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Synopsis

Synopsis

The objective of this thesis is to summarise a strategy that has been developed to solve the
rehabilitation and reconstruction needs for the City of Cape Town. The thesis thereby provides
a summary of the historical and geological context of road construction in Cape Town and
provides guidelines and information that can be used by rehabilitation engineers working in

the Western Cape. It also provides guidance for engineers working in other cities. The thesis
is based on systems developed by the Author during his duties as Principal Materials Engineer
for the City of Cape Town.

The thesis is divided into two sections. The first (chapters 2 &3), considers data and
information requirements wherein the historical and geological perspectives of road
construction are presented.

Chapter 2 explores the history of road reconstruction. The evolution of pavement engineering
is essential background information to engineers working in this field as it these pavements
and materials that are encountered in today’s projects. Pavement engineering has a long
history stretching from the Ancient Egyptians to the designs of John Loudon Macadam and
Thomas Telford who together formed the roots of modern pavement design. Many of the road
foundations in Cape Town date back to the early 1900's when there was much
experimentation with reconstruction techniques and the use of different materials. In the 1920's
most of Cape Town’s central streets were reconstructed and many of these pavements are still
encountered today.

Chapter 3 summarises the geological perspective. Knowledge of the geology of the Western

Cape is vital to all reconstruction projects as it determines the available materials and

influences the structural behaviour of the road. The Table Mountain Group, the Cape Granite

Suite and the Malmesbury Group form the major geological features under the Cape Town

area and together with the pedogenic materials, they provide most of the available
construction material.

In the second section of the thesis the system requirements are identified and addressed. The
subsequent chapters explore pavement management systems, prioritisation models and specific
case studies to demonstrate design and evaluation techniques.
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A Pavement Management System is used to monitor the road network and identify the roads
that require reconstruction. The roads are then prioritised for reconstruction by rating them
according to their condition, traffic class and serviceable life span. The roads ultimately
selected are then subject to a rehabilitation investigation and detailed design, before

construction is implemented.

In chapters five and six the attention shifts to project level systems. Case studies for specific
design techniques and the evaluation of their effectiveness are presented.

The cold insitu recycling and concrete road rehabilitation techniques have been selected as
case studies as there is presently a great demand for this type of reconstruction work in Cape
Town. Four roads that were recycled between 1994 and 1997 have been evaluated using
Dynamic Cone Penetration surveys and the South African Mechanistic Design Method. This
has been done to demonstrate and develop design and evaluation tools and to determine the

success of the process.

Several methods of concrete road rehabilitation have been used in Cape Town. The methods
have been rated according to a visual and cost comparison. The saw cut method is favoured
but further research needs to be done on the crack and seat method which shows much

promise.

In conclusion, the reconstruction and rehabilitation needs in a city environment can be effectively
managed by adopting a systematic approach based on the accumulation of data and information
requirements and the development of design and evaluation systems.
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Chapter 1: Introduction

1.1 Background

The idea for this thesis originated in 1995 when the Author was asked to set up a Materials
Division for the City of Cape Town’s Roads and Stormwater Directorate. A top priority
identified for this Division was to develop guidelines for the City’s road reconstruction and
rehabilitation responsibilities. It became apparent that very little local information was available
and international and national guidelines were not readily applicable because of the unique
character of the existing road structures, climate and geology.

1.2 Objectives

The objective of this thesis is to summarise a strategy that has been developed to solve the
rehabilitation and reconstruction needs for the City of Cape Town.

The document draws on definitive texts on the geological and historical development of roads
in the Western Cape, as well as work done by the Author since 1995. This includes developing:

A data base of existing road structures.
Identification of the typical modes and types of road failures occurring in Cape Town.

A selection and prioritisation model.
Development of design methods and specialised rehabilitation techniques suited for Cape

Town’s requirements.

LD~

The purpose of this thesis is to provide:

. a summary of the historical and geological context of road construction in Cape Town,

. guidelines and information that can be used by rehabilitation engineers working in the
Western Cape and

. guidance for rehabilitation engineers working in other cities.

1.3 Scope and limitations

The thesis essentially consists of two sections. The first considers the data and information
requirements in order to present the context of the problem. In this section, the first chapter
presents the international and local development of pavement structures, as well as data on local
pavement materials and types. This is followed by the geological context, where the local
geology is described in order to identify the local pavement materials and their characteristics.
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In the second section the system requirements are identified and addressed. Chapter four focuses
on network level systems where a pavement management system for prioritisation and
rehabilitation is presented. In chapters five and six the attention shifts to project level systems.
Case studies of specific design techniques and the evaluation of their effectiveness are presented.
The thesis is concluded with a summary and recommendations in chapter seven.

Whilst the scope of the thesis is specifically limited to systems developed for Cape Town, the
approach can be adapted for other cities. In addition, where relevant and available, national and
international practice is cited.




SECTION 1

DATA AND INFORMATION
REQUIREMENTS
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Chapter 2: Historical Perspective

This chapter examines the history of pavement materials and design. The first section
looks at the broader world history of road building which gives a background to the
different pavement types and their development. A detailed investigation into road building
in the Western Cape follows. This information is essential to contemporary pavement
engineers as it is these materials and pavement structures that are being rehabilitated

today.

2.1 The world historical development

The Chinese were already building roads in 4000 BC. Some of the earliest formal roads
were probably constructed by the Persian, Assyrian and Minoan civilisations using massive
stone blocks placed directly on the subgrade. Remains of Minoan roads from about 3000
BC can still be seen today in the ruins of Knossos on the island of Crete. King Cheops of
ancient Egypt had a stone-paved road, about one kilometre long, built in 3000 BC to carry
limestone blocks for the Great Pyramid. In about 2600 BC, the Egyptians built a 10
kilometre, absolutely straight road, paved with sandstone and limestone for the purpose of
carrying basalt to the Sakkara Necropolis to be used for statues and tomb floors.

The Romans developed a road system with a total length of about 30 000 kilometres. The
roads were primarily constructed for military use. The Roman roads were constructed with
a lower layer of flat stones, between 250 and 600 mm thick, followed by a 225 mm layer
of smaller stone mixed with lime and topped with 300 mm of Roman concrete. This was
topped with a 300 mm thick wearing course of flint-like lava stone which was packed
tightly together like a modern block pavement. The total pavement structure was over a
metre thick and well drained with a crown, hence the Roman roads were incredibly robust
and some of them are still in use today.

After the fall of the Roman Empire there was no progress in road building until the 18*
century when a French engineer, Pierre-Marie Jerome Tresaguet (17 16-1796), designed
roads based on the Roman method. His roads were constructed with a 250 mm thick layer
of uniform stones laid edgewise on top of a prepared subgrade. A surfacing layer with a
prominent cross fall was then added by covering the base with a layer of walnut-size
broken stone.
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The roots of modern pavement design came from John Loudon Macadam (1756-1836) and
Thomas Telford (1757-1834) who were born in Scotland. Thomas Telford constructed a
subbase out of large rocks of approximately 125 x 7Smm and 325 mm thick, which were
placed tightly against each other. Smaller rocks and chippings were then rammed into the
openings from above and protruding points knocked off. This layer was then covered with
a 100 mm base of smaller broken stone and gravel. A cambered wearing course of gravel
or small stones was then added. Telford built more than a thousand kilometres of these
roads. The original macadam road consisted of a base of single sized stone, of about 25
mm by 50 mm, laid in layers of 75 mm thickness. The stones were closely packed and
the voids then filled with a finer material. Later improvements involved slushing in the
finer material with water. This led to the development of waterbound macadam.

Eli Whitney Blake developed the first crushed stone in 1858 and with the use of
steamrollers for compaction, the 1860's allowed for the construction of thicker base layers.
After the invention of the motor vehicle in the latter part of the 19" century it became
necessary to bind the road surface to prevent fines being dislodged and causing ravelling
and potholing. Bitumen and tar were sprayed or poured hot onto the coarse aggregate
macadam base to fill the voids and seal the pavement. This technique was called bitumen
penetration macadam.

Mechanisation in the 20" century lead to the development of smaller, well graded crushed
stones which gradually replaced the labour intensive methods of Telford and Macadam. In
developing countries there has lately been a resurgence in the use of labour intensive
construction and waterbound macadam and block pavements are once again gaining in
popularity. Figure 2.1 summarises the different techniques and shows how they have
evolved.

[Acknowledgement is given to references 5, 8 & 12 which comprehensively cover this
subject.]
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Figure 2.1: Pavement evolution [5]
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2.2 The early history of the Cape’s roads (1653- to 1899)

In 1653 Jan Van Riebeeck had a road built for wagons which consisted merely of a
levelled pathway. One of these first roads was the wagon road between Table Bay and the
forest above Kirstenbosch. It was a rough track that was kept level by men with picks and
shovels. By 1666 the road to Kirstenbosch had been extended over Constantia Nek. It
wasn’t however, until the 19® century that proper road pavements were constructed.

In the 1820's the deplorable condition of Cape Town’s roads was described in a report by
Major W. E. C. Holloway [9]. He described that the 8.8 kilometres of road had deep
holes and ruts and proposed urgent reconstruction. The roads were reconstructed by
breaking up the existing material to a depth of 22.9 cm (9 inches) and covering this with a
20.3 cm (8 inches) layer of ironstone. Experiments with Macadam’s methods were
apparently not very successful. The filler material was described as disintegrating in the
heat and then blowing away in the South Easter. The stones would then break loose and
cause damage to the hooves of oxen. The gravel filler was probably not crushed fine
enough to adequately bind the base.

By 1845 the first hard road was constructed across the Cape Flats and it was reported that
the shifting sands often covered this road causing serious disruptions. The road was built
on a raised causeway which was 4.9 metres (16 feet) high in places.

In 1854 and 1855 wooden paving blocks were applied to Adderley Street, Darling Street
and Sir Lowry Road. This method was a failure and by 1858 the roads were so muddy
that people would sink up to their calves in the mud. Sir Lowry Road was so badly
potholed that omnibus passengers were warned that travel was unsafe.

In 1897 the first cars were introduced to Cape Town.

[Acknowledgement is given to references 1, 9 & 14 which comprehensively cover this
subject.]

2.3 Road pavements in Cape Town (1900 to present)
It was really only at the beginning of the 20" century that pavement engineering was

applied in Cape Town. The following two sections trace the history of pavement design
from the 1900's to the present.
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2.3.1 Early Developments (1900 - 1920)

In the early 1900's the City of Cape Town was experimenting with various different
pavement types. In 1905 a tender was advertised by the City of Cape Town for the paving
of the principal streets. Thirty-eight tenders were received for the paving of Adderley, St
Georges, Darling, Parliament, Plein and Long Streets with various different materials
including asphalt, granite, hardwood and creosoted red deal (see Appendix 1 which gives
the full list of tenders; this is of interest as it shows the full range of materials that were
available at the time). However the tender was not awarded and the Department of Public
Works was asked to write a report on the different available paving options [11]. This
shows that there was much debate at the time regarding what surfacings to use. A motion
was later introduced suggesting that tenderers be invited to lay trial pavements. It was
finally decided that Adderley, Parliament and Darling Streets be paved with creosoted red
deal, that Plein and St Georges Streets be paved with Jarrah or other Australian
Hardwood, and that Long and Darling Streets be paved with asphalt. Some of these
experimental surfacing are still under these roads and are often uncovered in present
rehabilitation projects.

The paving of Adderley Street and Plein Street were finally completed by the City of
Cape Town’s own teams in 1908 [11], Adderley Street with creosoted red deal blocks
(which are still under some portions of the road today) and Plein Street with Jarrah wood
blocks. Long Street was paved with asphalt by the Neuchatel Asphalt Company and must
have been amongst the first of the City’s asphalt roads. The grades of the cross streets
were too steep in places for asphalt and these were paved with small granite setts laid in
concentric circles and grouted up with bituminous grout. That technique was called
“Kleinpflaster” and it was noted for being much quieter under traffic than ordinary sett
paving.

In 1908 it was reported that the macadam surface of Queen Victoria Street had become
very uneven and it was decided to try an experimental resurfacing technique called
“tar-matrix” which was probably one of the first premix type resurfacing operations in
Cape Town. The cost of resurfacing in tar-matrix was reported at 3 shillings 4 pence
(3s. 4d.) per square yard compared with 2s. 6d. for casing in macadam.

Another surfacing method experimented with in 1908 was the use of asphalt blocks which
were 50 mm (2 inches) thick and 254 mm (10 inches) square and were being supplied to
the City by Standard Asphalte at a cost of 14s. 3d., delivered to site, per square yard. A
section of Darling ‘Street was paved with these blocks.
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“Tar painting” of macadamised roads was also bedoming popular. It was described that a
tar dressing was applied when it became necessary for a street to be re-cased throughout.
It was reported in the Mayoral Minute in 1909 [11] that:

“ It is impossible, as yet to say anything from our own experience, as to the value of this
treatment in increasing the durability of the road surface, but there can be no doubt that
it will be an important ally in the fight against the dust nuisance.”

It was later reported that the tar paint on streets was being rapidly ground up in wet
weather and that the streets that were treated with tar during the process of re-casing with
macadam were standing up much better, probably because the tar had a chance to harden
before being trafficked. Many of the City’s streets were rehabilitated using this method in
the next couple of years. The wood paved streets were also causing problems due to the
rapid expansion of the blocks during certain climatic conditions. It was also noted that the
roads paved with cobbles, granite or asphalt were giving the least trouble.

A report was submitted by the City Engineer in 1915 detailing a trial section of
bituminous surfacing on an old macadam roadway [11]. The trial section was laid in
Shortmarket Street from St George’s Street to Greenmarket Square and was composed of
Kloof Granite chippings, 6.4 mm (% inch) to 12.7 mm (‘. inch) in size, which were
heated and mixed with 87 litres (19 gallons) of pure Ebano bitumen to the cube yard of
stone. The mix was laid hot, 76 mm (3 inches) thick and compacted by rolling with a
6-ton steam roller until compressed to a layer of 51 mm (2 inches) thick. Two hundred
and nineteen square metres were covered at a total cost of £5 18s. 1d.

2.3.2 Towards the present (1920 to the present)

In Cape Town, in 1923 there were 407 kilometres of adopted roads, of which 97
kilometres were classified as main roads, and 92 kilometres of unadopted roads (roads
which the City had not taken over) [11]. The roads were reported to be in a very poor
state and a programme of reconstruction was proposed. The City Engineer reported that:

“With the great increase in road transport generally, and particularly in the portion of
self-propelled vehicles, it has become essential to abandon rough-and-ready rules and to
adopt more scientific methods.” [11].
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The first detailed traffic vensus was undertaken in preparation for a major rehabilitation
exercise.  The traffic in the survey was represented by the number of tons passing over a
vard width of varmageway per hour  Figures ranged from 55 tons in part of Adderley
Street to 7 tons m Bree Street, Kloof Street and Kocberg Road A new traffic pavement
classification was adopted based on traftic loading and was as follows

A 3 > 13 > 13 . about 6d. or
aver

B 2 910 13 gd {0 13d abeomt 5d.

18 bl P&k 7d. to 9d about 4d.

1 I Not terjuited 2 = T .

Table 2.1: Pavement classification in Cape Town, 1922 |0]

It was teported that with the exception of a tow mads in the City centre, all the main
roads were constructed in waterbound macadam with unsuitable stone and gencrally
without any foundations  The first pavement survey was done by the City of Cape Town
i 1923 and was used as a tool for identitving reconstruciion projects. A list of the mads
surveyed 15 contained in Appendix 2. This information is very nseful for future projects as
many of these pavement structures are stith in place today, Appenidix 3 contains
information on materials used on roads and foolways and outputs from municipat quarmies,
‘This information is of considerable usc to identify materials that are uncovered in fumre
projects. | The information comes from the Mayoral Minute of 1923]

The tvpe of road surface tecorumended for the reconstuction scheme of 1923 was asphalt
macadam faid on top of the old waterbound (where in sansfactory condition). The
thickness of the layer was to vary from 38 mm to 76 mm (1% to 3 inches), depending on
the volume of traffic. Tt was further recomuncaded that roads with exceptionally heavy
traffic should be given a surface of smalt granite setts but that traffic noisc on this surface
could be a problem, but that this could be ameliorated by applyving a thin asphalt coating.
The reconstruction of 24 main roads was approved at an esnmated cost of £ 236,494 00
By 1929 the project was compleied and more than 48 kilometres of road had been
reconstrucled. A list of the mads and pavement structures 5 given in Appendix 4.
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By the 1930's the many quarries in the City Bowl supplying shale, granite and sandstone
had shut down due to environmental concerns. The City was then extensively using
granite from the Brackeofell Quarry. Tn 193] the total output from all quarries was

58 268 m’, of which 70% was conung from Brackenfell [11].

The granite produced at Brackenfell was described as having a much finer grain than the
Cape Town granites, approaching the fexture of the Paarl granite but not having quite as
even a distribution of constituent crystals. Generally the finer the texture, the better syited
the granite is for road construction material.

The City Enginger reported the following description of the stone on 12 May 1936 [4]:
Sec also Table 2.2 which shows some of the properties as reported in 1936

“ The analysis of Brackenfell stone as set out hereunder, made by Mr C. H. Forrest,
Chemical Engineer, London, indicates a definite deficiency in loughness, inferting a
probability of the sione crushing readily under the roller or by subsequent iraffic impact,

the stone, however, crushes nicely in cubelike form and binds well. This deficiency in
toughness has been confirmed by observation in its praciical use in road construction buf
not fo @ serious extent, Rolling, however, has fo be done fudicionsly. [t has been found
thaf fn road surfoces chipped with Brackenfell granite, the chippings are more readily
crushed and dispersed than in those chipped with Hhime quarry or Devils Peak quarry
blvestone, which is a form of the Malmeshury shale series called hornfels.  Thiv aetion
more oF less only produces a semi-mosaic effect temporarily, until the lower bitumen is
drawn up, and is generally desirable in peneiration work. However, if it iy proposed fo
use fine stone In premix wearing carpets it would be necessary 1o consider the

EEl

employment of a lougher stone for these smally

Specific pravity 2.63 2.65
Toughness 8.67 14.00-19.00
Dorry hardness 18.83 17.00
Abrasion French
) 14.00 14,00
coefficient
Percent wear 2.85 3.50

Table 2.2: Properties of Brackenfell granite [4]




Chapter 2 11

Many of Cape Town’s roads were reconstructed with granite aggregate during this period
and two examples that were investigated in1936 are described below [4].
Rosmead Avenue, Wynberg: In 1936 this road was failing and was pockmarked
where soft areas had eroded. It was concluded that the road was badly constructed
because the granite hardcore had been too liberally blinded with fines and clayey

gravel.

Clive Street, Cape Town: constructed in 1925 with a 38 mm (1% inches) premix
carpet composed of 19 mm (% inch) Brackenfell chips placed on top of the old
cobbled surface. The surface was in good condition after 11 years of heavy traffic.

In the 1930's ferricrete was being replaced by bituminous macadam as the choice wearing
course material. The ferricretes still in use were described as being too fine and clayey,
giving off red dust in summer and becoming slushy in winter. Limestone was cheaper for
gravel roads, but became knobbly after wear and in summer gave off a white dust which
then formed a paste in winter that adhered to pedestrians boots creating a mess.

Economy of road construction was being debated and in 1936, the cheapest successful
carriageway constructed was in Mayfield Avenue in Rondebosch. The road was
constructed with a 64 mm (2'2 inches) bituminously penetrated carpet on a limestone
foundation with dished concrete surface channels. This was costed at 17s. per foot run [4].

Concrete roads were also being considered. Dagenham Road was constructed with concrete
but the method was later abandoned in favour of bituminous surfaces. However, more
than 50 kilometres of concrete road were constructed in the 1950's and 60's in Guguletu
and other Cape Flats townships. They consisted of 150 to 250 mm mass concrete slabs
laid directly on the subgrade. Many of the very steep roads in Sea Point, Fresnaye and the
City Bow! were also constructed out of concrete due to the obvious problems associated
with laying asphalt on very steep grades (greater than 15%). The concrete was rough
broomed, unreinforced and 120 mm thick. During 1928, St Andrews Road in Rondebosch
was constructed out of concrete, 175 mm thick and lightly reinforced, laid in two coats of
different mixtures and surface treated with silicate of soda. The cost was 13s. 9d. per
square yard [4].
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The methods and costs of road construction in 1936 were as follows [4):

Light traffic side streets:
64 mm - 76 mm (2% - 3 inches) bituminously penetrated carpet (or premix tar
macadam large stone )
152 mm (6 inches) hardcore foundation.

64 mm wearing course at 3s. 9d. per square yard.
152 mm hardcore foundation at 2s. per square yard.

An alternative suggested was a 25 mm (1 inch) veneer course of premix on a 152 mm
(6 inches) limestone base. The veneer costing 2s. 2d. per square yard and the base 2s. per
square yard.

Medium traffic link roads:
76 mm - 102 mm (3 - 4 inches) bituminously penetrated macadam carpet
229 mm (9 inches) hardcore foundation.

102 mm wearing course costing 4s. 6d. per square yard.
229 mm base costing 2s. 9d. per square yard which was graded with a light
waterbound macadam to receive the carpet.

The alternative for this class of road was a 76 mm (3 inches) two-layer premix carpet on a
229 mm (9 inches) hard core foundation. These cost 4s. 9d. and 2s. 6d. respectively and
1s. 3d. for the waterbound macadam.

‘The specification for penetrated macadam wearing course was:

Stone: 38 mm - 64 mm (1% to 2 inches)
Bitumen: 80 - 100 penetration at 2.3 to 4.5 litres (% to 1 gallon) per square
yard.

Seal coat with 13 mm to 19 mm (% inch to % inch) chips and 200 penetration
bitumen at 1.1 to 2.3 litres (% to Y2 gallon) per sq yard.

Included in Appendix 5 is a copy of the original drawings showing the various road
pavement structures in use during this period.
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The Divisional Council were experimenting with a graded asphalt premix wearing course

with the following specification;

Stone; 16 mm to 25 mm {5/8 to 1 inch) 45%
Stone: 13 mm to 16 mm (% to 5/8 mch) 45%
Heavy flux CB. 25%
T. R asphalt 3.5%
Stone dust 1.5 mm - 0.5 mm (1/16 inch to 1/500 inch) 4,0%
Net bitumen content 4 2%

Table 2.3; Divisional Council wearing course specification 1936 [4]

In 1937 the City Engineer reported [3] that a recent survey of road construction techniques
revealed that there was a consensus of engineering opinion in favour of the premix
(machine mixed stope and bitumen) type of surface and that this form of construgtion was
rapidly replacing the bitumen grouted method (bitumen applied direct to stone forming
road the surface) The bitumen grouted method was greatly favoured in the 1920's, where
it was extensively used on the roads reconstruction project, as it required no special plant

The pringipal reasons stated for abandening this method in favour of premix were as

[ollows;
. Better riding gualities of the fimshed surface.
. More unitormity and intimacy in the mixture of materials with better
prospects of longer life and reduced maintenance costs of the surface.
. The advantage of scientific control of proportions of mixture permitting
saving on the bituminous compopents.
. Reduction in thickness of road surface for estate roads.

The City Engineer further stated that it is not unreasonable to anticipate the life of a

38 mm (1'% inches) premixed wearing course for suburban work at 20 years. The
advantages of premix were appreciated for some time bot it was only at this stage that the
crushing plant became available at the Brackenfell quarry to produce the required graded
ciushed stone. A comparison of ¢osts 8 reproduced in Appendix 6.
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In March 1941, the City’s premix plant in Ndabeﬁi came into production and began
supplying the following products: Bitumen binder, 19 mm (% inch) wearing course,
13 mm (% inch) wearing course, 9.5 mm (3/8 inch) footway mix and sandmix [11].

In the 1950's Cape Town’s freeway network was well under construction. The N1, N2, De
Waal Drive, and many of the other City freeways were constructed with the following
pavement specification [7]:

25 mm premix wearing course
50 mm premix binder course
76 mm waterbound macadam
180 mm gravel

280 mm compacted filling

The average cost of this structure in 1955 was £14 per foot run for a 30 metre
carriageway.

By the 1950's and 60's, Cape Town’s road construction programme was peaking and
increased production had lead to mechanisation of construction methods. Crushed stone,
laterite and bitumen bases became the materials of choice as they were well suited for
mass production and mechanised construction techniques. Continuously graded asphalt
became the choice surfacing material. These materials are still used for the majority of
road construction projects today.

2.4 Conclusions

This chapter has provided information on the type of materials and methods of
construction used in the past. It is these pavement structures that are now requiring
reconstruction and this historical information is required for the reconstruction design
process.

The next chapter presents an overview of the geological aspects of the gréater Cape Town
area. This overview is needed to understand the behaviour of the underlying soils and the
selection and performance of pavement materials.
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Chapter 3: Geological Perspective

The performance of road structures is significantly influenced by the underlying geology,
climate and the geological characteristics of the materials used. An understanding of these
characteristics is essential to appreciate the road deterioration modes and rehabilitation
design approaches. Rehabilitation engineering is heavily reliant on materials characteristics
and a thorough understanding of their origin, properties and availability is required.

The first section of this chapter gives an overview of the geology of the Cape Peninsula
by examining the different types of geological formations and their occurrence on the
Cape Peninsula. The second section looks at the types of materials available, their
characteristics and availability. It provides an essential background to the application of
rehabilitation engineering in the Western Cape. [Acknowledgement is given to references
15 and 17 which comprehensively cover this subject and have been used as the basis for
this chapter.]

3.1 General

The major topographical features of the Western Cape consist of the Cape Peninsula, the
Cape Flats and the Cape fold mountains towards the interior. The Cape Peninsula is
flanked by the Atlantic Ocean on the one side and False Bay on the other with the Table
Mountain chain forming a spine down the centre of the Peninsula. Table Mountain is the
highest feature in the chain with a maximum height of 1086 m at Maclear’s Beacon. The
Cape Flats is a low-lying isthmus that connects the Peninsula to the interior and is
covered mainly with dune sand, it is bordered by Table Bay to the north and False Bay to
the south.

Cape Town has a Mediterranean type climate with hot dry summers and cool rainy
winters. Because of the topography, there is a vast range of mean annual rainfalls. Areas
on the Cape Flats average 500 - 700 mm per annum while some areas on the leeward
sides of the mountains record as much as 1500 mm per annum. |
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3.2 Geological formations

The area is generally comprised of:
. The Malmesbury Group

. The Cape Granite Suite

. The Cape Supergroup

. Surface deposits

. Pedogenic materials

Table 3.1 shows the geological period, origin and composition of these groups and
provides a quick reference guide to associate materials with their geological groupings.

Figure 3.1 is a map of the Peninsula showing the location of these formations.
Each of the geological groups are examined in detail in the following subsections.
3.2.1 The Malmesbury Group

The Malmesbury Group is present over a large part of the area but is mostly covered by
surface deposits. The group is exposed on the surface at the northern end of the Peninsula,
forming Signal Hill and the base of Devils Peak. Good examples of the group appear
along the coast from Sea Point to Granger Bay. It also forms the hills northeast of Cape
Town in the Tygerberg area and underlies a large part of the Cape Flats and the Central
Business District. These strata are called the Tygerberg Formation.

The predominant rock types in the group are grey to green phyllitic shale, siltstone and
medium to fine-grained greywacke. These rocks are featured in irregular alternations.
There are also a few thin layers of lava, pyroclastics, quartzite and conglomerate. The
strata of the formation either dip steeply or are near vertical and are tightly folded about a
NW - SE oriented axes.

The quartzitic greywacke is dark grey and is formed in massive layers, up to fhree metres
thick, from near the Alfred Basin through to the Sea Point Swimming Pool. Fresh
outcrops can be seen in the quarries on Signal Hill and Devils Peak.
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3.2.2 The Cape Granite Suite

The Cape Granite Suite is split into the Cape Peninsula Pluton and the Kuils River-
Helderberg Pluton. The Cape Peninsula Pluton occurs to the south of the Malmesbury
Group and underlies the Table Mountain Group.

The granites are exposed in numerous outcrops along the Peninsula coastline from Sea
Point to Chapman’s Bay, from Simonstown to Smitswinkelbaai and at Cape Point. There
are a few granite outcrops rising above the Cape Flats. The outcrops on the mountain
slopes are mostly deeply weathered consisting of large rounded boulders.

The pluton comprises grey coarse-grained biotite granite with large feldspar phenocrysts.
There are also metamorphosed Malmesbury inclusions and clots present in the granite.
Various other varieties of granite occur in the suite and the pluton is crossed by aplite and
pegmatite dykes.

3.2.3 The Cape Supergroup

Referred to as the Table Mountain Group, this consists of the Graafwater, Peninsula and
Pakhuis Formations. Each of these is summarised below.

The Graafwater Formation
This formation consists of reddish, thin bedded sandstone shales and is situated at the base
of the Peninsula Sandstone Formation. The sedimentary rocks of the Table Mountain
Group were deposited on the granite and other pre-Cape rocks. A good example of the
contact between the Graafwater Formation and the granite can be seen along Chapman’s
Peak Drive. The Graafwater-Malmesbury contact can be seen on Table Mountain Road
between Vredehoek and the Kings Blockhouse.

The Peninsula Formation
The formation consists of a uniform light-grey, medium to course grained quartzitic
sandstone which is consistently well bedded and nearly horizontal. The horizontal beds are
clearly visible on the middle and upper portions of the Table Mountain Range and reach a
maximum thickness of 600 m at Maclear’s Beacon. The depth of the individual bedded
strata range from thin to massive (50 mm to 1.4 m) and alternate with one another. The
front face of Table Mountain is an impressive example of the formation.
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The Pakhuis Formation
This formation occurs only in a few places on the summit of Table Mountain. It consists
of diamictite of mixed alluvial and glacial origin. It is a sandstone containing rounded
quartz, quartzite and black chert pebbles. The massively bedded diamictite averages two
metres in thickness and rests on the Peninsula Formation.

3.2.4 Surface Deposits

There are several different types of surface deposits on the Cape Peninsula and these are
detailed below.

Alluvium
Alluvial deposits border all the river courses, they vary in thickness and consist largely of
dark coloured organic sand. Five metres thick deposits have been noted in some building
foundations. The deposits are not clearly defined and merge into light grey, sandy soils.

Scree and pediment gravel
The Peninsula mountain chain is fringed by extensive mountain scree deposits that grade
marginally into pediment gravel and coarse-grained sand. The gravel consists of angular
sandstone blocks with interstitial gravel and sand. The blocks vary in size from
centimetres to a few metres. Granite rocks are also often present in various sizes. This
gravel can exceed ten metres in thickness and it covers the Table Mountain sandstone,
Malmesbury shale and granites.

Shell bearing dune sand
All along the coastline there is a fine to coarse grained, light grey sand which has a fairly
high percentage of shell fragments. The silica grains have a high degree of rounding and
are sometimes course or finely graded due to the prevailing wind. In places extensive sand
has accumulated into parabolic dunes up to 82 m above sea level. The dunes have a |
predominantly north westerly orientation because of the prevailing south easterly winds on i
the south facing sandy beaches during the dry summer months. The extensive dunes on ;
the Cape Flats probably also originated from the south easterly winds at the time of the
last ice age, about 17 000 years ago, when the sea level was lower exposing additional
sand. Variations in the concentrations of shell fragments frequently result in partial
cementation due to high concentrations of CaCO;.




Chapter 3 21

Light grey sand soil
Large areas of the Cape Flats are covered with a light grey to pale red sand. The deposits
consist of interwoven sandstone lenses which are mostly older than the dune sand. Thin
clay lenses occur randomly. Peat lenses up to six metres thick are common and sometimes
contain sulphide nodules.

A maximum thickness of 32 metres is reached south of Philippi, farther north and east the
succession decreases to a thickness of around 15 metres and contains many clay and
conglomerate lenses and thin layers of ferricrete. To the south the soil varies in thickness
and is 20 metres thick in the Strandfontein-Mitchells Plain area. East of Strandfontein it
generally overlies Malmesbury rocks while in the west towards Muizenberg it is found
over granite.

Other soil varieties
The soil formed on the Malmesbury rocks is yellow, red or brown. It often contains small
nodules of ferricrete and fragments of vein quartz plus sand grains. The soil is clayey and
can have a high plasticity index. The soil appears on the surface in the Tygerberg area as
a relatively thin cover. In some places there are partly cemented layers containing
ferricrete.

A brown clay soil, not more than 300 mm thick, containing impure gypsum crystals, is
found at one to two metres above sea level in Rietvlei and along the lower courses of the
Diep River. Similar clay soil is found bordering the Hout Bay River and the upper parts
of the Keyser and Diep Rivers. These deposits are less clayey than in Rietvlei and can be
several metres thick.
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3.2.5 Pedogenic materials

Pedogenic materials are formed when minerals, precipitated by water movement, relace or
cement the original soil. Pedogenic materials occur all over the Peninsula and the three
types are detailed below.

Ferricrete
Ferricrete occurs mainly in transported soils overlying the Malmesbury Group but is also
found in the colluvial soils overlying the Granite and Table Mountain Groups. Ferricretes
are associated with seepage areas and all of the deposits have formed near the surface by
the ground water depositing concentrations of iron oxide derived from the underlying
weathered rocks.

Ferricrete occurs in the Peninsula near Simonstown, Kommetjie, north of Ysterplaat,
Tableview, Tygerberg and Durbanville. The ferricrete can occur as loose nodules which
range in size from a few millimetres to several centimetres in diameter, or as compact
zones of variable thickness. The deposits at Plattekloof and De Grendel are in the form of
a hard-dark brown, knobbly rock which often contains friable parts with honeycomb
texture. The deposits are up to a metre thick. Other deposits (north of Killarney and near
Durbanville) consist of an amorphous friable mass of ferruginised nodules, sand, clay and
quartz chips, cemented by iron oxide. Deposits on the Peninsula are similar but also
contain many fragments of quartzite.

Calcrete and limestone
Calcrete occurs extensively on the Cape Flats and achieves maximum development
between Strandfontein and Macassar. Most of the deposits occur as massive, grey, sandy
surface limestone. Well bedded sandy limestone and friable, partly cemented calcareous
sand occurs near Swartklip, Zeekoevlei, north of Bloubergstand and on Robben Island.
The massive surface deposits are in the form of large irregular banks which are mostly
covered by aeolian sand. In the valleys between dunes, the lime beds are usually within a
metre of the surface. The banks consist of several hard well cemented layers which
alternate with softer clayey or crumbly lime rich zones. The degree of cementation and
thickness of the calcrete varies considerably and can exceed ten metres. Most of the
deposits are only a few metres thick, consisting of an upper, hard, densely cemented zone,
of about 300 mm thick. This rests on soft, sandy yellow calcrete which grades into
calcareous sand.
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Silcrete
Silcrete occurs mainly in the north eastern suburbs and always near weathered
Malmesbury rocks. The most extensive outcrops are in the vicinity of Phesantekraal where
the silcrete forms a cliff several metres high. The surface outcrops consist of hard rock
that weathers into massive, smooth, partly rounded blocks. The degree of silicification
decreases with depth and eventually grades into partly consolidated material. The silcrete
varies from yellow to light grey and course to fine grained.

3.3 Construction materials in the Western Cape

The reconstruction or rehabilitation process requires reusing existing materials or
importing new material. It is therefore necessary to know what materials are available and
where they are located. This section explores the different types of construction materials
based on their geological grouping.

3.3.1 Rock material
Available rock materials are described below according to their geological grouping.
Malmesbury Group

The main rock types used, are metamorphosed greywacke, slates and hornfels which are
collectively referred to as Malmesbury shale. Malmesbury shale provides most of the
crushed rock aggregate used in the Cape Town area. On the slopes of Signal Hill and
Devils Peak there are the remains of at least sixteen hornfels quarries. The Kloof Quarry,
Reids Quarry, Smits Quarry, Strand Street Quarry and Wylies Siding are the best known.
Presently quarries are operating in the Tygerberg Hills, Eerste Rivier and near Sir Lowry’s
Pass.

Crushed Malmesbury shale is widely used in road construction as base course, subbase
and as aggregate for concrete and asphalt. Good quality hornfels aggregate is derived from
dense fine-grained rock that breaks into irregular angular fragments. Flakiness is
sometimes a problem in the production of asphalts. Alkali-aggregate reaction is also a
serious problem in the production of concrete. This is caused by a reaction between high
alkali cement and Malmesbury group aggregates which produces a gel. Cracking occurs
due to the swelling pressure of the gel and many of Cape Town’s concrete roads exhibit
various degrees of cracking due this process. The problem is overcome by specifying low
alkali cement.
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Cape Granite Suite

Granite was extensively used as basecourse up to about the middle of the twentieth
century when the Kloof Nek granite quarry and the Brackenfell quarry were closed
because of residential development in the vicinity. Sources are still available in Paarl and
Saldanha Bay but are not presently used for road construction. The granite was mostly
used as stone in macadam penetration bases.

Granite was also extensively used as dimension stone and many of Cape Town’s older
buildings are constructed from granite blocks. Most of the older roads in the Cape Town
area used granite blocks for kerb and channel units. A report to the City Engineer in 1936,
when granite from Brackenfell was still extensively used as base course, remarked on a
deficiency in toughness and expressed concern about the stone crushing under compaction
and cautioned on its use as an aggregate for premix.

Table Mountain Sandstone

No local quarries are currently producing sandstone but it was used as road aggregate in
the early twentieth century. It was used extensively in the southern parts of the Peninsula
where it was quarried at Chapman’s Peak and Glencairm. Sandstone was also used for
kerb and channel units on some of the older roads.

When in use as road aggregate in the 1940's the Chapman’s Peak stone was described as a
fine-grained purple sandstone with an argillaceous cement and the Glencaim rock as a
very pure grey or green quartzite. Both rocks being interbedded with layers of soft shale
which negatively affected its performance as a road aggregate.

3.3.2 Residual soils

Brick producers used decomposed mudrocks of the Tygerberg formation occurring in the
Salt River and Mowbray areas. However, these workings have been closed down due to
their proximity to residential areas. Clays are mined in the Brackenfell area from the
Malmesbury and derivative rocks.




Chapter 3 25

Weathered granite has been used in road construction and completely weathered granite,
called kaolin, is mined in the Fish Hoek-Noordhoek area for the production of ceramics.

Weathered sandstone, from fractured faults in the rock mass, has been used for road
construction in the Fish Hoek area.

3.3.3 Pedogenic material

The two different types of occurring pedogenic materials are described below. Silcrete is
rarely used.

Ferricrete

Ferricrete natural gravel deposits are found in the soils on top of the Malmesbury Group.
These deposits occur on the lower slopes of relief hills near Durbanville and are covered
by a mantle of predominantly sandy soil. The deposits are relatively thin and most have
been worked out. The material has been used in the construction of gravel roads and as
base and subbase for surfaced roads. Ferricretes overlying granite tend to have a patchy
development. Ferricrete overlying Table Mountain group strata is common and has been
quarried at Noordhoek and in the Cape Point Nature Reserve.

The quality of ferricretes can vary considerably with depth and careful control of the
plasticity index (PI) and CBR of the material is required. Some ferricretes may be located
far away from the original source of iron oxides and these deposits may have very low
PI's. Segregation during mixing on the road surface can be a problem because of the
material grading and the rounded shape of some ferricretes. Most ferricretes will re-cement
if exposed to wetting and drying cycles which can result in considerable strength gain
over time and old road basecourses can attain insitu CBR values of well above 100.

Calcrete

Calcrete has been used as base course and subbase, mostly in lower class residential
roads in the southem part of the Peninsula as most of the reserves are located in this area.
The quality of the material varies considerably and the plasticity index, CBR and grading
of the material needs to be very carefully monitored. The material is susceptible to high
moisture content and its performance in Cape Town’s roads has often been disappointing,
this probably due to lack of proper quality control. Calcrete is also used as a source of
lime in the cement industry.
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3.3.4 Cape Flats sand

The Cape Flats sands are mostly only suitable for use as fill in the road construction
industry. The sand consists of a mixture of marine, alluvial and aeolian sands. Some of
the deposits are silty to clayey but most have a very low plasticity index. The sands are
found deposited in the dune systems of the Western Cape and are extensively mined as a
source of concrete sand and fill. The main source area is near Philippi where several sand
mines are currently operating. The sand has a single sized grading. The finer fraction of
sand has been removed by wind action. Water leaching has removed the shell fragments
which reduce concrete strength. The dune sand is mostly non plastic and is an excellent
source of road fill material.

3.4 Conclusions

There are a variety of different geological features in the Western Cape and it is important
to be able to recognise them and know where they occur as they each require different
rehabilitation design approaches. Various construction materials result from the geological
features and each have their own characteristics and specific uses in reconstruction
projects.

Table 3.2, below, gives a useful summary of the different materials and can be used as
a quick reference guide for the Engineer.




Chapter 3

Pedogeniz wnateriols

Transported materials

Residual materals

Ttk

Houvent

Tertiary 1o recenl =and

Fuemerete

Ciravels for all tvpes of

tosd comstction

Calenete Gravels for road subbise
and base b geod quality,
manufaetoring of comont

Silerete Rarely used

Cape Flats sand

Fine aperegate for
wonerele, asphajt filler,

fill

Tabte hMountain Group

Tulw, alluvial

colluvinl, sand

Frocessed aravels tor

sonerele, Toad agpregate

Cape Craulte Snie

Clayey pris and

gravels

Orovels for road subbass
mnd selected B if pood
quatiny

Malmcsbury Grong

Fable homain Group

Claws and silts

Sily sund and restdual
gravel

Rarely uswl

Fownmal seavel for rouds

Cuape Cranite Suite

Clavey sands and

residoal sranitc

Sublbase and pravel
roads, sclected i1

Mabmeshury Oromp

Tahlz Monatain Group

Clayey silts and

rosidual pravets

W

Chuartatie sundstone

Faoad privel and £ill

Conerele and raad

agpregace, building stapw

Cape Urite Sujte

CTrangte

Concretie and read
wgrgregate, building stone,
ratlway balfast

hlalmesbury Group

Metasediments
{liormdelsy:
predonnantly
grovwacke and slites

Concpete aid road
afpuiate, rhway
ballust. breakwater rubble

Fable 3.2; Types of consiruction matertal [15]




SECTION 2

SYSTEMS REQUIREMENTS




Chapter 4 28

"Chapter 4: Procedures for the selection and prioritisation for the
rehabilitation and reconstruction of roads in Cape Town

In the absence of published information on a systems approach for the selection and
prioritisation of roads for rehabilitation and reconstruction within a metropolitan context, the
Author developed the approach presented in this Chapter. However, much has been published
on Pavement Management Systems and their uses [20, 21, 24 & 25]; this information
provides some of the tools for the systems developed in this chapter.

All roads are subject to deterioration and thus have a limited useful life. Much of Cape.
Town’s road network was constructed in the sixties and many roads are now approaching the
end of their useful life.

When roads eventually reach the end of their useful life, rehabilitation or reconstruction
procedures become necessary to prevent the road becoming a danger to traffic. Rehabilitation
and reconstruction procedures are expensive and to ensure that optimum use is made of
available funds a systematic approach has been developed by the Cape Town City Council’s
Roads Directorate to ensure that the correct roads are selected for the correct treatments.

A Pavement Management System is used for the initial selection of roads. Thereafter the
reconstruction/rehabilitation process includes prioritisation, detailed investigation, design and
construction. Figure 4.1 (p 30) demonstrates that the structural life of a pavement can be
divided into three fairly distinct phases namely:

L Commencement Phase

2. Service Phase

3. End Phase
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It is the condition of the pavement that needs to be monitored in order to assess the structural
state of a road. Various defects in the road pavement will manifest as the road ages through
the different life cycle phases. These defects usually occur long before the road user is aware

of any problem. The condition of the pavement can be quantified by observing the degree and

extent of defects that are present in the road surface. These defects may be in the form of one
or more of the following:

. cracks - of which there are numerous different types,
. deformations,

. potholes,

. polishing of stone in the surfacing,

. ravelling (loss of surface stone) and

. pumping of material through cracks

The road condition can thus be monitored by observing the type, degree, extent and spacing
of these defects. The type of defect can also give clues as to what is causing the problem and
consequently the type of treatment required. For example, if there is extensive crocodile
cracking with pumping and deformations, this indicates that the pavement layers are failing.
While ravelling and polishing indicate that the surface is failing.

The mechanisms causing these defects may be one or a combination of the following:

. Degradation of the pavement layers through the cumulative effects of traffic loading
(wheel loads are critical in this respect).

. Breakdown and loss of flexibility of the bitumen in the wearing course and/or
basecourse caused by exposure to the elements (ultra violet radiation, temperature
variation and rain).

. Structural weakening of the pavement layers caused by the ingress of water. Water
may enter through cracks in the surfacing or from the natural underground water table
which rises during wet weather.

. Subgrade materials that may expand or collapse during wet and drying cycles.

. The action of moles digging burrows under the road causing collapses.
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Figure 4,1; Schematic desceription of the Life of a road
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4.1 Pavement treatments

As the pavement deteriorates through these phases, various different treatments can be applied

to extend its life. Table 4.1 shows typical treatment strategies that can be considered

Minur mainlenance Choap Early phasze of deteripeation

e.2. pothole filling, crack sealing

Resealing Fanrly cheap Early phase of detertoration.
e.gr. shurry seal, chip and spray,
This i5 a thin seal that is placed on top of
the wearing course Its purpose 15 ta seal

a ciacked wearing coursc.

Resurfacing Fairlv cheap Early to rmore advanced
23 mmn to 40 mm Asphall overlay. deteronition,
This ts placed an top of the existing
wearing colbrse and itz purpose is to seal
a cracked wearing course and alza Lo
improve the ndinge quality and dramage

by smoothitg out surface deformations.

Rehabilitation Expensive Advanced deterioration
Structural strenyrth of pavement increased
e.o_thick overlay, recveling of pavement
layvers.
The purpase of rehabilitation 15 to
improve the structural capacity of the
pavement by making use of the exizding
pavement materials,

Eeconstruction Very expensive Pavement g end phase
Full replacement of pavement layers.
The existing pavement matenals have
detertomted to such an extent that they

hawve to be replaced.

Table 4.1. Pavement rehabilitation strategies
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4.2 Pavement Management System (PMS)

Pavement management systems were developed in the United States of America in the late
1970's and were implemented more widely in the 1980's. In 1984 the Metropolitan Transport
Commission for the nine-county San Francisco Bay Area started a PMS which was amongst
the first that was developed specifically for a city environment [23]. Cape Town developed
and implemented its own system in the late 1980's which was based on the methods
developed by the American Association of State Highway and Transportation Officials
(AASHTO). In 1995 the Committee of State Road Authorities compiled the Draft TRH 22:
Pavement Management Systems [25] which has become the excepted authority on this subject
in South Africa. TRH 22 led to a second-generation system for Cape Town which was -
developed by a consortium called Peninsula Road Consult [22].

4.3 The Cape Town PMS

Determining the best maintenance strategy for a specific road is technically complex. It is
important that the correct option be implemented at the right phase in the pavement’s life
cycle. This will ensure optimum use of available funds. The influence of timely treatment in
increasing the life of a road can be seen by the dotted line on the graph in figure 4.1.
Experience has shown that a satisfactory solution to this problem can only be made by
making use of an objective evaluation of information about the condition of the whole road
" network which is collected systematically on a regular basis.

Procedures to assist in this function are collectively termed the ‘Pavement Management
System’. Road engineers worldwide have come to regard such a system as an essential
planning and design tool. The PMS essentially consists of the following components:

4.3.1 Data collection

Every road segment in the network is ideally inspected once per year by a qualified inspector.
The type, degree, extent and spacing of defects are scored on an inspection sheet. The scores
for the different defects are weighted according to their severity and influence on the
pavement’s life cycle and various indices for each road can be calculated. An example
inspection sheet is shown in Appendix 7.

The results of visual evaluations can be used to determine:

. the current pavement condition,

. maintenance and rehabilitation needs and

. priorities af network level.
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Visible distress is an important input in the assessment of the condition of a pavement
structure. However, other methods of condition assessment should also be used. Depending
on the resources available, one or more of the following could be used:

. riding quality measurements,

. rut measurements,

. skid resistance measurements and
. deflection measurements.

4.3.2 Data analysis

The following main outputs can be obtained by evaluating and processing the visual
assessment data:

i A list of types of visual distress that occur on each assessment length, together
with an indication of the severity and extent of occurrence.

il A condition index for each assessment length through the combination of:
. the rating for degree,
. extent of each distress type and
. a weighting factor based on the importance of distress type.

The condition index can be used to:

. give an indication of the condition of the pavement of each assessment
segment,
. indicate the change in the condition of a pavement over time,
. classify the road into one of five condition categories (very good, good,
fair, poor, very poor) and
. prioritise maintenance and rehabilitation work.
iii. Identification of required maintenance or rehabilitation needs and priorities.

The successive yearly scores for each road can be plotted graphically as shown in figure 4.1
(the PMS score in the form of a visual condition index is on the vertical axes). It is then
possible to deduce at what stage of its life cycle the road is at and to recommend timely and
appropriate treatment. A further product of this graph is to ascertain the effectiveness of past

treatments (see chapter 5).
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4.3.3 Network analysis

The state of the whole network can be analysed and budget requirements can then be set. An
important output of the system is to determine the required amount of maintenance money
to be spent each year to maintain the network at an appropriate level of service, as opposed
to having large quantities of roads reaching the terminal stage simultaneously and then
requiring massive capital expenditure on expensive reconstruction.

4.4 The identification of roads requiring rehabilitation and reconstruction

Once the whole network has been inspected by the PMS, it is possible to categorise roads-
according to their condition and recommended treatment. Various indices are used in this
process. The visual pavement condition data for individual distress types can be combined to
form different indices as shown in figure 4.2. A general visual condition index is calculated
by using all the visual data. Various other pavement indices, such as functional, surface,
structural or maintenance condition indices, can be calculated based on certain select distress

groupings.

Many different methods of calculating a visual index have been developed. The method used

in Cape Town is based on the TRH 22 method which was developed by the Committee for
Compatibility of Pavement Management Systems [25]. The Committee developed this system

for South African conditions, after investigating all the available methods. The objective was

to produce a method giving results that have a good correlation with the judgement of an
expert panel of raters [25].
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Figure 4.2: Pavement condition analysis [25]
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The visual condition index (VCI) and the priority index (PI) are used to produce an initial list
of roads to be considered for rehabilitation.

The VCI is calculated as follows [25]:

VCI,=100 {1-C*(x". F,))} (a.1)

where:
VCI, = Preliminary visual condition index
F. =D*E*W,

n = Visual assessment item number
D, = Degree rating of defect n
(Range 0 to 4 for functional defects, O to 5 for other defects).
E, = Extent rating of defect n.
(Range default 3 for functional defects, O to 5 for other defects).
W, = Weight for defect n ”
N
C =1/{),  F(ma))
F, (max) = F, with degree and extent ratings set at maximum.
The VCI, is transformed to a percentage scale using:
VCI = (0.02509VCI, + 0.0007 VCI’) (42)

The algorithm for the Priority index (PI) is as follows (developed by Peninsula Road Consult)

[22]:

PI={(6- D)+ (5- E)/ 10}* VCI * (f/100) * A

(43)

Degree (D) and extent (E) will apply to the defect triggering an action.

The treatment PI is the highest PI of all the individual defects considered for a

treatment. PI is trimmed to a value between 0 and 5, with two decimals.
Where :

A = min (0.5, B)

B = Suburb weight * district weight * climate weight * traffic

weight * road

category weight. Each of these weights depends on the network definition

values for the link.
f = constant entered on weights screen, same for all defects.
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4.5 Selection verification

Once per year the roads identified by the PMS for rehabilitation are inspected by the Road
Coordination Team. This team consists of experienced engineers and technicians. The Team
carefully inspects each road and consensus is reached in deciding whether the road goes on
to the list of roads requiring detailed investigation towards rehabilitation or reconstruction, or
whether cheaper resurfacing is still viable, in which case the road is grouped back into the
‘poor’ category and goes onto the annual resurfacing programme. The resulting list of roads
requiring rehabilitation/reconstruction is then subjected to detailed investigation and design.

PROCEDURE FOR SELECTING AND PRIORITISING ROADS FOR
REHABILITATION AND RECONSTRUCTION

1 " I A ! Resurfacing
LPMS P L — Programmae
POSSIBLE
REMABJLITATION
Road Co-ordination Team o
nspe ons OTH
ln E l: : 91' D YREATMENT

Rehabliitation Investigstor
Iinspection

[ Proritisation

| Datalled Investigation

L Annusl Budget |_umaw-—

| Detatied Design

L Construction

Figure 4.3: Procedure for selectfng and prioritising roads
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4.6 The rehabilitation/reconstruction process

The roads identified for rehabilitation are then subjected to a process which will ultimately
lead to the implementation of a maintenance solution. Figure 4.3 is a flow chart, developed
by the Author, summarising the process.

4.7 Prioritisation

The Pavement Management System produces a list of roads requiring rehabilitation. Because
there are inevitably insufficient funds to implement all of the projects, a prioritisation system
is required. In the absence of applicable literature, the Author has developed the method set

out below:

Each road on the rehabilitation/reconstruction list is given a priority rating. This rating is
based on the following criteria:

. Condition of road. The VCI is used to quantify the road condition.

. Traffic Class of Road. The traffic class is defined as follows:
Category A: Freeways & major urban roads, e.g. N2, Table Bay Boulevard,
Kromboom Parkway.
Category B: Urban collectors & major industrial roads, e.g. Gunners Circle,

Kendal Road.
Category C: Lightly trafficked residential roads, e.g. Bath Street in
Tamboerskloof..
. Serviceability survival time. The length of time, with the execution of routine

maintenance, that the road can remain usable before it disintegrates and becomes
dangerous to traffic.
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Each road is scored according to the table shown below:

A - H)

- 4

< fp moumtls

- 12 months 4
[2- 24 mouths ) - 3
24 - 36 moniths 2
== 3% momthy 1

Table 4.2. Road priorifisution scuring

The roads are then priontised according (o the Rehabilitation Prionty (RP):

RP,=4A +3B r2C (44)

The welghtings of 4, 3, 2 in the above formula have been established by calibrating with
prionties that have been cstablished by cxperts in the rehabilitation field

This is converted to a score out of 100,

RP = 2RP, /9 (43) |
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4.8 Detailed investigation
A detailed investigation of each road identified is carried out. The purpose of this
investigation is to determine the pavement failure mechanisms and to recommend appropriate

action. The investigation will usually consist of the following procedures:

. Detailed visual site investigation which entails mapping all the relevant failure

features.
. Geological investigations.
. Trial holes are dug in appropriate places and the pavement profile recorded.
. Sampling of pavement layers and subgrade materials.

. Laboratory analysis of pavement and subgrade materials. CBR, Atterberg limits and
gradings are initially most useful to determine the suitability of the material.

. The use of probes (e.g. DCP) to determine material bearing capacities and insitu
densities.

. Deflection testing to determine stiffness moduli of the different layers.

. Water table investigations.

. Traffic counts.

4.9 Choosing the appropriate treatment

After the detailed investigation it is possible for the engineer to deduce the failure
mechanisms and then recommend appropriate rehabilitation or reconstruction actions. There
are many treatments available some of which are listed below:

. Thick structural overlays

. Cold milling and replacement of the wearing course

. Hot insitu recycling of the wearing course

. Cold insitu recycling of pavement layers -
. Removal of pavement materials for recycling and replacing

. Reconstruction

4.10 Design

When the rehabilitation option is finalised, a design engineer will prepare the detailed
construction drawings. If specialised rehabilitation techniques are proposed then it may be
necessary to engage external consultants. For example, the design for the hot and cold insitu
recycling requires specialist laboratory analysis which is not available Departmentally.
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Components of the Detailed Design are listed below:

. Site survey

. Services investigation

. Pavement design

. Geometric design

. Detailed cost estimating

. Preparation of contract documents (as necessary)

4.11 Budgeting and Programming

The following factors need to be considered in order to make a realistic yearly budget
allocation:

. Importance: Major roads and roads of importance that are no longer serviceable and
if not treated will become a danger to traffic. These roads need immediate
consideration.

. Growth: What is the growth of roads in the whole network requiring reconstruction?

We need to at least spend enough each year so that the total requirement does not
grow out of control.

. Ranking: The relative requirements and importance of other streetwork projects on the
Capital Development programme within a limited budget.

4.12 Conclusions

A solution to the problem of optimising expenditure with requirements, can be achieved by
following a systematic approach. This system flows from a network analysis, using a
Pavement Management System, to the project selection level using prioritisation techniques.
These procedures are informed by many changing variables (budgets, PMS inspectors, user
and community needs, network expansion and material advances) and require constant review
and development.

The next two chapters examine project level systems by focussing" on contemporary
rehabilitation techniques and associated case studies. Design and problem solving techniques
are developed and applied. The cold insitu recycling method and concrete road rehabilitation
techniques have been selected to develop and demonstrate various design and evaluation tools.
Despite great demand for the application of these techniques in the Western Cape, the design
techniques are relatively underdeveloped and there is a need for design codes and
specifications. Chapters five and six develop strategies to achieve this and evaluate the success
of these methods.
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Chapter 5: Cold insitu recycling

This chapter describes the use of cold insitu recycling (CIR) as a case study to
demonstrate the implementation of systems developed for rehabilitation design and
evaluation techniques. The systems described in this chapter have been developed by the
author with the assistance of references 27 - 40.

The CIR technique is fast, cheap and traffic friendly and it has consequently revolutionised
the road rehabilitation field. The technique was introduced to Cape Town fairly recently
and its long term performance is still untested.

5.1 Overview

Cold insitu recycling is a technique specifically developed for the rehabilitation of existing
road pavements. The process evolved during the late 1980's after extensive research and
development by companies specialising in the manufacture of large milling machines. The
process consists of milling the existing pavement layers to a predetermined depth, adding
specific constituents such as cement or bitumen to improve the material, and then relaying
the material. This is usually done with specially built machines that achieve this process in
one pass.

The following constituents may be added individually or in combinations:
. water to aid compaction,

. cement, lime or other types of chemical stabilisers,

. bitumen, which may be foamed or added as an emulsion and

. imported aggregate.

Typical applications are the rehabilitation of base layers, rehabilitation of subbase layers
and stabilisation of layers in new construction work.

The rehabilitation of base layers is done by milling the upper layers of the existing road
and mixing them together in the process. This usually includes the surfacing layers, which
can significantly enhance the grading of the mix. The material is then mixed with a
stabilising agent and water, and then laid as one new layer out the back of the machine.
The layer is then compacted and bladed to the correct level and a new surfacing layer is
then added.
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The rehabilitation of subbase layers is essentially the same as above except that one or
more layers are removed first, by milling, thus enabling the CIR machine to access and
recycle the deeper subbase layers. It is necessary to remove these layers first as the
available technology only allows recycling and effective compaction to a maximum
thickness of 300 mm.

The main advantages of the CIR process are as follows:

. Cost: it costs only a quarter of the cost of conventional methods.

. Traffic accommodation: traffic can be placed on the recycled layer almost
immediately.

. Time for construction: the process decreases construction time by up to five times.

. Reuse of existing materials.

. Uniformity of mix.

. Accurate layer thickness control.

Disadvantages are that the technique cannot address subgrade problems and that it does
not solve subsurface water problems.

5.2 Cold insitu recycling in Cape Town

The CIR technique was first used in Cape Town in 1995 when Bonteheuwel Avenue was
recycled. Since then more than 45 km of road has been recycled in six different contracts
(see Appendix 8 ). The first four roads, which have now been in use for five years and
longer, are analysed in the following sections as case studies to demonstrate the
rehabilitation design and evaluation techniques. These are Bonteheuwel Avenue (1995),
Silverstream Road (1996), Gunners Circle (1997) and Signal Hill Road (1997). The
locations of these roads are shown on the map in figure 5.1.

Plate 1 shows the CIR machinery on site. Note that expensive specialised equipment and
skilled operators are essential for this form of rehabilitation.
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5.3 The design process

CIR is a relatively new technique and detailed design guidelines are still being developed.
International guidelines are not generally applicable because of South Africa’s unique
pavement structures, material types and climate. The design processes described in this
chapter have been developed by the Author but are largely based on the methods
developed by the South African Bitumen and Tar Association (SABITA) [39], [40] and
TRH 4 [37] and TRH 12 [38]. These manuals are widely adopted throughout South
Africa. However, it is acknowledged that the empirical nature of the design methods is
unsatisfactory and current research being carried by the Foamed Asphalt Working Group,
formed by the Road Pavements Forum, using the heavy vehicle simulator should go some
way to establishing a more empirical-mechanistic design relationship for CIR structures
[32].

The three steps of the design process; namely, suitability decision, structural design and
mix design, are described below.

5.3.1 Suitability decision

The CIR method has sometimes been used indiscriminately. A decision process to select
the suitability for the CIR method is shown in figure 5.2 below:

DETAILED INVESTIGATION
Tris) holes
Deflection testing
Traffic counts
Materiala tasting
Water table determinastion
DCP survey

1

IFAILURE IN UPPER 300mm ?I No_ [consider other methods)|

lyes
[ riorease<er | e
4 Hime
lves
| WATER TABLE < 800mm ? ’ No_ [ z“bl‘lu'ﬁ“l‘l""‘l“l"ﬂ" [
lves

INVESTIGATE CIR MIX DESIGN

Indirect tensile strength
Unconfined compreasive strength

Figure 5.2: CIR suitability decision process
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5.3.2 Structural design
The structural design can be divided into:

a) Traffic analysis
The cumulative E80 design traffic loading is determined using the TRH 4 [37] method. It
is calculated from:
Cumulative E 80 = G.F,.F.x (5.1)
Where G, = Traffic growth factor (TRH 4: table 1)

F, = Cumulative equivalent traffic (TRH 4: table 12)

F = Load equivalency factor (TRH 4: table 6)

x =  Average daily heavy traffic

For example; in the case of Signal Hill Road, with an average daily traffic of 900
equivalent vehicle units and average daily heavy traffic (x) of 40 units, we find the
following:

a) F =25, G, = 1.03, F, = 9045, and hence

b) the cumulative E 80 = 931635

This indicates a category B road, this information can then be used to select a catalogue
design [38]. The E80 load can further be used as the loading input in a mechanistic design
determination.

b) Layer design

The South African Mechanistic Design Method (SAMDM) [33, 36] (see section 5.4.3 for
explanation of the method) and the ETB Catalogue [39] can be used to determine the
required pavement layers by imputing the subgrade properties and the design E80's. In the
case of Signal Hill Road the SAMDM recommends an equivalent 150 mm G2 layer (see
TRH 4 [37] for properties of G2 material).

5.3.3 Mix design

The constituent materials design to convert the existing parent material to an equivalent G2
(in the case of Signal Hill Road) is achieved by testing different emulsion/cement trial
mixes in the laboratory. The mixes are then tested for CBR and UCS to determine which
mix best meets the design strength criteria as determined in the layer design. An output
example is shown graphically in the figure 5.3 below:
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Figure 5.3: CIR trial mixes

As seen in the above figure, there is un increase in CBR with an increase in cement
content, but 4 decrease with ncreasing emaulsion content, The strength requirement must
therefore be balanced with the benefits of increased emulsion content. Experence has
shown that emulsion contents of above 2% resultl in compaciion problems because of the
associated high moisture content caused by the 40% water content of the emulsion mix, It
13 therefore best to aim at achieving the required strength at 1.5% to 2.0% emulsion
content. However, 1n dry environmenis lower emulsion contents are adequate and more
econgmical
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5.3.4 Case Studies

The following is a summary of the design criteria and outputs for the four case studies
under investigation:

Case 1: Bonteheuwel Avenue

Background .
Bonteheuwel Avenue is a residential collector road and a bus route. The road had

extensive crocodile cracking and pumping.

Pavement structure
The pavement structure consisted of:

40 mm asphalt
190 mm ferricrete
Cape Flats sand.

The pavement structure was deficient for the loading and this coupled with a fluctuating
high water table, had caused the failure of the ferricrete base.

Traffic loading
The 20 year design traffic load was calculated according to TRH 4 [37] to be three million

E80's

Design
The guidelines in SABITA’s Manual 14: Gems - The design and use of granular emulsion
mixes [40], were used as a basis for the CIR design. A DCP survey indicated that the
lower layers were structurally adequate and that the upper 200 mm required strengthening.
Laboratory tests on the base course indicated a G6 material in terms of TRH 4. The
material was well graded but CBR and Atterberg limits were borderline for basecourse
material. After investigation, the CIR rehabilitation technique was chosen for the
following reasons:

. Basecourse required strengthening and subgrade support was adequate.

. Cost effective, about 1/3 the cost of conventional methods.

. Traffic could be accommodated at all times.

. Short construction period (about four weeks).

. Emulsion treated base would be less susceptible to damage from high water

table.
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Samples of combined asphalt and ferricrete were evaluated in terms of UCS, CBR and
ITS. All strength criteria were met at 2 1% emulsion and 1% cement content, but due to
the high water table in the area it was decided to increase the emulsion content to 1.5%. A
160mm recycled layer thickness was determined by using the SAMDM.

Case 2: Silverstream Road
Background
Silverstream Road is a residential collector, category C road in Manenberg. The road was

severely cracked and deformed.

Pavement Structure
The pavement structure consisted of:

20 mm continuously graded asphalt wearing course
300 mm calcrete basecourse
Cape Flats sand subgrade.

‘The calcrete had a plasticity index of 5, which is below the CIR selection criteria of 6.
CBR values ranged from 28 - 57 which is well below the minimum basecourse
requirement of 80. The calcrete was therefore a G6 type gravel of subgrade quality and
had insufficient bearing capacity for the traffic loading.

Traffic loading
In 1995 it carried an average daily heavy traffic of 30 vehicles and the 20 year design load

was estimated to be 0.95 million E 80's

Design
Cold insitu recycling was chosen as the most cost effective treatment to strengthen the
poor basecourse material. Samples of combined asphalt and calcrete were evaluated in

terms of UCS, CBR and ITS.

Engineering properties were evaluated at varying emulsion and cement contents. All
strength criteria were met at a 2% emulsion and 2% cement content. A 110 mm layer
thickness was determined using the SAMDM.
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Case 3: Signal Hill Road

Background
Signal Hill Road is an amenity road providing a scenic route from Kloof Nek to the end

of Signal Hill. The road was identified for rehabilitation in 1996 because of severe
crocodile cracking and pumping which had developed into potholes. Degree 4
deformations were covering more than 90% of the road surface.

Pavement structure

The pavement structure consisted of:

10 mm slurry seal
80 mm granite bitumen penetration (BPN)
decomposed shale subgrade.

The granite BPN comprised a 30 mm single sized granite stone, held together with
bitumen. The bitumen had completely stripped away leaving the aggregate loose in places.
The subgrade conditions were acceptable but insufficient at such shallow depths.

Traffic loading »
The road carries a significant amount of heavy vehicles in the form of tourist busses, up to
25 a day are recorded during summer. The cumulative E 80 design load was calculated to

be 931635.

Design
A design thickness of 160 mm w1th 2% cement and 2% emulsion was chosen using the
SABITA design method [39].
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Case 4: Gunners Circle

Background
Gunners Circle, Epping, is classified as a major industrial, category B Road. The road
displayed category 5 crocodile cracking over more than 50% extent and most of the cracks

were pumping fines.

Pavement structure
The pavement structure consisted of:

50 mm asphalt wearing course
70 mm bitumen penetration
200 mm ferricrete

Cape Flats sand subgrade.

Traffic loading
It carries approximately 4900 vehicles per direction per day of which 10% are heavy
vehicles. This translates to a 20 year design load of 8.8 million E80's.

Design
Testing pointed to a weakness in both the BPN and ferricrete layers thus favouring the use
of cold insitu recycling as a rehabilitation measure.

All strength criteria were met at a 1.6% emulsion and 2% cement content. A 160 mm
layer thickness was determined using the SAMDM [36].



Chapter 5

5.4 Performance analysis

A performance analysis procedure which has been developed by the Author is described in
this section. Because the CIR method was only recently introduced to Cape Town, the
available data is not sufficient to do a complete analysis and the purpose of this section is

thus rather to demonstrate the procedure and not to produce a definitive output. The

procedure is shown in the flow chart below:

PROCESS

DETERMINE IN-SITU STRENGTH

DETERMINE ELASTIC MODULUS

DETERMINE REMAINING E80’s

DETERMINE E80's ALREADY CARRIED

DETERMINE REMAINING PAVEMENT LIFE]

y

DETERMINE TOTAL PAVEMENT LIFE

COMPARE WITH DESIGN LIFE

METHOD

Deflection testing
ucs
DCP

Back calcuiations from defiections
Emperical reiationships

ELSYMS
SAMDM
TRH 4

Traffic counts
TRH 4

TRH 4

Figure 5.4: Summarised performance analysis procedure
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The following test procedures have been used to evaluate the performance of the roads:

5.4.1 Visual inspections

A pavement management visual inspection was done on each road in 1995, 1997, 1999
and 2000. A visual condition index for each inspection was calculated using the VCI
formula described in chapter 4. The calculated values from each inspection are tabulated
below in table 5.1 and then shown in a graphical format in figure 5.5, Note the effect of
interventions which ncrease the VC1 to values between 86 and 93

lehori e
Bonteheuwel Avenue 52 no data no data 26
Silverstream Road 24 88 87 87
Signal Hill Road 43 40 2] 81
Gunners Circle 49 40 23 88

Tahle 5.1: Visual condition index

The visual condition index gives a useful guide to the overall road condition versus time
The data shows that the CIR. method can increase the VCT o an approximate value of 80
There are not enough data to extrapolate a performance curve but very little or no decrease
is evident during the first four vears.

5.4.2 Imsitn strenglh survey

Inittally an attempt was made to recover cores from the recycled lavers so that UCS and
ITS's could be done directly on the materials. This, however, proved unsuccessful as it
was impossible to remove the cores intact

[nsitu strengths were determined using the dynamic cone penetrometer (DCP), A list of
DCP surveys that were done is shown in Table 5.2 {see Annexure 9 for a sample survey).
This information gives perspective on the frequency of available data and its relationship
to the rehabilitation actions, The three year interval in testing seems to give sufficient
detail to plot change in conditon but more future data is required to verify this (see

Figure 5.6, p 58).



55

Z00Z lLerd 000z 446( 8ol 86l P461 Elal Kool

IIIIIII

I
A IS | S 1= S I
F

&

ool

200N NOWANOOD TSIA

Figure 5.5: Graphical rcpresentation of visual condition index

S s

TIOMED BHANNTS -

04 TIH TeMHS -
Y WyFulsHanes —-—-----
A TAWIEHINGE ————




Chapter 5 36

Bonteheuwsl Avenue 1993, 1995, 2000 recycled in 1995
Silverstream Road 1695, 1956, 2000 recycled in 1996
Signal Hill Road 1996, 1997, 2000 recycled in 1997
Gunners Circle 1994, 1997, 2000 recycled in 1997

Table 5.2: DCP Survey dates

The purpose of the DCP surveys 15 to obtain insitu values of CBR, UCS and E- moduli
of the pavement layers and to use these values to estimate structural capacity, The
structural capacity can then be used to evaluate the success of the cold insifu recycling
techmique. The follpwing equations have been used to convert the DCP data; (1t is noted
that these relationships, equations 5.2 to 5.5, are empirical and based entirely on the Scuth
African experience International methods are not applicable because of the untque
materials and pavement struclures developed in South Africa, Because the CBR, UCS &
E/DCP relationships have also not been adequately researched on emulsion treated
materials, all resuits should be treated with cavtion and wherever possible correlated with a
mechanistic determination like deflection testing )

LICS values have been derived from the following formula [35] and are shown in
table 5.3

It average penetration rate (DN) > 2 mm/blow,
then:.

CBR =410 * DNE2? (5.2)

and if DN « 2 mm/blow:
then:

CBR=(6666*DN*)-(330% DN ) + 5633 (33

UCS walues are derived from the following formula [29]:

UCS=15*CBR"™ (5.4)
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I'able 5.3 presents calculated UCS values and the improvement in UCS is shown
graphically in fisure 5.6, Note the inmbal gain i strength over time which 1s probably the
resuit of curing and deasification through trafficking. It would be useful to know the
properties of this gain and how it will influence carly traffickablilty of the recycled laye
before the surfacimg 18 added. Some work on this was done on this by Jenking et al |29]
using the NMLS Mk3 accelerated pavement tester which indicated a strength gain up fo

20 000 axle repetitions

Honteheuwyel 643 G0 1458 Z250M]
Ay
Silversteam Rd 18117 B0 ? 2500
H_Signai Hill R_d 1058 154 i i 15400}
Gunners Circle 2112 04 2200 2400

*ouring: 43 hre (@ 60 Y O, five davs under damp saw «dust

Table 5.3: Average UCS values lor basecourse {kPa)
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5.4.3 Structural capacity according to the South African Mechanistic Design
Method

This method was introduced in the 1970's and has since been extensively tested and
developed using the South African fleet of Heavy Vehicle Simulators (HVS) [33]. The
method was mainly developed by the CSIR and was first published as a practical method
in 1983. The method is based on the linear elasticity theory and models pavement response
to a standard design load (40 kN dual wheel load at 350 mm spacing between centres and
a uniform contact pressure of 520 kPa is used in this investigation, although increasing
wheel loads and tyre pressures will require that this be reviewed).

The structural analysis carried out by the method involves a linear elastic, static analysis of
a multi-layer system. The modulus of elasticity and cohesion of the pavement materials are
used to calculate the pavement response to the loading condition. The response is
expressed in terms of stresses (o) and strains (¢) at critical positions in the pavement
structure. Transfer functions are then used to relate the stress-strain condition to the
number of loads that can be sustained at that stress-strain level before a certain terminal
condition is reached. The flow diagram below (figure 5.7) shows how the design process
is implemented.

The SAMDM is the state of the art pavement design method in use in South Africa at
present. It has been used to develop TRH 4: Structural design of flexible pavements for
inter urban and rural roads {37] and TRH 12 : Bituminous pavement rehabilitation design
[38], both of which are widely used by rehabilitation engineers throughout South Africa. In
this thesis the ELSYM 5 [27] and PADS [36] computer programmes are used for the :
analysis.
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MATERIAL AND LOAD
CHARACTERIZATION

[STRUCTURAL ANALYSIS|

PAVEMENT RESPONSE
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[TRANSFER FUNCTIONS |
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[PREDICTED PAVEMENT LIFE|
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ADEQUATE
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| FINAL DESIGN |

Figure 5.7: Flow diagram for a mechanistic design analysis procedure [33]
5.4.4 Effective elastic moduli (E.qy)

In order to perform the analysis, the effective elastic modulus needs to be provided.
E - moduli are estimated using the following formula [35] (unless otherwise indicated):

ffog (E.) = 3.04758 - 1.06166(log (DN)) ' 5

where, |

E.s = Effective elastic moduli (40 kN wheel load, based on back calculation using
maximum deflection)

DN = Weighted average DCP penetration rate in mm/blow

Again it must be pointed out that this formula has not been calibrated on emulsion/cement
treated material. Where results have been obtained from recovered samples or from
deflection testing, good correlation is indicated. However, further research is required to
verify this. - '
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E moduli before and after construction of each road are tabulated below i tables 5.4 u-d

Depth (mm) | Deserpt  (MP5)
(1 - 80 Asphalt - 40 Asphalt G060 *
CGWC CGWC
80 « 330 Femicrete 600 40 - 200 ETR 2500
330 - 300 Sand 93 200 - 336 Fermicrete GOo

330 - BOO Sand 03

Table 5.4a: B modali for Bonteheuwel Avenue

PaSaNL i :
Depth (mo)

Description | Deptl {nm)

(- 30 Asphalt [0 * (- 41 Asphalt &S00 *
CGWC COGWC

30 - 330 Calerete 350 40 - 150 ETH 2500

330 - 800 Grey sand 75 150 - 330 Calcrete 350

330 - 800 Grey Sand 75

Tuble 54b; E modul for Sitverstream Road

Ay | DEsepnuT Ji iRtk serprion
0- 10 Slusry 0 0 - 40 Asphalt 6UOI *
CoOwcC

10 - 40 Asphalt Ta0 0k 40 - 200 ETB 1038
CGWC

40 - 120 Crramte 150 2000 - 800 Decomposed | 100
BI'N shale

|20 - BOO Decomposed | 100

lf shale

Table 5.4¢: E modali for Signal Hill Road
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Description |
Asphalt Asphalt GO0 #
CowWC COWC

0 - [20 Granite 400 * 10 - K ETR 24003
BPN

124 = 320 Ferricrete 2207 200 - 330 Ferncrete 220

320 - 800 White sang 100 330 - 200 Sand G T

Table 5.4dd: E moduli for Gunners Circle

The following applies to tables 5.4 a-d:
* Values abrained fraom Overview of the South Afncan Mechamstic Pavement Desian

Analvsis Method, Table 3, p 9 [33]
" Analysis of IDM falling weight deflectometer test results an Gurners Cirele, Nov 95

'The Il moduli of 2500 MPa obtamed for the natural gravels correlates well with the
experiments carried out with the MMLSE on Vanguard Drive [29]. 'the quantities of fines
in the natural gravels easily absorb the emulsion coment mixture and are then able to form
a matrix 10 which the larger aggregates are cemented, The much lower values abtained for
Signal il Road are snderstandable considering the poor quality (high PL and gap grading)
of the decomposed shale

54,5 Design life

Deesign life has been calculated using the ELSYM 5 [27] and the PADS [36] mechanistic

desten programmes,

The following input parameters were used

40 kN dual wheel load at 350 mm spacing
520 kPa
350 kIa

Load toree
Contact pressure :
Cohesion of ETH:
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Design life predictions are shown in table 5.5 (See Appendix 10 for sample output):

Bonteheuwel 3.00 x 108 0.75 x 10° 20x 10° 11 years
Ay
Silverstream 0.95 x 10° £.10 x 10° 20x 16° > 20 years
Rd
Signal Hill 1.30 x 10° 0,20 x 10° 1.0 x 10° 20 years
Road
Gunners Circle .80 x 10° 1.50 x 10° L% 10° 9 years

* Based on initial waffic counts. See Appendix 11 for a calculation example [37]
* From ELSYM 5 [27] and PADS [36] predictions

! Back calculated using TRH4 [37]

Tahte 3.5: Design life predictions

Silverstream Road and Signal Hill Road, which carry relatively low traffic loads, are
predicted to easily fulfill the 20 year design life specification. Bonteheuwel Avenue had
already carried six years of traffic at the time of this survey, giving a total life of 17 years
which is not significantly less than the design life. Similarly, the total life for Guaness Circle
ts 12 years, which is significantly less than the 20 year design life. Gunners Circle carries the
highest traffic loading of the four roads and the analysis therefore suggests a possible under
design at high traffic loads.

5.5 Conclusions

CIR is a cost effective and traffic friendly construction method. The evaluation system on the
four case studies show that after six years of trafficking there is no significant visual
deterioration to any of the four recycled roads, More data are required to develop a
detertoration curve.

Insitu strength determinations and the resultant structural analysis show that three of the four
roads are performing according to the initial design criteria. Gunners Circle has a predicted
design life of 12 years which 15 significantly below the 20 vear desten life and this suggests
possible under design at high traffic loading,
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Insitu testing of ferricrete and calcrete, recycled with cement and emulsion, shows that an
effective elastic modulus of 2500 MPa is achievable. Results show that there is a significant
strength gain for a period after recycling. More testing is required to determine the period
when this gain occurs and to quantify the gain.

There are many variables that cause uncertainty in the use of the SAMDM for structural
analysis of cold insitu recycled roads and comparison with actual performance of the roads
after they have failed is required to increase confidence. The cohesion value for different
recycled materials needs to be further researched as the SAMDM is very sensitive to this
value.

After six years of performance, all indicators point to the successful performance of the cold
insitu recycling of calcrete, crushed hornfels and ferricrete bases. It is recommended that
further evaluations be done after 10 and 15 years to obtain an actual deterioration curve.

Whilst CIR is an appropriate treatment for flexible asphalt pavements, concrete roads present
a different challenge and approaches to concrete road rehabilitation are explored in chapter 6.



Chapter 6 ' - 65

Chapter 6: Concrete road rehabilitation [41 - 44]

In the 1950's and 60's over 50 km of residential concrete strip roads were constructed on the
Cape Flats. The concrete slabs are 120 to 180 mm thick, mostly unreinforced and placed
directly on the compacted sand subgrade. Most of these roads require rehabilitation and
because of the huge expense to remove the concrete and completely rebuild the road, various
rehabilitation techniques have been developed. These techniques have achieved varying

degrees of success. Because of the enormity of this problem and the associated cost
implications, there is an urgent need to evaluate the options and recommend cost effective

solutions.
6.1 Concrete road failures and defects
The following problems are presént on Cape Town’s strip concrete roads:

1) Loss of subgrade support: this can be attributed to the following factors (see plates 2-5):

. Settlement of the supporting layers. Since most of these roads were constructed
directly on the insitu material, significant settlement must have occurred.

. Heaving clays. Clay lenses are present in varying degrees on the Cape Flats.

. High water table. Calcrete lenses cause a perched water table which saturates the

subgrade and can reduce bearing capacity by 80%. This exacerbates the pumping
effect described below.

. Warping of the slab.

. Erosion of the support layers by pumping. Very small initial vertical movements
(rocking) of the slab relative to the subgrade can create substantial hydraulic forces
in the resulting void. Water entering the pavement, often at the joints, is sucked in
and out of the void as the slab rocks, causing erosion of the material.

2) Concrete degradation: Many of the concrete slabs have extensively ravelled leaving the
aggregate standing proud by upto 30 mm. This results in an extremely uncomfortable driving
surface which can damage tyres. This may be caused by segregation of the concrete during
construction, weak concrete mixes and a loss of surface strength resulting from micro-
cracking caused. by alkali aggregate reaction with the hornfels aggregate (see plates 4-7).

3) Disintegration of joints: Most of the joints do not appear to have been sealed or else the
sealants have completely disintegrated. Consequently the joints, which are up to 50 mm wide
are open resulting in ingress of water, very poor riding surface and possible damage to tyres
(see plate 4). ’
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4) Lack of joints: Some sections of road have insufficient spacing of joints resulting in
weaving transverse contraction cracks to have opened up at about six metre spacings. Some
of these cracks are up to 15 mm wide and pose a danger to vehicles.

Photographs of the different failure types are shown in plates 2 to 9:

Plate 2 shows a concrete slab with broken corners that have been patched with asphalt. This
is caused by rocking of the slab which causes supporting material to be pumped out of the
unsealed joint (Hardepeer Street, Bonteheuwel, 2000).

Plate 3 shows joint disintegration and adjacent cracking due to erosion of supporting material.
Note how the cracked piece has subsided due to lack of support (Hardepeer Street,
Bonteheuwel, 2000).

Plate 4 shows joint disintegration and ravelling resulting in exposed aggregate. Note the
comparison with the slabs on the far side of the road which were most likely added on at a
- later date (Hardepeer Street, Bonteheuwel, 2000).

Plate 5 shows slab faulting and exposed aggregate. The hornfels aggregate is angular and
sharp and could damage vehicle tyres (Hardepeer Street, Bonteheuwel, 2000).

Plate 6 shows micro cracking caused by alkali aggregate reaction (NY 11, Guguletu, 2001).

Plate 7 shows severe ravelling leaving sharp exposed hornfels aggregate (NY 11, Guguletu,
2001).

Plate 8 shows how slab movement causes reflective cracking in the asphalt overlay. Note
how the asphalt has bulged on either side of the crack, this is caused by sand filling the crack
and restricting movement (Vlamboom Street, Bonteheuwel, 2000).

Plate 9 shows the full road with a combination of defects (Firethorn SUeeg Bonteheuwel,
2000).
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Alkah aggregate reaotizn Havelling resulting |7 exposed aggregate
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6.2 Treatment options

Amongst others, the following options have been considered and their advantages and
disadvantages are listed.

6.2.1 Complete reconstruction
This is the most radical option and entails complete removal of the concrete and construction

of new pavement structure. It has the following advantages:

. Complete new road with excellent driving surface and geometrics.
. Long design life.
. Solution of drainage and level problems.

while disadvantages cab be summarised as follows:

. Very expensive.

. Road has to be closed to traffic during construction.
. Long construction period.

. Possibly vulnerable to sub surface water.

6.2.2 Asphalt overlay
This technique entails repairing defects in the concrete pavement and then overlaying with
asphalt.' The asphalt layer could be anything from 10 mm to 50 mm in thickness. Kerb and
channel and road widening can be added at the same time. The success of the technique is
heavily dependent on the type of overlay and on the joint treatment.

The following types of overlay have been used:
. 5 - 10 mm Ralumac slurry
ii. 40 mm continuously graded asphalt hotmix
iii. 40 mm open graded asphalt hot mix
iv. 20 - 40 mm rubber modified asphalt hotmix.

Before the overlay is placed the concrete joints are sealed with a modified binder (rubber or

polymer modified) and then bridged with either a glass grid or a geofabric (see plates 10 &
12). Another option is to saw cut a2 5 to 10 mm slot above the joint after the asphalt has been
laid and then seal the slot with a modified bitumen sealant (see plates 11 & 15).
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The advantages of this technique are summarised as:
. Relatively cheap.

. Quick.

. Minimal disruption to traffic.

. Opportunity to improve grades and stormwater runoff.

. Initial excellent driving surface.

. Existing concrete is retained forming an excellent basecourse.

while disadvantages include:

. Success very dependent on crack treatment and type of overlay.
. Joints will cause reflective cracking through the asphait.
. Reflective cracking will require regular maintenance.

. Relatively short lifespan of 5 to 10 years.

6.2.3 Concrete Recycling
This technique entails using a mobile concrete crushing plant to recycle the concrete and relay
it as a basecourse. It is essentially a full reconstruction but has the advantage of reusing the
existing materials. The concrete is removed using a hydraulic excavator or other suitable plant
and then fed into the mobile crushing plant (see plate 14). The plant removes any steel
reinforcing and then crushes the concrete into a 37.5 mm continuously graded basecourse.
The material is then laid and compacted to 98% modAASHTO and then covered with a 40
mm CG asphalt wearing course. It is usually necessary to slush sand into the base because
of a lack of fines in the crushed material.

Some advantages are:

. Complete new road with excellent driving surface and geometrics.
. Long design life.

. Solution of drainage and level problems.

. Cheaper than complete reconstruction.

. Makes use of existing materials - environmentally friendly.

while disadvantages include:

. Relatively expensive.
. Road has to be closed to traffic during construction.
. Possibly vulnerable to sub surface water.

. Lack of fines make base difficult to compact.
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6.2.4 Crack and seat method
This method entails cracking the concrete slabs using a 700 kg weight with a guillotine type
blade or flat impact head which is dropped from a height of 1.2 m. The idea is to break the
concrete into pieces of not greater than 600 x 600 mm (this is calculated using a co-efficient
of expansion of 11 x 10 ©®and a 40°C temperature range). Seating of the resulting pieces is
then carried out using 25 ton pneumatic roller. A levelling course and asphalt wearing course
are then added. A geofabric could be place over the joints or over the entire surface before
these layers are added. '

The advantages of this technique are:
. Minimal disruption to traffic.

. Short construction time.
. Opportunity to improve levels and drainage.
o Uses existing materials - environmentally friendly.

while disadvantages include:
. Unknown design life.
. Water entering asphalt layer will penetrate through base and could cause pumping of

subgrade.
. Additional expense.

Photographs of the different treatments are shown in plates 10 to 15 on the following
page.

Plate 10 shows a joint sealed with a rubber modified bitumen. Stone (9 mm) has been added
to the bitumen to increase the stability of the mixture (NY 11, Guguletu, 2001).

Plate 11 shows a sealed saw cut joint. Note how the sealant has been stripped out in places.
(Swartysterhout Street, Bonteheuwel, 1998)

Plate 12 shows a geofabric bandage over a joint which is applied to limit reflective cracking
in the asphalt overlay (Firethorn Street, Bonteheuwel, 1996).

Plate 13 shows a rubber bitumen asphalt overlay. Note how the sealant in the longitudinal
crack, on the right of the picture, is bleeding through the overlay} (Firethorn Street,
Bonteheuwel, 1998). ‘

Plate 14 shows a concrete crushing machine. The crushed concrete product can be seen just
to the right of the machine.

Plate 15 shows an asphalt overlay with saw cut joints.
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Crack sealing Saw cut joint,
PLATE 10 PLATE 11

Geofabric bandage over crack Rubhber btuman asphalt overlay.
PLATE 12 PLATE 13

Platc 17 - 20




Chaplor 6

Concrete crusher.
PLATE 14

Saw cul joints.
P_LTE 15

Plute 21& 22




Chupter 6 74

6,3 Perlformance comparisons
In order to quantify the success of the vanous conerete toad rehabilitation options a
porformance analysis of selected roads hus been carried out All the roads arc about 5 wears

rled. The roads are shown in table 6.1

1 Larethonm Street Herteherael Aaphalt IHimiren Lwber [ 208 20y
(L - 1) overli selanl anel bilumen
Cieal lout 10 eentihric asTatull
Hulisbos handage
2 [irethom Steeet Haonteheume Asphalt, A abre b Bubber 1990 el
£ el - endy Vel ne genfahng bitumen
paphalt
i Grus Siroel - Lazrateshiessden] Asplall Mone R ulsher 1La5 LAl
Firethean 1o vverliy brownmen
Creeltunr azphall
f| Sueatlisliziion Ponfeimive] Acsphialt Filurmen Ut fradest | L3060 23
Breed pverlu sealanl /osaw asgrhalt
st cut after
v ETliy
A Sherwood Walk Hanowur Rucyeled MiA Contitwasly | 1598 Al
Park priled
i
i Amandel Baad Bontohemsel | Orck and Ceolibris hubber 200 o
wedt Bilumen
aspthalt

Table 6.1 Conerctee road rehabilitation case stodies
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The roads were inspected 1n April 2001 and scored according to the following degree and
extent ratings for reflective cracks above condrete joints'

No cracks present 1
Fine hairline cracks 2
Open cracks < 2 mm wide 3
Cracks 2 1o 6 nun wilh some spalling and 4

bulelng. Bumps (el in vehicle from cracks
or depressions above cracks.

Cracks > 6 mm with spalling and bulging, s
Distinetly bumpy ride

Tahle 6.2: Degree rating for refleetive cracking

< 10 % of road tength aftected ]
10 - 20 % 2
20 - 40 Y% 4
4 - 70 % 4
> T % 5

I'able 6.3: Extent rating of rellective cracking,
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Table 6.4 presents the scoring for each road

I Frirethomn 1 1 1
Street

2 Fircthom 4 | 4
Rtrect

3 (ras Street 3 5 | 5

4 Swartyster- i 2 5

v hout Strect

] Sherwood 1 i
Walk |

& i Amandel ] [ [
R.oad

Table 6.2: Road inspection seores after rehabilitation

The low scare for Gras Sireet 13 a result of reflective cracking at the concrete joints and this
shows the impurtance ol crack scaling before placing the overlay. The dearce 3 cracking on

Swartysterhoul Street is a rosult of meflectual seahng of the saw cot joints (see plate 11),
Degree 4 cragking on road 2 compared o the absence of cracking on road 1, shows that thare

is some advantage 1n placing a geofabiic bandage
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6.3 Conclusions and recommendations

There are numerous methods available for the rehabilitation of concrete roads. The concrete
roads on the Cape Flats are constructed in areas that have high water tables and the concrete
slabs form ideal bases for rehabilitation measures. After comparing the different rehabilitation
methods the following conclusions can be made.

1. The recycled concrete base has performed the best but is also the most expensive
rehabilitation option. This method is closer to a full reconstruction and cannot be
directly compared with the other methods.

2. The rubber bitumen overlay on sealed joints has performed satisfactorily after six
years and is economically viable and is therefore at present the most desirable

treatment.

3. The saw cut method shows promise but further research is required in methods of
sealing the saw cut. If the saw cuts can be effectively sealed, this method is likely to

have a longer design life than the straight overlay.

4, The crack and seat method shows promise but it is too early to evaluate its
performance.
5. A follow up study needs to be done in three to five years time. Operational costs can

then be evaluated and life cycle cost comparisons can be computed.
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Chapter 7: Conclusions and Recommendations
The reconstruction and rehabilitation needs in a city environment can be effectively

managed by adopting a systematic approach. This thesis has explored the different
components of such a system and these have been divided into data and information
requirements and systems requirements. The components of the requirements are
summarised below. '

Data and information requirements

The historical perspective gives information on the different techniques and types of
materials that were originally used to build the roads. All these roads will require
reconstruction at some stage in the future and it is essential to know how they were

constructed.

The geological perspective is needed to establish the performance of subgrade and
pavement materials which are influenced both by their origin and underlying geology. The
geology also determines the available construction materials and their properties

Systems requirements
Various systems have been developed to structure the road reconstruction process and

these range from road selection (by the use of pavement management systems) to road
prioritisation and design techniques.

Case studies have been used to implement design and analysis procedures and thereby

develop a model for determining the success of different reconstruction options.

Conclusions for the case studies are summarised below.

1. The use of insitu testing has shown that the cold insitu recycling technique is
structurally effective six years after construction. Computer models suggest that a
20 year design life can be achieved. Follow up studies need to be done after 10 and

15 years to verify these findings.

2. Numerous techniques are available to rehabilitate concrete roads but studies indicate
that the rubber bitumen overlays on treated joints and the saw cut method are the
preferred treatments. Further studies are required at five year intervals to develop
life cycle deterioration curves.

By following the approach developed in this thesis, the engineer can effectively manage
the rehabilitation requirements of a big city by optimising needs with limited funding and
ensuring the implementation of successful, long term rehabilitation designs solutions.
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List of tenders for reconstruction project in 1905 [11]
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R. T. Stephenson
(ieo. Pallett .
Domelly & \I\.L.mn
Murray & Stewart
\hm'-u & Stewart

R.T. btephenson
Jas. Holland & Co.

Donnelly & MceCann

Table Mountain Asphalte, ])(.:l'

R. R. Hunter
P. Phillips Halliwell
C. Ivor Puxty & Co.
Jenkins & Co. ...
B.S.A. Asphalte Co.

Material.

. ¢ Saldanha Bay Granite ...

. Colonial Grranite

.- No. LJarenh ...

Asplalte Blocks, 2 inches thick ...
Asphalte Powder, 2 inches thick .
Hardwowl

Hardwomd

('reosoted Deal. co: uc«l

Red Denl

Jarah

*Jarrah

Non-Slippery Sanit: ry Block

Blackbutt, Tallowwaoud, 'l'm-ln-mim'

Blue G, Stringy B:uL .
\l de Travers Asphalte Powder,

2 inches thick

hwedlah Granite

('reosoted Deal

Jarral

Blackhutt

Tadlowwond
dsh IFox

i Red \Ilhomm\:"

Stringy Bark .

Blue Gumn .
.~ Hastings qmn.n\ Block-n 3 ine Iu-n

thie 'k

. Jarmh

L CN.SW.

Uncreonsoted hed l)«-nl
Hardwoodx
Creosotel Deal

; Valde Travers .\*plmltc 7 inches |

thick

. ' Creosoted Red Deal

- Holland’s Greanite Bloc Lw 3 ine Iu--n

thick

. ! Creosoted Du;r

|
5
. l
f

Table Mountain A-qnlmltc BlmLs.
2} inches thick .

; N.S.WW. Hardwood

Sicilian Asphalte, 2 inches thick .
0. do.

Table Mountain Asphalte Blocks,

2} inches thick

Amount,

£ s,
162,966 13
L4708 6
112,988 13
107,583 6
104,866 13
100,320 14
99.583 6
99,322 2
05,920 14
93.020 16
91,254 3
90,920 16
90,379 3
90254 3
89354 3
88,920 16
§7.866 13
N6.535 W
N34 13
35,241 15
s5.241 18
N5,241 13
N3.241 13
852410 L8
85,200 0
S4,241 13
83,866 13
83,712 10
N3,254 3
83,004
NL24l 1s
30833 6
9045 16
T300 0
76,483 6
72,333 6
72,533 6
66,520 16

R L UL RN L L R w o

LR S S R S AR
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Pavement survey, 1923 [11]




MAIN ROADS RECONSTRUCTION —(Annexure to Section 1, ‘Fable 1T). ' S T

m
cmo - e e e T T T T — -
3 7 3 . 2| 8 |4E | 85| B 3y | °8 ‘ N 1
o I ) © g k. ‘g €« E® = e -7 v ™
H £ £ = 2 ¢ £ |3z | at 28 | Bl | gE| E
5 g Az | 2 & as |3 | & <5 |<z |EE) 2
g § - R € | Bk s —i =3 28 2 s i 5
X 4 ¢ £ 2 S | £l 3| . . | 35|15 | T = 2z| 2 .
. \ = & 2 t2 )& g E £ 5 =§ “5 & 2¢ | 2 F;
No. NAME OF ROAD. 55 | =3 4 | £ T : .8.2 3 g,g €3 1 .S gy | £§ gel &.la] £
£ Z . 3 s X a ot <& % 2 |4 =
s3 | s2 | A | BT B |E|es| 3e |meE| @E| St | TS| G| SE|E| .
53 | e3| St o[ Ea| B [E| R | g% labe| 3F |eel|iE|axl|ex| B |3 o
B 51| s2 |21 8 |T|EE| B | HETIERAE R ES HAH R
33 | 23 <% | dew £ |u]|AS d 3 2| B3 | 2k | 285 | £33 | k3| B5 |2 <
£ d £ £ £ £
1 | Rxunnt Roap.—Main Road to Queen's Road .. 375 43 3.704 | W.B Nounes | F| 2376 4,468 | B6d. 06 268 363 206 13| 10-2 | B| Blue
2 | Quzen’s Roap.—Regent Road to Vicloria Drive 11l 8-y 089 | I\ " 16/~ 791 | &d. 21 47 a8 11 10 82| B .
3 | Maix Roap, Bea Point.—Three Anchor Bay to ‘
RRegent Road .e .e . e e 1,600 6-6| 10,400 | W.B. "» ] 287- | 14,660 8d.| 347 871 | 1,221 642 | 143 | 192 | A Red
4 [ Main Roap, OneeN PoinT.— Boundary Street o
Three Anchor Bay (Mountain Sida) .. 1,987 1-1 8,058 . " Flaio 0,468 | 5d4.| 168 508 738 330 | ot 12.7| B| Blue
6 | SomxnseT Roap.— {’uturknnt Strect 1o Ebhenezer
Rond .. .. .. .. .. . . . 803 U5 1,668 . N W28 9,187 Tl 223 552 116 A51 1M LI81 | A Red
¢ | SouznrsxT Roap.—Ebonezer Road lo Boundary gin. Il
Street (Scaside) .. .. e .. .. 180 ) 110 1,080 ] T. core, 13,0 1,337 3. 25 80 105 30 3 7-0 ] C| Yellow
7 | SomerseT Roan.—Ebenezer Road to Boundury 107 | 'T. Oin. Tid.
Streot (Mountauin Side) .. . .. .. — 6-3 030 | W.BB. | Nono 16/~ 002 | 4d. 19 54 13 31| 6} |11 | B Blue
8 | Warkugant STREET.— Ik Streot to Suunlerset
Road .. .. .. .. .. .. 125 1-8 ¥v15 | W.L. .- K| 28/- 1,365 | 154. ol , 82 143 141 | 343 1 260 | A] Rad
0 | Warkrkant SteExr.— Long Street to Breo Strect 165 | 11 -4 1,881 " " Fl23:6] 2,210 s5d. k1 133 172 25 ) 31| 13:5] 3] Blue
10 | Buitenunacur Staxer.—Walerkant Strect to
Sirand Street .. .e .o .. .. 83 | 190 1,577 " " 16/- 1,262 | uil. 39 15 114 12018} [ 108 13 "
11 | STranp SrrExt.—Long Sticet to Bree Strect .. 2750 | 10-0 2,700 " . 13/¢ 1,823 1 4. 415 109 154 97| 8§ 8-0| C| Yellow
12 ] STRaND STREET.—Brre Street to Buitengracht
Street . .. .. . .. . | 1o |22-0 2,420 . ”» 16/~ 1,03¢ 4d. 40 116 166 Ha 6 | 10-0| B] Blae
13 | 80 Qeonoe’s StresT.—Dock Road 0 Wale 1Al Redd
Strect .. .. .. .. v .. 523 | 11-5 6,000 | ‘T, ”» §F| 24— 17,200 | o 150 432 532 195 127 3] Bhe
1 | BuiTkngaNT STReET.— Castle Street to Dacling
Street .. .. .. .. e .. 140 ]| 20-5 2,877 | W.B. " 36/~ 5179 | Gl 72 311 383 179 18] 109 A lted
15 } Burrkngant Braeet. - Darling 8treet to Rovhud .
Strect .. . .. .. .. .. 4113 | 182 11 " ”» 20/~ 1,111 Ol 1790 431 010 B3 My T2 A
16 | Loxamanker Brneer.—1anover Street to Cor- ) :
poration Strest .. - .. .. .. 509 | 6-0] 3,054 " w | ¥ 28/- 4,276 | 6d. 74 257 333 go| el v-i]al,.
17 | Darting STREET.—Huitenkant Strest (o Sir ;
Lowry Road (chiefly mountain side) . . .. 280 | 133 3,725 " . 37/~ 6,392 | 8d.! 124 414 538 123 21128814




MAIN ROADS KECONSTRUCT IOV—~(Annc\um to Scelion L, "fable 11). .
S R T T IPRETY S B
T T £ 5| 8 £ g:)% g |8 [ E ¥
g |z g | 2 [2'ek AL TR 1
E | E 2 Il AR BT
£ " § é 1. - ¥ < L el 2
§ % § 38 H él 35 ® -a-“ -4 33 .gg . b £ !
.5 2 e\l H 2
No. NAME OF ROAD. 34 'R i %%E oL g: E 535 gt Zé 2 35 gg 2 g E
£e k- <& < L
AR A R HE R TR R LN I - R
AR AR UL IR R IR Al R
] . A | B3| 2§ | Ee | £ | 1) &E| A3F |BE3 2% | 2.5 | 828 | B38| B3| AR 3
Iw ‘ fin Lowny Roab. ——Darlmg Street to Victorin |~ ~ 7T T 1 1
Rond .o 1,687 | 16-2 ] 23,787 .- ‘ iS- | 44000 | Rd. 703 | 2,641 ] 3.434| 2,205 21,204 ] A
19 \VicToRiA  RoAD.—Chueeh  Street to Cnrringe ; pin. 114 !
Drive . 1.086 | 18-5 | 306.825 l core 20/- ] 36,826 | . |1,074 | 2,200 | 3.283 | 2.102 ” P47 A v
20 { Victonta RoAD —Bnrron Street (o(,lmrehSIth AN | 10-2 5920 \\' B. ; None ! V| 30— R3320 1 124.] 20 n24 815 ool toagaal Al .
21 | Vicroria Roan.—Carringe Drive to Station !
Rand, ()lm‘rvnhl?' .. s ] 103 1.139 HE Fl - 2.908 | 124d. [ 1Y} 174 271 Inp ! 24} 208 | A
22 | Maw Roap (Peninsuln), -—Viclorin Road fo ;
(roote Schnur Avenne .. 122 7-R | 25.001 l e K| a3t | 42,658 | 200, [2.001 | 2,580 | 4650 [ gt ] ang 0.8 A
23 | Main Roap (Peninsula).—Qrooto Sclmur Awmu- | |
to Stanhope Rond 2% | ree| samst| . ) L | 3e-| 23020 [1ea.) e8| 1435 2373 | 1,806 | 30| 303 | A
24 | Mamx Roan (Peninsula). -—-Slmhope Rosd to 32.439 '
Mnins Avenue . . . 1.840 8.2 08134 T, I Fl3/-1 17423 [ 11| 470 10450 1,518 053 | 224 | 22-71 A »
' TOTALS—Tanke 11. .. | 10802 | [18eas2| —‘ 256,404 7477 | 15.300 [ 22.867 {15,381 ! T
Lin. Yela. Seq. Yda ' !

MAIN ROADS I’I (O\Ihll!l U””N——(I\llll(‘xlll‘(‘ lu -\ccllon 2, 'lnblc 111).

25 | Styerrnrie STReRT.—8ir Lowry RRond to New.

market Strect . a3 18 -4 1.231 | W.B. | None | F| 28/- 1,721 . 10d, 6l 103 151 119 23] 190 | A| Ned
26 | NEwsaRKET BTRERT.—Stuckeria Strect to Alhert |

Rond .. a9 [ 132 i 12.889 | W 3. . F1l 20/~ ] 18,0158 1. 637 | 1,083 | 1.620 677 (12} [25-8 A "
27 | Aturnt Roan.— New mmkel Slrrc( to Shit Rive or i .

Rond .. 2332 | 1431 33.264 | \W.N. v 20/~ 3260 . | 1.297 £,008 3,243 2,244 6| 1900 A "
28 | Rarx Suven NoAp..~Main Rond to Alherl Rond 538 | 7R 4,214 | w.B3, . IF| 24 8,067 . 0. | 158 s 4 oo | 177 A .
29 | Lowrr Main Roap.—8tation Road, Observatory ! .

to Main Rond .. ARN Tn 1.682 | T, .~ ] 28/~ G841 124, 220 ARG 614 423 1221 | 266 | A .“
A} Lower MaiN Roao. -—Albevl Rond !o S!nlmu L.waf L, . g

Road, Observato 1,074 8.3 7432 | \W.. . 20/~ R.872  Gd.| 259 532 1 60l | JOoF [ 163 | A "
31 | Main Roan (Inlan )—-A!ber! Rond te Artons . .

Main Railway Line . A6O 1 123 G.R61 | T, . 20 B.864 1. 286 412 ang 6oo | 243|170 ]| A .
32 { Maix Roap (lnlam()-—('l I-ron h Mmllnnd)--- i

Main_Railway to Municiprl Boundary . 4321 [ 127 | 000 | W, - 20/~ 1 64,011, 7 {00602 3,206 3 4,807 | 3370 14 L 140} A
33 | Ware SrrErr.—Adderley Strect to Long Streel. 260 | 6-3 1.647 | T. - | 28/- 2.308 ; . 48 138 180 H3 | 163 1 13:2 ] A] .,
31 | Kroor Sraxer.—Long Street to ceud Tram Line 1,507 B8-1 8,004 | T, . ¥l 20/~ R,a04 | 6d.] 216 61¢ 731 575 | 16 10:8 | B| Blwo
a5 | Harrienp Srrerr.— redv Blreet to Orungc- 1 _ N

Street .. . s3] 1.0 380 | T ” 185/~ 3,01 ! od.| op 1823 278 e 0 | 146D

TOTALS—Tnble 11}, .. 12,703 140,879 149,103 ! 3,727 1 8,046 {13,673 ] 9,416
Lin. Y s, 81. Yils. '




MAIN ROADS RECONSTRUCTION—(Annexure to Section 3, Iable 1V)y.

367 Berxrey Stnast.—Camp Road to Aloxandra £ £ £ £ £

Road .. .. .. .. .. .. 116 70 2,912 | W.B. | Nune 18/~ 2,330 1 &5d. U] 140 201 101 81 | 13-9| B} Blue
37 | MartLanp Roap.—Raapenberg Station to Camp T, and

(round Road . . .. .. .. 1,663 7-1 11,857 | w.B. " §¥| 20/-| 11,857 | od.| 297 711 1,008 832 | 103 | 8.8 B v
38 | Kurronrein Roan (Extension).— Klipfoutoin

Road to Municipal Boundary .. .. . 4,447 | ©6-2 | 27,809 | (ravel| ,, F|23/6 )] 32,676 | od.| @95 | 1,901 | 2,656 | 1,704 M (118 B
39 | DuapAN Roap.—Camp Ground Road to Over.

head Bridgo Road . .. .. . 11107 7,634 | T. " 14/~ 6,107 | 7d.{ -223 306 589 6os | 10| 9-0fB] .
10 | Overneap Bripaz Roap.—Victoria Road to Oin. Hd.

Durban Road .. .. .. .. .. 254 | 107 2,721 | P, core 20/~ 2,721 | 8d. 91 163 254 183|160} | 153 ] A| Red
41 | Vicroria Roap, MowBray.—Main Roud to Part

Ovurliead Bridge Road .. .. .. .. 83 9-3 715 | W.B. | ¥ d'vn|j10] 21/ Y30 | 10 32 [.{}] 88 9|24} |17 6] A .
42 ] Camrr Grounp Roap.—Klipfontein Road to

Collego Road ‘e . .e . .. 1,702 0-3 | 18,776 | 'I. None 13/6 | 10,640 | 4d.| 203 439 902 425 ¢ 84| O] Ycllow
43 | Camr Unounp Rp.—College Rd. to Main Rd. .. 2,380 8-3| 10,878 | 1. " 13/8 | 13,416 | 4d.] 331 805 | 1,130 496 5 10.9] C '
11 |Bemont Roap.—Bridge to Railwa .. . 202 6-2 1,252 | Gir Mce " 20/~ 1,252 | od. 47 5 122 91|18 2086 | A Red
45 | Stanuork Roap.—Main Rd. to Lansdowne Rd. 293 70 2,050 | I, ” 6/- 1,640 | &l 43 08 141 70 Bx 110 | B| Bluo
10 | MiLngr Roap.—D’ark Rd. to Klipfontein Rd. .. 840 50 4,700 | W.B . 10/~ 3,760 | 5d. 8 226 324 109 | 10 — B -
47 | liarriewp Roap.—Kenilworth to Main Road .. 1,386 | 6.0 8,31¢ . o {F | 20/~ 8,310 | 6d.| 208 100 707 517 | 14 03| By ..
48 | LxrrersTEDT Roan.—Main Road to Mill Street 256 | G-6 1,707 } I, gin. 11d. 13:8 1,152 | 3d. 21 69 090 42| 5 7-7] C] Yollow
19 Mhet StAcer. ~—Lettorstedt RRoad to Camp Ground coro

Road .o .. .. .. .. . 222 47 1,043 | w.B Nowne | F| 28/~ 1,460 | 1od. 43 88 131 96 | 22 17| A| Red
50 | Bree STREET.—Watorkant 8t. to Dock Rd. .. 3371 27-2 9,140 v - 130 G174 | 4| 152 370 522 32 10-2 ] C{ Yellow
81 | Kroor Roav.—Kloof Streot to De Lorentz 1,088 " v 13/6 2,612 | 4d. 60 157 217 133 8 74]|C v
. Strect .. .. .. .- .. 701 5-7 2,181 | 'I'. - . .
62 | Kioor Roav.—Round Chuech to Bellwood Rd. 1,030 4-8 4,925 | W.B. " F| 23/6 5,787 | 8d. 103 347 4150 103 2} 9-4 | B| Blue
83 | ParuianinT BrrEer.—Dading 8ircet to Durcau

Stroct .. .. .. .. .. .. 259 74 1,032 | I ” ¥l 23/6 2,270 | &4 40 186 176 ot | 11} 80| 8B "
61 | NaNoven STuzer.—8ir Lowry Road to Windyor

Streot .. . .. .. .. 1,365 G-1 8,760 | I, " F| 23/6 | 10,203 | sd. 183 ois 801 74104 | 18| B "
83 [ STamioN Roap (Obsorvatory).—Main Road to

Observatory Station . .. .. .. 631} 6.6 1,207 | W.3. " 1370 2,810 | 5d. 88 170 258 249 | 14 58 Yellow
86 | Koxneno Roap.—Main Road (Inland) 10 Munici- .

pal Boundnr{ . . .. . . 585t 7-1] 42,534 ' " 13/6 | 28,710 | 5d.| 880 | 1,723 | 2,600 | 2,226 12§ 73 "
57 | Lansvowne Roap (Extension).—Keurboom

Bridge to Municipal Boundary .. 2,812 1 4.6 18,123 |Gravel| ,, Fl21/6] 14,0071 44.1 219 846 | 1,065 440 | 6} 90| C "

TOTALS—Table 1V. 27,050 196,023 171,059 1,184 110,263 | 14,447 | 9,166
Lin. Yds. 8q. Yuls.




Appendix 3

APPENDIX 3

Material outputs, 1923 [11]




MATERIALS USED ON ROADS AND FOOTWAYS.

Sea  Capo ' Wood- Mait- Mow. - Clare- Kalk | Total
Description. Point Town ' atock - land bray : monmt : y
C.yds. : C.yds. . C.yds. | C,yds. , C. yds. ' C. yds. , C. yds. . C. yds.
Macsdam 3.047 ' 8,582 3,480  3.725 4404 6,438 1,423 ' 31,088
Gravel . sa55 ! 88 121 : 7.813; 4319 35005 519 | 20,940
Binding . . — | w972, 34 - | 1,252 — 1521 3.750
Shingie .. . 12 1,608 308 - 60 —_ - ! _8 1 3,174
Tar Toppings . - 640 - - - - 1 a56
Tar Fedam I — 1.980 27, - - — - 36
Seopde ol Z| By b Zy iz Zp 2
Blue Rock .. .., — = — | —| Z| = — 228
Cobbles .. . —_ 185 . —_ 1 = —_— —_ —_ 165
Gris . - 1058 ' 601 ; 1,981 7%, 735 830 | 6,850
Hardeore .. o — 13 17 30 -_— —_ —_ ! 80
Boulder Stone . — 50 ' — | 1422 [ —_ . —_ 75 1,547
Sandstone .. o= 21 - = - - - 275
Random Stone A =1 = - = = = 1311 131
Total .. 5314 | 18320 5115 15001 ; 10,750 122 3,182 | 88,970
H ] :
- Casks. ' Casks. Casks. . Casks. | Casks. ; Casks. | Cusks. | Casks.
Tar .. . - 88. 135’ — | 32 46 481 1,938
Traverite . - 60— - - 138 — | 138
)




QUTPUT FROM MUNICIPAL QUARRIES.

Fort Rond, Kloof Road, | Strand Btreet, | Roelnnd Street,
Description.* Sea Point. Bea Point. Cape Town, | Caps Town. Woodstock. Mnaitland. | Muirenberg.} Brackenfel. Totals.
C. Yde. C. Yd. C. Yds. C. Yds. C. Yda. C. Yds. C. Yds. C. Yda. C. Yda
Macadam, Ii in. 2,443 2,198 2,249 6,890

. 2{ in. 2,141 8,822 .. 8,827 19,790
Shingle, % in. 492 492

” in,

' in. 51 1,614 1.665

" in. e 1,050 1,050
Mixed Metal ‘ 36 36
Boltoms 156 1,995 . 2.161
Cobbles .. 172 172
Tarred Macadam, ! in 931 . 581 - 1512

” 1} in.
Iroustone Gravel 2,255 1,144 324 7812 15,151 503 27,189
Grit ... 304 .. 1,973 123 2,100
Sandstona 2,676 2876
Toppings, § in.

. g in. 645 16 1,226 1,887
Seconds 53 53
Binding 2,952 2,952
Blue Rock 449 449
R 13. Stone . 160 160

Total 2,348 2,255 18,892 5,960 906 9,785 17,624 13.855 71,5624

Kerh, Fdge,

Quadrants .-

6in. x 12in.
Channel, Flat, 4in. x 12 in.




APPENDIX 4

Road reconstruction project, 1929 [11]
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PROGRESE REPOIRT —MAIN ROADS RECONSIRUCTION, JARUARY 1O DECEMBIR, 128
ACTUAL BRPENDITURE —(coutinned ).

No. m ]
Recw_h Aren of
shrugiion Tord Decometructed, Paint 1n Vaipt, Honldwayr | Habure of Surfacing. Malvre of Copbengl Canbepet e perl- Tolnl Canin,
Erhnne. R Ya Fonndatian. Hup. 1 {omla. menint Cosbe.
e e : | —t
£
= Rumistat, | £ alul £ omal LA R
Conttact No. & — : ! 207 Kb 13} il 17 © RO 7 In
Conbract Mo 4 ; = GI3 16 7 T a8 Bl 3 4
Contrack o, b o 122 [ 1d.&23 12 3 {.0G8 (¢ 2§ IBGRY I3 0
Uontrect Mo, 6 : -- 2160 3 1u — e B G0
Contrast No, 7 i1 y . 120,765 l ARE51 F1 A | 35030 6 4] ADWDO 3T 1D
Sundries . . o i A, 14101 H S5 BAI0 IF N Al 1% 5
Totn] Expaiituee Loan 30A, 1928 1 142,125 EONARE | 60| 40048 8 2110304 T 3
Warle daome For obher Toas, 1572 — — 478 ¢ B 4,378 0 n
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APPENDIX 5

Road pavements, 1936 [4]
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PROFILES ADOPTED BY LATE DELLOYD-DAVIES (9/5

T Rt T TR 1
e aaie
SR B e
! m “a 4% 'T!"ﬂﬁgr e P A

ENISTIMNG MACADANM RUOAD - MO FousDaTion

TO BE ARAMOOMED

oo ™ Tolty '—“i
=3 < ' _ —— SUQFAaCE
e i g e Froar ta i 4 A SR - TREATMEMT
a i I - ¥
L : GRAMITE
v L -
. e R SO, ‘ MACADAM GTHICK
\ i .._._I'_;_‘ r P w o A . y AL DMFCEE:}
a e BB T 4| FormaTION 8
o u u
e e T AT
I T

”ﬁ ;.w"«.:cﬁ?irmﬂam% TN, R

STAUDARD TYPE SECONDARY ROAD
COST PER SQUARE YARD - B/—

2AEST GRAMITE

- CHIPPIUGS 28 GAUGE
2] WITH PURE BITUMEM
FIMDER,

BT AT

-

FIRST CLASS MAIN MOTOR ROADS STANDARD TYPE-A
COST PER SQUARE YARD 1If-

1A dRABED SAMND o
PURE BAITUMEM BubDEDR

LI Bt 3;'“{"'.-" 2 or 2 GAUGE. asic Lasoks
- _;:Ei:j}ﬁ.f ﬁ:‘a‘-f',!nul o BLUE STOME MAC
3 i were 12 TAR ano Y2

BATUMEM BIMDEDR




PROFILES ADOPTED BY

__*__E(P'dﬁ\i“ é_ TIOHCD Or A@PH ﬁ\l—T Gao l\DQj_ LATE. M= DE LLOYD-DAVIES (924
— SNt e ATRG 1 |

. - . i
i . ) = 'ln"_‘ﬁ‘!r . p '.' I _-l #
i +3 e g '
. -m.-.... “.-.n' =‘1 1,‘{:*5! Bkt e S - 1_ i
Eﬁ ¥ - . 'y !
ﬁ- ﬂ'ﬂ = e l-r.-s""—:»'x":'*" IOV AL p-:ﬂ:ﬂ.:r':'d‘a“-:
.. {.‘1 é e | j',\.j e P a Vi R e p- l" f A
|t=.\ |n|: = B == b ¥ A Tt A e DT g O 1 ‘?'O' Folg @] I!.' ﬂ' 1_1 c ﬁT
s - ..-4.\\.- .i‘: lf;: ﬂt" “Lﬂt QL -0 Jﬂ."'ﬂ g F .-\(:.;’q !. E-
ey S ] a & J 2 - :; d.!‘ -‘ a:
j; o +‘~.~‘:-,a:-n';4 n_ s e 0 . i CDHGRETE
Al itk L
= l """-E"" AL 1

l:' oo tL
TSR R =Y. 7l
Jﬂ:ﬁ! ] %}:‘h{ ﬁﬂ ‘-'"ﬁ!:

Ha-4. -3 AsPrlA{_‘( ic Corlcm:(ﬁ ol G (EMENT CoNereTe.

AT ST TG
ol
e
Aant "% A,L RE
NS _:-?r--:-.;l-r-_rr.‘-r*"'f" v 4 Vr'#‘ PH -
;.'1‘_" o i - LR I B ‘:'F.':': 'r
=N _.#.;ﬁ <o ﬂ:-'n'.l‘ 0 0ud o %o o LEJ{.:E" V] : uCE"’!Ef‘T CH'IGRE'I
(Ao a st atatay TR e BT B

.

|32

A\SPW'C Gt ot ey e e s ¥ ié?’*&\km e ] o € G Coessre.

'7 AspHalTic ColcReTE -
5t 5T MACADAM - -
4 ; - h 4
: “‘ﬂnyﬁﬁn&vuﬂ v 2

ARPENDIX F

- o a — __I)’ e



Appendix 6

APPENDIX 6

Road cost comparisons, 1937 [3]




e et e 1n e

SR S s
e ® e . Tyt e e 4 gy e
E T Sy e
[ ) : SR e

COMPARATIVE COSTS. ‘ ANYEXURE C.
"itumen Groutcd and Premix Road Surfaces.
Tyve of Surfac Dut Prime Cost. ‘ . . . . ;
Yy rface, Y. _|Saving in| Interest and ¥aintenance | Total Cost per Savings per Annum
Per Se.Yd. Per ifilc x 24! Cap{tal. Redemption - Costs per Annum Interest ana Main-
per ¥Mile. | Loan 20 years Annum per tenance.
at 337 per Mile. Per Mile | Per Sq.Yd. Per Mile.|Per Sq. Yd|]
annum per
per mile,
M Pene trated '3 Heavy 7/3d. 27,125 £370 £59 £429 7.3d
(Foundations 2/8d)
(Surface 4,6¢)
i ,
MPremix” 2 Ceat . '6/11a £4,300 £352 Nil £352 64
(Foundations 2/9¢)
- (Syrface 4/2a)
£225 £17 l.3a
"TPuactratea’ 240 | Tdight 5/9¢ £4,068 £292 £59 - £353 64
(Foundations 2/- )
(Surfac. 3/9¢)
"Premix? 140 Tizht 5/- £3,520 253 Nil £253 4.3d
' Feneer 2Foun;ations 2/- )
Surfacc 3/0d)
£548 £100 1,74
_~——“_——————_—_—=—‘—-===ﬁ_——=—'—====———_—_—== .
NOTE : On the ab:ve figures two courses are open for c¢- mparison:-
(a) Iimit Annual Capital Expenditure.
] {v) K ®  (ileage Constructed.
|
(2) Limiting C:pital Expenditure to £60,003 per annum:
13 miles of "Penetratea™ roads could bYe built whlle Interest Redemption and Maintenance woulw be £5,082.
or 14.6 * IPremix™ " " " i " B £4,416,
or (b) Limiting Annual Road Programme to 13 Miles:
‘ 13 miles "Penetrated? oula cost £60,000 with Interest, etc. @ £5,082.
or 13 " wpremix" " £55,000 il Toon A £3,932.

In short 12.3% more road construction can be done for the same capital expendizure in audition to 13.15%
reduction in the Intercst, Redemption and Maintenance Costs.
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APPENDIX 7

PMS inspection sheet
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Road Page; 1
Batch Page: 1
Dste Printed: 2000.07.07
ROAD NAME: Signst Hill Road (R01050)

BUBURSB. OF FIRST LINK: Tamboerskioof

CITY OF CAPE TOWN
ASSESSMENT FORM - FLEXIBLE PAVEMENTS

DISTRICT: Ebenexer
MAP / GRID REF. OF FIRST LINK: CB20 Page: 25/ 5856A

ASSESSOR: 65 Import
ASSESSMENT DATE: 1995.04.20

T T
No | From Description To Description Dir | T/Flow Length (m) | Width (m) No | From description To Description Dir | T/Flow Length (m) Width (m)
1 Uink Marker @ Km 1.00 Link Marker @ Km 1.49 N | 480 6.40 s
2 Link Marker @ Km 1.49 Link Marker @ Km 2.00 N | 550 6.30 7
3 Unk Merker @ Km 2.00 Link Marker @ Km 2.50 N |+ 500 6.60 s
4 Link Marker @ Km 2.50 Link Marker @ Km 3.00 N | 500 7.60 o
s 10
SURFACING ASSESSMENT STRUCTURAL ASSESSMENT FUNCTIONAL ASSESSMENT OTHER DEFECTS SUMMARRY
Z ¥
: §> mlsw]moa emND PLeed 'CRACKS o FAL SURF| UNP | EDGE|SHLD | EMB g INTER r
g TEXT | VOID | FAL CRACK LOSS [COND JFLUSH PUMA RUTT| UNDUL %< |rem |PomH| RO | 5% [DRN |SHLD| BRK PA mmg SECT ATTENTION g
LINK BLOCK | LONG |TRAN|[CROC . w NEEDED b
10 No. 5 plo|[D]| D D D p|o|D|D| D g p| o|o|o |p |[p |D D YN |ROUT| PER |SPEC|REN é 2
- ’ i C 1 bl e N LI{r[L (R
elele]e £ £ E| e e | E E| e calcalcalen] € con| pr|pr| PR |Pr|®
2 2 () 1 0 ) 3 3 3 2 2 2 3 o | 3 3 2 1 1 o |N|n|Y|N N|AaA]|C
poszer | w V¢ | n b2 b0t 2 2 I I et A . DA B - o | a1 o ac
2 2 o | s 0 ) 4 3 2 1 3 4 1 0 1 | v o JoJo]o]e 0
2 |20 1 ) 0 3 3 3 2 2 3 ) 3 3 2 1 1 o [N|N|Y|N N|A]|C
Po2e8 | N | F | N [T T T L B o | A 4| ss
2 2| o s | o ) 4 3 2 1 3 4 1 0 1 u o |o|lo]o|o 0
2 2| o 1 ) ) 3 3 3 2 2 2 3 ) 3 3 2 1 1 R LICIRAL N | A]|C
P0o2226% | N | F | N N - M C o | A 4| ss
2 2 | o s | o ) 4 3 2 1 3 4 1 0 1 | u o Jojo|ofo 0
2 2 ) 1 o| o 3 3 3 2 2 | 2 3 ) 3 3 2 1 1 o IN|[N|N|N N|A]|C
pzo | wl e | N T 1T1T| e 7] i R R R e i A : i o | A 4| ss
2 2 | o | s 0 ) 4 3 2 1 3 4 1 0 1 | v o Jojo]o]o )
N - ] - { | o o




APPENDIX 8

List of roads recycled in Cape Town 1995 - 2000




Roads cold insitu recycled in Cape Town Municipality 1995 - 2000

Boriefaies|

gt brawt sarsd

17a E B ascnal 1185 <00 15% 0%
Avonug 11530 199 Fomicrate Concar
s=2rd
|
4
Sikerztmam Hoad | Manenterg E53 =1 AL aspalt <50 155 L.2% {1ZC%
£T50 350 zalorele Rumdol
sard
Signal Hill Feard Cape Towm 2050 g 4T asphan VET 226 1L.5%, 22%
14400 50 pen macad Humrdal
152 dec ehale
Cunnats Ciisle Eppiry *nEo 2] ED agpralt 4497 25 v 5% 20%
{phass 1) 13500 75 ger macad Frumrau|
260 Tarntrete
=ard
Laredowne Rood Phigpl Ag3 10-1% Aazchalt b BT A00 1.6 % £0%
2000 2530 GTER herhfels Caneol
[=REF-1-3] 280 palorate
zahstons
dark grey sard
Miljar Sires) Myarpe B2C 1-3 10 asphalt B8 250 1 B8 | 3%
E000 200 - 300 &b lgtats Canghr
Parrituls
Yight brawn sand
MY 1 gt 210 3 r 57 asphalt A5E oy e TE% 205
1467 " S ferrinrete Capenp




eMyodo Nyanga 120 <1 15 chip & spray 3-6/m8 250 1.6% 15%
830 220 homfels Concor
sand
Washington Street | Langa 650 3 40 asphalt 3-6/98 235 1.6 % 1.5%
6500 350 homfels Concor ~
light brown sand
Great Dutch Street | Nyanga 210 <1 30 asphalt 3-6/98 175 15% 15%
1500 200 homfels Concor
120 shale
light brown sand
Lukannon Drive Strandfontein 3450 <1 10 chip & spray 3-6/98 200 1.6% 20%
21400 200 ferricrte Concor
fight brown sand
Acacia Road Parkwood 410 1 40 asphalt 3-6/98 210 1.6 % 20%
2300 150 ferricrete Concor
120 homfels
brown sand
Sipika Road Nyanga 180 <1 3-6/08 200 1.6% 15%
1230 Concor
Vanguard Drive Wingfield 3390 >15 50 asphalt 3-7/99 300 20% 20%
34200 300 homfels Raubex
ferricrete 7
Lansdowne Road Philtipi 3300 10-15 60 asphalt 3789 300 20% 20%
(Phase 2) 25600 300 homfels Raubex
varies / sand
Gunners Clrcle Epping 2820 9 50 asphalt 3-7/89 300 20% 20%
35900 120 pen macad Raubex
350 ferricrete
Hiati Street Nyanga 315 <1 15c&s 3-7/99 150 20% 20%
1740 200 homnfeis Raubex

380 sandy calcrete




Zwelitsha Drive Nyanga 420 2 40 asphalt 3-7/99 200 20% 20%
3000 300 calcrete Raubex
varies
Punt Road Philtppl 3760 <1 15 c&s 3-7/99 150 20% 20%
22600 100 calcrete Raubex
300 sandstone
Camp Road Stranfonteln 920 <1 15 c&s 37199 200 20% 20%
5600 150 hornfels Raubex
sand
Rhodes Drive Cecella 4500 1-3 80 asphalt 6/99 200 1.8% 2%
27000 150 laterite Raubex
300 telford pack
Spine Road Strandfontein 5380 3 40 asphalt 3-6/2000 250 1.2% 1.5%
: 68000 150 homfels base Concor
150 homfels sub
sand
Hans Aschenbome | Woodiands 3740 <1 S0 asphalt 3-6/2000 150 1.2% 15%
Street 31000 120 homnfels base Concor
120 homfels sub
sand
Ok Lansdowne Phllippl 1670 1 80 asphalt 3-6/2000 250 12% 1.5%
Road 4800 120 homfels Concor
150 homfels sub
sand
Ny 78 Nyanga 420 <1 20 asphalt 3-6/2000 150 1.2% 1.5%
4000 60 BTB Concor
: 300 homfels
sand
Ny 6 Nyanga 250 <1 20 asphalt 3-6/2000 200 1.2% 15%
2300 80 BTB Concor
220 homfels

sand
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DCP survey and analysis
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DYNAMIC CONE PENETRATION TEST

NINHAM SHAND
CONSULTING ENGINEERS

PROJECT : CITY OF CAPE TOWN-SIGNAL HILL TESTED:  ZM

PROJECT NO: 6800/0/VQ/RIS DATE: 14/08/00°
TEST NO: 2 FILE NO: 6300/0/VQ/RIS
sv 1000 m

roviy
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CBR vs. DEPTH
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APPENDIX 10

PADS sample output [36]
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Appendix 11

APPENDIX 11

TRH 4 pavement design example




[ . DESIGNER] v cenoe—,
' .. PAVEMENT STRUCTURE DESIGN BY TRH 4 [OATE |
& -
SQURCE e . FROM e TEEMABKS
ROAD S1GmriL Hhec IT_CI —I Ziw
i SUBLURB (. ave “Tewn
FQHDEEIEJ Kesugu T on
DATE OF TRAFFIC
ADT (awy) = 70< SURVEY. ‘ &7 f’fnf"-“-?'
TRH 4 R ot
table 1 |ADHT (4 = <40 —mmew t@ ﬁﬁ‘f 4}’* il
table 2 STRUCTURAL DESIGNFPERICD = U
ltable3  |LOAD EQUIVALENCY FACTCA (F) = -
table 8 TRAFFIC GROWTH FACTCR (Gx) = [ 5/ S%
'table 10 | CUMALATIVE EQUIVALENT TRAFFIC (Fy) = Se=v =
tabfe i1 |LANE DISTRIBUTICN FACTCR (Bs) =
]
CUMALATIVE ECUIVALENT TRAFEIC ©
l Ne = Ge Fy.Be.F . x
|
table 4
table 18 |SUBGRACEC3R = /O
SELECTED LAYERS OR SUBGRADE TREATMENT:  ~ /4
PECPCSED STRUCTURE i
- s |2 3
ST ay ,-{.('_- I !
| IS S TS | - |
[ '_L-"._: oy ':_l,f_:—I;. H . I

—

.‘_






