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ABSTRACT .

.'a\' . .
ifUﬂt;l recently: use of 1onir chemical soil stabilisers
senmed hit or miss. The paper by Paige-Green and
Bennett explaips that the stabilisers wprk only on
‘soils containing reactive clays. The author’s findinge
- confirm thzs{conc1u51cn. It was shown that a CBR test,
whzch can be done in any road soils laboratory, can be
sed ta maaﬂure the ghange in strength caused by the
treatment of the 5011 with a chosen ionic gtabiliser.

ot
e .

SQuth Africa ig facad wmth a serious unemployment _
 !ﬂprob1em The World Bank and the International Labour
Organisation have shown that employment in construction
can be significantly increased by the use of labour

'-q instead of machinery. Field trials showed that ionic

atabilisers can readily be applied labdur intengively.
‘These stabilisers could improve marginal materials to
‘road-building standard and this could further reduce
the dependence on machinery by reducing the need to
transport guantities of high quality gravel,
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rﬁ . fage

Little 15 known about the actlon of ionlc chemical .

' stebilisers on soila - why ‘they sometlmgﬁ work and
_sometimes don’t work. Lees is known about tiiz uge of

- these stabiilsers in labcur intenslve road :
_con-tructlon This knowledge beomes 1mportant 1n the
context of - *49 cost- effectlve construction of urban and
_ rura] 1nfrjstructure

e

Mr Jean Louw, currently consultant to Conaid (Pky) Ltd,

- whetted the aﬁthar s curiosity about the'aution'&f
‘ionic stabiligers on soils. Jean Lpuw's knowle@ye and
experience of chemical stablllsers Spans a period 01 at
least 25 years, so hls ideas and remanmscences were
worth a great deal. ' '

Professor R McCutcheon and Mr James Croswell are“ 
staunch advocates of the use of labour intengive
 construction methods. Both have. done much_to'fﬁrther
the awareness of labour intensive comstruction as a
powerful tool for the simultaneous solution of the
‘scarcity of urban and rural infrastructure and the
alleviation of poverty. Writings frum the World Bank
and the ILO have further heightened the author’s
awareness of labour intensive construction as a means .
of reducing unemployment and of at least partially
combattlnj vaerty

The author obtained péraonal experience of the use of

ctiemical soil stabilisers in conventional construction
whiiu-wnrking For Bskom. Eskom used ionic soil '
stabilisers with considerable success for road

3
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xiv

construction «  the construction of_terraczes for
buildings. The author alse has strong convictions about
' the desirability of the incrsased use of labour in
construction. The combination of these two approaches
seemed to be a fruitful field for pest graduate study.

e



1, | INTRODUCTION
1.1 Introduction

- The literature review will show that little was known
about ionic chemical soil stabilisers until Phige-Grean
reported on laboratory based research (Paige-(rsen ane
Bennett, 1993). Until this work was published, the
action of ionic¢ stabilisers seemed to be hit or miss in
that they sometimes increased soil strengths and
sometimes did not react with the soil or actually
decreased soil strengths. | |

The effects of ionic stabilisers on solls seem to be
difficult to weasure. In fact, sgerreral salesmen have
stated that the effects of their ionic stabiliser
cannot be measured in the laboratory but must be tested
in the field (van Coppenhagen, 1980; and others, 1$83 -
1286) . This implies that a client has to accept the
risk that the stabiliser may or may not work on his
project and undertake full scale field trxials at
congiderable cost, solely on the word of a salesman.

" Successful laboratory testing of ionic soil stabilisers
would considerably reduce the cost and risk of the
current field trial approach.

The use of stabilisers to improve soil characteristics
is becoming increasingly more important as high quality
‘gravels become scarce (Simonis, 1990). Ionic soil
stabilise * have the potential to increase the strength
of marginal gravels (Conaid, 1992) which are often
relatively easy to obtain, to fulfil the requirements
of the specification. In contrast, natural gravels to
the same specification may have to be transportesd over
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geveral kilometres'at considerable cost {Paige-Green
19892 and 198%b). In addition to the problem of haulage
- cost, good road gravels are bescoming scarce and should
perhaps be reserved for important high traffic volume

- roads (Simonis, 1990). Therefore there is a growmng
nead to use marginal materials for increasingly
stringent regquirements due to 1ncreaslng traffic
volumes.

The literature survey will also show that no one has
writbten about the use of ionic chemical soil |
stabilisers in labour-intensive road construction. It
i therefore ot known if these stabilisers can be
applied cost-effectively in a manner compatible with
labour-intensive comstruction methods. These problems
arise in the context of the cost-effective constiiction
of urban and rural road infrastruggure. . '

' The World Bank and International Labour Organisation
have shown that employment in ¢ ustruction can be
gignificantly incréased by using labour instead of
machinery {(Allal and Edmonds, 1978; Coukis et al, 1983;
McCutcheon, 1290} . The combination of these two
technologies, chemical soil gtabilisation and labour-
intensive construction, could make effective use of
scarce state funding in the construction of _
infrastructure, while simultanecusly alleviating some
of the unemployment and poverty so rampant .n South
africa {Ligthelm zud Kritzlngar van Nickerk 1980; DBSA
1987} .
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1. 2 Bypothesis, abjectives and br1e£ methoddlagy
The hypcthesxs which thlS MSc projeckt 1nvestlgataﬁ is:
Chemical stabilisers can be coat effbctivaly dsed in
labour-intengive road consbruccian to imp:ove sail
atxengths.w :

The objecti%eg'of this project are to: 5
i) investigate the use of ionic chemical soil |
stabilisers in the construction of roadworks;

ii) find method# of application of the stabilisers that
are compatible w;th labour 1ntenszve road conStructzon
methods;

111} obtamn co'paratlve costs cf the use of
:'stabmllsersn

iv) developiéépropriate specifications.

The methods used were:
1., conduct a llterature survey;
2. laboratory test stabilisers
3. develop application methods in the field

The consequences'fIOWing from the above will be
confidence in the use of ionic stabilisers for the
improvement of in situ and locally available sdils and
gravels to the extent that the guality norms sat by
gpecifications and good practice can be met, This could
lead to: : '

i} eliminating the need for gravel surfa91ng of
engineered earth roads;



ii) improving the load carrying capacity of the
formation of secondary roads;

- iii) reducing the need for high'quality gravel for the
wearing courses of gedondary roads;

iv) reducing demand for the already scarce supply of
good gravel; ' '

v} making greater use ~7 marginal materials;

vi) increasiny :me goope of Lalbour-intensive

construction . *3 the constructicn of roads in
areas of pat: . . ¥ the norm is- to remove great
'quantities'cf_t;?_”- % replace it with higher

quality graveia_itrﬁﬁgf; .. at great cost.

vii) increasing the prudﬁuti?e employment of labour per
unit of expenditure for an oquél or higher quality of
road than could be achieved without the use of the
ionic chemical stabillisers.

1.3 Labour-intensive canatructian'

Extensive research by the World Bank and the
International Labour Organisation (TLO) has pruved that
it ls technically feasible to replace equipment with
labour in the construction of civil engineering
earthworks. The operationg of excavate, load, haul,
unload.and spread (ELMUS) are particularly amenable. As
much as 80% to 90% of the cost of road construction can
technically be done by labour instead of equipment
(World Bank, 1971}. However, the management and
organisational skills needed to achieve any appreciable
levels of equipment substitution by labour need to be
learned.



it has become clear that, to use labour pioductzvely,
it is necessary to train a skllled worker Lo becbme
technlcally sound and.organlsatlonally competent and
thus zble to direct and motivate the workers under his
control. It has also been shown necessary to tramn'
engineers in the specific skills_requlred for labour-
intensive projects (McCutcheon, 1991). Success is.
ultimately dependent on appropriately skilled people.

In addition to the above, small pockets of gravel could
be dug out by hand that would be ignored by machine
intensive methods as ui énomic. If these gravels were
subatandard, the use of‘stabllisers might improve the

- properties sufficiently to meet the 5pECIfldatlon8.
. Here again the labour content could_be_algnlf;cantly

increased.
1.4 Structure of the thesis

Chapter 2, the literature review, opens with a
descfiption of stabilisation in general terms and goes
on to describe several of the chemical stabilisers
available in South Africa. Some of the stabilisers
desgceribed are based on ion exchange reactions with the
soils, while others act more like glues which bind the
soil particles. Chapter 2 then describes a recent paper
by Paige-Green and Bemnett, which significantly ;
develops the theories of the action of ion exchange
soil stabilisers. The highlights of this paper are
summarised. The nature of clays are described to
clarify the complex nature of the reactions'between
goileg and stabilisers. |



This is followed by a review of some of the literature
on labour intensive construction. As this thesis is
about road construction, a summafy of the types of
roads and their material requirements'is given. The
-point iz made that as traffic volumes increase, so the
costs of road construction rapidly increase due to the
ever-increasing requlrements of quality and quantity of
‘earthworks and layerworks The role that could be
played by labour in the construction of roadworks is
described.

Extensive 1ahoratory'testing by the author, described
iz Chapter 3; wag preceded by a short series of imitial
or pilot tests to verify strategy and the choice of |
test procedures. The author tested the reaction of two
ionic =moil stabilisers on & fine clayey dolerite gravel
and measured that the average.Caiifdrnia ﬁearing_Ratio=
(CBR) was doubled. The test methods, results and
conclusions are fully discussed in Chapter 3.

Chapter 4 describes the Mamelodi Roads Pilot Prodject,
in which the zuthor participated. This'was an attempt
to build urban roads by labour-intensive methods, aided
by ionic chemical stabilisers. The success of the pilot
project is discussed in terms of generally acCepted
international norms on labour-intensive comstruction.
Several methodg of applying stabilisers by hand were
investigated during the Mamelodi Roads Pilot Project.

Chapter 5 on methods of applying chemical stabilisers
describes the calculation of dosage and dilution rates.
It goes on to describe machine based application of
water soluble stabilisers. Three metheds of labour



_based application of water soluble stabilisers are
‘described: watering cans, hoses from a tank and a hand
dravn water bowser . The application of powdesad
stabilisers, namely lime and cemeut, by-lah?ur—

- intensive methods is also described. /

I
I.rl'. !
o
<: - rf .

. The costs of purchase of a wide range ok établllsers
were obtalned - The applzcatlon rates weré estimated, as
“often laboratory tests are required to 6ptxmlse the -
amounta of stabiliser applied Estlmatﬁb were made of
the costs of gpreading the stablllser ﬁnd mixing it
into the &goil layer, assumed to be 15@ wmm Ghick, by

_ both mechan;cal and labour~1nten51ve mathcds.

A
:

- o _ N _
Chapter 6 describes two speciﬁicatﬁﬁns that. the author
has written and proposed for the fébdur intensive
'appllcatlan of chemical stablllsars to minor roadworks.
The first isa. "pr03ect spe01f1qatlon“ compriging
variations and additions to SAB_ 1200 DM, which nake
the standard specification amenable to the hand
application of stabilisers. THe second is a particular
'specifica;iOn for minor roadwbrks built by labour-
intensive methods, using chemical stabilisers. The
specification addresses matters like the classification
of excavation, limitations on the use of mechanical |
eguipment, tolerances and an appropriate bill of
quantities. These specifications will enable engineers
to specify both the labour- intensive constructicn of
roadworks and the hand appllcatlon of chemlcal
stabilisers.

This thesis sets out to test the validity of the.
hypothesis, stated on page 2, by showing that simple
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comparatlve CBR restlng could measure the improvement-
~in strength of a soil after chemical stabllisatlon.- :
Methods of applying stabilisers by 1abour_1nten31ve
methods would be develdped Cost calculations and
estimates would show that water soluble stabmllsars
could be applled at modest cost,.



2. LITERATURE REVIEW
2.1 Intreduction

This chapter opens with a description of gtabilisation
in general terms and goes on to describe several of the
chemical stabilisers available in South Africa. Some of
the stabilisers described are based on ion exchange
reactions with the soils, while others act more like
‘glues which bind the soil particles. A recept paper by
Paige-Green and Bennett, which'significantiy develops
the theories of the action ofiion exchange soil
stabilisers is then described. The highlights of this
-pape: are gummarised. The nature of clays are described
to clarify the complex nature of the reactions between
 soils and stabilisers. '

This is followed by a review of some of the literature
on labour-intensive comstruction. As this thesis is
abhout road construction, a summary of the types of
roads, their material requirements and p0551ble usagm
of ilonic stabilisers is given. ' '

2.2 Stabilisation
2.2.1 Intreduction to stabilisation

Stabilisation in its many forms is performed on road
soils primarily to reduce the costs of comstruction. A
major domponent of road construction costs is the cost
of the matetrials together with the cost of transporting
them onto the roadway (Paige-Green and Bennett, 1993},
In areas containing few gravels of road quality, -
engineers are forced to look at the alternatives of
somellow treating the available soils so that roads way
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‘be built of them. The increasing difficulty of finding
good quality gravels for gravel surfacing and
layerworks and the growing'need to conserve thege
materials'tsimohis, 1990), hag led to increased focus
on the greater use of marginal'materials.

' In road constructiom, stabiligation is the process by
which tha properties of soils and gravels may be
altered or improved to make them more useful. Two baslc

procegses are used: the first is cementation or binding

together of soil particles; the second is chemical
modification of the soil to eliminate or enhance
¢ertain properties. lomic soil Stabilihers £a1l into
this second category. Most ionic stabilisers are based
upon sulphonated petroleum products, commnnly
abbreviated to SPPs. 2ll ionic soil stabmlisers need a
" vertain minimum amount of ¢lay to be effeqt,: . A more
detailed examination of the literature peri&«%iin'ing to
SPPs will be given in sectioms 2.2.2 and 2,2.3, Here I
will deal briefly with the better known and more widely
used application of lime and. portland cement to road
sodls. '

Lime is one of the earliest goil stabilisgers to be used
in road construction. It is generally available in
South Africa in either slaked or unslaked form. Lime is
not particularly costly, however, transpbrt'charges-may
make up a considerable portion of its delivered cost.
Lime is not effective on sandy soils as it depends on
the clay fraction of a soil for its effect. The action
of lime is both cementing and chemical modification.
The cementing action is pozzolanic: the lime reacting
with the silica and alumlna in the clay fraction of the
goil to furm calcium alumlno silica hydrates, The
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chemical modification is ionic in nature with calqium
ions'displaCing sodium and hydrogen ilons on the clay
particle surfaces, changing the nature of the adsorbed

water layers (Savage, 1986a; De Wet, 1975; Beger,
Venter and Servas, 1987; Savage,_lsasb).

Cement in various forms (Ordinary Portland Cement,
Portland Blagt Furnace Cement, Slagment, étc.) has long
been used in road construction, largely to improve
borderline gravels to perform acceptably as.sﬁbbases
and lightly trafficked base~courses. Cemeht works best
with low cobesion gravels by binding the'particles with
crystal growths of dicalcium and tricalcium silicates
(Savage, 1986b; Fulton, 1961). Cement may sometimes be
the only stabiliser which can be effectively usaﬂ tc
bind a partlcular soll, for example, sand. i

Both lime and cement are used at application rates of
between 1% and 5% by mass to give the needed _ '
properties. Dosage rates higher than 5% are rarely cost
effective. Lime and cement stabilisation costs are in
the region of R20 to R40 per cubic metre of soil
stabilised (éee Appendix 2}, which can be reduced by
the bulk purchase and delivery of the stabilising
agent, ' |

All cement and lime stabilised-soils shrink .upon
drying. The greater gtrength of cement leads to larger
intact blovks and wider cracks, whereas lime gives
smaller and more frequent cracking. Shrinkage cracks

- eventually initiate failure of the road layers under
traffic ( Savage, 1986&h).
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'\Both 91aked'lime dud cement are mildly caustlc ‘and
attack exposed skin. Safety precautlons must be taken
 'to,reduce the effects’ of caustic attack by the use ‘of
_gloves,-gbggles, pveralls and barrier creams. _

~ Particular attention to safety is required when .
unslaked lime is nsed because of its highly causiic
properties. Unslaked lime is more dense than slaked
lime and the advantages are that it is less affacted by
- wind and containsimore active ingredient, therefore
less meed be appiied_(Ballantine and Rossouw, 1972). : _i”

_The7u9a§e of lime aud cement as soil stabilisers is
well documented and will not be further explored here.

- 2.2.2 Chemical stabilisers

Materials cammoniy known as chemical stabilisers
1nclude 1zgnosulphonates, sulphonated petroleum
products (SPP), lime and cement {CSRA, 1987, p3500 2)

- and products containing them and some other products

- difficult to categorise elsewhere., Lime and cement have
already been dealt with im the previous section. The
lesser known chemical stabilieers will be described in
this section. The information has largelY;been obtained
from trade literature and is thus probably biased.

i) Lignosuiphonate

Lignosulphonate is the "glue" that holds wood fibres
together. It iz separated from the raw timbei during .
processing of paper_pulp and is usually disposed of an
waste., Lignosulphonates or "lye" were first used'_

- experimentally as road binders in the 1930’s (Fossberg,
1966) .
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Since the early 1990's African Explosives and Chemical
Industries (AECI) hag been mafketing'1ignosulphonates
ag soil stabilisers in powdered and liquid form {(50%
agqueous solution) under the trade names Ababond,
Saibond and Lignos. As lignosulphonate is soluble in

- water and therefore subject to leaching, research

efforts were appliad to modify the material to reduce
leaching. The result was "Modlig 140" or "Modlig”,
which ig available in liquid form only. Madlig is
roughly twige the cost of Lignos. (AECI, 1991}

. . L Y

.Lignnsulphogat§é act as binders, dust suppressants and :

compaction aids on & wide range of solls. Well graded

gravels with a plasticity index (PI) of between 6 and

- 20 are ideal. Typlcal application rates are 1 to 2 kg
" of powdered lignosulphonate dissolved in water per

square metre, mixed inte the top 50 to 70 mm of the
wearing course of the road. Modlig can be used on its

“owa, but due to its cost, iz usually applied in

conjunction with Lignos. In this case, Lignos ig
applied at 0.8 kg per squaré metre and mixed into the
top of the layer, followed by Modlig at 0.4'kg per
sguare metre sprayed across the layer as a seal. The

' Modlig is normally dissolved in water in the proportion

Lignosulphonate is soluble in water and is subject to
leaching out of the soil by rain. The susceptibility to
leaching weans that the product needs to be reapplied
to the road surface at intervals dependent on traffic
and rainfall, usually two or three times per year. The
rate of application for rejuvenation is about 0.18 kg
per square metre (ABCI, 1991). Modlig has been modified
by the actien of additives and is much less susceptible
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ro leaching, hence extending the period between -
applications. These products are marketed by African
Explosives and Chemical Industries (AECI).

ii) Tomnic chemical stabilisers

Below I will outline what is generally known about the -
properties and characterlsqics'qf currently available
ionic chemical stabilisers. It sust be borne in mind
that the chemical constituents of the products are
clogely guarded commercial secrets and that hrade
literature is frequently deliberately vague. The
products described are:

Reynolds Roadpacker

Tonic Soil Stabiliser (ISS)
Conaid

Roadanine

Roadbond

The first sulphonated petroleum product (SBP)
introduced in South Africa was Reynolds Roadpacker. It
wag made from waste petrochemical products, suitably
modified with chemical additives (hence the generxic
term "sulphonated petroleum product®). Ity actlon was
largely ion exchange. Low vali>ncy lons were displaced
from the clay particle surfaces by ions of higher
valency, which changed the nature of che adsorbed water
(Reynolds Reoadpacker, no date, about 1576). Reynolds
Roadpacker also worked as a compaction aid, reducing
the compactive eifort needed te achieve a given soil
density. The recommended dosage rates were 200 ml of
Roadpacker, wall diluted in watex, per cubic metre of
g0il. The stabiliser was variable in quality, probably
due to the variation in the waste raw materials.
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Reynolds Roadpacker is ﬁo.longer available in SA under
this name. o

Ionic Soil Stabiliser (ISS) which is presently marketed
as a "road in a drum® seems to be the successor to
Reynolds RdadpaQREr and is indistinguishable from 1ts
parent, It is a dark viscous fluid with a |
characteristic odour. It is a sulphonated oil derived
from the naphthalene fraction of petroleum, with a

. gpecific gravity of 2.2 and a pH of about 1.25,

- therefore strongly acidic. Protective clothing and

careful handling procedures are essential in ita use.
The recommended dosage rate is 200 ml of concentfate_
per cubic metre of soil. (ISS, no date). o

- Conaid was developed locally from the Reynolds
Roadpacker technology but is made Erom commercially
available chemicals, with quality control monitored
through Rand Afrikaans University. The stabiliBer is a
bright deep pink in colour and has a pH of three to

" four, which is mildly acid. When mixed with water it
foams and therefore may be attractive to labourers on a
road construction site, as a laundry soap. The chemical
ig said to be non toxic. Conaid is icnic in actiom and
acts as a compaction aid. The racommended dosage rate -
is 200 ml per cubic metre of soiil, It is marketed by
Conaid (Pty.) Ltd. (Conaid, no date).

Conaid bas been nsed in the construction of 16.7 km of
streets in Tshiame, near Harrismith in the Orange Free
State {(Conaid, 1992). The main road, a bus route,
consisted of two 150 mm-layers'of in situ soil each
treated with 30 ml of Conaid per square metre, surfaced
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with a 13.2 + 6.7 mm double seal. Access streets were
made of a single 150 mm layer of in situ soil treated
with 30 ml of Ceonaid per square metre, surfaced with a
sand seal. Savings over the conventional design were
reported to be 48.7%. The project was constructed by
machine inteunsive methods. ' '

 Conaid was also used in the reconstruction of roads
serving sugar estates in eastern Swaziland. The area is
close to the Lebombo Mountailn range. The geology is
largely composed of basalte and dolerites. The Weinert
“N" value is less than 2 and hence weathering and
decomposition of rock is rapid and severe. |
Montmorillonite ig the predominant clay mineral.
Traffic¢ on the main haulage road, part of which was
rebullt and stabilised with Conaid, comprises caﬁe
trangporters {52 tomnes on 3 axles), sugar transporters
(15 to 25 tonne trucks),'lBO busses per day and 900
light vehicles per day. Stabilisation took place under
traffic, with frequent grading to maintain the shaps.
Compaction was by traffic only. The Conaid treatment
was reported to he highly successful and reduced
maintenance costs by a large wargin (Bemnetts, 1991).

Roadamine was developed locally from the Reynolds
Roadpacker technology and £xom Conawd. It is ionic in
action and actg as a compaction aid. The socurce of raw
materials is unknown but the product is variable.
Roadamine is acidic with a pH of between one and two.
It is marketed by Fosroc. For use in labour intensive
construction, Roadamine may be a problem due to its
acidity. The chemical burns holes in trousers after
spillage {Langlois, 1992). The chemical looks and feels
like a soap and froths corisiderahly in water and
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laundry. Protective clothing and strict bandling
precautions would seem to be sssential on a
construction site. The recommended dosage rate is 200
ml. of Roadamine, diluted 1:200 to 1:500 with water, per
cubic metre of 3011 (Fosroc, 1992) .

Posroc,; in an article in the Municipal Engineer =
(Fosroc, 1991), describes the action of Roadamine, a
liguid chemical compaction medium. The results of tests
con several different soils_befofe and after_treatment
with Roadamine are tabulated, The figures show that
Roadamine increases the density and reduces the optimum
moisture content of most soils, increases the unsoaked
California Bearing Ratio (CBR) sﬁrengths and. usually
increases the Dynamic Cone Penetrometer (DCP)

- gtrengths.

_Fosraﬁ, with Roadamine and the Univergity of Natal, has
developed the use “f X-ray diffraction studies of soils
to accurately define thoge soils that respond to
treatment with Roadamine (Bartholomew, 1923). Indicator
tegts are performed on samples of the sodl, IE
sufficient fines are present, then X-ray'diffraction
measurements are done con the -0.425 mm fraction of the
samples, Clay minerals and weathering patterns are
identified. Minerals susceptible to stabilisation have
been found empirically and are compared with the
minerals found in the samples.

Roadband was independently developed locally and uses
commercislly available chemical stock. Roadbond is
alkaline with a pH of about 10. It is not knowa if
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Roadbond strietly qualifies as a sulphonated petroleunt
prodﬁct as it differs markedly“ffbm”bther known SPP#.
Quality control is baged ¢on chemical industry norms.
Roadbond iz ionic in action and acts as a compaction
aid. It is manufactured and marketed by Mining and
Allied Chemicals {(Mining and Allied Chemicals, no |
date) . Roadbond locks and smells like a hydrodarbon and
although it dissolves in water is not likely to be
stolen for use in laundry. The mild alkalinity is
similar to that of common scap and therefore is
unlikely to caﬁse gkin irritation. This chemical is

- reasonably user-friendly and no special precautions
seem necessary. The dosage rate is 200 ml of the
concentrate per cublc metre of soil. - '

© 4ii) oOther stabilisers

Stabilmsers which do not neatly fall into the ionic
chemical stabiliser group are descrlbed below:
Reoadbind
Congolid System consisting of Consolid 444,
Congervex and Solidry.

"Roadbind is mamufactured and marketed by Mining and
~Allied Chemicals (as is Roadbond, described above) aund
is a binder, not an ionic stabiliser. It is derived
from paint industry technology, is based on acrylice
and after setting isg therefore not subject to leaching
by rainfall (Mining and Allied Chemicals, no date). Its
main application is said to be as a binder to the upper
layer of a wearing ‘ourse. The recommended dosage rate
depends on the soil grading and varies between 400 ml
and 1200 ml of the concentrate per cubic metre of soil.
Roadbind should be diluted 1:100 with water before
application. '
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The Consolid System consists'of three products:
Consolid 444, Conservex and Solidry that are used in
combination (Van Wyk and Louw, 1991). These products
are difficult to classify, as will become apparent frow
their description which follows below. |

Consolid 444, which may possibly contain an SPP, acts
as a compaction aid by reducing the surface tension of
the soil water. In addition it seems to produce an ion
exchange reaction with certain clays. The action of the
chemical with soil is irreversible. Consolid 444 has a
PE pf about gix, is inflammable and smells of ammondia,
“1¢ ie applied at a rate between 400 and 800 milli-
litre/cubic metre. It is normally applied to a depth of
150 to 300 mm. |

Congervex ig a bituminous product dispersed in water.
When used with Consolid 444 the bitumen adheres to the

~ goil particles and plugs the soil capillaries, thus
reducing the permeability. Conservex reduces dust
formation. Strength of stabilised soil increases with
time as the volatiles evaporate. Conservex has a pH of
about nine (moderately alkaline) and an ammonia. odour.
The top 50 to 100 mm of the road is normally treated at
an application rate of 4 to 40 litre/ cubic metre. The
optimum rate gives the best strength and varies with
goil types.

Solidry has the same active ingredients a8 Congolid and
Congervex but, in addition, 1s mixed with Portland

cement and lime hydrate filler. It iz a powder uged in
quantities of 0.5% to 2.0% of soil mase and is applied
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to the top 50 to 100 mm. Solidry is used with Consolid
444 instead of Conservex, on certain soil types.

The Consolid_System_comprises the application of
Consolid 444 and Conservex to silty/sandy soils in dry
- areas and the application of Consclid 444 with Solidry.
to clayey/silty soils in flooded areas. Consolid 444
and Conservex are mixed with the ﬁa?er in water bowsers
and.applied gseparately. Solldry is spread across the
soil dry and mixed in (Van Wyk and Louw, 1991). The
Consolid System ig marketed Ly Multi Comstruction

' Chemicals of Alrode. '

2.2.3 Technical literature on stabilisers

Although both the Wits and UNISA libraries were used to
search for publications on ionic chemical stabilisers,
no recent work was Efound. Work done in the pericd 1846
to 1951 was repicted by the Road Research Laboratory
{1952) , but the stabilisers were resin based and were
attacked by mould. This work was not followed up any
further. The search continued until the 1593 Annual
Transportation Convention papers were turned up. These
 contained the paper on "The use of sulphonated
petroleum products in roads: state of the art” by
Paige-Green and Bennett {Paige-Green aud Bennett,
1993) . This paper summarises the background to the use
of and the need for_chemical gtabilisers in the light
of'the ever growing scarcity of high quality gravels. .
Several stabilisers were investigated. A cowbination of
electro-chemical and X-ray diffraction soil teating
methods suggested which stabilisers were suitable and
indicated the dosage rate needed. Increases in soil
strength were taen quantified by standard CBR testing.
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The cation exchange capacity (CEC) of a soil is a
-measure of the potential cfathe clay minerals to
exchange cations. The paper concluded that 2:1 clay
types are the only ones with useful cation exchange
capacities. X-ray diffraction testing was used to
Cidentify the clay minerals and to estimate the
quantities of reactive (2:1'clays) ninerals. If the
percentage of reactive clays was significant, then the
standard SPP application rate of 200 ml/wm® was
specified, in the knowledge that the stabiliser would
act as both compaction ald and stabiliser. If the

- reactive clay component was low then the stabiliser
would only work as aICHmpactiOn aid and overdosing
should be avoided by goecifying a dogage rate of one
third of the standard application ie. some 67 ml/u.
‘The paper clearly shows the lubricating effects and
congequent drop in CBR strength of standard dosing {at
200 ml/w*) of non reactive =oils. Qne_third_of the .

- dosage gave compactive benefits without reducing'the
strengths. ' '

The merits of various stabilisers were studied by means
of measurements of cation exchange capacity of soils:
before and after treatment with the stabilisers. The
amount of replacement of soil catioms by the stabiliser
was noted; the degree of replacement showed whether the
gtablliser was effective or not, Some soils were seen
to react well with certain stabilisers, while others
did not react at all. No estimate of strength
improvement could be made from the electro-chemical
testing. However, it was shown that, where the tests
suggested sufficient reaction, significant increases in
strength upon subsequent CBR testing were obtained.
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The above paper (Palge -Green and Bennett) qulte clearly
explains why the Conald treatment of the Swaziland
gugar estate roads - srked so well. The predominant. clay
mineral was montmorillonite, which is a 2:1 or double.
layer clay, with a high cation exchange capacity. Ion
-exchange reactiong could occur on a sufflc1ently large
scale to stabilmse the road gravels used.

The paper by Paige-Green apd Bennett ig not exhaustive
and shows how little research has been performed on the

use of ionic chemical stabilisers in road construction.
The art of chemical stabilisation is at an ea¥ly state
and really needs basic ressarch into the chemigtry and
physics of the action of the stabilisers on soil.

2.2.4 Nature of clays

The previous section 1llustrates that some knowledge of
clays and their structures is necesgsary for an
understanding of chemical soil stabilisers. All clays

" have a very high surface area due to their small
particle gize and their plate-like ahape. Besides the
large external surface area, vertain clays have a large
intexnal surface area due to an open crystal structure
or their bellows-like structure. Clays are sheet-like
crystalline minerals, generally carrying a negative
charge on their surfaces. The more commonly known clays
are gilicate clays; non silicate dlays are sbil'oxides_
of iron, aluminium, manganese, etc., which are
generally impure due to their ability to incorporate
foreign ilons into their structures (Newman, 1987).

The basic structural units of silicate clays are silica
tetrahedrong and alumina octahedrons, forming sheets or
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sheet-like crystalllne structures., Slllcon and
aluminium may be partially replaced by other elements._
When one tetrahedral sheet is linked to one octahedral
sheet, a 1:1 layer is formed. When two tetrahedral
sheets combine one on each gide of an octahedral sheet,
a 2:1 layer is formed. The sheets are tightly bonded
together through oxygen atoms that are motually shared
ay the silicon and aluminium atoms in their respective
sheets (Newman 1587, Buckman and Brady 1568; Craig
1978)

Kaolinite compriées 1:1 layers (single sheets of silica
tetrahedrons bonded to gingle gheeba of alumina
octahedrons) held fairly tightly by hydzogen bonding.
Kaolinite clays are stable and of moderate cohesion.

Illite (hydrous mica) comprises 2:1 layers (aingle
sheets of alumina octahedrons bonded between two sheets
-0f gilica tetrahedrons) held fairly weakly by
non-exchangeable potassium ions. There is part1a1
 substitution of silicon by aluminium in the tetrahedral
sheet. Illite is a moderately active and cohesive clay.

Montmorillonite compriges 2:1 layers (single sheets of
alumina octahedrons bonded between tw <heets of gilica
tetrahedreons) . The layers are held very weakly by waterx
. molecules and exchangeable cations {(other than
potasgium) . There ig partial gubstitution of aluminium.
by magnesium in the octahedral sheet. The link between
 the layers is so weak that the crystal lattice is
bellows-like and expands very readily (Buckman and
Brady 1968). This makes montmorillonite a highly
expansive and cohesive clay. It should be noted that
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the type of linkage between the layers controls the
expausiveness or stabiliry of the clay.

Pictorially these representative clays may be shown as
follows: . '

| Z:::::S._ Silica tetrahedral sheet

.-E::j ﬂ 'hluﬁina-agtahédiél sheet

. ':\H ponds :igggiz _ ' " Zigggii ions
ZEEEEEX - _ \K+ionse =  H,0 HOO ions
. . . . ' e —> ions

Kaolinite ' | illite ' -Montmoriilonite

Non silicate clays or soil oxides have closely packed
oxygen/hydroxyl octahadral sheets as their basic units
bound in layers by hydrogen bonding. Differences in the-
clays are due to atoms in planes being in hexagonal
close packing or in cuybic close packing in wvarious
cowbinations., Differences are also due to the positions
taken up by metal cations. The crystal structures are
often irregular or open, leaving spaces where metal
cations can readily be held {Newman 1287). The
pedogenic goils fall into this category of non gilicate
clays (Buckman and Brady 1968).

The negative surface charges on the clays attract
cations from the pore water in the soil; as thesze
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catlons are not strongly held and are 1n klnetsﬂl
equilibrium Wlth the soil solution, they cgn be
replaced by other cations. The catdon exchange capac*ty
is the guantity of exchangeable cations, usually
expressed as milliequivalents per 100 g of drw SOll
{Encyc-opedla of Science and Techriology, 1971).

Water molecﬁleé, being di-polar; are held in layers
around the clay particles by attraction to the
negatively charged surfaces. In additioﬁ exchangeable
cations attract water and become hydrated. Clay
partié;es are thus surrounded by adsorbed wate.. Water.
nearest’ to the clay is strongly held anhd the bond falls
Off with incraase of distance from the surface,

Due fio the large guantity of cations adsorbed to the
surfébes3pf the clay layers, tlays ars extensively

buf fdred against changes in pH and resist such changes
(Newman 1987). The acidity or alkalinity of small
quantities of chemical soil'stabiliéérs (typical dosage
is 178 D00 to 1/10 000 of the soil mass) thus does not
afiect the pH of the soil. The sulphonated petroleum
product stabilisers seem all to be based on ion
exchange reactions where reactive ions are removed
from the clay surfaces and replaced by wore stable
ious. This changes the water susceptibility of the
clay. Less water is held Lv the modified clay
structure, the bonds between the .1ay layers are
enhanced and therefore the solil properties change.
Other processes are probably also involwved, which need
to be researched so that the basic reactions can be
determined.
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2.3 Labour-intensive vonsgtruction

The international experience in labour-intensive road
construction has generally been rural and not urban,
There has been gene.al use of in situ materials and not
imported gravels because of cost restrictions and low
traffic volumes. This should be contrasted with the
rather higher traffic volumes on roads in urban areas.
Higher traffic oslumes lead to a demand for higher |
quality'materials in the roads, which usually requires
the importation of gravels. Under onerous cost
strictures, there is a need frr simple and cheap
labour-intensive stabilisation techniques, as the
alteynative is the much more machine intensive and
costly impertation of gravels. )

A World Bank publication, "Labor-based Construction
Programg® (Coukis et al, 1983), lays great emphasis on
a governmental approach to labour-intensive o
construction. The book sets out the institutiomal
regquirements and support activities needed for a
successful nationwide programme. It recommends that the
programme start with a pllot project to better assess
the costs and benefits likely to arise from a full
scale programme of labour-intensive construction.
Alternative construction wethods are evaluated. Labour,
tools, equipment and material requirements at site
level are discussed. Bngineering and administrative
procedures and site management issues are discusged and
illustrated. The many appendices add further pertinent
data. The main criticism is whether this approach can
be made to work in South Africa {(McCutcheon, 1988)
where a large part of the construction industry is in
the hands oif private contractors and consultants. There
is net only an institutional prejudice against.laboﬁr»
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intensive yérk but also legal and fiscal barriers to be
overcome. Someone to champion the cause of the labour-
inten51ve approach could make all the differencn
{Creékell 1993) . '

In 1988 McCutcheon reported (McCutcheon, 1988) that in -
South Africa the creation of employment was becoming
3synanymnué with labour-intensive comstyuction, thus
ignériqg the part.that could be played by other gectons
. of the economy. Comstruction should be &'component of
employmeant gredtion, which should be supported by all
other sectors. '

_The (Renyan) Rural Access Roads Programme (de Veen,
1984) iz a very comprehenslve introduction.to the

. labour-intengive construction of rural roads. The book

covers the’management and organisation very thorcughly.
Much of tle wigdom contained in the book can be
trangferred directly to any labour-intensive
construction project. However, de Veen does repoxt on a
state sponsored programme, which differs markedly from
private initiative and describes the‘problems to be
overcoma in a rural rcads scheme which again differs
from an urban project.

- McCutcheon (McCutcheon 1990) succinctly reviews the
labour based road construction programmes of Kenya and
Botswana and states that the reasons for the success of
those programmes were: '

1. The iutellectual aeseszsment of the technisal
feasibility and economic efficiency of using
- labour-intensive methods was gound.
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2. Technlcal organlsatmonal and sn¢ic-economic
aspectys received concentrated attentlon during a
pilot project and subsequently during the
establishment of a national programme. The

- technical matters included standaxdis of
construction, tecols and eguipment. Organigational
aspeCts ineluded institutional Framework,
organisation structure, management and reporting
systemg and training. Sovio-economic issues
included wage rates, labour supply, role of women
and social impact. -

3, Strcng_crganisations-were created with good
management systems. In both programmsg attention
was paid to achieving a balance between the
‘decentraligation egsent.al for grassroots
operations and the centralisation reguired for a
national programpe.

4. Training was extensive and good at what it
‘set out to do, viz. the training of site
supervisors, officers- -in-charge and vehlcle/
tractor drivers,

5. On balance there was long-term political
gupport. Iun Kenya this was true throughout the
programms, whereas in Botswana, during the eaxly
years, it was touch and go whether the support
Erom the highest levels (President and Vice-
President) and some senior district officials
would outweigh the opinion of senior MPs and most
senior district officials,

6. Long~-term financial support was provided by
‘government and donors,



7. On balance there was gond coordination
between the gbvernmant, government departments,
those administerinc the programme, local
authorities, those providing technical assistance
and donorg. This was facilitated by the technical
assistance provided by the Internatiomal Labour
Organisation. ' | a

In the light of the above quotation, a short term,
private industry project must face many difficulties_
and.ohgtadies (McCutcheon, 1993). In Chapter 4 the

_ diffidﬁlﬁies'ﬁacéd during the Mamelodi Roads Pilot
 Project will be compared with the above reasons for

- success. I - o '

An International Labour Office publication, CTP 128
{Edmondy and de Veen, 1991) emphasises the use of local
regources in the construction and maintehance of roads -
in developing countries. Good argument is made for
greater use of labour, private sector involvement and
particularly small contractor develcpment.. (To date the
only small contractor development programme outside
South Africa has taken place in Ghana (Bentall, 1950)).
Intermediate equipment and limited use of normal
equipment in certain circumstances is discussed. A
mixture of men and machings may be the most appropriate
in certain conditions. Affordable road maintenance in
relation to Gross National Product ig diacusgsed. The
statement iy made that low income countries may have to
make harsh decisions about the size of the road network
they can afford to maintain. T
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' Nome of the above publications even mention the uge of
gtabilisation, let alone ionic chemical stabilisation,
for the improvement of local soils. Imported gravels
are widely recommended when in situ soils are poor and
- cannot c¢arry the traifie loads. -

‘2.4 Roads

As this thesis is largely about aspects of roads and
road materials, it was felt necessary to introduce the
different road types which may be found. In addition,
some thought is given to aspects of constructicn of the
various road types which could benefit from the use of
ionic chemical stabilisers. Labour-intensive
construction techniques are disussed in the context of
the road types. :

Roads in South Africa range from the simplest tracks
through to sophisticated highways. The author describes
a4 more limited range of lower traffic volume roads
ranging from engirdeered earth roads to single
carriageway secondary roads. The road types are
described in order of increasing traffic volumes. As
the roads carry more traffic, the conptruction costs
rapidly increase, due largely to the increasing
material raguirements in both quality and guantiby., To
thisg is then added the cost of material transportation
which lessens the potential for a high labour content.
The extent of transportation depends on the distance
from the construction site to the source of the higher
quality gra=:!. When this is coupled to a general
scarcity of gravel, the transportation costs can become
very high.
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- 2.4.1 Engineered eamrth roads %

L
!ll:

Engineered sarth roads are readily constructed by
labour-intensive methods. 'The engineering aspects
{aligﬁment,_drainage, height of formation, setting out)
reqﬁire a fair degree of training and expefience, but
the actual construstion is readily carried ¢ = v
people with only an agricultural backgrov: i. wacwle
hand tools are used: plcks, shovels, rakes and hoes are
'generally sufficient. Crowbars way be needed if rocks
are encountered. (McCutcheon, 1992; De Veen, 1984},
'Thisftype of road generally costs about R25 000 to -
R50 000 per kilometre and would carry up to 10 to 20
vehicles per day ’

The engineering principles of earth road construction
are well presanted by Hindson (Hindson, 1983). Hig
‘treatment of the problems of drainage is particularly
well done and should be prescribed reading for all road
engineers., However, the earth roads described are
remote rural access roads carrying very low traffic
volumes and hence the methods are not directly
applicable to urban roads.

The construction cousists of hush clearing to a
predetermined width, the digging of side ditches and
the building up of the formation using the goil from
the side ditches. The side ditches and the formation
are shaped and trimmed to the pegs and camber boards
set out by the Road Builder (he is roughly equivalent
to a Foreman) (MeCutcheon and Marshall, fortheoming).
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Careful control is kept of the camber and longitudinal
profile to produce a road that will readily shed rain
and will be passable at moderate speed under most
weather conditions. Cross drainage is at grade and
generally takes the form of rock paved drifts.

These roads are generally narrow, only 4 to 5 m wide
and are often impagsasble during or shortly aftexr heavy
rain. Barth roads are easily damaged by heavy trucks
ard by prolonged rainfall and considerable maintenance
is needed to keep them open to traffic (Hindson, 1983).

- One of the major engineering and cost aspects of

. engineered earth roads was the extensive use of in situ
materials to avoid importation costs and to keep the
labour intensity high. The guality reguirement of the
in situ soil was that it had to be able to support
light motor vehicles and the occassional heavier
vehicle. If the soil could not provide this level of
strength, then it had to be protected with a gravel
wearing course, transported in at high cost.
Alternatively, the load cafrying capacity of the soil
could be improved with sulphonated petroleum based
stabilisers, without adding greatly to the cost of
congtruction, The extra wwoney spent on chemical
stabilisers could be seen to be protecting the capital
expended on construction. The additiomal cost of the
stabiliser should be balanced by the reduced _
maintenance cost of the road over a modarate life sgpan..

Most of the roads built in sub-Saharan Africa by labour
intensive methods have fallen into the category of
engineered earth roads. The early roads in Kenya under
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the Rural Access Roads Programme were built to a simple
gpecification (de Vean, 1984). 'HoWevér; gsince 1987 the
Kenyan Minor Roads Programme has moved into the
gazetted road network, built to a higher standard.
Methods of setting out were improved and developed for
higher quality roads in Botswana, to satisfy the
demands for higher speeds in the predominantly flat
terrain. These methods have since been transferred to
Zimbabwe to produce high standard gravelled rural-
roads.

There is a great need to move "up market”: to tap into
the funds used for the comstruction of roads carrying
more traffic. Higher traffic volumes reguire stronger
 rnads built with higher gquality gravels compacted to
higher densities, costing a great deal wmore than the
low volume rural roads. If built by labour intensive
methods, the cbustruction of these roads can provide
employment for a great number of otherwise unemployed
people. The extent to which engineered eaxth road
construction methods isg applicable in South Africa has
been documentad by MeCutcheon (McCutcheon, 1988) and
includes low volume low cost and higher standard rural
roades, low to medium volume urban roads and heavily
loaded bus routes, B

Some of the constraints in moving up market are the
requirements for higher ¢ ality materials and higher
compactive efforts, to produce the higher standard of
roads, As noted above, importation of gravels is
expensive and decreases the labour content, hence the
successful use of chemical stabilisers in strengthening
local soils and in aiding compaction, can have a major
impact on both cost and employment.
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2.4.2 Unpaved secondary roads

Secondary roads generally have a running surface
between & and 12 m wide and are sufficiently strong to
carry trucks and buses. The alignment should be
flowing with gentle curvature (horizontally and -
vertically}'to'alldw an average speed of 70 to 100 km
per hour to be maintained (TRH 17, 1984). Because the
ﬁnrmatioh'is raised, all cross drainage wust be catered
for with culverﬁs.'Secondary roads are significantly
more expensive than the previcusly described engineered
earth roads, costing of the ordewr of R250 000 per
kilometre. -

The formation of a secondary road can readily be

. constructed by the same labour-intensive methods as
earth roads. The wearing course can also be constructed
by labour~intensive methods, bub may reguire more
gupervision to ensure that high geometric standarus are
achieved.

The differences between gecondary and earth roads are
in the standards of engineexing applied and the
requirement of a wearing course for a secondary road.
The formation of an earth road carries the traffic
loads directly, while the formation of a secondary road
supports the wearing course. :

Probably the most important problems concerning the
wearing course are scarce resources of gravel,
slipperiness, dustinegs, erodibility and cost (Paige-
Green, 1988). The wearing course performs several

~ important functions and therefore should conform to
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strict material specifications with regard to grading,'
plasticity index, strength and density (Paige-Green,
1989a) . Gravels with the required material properties
‘are not readily foﬂnd and hence suitable graﬁels_are
transported over long distances. This lowers the labour
content, as well as adding considerably to the cost.

Gravel wearing caursea-exode'at a rate of between 12 mm
and 70 mn per year, depending on 16ngitudinal gradient,
material properties and traffic (Paige-Greem, 1989b).
The cost of pericdically veplacing this lost gravel .
forms a major part of the total road cost. The problems.
needing solution are thus the strengthening of the
formétion and'wearing courge and the enhaucement of

" resistance to erosion of the wearing course. The. costs
of the solutions to the problems can be set off against
the reduced capital and maintenance COBLS.

Depending on the soil types, chamical stabilisers may
only give moderate improvements in the engineering
properties of soils. Hence gravel will still need to be
carried in for a wearing course. These gravels need not
be »f as high a gquality as their properties c¢an be
enhanced by treatment with chemical stabilisexrs.
Gravels of lower quality may be available close to the
road undexr construction and_thus'be amenable to labour-
intensive methods of extraction. In this regard small
pockets of gravel can be dug out by hand that would be
ignored by wachine-intensive wethods as uneconomic.
Thus the overall labour comntent can be significantly
inereased. '
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2.4.3 Paved secondary roads

in South Africa, many secondary roads are bitumen _
surfaced. The surfacing is generally about 7.4 metres
wide and'gxavei shoulders of at least 1fm-width are
built on each side to enhance sa”ety. The alignment is
flowing and average speeds of 160 km/hour or more can
uSually be achieved (TRH 17, 1984). The construction
costs are generally in the range REOD 000 to R750 000

_'per kllometre._

The formation can'réadily be bullt in the same way as
:.secondary gravel roads. The surfacing is supported by a
 basecourse or by both a subbase and a basecourse,
. dependlng on the class of trafflc For very light
- trafflc the basge ghould have a CBR strength of not less
:th&njahout 50 - (Rlchards, 1977), but as the traffic

becomes heavrer, the CBR requirement increases to 80
and other wmaterial properties gain in importance (TRH
14, 1985). Here a subbase becomes essential. With

careful choice of materials, ionic chemical stabilisers

¢an readily improve gravelly soils to subbase standard
(CBR = 45 or more) or to lightly trafficked basecourse
standard {CBR = 50+). However, the higher standards of
- 'more heavily trafficked road bases may not be
achieved. Strength alone is not the overxiding

'criterion for these bases; durability in terms of

aggregate strength and grauin~ becomes important
(Phillips, 1991).

Some types of bitumen surfacing are amenable to
construction by labour-intensive methods. Single and
multiple seals can be laid by hand, although the
application of the bitumen itself ig better done by a



mechanical bitumen distributor. Hand application of the
hltuman is possible with careful training and |
_Jsuperv1sion. As the rate of application of bltumen by
 hand ig more variable than by wachine, a design should
be chosen which is not very sensitive to these '
variationg (Sabmta, 1993).

-y

2.5 anclﬁsiona'

‘The usesof_idnic chemical stabilisers is fairly new in
- road congtrugtion'and_théir action is rot yet fully
undarstodd;;Tha scarcity of technical literature on

' this'subject'underlinﬂs the nead for research into the
- action of ‘these chemicals on soils. The basic reactlcns'
with clays are the exchange of reactive ions on the

- gurfaces of the clay minerals for more stable ions from
the stabiliser. Less water is held by the modified clay
structure, the bonds between the crystalline clay
sheets are enhanced and therefore the soil propertles

- .change.

The ILO have many years of experience in the labour-
intensive construction of earth and gravel roads all
over the-world,'yet make no mention of the use of ionic
chemical stabilisers. In the author'’s belief this is a
sevious omission, tsking into account the potential
that the use of these stabilisers have to increase the
employment of labour by enhancing soil properties. and

- reducing gravel transportation requifements:

South Africa is faced with a serious unemployment
probiem. The World Bank and the International Laboux
Organisation have shown that employment in construction
can be significantly increased by using labour instead



of machinery. Labour-intensive methods can be used to
achieve the same quality as equipment-intensive
methods. - ' '

'Rapid urbanisation has created a need ﬁot urban
infrastructﬁrg‘;The construction of this infrastructure
can be used to give gainful employment to some people
in the newly urbanised areas.

The ILO have made a clear case fér the use of local
‘resources for the construction and maintenance of roads
in developing countries, Labbur_is.one~of the abundant
resources availabie. South Africa, with its burgeoning
unemployment, should also make'oPtimam use of local
labour resources. However, the construction imdustry
should not have to shouider_employment creation alone;
all sectors of the ecunowy shsuld play their part.

in order to increase the employment potential in
construction in South Africa, there are problems of
institutional prejudice as well as legal and fiscal
barriers to be overcome. The reasons for the success of
the Kenyan and Botswana rural road construction
prpgrammes were enumerated, but these may not beLaasily
trangplanted to South Africa where a large part of the
construction industry is in the hands of private
contractors and congult..its.

There isg a need to move "up market” in'xabour-iﬁtensive
road construction This move could tap into the funds
“made available for higher volume and more straregic
roads and prOvide'émployment for a still greater number
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of people. If the use of chemical stabilisers can

enhance the properties of marginal materials, then

these stabilisers can further increaseé the role of
' %abour'in'higher standard road comstruction.

Having discovered what was available in the literature,
the next step was to garry out a series of laboratory
 tests to wmeasure the effpcts of stabilisers.

.
B A
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3. LABORATORY TESTING

3.3 'Introductian

There is a myst;que surrounding the use of 1onica
chemical stabilisers in South Africa. The claims of
some manufacturers or distributors have been _
exaggerated to the extent that no one believed that any
good could come of those products. The author decided
that only a practical test would prove the matter
eitker way, or at least define the range of
application. This led to the preliminary testing .
described below, which showed that laboratory testing
dosg have some promise in finding whether or not a
particular ionic chemical stabiliser can perform. More
comprahensive testing, based on the findings of thls
prellmlnary work, was then planned.

3.2 Preliminary testing

One large sampla of residual granite, comprising a flne
reddigh gravel with guartz and ferricrete pebbles,
sieved to remove all +19 mm stons, was used. Modified
AASHTO moisture / density tests were done on the
natural soil. A series of unsgoaked unconrfined
compressive strength (UCS) tests and unsocaked
California Bearing Ratio (CBR} tests was done on the
natural soil and on soil treated with ionic chemical
stabilisers A and B. Some samples were tested
immadiately after compaction and some with varying
poriads of "cure" in a humidity room (95 to 100%
huniidity at o controlled temperature of between 22° and
25°C5
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TABLE 3.1  UNSOAKED CBR RESULTS FOR VARIOUS PERIODS OF
CURE IN HIGH EUMIDITZ ROOM ' ' .

e L RN s ; S —

DAYS CURE 0 3 4 7
| NATURAL 15 - - - 25
STABIL. A 8 - 1 25 -

STABIL. B 28 20 ] - 27

st 8 Lm

e

TABLE 3.2 UNSOAKED UCS (kPa) RESULTS FOR VARIOUS
PERIODS OF CURE. IN HIGE HUMIDITY ROOM

DAYS CURE 0 3 4 7
NATURAL ' 440 - - 510
440 :
STABIL., A 230 | - 460 - S .
STABIL. B 380 so | - 1 B30
' 440 _ 445

The test results were scattered and only tentative
conelusions could be drawn from them. These were that
gtabilisers A and B increased the CBR compared with the
natural material, but decreased the UCS. Curing'
increased the effect of stabiliser A on both the CBR
and UCS. However, curing of soil treated with
stabiliger B decreased the (BR and increased the UCS.
These results are not compatible., The number of tests
done was insufficient to allow Ffirm conclusions to be
made. However, the significant conclusion that could be
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dra.a from this series qf'tests wag that laboratory
tegting of ionic stabilisers did after all look hopeful
in measuring property changes in treated soils.

.
Another anclus;on drawn from the initial testiug was
that the varaance of the results must be reduced. Finer
goils should be used which would be less susceptikle to
segreqatlan ‘It was algo concluded that soils should
contain more clay to try to enhance the differences
 between natural and treated goil test results.
- Unconfined compressive gtrengths could be ignored as
the stabilipers had only a small effect on these tests.

It was Further concluded thit a totally different and
extended curing regime would probably be necessary to
brzng out the qualities of ioni¢ chemical stabiligers.
This is baged on the reccmmendatlana of geveral
manpufacturers of the stabilisars that treated road
layers should be wet cured for three days. They also
iﬁsiat_thét bituminous surface treatments are not to be
applied'until the layer has developed the "typical
blogk~cracking pattern” upon drying out {which may take
up te four weeks). A further reason for some form of
extended curing is that clayey soils have low
permeabllity and therefore the chemicals must be given .
time to penetrate into the clays to do their work of
ion exchange.

3.3 Aim of tests
It was decided to be conservative apnd to choose that

the tests done during this project should be based:upon
the normally accepted road tests. The tests should be
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those which could be undertaken by any road soils
1abaratnry ' -

Soil tests should be done on both stabiliged_ahd
untreated soils to determine the influence of chemical
stabhilisers on the enginee.ing properties. The goil
siaple should be homogeneous so that the differences in

J-camparatzva testing would not be masked by sample

| varlatlpn. Bach test would be repeated 50 that the
 gize of the variations inherent in the test could be
" measured. This should lead to the identification of .

gtatisticaily significant changes in the measured
valueg of the engineerlng properties due to

sLablllsat;on, _

The tests proposed for the maln programme were:
_ Indica&or'(grading and Atterberg limits)
Mod .AASHTO moisture / density relationship
- California Bearing Ratio (CBR}.

It was expected that indicator tests would ghow changes
to liguid and plastic liwmits and the plasticity index
and possibly also show changes to the fine fraction of
the grading. Mod.AASHTO tests would show if the
stabiliser acted as a compaction aid by depressing the

 optimum moiscure content and by increasing in the

marimum density. CBR tests would show gaine in strength
due to any cementing action, to changes in clay
chemistry and to increasss in density.
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3.4 Tezt methods
3.4.1 Preparaﬁion

2 large sample [approximately one honne) of weathered
dolerite soil was obtained from a borrow pit next to
Putuka Power Station im the Standérton district. The
goil is known to contain montmorillonite clay in
signifidaﬁt quantity. As montmorillonite iz a double
layer (2:1) clay, it is considered active and
gignificant recstion with the stabilisers was expected.

I
The sample was air drisd and then sieved througn a 18
mm sieve. The +16 mm portion'was'lightly crushed and
resieved until a Ffew hard "cove stones" of unweathered
dolerite remained. These were digcarded. The pample wag
then thoroughly mixed and transferred to bins for
storage, '

3.4.2  Tesgts

All tests were done in triplicate, The tests done were:
{i} Mod . AASHTO maximum density and optimum moisture
content determinations. ' _

{ii)} California Bearing Ratio tests done only at
Mod.AASHTO compactive effort ie. at 100% Mod.

(1ii) Indicator tests on goil from the Mod.AASHTO
moigture / dengity test nearest to optimum moisture
content.

Alr) tests were done first on the natural (unstabilised)
seil and repeated on soil treated separately with
stabilisers A and B.
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HOD . AASHTO

Soil for the Mod.AASHTO moisture / density test was
weighed off and water and stabiliser (if required) were
measurad and mixed in for predetermined moisture
content steps. Each sample was then stored overnight in .
a plastic bag to allow the water to permeate into the
soil and for the stabiliser to start re.cting with the
clays. The following day each sample was compacted
uging a Farnell (Hatfield, England) compaction machine
set to the Mod.AASHTO compactivae effort. Densities and
moisture contents were measured and plotted to
determine the maximum density and optimum moisture
content (OMC). Soil from the mould nearest optimum was
extruded and kept for later indicator testing.

CALIFORNIA BEARING RATIO

Similarly, the CBR samples were made up with water and
stabiliser (if required) to the optimum moisture
content and stored overnight in plastic bags. Molsture
contents were determined overnight and corrected by
adding water or by extended mixing to dry out the
sample as needed to bring the moisture content near to
OMC. The sawmples were then compacted using only the
Mod .AASHTO. compactive efiort.

Varyinyg cuxring resgimes were applied in the CBR testing
programme. Some specimens were sealed in plastic bags
ammediately after compaction and stored at room
tempevrature for varying periods. Some specimens were
alr dried by being stored in their moulds on their
sides on the laboratcr Sleo: for varying periods.
Leveral combinations were run. All CBR specimens were
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soaked in water for four days 1mmed1ately before
testing. '

INDICATOR TESTS

As previously referred to, indicator tests were done oL
soil from the mould nearést to optimum. The Soils were
obviously crushed to some extent by the action of the
compacting hammer, so no great significance should be
attached to the gradings. The prime reason for using
this material iunstead of fresh uncompacted soil, was
that the stabilisers had been intimately mixed into the
soil and had considerxable time to act on the soil.
Indicator testing was done in September, whereas the
Mod . ARSHTO tests were done during July. The soil

- pamples were allowed to dry out completely (air dried)
before indicator preparation was undertaken.

Preparation and siéving were done strictly according to
the requ:.rements of TMH 1: "Standard methods of test:.ng '
road cohstruction matermals" except that several
additional sieve sizes were used as a comprahen51ve
grading curve was sought. '

The specific gravity of the =soil passing the 0.425 mm
gleve was measured. Air was removed from the samples
under vacuum. Bach test was duplicated and the mean
value reported.

Hydromeber testing was then done to determine the finer
fractions. The dispersing agent, "Calgon", was used at
a dose of 125 ml per standard measuring cylinder. The
hydrometer readings and the subsequent calculations
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were based on ASTM D422-63 in preference to TMH 1 test
method A6, as greater detail vas wanted. TMH i gives
only the 0. 075 wmm, 0.050 mm and 0.005 mm values and
does not take account of the speclflc gravity of the
soil. The hydrometer reading intervals were chosen in
such a way that the particle sizes apprcximately halved
.at each reading and ranged from 0.074 to 0.004 .
Refer to Table 3 1 for the calculated values.

j‘l

TABLE 3.3 mnmm TIME INTERVALS AND PARTICLE SIZES

Time . |Particle size
18 sec 0.074 mm
1 min . 0,042 mm
5 min : 0.919 mm
30 min - 0.008 mm .
120 wmin 0.004 mm

After corrections to the readings for chindar

. ¢rnss-gection, hydrometer volume and stem lengthi'
temperature, meniscug rise, GEflocculatiﬁg?agent and
specific gravity, the calculated gquancities of smoil
fines were adjusted proporticnately to the wet sieved
0.075 mm values. | |

Atterberg limits were also measured. The ligquid limit
wag found using the TMH 1 test AJ 'flow curve’ method
with at least three points. The plastic limit, TMH 1
test method A3, was duplicated in separate |
determinations and further checked if discrepancies
arose. Linear shrinkage was also measured.
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3.5 Test regults
3.5.1  Mod.AASHTO

TABLE 3.4 Mod.AASHTO MAX.DENSITIES AND OMCs

SOTL MAXIMOM = | ODTIMUM MOISTURE

_ DENSITY kg/cu m CONTENT %
Naturﬁl_. | _2 133 &+ 6 0 11.3 + 0.1
Stabilised A] 2 139 £ 7 10.4 £ 0.2
Stabilised B 2 170 + 6 10,6 + O

Table 3i4 shows that both stabilisers depress the
optzmum moisture content significantly. The table also
shows the influence that stabiliser B has upon tha
_maximum density. It raised the'average unstabilised
density by 1.7% (where the standard deviation is 0.3%).
Stabiliser A has insignificant iiifluence upon the o
maximum density, having raised the denagity ounly by one
- gtandard deviation (0.3%). The tests were triplicated
and the standard devzatlon of 0. 3% shows good
conslstency

TABLE 3.5 DENSITIES OBTAINED FROM CBR SAMPLES

Seil Average density nf | Average moulding
15 samples kg/cu.m } moisture content of
15 samples %

|Natural 2126 + 15 11.4 + 6.1
Stabilised A 2141 1 19 10.5% + 0.3
Stabiliged B 2131 £+ 23 S 10.6 + 0.3
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Table 3.5 is based npon the moulding densltles of _
specimens compacted at OMC fox CBR testing, for flve
variationsg of curing with each test being tr¢pllcated,
thus giving 15 results. Serutiny of Table 3.5 shows the
standard deviations to be much higher (0.7 to 1.1%)
‘than Table 3.4, probably due. to differences in sample
composition affecting the dergities, despite all
efforts to reduce the variations of the goll tested.
The anfluence of the stabilisers upon density is shown
to be much ‘smaller and more variable than given by the
Mod.AASHTO tegting (Table 3.4). In fact, the influence
of :hé stabilisers upon density becomes statistically
insignificant. The author feels that Table 3.5, based
on 15 results for et soil treatment,’is much more
representative of field conditions than Table 3.4.

3.5.2 California Beariny Ratio

TABLE 2.6 CBR VALUES FOR DIFFFRENT CURING REGIMES

| TEST No. 1 2 | 3| & | s
TREATMENT ' - 0/A
Damp cure - 3 days - 3 days|7 days|| MEAN
Dry | ~ - 3 days|7 days|7 days) CBR
Soak 4 days|4 days|4 days|¢ daysi4 days[VALUES
CBR VALUES |
Natural 32+ 4| 34+ 6| 41+ 4] 38+ 4| 35% 3 36+ 5
Stabil.A 674 6|106+13| 57+ 8| 61x12| 74+ 8| 731201
Stabil.B | 74410f 43+ 9| 6€7+14] bls 8| 79x11| 63417

The CBR values in Table 2.6 show considerable
variation. The apparent inirease in strength of the
natural (unstabilised) soll with increased leﬁguh of
curing was found not to be significant at the 95%
confidence level, by means of the two-sided "t" test.
The same "t" test was used to check the congistency of
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the CBRg mgasured for stahiliéer A and separately for
stabiliser B. Test 2 (threa days damp cure followed by
four days soak) in gach caga showed up as being -
s;gnmflcantly d@fterent from the other tests in the

~ series. In the cass 'of stabilizer A the sesult was
abnarmally high ami for stabllmser B was abnormally
low. Statistical analy51s of tests 1, 3, 4 and 5 using
stablliser A (and separately stabiliser B) showed that
: desp*te the individual differences between the tests,
they were from the same normal digtribution at the 95%
Canidencerlevel. For theSeftésts;'therefore, different
'Curing tegimes had no sgignificant influence on: the CER
' values.;" '

The two-aidédi“t" test showed that all the tesis

- performed with stabiliser A differed significantly from
" the tests on the natural soil and therefore the |
ine~ ased strengths were greater than could be expected
dus tb natural variation {at 95% confidence levels).

The same analysis of tests using stabiliser B, however,
showed that test 2(B) wag within the normal

- digtribution of the CBRs measured on the natural soil.
The'remaining tests, 1,3,4 and 5 were significantly
different from the natural soil tests at the 95% |
confidence level and therefore showed that stabilisuor B
raised the strength beyond the normal distributicn of
strengths of the natural soill. Appendix 7 summariges
the statistical analyses. " '

Analysis of the variations in CBR is clouded by the
great variation in density of the samples. Normally one
expects an increage in CBR to result from an_increase '
in dengity, Irit the results obtained do not show this
trend. This may be an indication that the "bonding” of
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the soil due to the stabiligsers has greater influence
upon the CBRs than the density. Tables of all the CBRs
and corresponding densities are given in Appendix 1.

The changes in moisture content during the entire
couring regime show a consistent pattEra‘,”uring in
plasgiic caused a very small loss of mpla- z2. The
moizgture lost durlng drying depended on the qength of -
time the sample dvied und was_about 3% after seven
days. Sosking for four days replaved all the moisture
lost and further saturated the samples. The samples
generally gained about 1% over the mouldxng moigture :
duang goaking. The stabillsars H1earl3r do not
waterpronf the samples in any rg, ag the mvlsture

 gained by the stabilised soils  similar to that

gained by the natural (unstabiliged) goil. This is
contrary to claims made by the manufacturers,

3.5.3 Indicators

When plotted,'the gradings show a tendenéy towards gap
grading, in that the curve is gteep between 4.75 and
0.600 mm: the percent passing drops from 97% to 30%.
Beyond 0.600 mm the curve flattens out and shows a long
‘tail’. The percentage of clay (<0.005 mm) is
remarkably small at around 10%, congidering the _
stickiness of the damp soil. The stickiness is probably
an indication of an active clay. The soil iz known to
contain significant amounts of montmorillonite (Wiid,
undated) .

There are no differences of any signifitance between
tests on stabilised and unstabilised s0ils in grading,
liquid limit or plasticity index. Therefore it seems



that tha chemical sté%ilisers have no influence on
these properties of the soil. In the spevific gravity
test results, however, differences are apparent, The
treated soil samples are heavier than the untreated
. 8o0il, by 2.2% for 2 and 2.1% for B. The conclusion is
: that somg change has taken piace in the soil finee. The
quantity of stabiliser added, however, was so small
(0.6 ml stabiliser concemtrate was added to each 3
litre soil Sample or about 1 : 10 650 by mass) that the
increase in mase is difficult to ascribe to the
exchange of light cations in the soil for heavier ones
from the stabiliser. - -

. 3.6 Conclusions

. The primary conclusion is that both stabilisers A and B

~ increage the CBR atrength of the”particular soil |
 tested. A5 the soil contains montmorillonite, an active
'12:i_clay, the result is to be expected in the light of
the work done by Paige-Green and Bennett.

Both stabilisers reduce the optimum moisture content of
the soil but have little influence on the density.
Hence the astabilisers do not act as significant
cémpaction aids on the particular soil tested. The
stabiligers also have no disceraible waterproofing
action on the secil,

- Changes in the indicator values due to the stabilisers
are not significant. The plasticity index is not
changed, contrary to what was expected. A small
increase was noted in the specific gravity results due
to boch stabilisexs. This increase is too large to be
explained by the exchange of heavy ions from the



stabilisers for lighter ions in the claYﬁ, as the wass
of stabiliser added was very small. |

The improvement in the engineering properties due to
stabilisation of the soil tested was to upgrade the
vravel classification from Gé to G5 (TRH 4), except
that the plastic¢ity index remainéd too high.

Having established that ionic stabilisers do increase
the strength of soils (within certain limits), the next
problem was to find methods of applying these

- stabilisers by labour intensive means., The Mamelodi
experience proved invaluable in rhis regard and is
dlasuased 1n the follQW1ng chapter.
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4. MAMELODI ROADS PILOT PROJECT
4.1 Introduction

Despite the paucity of international literature on
urben lébaur intensive road constfuction, the author
felt that many of the findings from rural road '
gconstruction could be transferred directly. Further,
municipal road construction experience, even though
-machine based, should be useful in labour intensive .
' construction. The combination of rural labour intensive
road construction skills and a knowledge nf'muﬁicipai-
ddnstruétion prohlems, was believed to be sufficient to
-support an urban labour intensive road-project.

The driving force behind the Mamelodi roads upgrading
projeét'was Roadbond cc-(mottc: "jabour intensive roads
with chemical technology"), a close corporation with
the stated aim of developing labour intensive road
construction in southern Africa. For a limited period
early in the project, Roadbond cc obtained the services
of Professor R T McCutcheon as specialist consultant.
The project started in February 1992 with a vigit to
Mamelodi, & "black" town some twenty to twenty-five km
east of Pretoria. This was followed by weeks cf
intensive planning and budgeting. When funding did not
materialise, the project was put on hold. Finally in
January 1993, HEKS, a Swiss church organisation, agreed
to finance a pilot project to build roads in Mamelodi.
The National Labour Intensive Trust was set up to
overgee and administer the pilot project.

The aimg of the pilot project were to initiate
appropriate training of commnity selected local road



builders to foster capacity building and skills
development in Mamelodi. Within the limited time of a
pilot project as much training as possible of these
local road builders was to be carried out,

- Further, an'important cbjective was to sbow within the
limits of a short pilot project that road works could
be built in Mamelodi by hand with a winimum of
mactinery. The pilot project was to be used to
advertise-and_démonstrate the conceptcs of job-creation_'
through labour intensive road construction to obtain
further funding for the cbntinuaticn of the Mamelodi
upgrading project. "

The author hac other objectives bhesides those of the
project. First he would identify the particular
problems that would be encountered in an urbain setting
and develop ways to overcome them. Most previocug labour
intensive road projects had been rurally based and
there was uncertainty as to the extent to which the
methods and techniques developed rurally would be
applicable to an urban area. Secondly the author wished
to experiment with methods of appiying stabilisers
compatible with labour intensive construction methods.

One of the original intentions of Roadbond cc¢ had been
to prove how well an ionic chemical stabiliser in the
construction of enginesred earth roads (refer African
experience in low volume rural roads) would perfoxm.
Circumstances were to dictate otherwise and bituminous
surfacing was forced upon the project team.
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There was no commuﬁication.or consultation with the
Mamelodi City Council ag the Council was considered
111egmt1mate by the resgidents of Mamelodi, Thls was
typical of "black" towns throughout South Africa., Some
contact on purely . technlcal matters with the City
uubaneer was needed and was permitted. ' |

This was to be a short term private sector project with
severely limited donor funding, unless furthér funding
could be found. In the event, no Eurther monies were
obtained and the project f£inally stopped through lack .
of funds. Continuity of funding would have led to
retention of the human resources developed during the
projedt. The initiators etill hope that a national
programmne will materialige to give institutional .
-support to the efforts made at Mamelodi.

4.2 Technical matters

A wajor technical problem was the restricted width of
the road reserve and the presence of services within
it. The road reserves were generally 9 metres wide,
varying from 8 to 15 metres, with some localised "choke
points® of 5 and 6 metres. The engineering difficulties
become apparent when a road, an open drain and a
pedestrian sidewalk all have to be fitted within that
space. | '

Each day started with loading the profileg and tools,
kept in a tiny storeroom at the_offices. Labourers and
equipment were then ferried up to the site, some four
kilometres away. Profiles were set up, work was
allocated to each team and work could commence.
Vegetation, rubbish and boulders were removed from the
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roadway. Ditches were dug to provide sufficient soil to
form the shape of the road. The road was shaped to
pither a crogsfall or camber, depending on locaiity,
ground slope and drainage requirements. At the end of
each day the tools and profiles were gathered up and
returned to the storercom at the office. |

Eventually when the labour of loading, off loading ant -
transporting the equipment became too much, a site
store was acquired. Most of the equipment was then
transferred to the site store. The site store cowprised
a 5 m long steel container that was padlocked at night.

Profiles were set up every morning and taken down avery
evening, a prbcess that cost the project about one hour
per day in lost production. In rural areas this is
‘unnecessary and profiles can be left sgtanding for as
1ong as needed. A profile wag left up overnight as an
experiment: by morning it had been stolen. However,
steel pegs firmly driven into the ground ware not
taken, although they did sometimes suffer damage. S0
the procedure developed was to choose the line and
level for a particular stretch of roadway and to set up
profiles adjusted to suit this alignment. Reference
pegs were then hammered in, to establish key points and
key levels. Dimensions to the pegs were recorded. When
re-erecting the profiles, they were set up according to
the recorded reference pegs, (occasionally) checked and
then used. The repeated removal and reinstatement of
the profiles »aused a slow loss of accuracy, which
sometimes becamz serious. Where possible, more
permanent reference points were chosen: corner posts,.
the foot nf a light standard, etc.
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Due to the initial .ack of chemical stabiliser and a
‘suitsble water tank, earthworks consisted only of |
digging the side drains and shaping the road. No
compacticn was done at this stage. When the stabiliser
and a means of applying it could be obtained, it was
planned to return to the start of tha ]Ob The wearlng
course would be loosened, stabiliser applled and mixed
4in and the layer properly compacted with a mechanical
compactor. | ' :

on 7 April the west end of Mnisi Street was dug over
and Roadbond stabiliser was'applied at 20 ml per gquare
metre by means of the 210 litre capacity drum mounted
on a wheeled trolley. The stabiliser was applied to
awkward corners by means of watering cans. In general -
the chemical was applied at a dilution of about 1 litre
'of concentrate to 200 litres of water. Compaction was
done with a pedestrian controlled Bomag 658 roller,
which proved too light for the job.

Materials in the roads were very variable., In gitu
goils were usually sands with silt and boulders. The
gravels used to surface the roads had come from several
sources over a period of perhaps thirty years and were
sometimes mostly boulders. Gemerally tae clay content
was too low and the clay type unsuitable for successful
ionic stabilisation. | '

A 500 litre plastic water tank with hoses was delivered
to the site on 21 April. The tank was first filled via
garden hose from a nearby house, it the filling tempo
proved to be very slow, A short length of fire hose was
soon found fo £ill the tank from a fire hydrant (with
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permission from the Town Engineer}. The tank was p}éced
on the back of a bakkie for convenience of £illing and
transportation. Hoses were led from the tank to hand
held sprayers that delivered water at 10 litré/minute
M average. The'sPraad rate could be estimated by
ciming the application of water to previously marked
out areas, However, the'application was never wholly
uniform despite all attempts to achieve this.

A 2,4 tonne Vibromax W251 vibrating roller was hired
from M-Plant; it arrived on 26 April and was '
immediately. ingpanned t¢ compact Mnisi“Street}.This
roller pérformed excellent worsx and was well maintained
by the hire company, in contragt to the small Bomag
roller that had to be serviced and repaired on site.

It was'quickly discovered that special_téchniques wers
neaded to achieve the correct shape of the rdads and
drains. The little Bomag was eventually used o
exclusively to compact the drains. he big roller
tended to produce undulations in the road and £
flatten the crown. Oversize rocks in the layer, which
sometimes initiated undulations, were dealtIWith either
by removal or by treatment with a sledge hammer. The
remaining undulations were minimised by first rolling
‘the layer once in static wmode (without vibration of the
roller), raking and re-levelling and then fully
compacting the layexr with the vibrating roller. After
four or f£ive pasées ldngitudinally, the roller was
turned diagonally to give the last two passes of the
road surface at an oblique angle. Obligue rolling of
the plastie surface-eliminated nearly all remaining
undulations. Careful hand cutting of high spots and
£i1ling of slacks during rolling also helped very
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largely to pioduCE'aL'acceptable road surface,
Deviations of the furface from a two-metre Straightedga :
were generally between 10 and 15 ™mm.

Flattenxng of tha camber was corrected by rolling from
the outer rbad edges 1nwards to the Qrown., Constant
v1gllance was, however, needed to ensurse that an ,:
adecuate height of crown was achievea ’

Several different methods were tried for the
application of compaction water and of diluted
stabiliser. A spray bar lying on the'tailgate of .the
bakkie, coupled directly to the plastic water tank, .
proved to be the quickest method of applying water to a
relatively smooth road surface. The steep gradlents,
however, made it esgential Lo water only when
travelllng up the grade, to engure an adequate water
gupply to the spray bar. Uniform application of water
across the full road width was impossible. The width of
the spray'bar_was hydraulically lLimited to about one '_
metre and meant that multiple appiications ware needed
to cover the road width. : -

Hoses run off the water tank from a suitabiy positioned
vehicle proved versatile, but the spread was uneven.
Watering cans, properly filled and applied to marked
out areas, gave reagonably accurate application of
water or stabiliser. The method was slow and needed
careful supervision at the 901nt of fmlling and the
p01nt of application.

Application of ligquid chemical stabiligers was
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eventually perfected by using a purpose made water
bowser comprising a 210 litre drum mounted on.a tWo
wheeled trolley and Fitted Wlth a spray bar. Thls
device, affectionately known as the "elephant", was
handled by five men. A team of five proved necessary to
manhandle the weight-of the fully loaded drum over the
stony soils. Four.passes'of the elephant ensured even.
application of the diluted stabiliser.

The spreading and mixing into the soil of powdered
stabilisers like lime or cement proved difficult, while
the liquid stabiligers were much easier to handle.
However, the even application and good’ mixing of the

powders could be judged by the uniformity of the colour

of the soil. Liguid stabilisers did not axhibit these
colour changes. '

The bituminous surfacing was eventually subcontracted
to Wearlng Course Surfaces of Randbuxg. Hand
anpllcatlon of the tar prime from a trolley was begun
on 19 May. The drums of prime were heated over an open
fire.

- On 26 May the subcontractor was on site to start the
single seal but due to unrest in Mamelodi he could not
get deliveries of either stone or bitumen before 28
May. The sesal was to comprise a tack coat of 80 - 100
penetration grade bitumen applied at 1,2 litre/m* by a
bitumen distributor, followed by 13,2 mm stone applied
at 0,010 m*/m* by a truck mounted chip spreader. Hand
application was done in all areas inaccessible to the
machinery. Bitumen was applied by hand held lance to
the bellmouths and corners, but the application was not.
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unlform The Chlp spreader gave much troubie and
required constant attenticu ;b keep it nperatlng When
it f*nally broke down altogether, the, remalnlng stone
wag shread from large shovels. Tho resulting’ hand '
applicy '~ was more unlform than that achieved _
machaﬁically Finally a fog spray of 30% emulslon was
hand sprayed over the stene.,

A short portion of road wds slurried (see Appendix 5
for a descriptioﬁ of slurry seal), but this work was
done too late in the day for the emulsion Lo dry and
the slurry to harden before nightfal . As a result the
surface wag exteﬁ&;vely firacked by vehicles, pedestr;an
commuters, bicycles, dogs and. chlldxeﬂ and locked quite
unsatisfactory. The reaction of both the Trust and
Roadbond ¢ to this example of poor workmanship (and
bad'timing) was to cancel all slurry work, despite '
pleas aboat the_technidal.superiority of a2 cape seal.

The subgcontractor came back to the gite some weeks
later when the stabilisation was complete, to prime and
gurface the remaining roads with a single stone seal.
Only the ditches were mslurried. Bituminous slurry was
very successfully mixed in a concrete mixer towed
behind a hakkie and trailer loaded with materials rfhe
bakkie carried the bitumen smulsion and water in drums,
the trailer wag loaded with crusher sand and the mixer
was manhandled into position beside the trailer for '
easy loading of materials. The slurry was wheelbarrowed
into place and spread by hand. When a section was
completed, the mixer wag hitched up behind the trailer
and the train moved on. .mch less successful was an
attempt to mix sluz.'y in wheelbarrows with spades.
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In subsequent months the traffic showed comclusively
that the gingle seal was not robust, The short portion
- of single seal that had been slurried showed no wesr at
all. THe Trust accepted the technical necessity and
c:dered;the glurrying »f all the roads._SQ‘eventually
the technical advice of the enginears was vindicated

. and followed. |

A local reservoir overflowed for a week and saturated a

row of houses and gardens apd damaged part of the newly ..

tarred Mnisi Street. Sewaq@ overflows in Jwaga Street.
kept the ditch and road edga wet for weeks. and delayed

a

' constructzon.

Storm water ditches had in certain cases to cross
roads. The difficulty was to find that combination of
size and slope that allowed easy crogsing of the
ditches by the variety of vehicles in the area, while
 8till containing and conveying storm~watéf.35torm water |
drainage ditches on all steep slopes were lined with
local stone and ditches on leéaer'slopes were protected
with stone scour checks built at suitable spacing.
Grouting of the stone linings was long delayed by the
lack of cement. |

4.3 Organigation and adminisgtratior

Initial planning and programming were done to establigh
a budget'and to estimate the numbers of people and
skills required. Thig planning was not checked or
updated when the Project started, nor was it corrected
when people were recruited in numbers other than as
planned {the actual ratio of labeur to road builder was
far lower at five than the twenty planned). Even after .
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the contract staff had been agpoznted, updatlng of the
iritial planning was not done. Later when the devlslon
was made to add a bltumlncus surfacing over the
originally planned gravel surfzce, the initial plannlng'
.was not updated. Despite the evident lack of" cnntlnulty
of funds, bndgets vere not used as a management tool
:-and werP in fact kept secret. '

Mr @& T Eickley, retmred and the authnr, both czvil
_engineers witl extensive awperience in tﬁWﬂﬁhlp '
infrastructure de51gn ‘and ccnatructlmn, were _
commissioned by Roadbond to act ag. superv191ng and
training engineers respectlvely . ;art tlma project
manager was appointed and the advice of Professor_R T
McCutcheon waé:éought on the training and e
organisatioﬁal aspects of the pilot prqject. - e

In about November 1992, Professor McCutcheon stressed
the importance of a detailed agreement or contret
between the Trust and Roadbond cc, setting out the aims
and full scope of the Mamelodi Roads Pilot Project. He
went ag far as drafting a concept agreement for -
discussion. No agreemsnt between the parties was ever
concluded and therefore ne policy or clearly defined
scope of work was available to guide the people
staffing the Pilot Prqject.

There was no effective project management. Despite the
appointwent of a part—time procject manager, neither the
Trust nor Roadbond permitted the project manager Lo
function as a manager, unor wag his advice heeded. There
- was no construction background (with some nntable
exceptions) for most of the staff, road builders and
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work s. Thig led to a lack of appreciation of the

gimplest congtruction and administrative procedures,
the need for safety, the necessity of insurance, and so
on. ' '

Tools and equipment were kept in a 6 m steel container
that was padlocked at night. This gite store wag twice
broken into. About 70% of the tools were stolenm. As no .
insurance had been taken out, no compensation was
received and only essential tools were replaced. The
workforce was hindered by occasional shortages from.
then on. After the second break-in, a small ski-cabin
wag obtained and placed beside the stores container.
Two labourers slept in the cabin to «ut as night
watchmen, - R

At the start of construction no systeme were in place.
Soon however, an attendance record and corresponding
wage sheets were set up., No system for tool or material
requisitioning was ever put in place, despite plentiful
discuseion. Authorisation and payment procedures proved
- to be esgsential, as without these, no control over
expenditure could be exercised.

The office staff started work any time after 9:30,
which was no example to set the work force and led to
problems of diseipline. Construction workers were
supposed to start work at 7:00. Free use was made by
the office staff of construction vehiecles for private
uge, both during working hours and weekends, which
further exacerbated problems of diseipline with the
construction work force.
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The initial budgets and initial'planning {done between
April and November 1992) and initial training (started
in February 1993) were baged upon gravel roads, The
Chairman of the Trust insisted on tarred roids ag a
matter of political necessity. However, subsequently no
planning or budgeting was carried out to take account
of the bituminous surfacing and its implications.

Late delivery of Roadbond Stabiliser and of the 500
litre water tank produced inefficient working. Portions
of the earthworks had to be completed before any
gtabiligation could be started, whereas it should have
‘been concurrent. ’ | '

3.
3.

Despite all the problems of the organisation and lack
of management of the Project, a spirit of team work and
cooperation was built up during the life of the
project,

4,4 Training

The objectives of training the reoad builders were to
give them the necessgary technical and administrative
skills required to fulfil their rESPOHSlbllltlEEq
Training was to be largely practical in nature, with
sufficient theory to explain the necessity and reasons
for the major decisions that have to be made during the
construction of roads by labour intensive means., The
.raining would encourage initiative and foresight and
would, by practice, give road builders confidence in
their newly learmed skills.

On 12 February 1993, the first potential "Road
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builders" were interviewed at Mamelodi and all seven
candidates,'preseledted_by the Trust staff, were
accepted. Tools and equipment were bought and a
carpenter wasg engaged to make up twenty boning rods.
Adjustable profiles were designed and £ifty o*dered
Erom a’ 1oca1 Firm. -

Training of the road builders started on 17 February
1593 with lectures and discussions on road 3
congtruction. A short section of roadway, which
normally carried little traffie, was chosen for
practical training. The'roadway was . set'out by the
trainee road builders, each step being’ explained by the |
training. offlcer (the author). Part of the site was
cleared and ditch excavation was started. Skills like
the use of boning rods and string lines were practised.
Quantity calculations and the principles of balancing.
~eut and £ill were put across. Several cross Aection
profiles of the roadway under construction were
measured and recorded.

When training of the road builders was in its fifth
~day, the Project Manager, with members of the Trust and
of Roadbond co, visited the site. They brought great ‘
pressura to bear upon the site engineers to employ
labour immediately. Training had not yet progressed to
the stage where labour was needed. Very reluctantly it
was agreed to engage labourers on 1 March 1983,

The training gsection of roadway, all 21.4 m of it, was
completed by noon on the sixth day. The seven road
builders had constructed the whole road and ditches on
each side using hand tools only. Few of them had been
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 employed before, none on constructioﬁ;_This short pisce
of roadway was & source of considerable pride and
satigfaction to all of them, '

.-.-‘J
Attentlon wag now given to the calculation of
quantities in the classroom at the office. Thls proved
difficult although all the road builders had a matric
qualification. Calculation proved to be a weak point
throughout the life of the pilot project. The reason
for this mlght be due to: the lack of technical subjects
taught at black schools.

Labourers were taken on in stages and eventually _
numbered thirey-five, forming seven teams of five, each
uudar a Mamelod1 road builder.

Five student road builders from various towns in
Kﬁandebele started training with the preoject on Monday
8 March. The "students® would be trained on the project
and would later use their new skills on similar
projects in Kwandebele, Their wages wera to be
recovered Erom the Kwandebele goversnment. The students
wera spread among the road builders to familiarise
themgalves with the work methods. Later, during
construction, they were bccaaianally taken asgide and
given specific lessons to clear up certain questions.
Thig over staffing at middle level by twelve learner
road builders where'five would have been generously
adequate, made economic efficiency impossible.

M, N Stoffberg, the Academic Regigtrar of the Pretoria
Technikon, offered the help of the Tectmikon to the
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Project. On 30 April 1983, Mr. Wynand van Wyngaard, a
senior lecturer of the school of Civil Engineering of
the Technikon, visited the site with a draft teaching
proposal for the road builders. In brief this would
gomprise gix modules of two days each at the Techpikon
during which relevant subjects would be taught. A
successful examination would entitle the road builder
to a eartzflcate, of similar standing to other "short
dlp;bma rourses". given frow time to time by the
Techn«kqu. T offer was accepted and the course
. content fully discussed and revised. Three Kwandebele
Tot " T ‘and the seven Mamelodi xoad builders
agl - ~ ‘aree. Nine were awarded certificates.

The s&x?tﬁéfﬁéy_mcﬁulea comprised the following:

goile: the gmphasié'ﬁaa on soil tests as required for a
normal road contract and included sofie practical
laboratory work. The nourse content was relevant but
limited, |

Overlays: this covered only bituwen surfacing seals.

The theoretical study was aided by laboratory work in
building up a demonstration model of a double geal. The -
course was_directly relevant to the project. '

Concrete: the course was presented at the Portland
Cement Tnstitute as a level 1 introduction to concrete.
No concrete work was included in the Mamelodi Prdject,
but the course would be applicable to other projects.

Construction: this was an introduction to normal
machine intensive road construction methods and plant
and included a site visit. The Road Builders found it
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very interesting but the course was unfortunately quite
irrelevant. T

Sﬁrvey: the course comprised basic measurement and
gsetting out methods, use of profiles and a simple

automatic level. The skills learmed were practical and '
entirely relevant to the project.

Management:'an introduction to different management

styles and objectives was given. The course was highly
. theoretical and the relevance to a labour based project
is doubtful, ; ) | '

More detail about the course modules is given in
Appendix &.

P
ta

Noristan, a large chemical and pharmaceutical
manufacturing company in the industrial area next to
Mamelodi, offered to give a course in first aid to a
group of workers from the project. Ten workers attended
the first aid course and all eventually passed. The
major problem encountered by the course leader was a
lack of literacy amongst the workers attending the
course. The course was relevant to construction
projects of all types and many more of i‘he workers
(including the Road Builders) should have been sent on
thig excellent course.

Due to the intense pressure to employ labour and the
inexperience of the staff, the training of the road:
builders suffered. The road builders were not trained
in organisation or administration. The only records
that received their attention were the weekly
attendance sheets, which were frequently filled in only
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moments before being collected for wage determinations.
Essential daily records that ghould have beeﬁ'entirély
the responsibility of the zoad builders were '
attendance, tool records, progress and productivity.
Task work was essential but was never bfoﬁght into
operation, despite heing in the conditions of
employmaﬂt Hence productivicy was very low and
progress slow. {(The records mentioned alove would have
helped the tra.ns:l.t:.un to task work.} o

%,
The road builders received good theoretical technical
training and a reasonable level of practical training
in road building. However, the level of organisational
and administrative skills transferred was véry low,
largely because there was no systematic technical oz _
organisational recording and reporting system. '

4.5 Community participation

The aims were to initiate approprdate training of local
road builders selected by the community to foster
capacity building and skills development in Mamelodi.
Although the road builders and labourers were all
regidents of Mamelodi, their selection was done by the
stzff of the Trust, not by the community.

In many areas residents had planted grasé on the
sidewalks to reduce .the quantity of dust arising from
the gravel tracks. In other aresas gardens had been
planted within the road reserve. Removal of grass and
cutting back of the gardens had to be negotiated with
the residents before any road construction could be _
grarted. A liaison officer had been appointed by the
Trust and he gpent many evenings talking with the
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residents and explaining why their ga=.iens needed toc be

trimmed back.

Arrangements had to be made to cope with vehicular and
pedestrian traffic, Construction had to be largely
carried out under traffic due to the unwillingness of
drivers te adapt to the construction procesgs. Taxie and
delivery vehicles were the major culprits. Some local
regidents owned cars and their daily movements had to
be aliowed for. The local spaza shop had daily

" deliveries of fresh produce. Refuse removal that took
place twice per week was a major but predictable
problem. Good cooperation between the Griver and the
‘congtruction teams led eventually to an amicable |

- solution. The rﬁbbish’truck was let through whenever
possible and it went round the block when some critical
process wag in progress. Throughout the day a constant_'-'
gtream of pedestrians_pésﬂed across the construction |
site: schpol children, shoppers, commuters and
onlookers, Some of this traffic could be diverted but
much simply had to be guided through the road works.

Civil unrest disrupted work a few times} often for
several days at a time., After the Hani assassinatlon
the site was closed from 12 April to 20 April 199%3.
General unrest again closed the site between 22 and 26
April. The portion of Mamelodi where the road work was
undertaken was usually quiet but did occasicnally.
receive the attentioms of fioting school children.

No work was plamned for 3 May, the day after Cliver
Tambo’s funeral, but no trouble occurred and work was
resumed the following day. Sporadic unrest occurred
between 26 and 28 May but disrupted site work only to
the extent that no deliveries of materials reached us.
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Political party.holidayé_énd festivities also
interrupted the work. Tuesday 6 April 1993 saw tents
pitched in Jwaga Street and 16 June was Soweto Day. The
site was closed on both occasions. '

Rubbish and litter were a constant prcblem‘_ﬂbrkers
cleared up an area and within hours both residerts AND
workers had dropped further litter. A major educatiomal -
_programme would be needed to make any impression at
all., '

*

As wmentioned previously in relation to organisation and
‘administration, the site store was twice broken into
and tools were stolen. No help wag received from the
police towards the recovery of the tools and so the -
winks and nuds from the community (mo overt help could
Le obtained due to fear and intimidation) could mot be
fallawedﬁpp.'nue to financial comstraints only a few
essential %ools were replaced which led to delays.
towards the end of the project. '

Young children helped during construction, particularly
in £illing the water tank after school hours, however,
this entajled riding in the bzcx of the vehicle, which
had its own dangers. In the context of gbod community
relations, how does one cope with thlB? One must stay
on a friendly footing with everyone, but cannot expose
children to construction hazards.

A slurry seal was applied too late in the day, could
therefore not be protected from traffic during the
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critical drying period and.the subseqguent indelible
tracking left in the surface was wholly unacceptable.
The reaction by both the Trust and Roadbond cc was such
that siurry.was totally rejected, despite its superior
gstrength. - ' S

There were frequent signs of goodwill by the community
towards the project. Residents provided cold driﬁking.
water to the workers on hot days. There were always

~ friendly greetings to those involved in the work. There
wag sudden and widegpread intereat in the condition and
 appearance of houses, gardens and pavements after the
project had progressed some way. '

4.6 Conclugions

Despite the organisational and management problems; &
length of roadway of about one kilometre was built in
Mamelodi. Some machiﬁery wag used but was kept to the
‘mifgimum, Mechanical compaction equipment proved |
eguential for both final shaping and compaciion of the
goils. Successful methods of applying water and
stabilisers were developed. Some problems inherent in
constructing roads in an urban environment were
identified and dealt with.

The roads were tarred and here too labour intensive
methods were successful. Priming, chipping and
slurrying were done vary well by hand, The heavy
application of hot bitumen by hand was not uniform and
is not recommended. |

The work force was trained in the techniques of road
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constructlon However,ﬂtask work was not carried out
and therefore praductivity was 1ow. Administration and
control of the work weze not properly taught, leaving
the road builders on*y partlally ‘trained.

A comparisoﬁ with McCutcheon’s seven reasons for
success of the Kemya and Botswana projects follows
(McCutcheon, 1990}

An 1ntallectua1 assessmant ofl vhe technical feaszb;lity
and economic realitles was not done. Limited funding
was not recognised as a comstraint on many of the
technical decisions. Economic efficiency was ignored
and therefore several important lessons that could have
been learnt from the project werq mlssed (McCutwheon
199Q) . ' CE

Technical aspacts received some attention but
organisational and “n particular socio-economic aspects
were neglected. Orgaﬁisational structures and

procedures_iﬁitiated from the couptruction site were
‘largely ignored. Communication was poor in the extreme.

‘Training, although good in many technical aspects, was
'severely limited by not covering administration and, in
particular, task work. The overstaffing of road
builders did not further any lsassons on efficient work
methods, which might otherwise have been learnt.

Mamelodi is an African National Congress (ANC)
stronghold. The project was supported by the local ANC



politicians and officials but had no ~support from the
town council. Monetary support was very limited, even
though many organisations visited the site and promised
their support. o

Of the seven reasons for success llStEd by McCutcheon
ﬁor the Kenya and Botswana projects {MeCutcheon, 1990),_
: VEry few could bu found hare,

From the laboratory work (chapter 3} -and the 1essons
learned in Mamelodi {chapter 4) the next chapter
formalises the methods of stabilisation and establlahes
the costs of appllcdtlon. |
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5, METHODS AND COSTS OF APPLYING STABIY,TSERS

5.1 Calcﬁlation-of dogage rate

The manufacturers of wost ionic chemical stabilisers
‘give quite specmflc dosage rates for their preduct. '
Most dosage rates are given vn&umetrzcally, fax example
200 ml of concentrate to one cubic metre of scil, which
makes the calculation of the dosage very simple. Thése'
dosage rates should be used circumspectly. Only soila_
containing active clays in sufficient quantity should
be dosed at the standard rate. When a soil with a low
clay content or low activity is to be stabilised,
Paige-Greene advises (Paige-Green and Bennett, 1993)-
that the dosage is reduced to about one third go that -
the lubrlcatlng effects of the stabiliser are 11m;ted
to aiding the compaction and do not reduce the

- strength. Overdosing with a compaction aid can lead to
logs of gtrength due to excessive lubrlcatlon of the.
soil particles by the chemical.

The ideal dilution rates are usually also given hy the
manufacturer and typically range between 1:200 and
1:1000. However, should the scil belng stabilised be
wetjalready,_littie water can be added before the
opLimum moisture_coﬁtent is exceeded; therefore a more
concentrated dosage of the stabiliger is required. Thiz
problem was encountered on the Mamelodi Roads Pilot
Project and the concentration was iﬁcreased_up to 1:160
without problems. The mixing of the chemical into the
goil becomes more exacting, of course, as the quantﬂty
of diluted stabiliser iz gquite small
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5.2 Mackine intensive application

The normal methmd of applying liguid chemical

stablllsers is by disgsolving a measured quantity of the ]

stablllser 1nto a water bowser aud Bpraying the
solution across a measured area of roadway. With care a
reagonably uniform application at the requived dosage
rate can be achieved. Mixing of the solution into the
soil is then done by means of a tractor-drawn plough or
by a grader. Most manufacturers of the stabilisers
advise that the wixture is left overnight to draw into
the goil and to achieve the ion exchange reactions
(Roadamine, 1990; Conaid, undated). Conventional
construction methods are used to place’ and compact the
stabilised layer. '

5.3 Labour-~intensive application

Several methods of application of diluted stabilisers
have been suggested (during discussions with a variety
of people), many of which were tried on the Mamelodi
Roads Pilot bkroject. These wers:

i Watering cans: 12 litre ﬁatering cans were used
ond were found highly successful for small awkward
areas where other methods could not reach., However,
cortrol of the application rate of the solution of
stabiliser needed attention. It was found best to
clearly demarcate areas small enough for one watering
can full (at the calculated dosage) and then to ensure
that only one watering can was applied there and only
there., For occasional awkward areas the additional
gupervision needed can be given, but the method does
not lend itself to large areas. The application is slow
and must be supervisad at both the f£filling point and
the application point.
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ii  Hoses run from a semi mobile tank: the tank was.
filled with water and the measured dose of stabiliser
and the solution was applied through two hoses. Control
of the application rate was difficult and could only be
- done approximately. The flow through the hoses was
aeparately,measured and was found to be 10 litre/minute
with llttla variation as the head dropped. Marked ocut
areas were watered for predetermined lengthw of time.

. variation of application within each area could only be

judged by eye.

Applying water only by measns of hoses worked well
enough when the soil, :as very dry and had to be
moistened, but the confrol of moisture  content was not
at all accurate.

iii Hand-drawn bowser: a 210 litre drum was mounted on
a trolley and fitted with a spray bar (Bowe: 1981).
Stabiliser concentrate wag meagured off and poured in
and the drum was filled with water and shaken to mix
the solution. A team of five men was needed to handle
the full drum on its trolley across the loose stoney
egoil. The flow was controlled with a valve on the spray
bar. The trolley was rum up and down the roadway at a
slow pace until gempty. It was Found advisaple to apply
at least four drums full acrosg a gection as variations
in the spread rate tended then to cancel out. This
method wag used at length on the Mamelodi Roads Pilot
Project.

For all three methods above, after the solution wae
applied, the area was left for a while to allow the
water to soak in and was then mixed with spades. The
soil was generally turned over twice to achieve a
fairly uniform mixture. The soil was then left
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overnight if possible, to,be'raked to shape and
compacted in the morning.

iv  Lime and cement were both tried at vavious times
during'the Mamelodi Roads Pilot_Praject with varying
degrees of success. Dosage rate wag calculated and the
area per bag of powdered stabiliser marked out. The
powder was then carefully spread in small heups across
the area and adjusted by eye until even. The stabiliser
wag then spread out and dug in with'spades; Generally
the soil was turned over four or five times before the
mixture became uniform. Uniformity was judged by the
colour of the soil/powder mixture. Mixing was a tedious
- and dusty process. Generally it was attempted to first
 adjust the moisture content of the soil to approach
optimum before applying the stabiliser. Additional
water was then added after the stabiliser had been
mixed in, to finally adjuat'thé moigture content and
the soil was'again mixed. Shaping and rolling followed
as before. Generally there was nc. problem in achieving
gompaction in the 11m1%ed time available when
stabilising with cement.

5.4 CQst-cumparisans

in this section the typical range of the costs of
gtabilisation by various means is givan. As each road
project has unique aspects, a plea is made that the
true cost for every operation and its alternatives
‘should be determined before flrm flnanclally basged
declslons are made.

The costs of applying the stabilisers are based on a
layer agsumed to be 150 millimetres thick. The costs of
- purchase of a wide range of stabilisers were obtained.
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A range of application rates was estimated f£rom the
available trade literature, as oftan 1aboratcry'tests
 are required to optimise the amounts of stabiliser
- applied. Bstimates were wade of the costs of spreading
the stabiliser and mixing it into the soil layer, by
both mechanical and labour intensive methods.

The cost calculation and all assumptions ave given in
Appendix 2 and only the results are tabled here. Costs
are based upon prices ruling at the end of 1992,

TABLE 5.1 COST COMPARISONS OF APPLYING VARIOUS
STABILISKERS EXTRA OVER THE RATE FOR CONSTRUCTING THE
LAYER | - |

M
s . .

Stabiliser =~ |Purchase, spread, mix cost extra over |

the layer cost, per cubid metre
Machine based | Labour based
Cement R21.60 to R26.60 | R33.19 to R41.65
Lime R35.60 to R40,60 | R47.19 to RES5.65
Comaid R6.96 to R7.96 R6.37 to R6.62
Roadamine R3.90 to R4.90 R3.31 to R3.56
Roadbond R5.24 to R6.24 R4.65 to R4.90
ﬁoaubind - R10.00 to R11.00 RS.41 to R9.66
Consolid system |R20.65 to R46.00 | R19.47 to R43.32
AECI Ababond R14.11 to R16.11 | R12.93 to R13.43
system _ _ -

From the table abbve it can readily be seen that
stabilisation is a costly process with powdered chemicals
like lime and cement, which have to be mixed into the '
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soil separately from the water needed for compaction.
Secoﬁdly, it can be seen that the labour-intensivs
application of these powders ig . .considerably more
expensgive than machine basged application. Application of
water soluble stabilisers is simple and cheap and the
costs of machine and hand application are similar.

Te put these prices for applying, spreading and mixing
stabilisers into perspective, they should be compared to
the rates that would normally be paid for the
substitution of the stabllised layer with gravel
transported fxom a borrow pit. The relevant aperatlons _
would be excavate and load in the borrow area, transport
the gravel to the roadway, dump and spread, and the cost
of removing the layer of '"poor" goil £rom the roadﬁgy £0
make space for the gravel. Excavate, load, dump and
spread could cost about R2.00 per cubic metre;'Asauming
the overhaul distance to be 5 km and the overhaul rate to
be R1.:0 per cubic metre kilometre, the pricé of
transportation per cubic metre of gravel would be R6.00.
Royalies wight be payable to the land owner._A.typical'
machine intemsive rate for cut to spoil of the "poor"
soil is R2.50 per cubic metre. Thus the extra over cost
of bringing in a gravel layer and removing a layer of
poor soil would be R10.50 per cubic metre, within the
limitations of the assumptions. This price can be
directly compared to the extra over stabilisation prices
from Table 5.1,

5,5 Conclusions
Stabilisers that can be dissolved in water can readily

and cheaply be applied by water bowser or watering can.
Reasonable control over the application rates can be
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exercized. Applmcatmon via a hose is. mucﬂ less
controllable and is not recommended.

The estimated costs of applying water-soluble stabillisers
by labour based methods are mddest (R3.31 to R6.62 per
cubic metre) compared with estimated machine based costs
of replacing poor goill with imported gravel ({about R10.50
per cubic metre). Powdered stabilisers like cement and
lime can be appliéd by labour-intensive methods but the
work is tedious, time consuming and costly (estimated to
be R33.19 to R55. b5ﬁper cubic metre). '
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6. PROPOSED BARTHWORKS SPECIFICATIONS

6.1 Project.specificatian

In the light of the author' & previous experlence, the
liiterature survey, the laboratory testing and the field
work in Mamelodi, a "project specification” has been |
written to be read together with SABS 1200 DM .
Barthworks (Roads, subgrade). It complies generally
with the requirements laid down in SABS 0120 for
prajéct Spécifications and compriges variations from
‘and additionsg to the standard SABS specification. The
variations and additions to the standard SABS 1200
gpecification cover the use of water soluble chemical
stabilisers in labour—lntenslve construction. The full
specification is gzven in Appendix 3. '

SABS 1200 DM Earthworks (roads, subgrade) is &
gtandardised specification for civil engineering
censtruction, issued by the South African Bureau of
Standards (SABS). A standardised specification is
defined as being "a specification that is published by
the SABS and that go covers a partlcular class of civil
engineering construction that the specification is
generally applicable throughout the Republic of South
Africa." (Ref. SABS 0120 part 1). A project '
specification "describes the works in general terms®
and "may include clauses that amend or amplify or add
to any requirement(s) of a standardiged specification®,

In the practice of civil engineering it has become
apparent that the SABS 1200 series of standardised
specifications are too broad to be used without
awendment , Hence it has become good practice to issue
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. project., speclflcatlons w1th every SABS 1200
speczflcétion The project specifications are used to
reduce the broad scope of the standardised

" specification to the specific project reguirements. In
particular, materials'always need to be addressed:
sometimes to relax the requirements to allow the uze of
" locally indigenous materials that have been proved to
be.successful; sometimes to choose one from a long list
of approved materials (for example, the use of upve
piping for a specific job). ' :

In laboﬁr—intensive construction there are mény more
items in a standardised specification that must be
addressed by the project specification, The main |
headings of a standardised specification will be used
to illustrate the process of amending a machine based
specification to one which can be used in labour- |
intensive construction.. ' '

1. Scope: the scope of the specification wmst be
~ amended to clearly state the intension of uging lahutir-
intensive construction methods. '

2. Interpretation: the definitions given in the
-standardised specification must be closely scrutinised
and amended where needed to be reievant to the chosen
construction methods. Often additional definitions have
to be given of new terms and concepts.

3. Materials: the specific projedt fequirements with
regard Lo materials needs to be spelled out. Additional
or altered material specifications are sometimes
required. Clasgification of materials to be excavated

m.st. take into account the limitations in strength of
the human frame.
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4, Plant limltatlons on the use of contractar'
_ machlnery and ecquipment have to be set. This sametlmes
needs to be crogss-referenced to the excavation matarlal
classification. :

5. Comstruction: in a labour-intensive project it may
be necessary to severely limit the options open to a
contractor in the execution of certain tasks. This

. approach i preferable to exhortations to use labour
"wherever posgible", &5 excuses can always be found to
evade the issue. In addition, all processes need to be
scrutlnlsed for bias towards machlnery and thig bias
must then be remnved.

6. Tolerances: in general the levels of tolerance

- prescribed in the standardiged specifications will”be'

found to be achievable by labour-intensive methods.
However, realistic tolerances must be set, as the cost
of complying with unrealistically tight tolerances is
prohibitive,

7. Testing- just like the tolerances, the test
requlremants need to be reallstlcally evaluated and
raget where necessary. For example, density
requirements for trench backfill are quoted as 90% of
Mod .AABHTO maximum density (SABS 1200 DB c¢lausie 5.7.1)
whereas popular theory on pipe support and earth
loading is based on Proctor densities (which are lower
than Mod.AASHTO). In addition, Proctox densities can be
readily achieved by the use of hand stampers in
trenches, whereas Mod.BASHTO dengities usuvally require
mechanical compactors to ensure compliance,

8. Measurement and Paymént: meagurement clauses in the
standardised specifications are fregquently coupled to
the use of specific plant. All of these items need to
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be identified and changed to suit labour- intemsive
constriction techniques. Revised material '
clagg.Eications also must be carried across to the
heasurement and payment clauseg and these clauses made
relevant.

6.2 Particular specification

Particular specifications are sﬁecifidations written

- for a particular application, as opposed to general
specifications that can be more widely applied. A
particular specification for the use of water soluble
ionic soil stabilisers in labour-intensive road
construction has been written by the author (see

' Appendix 3) and. ig gummarised here. Headings of the
Bp801flcaL10n follow those of SABS 1200 and use is made
of relevant portions of SABS 1200 DA and DM. ' '

- The Specification is basged upon labour-intensive
construction of minor roadworks under good supervisionm.
 Excavation is classified into six types, depending on
the degree of difficulty of digging. Properties are
laid down for f£ill, selected and wearing course
materials and for chemical stabiligers., Limitationsg are
placed on the Contractor’s choice of mechanical
equipment. Construction is described in gemeral terms
from clearing of the site, through excavation and
filling operations to stabilisation and finishing off
the roadworks. Geometric tolerances and permigsible
deviations are given. Pay items compatible with labour
intensive construction methods'are described.
Sufficient preliminary and general items are given to
cover the'requirements'of émall works. More substantial
works will need to be supported by SABS 1200 A .
' “General" or AA "General, Small Works". |
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- 8.3 cOnélusiahs

Ionic chemical stabilisers clearly have a plave in road
construction, where local goils caﬁ_be strengthened to
meet the specified lefels; thersby saving the costg of
~extensive overhaul of higher quality gravels. Many
operations of road construction can be carried out hy
labour. Two specifications, having different
‘approacheg, have been written. The one is’ a progect
gspecification that is read together with SABS 1200 DM.
The other is a particular specification that stands
alone. Both specifications address the labour-intensive
constructaon of water soluble chemical stablllsed
roadworks . ' ' L
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7.  CONCLUSIONS |

7.1 Unemployment and the link to road comstruction ”

South Africa is faced with a serious unemployment
problem. The World Bank and the International Labour
Organisation have shown that employment in construction
can be; 31gn1flcant1y increased by using labour instead
of machlnery Labour-intensive methods can be uaed to
achleve the same quality as equlpment~1ntenslve methods"
and can be economically efficient. Thus szgnlflcantly '
more employment can be generated per unit of ‘
expenditure. Rapid urbanisation has created a need for -
urban infrastructure. The construction.of this
infrastructure can be used to give gainful employment
to SOme'pedple in the newly urbanised areas.

Ionic chemical stabilisers have been identified as a
pussible way of increasing the role played by labour in
road construction. Local or in situ solls can be
Cimproved to the extent that they can be used in the
road formation or as wearing courses, effectively .
reducing the quantities of higher guality gravels that
need t£o be transported to the road works. Depending on
the goil types, ionic chemical stabilissrs may only
give moderate improvements in the engineering
properties of soils. Hence gravel wiil still need to be
carried in for a wearing course. These gravels may not
need to be of high gquality as their properties may be
enhanced by treatment with ioric stabilisers. Gravels
of lower quality may be available close to the road
utider coustruction and thus be amenable to labour-
intensive methods of extraction. Swall pockets of
gravel can be dug out by hand that would be ignored by



machine intensive methods as unegonomic. Thus the
labour content can be gignificantly increased.

For a_;ightly trafficked bitumen surfaced road, the
base should have a CBR strength of not 1assfthén about
fifty. As the traffic-beccmes heavier, the CBR hl
reqq@remant'increases to eighty and other material

. properties gain in importance. Here a subhase becomes.
essential. With careful choice of materials, ionic
chemical stabilisers can readily imﬁrove gravelly'sqils=
to subbase standard (CBR of forty-five or more) or to
1lightly trafficked basecourse standard. lowever, the
‘higher standards of more heavily trafficked road basés
 may not be achieved. Strength alone is not the over-

- riding criterion for these bases; duraﬁiliﬁy-in terms
of aggregaté_dtrength and grading becomes important.

Two gpecifications were proposed for the labour- -
intensive application of ionic chemical stabilisers to
minor road works. First a "project specification? was-'"'
presented, comprising variations and additions to SABS
1200 DM, wihich make the standard specification amenable’
tn the hand épplication of stabilisers. Secondly a
particular specification for minor road wiirka built by
labour intensive methods uging chemical stabilisers; B
was given. The specification addresses matters like the
claggificatiol of exnavation. limitations on the use of
mechanical equipment, tolerances and an appropriate
bill of quantities. -

‘These spe "ficationag will now make it possjble'far
- engineers to specify the use of labour and the use of
ionic chemiaal'stabilisers in constructing earthworks.
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In the author‘s opinion, in the new South Africa
labour-intensive methods should be the f£irst choice
-when congidering the congtruction of roads. Machine
intensive methods should only be chosen when there are
overwhelmin:; reasons for their use. .

7.2 Nature of clays and ionic soil stabilisers

'c1ays are shest-like crystalline minerals of various
forms, with widely varying linkages between the sheets.
The type of linkage betwesa the layers controly the
expansiveness or stability of the clay and the relative
éase by which ion exchange reactions can take place. '
Ionic chemical soil stabilisers are based on ion

| exchange reactions. The replacement of reactive ions by
stable ioné_changes the water susceptibility of the
clay. Less water is held by the modified ciay
structure, the bonds between the clay layers are
enhanced and therefore the soil properties change.

Paige-Green anrd Bennett, in a paper on the use of
sulphongted petroleum stabilisers, showed that a secil
with gignificant amounts of reactive clays could be
successfully stabilised. They comcluded that only 2:1
clays had sufficient lon exchange capacity to be
affected significantly by the sgtabilisers. They
measured the increase in soll strength by standard CBR
testing. '

Further, Paige-Green and Bennett showed that the
stabilisers acted as compaction aids on many soils but
their influence upon CBR strengths was dependant upon
dosage. Too high a dosage reduced the strength by over-
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1ubricat1ng the goils, reducing inter- partmcle frictlon
that in turn lowered the CBR,

7.2 Teating

Preliminary testing of a residual granite soil was done
usmng two ionic chemical stabilisers. The stabilisers
gave a sufficient increase in unsoaked CBR strength
comparad to the natural material to hold out some hope
of successful larger scale testing. A large sample of
fine weatherad dolerite gravel was obtained and
prepared for testing. The soil was known to contain
significant quantities of montmorillonite clays. Tests
comprised Mod.AASHIO moisture / density determinations, -
- California Bearlng Ratio meapurswments and 1ndicator
tests.

In the Mod.AASETO testing both stabilisers depressed
the optimum moigture content significantly, but
improved the maximum density by only a very small
margin. All CBR tests were done on soaked samples,'
compacted to 100% of Mod.AASHTO maximum density. On _
average the stabilisers doubled the CBR strength of the
material. The gignificant increase of CBR strength of
the treated soil is in sharp contrast to early work
done by the stabiliser manufacturers, This contrast.is
easily explained in the light of Paige-Green’s findings
{Paige-Green and Bennett, 1993) that only soils
containing appreciable gquantities of active clays have
sufficient ion-exchauge capacity to benefit f£rom ionic
chemical stabilisers. The sugar dolerite tested by the
author contained 10% clay by mass, of which a
significant proportion comprised montmorillenite (an
active clay type) (Wiid, undated),



As has been ghown by the tests{performed by the author,
a simple comparative CBR test which can be done in any
road soils laboratory, shows the strength increase that
can be obtained by treatwent of the soil with an ion
exchange stabiliser. It is not necessary to perform
-other chemical tests to find out the ion exchange
capacity'(however ugeful thig imformation way he to a
better understanding of the chemical procéas). '

The increage of moisture content during socaking clearly
ghow.d that,the stabilisers did not waterproof the
soils in any way. Indicator tests showed that the
 stabiliaers had little influence over the standard
properties measured. In particular the plasticity index
wag rnchanged.

The conclusgion drawn was that comparative Btandard
soaked CBR testing on stabilised and untreated soils
would show conclusively if the goil could be improved
by chemical stabilisation.

7.4 gamelodi

Several methods of applying compaction water and
diluted stabiliser to the roadway were tried during the
course of the Pilot Project. Two methods of labour
haged applidation of water soluble stabilisers were
found successful: the use of watering cans and a hand
drawn bowser comprising a 210 litre drum mounted on a
trolley and fitted with a spray bar. These methods
allowed control of the chemical application.

Application of powdered stabilisers, namely lime and
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gement, by labour-intensive methods wasg a tedicus and
dusty proce: . Tha guality of the result was acceptable
but the process too long an&-drawn out for produCtive
work. Liquid stabilisers were much easier to handle.
However, the even application and good mixing of the
powders could be judged by the uniformity of the colour
of the goil. Ligquid stabilisers did not exhibit these
colour changes, ' -

The Mamelodi Roads Pilot Project was built with a
minimim of machinery. Mechanical compaction equipment
proved essential for both £inal shaping and compaction
of the soils. The pilot project was used to advertise
and demonstrate the concepts of job creation through
labour-intensive road construction, but very little
further-funding.was recelved during 1993. The work
force was trained in the techniques of road
construction. However, task work was not carried out
and therefore productivity was low. Administration and
control of the work were not propasrly taught, leaving
the road builders only partially trained.’ -

Despite the organisational and management problems,
about one kilometre of roadway was built in Mamelodi.
The roads were tarred and here too labour-intensive
methods were successful. Priming, chipping and
slurrying were done very well by hand. Some problems
inherent in constructing roads in an urban environment
were identified, namely: narrow road reserves,
obstructing services and construction under pedestrian
and vehicular traffic.

- The Mamelodi Projedt'waS'compared with internationally
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acceptéd norms . for themguccess of labour-intensive
projects and was found wanting. The Project was not

- part of a national scheme, but was a donor funded
private initiative_and therefore does not éasily_fit
into the pattarn, nevertheless much could have been
done better. Prior agreement as to sensible objectives,
terms of reference, followed by proper wanagement,
better organigation, less haste and therefore more and
better training'would have resulted in a far more
successful project. '

7.5 Cost of application of stabilisers

.
Estimates were made of the costs of purchasing,
spreading and mixing stabilisers into the =oil layer,
" assumed to be 150 mm thick, by both mechanical and.
labour-intensive methods. Costs per zubic metre clearly
showed that the total cost of.pOWdéxed stabilisers that.
have te be applied geparately from the compaction'waterl“
(ag opposed to beinyg disgolved in the compactibn’water)
is several times more expensive than water soluble
stabilisers. The labour-intensive applicaticn of these
powders was also more costly than machine based
application,

Application of readily soluble stabilisers is cheap and
the costs of machine and hand application are very
similar. The estimated costsg of applying these

" gtabilisers are modest compared with estimated costs of
tedoving a 1ayer of poor soil and procuring and
transporting a replacement layer of gravel,

7.6 Conclusion

The primary objective of this project was to discover
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if ionic chemical stabilisers could be used cost

effectively in labour-intensive xoad construction. This

has baen done by: : -

i) gsuccessfully lahoratory tesLlng the use of two
chemical stabilisers on one soil type, showing
that they can be used-in th ~mgtruction of road

_ works; |

ii}) demonstrating iu the fléld metho&s ¢f applicaticn
of chemical stabilisers that are compatible with
labour-intensive road construction methods;

iii) showing that the cost of applying water soluble

' ion exchange stabilisers is modest and therefore
is a cost-effective way of improving the strength
oﬁ guitable sails.

The implications ave that the costs of zdad _
construction can be reduced by improving local soils
and gravels (within severe limite of clay types in the
goil) instead of transporting high gquality gravels over
extended distances. With careful choice of materials,
iopnic chemical stabilisers can readily improve gravelly
soils to subbase standard or to lightly trafficked
basecourse standard, However, the higher standards of
more heavily trafficked road bages may not be achieved.
The labour content of road construction can be
increased as ionic stabilisers can readily be applied
by hand.

The World Bank and the Internaticmal Labour _
Organisation have shown that employment in construction
can be significantly increased by using labour instead
of machinery., It wasg also shown that labour-intensive
methods can be used to achieve the same Quality ag
equipment-intensive methods and can be aconomically
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‘afficient, Thus 51gn1f1cantly more emplcyment can be
‘generated per unit of expenditure. '

e

The two specifications proposed, which deal with the
labour-intensive application of ionic chemical
stabilisers to minor road works, will enable engineers
-to specify the use of labour and ion exchange
stabiligers for the construction of earthworks for
roads,

7.7 Further réseaxch

Further research is needed into the action of ionic
 goil stabilisers on soils of various types. The
fundamental chemical and phygic¢al reactions need to be
identified and understood. Identification will be
complicated by the variability of natural soils and the
difficulties of measuring their chemical constitﬁents.

The influence of dosage rates of ion exchange
stabiligers on different soil types needs to be’
investigated., Paige-Green (Paige-Green and Bennett,
1993) has already done some work in this directionm.
Further work should be coordinated.

Full scale field trials should be carried out to
establish whether or ndt laboratory tests, as described
in this project repbrt} measure the full potential of
ionic chemical stabilisation., These trials should also
allow direct comparison of treated and untreated
portions of roadway. The influence of the stabilisers
on other gualities needed for unsurfaced roads, like
resistance to potholing and erosion, could be
investigated at the same time. o |
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TABLE Al.l DENSITIES AND HO’UI:DIHG MOISTURE CWS nmm

'.T.‘O CBR VAI-UES v WSTA.’B'[LI"“E

Soil CBR |Cure|Dry |Socak|Dry Density Moulding Moisture
| la |d | @ | kg/m % |
|Natural 27| ol o 4] "2 126 11.4°

, 33| of o 4 2 131 11.2

35| of of 4 2 140 11.2
37 3] o] 2 2 132 11.5
38| 3] of 4 2 152 11.3
277 3| o a 2 139 11.6
45| o) 3| &l 2123 11.3
39| o] 3| 4 2 102 11.4
3 o 3| 4 2 119 11.4
i35 | 3| 7] a 2 102 .- 11.3
a2z | 3| 7] a 2130 11.2
38| 3| 7| a4l 2129 11.3
35| 7] 7| 4 2 116 11,3
320 7] 7| a| 2138 11.4
37| 7] 7| a 2 104 11.6
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'DENSITIES AND MOULDING MOISTURE CONTENTS RELATED

TO CBR VALURS, STABILISER A
Soil N CBR |Cure|Dry |Soak|Dry Dénsity Moulding Moisture
Cla {d la | kgm3 | s
Stabil A | 64| o] o} 4| 2170 10.6
T 74|00 o} 4 2 174 10.0
‘éa | 01 o a 2 137 10.5
112 | 3{ o = 2 152 10.0
135 0 3] o] -4 | 2158 9.8
91| 3| o 4 2 136 10.3
a9 | ol 3] 2 2149 10.8
s6 | 0] 3| 4 3 156 0.9
65 | 0| 3| a 2 140 10.8
> ] es ) 3| 7| 2 2 129 10.3
1671 3| 71 a 2 107 10.4
a7 3| 7| 4] 23111 10.7
o1l o7 7] a 2 139 10.6
82| 7| 7| a 2 124 10.4
63| 71 71 4 2 139 10.7
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TABLE Al. 3 DENSITIES AND HOULDING HDISTﬂRE CONTENTS REL&EEﬂ
TO CBR VALUES, STABILISER B

Soil | CBR '-Curé Dry Saai*lnrv Dens:.ty Mouldirig Moisture
o 4 da | d kg/mB : % :
stabirs { 781 ol o] a4 2 160 | 10.4
e 637 0] 0 4 2 165 10.5
8% | 0 04 4 2 172 10,4
33 3] o 4 2 121 113
5t | 3| ol & 2117 10.8
46 1 3| o | e 2 119 10.9
82| o 3| 4| 217 |  10.6
55 | 0 3 4 | 2143 |, 10.6
65 | 0 3 4 2 103 10.9
a6 | 3] 7| a| 2146 |  10.7
46 | 3| 7 4 2 149 10,8
601 3{ 7| 4 2 140, . 10.5
60 | 1| 7| 4 2106 | - 10.8
91| 7 71 4 2 107 10.3
781 7| 7] 4 2 118 10.1
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TABLE Al.4 -cnﬁmcns’:ﬂ~ﬁozsmﬁnz CONTENT DURING CURING,

* ¢ UNSTABILISED
Heil . |Moulding|cure| MC.| Dry | Mc.| soak| MC.
. jmoisture! d ¥} d % d %
|Natural | 11.4 ol - 0| - 4
itz | e - o | - a |-
13.2 | o 0 -1 a
115 | 3] -] o 4 j1z.1}
11,3 1 31 -1 o -1 & 119
1.6 | 3] -} o - | & Ji2a
1137 o) v | 3 { 9.1 & |12.2
11.¢ | o f B 3 |92 4 |12.4
az.4 ) oo L} o3 | e.2] & |12.3
11.3 | 3 [11.2] 7 [ 7.5] 4 li2.3
11.2 3 (11.1] 7 | 7.8] & |12.3
11.3f 3 li1.z| 7 | 7.8] 4 |12.2
: 1.3 | 3 (112 7 | 7.4] & (122
S 11,4 3 {11.3] 7 | 7.5| & |12.2
’ 11.6 | 3 {11.8| 7 | 7.8 & |[12.4
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TABLE Al.5 CHANGES IN MOISTURE CONTENT DURING CURING,
| . STABILISER A

Soii | |Moulding|Cure| MC. Dry Mc.| Soak| MC
: moistury; 4 ¥ da ¥ a ¥
Stabil A | 10.6 0 1 o a [11.4

10.0 | 0 D 4 J11.1

 10.5 0f{ ~{ 0 a |ui1.8

10.0 3] 9.9] o 4 j11.4

9.8 3] 9.7 o 4 {11.3

- 10.3" 3 [10.2] © -1 & |17

. 10.8 | O 3 9.0 4 [x1.8

. 10.9 o - 3 | 9.0 & |12.2

10.8 o] -1 3 | 9.0 4 |12.3

10.3 | 3 {10.2] 7 | 7.3 <« [11.8

10.4 3 {10.2| .7 | 7.0 . Ji1.9

10.7 3 {10.5{ 7 (7.4 . |iz.0

10.6 3 |10.4] 7 | 7.6| 4 [11.9]
10.4 3 (20,2 7 | 7.5/ & |iz.a
10.7 3 {10.6] 7 | 7.8/ a4 li1.9
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TABLE A1l.6 CHANGES IN MOISTURE CONTENT DURING CURING,
| STABILISER B | -

{80il Moulding|Cure| MC. bry | MC.| Soak| mMC.
moisture| d | % | d £ a | %
Stabil B | 10.4 ol -1 o 4 |11.2
| 1o.s 0 9 a4 [11.4
w04 | 0 0 4 [11.2
11.3 3 {11.3] 0 4 fi2.2}
10.8 3 l10.8] © 4 lii.e
10.9 3 110.9] 0 4 |11.9
10.6 0 ' 3 | 8.7 4 |12.1
10.6 o) -] 23 |88 & |12.2
10.9 0 3 | 8.8] 4 ‘[12.4
10.7 3 j10.6] 7 | 7.5 & li1.v
10. 8 3 {10.7) 7 | 7.6] 4 |12.2
10.5 3 [10.4] 7 | 7.a] & |11.7]
" 10.8 3 110.6] 7 | 7.8] a4 |12.2
10.3 3d10.20 7 | 7.0 a |11.8
10.1 3,10,00 7 | 7.1] & [11.7]
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TABLE aAl. 7 INDICATOR RESULTS, UNSTABILISED
SAMPLE DESCRIPTION: Sugar dolermte from Standerton Dlstrlct

' saMeLE WUMBER 1N é N 3N
_ _ o s . ]
% DASSING SIEVE _ _
19.0mm ] 100.0
13.2 100.0 10010 93.8

9.50 9s.6 | 9.5 | 99.7
.70  sa.s - 9B.7 9.1
075 Css.7 | 96,7 97.3
2.36 1 76.2 | 76.5 ._ | .78.8
1.18 44.3 | '44.3__ N 8.1
0.600 | 30.0 29.6 | 33.0..
0.425 27.4  26.2 - 29.5
0.300 . 2.6 124.1 26.5
0.150 20,7 - 20.1 21.9
.0.075 | 17.5 6.8 | 18.3
0.025 15.2 14.6 6.1
0.020 13.2 12.3 13.8
o.oaé - 12.é | il.6 | - 13,7
0.004 10.8 0.2 TR

ATTERBERG LIMITS

Liquid limit % 44 44 44

Plasticity Index 18 | 17 | 18 |

Linear shrinkage 10.1 9.1 9.9

SPECIYIC GRAVITY - 2.807 | 2.780 | 2.728
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TABLE AL.8 INDICATOR RESULTS, STABILISER A |
SAMPLE DESCRIPTION: Sugar dolerite from Standerton Digtrict

SAMPLE NUMBER 1a |- 2a | 3a
| % rassws sreve
19.0 om - o - . 100.0
13.2 | 100.0 - 100.0 99.%
9.50 - '___. .7 | ss.8 | 99.0
| hé.vo o  sg.3 99.0 . | . 98.0
":4.75\ - T 7.0 96.4
_'2;35 ) ] | 57.1: B 74,7 . ,fs‘z e
116 o 43.9 an.a | 44.1
0,600 | 29.1 - 27.6 ' 29.5
- 0.425 : ' 25.2 242 | 126.2
. 0.300 23.7 22.2 :23.7
0.150. ' 20.0 18.1 19,6
.0.075 : 167 14.7 16.2 .
0.045 14,8 12.9 14.1
0.020 12.5 11.0 11.9
0.009 10.4 9.3 10.0
0.004 3.4 8.3 8.7
ATTERBERG LIMITS B
Ligquid limit % ' 15 43 43
Plasticity index | 15 ' 17 18
Linear shrinkage 2.7 x7 8.5
SPECTFIC GRAVITY 2.810 2.835 2,649
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TABLE Al.9 INDICATOR RESULTS, STABILISER B

SAMPLE DESCRIPTION: Sugar dolerite from Standerton District

| [ — 1B 28 3B
% PASSING SIRVE
13,0 mm
15.2 100.0 100.0
3.50 59,1 98,9 100.0
' 6.70 98.1 99.0 58.9
4.75 96.1 97.0 96.4
2.36 76,00 75.3 75.8
1.18 44.3 42,7 43,7
0.600 29.9 28.4 29.2
0,425 25.7 25.7 25.4
0.300 24.2 23.1 23.7
0.150 20.1 15.5 19.7
0.075 16.6 16.5 16.2
0.045 4.5 14.8 14.1
0.020 12.4 12.8 12.1
0.009 10.5 10.8 10.2
0.004 $.3 9.6 8.9
ATIERBERG LIMITS
Liguid Limit % 45 45 45
Plagticity index 18 21 13
Linear ghrinkage | 10.7 9.2 | 10.0
SPECIFIC GRAVITY 2.820 2.839 2.925
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mm:rx 2.

APPROKIHATE COSTS OF APPLYING STABILISERS EXTRA OVER
NDRH&L COSTS OF WORKING THE LAYER '

Layer assumed to be 150 um thick

The purchase costs of all stabilisexrs are based on late
.199§ prices on the Witwatersrand. Quantity discounts
“¢an sometlmeq be negotiated. Transportatlon charges for
other areas should be added.

. ] L\ 51 o
?ONDERED STABILISERS
ﬁsSumed appliqation rate of cement and of lime: 3.5% of
2 080 kg/m* (assumed density of layer}) = 70 kg/m’
sPraading cost: _

Mr jne intengive:

RQ.QO (Low) to R5.00 (high) per w' for cement and
R3.00 {low) to R7.00 (high} per w® for lime (13592
tender prices).

Labour intengive: .

One man can spread powder across about 100 m® per hour
ie, about 650 w® in a 6.5 hour day (estimate based on
pergonal experience of lime stabilisation on the
Mamelodi Pilot Project)

Mixing in the powder will progress at about 2 w® per
man day, turned over about f£ive times (estimate derived
from De Veen, Kenya, modified by personal experience ou
the Mamelodi Pilot Project).



650 nt x 0. lS.m = 97.50 -
@ 2 w/man dayg this will need 48.75 (say 49) men.

s _115'.

i

Total manpower »p treat €50 m® is thus 1 + 49 = 50 in
one day T '

Labohir wage rate: low = R20.CQ ptr day

# high = R35.00 per diy i;
(approximate going rate end
“szeaxly‘§9931 K

W . o

| _;bh”costs_a%é- 10% for protective tlothing, insurance, .

xiikk'x

'ﬁIEL Workmena compensatmon, ete (contractrr estzmate)

[

fﬁang leader in charge of 20 men 'costs REU{ZU per _

1abourer per day = R2, 50

Supaersor in charga of 100 men coats R200/100 par

 labourer per day = Rz 00

Heﬁce total cogt per labourer becomes = wage + on costs

" gang leader + sqperVISor
Low: R20.00 + R2,80-% R2.50 + R2,00
High:R35.00 + R3.50 + R2.50 + R2.00

R26.50 per day
R43.00 per day

The cost of 50 men spreading and mixing powder into
97.50 w’ thus becomes: 50 x rate x quantity

Low: 50 x R26.50 x 97.5 R1 325,00

High: 50 x R43.00 x 97.5 R2 150.00

ie. R13.59 to R22.05 per m3

fl

 LIQUID STABILISERS

Application of stabiliger is assumed to be by mixing
inte water and spraying the solution across the layer.
Where two stabilisers are required, it is assumed that
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they can be mixed in the water taﬁk and do not have to
be applled separar“iy ' '

Spreading cost: '
' Machine intensive:

R1.00 (lowJ to R2.00 (high) per »° of soil.

' Labou:_intmnsive:

Need one extra man to measure off concentrate at say 13

doses_pek day (2 doges per hour for 6.5 hours, based on
refilling and spreading 2 drums of 200 litres of water
per houxr: personal experlence on Mamelodi Pilot
project) Each dose is assumed to be sufficient for 5 w
of soil, giving 13 x 5 = &5 w’/day. Wage rate and total
cost per man per day as befors: R26.50 (low) to R43.00
(Ligh), which gives spreading cost of R0.41 to R0.66
per . '

Conservex is an exception —'this is applied to the top
50 mm layer in a separate application and hence should
be costed separately. -

The ARCI Ababond (1ignosulphonate} system is another
exception in which Modlig is applied to the surface
after the Lignos has been mixed into thea top 50 to 70
mm of the wearing course. '
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Srabiliser Application|Purchase cogt Spread cost/cu.m| Total cost/cu.m
- rage Labour|Machine| Labour
S ' based|l based hased
e e s e P s e |
Cement (OPE) |70 kg/cu.m |Ri4,00/50 kg | -R2.00 R13.59{|r21.60 | R33.19
! o . S ko ko to B o
p=R1IZ.60/cu.m R5.00 R22.05{R24 .60 R41.65
T G = e _ ===
Lime{Stablim} |70 kg 'cu.m |R12.00/25 kg || R3.00 R13.59)R35.60 | R47.18
to to to t.o
wR33.60/cu.m || R7.00 R22.05R40,.60 | RES.65
Conaid 200ml /cu.m {RS966/200 1 R1.00 RO.41) R&6.96 RE.37
' To to B o s Lo
=R5.96/cu. R2.00 RO.664 R7.96 R6.62
L == — e =
Roadamine 200ml/ovw.m |Ri4.50/1irre § R1.OOQ RO-.4J.1 R3.90 R3.31
: to to o {o]v]
n . =R2.90/cu.m R2.00 RO.BB} R4,.90 R3.56
S : . . R = ey
1 Roadtbon 200ml/cu.m |{R4240/200 1 R1.00 R0O.41f R5.24 R4,65
: ' - to to ew Lo
L =R4.24/cu.m | R2.00 RO.66) Re.24 R4.90
_ Salnl |
Roadbind no 11800ml/ou.m {R7.6G/1 R1.0D RO.41)R10.00 RS .41
: ' =R6.00/cu.m " to to to to
Koadbind no 2{400ml/cu.m |R7.50/1 ‘RZ.00 RO.66{R11.00 R9.6&
(these are | : =R3.00/cu.m
mixed togethr
in water tank Tetal R9.00
Consolid 444 {400 tn 80Q |R2275/200 1 R1.00 RO.41)] R5.55 R4.96
ml/su.m =R#4 .55 to to to T [
to R9.1G/c.m R2.00 RO,.66(4R11 .10 R9.76&
Consexvex 10 to 20  |R940/200 1 R1.00 RO.41{R15.10 | Ri4.51
1/m3 in 50 [=R16.10 to to to to
wn layer to R32,.90/m3f} RZ.00 " RO.66)|R34.90 R33.56
{=3 to 7 : ; - : e
1/m3 in 180 Total Consclid [R20.65 | R19.47
mm layer) | Sygtem - to to
: R46.00 R43.32
e T =
Lignos 9.8 kg/sq.mjR1470/tonne T:EITEE"“- RO.218 RO.84 RB.25
per 150 mm [= R7.84/cu.m to cQ to to
layer R2.00 RO.66] R9.84 R8.53
Modlig 0.4 ka/sg.m|R1600/tonne | R1.00 RO.41|| R5.27 R4 .68
{per 150 mm 1= R4.27/cu.m to to to to
layer R2.00 RO.66] RE.27 R4.93
Total ARCI - JR14.11 R12.93
Ababond System to to
' RiA.11 | R13.43

1

| -
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~ APPENDIX 3

SPECIFICATIONS
VARIATIONS AND ADDITIONS TO SABS 1200 DM FOR LABOUR

INTENSIVE CONSTRUCTION OF LIGHTLY TRAFFICKED ROADS
USING CHEMICAL STABILISERS  .+.iv... € pages

PARTICULAR SPECIFICATION FOR MINOR ROADWORKS BUILT BY
LABOUR INTENSIVE METHODS © ...4.... 23 pages
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VARIATIONS AND. ADDITIONS TO SABS 1200 DY - EARTBWORKS
(ROADS,

SURGRADE) FOR LABOUR INTENSIVE CONSTRUCTIGN OF LIGHTLY
TRAFFICRED

ROADS USING CHEMICAL STABILISERS.

NOTE: The numbering of the clauses follows the
numbering of SABS 1200 DM.

VA-DM 3 MATERTALS

VA-DM 3.1 -CLASSIFICLTIQN FOR EXCAVATION PURPOSES
Delete this clause entirely and replace with:

Excavatxon will be clagsified for paymant as
follows:

VA-DM 3.,1.1 Soft
Soft material shall be lOOSL goil which can be
efficiently excavated with a flat spade not
exceeding 250 mm in width.

VA-DM 3.1.2 Firm
Firm material shall L.. soil which can be :
efficiently lpnosened with a fork or a forked hoe

VA~ BM 3.1.3 Haxd
Hard material shall be soil which can only be
loosened with many blowg of a sharp pickaxe or
mattock

VA-DY 3.1.4 Soft Rock '
soft rock shall be material which is too hard to
pick leose by hand and requires pneumatic tools to
loosen it sufficilently for subsequent excavation
with hand tools.

VA-DM 3.1.5 Hard Rock
Hard rock shall be rock which cannot be
efficiently loosgened with pneumatic tools and
normally regquires blasting

VA DM 2.1.68 Boulders
Boulders shall be hard rocks over 0.01 cubic metre
and up to 0.20 cubic metre in volume. Larger
boulders shall be clagsified as hard rock.

VA-DM 3.2 CLASSIFICATION FOk PLACING PURPOSES
Va-DM 3.2.3 Belected layer

¢) 1) and 2) Delete from both clauses the words:
"for natural wmaterial and 30 for stabilised matexial
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d) Change the valup of the plasticity index to 25..
Add new cliuse: :
&) at least 20% pass;ng the 0.075 mm sieve.

Add new clause:
VA-DM 3.4 STABILISERS

VA-DM 3.4.1 xaeqcr;bed product
“Where a particular p*oduct is grescrlbed only _
this product shall be used. Should the Contractor
wigh to offer aun altermative, the prnvmslons of
¢! ugse 3.4.2 shall apply. :

VA-DM 3.4.2 Propassd hy Ccmtractor
‘The stabiliser that the Contractor proposes to use
ghall be a liguid lon-exchange type of cherilcal
stabiliser. The suitahility of the stabiliser
shall be proved to “he Engineer by means of
standard soaked CBR tests performed on samples of
all the goils which are to be stabilised. The CBR-
results shall equal or exceed the values laid down
for the layer in which the material is to be used.

VA-DM 4  DPLANT
Add new clause:

VA*DM 4.2 LIMITATIONB ON USE OF PLANT

VA-DHM 4.2.1 Exqavation '

As the project is contractually requlmed to be
labour based, the only excavation equipment
allowed will be (an) air compressor(s) and
appropriate hand held pneumatic tools.

VA-DM 4.2.2 Trangport of eXcavated materials
For hauls up to 200 m wheelbarrows shall he used.
For hauls over 200 m, mechanical eguipment is
permitted with the stipulation that it shall be
hand loaded. Off-loading may be by mechanical
means.

VA-DM 4.2.3 Compaction
No limitations are placed on the Contractor 1n his
choice of compaction eguipment.

VA-DK 5 CONSTRUCTION

VA-DM 5.1  PRECAUTIONS
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vn-nn 5 1.1 Safaty,_existing services, atntmwater, ato
.. and nuisance
vahange the requirements for barvicading to a
barrier or fence of height at least 1 200 mm,
sufficiently strong to contain pedestrians and

prevent them from falling into the excavationg at
- times when v151b11ty 1s iow.

VA-DK 5.2 _ METHODS AND PP.OCEDURES

" In general the words ‘rip’, ’‘ripped’ or
'gearified’ shail be taken to mean "loosened" and
the words ‘blade’, ’‘blading’ or 'bladed’ shall be
~rqken to mean "removed" or "smoothed" as the text
requires.

_ VA-DH 5.2.7 Stabilisation
"Delate'énd_replace'with:.

The layerwork scheduled to be stabilised shall be
placed and roughly shaped. The material shall be

: loosened where ‘needed to the full depth of the
layer.

= The moisture content of the soil shall be measured
and a calculation made of the gquantity of water to
be added to bring the soil to about 2% wet of the
. laboratory OMC. The number of tanks or bowsers
required to apply this quantlty of water shall be
- galculated.

The sursiace area of the section to be stabilised
shall be calculated. The amount of stabiliser
concentrate shall be calculated on the bagis of
applying 20 wl/sg.m for a 100 mm layer or 30
ml/sq.m for a 150 mm layer. The total volume of
stabiliger shall then bhe divded over the number of
tanks of water or water bowsers needed. The
dilution of the stabiliser shall be calculated and
recorded. The stabiliser shall be applied at,
dilutions in the range of 1:200 to 1:1000.

No stabilisers shall be applied when rain is
falling or is imminent.

The water containing the stabiliser shall be
applied unlformly actogs the full width and length
of the section. The soil shall be wmixed by turning
over once with spades or shovels and shall then be
left to soak up the water and chemicals for at
least 2 hours, although overnight scaking is
preferred,
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At the end of the scaking perieod, the goil shall
--bBe thoroughly mixed by turning over at least uwice
with spader or shoveis. The layer shall then be
carefully shaped to the specified shape and level.
- After shaping, the layer shall be lightly rolled
with one pass of a roller and reshaped. All- bumps
and hollows ehall be taken out and large stones

. ramoved or broken down. Once smooth, the layer
shall be fully compacted. The roller chosen shall
be matched to the soil type and density
requlrement R

After ccmpactlon the layer shull be kept damp for
at least three days either by frequent watering or
by placing damp soil for the next layer over it.

- Ccnstructidn équlpment ghould he encouraged to
- drive over the- stabillsed 1ayer during the curlng
period.

: VA DH 6 TOBERANCES

VA-DM 6.2 DIMENSIONS, LEVELS, ETC.

. YA-DM 6.2.1 General
To this clavse add:

Degree of Accuracy II1 shall apply

Add the values of permissible deviations for
Degree of Accuracy III as follows:

VA-DM 6.2.2 Cut

¢} Width of cut '
1) in cuttings other than rock cuttlngs -0 4100

2) 'in rock cuttings : -0  +500
VA-DM 6.3 SELECTED ILAYER

a) Formation level +0 -&0

b} Thickness - _ -20 +10
VA-DM 6.4 GRAVEL SURFACE LAYER

a) Finished surface level +40 -40

b) Thickness ~10 +25

VA-DM 7 TESTING

VA-DM 7.3 ROUTINE INSFPECTION AND TESTING

Add new clauge:
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va Dt 7 3.3 ¥ield density. cqntrol :
4 Demsity control shall be either by the sand
K o N replacement method or by an approved nuclear
e Y density tmeter. To cbtain approval of the nuclear
S " density meter, the Contractor will be required to
provide a certificate from the supplier of the
machine stating that the machine is in good
- working order. The machine must be properly and
regularly calibrated and the results correlated
gitn sand replacement tests on a fortnightly
agis.

. ‘Sand replacement density test holes must be

" backfilled with material treated with the
stabiliser (in stabilised layers) and properly
compacied with hand rammers.

vA-DH B MEP SUREMENT AND PAYMENT
VA-DE 8.3 scsnnm.m: ITEMS .

VA-DE 8.3.5 Selected layer compacted to 93% of
mad AASHTO maximun density _

Delete and replace w1th
a) HBxcavate in road prism in soft material and
trin to reguired profile...... Unit: cubic metre.
- b} Excavate in borrow in soft material.
ceeers Unit: cublic metre.
ey Ixcavate in gtockpile.,.....Umit: cubic metre.

The rate shall cover the cost of complying with
the precaucions requlred in clause 5.1, selectlon,
loading, transporting within the freehaul
distanve, offloading, spreading, watering,
shaping, compacting and complying with tolerances.

VA-DM 8.3.6 Extra-over items 8.3.4 and 8.3.5 for
excavating and breaking down material in:
Delete items a) to d) and replace with:

a) Firm Unit: cubic metre
b} Hard Unit: cubic metre
¢} Boft rock - Unit: cubic metre
4} Hard rock . Unit: cubic metre
e) Boulders Unit: cubic metre

VA-DN 8.3.7 Cut to spoil or stockpile £rom:
- Delete items a) to e} and replace with:

a} Soft _ Unit: cubic metrs
b} Firm Unit: cubic metre
- ) Hard Unit: cubic metre
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d) Goft rock ;_"--'“'Uﬁit:‘cﬁbic metre
@) Hard rock -  TUnit: cubic metre

_ fﬁaBoulders _ Unic{ cubic metre
Add: ..

Cut to gpoil and cut to stockplle will be
scha@uled separately

VA-IM B 3.8 Remaval of ove:size material
Delete thls clause,

VA-DY &.3.9 Overbreak of axcavatzon ins
Delete items a) to d) and replace with:

S a) Soft roex ~ Unit: square metre
b) hard rock © Unif: sguare metre

e} Boulders o - Unit: sguare metre

' VA-DM 8.3.12 Overhaul
Delete and replace with:

The rates shall covet tle cost of transporriﬁg
materials beyond the freehaul distance as fnllows-
. &) Over 100 m up te 200 m Unit: cukic metre

b) Over 200 m Unit: cubic metre km.

VA~-DM 5.3.13 Burface finishes R

a) Topsoiling Unit: square metre
Delete and replace with: ' e
The rate shall cover the costs of exeavating from_
stockpiles formed in terms of 8.3.2a) amd loading,

hauling within the freehaul distance, offlpading,
spreading, lightly compacting and trimming to the
specified levels. The, final thickness sh 1 be at
least 75 mm. .
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f

1. SCOPE

This specification covers the requirements'for L
labour intensive comstruction of low traffic
volume roads, using chemical stabilisers.

2.  INTERPRETATIONS

2.1 APPLICATION -
Thig specification contains clauses generally
applicable to minor roadworks comstructed by
labour intensive means, under the overall .
supervision of aiProject Managsr assisted by a

full-time site Sﬁpervisor. For more extensive
work, SABS 1200 D, M and DM shall be used.

2.2 DEFINITIONS

2.2.1  Backfill | | _
' Soil or gravel placed and compacted in an
excavation. - '
. 2.2.2 - Borrow

Soil or gravel obtained from various sources
such as borrow pits. '

2.2.3  Bush
Woody vegetation with a girth not exceeding
250 mm, |

2.2.4 Fill/ f£illing

80il or gravel placed and compacted to raise
the level of the road foundation.
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v 2.5 Girth . .

) - The. c1rcumference ‘of the trunk of a tree,a
measured one metre above: ground 1eve1

' 2.2.8 . Grubbing .
P ';The digging qut of rodts._
2.2.7 b@érbreak _
' ?Excavatlon in excess of the theeretical or
_d:!,rected proflle. ' R . ‘ 5'
2:2.8 . Soﬂ: soill
' " Soile which can easmlf be shovelied

K o el
-‘ REE

2.2.5 ot vegetation S
'~ Non:woody vegetation like grass and weeds.

SR Unsultable or excess soil removed to waste.

2.2.11 Stony sodll .
Soils where the presence of etones or rocks
makes shovelling difficult.

2.3 ABBREVIATIONS

For this specification the following abbreviations -
apply and shall have the meanings given below:

Mod hASHWQ density: The maximum dry density
obtained bj performlng test method A7 in TMH
1: Standard methods of testing road -

- gonstruction matexials. . '

CMC: Optimum moisture content, as determined
by performing test wethod A7, TMH 1.
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PD: Permissible deviation
3. = MATERTALS
3.1 chass:sxcam:bn'or EXCAVATIONS

Excavatlon will be classified for payment as
follows -
3.1.1 Loose :
Loose material shall be soil which can be
efflc*ently excavated with a tlat gpade not
exceedlng 250 won din width.

3.1.2 Firm | | .
Firm material shall be soil which can be
afficiently loosened with a fork or a forkea
hoe.

3.1.3 Hard
Hard materlal shall be soil which can only he
loogened with many blows of a gharp pickaxe
or mattock. '

3.1.4 Soft Rack :
Sdft-rock shall be material which is too harxd
to pick loose by hand and requires pneumatic
touls to loosen it sufficiently for
subgequent excavation with hand tools.

3.1.5 Hard Rock |
Hard rock shall be rock which cannot be
efficiently loosened with pneumatic tools and
normally reguires blasting.

3.1.6 Boulders _ . _
.~ Boulders shall be hard rocks ovaer 0.01 cubic
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metre and up to 0.20 cubic wetre in volume.
Larger boulders shall be classified as haxd

. rock.

Hethods _

The Contractor may use any method he chooses
to excavate any class of material, but his
chosen method of excavation shall not
determ.ne the classification of the

~ excavation. The Project Manager will decide

on the classification of the materials based;'
on inspection and trials, if so oxdered, with
hand and pneumatic tools.

Should the material classificétion apparently

‘¢hange during the course of extavation, the

Contractor shall immediately notify the
Supervigor and'réquest re-clagsification.
Material already excavated will not be
re-classified. '

3.2 CLASSIFICATION FOR BLACING PURPOSES

2.2.1

3.2.2

Fill

Material for F£ill shall generally be

unselected material obtained directly from
excavations, provided it contains no roots,
vegetation, rubbish ur stones over 150 mm in
gize and can be placed without significant
voids.

Select layer

Material in the selected layer shall contain
no roots, vegetation, rubbish or stones
larger than 100 mm, shall have a CBR of at
least 15 at 93% Mod.AASHTQ density or if
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gsand, at 100% Mod.RASHTO dens;ty and a.

-maximum plasticity index of 15 for
" ungtabilised material.

If the selected layer is to be stabilised

- with chemical stabilisers, the maximum

plasticity index shall be 25 and at least 20%
of the material ghall pass the 0.075 mm

Wearing course

Material used for a wearing course shall be
gravel with a maximum stone size of 50 mm, a
plasticity index of not lese’ than 6 or more
than 18 and a CBR of at least 45 at 95%

Mod .AASHTO density.

If the wearing course is to be stabilised
with chemical stabilisers, the maximum .
plagticity index shall be 25 and at least 20%
of the material shall pass the 0.075 wmm
sieve. ' -

STABILISERS

Preacribed product:

Where a particular product is prescribed,
only this product shall be used. Should the
Contractor wigh to offer an alternative, the
provisions of c¢lause 3.3.2 shall apply.

FProposed by Contractor

The stabiliger that the Contractor proposes
to use shall be a water soluble ion exchange
type of chemical stabiliser., The suitability
of the wtabiliser shall be proved to the
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Project Manager by méans of standard soaked
CBR tests performed on samples of all the
goils which are to be stabilised. The CBR
results shall equal or exceed the values laid
down for the layer in which the material is
to be usad. ;

CONTRACTOR’ 3 EQUIFMENT

TOOLS AND EQUIPMENT

The Contractor shall provide sufficient tools and
equipment of adequate quality amnd capacity to
fulfil his obligations in terms of the Contract.
All tools and equipment shall ba kept in good

working order.

LIMITATIONS ON USE OF PLANT

Excavatio:r . :
A8 the.préject.is contractually required to
be labour based, the only excavation
equipment allowed will be (an) air
‘compressor(s) and appropriate hand held
- pneumatic tools,

‘Transport of excavated materials

For hauls of up to 200 m wheelbarrows shall
be used. For hauls over 200 m, mechanical |
equipment is permitted with che stipulation
that it shall be hand loaded. Off- ~loading wmay
be by mechanlcal means .

 Compaction
. No limitations are placed on the Contractor

in his choice of compaction eqnipment.
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CONSTRUCTION

5.1 PRECAUTIONS

5.1.1

5.1.2

5.1.3

Safety |
Fhe Contractor shall comply fully with the
' requirements of the Occupational Safety and

Health Acpi(gpt 65 of 1993) at all times.

_Excavatlons accessik @ to the public and

excavations lgft apen overnight shall be

‘barricade¢ © = nd mf a barrier or fence of
height at. - - © va, sufficiently strong
to contain’ . . @ﬁﬁ to prevent them

£xom falllng“aruh . “mavationg at times
when vigibili.r. mg *aw s

Should the depth of the_éﬁéayation or the
nature of the material he“sudh that. collapse
of the ground can be expected, the Contractor
shall notify the Supervisor and

i) erect suitable timbering to protect the
sides, or

il) shall reduce the slope of the gides of
the excavation to a safe angle. S

- Exigting structures and services

The Contractor shall take adequate
precautions to ensure the safety of all known
structures and services. He will be liable
for the costs of repair if negligent.

Water _
The earthworks shall he protected from damage

due to either erosion or Flooding by water.
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Excavations shall be kept reascnably dry at
all times. The Contractor shall repair, at
his own expense, any damage to the Works that
may arise ag a result of the inadequacy of
the protection provided by him.

5.1.4 Bollution
- The Contractor shall take all reasonable
measures to minimise dugt, wud on nearby

roads, pollution of streams and inconvenience

to the public becausge of the construction of

the Works. ' '

5.2 CLEARING OF SITE

The site shall be cleared of vegetation, rocks and
rubbish, Trees are only to be cut down on the
expresg instructiona of the'Supefvisar; Bugh shall
be cleared. Bush stumps, tree stumps and roots are
to be removed to a depth of half a metre below .
ground level, The resulting holes shall be

' backfilled with soil, ' -

Bush shall be classified as follows:

Light: up to 2 bughes per 100 m.
Medium: over 2 and up to 10 bushes per 100 nﬁ
Deuse: over 10 bushes per 100 w?.

If specified, topsoil shall be stripped and
stockpiled after the vegetation tover has been
removed.,

When required by the Supervisor, the soft -
vegetation is to be slashed to leave a stubble nat
more than 100 mm high, The vegetation and soil
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shall then be dug to 200 mm depth and stockpiled
for later use. :

SETTING OUT

The Contractor shall perform the detailed setting
out of the Works from the basic pegs and reference.
points supplied-by the Project Manager. The

Project Manager’s pegs shall be pratected from
'_damage durlng construction. '

5.4

¥

EXCAVATION

. 5.4.1 General

5.4.2

*'Cuttlngs shall be excavated to the dlmen51ons
and levels laid down in the drawings.
Materlals arlslng from cuttlngs shall be
sorted and used or stockpiled for later use
in the most suitable way.

. Cat to sgpodl

'Unsuitable material excaVated from cutt 1&95

- shall be dumped at locations chosen by the
Supervisor., Spoil dumps shall be neatly
‘trimmed and shaped. |

Blasting

No blasting will be permitted on the site.
Non explosive methods shall be used. Hard
rock and large boulders shall be drilled at.
suitable sgpacing using hand held pneumatic
touls and shall be split by means of suitable
eguipment or material. The Contractor is at
liberty to split rock hy means of fire to
heat the rocks followed by rapmd quenching
with water. |
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Borrow pits

Designated borrow pits shall be cleared of
vegetation. Trees shall be left standing.

‘Topsgoil and overburden sha11 be separately.

stockpiled. Selective excavation shall be
used to ensure that the reguired materials
are not contaminated with undesired
materials, Access tracks leading from the
vorrow pit to the roadworks shall be

" constructed and maintained by the Contractor.

‘On completion, the sides of the borrow pit

shall be flattened to slopes not steeper than

1:2. Overburden shail'be*spréad across the

borrow pit sides and bottom and then covered
with topsoil. Access tracks shall be dug up.

-'Borer'pits shall'be'left in a'safé'condition

g0 as not to be a danger to people or
animals.

5.5 FILL

5.5.1

General -

All soils placed into the roadworks shall
comply with the materials specification for
the'layer into which the soil is placed.

' Soils and gravels shall be placed in layers

not more than 150 mm_thickness when
compacted. The amcunt of loose material shall
be adjusted to give the correct final

compacted layer thickness (see drawing) . Each

layer shall be shaped to the correct profile.
The moisturs content shall be adjusted to
within 2% of OMC.
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Compaction

5.5.2 .
~ The compaction requlrements for the roadworks
‘are as follows :
‘TABLE 1: SPECIFIED DEWSITIES
Layer  {Required density ag %Mod.AASHTO density
| |8cils and gravéls___ . Sand
Fill | %0 % 100 %
Selected layer - 93 % ; iDﬁ_% -
Wearing course | 95 & -;f_ | Not suitable

' Bafore compaction, the fuli ﬁidth'and depth of the .

layer shall be loosened and mixed to ensure

_unxformity of material and molsture.

The layer shall be carefullydshaped and. raked to
the correct pamber or slope and llghtly rolled
once. The 1ayer shall then be reshaped taking out
all bumps and hollows. When smooth, the layer

“shall be fully compacted. The roller chosen shall

be matched to the svil type and density

‘requiremert.

STABILISATION

The layerwork scheduled to be stabilised ghall be
placed and roughly'shapéd. The material shall be
loosened where needed to the full depth of the
layer. - |

 The moisture content of the soil shall be measured

and a calculation made of the quantity of water to
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be added to brlng tha soil to about 2% wet of the
laboratory oMC. The numher of tanks or bowsers
reguired to apply this quantlty of water shall be
calculated

The surface ar_a of the sectlon to be stabiliged
shall be calculated The amount of stabiliszer
concentrats shall be calculated on the basis of
applying 20 ml/sq.m for a 100 mm layer or 30
ml/sg.m for a 150 mm layer. The total volume of .
stabiliser shall then be divided over the number
of tanks of water or water bowsers needed. The
dilution of the stabiliser shall be calculated and
‘recorded. The stablllser shall be’ applled at
‘dilutions in the range of 1:200 to 1:1000.

_ : : &
No stablllsers shall be appliéd when raln 13
falling or is imminent.

The water containing the stabiliser shall be R
applied uniformly acroBg the 'full width and length
- of the ‘gection. The soil shall be mixed by turning
_ over once with spades or ghovels and shall then be
left to soak up the water and chemicals for at
least 2 hbura, although overnight soaking is
preferred.

At the end of the soaking period, the goil shall
be thoroughly mixed by turning over at least twice
with spades cr shovels. The layer shall then be
carefully shaped to the specified shape and level,
The layer shall then be fully compacted. '

After compaction the layer shall be kept damp for
at least three days either by frequent watexing oxr
by placing damp soil for the next layer over it.
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Construction equipment should be encouraged to
drive over the stabilised layer durlng the curlng
perlod ' '

5.7 FINISHING

5.7.1 Final trimming
On completion of the earthworks, the side

slopes and road reserve shall be trimmed and

shaped to the required slopes and levels and
compacted, where required by ths Superviaor; |
Tops and toes of sglopes shall be neatly _
rounded to mlnimlae nr091on. h '

5.7.2 _Tapsoiling and grassing : _
Where specified, topsoil from the stockpiles -
‘shall be brought in and spread to 100
looge tthKHEEn Where gcheduled, fertlflaers
and/or compost shall be spread and mlxe\\ﬁﬁﬂo
- the topsoil. Grass or other vegetation, és
‘scheduled, shall be planted and malntalned
untll astabllshed.

6. TOLERANCES
6.1 DERMISSIBLE DEVIATIONS

The work described in this specification shall be
finished to Degree of Accuracy III.
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Permissible Deviation
for
|Degree of Accurxacy 1II]
Position of toe of cutting,
measured from road centre: - . R
a) in rock L..o.i.eeieaanaen S + 500 -0
b} other ..........c.i.aaivan -+ 300 - 0
Position of shoulder break S
point, measured frcm road + 200 =0
centre ........qn : o ;
' Thickness of layer: _ _ _
a) SElECtEd J'ogco{ot-cr-ucna-n . a -+ 50 ..25
b) wearing course ....... ..., + 50 - 0
Final road level from level | |
specified on*drawings Cnhe ey + 40 -~ 40 .
§.2 SHOOTENESS | - “
Dev;atlon batween the wearing course and a two metre
_ 1ong straightadge shall not exceed: '
a) when laid parallel to the road centre line, 15 mm
b} when laid at r:r.ght angles to the road centre
line, 20 mm. ' ‘
7. TESTING
7.1 TRIAL HOLES
The Project Mamager may require the Contractor to
exvavate holes to determine depths of borrow
materials or other purposes. The Contractor shall
provide labour and tools for the excavation and
backfilling of the trial holes. Such operationg will
be paid in acvecordance with the Bills of Quantities,
7.2 PRODUCTION CONTROL

The Supervisor will carry out measurements and tests
to ensure compliance of the materials and
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workmanship with the spacificapions. The Contractor
shall make available such labour as may be required .

' by the Supervisor to carry out the production '
contrel of the roadwarks. Such assistance will be

- paié for in accordance with the Bill of Quantitles
Where checks reveal_that the-requirameuts-of the
specification are uot met, the Contractor shall |
rectify the work so that it does_comply.-The costs
of vectification ghall be carried by the Contractor.

8  MEASURGMENT AND PAYMENT o
8.1 MEASUREMENT = ’

'8.1.1  Except where earthworks are carried out tbo
ginple geometric shapes, the volumes of the -
materials shall be computad from crosg-gections
at suitable intervals by the method of avarage
end areas.

8.1.2'-.':_-:':_3_ Where the Project Manayger considers t_his method
of measurement to be impractical, the volume.
will be computed from the predetermined '
capacity of the wheelbarrows or trucks, each
being loaded to capacity. The volume of
material shall be taken as 70% of the capacity
in the case of soils and gravels and 50% in the
cagse of boulders and-all materials avising from
bush and tree clearing.

8.2 PAY ITEMS
CLEAR SITE o - :

8.2.1 Clear soft vegetation and stockpile wichin 4 m,
. Il.ttﬂni.vl..’bI.GUnltmz



8.2.2

8.2.3

8.2.4
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The rate shall Qﬁ@ér the costa of removing all
soft vegetatioy by hoe or spade and stockpiling
the vegetatioﬁ'within-4-m, for subseguent
removal. The area cleared shall be measured.

8lash soft vegetation and remove topsoil and
vegetatlon to 200 i dapth to stockplle w1th1n
4 m. B .

e srevaieaeasess o Unitim®
The rate shall cover the cost of cutting down
all soft vegetation and digging up the
vegetation together with so¢il in the categories
loose and firm, to a depth of 200 mm and
stoekpiling within 4 m for subsequent removal
The area cleared 8hall be measured.

Clear and grub bush

a}) light ..;...;unir~uﬁ
b) medium ' v e JUnitom?
¢) dense cevnesJdmited?

The rate shall cover the costs of cutting down
bugh of girth up to 250 mm and grubbing up the
roots to 0.5 m depth, cutting the debris to
transportable lengths and stockpiling for
subgequent removal. The area cieared shall be
meagsured. |

Clrar and grub trees of girth:

a}l over 250 mm up te 450 mm PP 1 A i number
b) over 450 mm up to 750 mm v e. Unit: number
¢) over 750 mm up to 1.20 m  .....Unit: number
d) over 1.20 m up to 1.80 m .....Unit: number

The rate shall cover the costs of cutting down
trees and grubbing up the roots to 0.5 m depth,
cutting the debris to transportable lengths and
stockpiling for subsequent removal. The number
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of trunks at the level of girth measurement
{osne m above ground) shall be measured.

Clear loose surfzce rock® . .........,.Unit:w’

The rate shall cover the costs of gathering all
loose surface rocks over 100 mm average
diaméter into stockpiles within 4 m for
subgequent. removal. The unit of measuremens
shall be 50% of the volume of the stockpile
(see clause 8.1.2). '

EXCAVATION

8.2.6

8.2'7

b) £irm material = oo Undt: w

*

 BExcavate and throw macterial up to 4 m in;

a) loose material | Lol Unit: o

¢) hard material c ev...Unit: o
d) soft rock .o -Unit: w

3

e) hard rock : S aecoUnder
£) boulders . eevs Umit: w?
The rates shall cover the costs of excavation
in all materials, including the operation of
tools and all eguipment required. The cost of
rough trimming shall be included, The volume

measured ghall be in cut ie. before loosening.

Trim to final level or slope in:

a) loose material v Units w?
b) firm material © eveWDndt: o
¢) hard material | .eos.Unit: w?
d) soft rock ' vve..Unit:

The races shall cover the costs of trimming in
all materials scheduled to final shape, level
and slope and spreading or stockpiling the
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materials arising. The area measured shall be
the actual slope area trimmed. '

TRANSPORTATION

8.2.8-.

8.2.9

8.2,10

Load onto trailer or truck: _

a) Vegetation, bugh, trees a.d roots .. Unit: o
b)'Topsoil and vegetation mixed vesUnit: o
¢) Surface rocks ' | e Unit: m
The rates shall cover the costs of ioading all
materials arising from site clearing separately
emto trailers or flat-bed trucks, The unit of |

measurement shall be 50% of the capacity of the
trailer or truck for a) and &) and 70% for b),

" as provided for in clause 8,1.2, The vehicles

shall be loaded to full capacity.

Move loose materials up to 4 m:

a) soft soils ..., Unit: m®
b) stony solls ... Unit: o
The rate shall cover the costs cf moving

 previously excavated soils imto position or
stockpile up to 4 m away. The soils shall be

divided into soft soils which can easily be
shovelled and stony soils where the presence of
stones or roctks makes shovelling alfficult. The

- meagurement shall be the loose volume of soil

Load trailers and trucks with:

a) soft soils L, Unit: o’
b} stony soils  .a..JUndit: o
¢} bouldersz o ce...Unity o

The rate shall cover the costes of loading all

materials separately onto trailers or Elat-bed
trucks. The unit of measurement shall be 70% of
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the capacity of the trailer or truck for a) amd °
b) and 50% for ¢}, provided that the vehicles
are loaded to full capacity.

Trangport materials by: _

a) trailer drawn by tractor ....Unit: m.km
b) flat-bed truck ~ v....Unit: wkm
The rate shall cover the costs of operating the
tractors, trailers and/or trucks required to
Lransport materials on the site. The unit shall
be the factored volume of the material carried
on the vehicle multiplied Ly the length of the
shortest practical route the material is to be

"hauled.

Unload trailers and trucks by hand ..,.Unit:m®
The rate shall cover the costs of unloading all
materials from the trailers or trucks by hand
labour. The measurement shall be as items 8.2.8
or 8.2.10,

Load wheelbarrows, transport and tip all
materials: '

a) over 4 mup to 50 m ov el Unit:
b} over 50 mup te 100 m ve.. W Unit: w
¢) over 100 m up to 150 m «v. . Unit: o
d) over 150 mup to 200m  ..... Unit: m

The rate shall cover the costs of loading all
vaterials into wheelbarrows, transporting up to
the distances scheduled and tipping the loads.
The measurement shall be the struck volume of
the wheelbarrow factored as required in clause
8.1.2. The wheelbarrows shall be loaded to
capacity. |
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' CONSTRUCTION

8.2.14

8-2 315

8.2.16

8.2.17

8.2.18

Spread and lavel: .
a) soft soils : <ve..Unit: w

' b) stony soilsg ceenJUnit: P

The rate shall cover the costs of spreading and

levelling previously thrown or tipped soils to

the required levels and slopes. The volume
measured shall be the final compacted volume of
the layer.

Loosen in situ materials e Unde: o
The rate shall cover the costs of loosening the
in gitu soils in firm and habd materials to a
depth of 150 mm, measured in situ. :

Supply'and apply'water ...I.Uhit:'kilolitre
The rate shall cover the cost of acquiring and
transporting water for compaction to the site
and applying it to each layer in the correct

quaitities.

Sut. Ay stabiliser ....Unit: litre or kilogramme
The rate shall cover the cost of supplying to
the site the approved water soluble stabiliser;

wmeasuring off the correct dosage and mixing the

gtabiliser in the water needed Ffor compaction.
The unit measured shall be the actual amount
used in stabilisation.

Mix soil
a) soft =oil : ' el Tmit:
h) stony soil _ veenJUnit: w

The rate shall cover the cost of mixing into
the soil the water (and stabiliser if required)
by *urning over the soil at least three times
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(once after stabiliser application and twice
after soaking) and rakingfﬁo the c¢orrect shape
and level. The volume measured shall be the
final compacted volume of the layer.
. . . . . . *%::QB\\
8.2.18 Trim and level during compaction ...,.Unitﬁkmig
o The rate shall cover the cost of trimming a%ﬁj
1evelling in all materials during compactiof,
to achieve the required shape and siope;
irrespective of how many times the surface has

to be reshaped.

The area measured ghall be tha surface area of_
the layer trlmmed ’

8.2.20 Compact to specified percentage of Mod .ARSHTO

density: _ _ : :
a) 920% _ oL WUnit: w?
b) 93% ... Unit: W@
c) 95% - © .....Unit: w?
d)} 100% (for sand) _ v a...Unit: wd

The rate shall cover the cost of compacting the
layér to the gpecified density by what ever
roller or combination of rollers is necessary.
The rate shall include the operating costs of
the rollers. The volume measured shall be the
final compacted voluwme of the layer.

8.2.21  Maintain access tracks el Unit: wf/day

The rate shall cover the costs of maintaining

the access tracks on site for every day the
track is in use. The surface area of the track
shall be measured and the rate shall be paid
for every day the track is actually used.
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8.2.22 Grasging = .. - - ,Q...Unlt uﬁ
The rate shall cover the cust of supplying
suitable grass.sprlgs, pian:zng,.weedlng and
cutting the grass until properly established,
Watering will be paid for under item 8.2.15.

MISCELLANEOUS

18.2.23 Erect and maintain barricades ce..Undit: m

v The rate shall cover the costs of- supplying,
“erecting and maintaining suitable barricadess in

~ the positious ordered and their subsequent
removal when no longer required, The length of
the barrlcade shall be measured.
- 8.2.24  Provide labour to Supervisor ....Unit: man-day
' The rate shall cover the cost of providing the
Supervisor with labour when requested for
setting out, checking, testing, measuring, ete,
8.2.25  Provide tools and equipment:

a) hand tools «v..Unit: sum
b) pneumatic tools | ool Unit: sum
¢) compressor (..m* at ..bax) .....Unit: sum
d) rock-gplitting eguipment .ve...Unit: sum
e) roller (size .....) : vea Undit: sum
£} flat-bed truck (size .....) .....Unit: sum
- g) trailer (size ......) _ .....Unit: sum
h) tractor | .....Unit: sum
L S .....Unit: sum

The rates shall cover the costs of supplying
all needed hand tools, equipment and'plaﬁt and
the costs of removal when the project is
complete. HalE of the payment for esach item
will be made at the end of the month during
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which the item was first brought to site and
half when the 1tem is taken awvay .

'8.2.26 Maintain tools and equipment. . _
a) hand tools - C.....Unit: sum/month

b)'pneumatic tools _ .e...Unit: sum/month
cf compresgsor {..m* at ..bar),...Unit: sum/month
d) rock-splitting equipment ....Unit: sum/month
‘e) roller (size .....) v....Unit:; sum/month
£) flat-bed truck (size ....)}...Unit: sum/month
g) trailer (size ...,..) ....Unit: sum/month
h) tractor ' »...Unit: sum/month
25 . ol Units sum/month '

The rates shall cover the cogts of maintaining
all needed tools, equipnent and plant per menth
the equipment is on 51te. :

2.2.27 Provide, maintain and remove tool sheds
vesess.aUnit: sum
T~ rate shall cover the costs of providing,
mélnta1n1ng and removal when no longer _
required, as many tool sheds as are needed on
the site to store all tools, equipment, oil and
materials,

ACENOWLEDGEMENT

ACKNOWLEDGEMENT IS MADE TO THE SOUTH AFRICAN BUREAU OF
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APPENDIX 4

PROCEDURE FOR ROADAMINE APPLICATION

LABORATORY TESTING

X-ray diffraction
Indicators: MODS, P.., L.S., Swell., OMC,
Dilution rat_es. upper 1 - 500 lower 1 - 150

PREPARATION OF SURFACE

a) Remove vegetation and root systemns

b} Remove top soil if necessary

¢} Cut drains, shape the road to lihes and levels as requwed
d} Check insitu moisture

CHEMICAL PREPARATION

"a) From O.M.C. and insttu moisture work out quantity of water reqmred then add 1 - 3% depending

on weather conditions,
b} From sguare meters {o be prepara.d for the day work out chemicai required at x 0. Oar/rn= oras .

recommended.

¢} Divide the capacity of the watercart into the required amount of water giving. the number of loads
and in tum the amount of Roadamine per ioad.

d} Mixing is done by either circulation or by the watercart travelling to sites.

&) Add the Roadamine to the full water cart.

PROCESSING

Spray the solution to the surface layer which is either the existing road or cut or fill.

Scarify to a depth of 150mm and apply solution continuously whilst progessing to break down large
canglomerates of material. If applicable the insitu materlal should be stabilised before imported
material 1s placed and stabilised. All stone and other solid materia’ izrger than normal size of 100mm
shall be removed from the surface layer,

TAKE CARE TO:
a) Only apply the solutions to within the limits of the surface to be treated.
b) Avoid subsequent applications of solution over iapping.
¢} Mix the solution thoreughly into the surface layer with a dlsc. plough, grader or rotovator

After all the Roadamine solution has besn applied, the material should be ¢lose to O, M‘C,. The matenal
shall be mixed untll homogenous and the watering shal! continue until the approved moisture has been

cbtained.
COMPACTION

Compaction may commence at O.M.C, or slightly above using conventional compastion equipment.

Water shall be added from time to time to supplement any losses due to evaporation if necessary.

Compaction shall be carried out until the specified density is obtained i.e, min 98%

After compaction the road or area may be opened for agcess. Any deformation should ba corrected
by grading before the material dries out.

W‘IQ
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CURING

- Curing Is dcme over a3 to 5 day period by adding pure water;

- PROCESSING DURIN@ RAINY WEATHE

If the material becomes axcessrvefy wet because of rain after Roadamine has been app&ed cease
operations and allow the material to dry out or dry by mixing. The compaction may recommence once

‘the material has dried sufficisntly, This is possible because thérs is no time period.

- AREAS INAGCESSIBLE BY WATER CART

~ Areas which cannot be wetted by water cart can be sprayed by hand using & hose, The Roadamine

shall be mixed fo the same ratio applicabie to spraying by water cart,

SURFACING ST

Surfacing should not take place until a minimum density of 98% has been resiched or the moisturs has

" reduced by at least 35 - 40%. A crocodile cracking pattern will appear, the_n surfacing can take place.

PROCEDURE

Wet the surface slightly and brgom the surface dust off the road.
Spray 1 - 1.2 litras/m2 of MC3000 for a sand seal. We have found no re;ectlon of cationic or aruomc
bitumens with Roadamme

oo {Pty) Lo
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APPENDIX 5
' SLURRY SEAL

. A slurry seal is a dense, bitumen rich, asphalt iayer
‘uged both in new construction and in maintenance as a
 finishing layer to a road. The surface texture is
dependent on the aggregate size, but is generally
fairlY'smpoth and is pleasant to walk upomn.

Slurry is applled in a llquld forw, comprlslng crusher
dust {(usually ~6 mm, but coarser 1f desired), stable
grade bitumen emulsion, cement or lime filler {<2%) and
- water. The slurry must be prqpérly'mixed and ig then
spread across the road surface with hand squéegees,_ha
£ill the voids and hollows in the surface. The drying
time is dependent on the air temperature and on the
type of emulsion used. No traffic of any description
should be permitted on the slurry while it is wet as
indelible tracks will be left. The glurry surface is
best rolled with a pneumatic roller immediately after
it is'dry, but this can often be left to the traffic.

The residual bitumen content of the slurry should be
 between 8% and 12% by mass of aggregate, depending_upon
the density of traffic expected. Thick slurries can be
made from coarse crusher dust (-10 mm), if a vhicker
surface is reguired, but these must be rolled after
drying. Sometimes a double slurr, ayer is desirable,
as in the case of a cape seal with a 19 mm stone seal.
Here the first slurry layer should be more liguid than
the second, teo f£ill all the wvoids in the stone layer.
(Draft TRH 3, 19886).
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TECHNIKON COURSE FOR ROAD BUTLDERS - 1993

- This course was espacially comp::.led for the Mamelod:. |
Road Builders by the Pretoria Technikon and is on a par
with other short courses offered by the Technikon.

The syllabus and_,_;'c:o_ntents ligt are given here, togeth'er
with brief comments on the cotrse content. |
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SH OR'I' COURS‘E ROAD BUILDIN G FOREMN

-' MAY/JUNE 1993
DATE mm | LECTURER ! s’ggm' :
MONDAY 17MAY | 09:30 W;‘:;:‘ﬁg‘;’fy‘“n‘g‘jm Solle
'IUEsp'AY.imNE 09:30 wm‘;wn‘g“;a " : | .Soi!s r
wmAYzm_ 09:30 @M‘m‘;ﬂ;ﬁ - aveﬂafs. ;?
THURSDAY 3 JUNE 930 %mﬁf;:;fm Overlgys
. _ A
MoNDAﬁnmE | 09:30 Wz,“mh{‘;“gﬁ{fyﬁg“; 4 Concrets
MO'NbAY 14 TUTNE 09:30 wTy m'; %ﬁg r& Construction
TUESDAY .5 JUNE o;:zo | w'*;m’;‘:{;‘;:ﬁm Construction
| IHUEg;)AY 17 JUNE 09:30 T Pera: Survey
FRIDAY 18 JUNE 09:30 T“;:‘;’i“g;;::’;ﬁrﬁ“ Smvey”
MONDAY 21 JUNE 09130 @‘:ﬁﬁ‘;ﬁmﬂ Ménage@cm
TUESDAY 22 JUNE 09:30 V;; mﬁ‘;ﬁg’;“n::m Management
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SYLLABUS

SOILS: |
Definition
Problem soils
Clay
Collapsing soils
Sand |
Swamps '
Atterberg limits
Grain distribution
Méxirnum dry density and optimum moisture
CBR

| Uucs

In-place density

OVERLAYS:

Binders for overlays
Introduction to overlays

Construction of overlays

Page 1
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CONCRETE
Cemen;: |
Mix
Transportaﬁ on
Placihg

Curing |

Mix design

CONSTRUCTION

Road building machi_hé

Constmcﬁbn of cut and fills

_ Cﬁn struction of .p av.ement layers

Cdnsfmcﬁon of ;urface and subsurface drain’age
Stabilisation

Slope protection

Si}RVEY

Tape:

3:4:5rule

Seiting out curve

Base line, offsets, intersection
Levels:

. Slopes

Extend heights

Page 2 '
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 Profile |

Profile planks

| Level!ing read staff .

Levelling setting out | =
Lev-elling heights

Plans:

Plan

Ranging rods straight line

'MANAGEMENT
General management
Planning c}f project
Costs |
Stock control

Road building and the environment

Page 3
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TECHNIKON PRETORIA

 TECHNKON
SERTIFIKAAT ~ CERTIFICATE

in
Uligereik aan issued to
- Opleldingstydperk ~ Period of training
""""""""""" Direklewilisclor ™ akademiese SkooliAcademic Sehool

Direkieur'Diractor ' " Ul!rslklngsdgi‘uwbale ol Issus
Akademigse Adminisrasie/Academic Administration :
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SOILS
This comprised a quick and ba51c theoretical course and
was backed up by demonstrations and some hands on
practise with laboratory equipment. The subject is so
large that only a very brief 1ntroductlon could be
glven in the time available,

OVERLAYS |

A short introduction waeg given on bitumer BB waling
geals, aided by laboratory work in building up a
demonstration model of a double seal. The course was
based on SABITA’s manuals on "Labour enhanced
construction for bituminous surfacings" and was

- therefore relevant to the Mamelodi project. Some
information was supplied about bitumen and tar types in
commort uge., Asphalt (or premix) was not covered at all.

- CONCRETE

This comprised a level 1 course led by the Portland
Cement Institute "Introduction to Concrete®, which is’
an excellent basic cou:se. Mo concrete work was done on
the Mamelodi Pilot Project, but the course had great
practical value for other projects.

CONSTRUCTION _

These lectures comprised an introduction to
conventional machine intensive road construction,
methods and plant, Very little was relevant to the
Mamelodi project, except the use of compaction plant.
However, the exposure to conventional machine based
methods could be compared and contrasted to the labour
intensive approach taken at Mamelodi.

SURVEY | -
This comprised very basic measurement and setting out
methods, use of profiles, use of a simple automatic
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level and staff and practise in all the above The'
skwlls 1earned were relevant.

HANAGEMENT | . .
An introduction to different management styles and
objectives was given. The course was highly thaoretical
and the relevance to a labour based project is

doubtful
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APPERDIX 7 STATISTICAL ANALYSIS

The Student "t" test was used to compare CBR strength tests
using two hypotheses: a null hypothesis, meaning that the
tests were from the same normal distribution; and an .
alternative hypothesis that the tests were significantly
different. | - | -

Firstly the CBR tests on the natural soil were_éxamined1 Each
test wag compared with the next test to see if differing
curing regimes made any real difference to the values

meagured.
TABLE A7.1 NATURAL SOIL: EACH TEST COMPARED TO NEXT TEST
| Comparison betﬁeen tests -t
Test 1 vs test 2 | - 0.54
Test 2 vs test 3 ] 1.62
Test 3 ve test 4 0.81
Test 4 v test 5 . 1.44

The critical value of t for 2 degrees of freedom for a two
gided test at 95% probability limite iz 4.30. aAs all values of
t calculated above lie within the range of + Lug tO - Lo
the CBRs are from the same normally distributed population and
‘the curing makes no significant difference.

Secondly, each test wag compared with the remaining tests of
the group of CBR measurements on the natural material.
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TABLE A7.2 = NATURAL SOIL; EACH TEST COMPARED'TO GROUF

Comparison between’testa t '
Test 1 vs testé 2 to 5 . - 1.81
Test 2 vs tests 1;:3, 4, 5 | - 0.73
Test 3 ve tests 1, 2, 4, 5  2.15
Test 4 vs tests 1, 2, 3, 5 . 0.98
Test 5 vs tests 1, 2, 3, 4 | - 0.47
- ——

The critical value of t for 13 degrees of freedom for a two
gided test at 95% probability limits is 2. 16, A= all values of
t lie Wlt‘.hln the range of + tou. to - t.,,i.;, the CBRs are Erom
the same. nurmally distributed populatzon and the curlng makes
no significant dlfference :

Having compared the tests on the natural material in two
different ways and having obtained the same result, it can be
confidently stated that the different curing regimes make no
difference to the natural soil tests at the 95%. probability
level. '

Then test results using stabiliser A were examined, Firstliy
each test was compaxed with the remaining tesgts of the group
- of CBR measurements on the stabilised material.
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TABLE 37.3 STABILISER A: EACH TEST COMPARED TO GROUP
Compar;gpﬁ'be;ween tests A
Tesﬁ 1 ve tests 2 to 5 | - 0,53
Test 2 va tests 1, 3, 4', 5 5.86
Test 3 ve tests 1, 2, 4, 5 .~ 1.68
Test 4 vs tests 1, 2, 3, 8 - 1.17
Test 5 vs tests 1, 2, 3, 4 0.09

The critical value of t for 13 degrees of freedom for a two
sided test at 95%_probability limits ig 2.16. As all values of
t (except test 2) lie within the range of + toye £O - Eome, the
CBRs are from the same normally distributed populatidn and the
curing makes no significant difference. Test 2, with t = 5.86,
is outside the 95% probability'limits and the result is
gignificantly different, possibly due to the specific curing
regime imposed on that test. '

Secondly, each test using stabiliger A was compared with the
group of natural test results, to see if the use of the
stabiliser made any difference to the CBR strengths.

TABLE A7.4 STABILISER A: EACH TEST COMPARED TO NATURAL
GROUP ' '
Comparison.betwaen tesﬁs ' t

Test Al ve natuial tests 1-5 9.99

Test A2 vs natural tests 1-5 17.11

Test A3 vé natural tests 1-5 20.72

Test A4 v8 natural tests 1-5 - 6.35

Test A5 vs natural tests 1—5. - -12.49
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 The eritical valué of t for 148 iegrees of freedom for a two _
sided test at 95% probability limits is 2.12. As all values“of
t lie outside the range Of + tume £O - Lo, Lhe CBRs are not
from the same normally distributed population and the
stabiliser improves the CBR strengths significantly. For a one
sided test at the 95% confidence limit, the ¢r ~ical value of
t is 1.75 and the values calculated above lie even further
outside the critical range.'Thus all “he tests on soil treatad
with stabiliser A do not form part.of the natural soil test |
- population, at 95% confidence limitg.

Then tést results using stabiliser B were examined. Firstly
each test was compared with the remaining tests of the group
of CBR msasurements on the stabilised material..

ABLE A7.5  STABILISER B: EACH TRET COMPARED TO GROUD
Comparison between tests | t
;estﬁ;'ﬂ. ve tests 2 to 5 | 1.31
Test 2 vs tests 1, 3, 4, 5 -’2.?4
| Teét_é vs tests 1, 2, 4, S5 [ ~ 0.49
Test 4 vs tests 1, 2, 3, 5 | -~ 1,47
Tést 5 vs teéts 1, 2,.3; 4 | 2,11

The ¢ ...cal value of t for 13 degrees of freedom for a two
gided test at 95% probability limits is 2.16. Az all values of
t {(except test 2) are within the range + Loye LO - Lo, the
CBRs are from the same normally discributed pdpulation and the
curing wakes no gignificant difference. Test I, wihh t = -2,74
is outside the 95% probability limits and the result is
significantly different (lower in this case}, po&éibly due to
the specific curing regime imposed -u that test.
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Secondly; each test using stabiliser B was compared'with'tha
group of natural test results, to see 1f the usé of the .
stabiliser made any difference to the CBR strengths.

TABLE A7.6  STABILISER B: EACH TEST COMPARED TO NATURAL
‘GROUP . | ) - -
_ e ST _
Comparison between ;ests £ s

Test Bl vs natural tests 1-5 10.562 -

~Test B2 vs natural tests 1-5 | - . 2.11

Test B3 vs ﬁaﬁurai tests 1-5 ._"7;51

Test B4 vs natural tests 1-5 4.36.

Test BS vs natural tests 1-5 "_ 11f47_

L

The critical value of t for 16 degreeé of freedom for a two.
sided test at 95% probability limits is 2.12. As all values of
t (except test 2) lie outside the range of + tome £O = Cerer
the CBRs are not from the same normally distributed population
and the stabiliser improves the CBR strengths significantly.
Test 2 with t = 2.11 lies within the 95% confidence limits of
the natural soil test population and is thus statistically '
indistinguishable from the natural tests. '
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