 1% of

a 30% bitumen emulsion was added to the material and then the material was retested

to check for any improvements. The following results were obtained:

Table 5.4.1 Effect of Adding Emulsion to Foam Stabilised Material.

~Te$tDone I SOOmminto Side
- il

Sagged Material

Normal Add Normal IAdd
Emulsion Emulsion

Moisture Content 10.7 10.7 10.7 10.7

Dry ITS 386 335 432 319- - --
Soaked ITS Collapsed Collapsea Collapsed Collapsed

Retained ITS --- - -. ----

5.4.2 Effect on Recycled Asphalt Material

The problems faced by workmen, in labour intensive jobs, is mainly that of workability

of a material. A material that hardens quickly makes it extremely difficult for workmen

to handle it. Although foamed RAP material does last for a long time in excess of six

months as demonstrated by the results in this project, it has the disadvantage of

hardening quickly. It was of interest to try and determine thE' pffect of adding 1% of 30%

emulsion to the material and remixing, l.e. tr" determine whether the material would be
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reji.lvrmatl?d in strength and workability.

The test results have been shown in section 5.2.3 in Table 5.2.3.1 ( shown below) and

the following deductions have been made from the results.

Table 5.4.2: Effect of Emulsion on Foam Stabilised RAP .

I _L
.

Position 1 4 5 7 RT

M/content 2.9 3.5 4.9 3.4 3.9-
Bfcontent 6.6 6.5 7.1 7.8 5.8

B.R.Density 2.061 2.066 2.081 2.167 . 2.062..
Dry ITS 1471 562 573 56'1 493
1---. ..--

Wet ITS 420 441 505 409 395

II Retained 89.2 178.5 88.1 72.9 80
==-;:==

Note. The quoted rnolsture contents are the natural moisture contents
RT represents foamed RAP material that was Ueated with 1% of 30% emulsion.

5.4.3 Conclusions

a) The addition of emulsion did not regenerate the foam stabilised gravel that has been

stockpiled for too long. This was lnsplte of the fact that moisture contents had been

adjusted before testing to take into account the extra moisture from stabilisation.

b) The effect of adding the emulsion seems to be that of decreasing the dry stability

while the corresponding decrease in the soaked stability is not as pronounced, leading

to a situation where the retained strength/stability of ttl€! material is increased. This

would be useful in a situation where both the dry ITS and the soaked ITS are above the

specified levels and yet the retained strength/stability is not meeting the requirements.

Note. No microscopic analysis was done Oil. the emulsion stabilised material to determine the
effect of the emulsion on the granular make up of the material.
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5.5 Microscopic Analysis

The materiels sampled were also examined under the microscope to determine how ths'
materials were coated With bitumen as well as to determine whether there were any
differences in the structure of the material which contributed to the different properties
of the materials.
Thin sections were made and then these were analysed and representative
photographs were taken and these are shown below.

Foam Stabilised Recycled Asphalt Material ( RAP)

This shows relatively low bitumen content covering the light coloured quartz material.
It appears the bitumen covers both the small particles and the larger forms globules in
the open spaces ( voids).
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Foam Stabilised RAP

This photograph shows an area that has a abundance of bitumen. The quartz material
is still covered with a thin layer of bitumen but the rest of the bitumen is in the voids.

Foam Stabilised Sand ex-Duku Duku

The photograph shown below shows a well structured matrix of the quartz material
bound together by bitumen.
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Foam Stabilised Sand ex-Duku Duku

This photograph shows a low bitumen content area with mainly a thin layer of bitumen
coating the quartz material.

Foam Stabilised Gravel

The photographs here show a variation from low bitumen content per unit area to larger
bitumen content areas. In all cases the bitumen covers the quartz material and also
forms globules in tr ) voids.
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The above set of photographs IN9retaken randomly from their re8pective stockpiles and

the great variability shows that the bitumen does not cover thf' S1ggregateuniformly.

There is variation from well structured matrices of bitumen and aggregate to not so well

structured systems.
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6.0 Conclusion and Recommendations

• The South African experience withfcam stabilised material [refer to Section 3.3.2: Tables

3.3.2.2 and 3.3.2.3] showed that weathered granitic material when foam stabilised does

not show a significant decrease in the dry stability over a two month period. The sample

showed a marginal decrease in dry stability from 13.7kN to12.5kN. The soaked strength

on the other hand, was reduced significantly from an initial value of 11.3kN to 7.3kN.

This decreased value of soaked stability is responsible for the big decrease in retained

stability. The RAP material showed better results as far the soaked stability was

concerned.

• The Soweto project showed that the foam stabilised material was sensitive to whether or

not the aggregate had quartz material in it (refer to Appendix C). The possible reason for

the poor results in the Soweto gravel could be that the quartz content was variable and

since the initial results were poor it can not be concluded that the foam stabilised gravel

failed after a year in stockpile due to degradatioa alone.

• This study shows that foam stabilised material when properly designed, can last for over

four months ( foamed sand) or even six months ( foam stabilised RAP) while still

exhibiting good dry and soaked stabilities.

• The only possible cause of deterioration in the properties of foam stabilised material, is

the decrease in soaked strength/stability which will ultimately result in the collapse of the

material when. soaked. This is shown in the Soweto foam stabilised gravel where the

material retained its dry stability even after 13 months in the stockpile. The retained

strength was non existent due to the poor soaked strength. This seems to suggest that the

soaked strength is low due to a weak bond between the bitumen. and the aggregate.

Further research is recommended to determine why the soaked stabilities decrease at a

faster rate than the corresp ending dry stabilities.
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• The results have shown that there is no significant differ~nce between the different

positions in the stockpile ie whether the material was taken from the top, middle or

bottom of the stockpile or from the surface or from within the stockpile. The implications

here are that the material will not require any special costly stockpiling methods or

methods. This would suit labour intensive construction well.

II An aspect that was investigated in this study was the possibility that the foam stabilised

material foams a protective layer/crust which ensures that the inside material remains in

good condition. The results of the moisture contents and strength tests showed that there

was no significant difference between the outer 150mm and the inside of the stockpile,

The material will not require covering nor bagging as the difference this would make is

not worth the extra cost.

• There is the possible commercial benefit that the 'manufacturing' ofthe foam mix can be

done well before the project starts without the fear that a delay in the project start time
•

will affect the material negatively. The material may also be bagged and sold to clients

whose jobs can start four months after the purchase date of the material.

The biggest advantage is that the foam stabilised material will be as workable as the neat

aggregate material before stabilisation i.e, an aggregate that is workable when it has not

been stabilised, like the Soweto gravel and Duku Duku sand will be workable after

stabilisation. A material like reclaimed asphalt on the other hand is workable for a short

period of time when unstabilised and consequently it becoI?es harder to handle a short

period after stabilisation. This means that all workable materials such as sands and poor

gravels would lend themselves well to labour intensive construction.

• The fact that the foam stabilised materials will last for over four months in stockpile and

that they do not need additional expensive storage conditions like covering e.t.c, implies

that the planning of labour resources can be done without having to rush the job. This

could result in better quality roads.
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• The material properties are improved by bringing the material to O.M.e before

compaction and t-sting. This is in accordance with normal engineering practice.

82



APPENDICES

83



APPENDIX A: ~~Ia )esign of Duku Duku Sand
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,BITUTEK LABORATORY (PTY) LTD~ '::::;~\! r:: :}

Regj,;r"lion Number 79/02693;07 ~_, _._ ......_._-----

16 April 1997

Colas East (Pty) Ltd
p o.se- 12373
Jacobs
4026

Attention Mr Steve Nel

Dear Sir

" Dukuduku Foam Desiqr. JC 1659

!..~A;.<4 ;

We refer to report 'jC1644 that was conducted on two samples of sand from the
above mentioned project thz.t were delivered to our laboratory, on your behalf by
Shires, for a foam asphalt design.

Attached please find the two-page mix design .incorporatinq the previous work as
\ well as one point wi~h 1% cement added as requested by vourss'ves. .

The bitumen used was a 150/200 pen ex SAPREF.

Care should be taken regarding lumps In the cerea rea sand.

We wish to thank YOLI for your support and should YOlI require any further
information please feel free to contact us ..

Yours faithfully

C.H.Loots
Manager

25 Westmead Road, Pinetown 3600POBox 15324 Westmecd 3608South Atrica
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BITUTEK LABORA lORY (PTY) LTD

FOAM ASPHALT MIX DESiGN

Job

Colas East (Pty) Ltd

Dukuduku

JC No: 1659. Client

Date 2{4.'97

Mix Tipe: Blend of Sands

AGGREGATES
SAMPLENO NOMINAL SIZE : DESCRIPT10NAND SOURCE

1 Sand A Dune Sand ex Dukuduku
2 Sand B j Berea Red Sand ex Dukuduku

SIEVE ANALYSIS
SAMPLE NUMBER 1 2

% PASSING
THEO.

COMBINED'
DESIGN MIX

SPEC.%INMIX 75.0 25.0
SIEVESIZE (mm) GRADING

37.;:_5 -:- __:_~._~ ~~ _

26.5

13.2

19.0

9.5

6.7
4.75

0.300
0.150
0.075

100 100 100.0
100 100 99.8
99 97 98.5
82 84 82.7
13 43 20.4 ---'--
5.6 32.9 12.4 - -..:._---_.

2.36

1.18
0.600

SIEVE SIZE (MM) TO LOG SCALE

100---------------~==~=------------
90------ ------.~~--
80 -~------r_---;-,-;------------
70---------r~---~-----:----------
60--~------:---:-~----~-----:--:-------------
50-~-----:---r-~-----_:_---------~--------
40~-;------,~------~---~--------
30--·-----~L---------~-------------------20-----~~------~-------~-----
10 ------------;--------------

0.075 0.150 0.300 0.6uO 4.75

Page 1 of2



--,--_. . ----,. '_'-----------------------
B!TUTEK LABORATORY (PTY)LTO

FOAM ASPHALT STABILISATION

CliENT ColC's East (Pty) Ltd JC No 1659

JOB OuKUduKu DATE 02/04/1997

AGGREGATE Berea Red 25 % . Dune Sand 75% REF JC1644

BITUMEN 150i~OC EX SAPREF

I.TS, RETAINED I.T.S.
~ ~-----------------

:00-. --- ------
~ .:oJ. /~-=
§ ~~-----~/--~
u: 2CU-. __ --,£,. ..:....
a - :,~IOO~--------o~-:-----------o 1.0 2.0 JoO .to s.e

;:,,;),,,,,,5051ruMeN Acceo ('!.I

aULK AELA TlVE DENSITY

t C 2.0 3.0 11.0 5.0
AeSICUAL :ITUMeN (""

SQAKED I.T.S.i $OOI.-----~--__,
SCOI:-. :-. -:----i~I:-,----------~~~oo~.-------~~~

"' 200r. -------f-"--..-
~ 100 -. - ..~

hl Ol-="'----=----"-'
'" a 10 2.0 3.0 •.0 '.0
~ ,..c,,""'=o Sfl'.JM5NAcceo (~I

100:'-, ======sc.-00:::::::::::::::::l 7 .__ ~=_~
.,~ - /'0
~ ·::'--'!..-:7"'=7-:-- ---1 ~. z~ I~~Z~ _
- a /

o 1.C 2,0 J.O 4.0 e.c
;:O:"MEO SI7\;MI:N AOOEO ,"»

DYNAMIC CREEP
ICO.... 9(),

~ QQ,

0 701
e -SO!..
Zt .so.
u,
Ul

Ii! 30)
I,) 20)
I,) 10)s-e Q

~c
~E15ICUAL 5ITU,VGN (%l

1% 2% 3~1Q 46'.0

c.a :1..0. 2.9' 3.5

0

8,:;· 8.2 6.3 a.a

1.931 1.950 . 1.965: 1.980

MIX NUMSER

81TUMENCONTENT (%)

CEMENT CONTENT (%1

RESIUENT MODULUS

5----------------
.... :: ....

FESICUAL SI7UMEN (%)

5% 3.5%

3A

1.0;

SOAKED I,T.S. (kPa)

eUL,( R8LA11VEOENSliY---------- ---------- __------~~--__-------------------~----~---------
24~ 5t t42' 250

I,T,S. (kPa\ 374'! :529'----~--------------~----------i ~--------~
61.2'; 59.S!AEiAINt:O I.T.S. (%) 46.2; 40.7: 48.0 61.7

DYNAMIC CREEP MODULUS (MPa) sao tCO.S;

AESIUf':NTMO(lUI.US (MP;!) :3616 3743

MOO MSHTO {kglm'l tssa

OMC - (MOO MSHTO) 1%\

QPilMUM MOISruAE CONTENT (%) ,i

9.3

a.~

~ SC%OFOMC AT MOO ,l.ASHTO COMPACTION EFFORT

Page 2 012
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BITl1TEK LABORATORY (PTY) LTD
k,'gislrarion Number 79/02693/07

20 August 1996

Colas East (Pty) Ltd
P.O.Box ·12373
Jacobs
4026

Attentib~ Mr Steve Nel

Dear Sir

Foam Asphalt Mix Design - Dukuduku JC 1342

W-c refer to the foam asphalt mix design conducted on a blend of sand samples from
the above mentioned project. " ., ,

Attacned please find the foam asphalt mix design as well as the moisture density
relationship of the mixture. The blend ratio was 60 % dune sand to 40 % berea red
sand. ' '

Special care are to be taken to prevent the incorporation of lumps originatll1g from the
berea red sand, . .

The. repeated load ~vuting was done using a Nottingham Asphalt
Tester and the following test conditions: .

Dynamic creep modulus

100 kPa, ,4Q °C, 30 pulses conditioning and then a further 3600 pulses at 0.5
Hz, square wave form. '.,

Resilient modulus

120 ms rise time, 5J.1m horizontal deformation, 25 °C . assumed Poisson's ratio of
0,4.

We wish to thank )lou for your valued support and should you require any further .
information please feel free tg contact us.' . . ,~..,

,,'

Yours faithfully
..

C.H.Loots,
Manager

" , ."* "
, ,
::. ~\',,, .

-. J '.; .\. ~• .,' .. '. • • . ' "

own 3600 POBox 15324 Westmead 3608 South Africa



SOILS DESIGN LABORATORIES (NATAL)
--

MOISTURE/DENSITY RELATIONSHIP
Client Bitutek Jab Card No.: 62136

Proj I?ct : Dl.lku-Duku O/NO. 4/30 Sample No. 6640
Date : 14-08-96

Field/Pit No.: Material Description: Ok.Sr.Fine Sand

Pos it icr. . 40:60 + Lt.Br.Oune Sand

DelJth Stabilising Agent Natural
.. Moisture I Density Relationship

Nominal HOlsture Content (%1 4 6 8 10 12

Dry Density (kg/m3) 1688 1733 1743 1732 1696

Moisture Content (%l 4.0 6.Q 8.1 10.0 12.1

MAXIMUM DRY DENSITY 17£15 kg/m3
OPTIMUM MOISTURE CONTENT 8.7 01

II>

1770

Dry Density

(kg/m3l

1750 1--.- 1--._' f--')fJ\V" i
..
'.

*

V ! \I
i f\

/ I -\
.i '\

If \
·1 .1\i

I i \
15

1730

17iO

1690

1670

1650 3 5 7 9 11 13
Moisture content (%)



BITUTEK LABORATORY (PTY)LTD
FOAM ASPHALT STABILISATION

CLIENT Colas East (Ply) Ltd

,JOB Dukuduku

Berea Red 40 % , DUne Sand 60%AGGREGATE

150/200 EX SAPREF. BITUMEN

I.T,S. SOAKED I.T.S.
&10

500

<lIO

~o

:rTml I
; I ! ! 01-1- I:l:-r:: I
i! ! I
~! i I
. , ' • I! , 1 1

200

100

o
~,O 4.0 a.o

FOAMED eITUMEN ADDeD (1(,1

scoi 1J'
, : ! I I'

1 I I I ! , IiI ,
400

1 I I I k91l'
I J.-9" ~ ,

1 I i III
200 ~c II I I ! I!, , !

100 I JJ j ! ! I I'. I
0

JC No 1342

3,0 4.0 5,0

FOAMED BITtJMEN ,<Octo (%)

DATE 20/08/1996

CODE

.------~-----------~
RETAINED I.T.S.

teo I I. I , I 1 ! I J.,.. I :
00,11' 11:;;:r,I~
eo. " IL: I I
70, 1 1 1 .. 6 Qj 1
60., lA I I 1 I
so, ~ ...! 1 I , I

,~,_,',--' ..!.-.\.....!...~-'-.L.LLi
3.0 4.0 S.O

FOAMED BITUMEN ADDED (%)

BULK RELATIVE DENSI1Y RESILIENT MODULUS

1.tH~211·1'11' 11111
'.Be I I 1 I I I I I

1:~~~++-t-+:_ J,_ '
t.854 j I I f ! I •..
tl~:~,: ! : JZ: J I I

1.844, I I 0
1.a415, , .1
:.844r I I I
1.842) , ,
1.64/. J I I

1,038, I
1.83<1

3.0 4.0

RESIDUAl. BITUMEN (%)

5.0

DYNAMIC CREEP

, '
70tLL) I I 1 :
~iTTl I 'TaL '
40
co
20
10
C
3.0 4.0 5.0

RESIDUAL am.lMEN (%)

I i
•• I

I I I I I 1"::~ I : 1
I , , i : I

I , I : I I j
I 1 , I ,

! ! ; !

8·-'-';'""'f"-'-'-;--"-:--;-~1i I I I I I . j
5-'-+-+1 -:-:-:'-+1 t-:-,:-11-1:-+-11i
i I I I r-T"'i--LJ..J.j
I I I ! ! I I I Ir" 1i
! " , I I II I I II
I: 1IIIIliTn

3.0 .4.0 S.C

RESIDUAL BITUMEN {%)

, I
, I IMIX NUMSER ! A B C i 0,, I i I I -,

: BITUMEN CONTENT (%) I 3,1 3.S 3.91 4.6 I i ,
I 6.11

i I ~"! !
; MOISTURE CONTENT (%) , 6.1 6,2 5.9 ! I

I I

I 1.~381
I , I

i BULK RELATIVe DENSITY 1.8471 1.8$41 1.1160 ; I I ,
,

,
; SOAKED I.T.S. (kPa) 36:'>.----_

3341
I I I :i I I

; I.T.S. (kPa) 385 4301 413 I I, r 1 !
: REiAINED I.T,S, .,%) I 48.6 62,9 66,0 87.7

, i
-'

I 1 i . I I.
DYNAMIC CREEP MODULUS (MPa) I 55.7 42.0

, ,
I I ,

: RESILIENT MODULUS (MPa) I I 3\348 3195 I I I ;

.i MOO AASHTO (kg/mJ
) I '1745

! OMC - (MOO AASHTO) (%) I 8.7

Llo~~~~IM~U~M_·M_O_I_ST_U_R_E_C_ONT__ E_NT_~~~)·~I .~ 6_.1__ -----------------__j
* 70% OF OMC AT MOD AASHTO POMPACTlON EFFORT



. SOILS DESIGN Lil~BORATORIES (NATAL)
< •

ATTERBERG LIMITS TEST REPORT

client
Pr(~ject

Bitutek Laboratory
B6610 - J.C.1336

Report Date: 1996:06:08
Job Card No.: 62136

For the attention of: Mr R.Loots

TEST RESULTS

I .-
I

Laboratory Sample No. 6639

l:'ieldNo. I position B66l0

Dk.Er.

I
Material Description ,

Soil Fines
Istabilising Agent Natural

Liquid. Limit s- 20
I

0

'I

Plasticity Index %
I

6

I I ~ .-"
Linear Shrinkage s- 3.0•
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BITUTEK LABORATORY (PTY) LTD
Regisllarion Number 7910269J/07

2 April 1997

Colas E~st (Pty) Ltd
P.O.Box 12373
jacobs
4026

Attention Mr Steve r:.r.ill

Dear Sir

Dukuduku Foam Design JC 1644

We refer to the two samples of sand from the above mentioned project that were
deiivered to our laboratorv, on your behalf by ShIres, for a foam asphalt design.

"

Att"r;n·j P:",i,<:e find the two-paqe mix design ee well as the Mod AASHTO
of,..tirmm r=oisture content determination by SDLN.

rile bitumen used was a 150/200 pen ex SAPREF. Please note that no lime or
cemen, was used in the design. Care should be taken re.garping lumps in the
berea red sand.' . ,

We wish to thank you for your support and should you require any further
Information please feel free to contact us.

'( ours faithfully .

, , '

C.H.Loots
Manager

~... ' ..... " .
• ~. ", A '\' • •



SOILS DESIGN LABORATORIES (NATAL)
MOISTURE/DENSITY RELATIONSHIP

Client Bitute~ Laboratory Job Card No.: 64770

P~oject : Oukuduku ~ Ord~r No.4/81 Sample No. 8357
Date.: 01-04-97

Field/Pit No.: Huterial Description: Dk.Br.Sand

position : (75:25J

Stabilising Agent : NaturalDepth
Moisture / Density Relationship

Nominal Ha"st,'re Content .(%) 6

Dry Density .(kg/m3) 1804
-,

Moisture Content {%) 6.0

8 10 12 14

1849 1864 1813 1771

8.,1. 10.0 12.2 14.1

1868 kg/m3
9.3 %

MAXIMUM GRY DENSITY
OPTIMUM MuISTURE CONTENT
1890

i8iO -_._ f--. __ .,tilt/ . \I \
1850 / ! \Dry Density I \

,.

(kg/m3J _j
1830 V ! \/ I *18iO ,/ \I/ j \
1790 ;; ! \.Ll
1770 5 7 9 11 13 15 17

)·10 isture Ccntent (~J



BITUTEK LABORATORY (PtY)LTD

FOAM ASPHALT STABILISATION

CLIENT Colas East (Pty) .Ltd

JOB Dukuduku

Berea Red 25 % • Dune Sand 75%AGGREGATE

BITUMEN 150/200 EX SAPREF

JC No: 1644

OATE .: 02/04/1997

con:

I.T.S. RETAINED I.T.S.::~:i=~=~=~=~=::I~I~--~~-+--~-H
1 II:JCCI-'----:--;-l ==-~,I~. >(c~S!:1

ICC: • , _'" (; ! ; I
c .........::_,-": ! ! !
a 1.0 •.0 3.0 4.0 5.0

FOAMeD SITUMEN ADDEO 1"-)---.------------~-------------

eOOI;-, --:---,;---;----

SOOI'r-::-----:----..;---
: i

Jt".. ,.
_=
I =

o 1.0 2.0 3.0 40 •.0
FOAMED BITUMEN ADDEO ,'10)

BULK ~ELA TIVE DENSITY
2.01."-.r-----,---_-/:-.
2r, '.':' /1.99,i-1'---+'--'-"-?7"-~

J~lr,7;-~-~~---
1.97;.... '---;---::"----
lS6ii-. ---7"'----
1.95i:", ---;-'!'---;----
1.94:t-'---;r---..,.----

1.~3: '"
1.9.

'0 1.0 2.0 3.0 40 5.0
RE'SIDUAL BITUMEN ('10)

6: ,

:I 5" ', ,., ,
I
I' 3.~;: ;:
: I

I'I I

a

4% 5%

3.5 4.7 '
I

8.3 7.9 ~

1.980 2.001 .

256 229 ;

415 374:.
61.7 61.21

68.0 ,

3515

SOAKED I.T.S.

DYNAMIC CREEP
leo
so
BO·
70·
<lO.
SO
40
:)0.

20
10
a

RESIDUAL BITUMEN 11(.)

: 1
1% 2% 3%

i
O.B· 2.0: 2.91

I
8,3 8.21 8.31

i
1.9:!1 1.950i 1.9651

t
24 61 : 1421

I
52 : 150i 296 i

I I

46.2 ' 40.7! 48.0 I

MIX NUM8ER

BITUMEN CONTENT (%)

MOISTIJRE CONTENT (%)

BULK REU\TlliE t.C::NSITY

SOAKED I.T.S. (kPa)

. I.T.S. (XPa)

RETAINED I.T.S. (%)

10:-'- -----,-----
a '

o 1.0 2.0 3.0 •.0 SO

FO.WED BITUMEN ADDEO ('101

RESILIENT MODULUS

, I

RESIDUA~ BITUMEN 1"\

DYNAMIC CREEP MODULUS (MPa)

RESILIENT MODULUS (MPa)

OMC - (MOO AASHTO) (%)

MOD MSHTO (kg/m3)...:=:.:.:..::.:.:.:..:..~.:_:__.-------~------- .._1868

SI.3

OPT:IVIUM MOISIURE CONTENT (%)' 8.4

w 90% OF OMC AT MOO AASHTO COMPACTION ..:r,'OAT



E:~UTEK LABORATORY (PTY) LTD
FOAM ASPHALT MIX DESIGN

Client Coias East (pty) Ltd

Dukuduku

JC No: 1644

Date : 2/4/97. Job

, Mix Tipe:

AGGREGATES
SAMPLE NO NOMINAL SIZE DESCRIPTION AND SOURCE

1 Sand A .! Dune Sand ex-Dukuduku

2 Sand 8 ~BereaRed Sand ex Dukuduku

SIEVE ANALYSIS % PASSING

SAMPLE NUMBER 2 ! THEO. DESIGN MIX
% IN MIX ; 75.0 25.0 : COMBINED SPEC.
SIEVE SIZE (mm)

37,5
iGRADING

", 26.5 +-_---t- ---------
19.0
13.2

9.5

6.7
4,75

100 100
100 100
99 97
82 84
13 43

5.6 32.90.075 12.4

SIEVE SIZE (MM) - TO LOG SCALE

100,

90;
aOt
70:
60;

SO,
40

SO
20. ,,....
10

a
0.075

: /
7 !

0.150 0.300 0.600 1.18 2.36 4.75

Page 1 of 2
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Material Design of Coedmore RAP and Soweto Sand
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B1TUTEK LABORATORY (PTY) LTD
R~istratian Number 79/02&9J/07

25 August 1996

Colas East (Pty) Ltd
P.O.Box 12373
Jacobs
4026

Attention Mr Steve Nel

Dear Sir

Foam Asphalt Mix Design - Coedmore RAP JC 1484

We refer to the foam asphalt mix design conducted on a blend of 85% RAP ex Colas
Coedmore and 15 % crusher dust ex Ridgeview Quarry.

Attached please find the foam asphalt mix design as well as the moisture dens.tv
relationship of the mixture.

The repeated load testing was done using a Nottingham Asphalt
Tester and the following test conditions:

Oynamlc creep modulus

1,)0 kPa. '40 °C, 30 pulses conditioning and then a further 3600 pulses a~U.S
Hz, square wave form.

Resilient modulus

120 ms rise time, 5pm horizontal deformation, 25 °C , assumed Poisson's ratio of
0,4.

We wish to thank you for your valued support and should you require any further
information please feel free to contact us.

Yours faithfully

f/Mc
C.H.Loots
Manager
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SOILS DESIGN LABORtTORIES (NATAL)
MOISTURE/DENSITY RELATIONSHIP

Client ; Bitutek Laboratory Job Card No.: 63424
Pro j ect : Order No. 4/45 Sample No. : 7410

Date: 12-11-96
Field/Pit No.: Material Description; Rap +

Posi t ion 87068 15% CO
Depth Stabilising Agent Natural

Moisture I Density Relationship
Nominal Moisture Content (%) 0 2 4 6 8
Dry Density (kg/m3) 2063 2090 2122 2115 2035
Moisture Content (%) 0.6 2.6 4.4 6.5 8.7

MAXIMUM DRY OEN~ITY 2125 kg/m3
OPTIMUM MOISTURE CONTr::!'lT 5.2 01

.10

2150 ! -

_.__ .-1---'- '--'''''::' f\j/
v ! \I! i ~

/ ! 1\I

! I '\i

V I \I \

2130

2:110
Dry Oensity

(kg/m3)

2090

2070

2050

2030 -1 51 3 7 9
Moisture content (%)

11



BITUTEK LABORATORY (PTy) LTO
FOAM ASPHALT STABILISATION

I
!
II CLIENT
I
I JOB
iI AGGREGATE
I
: BITUMEN
I
I

Ccedmore RAP

Colas East (Pty) Ltd

DATE 22/11/G6

JC No 1484

RAP 95%, Crusher Dust 15% '::ODE

150/200 EX SAPREF

~OM1NAl. f31~,_C_E_R~AO_O_E._O -:-_O'_5"'_•• -,-1_1_,a_~/_' ~1_1._a!_~-,-_2._0!_~ ........:,1_2_.5%!" - __ 7-I__ t-_--:

I
; I

I ; BITUMEN CONTENT RAP + FOAM % I
. I
, alTUM EN CONTENT AOOEO,----------~--~---'---~-

SULK RELATIVE DENSITY

: 8ITUME"l CONTEN',I1AP

; W'IGTURE CONTENT (%)

" aUl.K RELATIVE OENSI1Y

(%)

SOAKED I.T.S.
e.:Q11 I i
e.:Qi I I 1

~ 0(001 i ~ I

~ Jo:::---=-e
j
',

'II : ' !
i! 1<:tl; I : i
'" lOll! :

o •

; j I

RETAINED I.T.S.

I , I Ii
: .;,--c"":i..:.-;--=., i!
I j I,!"

! :
o 1,0 1.0 ~,~

FaA~O !;,1lJM,1J~CCEO(")
I

I
I ... 7cr-;-:-1 !: I' I _ I. .:......: i :~I!!. . I " i',·...
, ~ 0011 I: I I! I ~ ::: '! i~
I~ro- .' I'~. ":,1:1

I
Q); ! I I i 15 I; .
~

<CII I 'I 'I -?-'·'<;I ',' I 8~ ~:; 1 " ,: I
l::i~ " I I I i

Q '" I I I iii i! If 'j: I I II

I ~ .0
1
0 '1.0 2.0 :1.0 I, ID 0 ~ 1.0 2.0

'" Fl:SICUAt.eli1J~N (") Re:SIQUALSITVMEN I!I)

DYNAMIC CREEP Rt!SILlEN'· \AOOUl.US

:1.0

(%)

.;, SOAKEC I.T.S.

~ ; I.T.S. (kPa)

RETAINEO I,T.S. (%)

I-I--~i.
I I

',' ;"ESll.l~NT MOOULUS (MPa)

'. • OYNAMIC CREeP MOOUL...U_S_;(...M_pa':")+'_~'--_+ __ !-. :-_+__ -;--_-7 _

; MOO AASHTO (kglml)
:,-_._-------'
! OMC - (MOO AASH 10) (%)

: OPTIMUM MOISTURE CONTENT (~;,)~._---------



Lt!;::~I~JI •.

~.---------------~~~~~~;--~~~~=--------------------------~.--.--,--------~.-LJ\BM.t..N (PTY) LID SOIL EXPERTS
F. O. Bex 1669a,F?ETOii;A tlO?TH 011e.

TSl.: (012) S':'S,OC,:O

CBR RESULTS

QAi~:
SITS:
CLIENT:
D::TAIL.S:
lAYER:
STABIUSATION:
SAM?LENo.:

11i06/96
DOORNKOP
OPTIMUM
FOAM BITUMc:N STOCK;:IL:
PROPOSED SUBBASE .
UNSTA6ILiSSEO!FOAM BITUME;N
K 211

GSR (CALIFORNIA SEARING RATIO)
UNSTAelLlSED STABiLISED

COMPACTION MOISTUnc CONTENT 12.1

ceRA,100%GOMPAOnON 87
css AT 9a% OOMPACTION S4-I
~C~8~R~A~i~'~9~7!~~~C~O~~~1P~A~G=T~IO~N~~ -r ~,~~;~64' ~
caR AT 95% COMPACTION _;.4 I
CBRAT93%COMPAC~T~IO:::-:N-;-----------------I------:::':3:;;:6:+------I

2038
OPTiMUM MOISTURECONTENT

SWELL (MAXIMUM) (%)

CSR AT 90% COMPAGTION 26

___ =_=_= ~-- __ -O=.3Jt ~



L.} ..l_ .... ,._I. ' •••r.~

CBRAT1'10%COIvlPACIION I 65!
• 'eoR AT eS% COMi-'ACTION I S7

lAB MAN (PlY) LTD SOIL EXPERTS

CSR (CALIfORNIA 6SA ..;;.R;;,;.IN;;,;.'G;;,..;R,;;.,A,;;.,TI;;,;.O!..)-------.....---;;;:.c;:;'hBi;;;;;;;;:;--c;:r.;-;;ui;::;::';::--------....l
UNSTABIUSED STA81LlSED

p, 0, Sox 1!1~9a.pnaTOiiIA NORTH 01,13

TEL: (0' 2) 5~S·OCao

CBR RE:SULrs
DATE: l1i06/~6
SITE: OOORNKOP
CLIENT: OprlMUIYI
DETAILS: FOAM 8ITUME:N STOCKPilE
I.A~R: ?q0~'OSEO SUEBASE
STA13Il.,ISATION: UNSTASIL!SSSD/FOAM BiTUMeN
SAMPLE No.; K204

MAX1MIMUM DRY OEI\SIW I 2032 I
OPTIMUM MOISTURE OONT:::::N-;:;r=-.------------+, -----=:::12:::-:.2=+--~---I
OOMPACTION MCIS~CONTENT T 12,0

I

CBRAT ei'% COMPAOTION I ...-::- t 5.1..
OBR AT 95% COMP""A-=C::,T""I0:o-N-:-- -:.-:._=__=_~_=__=__=__=__=_:_=__=__=_~i -.,.;_...:::.._.c......;?""·o=i'l· "-.~-------l
caRAT 93% COMPACTION T'-------:2S=-+---------i
caRAT 90%COMPACnON ---~I 1i--------------·~I-------~-------·---
~S~W~E=LL~(~M~AX~I~M~U~M)w(~%~)--~--------------------~I------~O~.7~9~~

l:tl:I~.__ "•., _ ~ - _~" , ., __ _••_.•i , 1

f~~~~~~~~!~~!~~~~~!~!~!~~~~!~~E~~:~~~~~~~~~~t~~~~~~~~?J~~~~~~~~t~~~~~~~~~f~~~~~:~~~T~~:~~~~~~~~~~'
1. _ .1 .. ·• l'·..·' ·" ..· I··..,..~- ..--l - ·t-·..--·-··-..·~..;···..··-..H·i-··..·..--- ..···
J..-·-..~ ··..I-..·--..· ·..r-·..-H - .. i '"··..·..·..r·"..· · · · · 1. •.. •.. 1 · ..

!:;:,J .!..._ L _ L __ .i :_ -L..__.:: ! L .
I ~]~J.~i~~~~I~~J~~~~~~~~f~~~l~~~~~!\10~~~~~j~~r~f~t~:~~~~~!\~~~~~i~~~~~~\~\l~~~[i\~~t~~~
!lJ I: iii ; : Ig ·----·..·..·-t·-..· ·..··..·1,................... _··-_ ..•..,··-·..- •..f·_·_··H·_ ..r - ·H..-t ".._

I j-------t---·-- i _··--t····-·-·t--·--r--··r---i·---·-'
l·l§~~~~~lIt~t~:~~~~~~~~~~

1._ .. _H I 1H' ".Hj,.u .. I fH.~.u h I : ·_ ·...;.·.._··· _··rl_ H"' ,I. ".., u~.H
I : I . I

! J t·': f.......... HU , H_f".uuuuy , j _ .._ ..r M ' !·_ ---··-r··..""··.n.. tt; ••jH U' Of., ...

I I .! ! ! I i
e3 91 ia ~; 97 ~~ lal

o.i!ciiNiA<la c:MP,;!:;nCof-l

.
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sIc G( '111
, :

iLA8MAN (PTY) LTO SOIL EXPERTS
P.O, 6.:>)(16..S,,;:-;;:.0;;:A I~:JRTH 01 15

CBR RESULTS

DATE: 11/05/96
StTE: DOORNKOP
CLIENT: OPTIMUM
DETAILS; rOAM 81nJMEN STOCK?ILE
LAYER: PROPOSEDSUBBASE: _j'
STAaILlSATlON: UNSTA81L1S;iE.Dj?OAMeITUMr::N
SAMPLE No.: K 2.03

CSR (OALIFORNIA SEARING ?ATIO) ------- ===l
lJNSTAalUSEO STA61USSDr.~71~~I~~41~M~U~M7MDNRY~D~E~N~S~ITY~-------------------------r~~~~~2~02~.4~~~~~~~---r---

O?TIMUMMOISTURE.OONTENT 12~1"i---------i
COMPACTIONMOISTlJRECONTENT 11.8I

CSRAT 98% COMPACTION
ceRAT 100%COMPACTION

CBR AT 97% COMPACTION 23 I
18 I
141
10

I
I 0.49

CSR AT 95% COMPACTIQN
CSRAT 93%COMPAOTION

'Sv'/~LL(MAXIMUM) (%)

caRAT 9C~';'OOMPACTION



t£tCtc'
Q 8 Januery 9 ~

L~'("~J
q {O~(C{

Eitufoem (P-y) utd
i?O.Eox 1:23 2
Jacobs
~Q26

Attention l Hartln i(O(!!lcc-.:;:noer/ Ton\' La;.'.!:.€!.

(J.e.c. ) JC 1057

•
We refer t the 3 s(l.J.:;)ples of foaw;·,,:l.dC!:le?:t: 11'(..Gaut:en.g d.eliv~red
to our laloratory on the 14 th of: Dec1rti!ber 1995 for th.e
dete:r:m.inat:i n of t:he moisture aud bind.:.r cor.':.ents as well a;:; .the
dry i5.l1.dSo ked stabilities in oz d e z; '.~o det.errain~ ehe retainad
stabl.lity • The aa:mples were scalped a,': the 26,5 rr.ro. sieve before
tes ting. T!:1e sru:rolas 'We:':::e d:::ied \:.:.0 I;he g::ren opcLmum moisture
content of ~% before compac cLon , Sa:mp~Le 1 ',/as cured for 1 day @
600e in a fprced dr~ft oven . The och·.:,r /iaJlplas were cured f.or 3
days ~ I

The results are as follows: "',1 .~~'.C ~~t'

[ L""oratorO Nuloh.r-- I B 525~-~l'5"'. -G;:':::'-=5:::::~=5=9=rI=B=S=:"'=' 6=O=~

Fiald NUlllper 1 2"~-"'T-' 3 I 4. i
1-~-e-'-ilc'-r--iP-t-i+~-n----_---+-uo Qua;:~z; I;~ ~;;';;f:D,~mm-: 53,9,
Il-c_u_r_i.n_g_p_~+-i_o_d__ (_Da._y_S_)-~i' 1 - ··r---:~-:=]

Bulk R.la-iva Density 2.040 i 2.J38
'I--~----I'----.------+------..)..-_._-
Moisture ~ontent (%)
M.e. at Cpmpacf::.ion (IS)

Einder Co tent (%)--~-------r---------~------~
Dry Stabi Ley (kN)

Soaked St iliility (kN)---t-----
Retained ltabi1i=tI='==(%=')~========'==~'====

,Qu;r ~iQU~
I

2.a~_04J
I 9.2 8.4

..
-!--- 8. 0 I s . 0 I

I I4.4 4.4
23.1 21.2

- I 14,0' 9.1--T-50.E ~J

M,5 S· ,5

8.0 6 .0

4.5 __1 t! .0

20.9 2 5.2

4.S ± 7.2
23.0_ • 28. 'i
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SITUTEX lABORATORY (PTY) rrn
~Iftlllli"~".."r;b4i T~~l.~.llCT

3.l.t.lJ.fl;)~ (~~v) !Ji;'.cl.
F.O.Box: l~37!i
u....eobtt
40:i6

JCC Foz:m ')C 102.0

'H'~ ;ca:':ek"' "-0 tho::. l~tl':::P:;'Cl !:Ji:. i?o~~d. .el:.&rt r;r,;;: ,:ichuru'1.~~b\l1:;U d.(o':1.i';f;~·~d
co O\lJ:' li!l.);:Q;;'~tQ:;'Y on ~ll.f) lG'i;h of. HoV'~,.t::z.· ;2.9:75 E~:;, 1;;h(;r
clt:t.etr:oirH~t':'cn ol! l:l:tel:Y.li.5lt:u:::e c:u:'.d. bj.n~'",r cont;~n.t~ ~~ wall ""a t::V.l
d::-y al;Ld \9Q::,~e.C. ::J.t:~b;!.1:!,~i~tl. S~ven B~;l.q;'..l.st:teG '..rel:C c':!U;Jil~oe.J;lri an.d
th'" hal ....ncQ nQt t\Ssr.ac:'l is ~v"'il&.hl~ !!~¢uJ.~ fU:.:-I;.;:ar taot.s b~
re:qu..i.r'1d.

The railUJ.tr:! ::..r~ I!.I'I fQlloW~ r

W(t 'l'fi~b. l~o t:hl.mk you f.c:r.- :r.ou~ 'Y'alu,~d aut·por;:! and p.!:tculd }'O'W.
~c;:qv.irl!l t1.ll.Y f!\.ll:.'t:h~t' i~~o;:'::l.ttt:i~ plc;.r,,~:a ilaal !!:!:G:e I!o CCL'l\;&.ot us ,

aJ ~~/'~(
c,l{,r.,oot:o ..
HIl.t'lm.g'lS1:;"

~~~~~~ ~;-UI,~

~IS.W&~I(11(!qq RQQC1,rinsioVtn 3600 I' 0 60:;: I~.! It'/~;it;~d .Y.t:l.e Sou1i'i Al'ii¢C:
T~lephOt',.:1:0.31· zoo a~!10 Fa.x:O.:H• to: :5165

OIR:CTORS~ R)')' DlJr.tx;r P J "'~ht(:r 1>-, J N 1..9'1,::; SJ !:r:-:d.'I'(· '''"m~I<;r1
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Our ReT 6000.03

,-;:/6:-ll,. ..
;/ 18 October 1895

Mr J.Hattingh
Me_~rs Potqister, Hattingh &. SchultZ
'P 0 80x 2504
HONEYDElN
2040

E 5;. MCi"f'~ ~~;cd
t:!OC~13610
?OBvx5'~
:~oof,3640

H!i!;:hone: 03!·76.! 01:\::
f~ciimUa: 031·7~ ~!.!..!

FAX No. 011- 792 8090

Dear Johan

FOAMaD BlTUMgN TREJl;n,1ENT Or: MATERIAL FROM OOORNx.OP BOP PIT,
SOVfETO

As discussad. earlier today, we carried out a rr.1x design on the material which yo I.! kindly
,(-:' supplied U$ from the Dccrnkcp BolTOW Pit. .~.....

As can' be s!:?oSnfrom the attached mix design (Job Cerd No. 8'\0 dmed 10/iO/95) the Ratains<:l
Stability tends to be V61Y low. Whiie the dry Marshalt Stabmtl~.s aie around 27 kN, the stability
Of. the vacuu I'n soaked specimens are 10'.'1 at approxima.tery' 4kN.' ,

ThiS is surprIsing as mixes previousfy carried out on material from this area last vcar which wsre
of an inferior' quality (G6/8.7), gave signmc:antiy beUer jesuits (see attaohE.<Jd~sign dated
20.8.94).

Unfortu,r.:ate1y Vi;P QO nor nave sufficlent material to roapeaj;the d.,sign, but .as y~u ~~ntioned;in
,~ur discussion you would De al:.'a to supply us w~11another sample

During the. course of the m!xing We will b-a c.anying OLt-r,tests to dat~ITnine retai~ed stability as
. part of our routine process control testing pragra.l'11me.

I have requested 6itutek to carry out Resilient Modulus and Dynainlc C(S€p tests on spare
I@ . , briquettes left over from me. mix d~.sign, at: 3.5% and 4.0% bitUmen contents. ,

At the time of wT.iting, the results or the Dynamic Ci~ap tests at 4.0% bitumen is available, theJ
Cr67p' modulus being 162.9 MPa I,n view of this very high modulus, which lndlostss a high ,
resistance to rutting, there would be benefit in llsir.g a 150/200 psn bitu("OGn instead of the,
80h 00 pen used in the design. You may wish to discuss this vli"J1GiCl-ham RLrtland.

As discussed I, \NouJd.~ pleas<ad to go thro1,gh my pap':', 'j'i 7r.~Gm;.',: i..i_tt'.t,-?i1 with you on
Tuesday 24 October, should yOfJ so wish.

Please do not hesitate to phone me should you have any queries.

Yours sincerely

~~7'~~~. ,
5'::;''':::-::0::.
'!.'-1\\::::I:'C~!~
Y..G:W"~-::~
4.."i.t;::~ic.
v..A• .I.\~;',;, •
:'-c..~::.:~.r..;'J
}! C'-... .,.:::r,.:

~.:,\•.:':'I"!!:!.:.:~~
F.....'_r::;t;i:~J
~.::.~i·n:!
~.v.:'::;:.......:n
:,'.\',t.I':c':lC

, .
iTt.~o:. ;..~.~r:.:riJ~1CIC. ,..to:. "\fl,.~!5.:.'f:,)..!.:::'/, N_?,~"'J
r:"t.;.~,~~,;i.t.·.:':~~;U;£n;::N::t}
r.,:~~ ~.....:!l.'S/~tZ
=t tn; =~":;' MSM:::' .:.sC"'J':' a.,::
Pr:;...;. :.;:.:\:~ ••·t~a .



""~~N>:~~---------'
.,.:.tJf BITUTEK LABORl\TORY (PTY)LTOr I MIX DESIGN

I
CONTRACTOR: SOTERArnlQUE

FOAM ASPHALT STAB!L1SATION

CUENT JOHftNNES5UFiG CiTY COUNCIL AGGREGATE: CHERT
CODE:

,Q { r (! \ b<" (I

I
1
I

JC No: 353

DATE: 2])/8/34

RICE'S T.M.R.D.

i
',' SOAKED STA8IUTY:11 I' ~
I -, lil
'I' S,., "", I I---r1

-= :lSI! "l::: t":, I I' I I

!~:;H ~ I:
I p, ~I:, , : I

I:__ ~' -1.0 5.0 ~O 7.!l
;.... &:C':"\J~ Ei"i't.IMEH A!:O:J t~,

SOAt<EDRESMOD

RE.S!UENTMODULUS

VOIDS RETAINED RESMOD
v,
...:'

I
..J ~
I~I~

I
i;;-

Ii
1
;=
'""j
GI~

RETAINED STASIUfY
\CC~1 H
$Oi. 1 I~i; .! I I ~
'~II I I ! ,
~I ! I I I II
:SCi 1 I fo I I II.OI'~~! I I I I j

a a ~ll G.O $.'J 7.0
;::,:.M;!::: ~~.t~1 AO~ ("AI

I
• R=SIDUAL 3ITUMEN 5.1 5.51

MOIS'TtJ?i:: CON7 ...ENT_'~.:..;.(;':'-,-_) _

vOIOCOmENi (%)

I
6.1 !

6.2 i 7.S 7.6 i 6.71
! 12.7! 11.8 13.71 10.51

SPEC

______ -+, _;.;.2.1'17SI ? 049 2."40 I 2.0031 I
TH8JR:::"TlCALMf.X1MtJM "ruTIV:: DENSiIY I 2.S75 1 2.:>23 2.SG5i 2.3331 I

~SO_A~~__' ~C-~I~AE~-~'L~ITY~__ (~~~~ ~_~_~_~_-_-_-~~~~-:i=~~~~~~9~1=:1~~.~g=~=:~9':3:1==1:~:J:i====:~=====~1
I pfi"(STASIUTY (KN} I ::0.51 Z1.1 :2.3.71;37.41 ~
LRl:iAlNEDST;..alUTY \-;;) I 42031 4!-.7 34.1!· 32,S! ~

I RE$IL~.fi' IJOOULVS DRY Ol.?a) I I I



J.PIP__AV}~~d 'I; ,q -r
BITUTEK LABORATORY (PTY) LTD '

FOAM ASPHALT STABILISATION

,
j',:

//# ".,
i

!
iI CLIENT
IJOB

Bltufoarn (Ply) Ltd .ro No 910

Tria! Section JCC 10110/95DATE
IAGGREGATE ! Wsc:thered Cns!":

i

CODE
I

i
I
l
i
I
!~I:J
1m,,:c
I~
leI:
'0

I
!

!
j

I
I
!.

BULK RELATIVE DENSITy ORYSTABlUTY
~.C9r-. ~,--

~ I

:3.0 5.0 5.04.0 4.0 6.06.0 3.0

RESID'JAL 511UM~ (%) RESIDUftL61WMCN (%)

RETAINED STASIUTYSOAKED STASIUTY
40)1 I

1 I I I
I~
'!-:;!
i 0:

I '-...::t ,I)
10!w
I:>::,<!g. tl\., .'tV;'._-

5.0 6.04.0

?!O.SiDI,lAL c!i'UMr:N (%)

i
I

3.or. 3,5% ! 4.0%!

:l.sf 4.2.1

I
4.91

., 5.71
I

0.01
2..0531

I

., 0--1 .2..04Sj__ l:::l

! I
2.41

11,0 i 3.5,
I

I I
19.4 !I I25.2! 2.7.3!

4.01
\

12.41I
12..0 ~

! MiX.NUMEEH I 2.5%

I !
! SrruME~1 CONT5NT (%) i :lAir---- ,~~~------~---+---~~--~--~
{ M91STURE CONTENT (%) s.s i 5.6

5.S

i SULK ReLATIVE DENSITY 2..053

I
S.S I

I
i

17.2. I
14.0

2.0671
I

0.3'
I

i SOAKED STABILITY (r(N)
i

21.11

I
Mj

I DP.Y~UTY (KN)

i RETAINED SiAtllUTY



Our Raf 6000.03

i8 October 1995

Mr J,i-;.attingh
M'es$rs ?orgi='tei, Hertingh &. Schut':Z
'P 0 Box 2504
HONEYDEVV
2040

~~;~:'~~1f~~'~~d

?oa.::ix.5~
Ylo::ft 36~O

Ta-:~:::h'::1=':031~7 eo!. 025'1
f:Qr~i~e! 03!·7~ ~:.!3

FAX No. 011- 792 8090

Dsar Jchan

fOAMED BITuMEN TREATMEl'·.'T OF MATERIAL FROM DOORNKOP BORROW PIT.
SOWETO

As d:sc:.Jssaci earlier toclay, we carried cut a mix design on the material which yOI..! kindly
supplied Us from the Doornkop Borrow Pit.

As can be seen from the atfachs<:! rnbcdesign (Job Card No. 9~O dated 1O/i 0/95) the Kstainsci
Stability tands to be VG1Y low, Wr.iie the dry Mar:shaU StabiTItl;:?sare around 27 kN. the st:::,:.::H1ty
oT.the vacuum soak¥! specimens are 10Vi at approxi;nately 4kN.· ,

This is surprisfiig as rnlxes previously carried out en rr::.ts;iaJfrom this area last year, which wera
• ..., aI" 'G - ''''''7\ .._ t' h U "( ,.,. h..J • dor an inrenor qua ~ \.::l\;, ~/" gave slsnmC"',.J1.iYoener resuns see anacnsc des:gn ,ated

20.8,94).

Unfortunately wip do nat have sufiic(snt ii':ai:etialto repeat the dssign, but-as you rnsntlonedIn
.~Uf discussion you would-be able to supply us wiill another sample

During the. course of the mbdng Vie wi!l bs c.arrylng out tests to determine retalned stability as
, part of our routins precess control testing prograJllm:::,

1 have requested Bitutek to carry out Resilient Modulus and Dyne.rnic.Orsep tests on spare
b . " 1.0. • .• '" .. 3 -r;f d'< 0°1 b::'" Mf ....nquettss isrr cver rrorn me mIX Q~.$ign, c... .~IO an -s, ~ :lUi11:::n co. lIel ILS,

A ... -h" .... t' 1>' •• Dy ~ . C ~'''' A "~I bl . '1-"'1 th 7.,"\L U e urns or \'ilnmg, ns fSSUIlS or 'toe '0"".'1110 jeep LesLS ,~..,..1I'r: liUi71sn IS aV?1au e," e
Creep' modulus being 162.9 MPa In view of this val;! high mCldu!~s,.whloh lndlcstes a high)
re:?istanca fa rtlt"Jr.g, there would be benefit in usir.g a 150/200 psn blturr.-=n instead. of "the .
80/i COpen used in the ciesign. You IT'13.y wish to discuss this Wl'Ui Graham RLrtland.

As discussed I would i:~ pleas9<i to go through my paper on fcarnad bltlrmar) '.'11thyou on
TUesday 24 october, should you so wish.

Please do not hesitate to phone me should you have any queries.

Yours sincerely

~_;;-~.~~~
, ,_,~=:~.

~.L"t::~I!~':~
'Y..G'.v,~":!t
,!_!':"'C:;it
1; ..;' ~,\:,rt.);..,

=-':'':;.!~.r.~
;!.~1i""""::'4

i~~~~~;.~~~~\~~~~~~~Ii~~~
1':';";:" :~',\:t:'1):-":":~I..~:":c.;:,~/.s:..;.~
:, ;r'z,:. t.:i'.:;~.~:J!•...:!.. Fl~:':'r::.. .'1,t..:...:.:;,
~.:~.:.!. .

~.....t J:W'::!'.l"::",,,";,:,:

~::~~~~~J
~.v.:~:..~.:n
::.·.·.I,._..C.::C

3":. t.t:.!~:.r.
, $.~~~',
C. ,':::,-.

:f ~I·.;;~.::r-;:, :~~.s~~
~.!!....llo'.r;:~
?':~~••l.:i~':·j'

:;.M.:..:.· ...:.":1<:.·.,.
~'...;I.'~:'.~....;
,...i: Vi :;;:!;:



FOAM ASPHALT STABILISATION

CLlENT 8itufoarn (Ply) Ltd

JOB Trial Saction JCC

AGGREGATE \Vsatherad Chef'( CODE;

BULK RElATIVE DENSITY

S.O

.. r=,
::.i

_jJ a. i ~
i Ijj,

>-I f CI, C.

U
C.O

2.C~'-'--'_::"-":--_"_---:"---'

4.0 5.0

JC No 910

DATE 10/1 0/9.5

DRY STABIUTY

~,I I II;~~ ,~, --~,~.~!--~~:~!
'.~! , , I : .i ; I·:_i L _,).-w--r-i-c ill
'::::0'1 P! I " ~-!'
~ 1 I 0' I I I
.::°117 I I "'I I.1_' t •

'=! I I I
iOt· I I
_I 1 . . I

"! I' :1 ! I
O!:--'--"'!---''--....I.--'':---''---'--

3.0 4.0 5.0 S.C

RESIDU.~LSIWM:N (%)

SOAKED STASIUTY

10~ I ! Ij:;..L....;~--+-.....;--+--~T!.I

~i1 1-"71-+, -':'_-.H
",.. " 'I:...L' , : ,5u_j_, _1_ l_: _.
4; It! c ..J.--~I '-'-~:---+~I
~! ! ~--L-- ~ .
~U_!_6 :Ji !__j_J
.;;.. ; / ! I I II I _, , •
1. 1 z= 't, I
0" '-'I I .

C.O 4.0 6.0 5.0

RETAINED STA61UTY
40n

~3ii
sol I

\ll
I i I

1~iI l7! I I f I I:u. c{:l I I LU
:';.0 4.0 S.O

I
I BiTUMEN CONT::NT ("i»--~~----------~~----~---+----'-----T---~! MOiSTURE CON,=NT (%)
I •

r----

i DRY STASIUTY (rJ-i)r-'_
I ;:;::jAJt~ED GTAi:JUi'Y

5.S

6.6

2i.2 i----i--.--,
i

14'J 1
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BITUTEK LABORATORY (PTY) LTD
Registration Number 79/0269J.'O;

11 June 1997

'Brian,T. Ghasi
University of Witwatersrand
West Campus Vi'llage' ,
Tlat-D ~a' ,
2050

. 'i·

Attention Mr 'Bria~ T. Gha~i

Dear Sir • I.'"

'JC'1726'~ .:': ....
• • • 1 •• ", ."'"'

.' ......

. ":' "'"
: ... , r .'.." ....

~:;erefr;;: to t:~1.e· aainp~·es ot ::c.b~..!::!;cl.' ".:l~.~ph..ll.l ~ fi:'c.:m·; t~Je . '. ..'': . . . . .. .,.:
. abovementioIl·~d project 'that 'was 'received dUring, May .,1997 foi.,t.p.e . ','
.detenp.inaticn. of the··B~nder ·Cont:.ent, Moist;ill..e' Content 'ana:' .,. ': .' ,'.
:Indirect Tensilca Strength' ( Dry and soaked) t betore .a.nd after'
the 4et;erml.nation· of the o~~im1.1mll\oistu:r:;e cont·elUts::.. .,: .... , .. '
. .'. ,: .~.. " ... :" , : ,.". ~ ..;''.. ... '.. ... .....,
A'ttached ple'ase 'find ':lIiro~~d, i$ph~i~ Investig~ti6nh. :repor.ts" '. ',:;'....:'..<
',depicting the ~resul ts. " . '. ' . . .•.. ', ,,' ':, ,";

. ...... -:;,.,. ' . . ...' '-:",

'~h~~ld:·you·':~equire' ai'lY 'fu;the~ irif~'nn~tio~' plea;e' 'f'~~l frae cci
contiac t t ua , ',' " . " ,"
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".~ :.: :
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.... :..
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" .~ Y~urs faithfully.... ',. . ....
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."'.... ':..' :'. . .
0. -;: ..... .1: '.' ," ',.~,:,'!<:;:..~:\~}
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BITUTEK LABORATORY (PTY) LTO
FOAMED ASPHALT INVESTIGATION

CLIENT DATE :09/06/1997: Brian T. Ghasi

PROJECT : Foam Stockpile Investigation DATE REC. : MAY 1.997

ORDER NO JCNO ;1726

ATIENTION : Mr Brian Ghasi

MOISTURE "BINDER BULK REL. DHY

CONTENT CONTENT DENSITY I.T.S.

- _L._ .- - ""-'-

JOHANNESBURG I SOWETO STOCKPILE

BEFORE OPTIMUM MOi3TURE CONTENT DETERMINATION

SOl'J(EDLABORATORY RETAINEDDESCRIPTION

I.L S.NUMBER

.~-=~=..=-==-=-~==.=='--=====~-=--=-'-=--=-'===-=======""===

-.=======,---""'-======-============== -=====~~=====~================;..=-=----~=---.-~"'-.,,-:.--,=-----.

I------,---------------------,------...,-----_:_..:....,_;_--..;__--.-------,-----...,.-------- --.
B 901OK-'" 12 MONTHS - 1 m FROM TOP SURFACE - INSIDE 11.2 3.2 2.028 415 COLLAPSED -..__------- _ - - - -- ------'- ------------.----- .----.-f--------.--I----- ..-.----
B 9011 ( I \ 12 MONTHS - 550 mm fROM THE TOP - UNDISTURBED 11.8 2.4 2.039 427 COLLAPSED -

B 9012 !~) 12 MONTHS - 100 mm SURFACE - UNDISTURI3ED 6.1 2.9 1.860 159 COLLAPSED -

-~~-- 12MONTHS - SURFACE - DISTURBED '---6-;:- 3.2 1.847 '~----r~~~;;;;;""---"L.'
____13..~_O~4__:i~_. 6_~~N~I~~_ S~2CK~ILE -=_~_~ONTHS IN nAG~ .•~=__.1_~:.9..• ._. ~:~ ....' ~ 1.'9~3 ... __2~B .. !EOL~!:~~~ .-----~.-; .. -

....- ----- ;.~~~~-:;;..~.;;,;;;;;~~~;~~-;~PMu::;o"'r6-"C:~)1''!'c~~~~'''-~I~ .;;~ ..... f~~_P~~~..._=_
12 MONTHS - 550 mm FROM THE TOP - UNDISTURBED 10.7 - 2.046 393 COLLAPSED -

------- - 1----- - --------
12 MONTHS - 100 mm SURFACE - UNDISTURBED 10.7 - 2.033 339 COLLAPSED -

B 9010: _-
1-

B 9011 :

--
B 9012:- -

B 9013 12 MONTHs - SURFACE - DISTURBED 10.7 - 2_010 405 COLLAPSED----..--c,'FT------------------------I------i------I------j-------/--------f------ ..
B 9014' -,:J \ 6 MONTI-IS STOCKPILE - 6 MONTHS IN BAGS 237 COLLAPSED10.1 1.966



BITUTEK LABORATORY (PTY) LTO
FOAMED ASPHALT INVESTIGATION

CLIENT : Brian T. Ghasi DATE : 09/06/1997

PROJECT : Foam Stockpile Investigation

ORDER NO

DATE REC. : MAY 1997

JC NO : 1726

ATIENTION : Mr Brian Ghasi

LABORATORY SOAKEDDESCRIPTION MOISTURE • BINDER

CONTENT

BULK REL

DENSITY

DRY

I.T. S.CONTENT I.T. ~.NUMBER

RETAINED

I. T. S.

DURBAN / COEDMORE STOCKP!LE=.,::===-~=-~..~-=,;::'~+==---~~--=-:--=.:=-'.;,=:=-:-..=---=..z.=_-:--'----=-;:::"':""'~~~-=~-=.';.:.....-=-='~""=::=.--==--~-=:-~;';':':;;:~~':-:::;'=-~~""~'.'+.' ;'"-;-'~';'-:-:'..::..+.;-~-:..-.;='_'.-:;:"_":;' -

BEFORE OPTIMUM MOISTURE CONTENT DETERMINATION- ..---. ,----- -._.----._------.--.----------.-- -----~- .-- --- ---- 1".
B 9015 RM 1 2.9 6.6 2.037 479 385.....-..--.,..__. ----.-..---.....- --_ ..-. -I'

~:~~~~-~-~~=--~-~-~~;~-~_-~-=~-:~-:~~~~-~:f-~_-_ff=;~l-:~~~:=~If.f
AFTER OPTIMUM MOISTURE CONTENT DETERMINATION

B 9016

B 9015 RM 1 4716.0 2.061 420--.-----.--------- ._._--._-------------1----- ---------- ----.- ------- - --- - _- --.
RM 4 6.0 2.066 562 441 78.5-.--------_._------_.._.._----------------1---_ ...._------- -._--._.------.-....-.---'.------..-.--.

B 9017 RM 5 6.') 2.08'1---.--. -- ._--_._-- -_ ---._---- _.__ ._.._._ _--- -.---- _ .._-.,_._ -_._--- ..
B 9018 RM 7 6.0 - 2,167-- .------ -_.. "'---' .._--- -----_._--. _._--------'------- .. _._ ._-_. __ ..--._- .--------
B g019 RTM 1 6.0 2.052

573 505
561 <109

494 395
i':

BO.O

00.4

89.2

68.1

72.9



BITUTEK·LABORATORY (PTY) LTD
FOAMED ASPHALT INVESTIGATION

CLIENT DATE : 09/06/1997: Brian T. Ghasi

PROJECT : Foam Stockpile Investigation

ORDER NO

DATE REC. : MAY 1997

JCNO : 1726

ATTENTION : Mr Brian Ghasi

SOAKEDLA80~A TORY 'I

NUMBER

_=====~-jc'.~''''==·c===.=~.~~-=- ~===.-=..=_ -:;=", ...=~~'~~=~"=c=~-""==~===~",==.==:=.=,,,__-~,".~,-.'_-_'_"_""'_~_"~"=~~-.-,'.' ,...

DRY

I.T. S.

DESCRIPTION MOISTURE BINDER

CONTENT

BULK REL

DENSITY I.T. S.CONTENT

RETAINED

!. T. S.

DUKUDUI<U STOCKPILE==~=======================-~==,===--=========~===========.=- ..=.~'--'-,----"--'~.",'=.'

---_._--------------_._---- -------------- -- -_. -------. --------- __-.----- -_-- ..._-_- ..

.---------- .._------_ .._----_ ------_._-- ------ -_._ .._-- ----------- .... --_._-' -_ ...-

74.4



SOILS DESIGN LABORATORIES (NATAL)
MOISTURE I DENSITY RELATIONSH!P

Client : 8itutek Laboratory
Project : Foam Stockpile - O/No.511

Lab.No,
Field/Pit No.
Position
Depth (mm)

Material Description
Stabilising Agent

Job Card NUmber 65474
Report Date : 28-05-97

: 8880.
: 89010 JHB

Lt.RBr.Clay + Gravel
Natural

MOISTURE I DENSITY RELATIONSHIP

Nominal Moisture Content ('Yo) 2
Dry Density (kg/m3) 1855
Moisture Gontent ('Yo) 6.7

4
-1889
8.9

10
1828
14.8

6
1914
10.8

8
1867
12.6

1920

1900
---M
E
0,

~ 1880
~ 1860
«3)

~ 1840
Cl 1820

I y-o.
[\/

L
v \

l- i/ 1\• 1\-

i~
I

5 10 15 20
Moisture Content (%)

Maximum Dry Density (kg/m3) :
Optimum Moisture ~ontent (%):

1914
10.7



SOILS DESIGN LABORATORIES (NATAL)
MOISTURE I DENSITY RELATIONSHIP

Client : SiMek Laboratory
Project : Foam Stockpile - O/No.51 1

Job Card Number : 65474
Report Date : 28-05-97

Lab.No. : 8881
Field/Pit No.
Position : 89014 JHB
Depth (mm)

Material Description Ok.R.Br.Clay
Stabilising Agent Natural

MOISTURe I DENSITY RELATIONSHIP.

Nominal Moisture Content (%) 4
Dry Density (kg/m3) 1870
Moisture Content (%) 7iJ

6
1908
10.1

8
1883
11.2

10
1842
13.3

12
1818
15.2

1920-E '1900-~ 1880
~ 1860en

~ 1840
~ 1820
Cl 1800

~ I Iv \ I !
f- III

V -, I-l-
I'\. _ 1

'\ r-.I
b I I

I
I'"

I-

5 10 15 20
Moisture Content (%)

Maximum Dry Density (kg/m3) : 1914
Optimum Moisture ~ontent (%): 10.1



SOILS DESIGN LABORATORIES (NATAL)
.'

MOISTURE I DENSITY RELATIOhSHIP
Client : Situtek Laboratory
Project : Foam Stockpile - O/No.511

Job Card Number : 65474
Report Date ; 28-05-97

Lab.No. : 8892
Field/Pit No.
Position : 89015/18
Depth (mm)

Material Description DU.BI.rJolerite Gravel + Premix
StabiliSing Agent Natural

MOISTURI:: I DENSITY RELATIONSHIP

Nominal Moistur& Content (%) 0
Dry Density (Kg/m3) 1854
Moisture content (%) 1.2

2
1876
3.1

4
1898
e.o

6
1801
7.1

8
1843
9.0~--------~-----------------------------------------~~

1910-E 1900-:? 1890.......
~ 1880
~ 1870
t3 1860
~ 1850
o 1840

l- I -+J
t I I Lh _jv \ I IL

L
pr \v \ I/

1/ \
l-

.
~ I

I

o 5 1510
Moisture content (%)

Maximum Dry Density (kg/m3) : 1902
Optimum Moisture ~ontent (%): 6.0



SOILS DESIGN LABORi\TORIES (NATAL)
MOISTURE f DENSITY RELATiONSHiP

Client : SiMek Laboratory
Project : Foam Stockpile - O/No.511

Job CarciNumber : 65474
Report Date : 28-05-97

Lab.No. : 8896
Field/Pit No.
Position : B9021
Depth (mm)

Material Description Dk.Br.G.Sand
Stabilisfng Agent Natural

MOISTURE I DENSITY RELA1'IONSHIP

Nominal Moisture Content (%) 6
Dry Density (kg/m3) 1693
Moisture Content (%) 6.5

8
1698
8.oJ

10
1704
10.6

12
1573
12.6

1710-CO?
E 1700-j O?

'.,
~--
£' 1690
Ulc:
(J)

0 1680
~
Q

1670

11 ILb
-_.

I I1
I

1
I

(

I II I

~
~v 1\1 I_I I

I LI I \ I
i 1\ I

~ I I I \
I

I

o 5 10 15
Moisture Content (%)

Maximum Dry Density (kglm3) : 1705
Optimum Moisture Content (%): 10.3
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BITUTEK LABORATORY (PTY) LTD
Regist"'tion Numb~r 79/0269ji07

·08 August,1997

·Mr Brian T. Chasi
- University of Witwatersrand
West Campus Village '
Flat D 12
2050 .

_Dear Sir

FOAtylED AS~HALT STOCKPILE INVESTIGATION JC 1814

·'We refer to th~ three gro~ps ofsamptes of foamed asphalt for the abovementioned
jn!e.st!gati~n that was received during July 1997 for testing. . -' - -...

.Th~'foil;~ing was required: v-... ~.. . . . . . ....., ..

Coedmore and Dukuduku:

· F'Qura~d'two '-~"':-",ie~we~e re6eived·r~spe~tjY·eIY.The ~oist'ur~ cohtent~'were teste'd' r>
.and adjusted tv "In"': -nurn moisture content as per ~esign. Marshall briquettes were '; ..
compacted at tht. -ial compaction effort. The RetafnedLT'B. values were: :;' , .. :'
.deterrnined.. ..... "... "" t

"

.......
Sowe~o: '.', . .:":' _. .' . . . _ . '. " ..

.. .' ~ -0 -,./I .. .. .... .. -'."

Thre~ samples 'were received: The moisture contents were tested :~nd-adjl.i'stedto the
optimum moisture cortent as per, d~sign. _M~r$f]allbriquettes w':}r€!compacted at the
no/mal compactlon effort, The retained I; I.o. values were determined as well ,as the
Marshall Stability arid Flow at 25°C. A further addition of 1-% ~f CJ, ;:lO%:an1onic .: ':'
.stable grade emulsion was made.to two of the samples and briquettes compacted for, ::,
the determination of the retained I.T .5: This addition 'of diluted ernulsion was over-and " . ';'

'. above the optimum' compaction moisture colitent;-.;',.',' '..:. " . - ", ' .: .. ,,", .: :
A~i~h~a~'Ieciiefin'a',.'/6~~~d'~s~hai~~in~est;g~ti6n':~~~p'orts d~Pj9tj~9the're$~,t1t?;'" "~~::

. . "Sh:;~I'd,~ciu~'j-~qu;re~~~'f~it~e~:i~~or~~t;o~ ~1~~'~~}~~~1f~e~:~~c'b;~~~~u~:' ., . ., :-::,
y~u~~fai,tryfuliy .' " .. ~' ':'.::'_,'.~r.:'::.:~,'~:\':":~:"::".' '@.~:' .. ,'~ ..-;.. .:.,.";'.~
. -:..... . . .- '.. ';", ',:: .

'" C~H.:~oot~.
Manager' '"

-',

.......
"

.'.. . "
,; .... ..~r: .: '": .......

"

.. :.
.........
....!":.. ~.:

.. :" .• e: -;":-~' ~ ,."" .... " :,::.; :,"!. : ..~.~~--~~~------~------------. 25 westmea~ Hc6d. Pirieto~ri ;ooo'P o '86~'i5324Westm'ead 3698 'South Africa
, ·TelE:~p'h.6ne(031'"700 4510 Fax: C)3] -700 3i6s' ,

'-.. .,: -;.~~~.:.~.
. .'",'

.. ,;, ",

.'~ -..



BITUTEK LABORATORY (PTY) LTD
FOAMED ASPHALT INVESTIGATION

CLIENT DATi:: :08/08/1997: Mr Brian T. Chasi

PROJECT : Foam Stockpile Investigation

ORDER NC

DATE REC. : July 1997

JCNO : 1814

ATTENTION : Mr Brier- :.ilasi

I MOISTURE BINDER BULK REL

CONTENT CONTENT DENSITY

I B~fOA~U AFTE_R (%) _j.__.• 1

LABORATORY

NUMBER

DESCRIPTION RETAINED

I. T. S.

DRY SOAKED

I.T.S.

DURBAN t CO_~DMORE STOCKPILE=====================-====~=,::=,=~~:=;==================. -~"""~'-'~'--==='
AFTER OPTIMUM MOISTURE CONTENT ADJUSTMENT

1 B_9_6_1_6__ ~---------RJ-Y-1 --l 1_.8_/;;_6_._01--~_-_f_-----+-~-1--1---4-6-6-.~F~ .~~~.-

69617 RJY 4 1.6/6.0 572 411, 71.9
RJY 5 3.1/6.0 '------1---

3
-
7
-
7
--1'--40--6-. ---1-' -~~;;.

1__ B_9_6_19_~I R_J_Y_7 ~ a_4~J_6_~ :::::::::::::::::~_ 516 ~_~~

_.. ...~_.-'-,,_~_":.~~ ..=""=~~..~==~_...__=.-.-~='.""-~_""=======.-=..-""-..'=--.",_-"'==~.~ l-=~.·-",=,~_===._..-'=~~="~----'-'-"-" '_=~'.",~=~'~.,.L.._~.~,..

B9618

DUKUDUKU STOCKPILE=============~==~================~~=~===~
----,r--- _;A_;FT_i-E.'-'-R'-'--O_P_TI_;Mc..:.U_;M.:.._;_!~:':D1STURECONT{:NT ADJUSTMENT

___ B_9_6_2_0__ I B_;AG~N_U~M~B_E~R~·~1· ~---~9c..:..5~/~1,-,-O~.3____ - ---I 196 ~6 ~~~~~~

___ B_9_6_2_1_1 8'-'-AG_N_U_M_B_E~R~·2_· I--~9.,-,-3~!~1_0,-,-.3__ 1 - 233 218 _. __ E~6

---------1----------(----.--- ---~--- ------- ---...--.__
-·-·----·-1--------,---·-------·1---- -----1---·----1---- --1-----· -.-._--'---.-.-..
... _ - - _._._-.----_._----------------- ------- -----. ---1---·-- ----- ----_,,---



BITUTEK LABORATORY CPT¥) LTO
FOAMED ASPHALT INVESTt.GATION

CLIENT : Mr Brian T. Chasi DATE : 08/08/1997

PROJECT : Foam Stockpile Investigation

ORDER NO

DATE REC. : JULY 1997

JC NO : 1814

LABORATORY! DESCRIPTION MOISTURE BINDER BULK REL. DAY SOAKED STABILITY

NUMBER I CONTENT CONTENT DENSITY I. T. S. I. T .S. AND ROW

BEFORE I AFTER
('jb) _j~ (kPa) _(~Pa)=,= (~!'J/r:'rnl

._-- - --- - JOHANNESBURG J SOWETO STOCKPILE - _'_.-..:.,

AFTER OPTIMUM MOISTURE CONTENT ADJUSTMENT - BEFORE ADDITION OF EMULSION
I

--------_ ..•......
B 9613 SURFACE MATERIAL (100 mm) 6.8/10.7 - - 345 COLLAPSED 29.1/2.'1

t---- ..~ .... o·

B 9614 INSIDE - 500 fll .....FROM THE TOP ....._:t_~:.~J.J?:7.. _ - - 386 COLLAPSED 29.5/2.11_,,_-, .--~--.-.~..-. __ ._------ ...... __ .. ,_.'_ ...._-------- _- -~,~, ~'-..- ....---- __ ~ __ ,.. ___ .' M_ .... _ .• _~ ._--._-- -~.-,..•.- ,~-,-..._ .... -..-.,~-.
B9615 6 MONTHS STOCKr·ILE - 6 MONTHS IN BAGS 15.2/10.7 - - 432 COLLAPSED 26.5/2.1-._ ... -_.__ ._---- --------,. ----.~---.--.-_' ---- ...-....---_.

I ..

_ .. -.,
AFTER OPTIMUM MOISTURE CONTENT ADJUSTMENT - AFTER ADDITION OF 1 'jb EMULSION ( 30 % 1--- ---,-~.

B 9614 !NSIDE - 500 mm FROM THE TOP 12.6/10.7 - - 335 COLLAPSED ----------- ------- ----. -- -- -.~---~ ,
B 9615 6 MONTH~ STOCKPILE - 6 MONTHS IN BAGS 15.2/ W.7 - - 319 COLLAPSED - -.

------- - - --- ... -~..-. --..-- .~...

1---1 ---_ ..



BITUTEK LABORATORY (PTY) LTD
Regi,(ration Number 79/02693/07

16 September 1997

~Jh Sdan T. C;-,r.:;i
University of Witwatersrand
West Campus Village
Flat D 12
2050

Attention Mr Brian T. Chasi

Dear Sir

FOAMED ASPHALT STOCKPILE iNVESTIGATION JC 1862

We refer to the three groups of samples of foamed asphalt, for the above mentioned
project, that was received during July 1997 for testing. .

Toe following was required:

Coedmore:

Four samples were received. The moisture contents were tested and adjusted to the
optimum moisture content as per design. Marshall briquettes were compacted at the
normal compaction effort. The RetainedJ.T.S. values were determined."

Dukuduku :.

Six samoles were received. The moisture contents were tested and adjusted to the
optimum moisture content as per design. Marshall briquettes were compacted at the
normal compaction effort. The retained I.T.S. values were determined as well 95 the
binder content of four of the samples.· " .

Attached please 'fi~d "Foamed Asphalt Investigation" reports depicting the results.. ....' '. .

Should you require any f~rther inforrria'tion .please feel free, to contact, us.

Yours faithfully.

C.H.Loots'
Manager.

p 4Westmead 3608 South Afric('l



CLIENT

PROJECT

ORDER NO

BITUTEK LABORATORY (PTY) LTD
FOAMED ASPHALT INVESTIGATION

: Mr Brian T. C!lasl

: Foam Stockpile Investigation

ATTENTION : Mr Brian Cr.asl

LABORATORY

NUMBER

f.>;.iE : 16/09/1997

DATE REC. : SEPTEMBER 1997

,ICNO : 1862

DESCP.IPTION RETAINEDMOISTURE

vONTENT

BEFORE I AFTER

DURBAN I COEDMORE STOCKPILE

_ BINDER

CONTENT

(%)

BULl( AEL.

DENSITY I.T.S.

(kPa)

DAY I SOAKED 1'_

l.~l.T. S._ (kPa)

I. T. S.

(%)

AFTER OPTIMUM MOISTURE CONTENT ADJUSTMENT-------r.-------------------,__;_~-;-;.--.:...::::-;-;.---;-;.--'---'---r_--.:.:c--;-;.--..:..=:.:..r_'---=--:--:---;-;.--,:_--

B 9761> I RA 1 3.2 I G.O-.--..---.-----.--------------------·-,I---__;:.,_------I------I---
3.4/6.0-·--------1;---------------------1------'------1------1-------1------·1------1-----B 9769 RA4

2.040 5~ 369

2.065 555 490

2.057 591 401-
2.054 '198 ,L501r

B 9770 RA 5 4.0 I 6.0
.--------- -- ---------------I-------'_;_:__:..---I------j-------'-----'-+--'-----

D 9771
I" -

_•. " ~, ~A 7 __ ~._O_I 6_.0 - 1. '--. __

66.3

88.1

67.9

100.6

~'~==~'=-=~-=-=-~-k=~==========================~.==========~L========b=======d=======d=======d=~=,=-=.-=- __
DUKUDUKU STOCKPILE-"--,~--~~ .~~~~'=-~-=-~=--~'=--=-'-.=--=~='--=---=--.~--=' ='=" =--'=--=- ~=-~=-~--=..=.-~'~'~..-~-='~=-= -.--... ,--"

--._----,--
B 9772 I

B 9805

B 9806

DA 1

AFTER OPTIMUM MOISTURE CONTENT ADJUSTMENT - RECEIVED 04/09/1997

247

221

- - -~-~

208

178

160

172

185

189

I
9.2/10.3 4.5

4.4

1.854

1.842

84.2

BO.57.8/10.3B9773 ~

___B97!~ __ ~-----------------D-A--5-----------------+---__8-.8-J~-10-.-3-----r 4_.1 -j 1_.8_6_2__ --l~ __2_1_4 ~ +_---7-4.-a----,
~y!!~ _L D~A_7~ -L ~8~.2~/~1~0~.~3 J_ __ ~4.~4 J_ __ ~1~.8~4~l__ _J __~2~4~O__ _J ~~ __ L_~~71~.~7. _

DA4----------------

" ,.~ _~_ • _,_,,_ Ar=:!.~!:__OP_T~~~ ,_~OISTURE CONTEN_T~DJUSTM::NT - RECEIVED 11/09/1997 r----...,..----.-
__ f:)_A..}_-::COVEA ST~~l<!:,_I~ BC?TT'?.t:1.LEFT 10.1 J 10.3. .:.. ~~_ ~?__j '____ I--7;-2:~--"

DA 4 - MIDDLE LEFT 1 kg lQ.7/10.3 - 1.8aO 275 I 68.7



BlTUTEK LABORATORY (PTY) LTD
Registration Number 79/02<;93107

6 October 1997

Mr Brian T. Chasi
Universitv of Witwatersrand
West Campus Villace
Flat 0 12
2050

Attention Mr Brian T. Ghasi

Dear Sir

FOAMED ASPHALT STOCKPILE INVESTIGATION JC 1915

W,,; refer to the three groups of samples of foamed asphalt, for the above mentioned'
project, that was received during October 1997 for testing. . .

The following was required:

Coedmore:

Four samples were received. The moisture and binder contents were tested and
adjusted tothe optimum moisture content as per design. Marshal! briquettes were
compacted at the normal compaction effort. The Retained I.T.S. values were
determined. . .

Dukuduku :

.Eight samples were received. 'The moisture and binder contents were tested and
adjusted to the optimum moisture content as perdesign. Marshall briquettes .were

. compacted at the normal compaction effort. The retained LT.S. values "'ere

. deterrnlned ; '. .' . ; '. '. . . .'. .',

Attached please find '''Foamed Asphalt Investigation". reports deplctlnq.theresults
. ..' . ' . _. ' ~ .;- .~ .. ~ . .. ' . . ..

Should you require' any fL!'rther'inform!3ti~n please 'f~el free, to cont3~t·~S,

)' ours faithfully

~=--'C,H,L:a
---"~--------------------------25 westmead Road, Plnetoym 3600 POBox 15324 Westmead 3608 south Africa



BITUTEKLABORATORY(PTY) LTD
FOAMED ASPHALT INVESTIGATION

CLIENT : Mr Brian T. Chasl DATE :06/10/1997

PROJECT : Foam Stockpile Investigation

ATTENTION : Mr Brlan Chasi

DATE REC. : OCTOBER 19!}7

JCNO : 1915

LABORATO.l_RY! DESCRIPTION MOISTURE BINDER BULKRELl DRY SOAKED

NUMBER CONTENT CONTENT DENSI'JY I . r .S . I . T . S •

==~==============~================~==B=E=F=O=R~E~J,=A=FT=E~R~b===~(%~J==~b=======~==~(~kP=a~)==~~~=~~=P=a~)_==~.==~(%~)= __..

RETAINED

I.T. S.

J====================================================~D~U~RBAN I COEDMORE STOCKPILE

_______ _:..:;~,;__ . 1 1.:..:.•..:1•.:...'_6._0 7._2 2_.O_3_B_-J 3_0_1__ -r+ 2_4_7__ f._~_2._3_ ..

4.5 J 6.0 5.8 2.066 375 324r--'---+---- ..'
4_1/6.0 6.6 2.049 511 ~416 81.6I==~~==~============~~===========_~==~~~==~~~==±==~~==d=======~==~==d======_

- -

MA1

RAA4

MAS

AM7

--

• -.- -- A:...;:FTEROPTIMUM MOISTURE CONTENT ADJUSTMENT,- -. 1 --;--.--- .. I
! __ ~ __ _1--------..:.:....:.:......:-------+--~3.:..::3..:.J-6..:....Q---.-+--.;.6-.4.:......:-.I_-2..:...._05_O_-t _ __;4_72_-l 3_8_3_-I. 8_1._.1_....

86.4

DUKUDUKU STOCKPILE
=========~=============='==============~'-

_______ ----'AFTEROPTIMUM MOISTURE CONTENT ADJUSTMENT

~~~_:~~_!_-_-_J+I- -.~_-_-~_-_~~-;--~~----_~ -----;,~==~~:~:-T::: -.I,--:-:-:--,__-.-_-:-:-:=r~:£-
="--:;:=~~t_-.-__-...-.-.--.. ..:~;-.. . - ...-.- ~_.'- ._. ::~;:.;~:.-_-.-_..- :::"=_-_-- _;::: t=:=,~_:~:_J:::-

AFTEA OPTIMUM MOISTURE CONTENT ADJUSTMENT---- -- . _ _ .. -

CDM1 6.7/10;3 I 4.6 1.649 206 133 64.6.-. . .•.-_---~.
CD.A.A4 1.3/10.3 4.7 1.839 240 189 7B.7,.- .,. -------..-. . ._-----,
CDAA5 10.0/10.3 4.2 1.656 237 176 74.3- ._. - _--_._--..--- .. _ ..-"'---~----.
CDM7 7.1/10.3 3.7 1.656 171'l 132 73.7

B 83----_ ...----.-----
6 ~4_____________ ._.:...:..:.:,.....:..c.

B 651------_..-.-----------
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APPENDICE 0.1

INTERIOR AND EXTERIOR PROPERTIES OF STOCKPILE

Material: FOAM STABILISED SAND

Bulk Relative Densities( covered}

Month Avg External Results Internal Results
(Positions 1,4 and 7) (Position 5)

0 1.787 1.787
3 1.846 1.862
4 1.848 1.856

t-Test: Paired Two Sample for Means

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean [
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tall
t Critical two-tail

Variable 1 Variabfe 2
1.827 1.835

0.001201 0.001737
3 3

0.994914
o
2

-1.73205
0.112702
2.919987
0.225403
4.102656

Sheet1

Dry ITS ( Covered)

Month Avg External Results Internal Results

0 250 250
2 214.5 214.5
3 236 214
4 208.3 237

v

t-Test; Paired Two Sample for Means

Mean
Variance
Observatio
Pearson C,
Hypotheslz
df
t Stat
P(T<==t)on.
t Critical or
P(T<~t) iwe
t Critical tv.

Variable 1 Vadable 2
227.2 228.875

371.9266667 313.3958
4 4

0.37076716
o
3

-0.161147888
0.4411088'11
2.353363016
0.882217682
3.182449291

Page 1



Sheet1

APPENDICE 0.2

Soaked ITS (Covered) Retained ITS ( Covered)

Month Avg External Results Internal Results

0 189 189
2 207 207
3 186 160
4 151.3 176

~nth AVg External Results Internal Results

0 74.5 74.4
2 96.5 96.5
3 78.8 74.8
4 72.4 74.3

t-Test; Paired Two Sample for Means t-Test Paired Two Sample for Means

Variable 1 Variable 2 Variable 1 Variable 2
Mean 1.83.325 183 Mean 80.55 80
Variance 541.8225 396.6667 Variance 120.1633333 121.0467
Observations 4 4 Observatio 4 4
Pearson Correlation 0.549974 PearsonCi 0.974565356
Hypothesized Mean [ 0 Hypotheslz 0
df 3 df 3
t Stat 0.031399 t Stat 0.444044421
P(f -c=t) one-tail 0.488462 P(T<=t) on. 0.34354351
t Critical one-tail 2.353363 t Critical or 2.353363016
P(T<=t) two-tail 0.976924 P(T<=t) twe 0.687087021
t Critical two-tail 3.182449 t Critical tv\, 3.182449291

Page 1
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APPENDICE E.;

EFFECT OF COVERING THE STOCKPILE AFTER FOUR MONTHS

MATERIAL: FOAM STABILISED SAND

Uncovered Results:

PARAMETER INVESTIGATED: Bulk Relative Density

1.855

Sheet2

Covered Results:
1.862
1.849 1.839

1.843
1.856

1.848
1.856

t-Test; Paired Two Sample for Means

Variable 1 .veriebte 2
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T-e=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-taf

1.852 1.85
6.87E-05 6.47E-05

4 4
-0.60527

o
3

0.273434
0.401132
2.353363
0.802263
3.182449

Page 1

Uncovered

PARAMETER INVESTIGATED:

193

Dry ITS

Covered
228
206 240

t-Test; Paired Two Sample for Means

Variable 1 Variable 2
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mea') I
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

195.75 215.5
494.916667 828.3333

4 4
-0.04919738

o
3

-1.06090456
0.18328858
2.35336302
0.36657717
3.18244929

180
179 237



Sheet2

ApOENDICE E.2

PARAMETER INVESTIGATED: Retained iTSPARAMETER INVESTIGATED: $oaked ITS

Uncovered Results: 59.2uncovered Results: 62.2 62.8135 no 113 126
Covered Results: Covered Results:133 189 176 64.6 78.6 73.7132

t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means

Variable 2Variable 1 VariabJe 1 VadabJe 2
MeanMean

Variance
123.5

87
4

-0.09496
o
3

-2.14963
0.060375
2.353363
0.12075

3.182449

157.5
861.6667

4

63.35 72.85
17.69 35.'13

4 4
0.47147121

o
3

-3.49739327
0.01977764
2.35336302
0.03955528
3.18244929

Variance
Observations Observations

Pearson Correlation
Hypothesized Mean I
df
t Statper~=t) one-tail
t Critical one-tail
P(f<=t) two-tall
t Critical two-tail

Pearson Correlation
Hypothesized Mean Difference
df
tStat
P(f ~:::t) one-tail
t Critical one-tailper<=t) two-tail
t Critical two.tait

Page 1
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INTERIOR AND EXTERIOR PROPERTIES OF STOCI(PILE

APPENDICE F.1

MATERIAL INVESTIGATED: FOAM STABILISED RAP

Bulk Ralative Density

EMonth Avg·External Results Internal
2 2.098 2.08"1
5 2.053 2.057
6 2.046 2.066

t-Test: Paired Two Sample for Means

Variable 1 Variable 2
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T<=l) one-tail
t Critical one-tail
P(T"':::t) two-tail
t Critical two-tail

2.065667 2.068
0.000796 0.000147

3 3
0.875368

o
2

-0.21779
0.423895
2.919987
0.84779

4.302656

Sheet3

~...

Dry ITS

Month Avg External Results Internal
2 531.3 573
4 556.3 377
5 536.7 591
6 428 375

t-Test; Paired Two Sample for Means

___________ V::..::a:!_!f/'!;!_ab::::i:::..e.1Variable 2
Mean 513.075 479
Variance 3332.149 "14200
Observations 4 4
Pearson Correlation 0.426:4
Hypothesized Mean Difference 0
df 3
t Stat 0.630942
P(f <:::t)one-tall 0.286435
t Critical one-tal! 2.353363
P(T-e=t) two-tail 0.57287
t Critical two-tail 3."182449

Page 1



APPENDICE F.2

Soaked ITS

Mcnth Avg External Results Internal
2 423.3 505
4 424.7 406.
5 453.33 401
6 349.3 324

t-Test Paired Two S&mple for Means

Variable 2
Mean
Variance
Observations
Pearson Cerrelation
Hypothesized Mean Difference
df
t Stat
P(T <=t) one-tail
t Critical one-tail
P(T <=t) two-tail
t Critical two-tail

Variable 1
412.6575
1975.57

4
0.611088

o
3

0.124541
0.454382
2.353363
0.908763
3.182449

409
5504.667

4

Sheet3

Retained ITS

Month Avg External Results Internal
2 80.2 88.1
4 76.3 107.7
5 85 67.9
6 81.68 86.4

t-Test: Paired Two Sample for Means

Vadable 1 Variable 2
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t stat
P(T <:::t) one-tail
t Critical one-tailper<=t) two-tail
t Critical two-tail

80.795 87.525
13.0081 264.5892

4 4
·0.99174

o
3

-0.67814
0.273153
2.353363
0.546306
3.182449

Page 1
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