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"In all mountain roads, falls of rocks and slips of earth are 
likely to occur, especially during winter rains and stormy 
weather (sic) and this remark must especially apply in this 
case where the precipitous mountain krantzes face largely 
towards the 'weather' side. It is, of course, a practical 
impossibility to remove all loose stones and ensure the 
stability of all banks above the road (all reasonable steps 
appear to have been undertaken up to this stage). Careful 
and constant patrolling will probably prove a necessity for 
some years to come, and must be accepted as a normal 
duty and expense attached to a road of this description. 
For the ongoing reasons it may ultimately prove advisable 
to close the road entirely, or after dark, as traffic will not 
only be menaced by debris actually falling while passing, 
but (also by) that which becomes scattered over the road 
surface". T.W.W. Perry (1922) 
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Abstract 

Chapman's Peak Drive was constructed a unconformity below Chapman's Peak, a suite of that 

rise directly :from the ocean to their summit. A seemingly :frequency of rockfalls and death of a young 

woman in December 1999 led to the the Drive as a public thoroughfare. At the heginning of the year 

2000 Chapman's Peak Drive featured in both local and international media because of the wildfires that 

through this area and large portions of the rest of the Cape Peninsula. This led to a heightened public awareness of 

the obvious physical danger to traffic on Chapman's Peak Drive. This prob1eJtn of rockfall activity onto Chapman's 

Peak Drive is not a new, or one as all roads constructed within mountainous terrain will inevitably 

~,...~~r~e some sort of mass movement of slope material onto their at some stage. 

The study focuses on the movement of material onto Peak Drive and the relevant contributions of 

those factors that tend to these types of activities. This research set out to the various 

geomorphic controls cattsintg the hazardous conditions experienced Chapman's Peak Drive. The intention was 

of regolith material and its su£1Se<IUeJm: downslope as well as 

;~ ...... ti·"-"?"" ... ,tt., ...... ., within sediment movements and the falling of rock material onto the Drive in the form of mass 

movement events. Human activicy in the form of the rock barring/clearing of certain areas of Chapman's 

Peak and wildfires that through the area were also to be assessed. 

These objectives were achieved using a combination of the monitoring of slope processes on Chapman's PeBk, the 

granular composition analysis of slope material samples, the of oblique photographs and orthophoto maps, 

and an archival investigation. Slope surface sediments were captured during rainfuH events using Gerlach troughs 

while designated plots were monitored for clast movement. Rocks fulling onto Chapman's Peak Drive 

rainfall events were also collected and recorded. These sediments were analysed and aU data 

ex~mn1nea statistically. A principal analysis was on the fallen rock data in an to 

of this process 

With the use of these investigative tools it was discovered that the presence of steep slopes and/or the absence of a 

protective vegetation cover above a particular point on Chapman's Peak Drive, as well as the intensity of rainfull 

all a role in the initialisation of mass movement events in that area. Statistical undertaken 

showed that 

presence of 

lower intensity rainfall events the absence ve1~et~1tion proved the controlling factor while the 

bad been undertaken it seems to have had a positive influence in redluciine: the impacts of mass movement events 

within those areas. 

The first step in the development of mitigating measures aimed at mass movement hazard 

Ch:apn1an's Peak Drive is the of the mechanisms that control mass movement and the identification of 

those areas most active ~ well as the assessment of the effectiveness of certain mitgatory too1s. 

This research provides this initial foundation upon which the and of such measures can be 

based. 
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CHAPTER ONE· 

INTRODUCTION 



1.1 Introduction 

Most Earth's comprises with the exception of plains and terraces resulting 

from river Even flat areas, such as Africa's plateau, in fact of 

hillslopes oflow between floors and the crests of (Selby, 1982). 

It therefore that, if slopes bulk of the morphology Earth, they 

need to monitored correctly. processes occur on slopes that eventually 

to the downslope movement of materiaL movements place either with or 

without the direct assistance of flowing water (Carson Kirkby, 1972). movement, in 

bulk, forming from to lower ground without the direct ass:tstance of a 

fluid transport agent (air, water or ice), but acted upon gravity, IS mass 

movement 1995). There is a range rates of movement and within 

rht't ..... "' .... t process types 1.1). can fall, flow, slide or creep as they 

make downslope and Mend, 1982; Varnes, 1978). 

Imtlact directly upon people and/or .......... , ..... .,.1"h;, they are c1assl11ed as disasters 

'-'V'""""' and Doornkamp, 1990). Apart an nnY""rl'Oni" factor in the modification of 

slopes, slope failures can of considerable economic both and 

indirectly and Montz, 1997). The largest landslide, Saidmarreh .............. .,.,, ... ..,, 

occurred 10 000 years in the Mountains It had a length of I and shifted 

a total 20km from source to destination (Murck et al., 1997). A landslide magnitude 

that of the Saidmarreh slide cause enormous loss of life property were it to place 

an inhabited area. Indeed, can, and do, cause loss of life on a large scale to 

in an inhabited area. estimated 000 people were killed by flows in the town 

of Armero, Columbia November 1 (Cooke and 1990). examples 

of major landslide disasters are in Table 1.1. further of relatively large-scale 

.............. F""' caused a landslide took in Dunedin, Zealand, in 1979 when 62 "'"""'""'""' 

were either shifted from their original or destroyed landslide that 

for 30 (Coombs Norris, 1981). another a landslide Aroha, 

2 



0 0 0 0 0 0 0 
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Figure 1.1: General ranges of transport velocities that operate on slopes (Clark and Small, 
1982). 



Place Date 

Goldau, Switzerland 2 Sept. 1806 killed 
Elm, Switzerland 1881 44 m/s killed 
Java 1919 Debris flow 140 

Kansu, China r6 Dec. 1920 Loess flows 
California. USA 31 Dec. Debris flow houses 

1945 
1958 

Ranrachirca. Peru 10 June 1962 Ice and rock 3500+ killed 
avalanche 

Vaiont, Italy 1963 Rockslide into so m/s about 2600 killed 
reservoir 

UK 21 oct. Flowslide? 8.8 144 people killed 
1966 rooo killed 
1967 1700 killed 
1969 Debris flow 150 killed 

Japan 1969-72 Various 19 died, houses 

Peru 31 May 1970 133 m/s up to 25 ooo killed 

flow 
1971 259 killed 
June 1972 Various 138 
1972 112 killed 
1972-3 Various 

Peru 25 Apr. 1974 Debris flow 39 town 
Mantaro Valley, Peru 1974 450 killed 
Mt. Semeru rg8r 500 killed 

Peru 1983 + killed 
W. Nepal 1983 killed 
Dongxiang, China 1983 killed 
Armero, Colombia Nov. 1985 Lahar 22 ooo killed 

Table 1.1: Some major caused by landslides (Cooke and Doornkamp, 1990). 
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New Zealand million dollars worth damage and the 

....... ,., ..... ,,. (Montz, 1992). Most individual slope failure events 

losses but their cumulative effects can amount to millions dollars 

of the lives three 

... AI .. "" ..... do not cause significant 

damage each (Tobin 

and Montz, 1997). 

In areas of relief, such as the Peninsula of the Western Cape, for mass 

movements are especially common, as illustrated by Boelhouwers et (1998). Recently, the 

population of the Peninsula area has witnessed destructive capabilities m 

the debris in suburbs of Glencairn and Hoek. These debris flows 

badly damaged or destroyed amounts of private property the evening April 

1999, Bay Echo, April22, 1999). 

problem involving a of on Chapman's in the Cape Peninsula, Western Cape, 

South 

1.2 Events Leading to the Closure of Chapman's Peak Drive 

When a develops, and replacement occurs as the of the cliff 

face begin to weather erode. This process deposits talus material at foot of the cliff as 

the oversteepened slope to adjust (Moon and Dardis, 1988). With the high cliffs and 

road along and Chapman's Peak Drive, a scenic drive around of the western 

coast of Cape Cape, South 1.2), largely the 

direction from which Peninsula's most harsh weather systems approach, it seemed '"''"".-~-"'"" 1 

that rock material would fall onto the 1922). Undercutting a more res11Stalt1t 

overlying formation, as the weaker formation below eroded more rapidly, led to development 

OV4~rnan~;s also threat full 

Peak, accelerating these processes of slope retreat, replacement and 

Therefore, it seems it was inevitable that loss or injury occur along 

the and indeed it did, finally culminating of the Drive. 

5 



HOUTBAAI 

CMpman'• Pclnt 

Figure 1.2: The study locality. Arrow A indicates the position of control slopes investigated 
during this study. Arrows B and C point to the beginning and end, 
respectively, of the other section of Chapman's Peak Drive monitored. 
Inset: Star indicates the position of Chapman's Peak on the Cape Peninsula. 

A seemingly increased frequency of rockfalls and the death of a young woman in December 

1999 led to the closing of the Drive as a public thoroughfare. At the beginning of the year 2000 

Chapman's Peak Drive featured in both local and international media because of the wildfires 

that had swept through this area and large portions of the rest of the Cape Peninsula between 

January 18 and 21 ofthat year. This media coverage led to a heightened public awareness of the 

problems that were at that time being experienced on Chapman's Peak Drive. The rockfall 

phenomenon represented an obvious physical danger to motorists and therefore required some 

form of scientific investigation, on a local scale, in order to aid the better understanding of the 

6 



problem. An improved understanding may enable development an effective management 

... l.ll."'U''ts accurate local thereby maximizing 

This problem of rockfall onto Peak Drive is not a new, or unexpected, one. 

(1922), the Roads Engineer, first inspected Drive immediately its 

completion. Upon ending first inspection, of Chapman's Drive, Perry (1922) 

that roads built on mountain slopes are likely to rockfalls and earth along 

their He thought that this would be true in case of the road built along the 

"''"'"""'"' of Peak as these towards the 'weather' (Perry, p. 

1). 

Bearing the following rockfall and slips mind, as well as the eventual 

it seems that prediction proved true for Peak 

Various incidents of rockfall occurred the 1980's 1990's that had led to 

temporary closures of Chapman's Peak on those occasions. During month of July 

1987, a Regional Services Council workman was on the a falling clast. This, 

accompaiJllect by a rockfall between 1 0 13 metres resulted 

closure of Chapman's Drive until the road could be cleared (Saturday 1987). 

Two visitors to Cape Town, a Mr. Erasmus and his were both injured by falling material 

they vehicle at one the rest points to take a photographs the cliffs 

above. of 18 March 1989 reported incident Mrs. luckily was 

not seriously injured but husband a multiple fracture his arm. During 

October same 

into car crushing 

Times, 1989) 

Ronnie ofHout Bay when a boulder fell and rolled 

driver's side. accident took place on the "Noordhoek 

Peak Drive. Mrs. Brouwer was the car at the of the accident 

luckily escaped llD.Ilarmea. 

On 26 June 1991, a stone hit the bonnet of Mr. Steve Sandomierski's car as he was 

along Chapman's Peak Drive and stopped to mst)ect the damage. When climbing out of his 

vehicle, a large boulder landed on it. Some smaller struck Mr. Sandomierski's head, 

1
"""'''""" him with superficial and thigh wounds (Stop Press, 1991 ). 

7 



Chapman's Peak Drive 

authorities to repair the 

in July of that 

but the reopening 

28 September, 

closing during the 

"'"Y-t-ar•P. because had 

to the road surface had 

was due to a 

Mr. Klaus Mannhardt and Gauteng, were 

1997 > when a large UV, ... A,_.''-'A smashed into the side of 

boulder was so large that it was necessary to :fragment it, 

:from the accident scene. subsequent rockfall events 

(Cape Times, 17 November, 1 

falling onto 

from Noordhoek, 

1993 in order to allow 

and caused damage a 

..., ...... .,,~..,~"""""' by August of that 

Flora Bay 

Chapman's Peak Drive, 

and killed him instantly. 

dynamite, before removal 

closure of the drive 

Drive during 

""""'UJ".""• was killed and 

Olga, seriously on way home when a SOOkg and crushed their car 

(Cape Argus, 26 January 2000). the wildfires had burnt and removed the vegetation cover 

the slopes of Chapman's Peak, 12 major rockfalls took place the drive within the next 

two days (Cape Argus, 2000). 

With all this rockfall activity 

and road .... uunl;" 

w"'''"" 1 "''~""' along its ~"'A&'"" ... 

J. Mountain and Partners, 1 

... u.~.u5., along Chapman's 

area, it seems inevitable that work along the 

have had to to ensure the safety 

.. ......... , ......... A ... to 1999 Preliminary (M. 

undertaken to determine the stability and the road 

it seems the area has undergone virtually no safety work 

the 77 years between the 

1999. The clearing of fallen "'""'~"""'~"'"' 

opening of Chapman's closure in 

and the repair of damaged or Sc:Jiffe~ secum1s and 

cuttings (evidence of rockbolting) seem to been the only activities nnri ... ...talr<:•n (2000) 

the road were 

repmce:mem of this 

llJ.IJkl.._a,t~;;., that on two occasions, once and again in 1980, sectlOJlS 

washe:d away and therefore neeuoo .. ..,.., .. """''u~. After the incident 1980, 

washed portion of a Only one event of road 
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UPJiU"aJtlmg, not by stonn uatm<;t;ge, seems to have been reported. took the 

widening along 3000ft of the drive 1962 2000). 

1.3 Significance of Chapman's Peak Drive 

Chapman's Drive is an important between city bowl of Cape 

Southern suburbs, especially along Atlantic coastline, both 

and its 

and 

Town's major transport routes are already heavily burdened 

with rush traffic as can be evidenced on any day. Chapman's Peak Drive is 

an important alternative route southern suburbs inhabitants. 

With its breathtaking views of both the Atlantic Ocean and the sea cliffs, on the landward 

Chapman's Peak has itself an tourist attraction over the years. 

Tourist volumes Cape Town have grown enonnously since South 

m Before the year 2000, an estimated 3500 

became a democracy 

vuJ''"'"""" travelled along 

Chapman's Peak Drive these were an average luxury 

coaches and dozens of minibuses carrying international visitors (Cape 26 2000). 

With the Drive those in the trade Noordhoek valley 

(Figure 1.2) that concerns will a slow death (Cape Argus, January 26, 2000). 

One such entrepreneur, Mary Nel, remarked that, closure of Chapman's Peak Drive, 

u<>u.•'"'"" had dropped by 95% during the month of January 2000 Argus, January 26, 

2000).' The alternative routes nerwet>.n Hout restofCape do not through 

the Noordhoek valley and so businesses no 

throughflow 

The closure of Chapman's Drive forced the "' .. "'"''"'"'"'''"' of the internationally renowned 

Cape Argus/Pick 'n Cycle the Rotary Club Claremont the Pedal 

Association, to design an alternative route for the race excluding Drive. Chapman's 

with splendour, has one of the throughout 

history this race as such, exclusion the the race was highly 

problematic. An independent study commissioned the Cape Town Cycle Tour Trust showed 
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that approximately R1 00 million in revenue was in the as a direct 

the cycle race during 2000 Argus, October 26, 2000). According to Ken 

joint tour chairman during the 2000 and a Rotary Club member, about 80 000 

people entered Cape for the 2000 event. Of these 39 people from 

different actually took part in the race itself. the year 3 5 000 took 

the race, more than half whom were 6 April, 2002). These 

have rapidly original number of first race 1978. 

kind (Old Mutual, 2000). 

Another important sporting event whose route has been disrupted is Old Mutual sponsored 

Two Oceans Marathon. Chapman's Peak Drive been an important the Two .................. ..., 

Marathon throughout history of race and the same reason a;:,;:,.v'-'JlaL .. ;u with the 

drive from race will 

negatively impact upon its popularity. Once that the on~an1sers 

identif:Y an alternative route for event Approximately 13 000 runners participated the 

1999 70% whom outside of Town. Also competing were 500 

the year 2002, 7266 took part in the ultra-

part the event. Of the entrants 68% were in Cape Town 

l~~~~~~:lli!!:.Mt~.&r~!!, 6 April, 2002). As in the case of the cycle tour this marathon 

draws many visitors, not the runners but their and Western 

in revenue and allowing the of Cape Town the 

its attractions on both a national international stage. 

It is imperative that this area made for travel as permaLneJrlt closure of 

route would not worsen aforementioned traffic on ...,Auo:uuu1.5 road 

system but would in probable oflarge amounts .v ... ~ • .,. capital for Cape 

Town South Africa as a whole. 
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1.4 Hypothesis 

rockfalls onto Chapman's Drive, coupled the 

desirability for re-opening this route to ""'''"'1 " 11 and pedestrian access, an investigation 

the causes of whether na1tur;al or because of human is 

some of working hypothesis is hypothesis is as follows: 

weather conditions at any point time. impacts of wildf:rre on the vegetation 

the of "'-"UCAIJU•U..U are 

1.5 Aims 

With the above hypothesis in mind, it is ne1:essarv to obtain data peJttatnmLg to the gettests of 

the regoltih falling rock material utuu•a•'-'J..J '"'"'-•"'u''a the conditions ext>enlen<~ea 

along Chapman's Peak study to the 

impact of human activities on the natural rates of movement of as well as 

rockfalls. It is the to supply accurate and current information 

the more effective management of the slope areas along and above Chapman's Peak 

1.6 Objectives 

1) To sediment movements by 

recorded weather conditions with slope events. 

To draw comparisons a slope of debris (barred)(as 

described by and Doyle, and an adjacent control which has not 

cleared (unbarred) with respect to m sediment yields and 

number of released during equal rainfall events. 

11 



attj;:mt)t to how barring measures m cmnD:atmte; 

rockfall that section of Chapman's Peak Drive "The Lookout" (when 

4) 

travelling towards Noordhoek) . 

........... u.,." the most highly 

closely monitored and • .u .... • "'""""' 

Structural Outline 

rockfall areas so m 

Chapman's Drive. 

This dissertation comprises seven chapters. The broad structure this 

"'"'""' .. l'f'"'"' to the following atvtst<J,ns: 

1.7.1 Background and context 

may more 

Chapter discusses recent rockfalls along Chapman's Peak Drive and the stgrntllCailce of 

drive. Included are the working and of the Chapter 

Two provides information on the regional setting, site and history of study area, while 

Chapter Three a literature review slope movements given. Chapter Four 

information on methodologies and implemented. 

1.7.2 Observation, analysis and classification 

Chapter insight into the fmdings resulting from laboratory analysis of the soil 

data, ..,....,.,,.._"'~'''"'"' "n"'"'"'''"' of the fallen clast and the interpretations aerial ..... "5"''; 

Interpretation, discussion and conclusions 

the implications of these findings, in Chapter 

to the nVlJotne:ns. aims described in Chapter One. Chapter Seven, 

12 

respect 

final of this 



dissertation, nr<~<;rp·nt<:r 

raised during course. 
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CHAPTER TWO 

PHYSICAL AND HISTORICAL BACKGROUND 
STUDY AREA 



Introduction 

This chapter introduces relevant physical and historical background pertinent to 

....... .,.., .... .,,.,.., ... include physical setting of the study geomorphology, geology, climate 

vegetation, as well as the Chapman's Peak 

2.2 Geographical Setting and Geomorphology 

Drive, the setting this m\i'est:tgaltton, oveJ:lo<>ks the Atlantic coast between · 

HoutBay Noordhoek (Figure 1.2). The study area comprises slopes and 

section of Chapman's Peak Drive from Lookout", when travelling 

(Figure 2. and ends at the point at which the at 

above the 

Hout 

end. 

Peak is part a of cliffs that directly from the ocean to their 

summits at an altitude 700m. The two under investigation for sediment and clast 

before "the Lookout" when 

and the a barred slope cleared potentially ""L'"""'"L"" rocks. This 

barring/clearing was done in attempt to remove all rock material thought to a risk of 

movement the slope down onto Peak Drive. The two sections are located 

directly adjacent to other and have equal gradients of 32°. Both slopes in a Northerly 

direction and are 50 metres length. regolith is a mixture of soil matrix and pebble to 

boulder rocks 1s one two metres deep. There is no distinct 

gullying but a few rills are evident. At the head of slope are of five 

metres (Figure 2.2). The explanation for the choice of two slopes for 

investigation is detail in a section. 
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Figure 2.1: Positions of barred and unbarred slopes, indicated by arrow A, and positions 
of sample points/road cuttings along Chapman's Peak Drive, indicated by 
numbered arrows. 
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Figure 2.2: Representative cross-section of barred and unbarred slopes. 

2.3 Geological Formations 

lithology of Chapman's has, as will shown, a influence on sediment yields 

and slope failure the study a detailed explanation the existing geology of the study 

area, as well as its history, is necessary. stratigraphic column of Peak is 

of of Western (1933) produced first 

comprehensive account of the ............ ..., .... 

this work. 

of Town and surrounds. Theron (1984) updated 

Most of the Drive was cut into that forms of the Table Mountain Group (Figure 2.4). 

Mountain Group of the Peninsula Pakhuis (Table 

2.1) and is the base the Cape Supergroup. Chapman's Peak Drive itself was constructed 

unconformity between belonging to the Pluton (a of Cape 

Granite Suite which intruded into late Neoproterozoic Malmesbury Group) and the Table 

Mountain Group. The intrusion of previously deposited sedimentary rocks produced this granite 

surface approximately 600 million years (M.J. Mountain and Partners, 1999). maroon 

""""'"""'~ .......... ~, Slltstonc:ls and shales the Graafwater Formation overlie "gently undulating and 

weathered granite (produced) about 450 ago" (M.J. Mountain and ..,.,. .. r""''"" 
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Figure Geological map of the Cape Peninsula and the Cape Flats (Reid et at., 1998). 

1999, 3). thicker-bedded, paler-coloured sandstones ofthe Peninsula tum 

GraafVvater Formation. Together, GraafVvater Peninsula Formations form 

dts1tmc·uve ramparts local (M.J. and 1999). 
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GONDWANA LITHO.. AND CHRONOSTRATIGRAPHY 
OF SOUTHERN AFRICA 

UITENHAGE GROUP llul'llllskloor F.n 
_ _(1!'11-1311 Mill ltaon/l'l.ltiii....,Oill 

ORAKI!HSI!II!!RG FORMATION 
lK.Iiroc Flool:! !lasalls) 

BEAUI'ORT GROUP 
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W!TTI!DERG GROUP 

(375-l40 "'"'' 

BOKKEVEtD 
GflOOP 

(Jl!O-J7S Ma) ---
TABLE 
MOUNTAIN 

GROUP "~~~~~~7 

' t 4 f t I 

K;~roo Dl','llf'rill'S 
(182Ma) 

(450 Ma) 

Past-Kino inlrullivM 
(llirllllellile.~ 
ml!lilillle; 121:1-SIMal 
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• , • 
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• , • , • ,CAP F. ('in AN Ill' ~U.lF. (540 Ma) 

Ml\lME!;BIJRY GROUP (> !!40 Ma, c 560 Ma} 

Figure Stratigraphic column of the Gondwana sequences (Reid et al., 1998). 

Lower Ordovician Graaf:Water Fonnation has a thickness of about 70 metres and consists of 

quartz-arenite (sandstone) facies, an interbedded arenite-siltstone facies and a mudstone facies 

(Figure VU,AA .. UVU and 

separated it into parts, namely an upper, middle and lower section. found the upper and 
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~ False Dolerite Dyke Swann 

Table Mountain 

Point Intrusive Breccia 

Cape Granite Suire 

Malmesbu.ry Group 

Varswaier Fonnation 
t:landston:n.'ll Fonnation 

Pakhuis Fonnation 
Peninsula For:marion 

Gmafwater Formation 

Cape Peninsula Pluton 

Sea Point Fonnation 
Bloubergstrand Fomution 

Table 2.1: Lithostratigraphy of the Cape Peninsula (Reid et al., 1998). 

lower sections lithologically, based, 

Pleistocene 
Pliocene 
Miocene 

Crelaceous 

Upper Ordovician 
Middle Ordovician 
Lower Ordovician 

Cambrian 

arenite -

mudstone mudstone sequences. These are medium-to-coarse sandstones and are 

trough-crossbedded. azimuths of these troughs point toward an origin to the and 

a South-westward transport from ongm. The mudstones mudstones are 

characterized by desiccation cracks (Flemming, 1988). The middle section mvesttgated dttJten::d 

from this consisted of 30m to medium-grained red sandstones with abundant rippled 

uestc1catlon .... .,.,"'1r" (subaerial) within with 

syneresis cracks (subaqueous) are markedly smaller than the desiccation within the 

lower mudstones. burrows, within middle point to 

minor shallow-marine incursions having place at some time as well. 

The Graafwater Formation was deposited under environmental conditions that fluctuated 

between hot and cold temperatures and intermittent flooding. resulted the creation of 

these and beds within formation Mountain 
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Figure 2.5: Facies of the Graafwater Formation (Tankard Hobday, 1977). 

Peninsula 
Formation 

Grufwater 
formation 

Figure 2.6: Schematic depositional model for the Graafwater and Peninsula Formations, 
Table Mountain (Turner, 1990). 
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with 

middle 

Graafwater Formation, Turner (1987) separated Formation into upper, 

sect1or1s (Figure. 2. 7). Turner's ( 1987) upper and middle were in fact 

and his lower equivalent their Leeukop Turner (1987) identified an erosional 

base the Peninsula Formation. The lower section of his sub-division of formation a 

thickness up to tens of metres. There are well-developed fining-upward sequences as well as 

crossbedded units to two metres thick. Also present are megachannels greater than I Om 

thl<:lm~essc~s and from 200m to 300m in width. The ichnofacies, discovered by Broquet 

(1990), are to be found the top of upward-fining within and siltstones, 

mudstones being rare. The middle section is composed of arenites coarser and pebblier than 

those of the lower section. Cross-bedded megasets can up to eight metres thick. Pebble, 

cobbles and boulders of quartzite vein quartz often scour Within 

upper section, only clasts ( 40mm maximum diameter ie. very coarse pebbles) and 

are fewer these. Megachannels are present and they can 40m deep and range from 

200 300m wide. These megachannels indicate a transport direction north south. 

The of the Peninsula Formation were deposited under conditions different to those 

experienced during the time deposition of the Graafwater Formation, and these sediments 

were differently as well. Clayey, thinly-bedded deposits this formation as they 

settled on an "inland, slowly-subsiding alluvial plain" which was inundated by "shallow seas for 

short periods" (M.J. Mountain and Partners, 1999, p. 4). Hob9ay and Tankard (1978) interpreted 

the depositional environment the Peninsula Formation as being characterised by the existence 

of coastal barriers with an adjacent inner shelf, strongly by tidal currents. Fuller (1984) 

and Turner (1990) however suggested rather the existence a proximal braidplain environment 

area would have experienced cycles of progradation followed by 

allowing marine trace fossils like Cruziana to form before the subsequent phase of progradation 

could 
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of Peninsula Formation (Turner, 1990). 
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2.4 Engineering Geological Assessment 

Peak area 

acts and 

on the condition 

conditions is 

the way it 

the various lithologies present on 

a body of rock 

engmeenng nr(>ne:rm~s of the rock 

masses Chapman's Peak, primarily in terms of the geological are discussed. 

MJ MO•unl:am and 1-"<>'1"1-nl"'r<! 

'rock whose 

discontinuities that traverse 

1999, 4). 

Granite 

previously, 

Peak. The 

compressive 

is unweathered 

an 

this upper 

describes 

properties 

and their state 

Granite at 

is massive, 

masse:;-- as being "composed of blocks 

strength) are modified by 

(MJ and Partners, 

of on 

a rock with an 

(UCS) greater than 180 Megapascals (Mpa). This body 

for its upper This upper is about 1m to 1 

When the road, 

was removed the road to be on the more 

predominant vertical joints were found in the Cape rock mass. most 

set trends a that is west of north. Therefore, many 

continuous joints are or sub-parallel sections of the The second more 

spaced, and continuous than the trends at an 1 0" south of east. 

second set plays less of a affecting the of Chapman's 

joints are the most when possible damage to 

These to the surface natural erosive 



have rock or blasting taken place construction purposes. When 

extensive joints that dip these discontinuities run parallel to cliff face, process 

ocean. 

Preliminary studies performed the of the granite mass as being 

"satisfactory" (MJ Mountain and Partners, 1999, p. 6). Suggestion, however, was that a more 

en1~mceermg geological investigation of this rock mass be at a stage. 

2.4.2 Graafwater Formation 

Graafwater the middle, between 

Chapman's Peak. an viewpoint it is most problematic, as well as 

unpredictable, of the three rock types of Chapman's This is due to the heterogenous nature 

rock mass where lithologies vary sandstone through siltstone to very fme-grained 

shales. Rock strata are also thinly-bedded in most cases. With lithologies so rock 

strengths IS highly with minima of lMpa to 17Mpa·and maxima 

150Mpa recorded. Weathered of shale and sandstone even lower UCS 

layers, weather and erode more rapidly, become mcreasm:gly Un<lerc:ut creating 

caves overhangs eventually become and fall. 

nn1'hPr important characteristic of the Graafwater V.U .. UU •• VU is the rl .. !r\"
11

"'' of its LU"-'-'U'LUjoints. 

Combined with thinly bedded nature formation a mass "small ...... i""'u"" blocks" 

(MJ and 1999, 6) is produced. joints are in very ., .... ,, ........ 

Cape with the set parallel or sub-parallel to Chapman's 

forms detached stacks/columns of rock along most of the vertical faces as 

well as some of the road cuttings. The regional angle of dip of strata being approximately 

to an easterly some impact stabilising to 

towards ·mountain's as these stacks are undercut or their support 

they must eventually topple. 



Peninsula Formation 

The Formation is lithologically more than 

has thicker beds. It forms a significantly harder rock mass than the Graafwater Formation 

oec:au~;e it composes mainly sandstones and As a the PeJnmsuJ.a 

Formation has formed a more resistant cap over the Graafwater Formation. though the 

Perunsula Formation ssesse:s these resistant nY"I"\fl .. rlt&"" m gerler<::tl, 

rock at some points which we:ath1~r and and rapidly undercut the overlying 

creates very 

Thick and wide joint spacing are characteristic formation. are "'~""''"""'"""'" 

some occurrences of thin lenses of weaker shaly material" (MJ Mountain 

Partners, 1999, p. 6). does not pose as significant a problem within this formation as within 

the Graafwater but where bedding does occur problems similar to those experienced within 

Graafwater can 

In instances the highly-jointed Graafwater Formation's foundation type support has been 

removed Peninsula Formation is to the (MJ Mountain and Partners, 1999, 

6) due to its abilities is because it 

is composed stronger, more homogenous, material than The removal 

weak occurs more rapidly than upward arching eventually a large 

amount of rock (the falls Chapman's Drive. 

2.5 Present Climate 

2.5.1 Introduction 

studying geomorphological processes (mass movement, erosion, it is important to 

consider the of climatic influences. climatic conditions obviously play important 

roles as controlling factors of geomorphic processes. With Chapman's Peak m 

direction from which the area's approaches its season, and a 



climatic conditions of the area is important. 

Circulation 

The at South, is situated within an area influenced the 

descending limbs of the Hadley and Ferrel Cells (Thomas and Shaw, 1991b). Therefore its 

weather patterns are dominated by sub-tropical anti-cyclones of the general circulation 

the South Indian anti-cyclone offDurbart's coast South 

anti-cyclone the Namib coast (Van Heerden Hurry, 1988). cells about 6° 

northwards during winter 2.9)(Preston-Whyte Tyson, 1988). 

Schulze (1 along with JacKscm and Tyson (1971), 

entirely affected by the westerly ""'·"''"'"'·""""'""""• to a ~rr<::au~r extent winter than in summer. 

state further that weather in South and Cape particular, are influenced 

by perturbations in the southern hemisphere's UIP•crtP·rlv circulation. take form 

of a succession cyclones and anti-c:yct~on<~s .. , .. z..u. ...... 6 west to east along coast South 

Africa. Schulze (1965, p. 31 following statement about the study area: 

relllon enjoys a to countries, receiving bulk of 

rainfall winter from about May to September, and having a warm to hot dry summer. 

The rainfall is profoundly influenced by the pronounced orographical features, 

annual amounts the of 3000mm in some mountain kloofs, as .. 15,,..,_._.,,n 

400 - 500mm on the Cape " 

LJ"'""'""'"" dry are usually four to five days of rain per month, while during the rainy 

Town. 



Figure 2.8: Simplified movements in the pattern of pressure distribution for mid-summer 
(above left) and Bash~ movements of masses over Southern Afri£a in 
summer (above right) (Van Heerden and Hurry, 1988). 

Simplified movements the pattern of pressure distribution for mid-winter 
(above left) and Basi£ of air masses over Southern Afri£a 
winter (above right) (Van Heerden and Hurry, 1988). 



2.5.3 Rainfall 

orographic nature but on about four to five occ:asi10ns per 

year, thunderstorms do occur. Hail only accompanies thunderstorms on very rare 

occasions. 2.3 and 2.4. Schulze (1 p. 313) 

the following statement about the study area: 

rainfall winter from about to September, and having a warm to hot summer. 

The rainfall is profoundly influenced the pronounced orographical 

L..,.,, ...... u•JO<. m QlllJlua.l amounts 

400 - 500mm on Cape Flats." 

34° 00' 
34° 00' 18° 28' 61 7 1303.0 

18° 28' 15 481.8 
18° 26' 30 23 809.8 
1SO 25' 293 7 
1SO 15 31 

34° 21' 18° 217 47 

Table Stations in Cape Peninsula reflecting average rainfall (Schumann, 1950). 
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LATITUDE LONGITUDE HEIGHT RAINFALL 
Metres Millimetres 

18° 25' 

Table 2.3: Stations in the Cape Peninsula reflecting rainfall normals (1921 - 1950) 
(Schumann, 1950). 

Table 2.4: Average monthly rainfall f~gures for Cape Town (sampled at 
International Weather Office) over the study period (SA WB). 

Town 

dry seasons, there are usually four to five days rain per month, during the 

season as as fourteen to fifteen days are common Cape Town. Snow 

fall on the mounu:~ins to 

and is only for a 

east Town (Hottentots snow soon melts 

days. Snow 

a very rare occurrence. 

Wind and Cloud 

weather patterns with winds blowing anticyclonically this m~:n-t>re!ssure "''"t"'·rn This 

causes winds to blow predominantly :from the south-east summer and ... ...,.,,.,. .. ..., in the 

"mblecloth" which develops over the mountains of Cape Peninsula (Schulze, 1965, p.314). 

This "mblecloth" is 

laden winds blowing off the Indian Ocean (Preston-Whyte and Tyson, 1988). 

summer circulation over the peninsula is distinctive. 

southerly to blowing 60% of 

of mounmins affects direction and force 

31 

season is and windy with 

u•.«JlU.U..v, 1965). The an,(l;nmLent 

these winds. The anticyclonic Cape 



are infamous for strong and 

three consecutive days in the peninsula area. 

Temperature and insolation 

Table 2.5 indicates 

study period. 

and blow at gale force two to 

during the 

Table Reeorded average monthly temperatures during the study period (sampled at 
Cape Town International Weather Office) (SA WB). 

The summer winter seasons are easily distinguishable with the 

temperatures decreasing gradually between January August/September 

max1mum 

then once again 

as year ends. There were no great differences between the average monthly 

temperatures when r>runn·<> .. u•n 

month of the following 

individual montn 

the possible maocirnwrn during summer down to about 60% 

a figure excess 70% 

winter (Table 2.6). 

STATION- CAPE TOWN (23YEARS) DECEMBER MARCH JUNE $EPTEMBER 

Possible duration (hours/dav) 14.4 12.3 9.9 11.9 
Maximum 82 82 75 73 
Minimum 70 65 46 53 
iD. 12 17 29 20 i"\CJII!::IO::: 

Table 2.6: Maximum and Minimum mean monthly sunshine duration (Schulze, 1965). 
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2.6 Vegetation 

of as a protective against the agents of erosion is always important. 

With this from by wildfires moved through study 

area in January 2000, it is important to provide insight what types of vegetation had been 

present before and how they influenced slope stability there. 

When arrived in the south-western Cape they named dominant 

vegetation type found there "ftjnbosch" (Cowling, 1992). It is the major contributor of 

spe1c1es to the Cape Floristic (Bond and Goldblatt, 1984 and Cowling and Holmes, 1992). 

Taylor (1978) that vegetation type was given this name its or 

fine-leaved nature. Boucher (1987) on the other hand thought it might have been in reference to 

its potential as a forestry resource with it being too slender harvesting. Attempts were made 

by some to the type a less colloquial name. 

the term Macchia proposed by Acocks (1953). term 

firmly entrenched in biological literature (Cowling, 1992). 

such a name was 

endured and became 

There is a amount of biotic diversity amongst the f).rnbos plant types the slopes of 

Chapman's Peak. On the peak and slopes Protea lepidocarpodendron (blackbeard protea) and 

Leucospermum conocarpodendron (Kreupelhout) are to be found. Also present are other fYnbos 

species aromatic bulbs (e.g. lily - and an 

assortment different reeds. Moisture is supplied by the nrf''V"' 111 T1 south-easterly wind that 

regularly gerterGltes cloud cover above Chapman's Peak (Hout Bay Museum, 1992). 

On cliff faces, the plants present are those adapted to survival in such precarious 

difficult environments. These species have evolved root (roots have elongated) to 

improve anchoring ability. Examples these are wild aster (Limonium scabrum), red 

crassula (Rochia coccinea), friend (Cliffortia ruscifolia) many (Hout Bay 

Museum, 1992). 
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the their relatively conditions and it is pm;smte 

forest trees to Trees such as the wild (Kiggeleria africana), the wild olive 

(Olea africana) and buttonwood (Grewia occidentalis) grow in the higher with 

milkwood (Sideroxylon inerme) m lower ravines Bay Museum, 1992). 

The that on slopes of Chapman's are Acacia cyclops 

(Rooik:raans), Acacia mearnsii (Black Wattle), Acacia longifolia (Long-leaf Acacia 

saligna lophantha (Stinkbean) and (pers. comm. 

rec1ora was made of infestation of these species, before frres of 2000, 

and to extent of damage done by frres, it was not possible to determine 

information. 

2.6.1 Fire management history in Western Cape Fynbos 

presence of invasive plants, urn ...... a fYnbos biome, seems to have quite considerable 

influences upon that biome impacted by wildfire later). With Chapman's 

Peak, having had alien plant spoctes present before the of January 2000, it seems 

important to discuss issue of fire management practices utilized the Western of South 

Originally, 

their utmost to limit frequency (rather unsuccessfully) and imposed heavy penalties for 

real to curb fires through the fYnbos came at the 

beginning of the 20th century. A report by the Drought (1923) {cited 

in Cowling, 1992} stated that veld-burning was fact detrimental and that 

management to conserve from burning and 

grazing. Various botanists of standing at the time (Margaret Levyns, Rudolph Marloth, Neville 

Pillans) fires could have threatened the continued existence of 

many fYnbos species (Richardson and Wilgen, 1992). and practices were 

continued until 1960's when it eventually apparent from tynbos manag:em:ent researcJ 

that to species extinction ftre was in a crucial tool and it was not practical to exclude 
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as removal trees and and cre.atmte: 

prevent large runaway wildfires developing. In 1 it was recommended by 

controlled burning and mountain between kloofs, 

or marshes occur" should be implemented. The major bum for 

mana~~em1ent purposes near Grabouw Kogelberg This event place 

1968 under control of Department prescribed was 

implemented in the mid 1970's and nowadays forms cornerstone fYnbos management 

(Richardson Van Wilgen, 1992). 

The alien 

ves1t1ga1t1on of crutpmtan' 

important to draw attention to the impacts that are caused, esp:eci;all'V when the 

VVhen an area has been as is the case this it is 

impacts 

now changed because the historically dominant vegetation type in area has oec:orrte 

altering the characteristics during a burning. biomass is a 

good of fire Moisture content within fuel is an important 

factor controlling fire intensity 1996; ·'"''"''"u"'"u.>:J•vu 

1 Wind therefore rate of during influences 

intensity (Hobbs and exact effects on fire intensity are however 

not known. ........... , ...... .,.,and Smith (1966) and Smith and James 

(1978) (cited in {1984}) all increased 

Whittaker (1 

velocities a 

on while (1968) ) (both cited in 

Hobbs Gimingham, 1984) found the opposite true . 

....... JLLAllJ..!"o an area of land removes the protective layer ground provided by 

the (Morgan Rickson, 1995). It has been suQ:e:e~>tea that increased intensity, 

due to the vegetation at increased 

(Scott and Van 1992; Bond Van Wilgen, Lindley et al., 1988, Swanson, 1 1 

VVhelan, 1995) mountainous, areas. Higher intensity fires considerably 

greater resulting erosion as reported by Soto and they 

compared runoff and soil erosion two plots, one exposed to a low-intensity bum and the 

a higher wildfire. to (1985), fires at very 



as that occur in of alien can cause organic material 

present the layers of the soil to alter chemically create an impervious crust 

soil. This physical change results in the increased water repellency of 

increased repellency, brought about by the coating of the soil particles particular organic 

SUIJIStances, n•"~""""~~lliw~c:. the absorptive ability soil 2.1 0) (DeBano et 1967 Scott 

and VanWyk 1990; Whelan 1995). acquired characteristic retards water 

infiltration and/or percolation resulting greater runoff volumes (DeBano, 1971 [cited Scott 

Van Wyk, 1995]). 

[cited Whelan, 1995]). 

erosion down slope (Swanson, 1981 

McCormick (2000) investigated slopes on Chapman's Peak. concluded that although there 

was a likely increase in caused the of vegetation, it is the 

"quantity and more importantly the of a event that is most ,...,..,.,,....,.,,, ... \T -r..,.,.,.t ...... ' 

(McCormick, 2000, 53) which determines whether a slope will fail or not. However, it was 

discovered that after a forest fire Israel, runoff was 500 times and sediment yield 100 000 

times greater burnt areas when compared to spared (Inbar et al., 1998). 

short juvenile period ( <5 and annual 

production plants allow to outgrow their fYnbos 

competitors, have slow post-fire germination rates after This means that once 

wildfire has swept through an already invaded area the new post-frre vegetation type will 

a.' ... '"'"n all, not all, in nature (Tinley 1985). trees and shrubs are also "'vt-.. .,. .... , ..... , 

"""'u''""'"'~ to when compared to indigenous fYnbos and Van Wilgen, 1992). 

Richardson and Van Wilgen (1986) found that were decreases numbers 

vel!eU:aticm cover once a wildfire had an area of felled Hakea in 

Wemmershoek area. findings Van and Holmes 986) (in Richardson and Van 

{ 1986} ), after burning of piles of Acacia cyclops, this 

Breytenbach (1986) undertook a experiment but within the confmes of a nursery. 

reported and stated that Hakea·invaded seedling dropped 

drastically burning. 
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Figure 10: Fire-induced water repellency (Taylor, 1999). 
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2. 7 History of Chapman's Peak Drive 

2.7.1 Initial history 

It is important to discuss Drive order to this 

road is so important a historical perspective as as to an appreciation of what a 

difficult had accomplished upon completion the It is 

important to that need constant maintenance was identified at the time 

construction by the then Inspecting Roads Engineer T. W. Perry this 

section) that warning seems not to u"'"'"'"'"' by the reS1POillS11Jle ,,.,,1-..,.n .. ,;,,.,.., 

1999 geotechnical reasons accprding to 

sel·ectmg a road along cliffs, and not alternative locations, are also explained. 

According to Borchers (1971), Hout Bay was originally Chapman's vAu•un•J"' 

.....,u. ....... ,., ... , by Davis, the Pilot of English ~·consent" (Captain: David Middleton), on 

29th July 1607 at 6.30pm. Chapman, a Master's mate, was sent into bay at dusk on a 

chancy venture to determine whether a harbour existed 

Davis' voluminous "Rutter, or Sailing uu·ectton:su 

or not. The name was recorded in 

sold to the East 

Company. This document was then ... ,.,. .. ,., ..... to all of the Company's Captains and as a result, the 

name Chapman's Peak only received its title in about 1856. the title suggests cliffs 

were after bay they is the oldest English name on the 

African coast (Borchers, 1971 ). 

2. 7.2 Construction 

linking Bay 

during an t:x<.:ffiilagt: of ideas between Commissioner ofPublic Works the 

Publicity "'-.,,,u ... J.au ... ,u 

task impossible at 

in March 1 

favour of this 

March 1910 (Ross, 2000). Commissioner ofPublic Works deemed 

time stated in a to Cape Peninsula Publicity Association 

Administrator of Cape Frederick Waal was strongly 

was the main behind its construction (Ross, 2000). employed 

38 



the well-known mountaineer William C. West to determine and route for construction 

(Green, 1960). road was to named "The Hout Bay-Noordhoek Road". This title was 

deemed inadequate a motorway was to be, once completed, such a of 

engineering (Provincial 1922). They the should carry 

name cliffs along which it was to be constructed. When Administrator W aal developed 

a road between Hout and Noordhoek two possible routes were The 

first called construction the Chapman's and Noordhoek Peak. 

other a route along cliffs above the sea. At time, task too difficult 

and expensive to be undertaken (Lundy, 1984). did not hold Administrator de Waal back 

he employed surveyors to inspect the possible alternative routes. area in the valley 

between the Chapman's and Noordhoek was identified as being inappropriate for 

cor1structton as the area was by unstable slopes that had surveyors 

scrambling around on their hands and knees (Lundy, 1984). confirmed cliff route as the 

only viable alternative. The survey for route, undertaken by Marais, a man who 

was m 1862, in 1915 2000). 

Construction by the Cape's Divisional Council began in 1916 and by 191 7 section of the 

drive between Hout and the "Lookout" had been completed. The rest of drive was 

eventually on 6 May 1 by then the Union of South r>._ll'"'"'a.. 

Royal Highness Arthur 2000). The corlStructton actually follows 

"a natural ledge developed differential erosion the unconformity between the Cape 

and overlying Table Mountain Group" (Reid et al., 1998). 

construction involved great skill both mountaineering and due to the 

of site. The newly formed Union of that time provided the 

approximately 700 convict labourers to build the (Lundy, 1984). The total nrn1"'"'T 

cost eventually to a total ofR40 000 2000). 
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his 

Inspecting "''-V'"-"""' Engineer Mr W. W. Perry examined the road on 15 February 

he made following statement: 

"In all mountain roads, fulls of rocks and of earth are likely to occur, especially 
winter rains and stormy weather and this remark must especially in this case where 
the precipitous mountain krantzes face towards the 'weather' side. It of course, a 
practical impossibility to remove all loose stones and ensure the stability of all banks above the 
road {all reasonable appear to have been undertaken up to Careful and constant 

will probably prove a necessity some years to come, and must be as a 
and expense attached to a road of this description. For the ongoing reasons it may 

ultimaltely prove advisable to close the road or after dark, as traffic will not only be 
menaced by debris actually while passing, but by) that which becomes scattered 
over the road cmrli>"'''" 

In 

Peak Dive, 

was recognized at an early Drive's eXJlste:nc4e. 

2.7.3 

study area within the Peninsula National Park and as such is under the jurisdiction 

of the Peninsula National Parks LJV .......... 

2.8 Summary 

In chapter, the study area, Chapman's 

Three lithologies are exposed Granite 

the base, overlain by the weaker shales and mudstones of the V'f"<>•"Tt''"'T' .... Formation which is in 

tum overlain sandstones PeJnm.sulla Formation. 

undercutting of the 

Geological 

PeJnmsuJla Formation, as 

Graafwater erodes more beneath, causes conditions can promote falling of 

material onto Chapman's With study area to wildfires January 

2000, the impacts such fires, especially with the historically dominant vegetation type 

thereby the amount type of available for combustion, was 

discussed and the adverse thereof highlighted. Importantly, it was shown m 

discussion on the history of construction of Peak that the Roads 
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Mr T.W.W. Perry, that a road 

such as built along the coast, on the side of a mountain, especially one facing in the 

direction of the dominant rain-bringing weather systems, is always to experience problems 

with slope falling onto the In of this warning, there seems that little 

onto Drive, undertaken on slopes 

above Chapman's Drive following chapter, Chapter presents 

research and methodology in achieving the objectives of this study. 
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CHAPTER THREE 

THEORETICAL BACKGROUND 



3.1 Introduction 

bulk, of 

direct assistance of a fluid transport water or ice), but being acted upon by gravity, is 

terme<l mass movement (Goudie, 1995). Water and ice are however, often involved the 

initialisation of mass movement events. Their roles are reduction of strength in slope 

materials and promotion of plastic and fluid behaviour in soils. These effects can be 

brought about by exposure of a body slope material to agents of over an 

An of this is the of stress to a body of 

may occur repeatedly without damage to rock but 

eventually a fragment of the rock may break loose and move off downslope. The inclusion 

the impacts of erosive forces in the discussion of controlling of mass movement is 

therefore necessary. Rockfalls are one particular form of movement. With rockfalls onto 

Chapiilan' s Peak being a focus of this investigation, a discussion of significant factors 

'""u .. ti)llJljt; '-'-''"'"·-«:uti) IS When water flowing over a is able to and remove 

soil grains from soil surface then overland flow/slope wash is taking place (Allen, 1997). 

Immediately a distinct difference is noticed between the mediums involved during the 

mobilisation of 

identification movements on and Chapman's 

Drive is another of the focuses of this study it is important that the relevant theory on the 

sediments so doing, a theoretical of the 

problem at hand is achieved before the gathering of physical data takes place. 

An initial grasp of theoretical background of slopes in general, and within the study area in 

is important. This is because the real-world physical characteristics of slopes often 

the application mechanical and mathematical principles to slope stability problems 

difficult. include factors such as geological conditions, topographical setting and material 

types. Having background knowledge can assist researcher in rnodi:f:Ying sampling 

in such a way as to achieve best possible results when used in that particular study 

area. Slope analysis results can produce information useful in determinirtg the frequency, nature 

and magnitude of potential future slope failures (Goudie, 1995). 
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3.2 Geomorphology and Slopes 

Geomorphologists focus studies on the nature and origin landforms, the study of 

processes that alter and create landforms, and with material composition. magnitude, 

frequency and rate of operation of such processes are also emphasised. For example, if 

we1:nnc~nru! rates are slower than rates, only a thin soil cover will with 

the opposite effect if the transportation rate becomes slower than the weathering rate. 

Geomorphology has much more of an applied on ore~se11t 

how they and our physical environments. This obviously 

includes the impacts of human activities on environments as well. With the slopes of 

Chapman's impacted upon by man the investigation of slope 

the study area of this dissertation is an important step in explaining the problems 

presently experienced there. 

geomorphologists are concerned with slope stability and form, and their obvious inter­

relationships, they will therefore also be interested in the aspect, length, inclination and curvature 

slopes. Determining regarding stability may include general aspect of the slope 

to direct sunlight. This can alter the 

amount water retained within different slopes that may be similar in material constitution, 

angle of and geology. The of excess water can factors such as water 

indicate the nature of underlying soil or rock formations and can therefore some indication 

of the ability a slope to resist the forces which cause fluctuations in the amount of water 

within a slope (Selby, 1993). 

The suggestion has that a morphometric approach may used in determining what 

landslide takes. An example given is the depth to length ratio sometimes called the Skempton 

ratio (Allen, 1997). This index is recognized as being of vital importance when to 

determine cause of a slope movement. Geomorphologists can contribute to understanding 
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and preventing slope failures by identifying landslide-prone slopes through geomorphological 

mapping (this practice attempts to and slopes, past and present 

nro~cesses and the relationship between and processes occurring within slope materials" 

{Chowdhury, 1978, p. 9} ), aerial photography and land-systems mapping (Brunsden eta/, 197 5). 

3.3 Mass Movement 

movement is an ,..,... ..... ....,, .... ,.,.. component the fl<,, ..... .,t-. .... se<lumems, especially within 

in rates of flow between 

primary mechanisms 

by definition, all 

mountainous terrain as on Chapman's Peak. 1s a 

and within the different process types (Figure 1.1) of mass movement. 

for mass movement are creep, flow, slide, heave, 

place on slopes (Murck et al., 1997). These types 

and subsidence 

movements of material downslope 

represent forms of slope failure. This is because all forms of mass movement, in fact, involve 

failure usually prohibiting movement on any slope. 

The most important, however, in the case of Chapman's Peak, and that which will be the focus of 

this chapter, are rockfalls and landslides. An important question to consider, when reviewing 

literature on mass is what can the mass movement on 

slopes by influencing the stability of those slopes? The most important of these factors include 

the influences of gravity, and therefore the gradient (steepness) of the slope, water (the 

hydrologic of the slope), cover, the nature of the slope and the 

occurrence of a trigger event. causes, processes and mechanisms mass movement 

comprise a complex topic, with a vast body of literature, which can only touched on here. 

Readers are referred to Embleton and Thome (1979), Selby (1993) and Allen (1997). 

3.3.1 Types of mass movement processes 

In essence, all of mass movement are in fact forms of slope failure. constant force 

.. v,·rt~·11 by gravity, on mountain cliffs and hillslopes, makes them vulnerable to failure. When 

slope does occur, unstable material is moving downslope to a new it no 

longer threatens slope stability. discussed previously, there is a wide range materials and 

processes that can be involved mass movement events. To be to ..... .,, .. _..e;•u••u n~·n:u,ppn 
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them involves the consideration the following velocity and mechanism of movement; 

mode of water content; material; mode of deformation; and the of the 

mass (Selby, 1993). Allen (1997) the most classification 

""'A" • ..,._. • .., for mass movement 1) is that of Varnes (1978) recognized the processes of 

slide, heave, fall and subsidence as being primary mechanisms mass 

movement as illustrated in Even though there is this large variability mass 

movements nature (1978), gravity driven movements affecting 

slopes are into three categories by Allen (1997), namely: 

hyperconcentrated flows; 

• Plastic which move as laminar 

• Rock avalanches and falls, slides slumps generated by gravitational instability only. 

With the concern involving the falling material onto 

the surface, more mass movement processes on rock UllJL"'''"''IJ'-'·"'· are 

focus this discussion. For more in-depth discussions of mass movement on>ce:sSt:~s m ~ 

Embleton and Thorne ( 1979), Selby ( 1993) and Murck et al. (1997). 

3.3.1.1 Slumps 

This particular type of failure involves the rotational movement rock or regolith along a 

surface. The directions motion are a combination of both downslope 

outward, from slope face. are relatively long when compared to their tuu.A_u._,.,., 

and have a Skempton ratio greater than 0.33 (Allen, 1997). The Skempton ratio is the ratio of 

the deposit thickness to length (Skempton and 1969). According to 1 

this type of mass movement ranges in speed from what Varnes (1978) refers to as extremely 

slow to moderate. (1978) includes slumps as a of type failures while 

Murck et al. (1997) have them as their own particular of mass movement. 

Slides 

this of mass movement, displacement slope is translational nature. In 

other words, there is no rotational vector involved, only a uniform, direction movement 
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Debris slide 

Topp~ng iailull! 

.... ., ......... 3.1: The primary mechanisms for mass movements (Varnes, 1978). 

Murck et (1997). For reason, it seems, Murck et ( 1997) have between 

slides and slumps. (1997) however, uses Varnes (1978) classification, suggesting that 

is a lateral coJtnp>onent to downslope movement of are relatively short 

compared to their and have Skempton ratios of than 0.15 (Allen, 1997). According 

to Varnes (1978), slope ..... .,.t ....... , can move downslope at very slow to 

Okura et (2000) outdoor 

individual movements of landslide blocks, as 

to more about 

and srze 

mechanism 

blocks was 

performed, positions individual 

runout distances 

as using numerical simulations, in an attempt 

In various the 

on each occasion. In the numerical simulations 

were traced in three-dimensional space 

landslide initiation until final A .... ,.,,., .. correlation landslide volume and 
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runout distance Dec:arr.le evident. However, runout distance of the gravity centre of deposited 

vu.••·•vu with volume of rock involved. 

3.3.1.3 Falls 

types slope material. They are 

particularly common steep, mountainous and zones soil or 

rock. IS or 

large rock fragments. It also be two-dimensional nature slab-type of rock 

lS oeJJen.oelll on the of discontinuities involved and relative 

nri ... nt<>t>r•n of An ex<llliPle of this event is eventual detachment and of 

rock overhangs from a face, undercutting has occurred over time. take the form 

falls. The of only fragments of bedrock is a rockfalL 

Rockfalls can involve the of a fragment or huge masses of rock. release 

of masses of rock is sometimes also referred to as a rock avalanche. When '""J".vu•.u 

and plant material accompanies this bedrock then the event is a debris fall. 

the through the centre of individual lost lateral 

support) falls of the blocks' respective then a toppling type usually occurs 

(Figure 3 on rock Varnes (1978) describes the velocity of this type slope as 

rapid. 

When or its velocity ( v) can the 

following equation: 

v ...f2gh 

where h is distance vertically before impact. From this equation, it can be seen that, 

free ...... J.J, ... ~,, a rock will ... ..,. ....... ,_,.,u .. , • .., as it moves the Earth's surface and therefore 
~ 

higher point from which rock greater be its velocity its 

eventual impact downslope. 
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1.4Flows 

a landslide occurred, the slipped debris usually 

orc1cel~s ceases. however, it is possible for this to become mobilised into a 

""'"''"''"''"'·a may some distance. are many types of 

flowslide, differing widely in mechanics of operation (Goudie, 1990). high-

magnitude can trap as it falls move on an air """""'LllV'U for several 

kilometres at very velocities. Flowslides in coarse material can triggered by 

no1·e-"\lvau~r DJreslmn~s and by constant addition of water to mass (Allen, 

1997). The me~hlmll~S of flowslides are poorly because, with exception of 

examples of mudslides, they to take place (Goudie, 1990). western 

this type of slope consult et al (1998, 2001 ). 

Overland Flow/Surface 

water flows over the surface of a it possesses the potential to erode when the shear 

stress applied to soil layer exceeds the forces of resistance holding the grains in place. These 

of resistance to erosion are proportional to the weigh~ of individual grains vertically 

to the to promote are severaL 

J<;; ... :r~-lu flowing water exerts a shear stress at its base that to roll or along the 

bed. Secondly, a fluid flowing past a particle on its bed gradient from 

to top of the causing a lift force to act. the downslope component of 

grain's own acts to move particle along the (Allen, 1997). 

flowing down a slope may exists 

the flowlines in water are parallel are to other with no or vertical throughout 

fluid. With of flow increases steadily from the bed. When turbulent flow 

occurs vertical does take ..... """'n,•np, m water from the top the flow mixing 

the slower water near the bed versa (Finlayson and Statham, 1 Therefore 

velocity more rapidly close to bed within a turbulent flow and a degree of 
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er(JISl(Jtn is than .., ...... uUJ'""' from flow, Unconcentrated can 

laminar or turbulent del)end:iJJtg on the depth and slope of flow and upon the amount of 

turbulence created impacting raindrops. However, once flow becomes concentrated well­

<.te1tme:a flow then it is usually turbulent. means concentrated flow will be more 

.,.., .... u~1""' than.,,,...,,,., ... unc;oncc~ntrl!!.ted flow (Selby, 1993). 

It is important to note that a depth overland flow is nec:essarv before any ..,..,..., .............. ~ 

transport will place. At the crest a slope only a small depth is possible 

........... .LU.5 a rainfall event as area 1s or no overland flow 

erosion is in area. downslope, as catchment area mc:refiSe:s. the of 

flow .. .u..., • ..., ... .,..,., accordingly eventually reaching a critical depth at erosion begins {Selby, 

overland flow begun it usually tends to become concentrated into somewhat well 

defined flow paths. can due to existence of minor irregularities within 

microtopography that cause flowing water to certain oo1nts. 

results in concentrated flows raised velocities erosive capabilities. When flow 

paths deepen sufficiently and become recogniseable channels they are called If rills persist 

from storm to storm can become a part ofthe permanent drainage system (Goudie, 1990). 

However, if rills are destroyed by during and 

reform at different locations on the slope with renewed rainfall activity, they can contribute to 

uniform slope lowering over time. 

3.5 Factors influencing slope stability 

All slopes, exposed to weathering processes, will attempt to what is termed a 

A this condition by having a slope angle permitting the 

movement of regolith along surface that the amount regolith material reaching any 

on slope's is equal to the amount material downslope from that 

The most important factors upsetting steady-state condition on a slope's surface are 

now discussed. 
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Gravity and slope gradient 

downslope movement slope material without the direct of a IS 

termed mass movement. by definition, plays the most important role in 

controlling this downslope movement. At any there are two opposing forces acting on a 

body of or debris will either keep it in or cause it to shift 

are terme:a 

slope material. 

shear force and stress (Murck et al., 1997) on 

Gupta (2001), in a study of landslide activity in Toits Kloof in Western Cape 

Mountains of South Africa, found that the number landslides, study area, 

related to angle slope upon which the material was present. Gupta (200 1) found a 

range angles landslide frequencies that clearly them as 

an important controlling As previously (in 3.3.2.1}, slope 

""'>l'''""" result in increased shear "''v•·rl~•rl on a body of slope material and greater 

shear is then to ....... ,.u ...... T movement. Gupta (200 1) through 

investigations of these case examples, has supported the 

important controlling factors of mass movemen,t. 

3.5.2 Water 

that gravity and slope angle are 

Water is usually within and near the surface it can often a 

critical contributing factor resulting mass movement and McGeary, 1996). 

According to Selby (1993), water is most important contributing to of 

bodies on slopes. When a is too steep and/or lost vegetation cover, and if the 

" IS saturated, individual particles become lubricated and 

friction between them When large amounts of water are absorbed, when 

the water table because a heavy downpour, the pore pressure cre:ate:d within a body of 

slope is great to the (Finlayson Statham, 1980). 

decreases the shear strength allows the particles to flow each other in a 



fluid manner. threshold cro,sse:o when this occurs is terme:d the liquid limit (Murck, et 

al. 1997). process can allow to flow on lower angled slopes on which it 

would not (Finlayson and Statham, 1980). This process is termed solifluction (Murck 

et al., 1997). 

movement some rock masses can also been to the water voids 

within those rock masses. When two rock masses trap water them, is placed on 

that water. If this is great enough, a buoying is produced which can be strong 

.... ,J .......... to support the mass overlying body of rock (Plummer and McGeary, 1996). 

therefore reduces friction along 

presence of a small amount water however, within slope rn!'ltPr'l!'l actually tends to bind 

particles together through surface tension created by 

(Plummer and McGeary, 1996; Romkens et al., 1997). 

within oocnes of rock and removal ofbasal can 

quantities of water within bodies and usually precede 

of water around the particles 

v.,., ........... about by increased 

type mass movement events. 

Moon et al. (200 when investigating impacts of rainfall found that as 

rainstorm were so did the amount of soil yielded by a slope. The 

relationship was non-linear with increases in sediment yields growing out of proportion to the 

increases in storm intensities. relationship was most evident when rainstorm events with 

initially intensities When of intensity occur their power 

reduces as a large amount of their initial precipitation infiltrates soil. rainstorms 

lower rainfall intensities, allow opportunity for ........ .~."~""" .... aucuE, to develop, thereby 

possible impact examining 

effects of soil water m beds soil, Moon et al. (200 1) 

discovered rnr>-<YTT rates but 

explanation of variation within the amounts of sediment on the barred and 

unbarred slopes as well as the of how moisture within, 

and on the surface of, slopes become different of rainfall events. 



3.5.3 Vegetation 

The nature of the vegetation cover (height, structure and spacing) on a is an important 

controlling of stability once properly established, it can act as a filter or between 

and soil, thereby soil eroding. the interception of 

intensity, momentum, drop size distribution and areal distribution of rainfall can all 

be altered by the nature of vegetation cover present Plants also increase the friction the 

soil surface, decreasing the velocity of runoff (Rowland, 1993). The cohesiveness of a body 

soil also when a of that supply to soil, is 

and Rickson, 1995). This is especially apparent shallow soils 

where shallow, intertwined roots (Selby, 1 plants also act as 

windbreaks, wind velocity by increasing surface roughness (Tinley, 1985). The 

and living plants act as shields and surface runoff, helping nrP"lPMJP 

litter acts as a "'"'"'u"""' as it is able to absorb more water than dry weight 

and therefore the absence promote Water accumulates on the leaves 

themsc:::lv<~s and evaporates directly from them without ever reaching the (Tinley, 1985; 

Young, 1972; 1993). Plants control content the height water 

table through the of transpiration and interception and are therefore able to 

erosion and/or a mass movement event by avoiding saturation of the (Selby, 1993). 

The removal of roots the earth .., ....... .u ... ,...., within the 

more freely within the soil 1n"r"""""'"""' permeability). As a result, this 

allows water to move 

the more 

shifting the water during rauiStcmn PuP•nt<:! rn""'"""'" 

water 

slumping 

Plants 

for substantial erosional 

failure (Selby, 1993). 

ecreasmg the amount time 

possibly as a debris or 

chances frost or u ........... ... formation in cold climates. The latter aid the 

compaction of soil as well. The penetration of 

bring about mass movement. these roots gradually 

body of rock, they can the detachment of the 
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the other hand, however, can also or stabilise rock m~tP1"1 by loose m 

place other more stable rocks (Panizza, 1996). 

vegetation cover is a slope stability factor where the human is of particular 

........... "''""'""'~"""(Goudie, 1995). the case Chapman's this influence expressed the 

(1980) that there is a rett:mo:nsnto 

between runoff and erosion and the amount of ground within an area. The relationship is a 

positive one with both increasing as proportion of bare ground increases. In m one 

study et al., 2000), the available for erosion by 

decreased by percent and that available rainfall by 50 percent, a plot still possessing 

natural vegetative cover when compared to a neighbouring plot whose vegetation had 

manually removed. Runoff is also related to the amount of plant cover by way of the that 

slopes large amounts of plant cover will have increased ~A,.·-···- fractions raising 

infiltration capacities (Rowland, [in Holland, 2000]). the Cape infiltration 

rates are associated with vegetation density. This in saturation and pore-water 

pressure build-up during the winter season leading to slope occuring mostly the 

end winter season and high, than low levels of vegetation cover (Boelhouwers 

comm. ). These infiltration capacities decrease amount overland flow possible 

and therefore decrease erosion resulting from agent. With the relationship exists 

between mass movement and over a of often 

being a mechanism for mass movement, knowing what factors the amount of 

erosion possible is important in understanding and when mass movement can happen. 

relationship vegetation and 1s in more detail by and 

Leiser (1 Greenway (1987) and Yim et al. (1988), who provide a specific case study. 

Geology and nature of the slope material 

Knowledge of the geology of the area is very important attempting to ~ruuv'1"" slopes 

their problems as most cases it has influence on the manner in which a 

behave. According to (1993), stability of a rock hillslope is subject to 

which partings within the underlying geology with to the of 

will 

angle at 

hillslope, 



than the intact strength of the body of rock being the dominant factor failure. 

With of partings within slopes of Peak indicated during the 

engineering the geology nature of slope could prove a 

important controlling factor of rockfall 

Simply u.J.'"'"""'"uu•c~; intact rock strength will not provide an representation a rock's 

ability to wnnstana erosion a subsequent mass movement event. A number of 

investigation as well. The •"'"''"",.. example ela.DoJrat<~s on this A solid mass 

rock possessing a high of intact stre:ng1th may be very .. ..,.,,,.,o.aJ,u to the agents erosion. On 

the other a body of having high strength, but is highly can 

easily erode in this case smaller This natiPeJ1S 

even though the pieces same high strength as original mass. 

Therefore, it is important to include all factors tending to mrJtueJtlce rock strength both positively 

(Selby, 1993). 

rock mass classifications been devised engmeers. bXamlpl<::s of these are 

given Muller (1958), ~""'"""' .. (1958), and Miller (1966), Piteau (1971, 1 Wickham 

et al. (1972) and Bieniawski 1989). 

following are parameters most commonly classification (Selby, 1993): 

a) Intact rock 

b) of weathering; 

c) of faults, bedding foliations or partings; 

d) Orientation of these to a cut 

e) Width of bedding planes, joints as partings; 

f) or vertical continuity 

g) ofinfill or the partings; 

h) Water movement both as well as from the 

parameters assimilated into a single by (1980) with 

the intention 

strength. For 1"111'1'""' .. explanation and discussion on consult Selby 993). 



Moon (1984) investigated the role played by rock mass strength characteristics in influencing the 

form of Mountains. Within mountai.ils, structural corttrols seemed to 

dominate the development 

this was fact the case or whether the strength of the rock masses on which they were or 

the dominance of denudational had the greatest influence on slope form. was 

the of the mass region. Moon 

(1984) made use the Selby (1980) technique of rock mass strength classification as explained 

above. It was found that, in landscapes of the Mountains reflect the controls 

exerted on development by surface processes characteristics ofthe .,,,.u.~.,.. .. ,"" 

existence strength equilibrium an area where the dominance 

control could be lent further support to previously published on the 

widespread occurrence of forms developed in relation to strength controL On 

equilibrium slopes it was found that variability of form was determined by variations in intact 

strength joint of was found to an important 

control of the stability and forms slopes on dipping strata, not only joints were oriented 

favourably but also on dip slope Denudational slope forms were found that to 

Moon et al. (2001) applied published (RMR, RMS) 

to weak W aikato Coal Measure mudrocks. found that, under conditions, the 

contribution rock mass strength was greatly overestimated, supporting 

the view of Selby (1993) that is only one of a number of factors important in initiating 

landslide activity. 

In a study of landslide activity in the T oits in the Cape Mountains, South 

,"LLI.,_..., ..... Gupta (2001) found uu•,uv'""' of landslides, occuring within his study area, related 

directly to the lithologies underlying initial point of failure. The of major 

zones also influenced the distribution of landslide events. The investigation established a 

vuu,nn,, ... relationship between the number of landslides within an area and distance that 

area from a major shear zone. 



3.5.5 Trigger events 

A combination of factors is usually responsible for triggering mass movement or slope failure 

events. For example, a moderate-size earthquake may not bring about the failure of a slope 

under normal conditions, but when a similar intensity earthquake takes place in an area underlain 

by sensitive soils (those that lose their shear strength when their internal structures are disturbed) 

a mass movement event might take place. Another example could be a slope, destabilised to 

some extent by construction, but that would not fail under normal conditions. A particularly 

intense rainfall event in that area could trigger a mass movement/slope failure event. The most 

common trigger mechanisms, according to Murck et al. (1997), are changes in the hydrologic 

characteristics of an area, volcanic eruptions, slope modifications and earthquakes. The most 

pertinent of these to this study are the changes in hydrologic characteristics and slope 

modifications as neither any volcanic eruptions or earthquakes have occurred, during the study 

period, within a proximity that could have any influence on the study area. The last recorded 

volcanic activity to take place within the western Cape area originated within the proximity of 

Tulbagh during 1969 (Boelhouwers, 1993). The impacts ofvolcanic eruptions and earthquakes 

although not important within the time scale of this study are important when considering 

impacts on a geological time scale and could prove important as long-term considerations and for 

the purposes of this study, they will not be discussed further. However, the vibrations caused by 

traffic as vehicles move along the Drive could possibly influence the stability of slope material 

on Chapman's Peak. 

a) Changes in hydrologic characteristics 

Particularly intense or prolonged rainfall can alter the drainage patterns and amount of 

subsurface water within a body of slope material and cause the saturation of this slope material. 

As discussed earlier, increasing quantities of moisture within slope material can lead to 

instability and possible mass movement/slope failure events. This holds true for both soils and 

rock material on slopes with the risk of mass movement changing as the drainage and subsurface 

water characteristics change. Polemio and Sdao (1999) investigated the role of rainfall in 

landslides in the Southern Apennines, Italy. They made use of a hydrological and statistical 
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on a tortl!-l[enrn 

most 

daily rainfall 

landslide 

aim was to rainfall 

A precipitation was 

through the ... ....,J ........ , .. "'... some probability classes of cumulative ranrl!aJlL 

1,.;1~;:sc:s pointed towards thresfltol<1s beyond which reactivation of landslides was likely to 

occur. They identified rainfall events lasting between 10 and 90 as the types 

most to affect slope that area. 

(200 1 ), mvestll~atm~ both relationships prediction of 

ratntaJHna1uce:a landslides Kong, found that ~Q.LI ..... ., ........ ...,.,, having failure greater 

, have cumulative frequency-size distributions a power-law ae1r>entae1ttce on the 

volume of failure. They also found that when .. "·"" .... j,15 the amount of fell with the 

of landslides that it became that 12-hour continuous 

"lfl'>nn1t"t<>1"1t category ........ , ...................... that took place. 

voJlurrte of ~ ..... ,, .... .,j ...... ,,., irtcn~ased, the '""'"' .... ,,.,.,.,,1" H4J.LLU •• .H event 

"'"" .... """"' • .., the shorter duration rolling rainfall) event and that 

rolling rainfall). 

was the most 

when the 

to vary 

duration 

Ko:mk1ens et al. (2002) mv~esti:gatt~d the changes in erosion under .... u. .... u intensities, 

soil water reJ;:nnles. 

uu'""'"J air-dry smomn 

seQIUeltice of sintlilar storms of increasing mtemnty 

They found that a of rainstorms 

surface, loss than a 

also found smooth, 

unitorJm soil surfaces yield soil than initially surtacles and that sut,suJrta<~e soil water 

affected sedintlent concentrations in runoff but had only a marginal mrJLUeJrrce on runoff 

amounts. As the agents can often play a role in the initialisation mass movement 

""""'.,"" how they react to ........ ,.,. .. F, .... in soil conditions is also to consider. 

With changes in subsurface water ch;aracteriSitics wildfires on 

Chapman's Peak alluded to Chapter One, this should be ........... , ..... n_... .. 

study. 



b) modifications 

The modification of slopes, either or because of human intervention, can lead to 

v ... ., ............ ,., £~~u ........ ._. ......... in that area. When are cut into regolith or ........ ""'"'" .. "' rock material, the 

occurrence of rotational ........... .,,, ..... n,., mtcre:ase:s. This risk significantly in cases 

when new created exceeds ....... ...,..,.,.possible type 

material or where natural planes of "'"''""""''"'""" become exposed 1996). This type of 

and coastal 

composed of deformed sedimentary and/or metamorphic rocks (Murck et al., 1997) . 

) discovered that ............. ,, ..... ,," occuring within area took place beside 

road that the pre:sen<:e cuts was a doOlllnarlt causing ............ ::u ..... .. 

activity that area. With all the ".,...t.,. .. ,,.,. necessary for landslides seenmtgly 

(Murck et al., 1997) present on Peak, it seems that of trigger me~cn:amsm 1s 

toc.auc:m of such landslide 'Cll'ttv1iv likely to influential in the frequency 

within study area of this dissertation. 

Vibration effects 

effects generated by traffic along Drive could 

the stability of slope on Chapman's Peak. vibrations occur 

areas can be caused by pile traffic, heavy or the passing of Soil 

and are subjected not only to static loads, for example but to dynamic loads 

of vibrations as these vibrations are strong they can cause 

Vibration effects not cause the immediate of slope material 

over the stability on 

of vibrations by traffic loads is 

by and Yang (2001). many have 

traffic-induced These included analytical approaches, field 

prediction formulas, numerical simulations. their discussion, Hung 

(2001) separate the relevant into these four categories and review 
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In are 

isolation. 

3.6 Summary 

Chapter introduced the reader to some of processes and mass 

movement and overland events on hillslopes, (with focus placed on rock hillslopes 

their processes) the slope discussion 

in Chapter and Seven should be considered against the theoretical background presented 

this Chapter. 
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CHAPTER FOUR 

RESEARCH METHODOLOGY 



4.1 Introduction and Research Design 

mass movement theory :related to this investigation was :reviewed and 

discussed. this chapter the various research methods utilised are discussed. The :res:erurch 

methodology employed was its to deliver that could be used in the 

objectives. 

In terms of this study's objectives (Chapter One), a brief research design is it 

was that a deductive investigation method be used whereby a tentative hypothesis, 

coJnce:mJIIl~ the attribute or problem, is formulated. Inferences arising from that hypothesis can 

then be tested with actual in the field. Following a morphometric approach to the 

to establish fundamental empirical associations between 

divergent featun(S of the landscape. With these associations identified, this study sought to 

establish association and correlation between certain variables, implementing an empirical 

approach, as suggested by Reynhardt (1980). By doing this, any subsequent data processing is 

made 

facilitate a comprehensive investigation of conditions of slope and slope failure on 

Chapman's Peak it was to monitor slope activity over at least two rainfall seasons. 

was with the wildfires of Janurury removed the protective layer 

vegetation from slopes of Chapman's Peak, simply monitoring the area over a short 

period would not indication of conditions usually occuring when ""''"'"'t •• t..., ..... 

is present (Plate 4.1 ). By monitoring during the second rainfall season, once much of the 

two slope conditions would be possible. 

Due to the extensive destruction of vegetation on Chapman's Peak by the wildfires of 2000, it 

was not possible to burnt unburnt slope areas. However, by monitoring the slopes 

both without and with some vegetation cover it would be possible to identify both short and 

term problems as concerns rockfall and sediment movement on Chapman's Peak. The actual 

rock brurring activities themselves took a lot longer initially predicted, thereby the 

available fieldwork time for investigation during first rainfall season since access to the 
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Plate 4.1: Indicates the degree to which slopes on Chapman's Peak had been burnt during 
the wildfires of 2000 (5/3/2000). 

appropriate slope was prohibited at this time (Plate 4.2). This meant that no monitoring was 

possible during the first half of the winter of2000 and made it necessary for further observations 

during the first half of winter 2001. Slope process monitoring was also interrupted during 2000 

because of these access restrictions, resulting in a gap of just over a month between the first and 

second recorded dates of collection of rockfall, rainfall and sediment data. This however did not 

have a particularly strong negative impact on the effectiveness of the study as it facilitated the 

comparison between a slope denuded of its vegetation cover (Plate 4.3) and the same slope with 

some degree of revegetation later (Plate 4.4). Eight sediment traps were employed in the capture 

of slopewash erosion on the barred and unbarred slopes. These were left in place until one of the 

eight had filled to maximum capacity, until the winter rainfall season had ended or, as on the last 

occasion, the traps needed to be removed due to time constraints. The time between the traps' 

placement on the slope and their removal, for whichever reason, was termed a period and these 

periods are used as mechanisms for the grouping of trapped sediment data in this study. 
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Plate 4.2: Access restrictions that led to the delay and interruption of monitoring on site 

(5/3/2000). 

The collection of fallen clasts along the part of the study called Chapman's Peak Drive (as 

opposed to the barred and unbarred slopes) was only possible during the second rainfall season. 

Although it would have been preferable for this to have been done over both seasons, during the 

first, Chapman's Peak drive had been left buried beneath slope material, released during slope 

failure and rock-barring activities (Plate 4.5). This made it impossible to distinguish between 

what had already fallen and freshly released slope material. Fortunately, this material was 

removed from the drive at the beginning of the rainfall season of 200 I. With the collection of 

fallen slope material required on a regular basis, this activity frequently coincided with rainfall 

events. Conditions at the base of the barred and unbarred slopes were fairly safe but there 

existed a real physical danger along Chapman's Peak Drive during rainy and windy conditions 

and it was decided, therefore, to halt investigations along this section following the second round 

of clast collections (Plates 4.6 A and B). Only clasts longer than 1 Ocm along their longest axis 

were collected and recorded because, with the focus of this investigation being the danger to 
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Plate 4.3: Barred and unbarred slopes at the beginning of the study period. The striped 
line indicates the boundary between the two (2017/2000). 

Plate 4.4: Barred and unbarred slopes at the end of winter 2000. The striped line indicates 

the boundary between the two (25/10/2000). 
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Human traffic along Chapman's Peak Drive, as represented by the movement of slope material 

onto the Drive, clasts smaller than these were insignificant as they were unlikely to be 

problematic in terms of vehicular or personal access. A limitation of measuring fallen clasts, at 

the base of a particular slope, lies in their fragmentation as they collide with the road's surface. 

As this happens, the clasts are often broken into smaller pieces and therefore give an inaccurate 

reflection of the size of clasts that had originally fallen from the slope above. This was more of a 

limitation when collecting clasts that had fallen from the cliffs and road cuttings along the 

Chapman's Peak Drive section of this study. When clasts fell from the barred and unbarred 

slopes, the distance that they fell was usually insufficient to cause their fragmentation and 

therefore this factor is not considered as having a negative influence on the accuracy of the study 

that took place within that area. 

Plate 4.5: Barring activities released large amounts of slope material onto Chapman's 
Peak Drive making the identification of material falling after these activities 
had ceased very difficult. The arrow, indicating the road-side barrier, gives 
some indication to the depth of material left on the surface of the Drive 
(5/3/2000). 

A range of methodologies for monitoring slope processes has been outlined by Young ( 1972), 

Young et al. ( 197 4 ), Gardiner and Dackombe (1983 ), Cooke and Doornkamp ( 1990), Goudie 
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Plate 4.6: A (Top): Day 2 of monitoring and only a few smaller clasts along tbe 
Drive (30/6/2001). 
B (Bottom): Day 3 of monitoring and a very large boulder now lies in tbe position 
shown by tbe yellow arrow in 6 A (417/2001). 
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this study, described below, were chosen as part of this 

research strategy because they effectively targeted those parameters thought of as important 

mdliCfLtoJrs of the problems Chapman's Peak Drive. Sediment traps were 

used as indicators of erosion on slopes, rather than erosion pins, as traps an easily 

quantifiable amount of actual slope material being eroded, from a larger area, whereas pins will 

only give an on a much smaller The movement of 

barred and unbarred slopes were thought important as this would help in establishing the origin 

of clasts falling to the Drive at the of either slope. Zero or negligible clast movement within 

a area may indicate that were not moving downslope and, accordingly, not 

... ....._ ...... t:.· Due to the inaccessibility of large areas Chapman's Peak, making gound-truthing very 

difficult, it was necessary to make use of remote sensing techniques for the gathering of much of 

the Orthophotos oblique photographs of the area 

were used in this regard. Finally, the various statistical analyses were chosen for their collective 

ability to identify and relationships within the data collected, making it possible to 

rec,ogruse variables important in bringing about the hazardous conditions ,..nr-rPr•tlv ex1:>er:tenced 

along Chapman's Peak Drive. 

Four 

1} 

2} 

3} 

4) 

within this chapter: 

The discussion of methods utilised to .nroth ..... clast and sediment data. 

The description of laboratory orctce<turc;:s granular 

of sediment samples collected. Included composition and basic chemical 

IS determination of the mass of the ,....."",,..."'~·11 ,,,..,......,,u ... , ........ 

Oblique photography and orthophoto of the study area. 

data, a<.-rlt-~PT•"~'~ during (1), (2} and (3), in order to 

identify possible inter-variable relationships. 

4.2 Field Methods 

Field methods are largely based on the principles outlined by Gardiner and Dackombe (1983). 

Slope profiles as well surface soil movements on both barred and unbarred slope 
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were investigated. Clasts yielded by the slopes"'"'£"''"" 

were collected as well. Fallen clast data from along Chapman's 

Peak 

Slope profile measurements 

angles were calculated with the use of an a a ran.gmlg as 

described by Goudie (1990). As the slopes were comparatively uniform along width, only 

one representative profile measurement was calculated 

4.2.2 Surface-water Oow erosion 

as a means 

practised. This type of experiment involves the digging of a box into the slope, with its top flush 

with the ground's surface, catching any overland flow and most of its entrained sediment. 

1). To 

ensure that only surface-water flow erosion is caught the traps, and that no splashed material is 

a lid for the box is nec:essary 

of excess water. This prohibits 

finer entrained materials. 

Also nec:essary are drainage holes, to allow the escape 

overflowing which would result 

drain~ holes 
m bal:k wall of zrep 
lco,ellld wilh IHrer) 

I 

loss the 

Figure 4.1: A sediment trap to measure surface-water Oow erosion (Gerlach, 1967). 
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For the purposes of this part of the investigation, modified Gerlach troughs were created from oil 

tins measuring 30cm, 20cm and 15cm along their respective axes. Eight of these modified 

troughs were constructed in total. The tins were cut open along one of their sides (Plate 4. 7), as 

per the method described by Reynhardt (1979), creating an entrance point for sediment to enter 

the trap. This left the upper part of the tin intact as a lid prohibiting the collection of splashed 

material. The traps were dug into the ground with the uplslope lip of the openings aligned flush 

with the ground surface and care was taken not to disturb the area of slope above each trap. In so 

doing any overland flow moving down the slope toward the sediment trap is captured, in the 

process also capturing any entrained sediment. By leaving the spouts of each oil tin open, water 

is allowed to escape thereby preventing the trap from overflowing also preventing the loss of 

finer grain sized particles. 

Plate 4. 7: Modified Gerlach trap used in this study. 

Four traps (1 - 4) were dug into the barred slope and another four (5-8) in the unbarred slope. 

Since the barred and unbarred slopes were adjacent, they share a common boundary which was 

in fact perpendicular to the section of Chapman's Peak Drive below them, creating a reference 

point from which measuring could be done accurately. From a point 1Om above the foot of the 

slope, along this common boundary, the slope positions for each of the sediment traps was 

calculated moving horizontally, first in one direction and then the other, from the original point 

along the common boundary. A 1Om horizontal interval was left between each trap position. 

The traps were inspected regularly during rainfall periods. Once one of the eight traps filled to 

maximum capacity all were removed and their contents cleared. The time, which passed 
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between the placement and removal of the traps, was recorded as a rainfall period. Each was 

subsequently replaced into its original position, once again ensuring that the minimum amount of 

disturbance of the slope area above each trap took place. This was done during the latter stages 

of the winter season of the year 2000 (August until October) and the earlier stages of the winter 

of2001 (May until July). 

4.2.3 Collection of rainfall data 

A standard manual rain gauge (Plate 4.8), positioned on the slope into which the sediment traps 

were dug, captured this data. Rainfall readings were taken as close to 08h00 as possible in the 

morning if rainfall had occurred during the previous 24 hours. This is why the rainfall event 

dates in the tables in Chapter Five (Tables :5.1 and 5.2) record two dates for a single event as it 

was impossible to identify whether the rain had in fact fallen during the first date shown, the 

early hours ofthe following morning or both. 

Plate 4.8: The standard manual rain gauge used in this study (2/8/2000). 
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4.2.4 Collection of fallen clasts 

Clasts moving off the slope and onto the road surface were collected and their longest-axis 

measurements recorded in an attempt to monitor surface clast movement on the barred and 

unbarred slopes. The clasts were collected along two sections of Chapman's Peak Drive, each 

measuring 40m in length, one along the base of the barred and the other along the base of the 

unbarred slope. It was decided to only record rocks greater than or equal to 1 Ocm along their 

longest axis. This size rock possesses the potential to do significant damage to either a person or 

vehicle once it had fallen the distance between the edge of the slope, at the top of the road 

cutting, and the road. Smaller clasts were therefore excluded from this study. 

During the winter of 2001 , once the road had been cleared of fallen debris, it was possible to 

measure the long-axes of fallen clasts along Chapman's Peak Drive from the Lookout all the way 

South to the Noordhoek side (Figure 2.1 ). This is the section of road, along which the previously 

mentioned deaths occurred. It also has the drive's highest slopes, reaching a maximum height of 

440m above the Drive, above it. 

4.2.5 Clast data from MJ Mountain and Partners 

MJ Mountain and Partners recorded the size and number of clasts that had fallen onto 

Chapman's Peak Drive on 8 February 2000. That data was graciously made available for use in 

this study and is subsequently presented in Chapter 5. 

4.2.6 Marking of clasts and monitoring of their movement 

In order to achieve this objective it was decided to implement the following experiment. A plot 

of three metres squared was pegged on both the barred and unbarred slopes. These plots were 

positioned centrally, in both vertical and horizontal dimensions, on both slopes and as such were 

further upslope than the sediment traps. A wire barricade was placed along the downslope edge 

of each plot to trap any shifting clasts. Clasts within the plots having long-axes measuring 1 Ocm 
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Plate 4.9: Plot on the barred slope used to measure the movement of clasts. Arrows show 
examples of marked clasts (25/10/2000). 

or more were marked and their positions recorded (Plate 4.9). These plots were then inspected 

after each rainfall event in order to ascertain a rate of downslope movement. 

4.3 Laboratory Methods 

4.3.1 Granular composition analysis 

A granular composition analysis, performed on two sets of four grab samples, one set taken from 

each of the two slopes under investigation, was undertook in an attempt to gain insight as to the 

physical characteristics of the sediments present on the slopes. These grab samples were 

collected from positions half a metre below each sediment trap. 

A further granular composition analysis of materials was performed on sediments captured in 

one of the traps (Trap 3). This would enable a comparison of the physical characteristics of 

sediments, for example organic content and grain size distribution, between materials captured 
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during different rainfall periods. The decision was to only investigate 

one of the because it was felt ............... 5 ... .., eJICpe:nence:a by all traps would 

similar as conditions were the same for all. Therefore, shifts these m 

one case would be indicative the group as a whole. It was decided that the VAI\<,l"''"'',. 

changes might experienced between captured during f:rrst, second and fourth 

rainfall periods therefore only were investigated. 

The grab samples taken, of mass 1 OOg, were uassea through a order to 

fine fraction cp/2000Jlm) the coarser -lcp/2000Jlm) 

1988). This was 

periods one, two and 

done for the three samples captured sediment trap 3 during rainfall 

fmer fraction each was oven dried for 24 hours at a temperature of 45°C. order 

to obtain the sand fraction 4cp/63 Jlm) for analysis in a settling column decantation, sieving and 

washing through a 0.0625mm was new were placed 

once more into oven and dried 24 hours at a temperature 45°C as the fraction 

requ:rres before use the settling column that apparatus to perform effectively 

1988). 

sub-samples had dried they were processed through a to ensure a random 

sample with of material taken from each and individually analysed using a computerized 

column apparatus 4.2) (Tucker, 1988). This is done order to ascertain the 

percentages of medium and coarse the principle sediment 

out of suspension at different velocities correlates directly to the grain of the particles. This 

is based on Law of"""' ......... ,". 

15 



Where: 

v 

Ps 

Pf 

J.t 

g 

d 

= 

= 

Settling velocity 

Dynamic viscosity of fluid 

Gravitational constraint 

By means of the settling column analysis 

following Folk and Ward (1957) statistical nar·am.eters 

1989), it was 

of the sediment sample. 

to gellLerate the 

the for which half of the particles (by weight) are coarser and half are 

finer. 

a measure of the sorting or uniformity of the sample. 

a measure of the asymmetry of the distribution of the sample. 

Folk and Ward (1957) described these moment statistics. developed equations on log-

normal distributions representative of these parameters for grain size distribution within a 

Using (mean, median, sorting, skewness and kurtosis) above a good 

of distribution in grain amongst sand fraction samples can calculated. 

76 



... 
~ 
n 
3 

EluciHmic bni;Jnt:n 

.....,.--Hlr:m- )lo-

10 

Disc 
suooo• I 

Sl ;utlna 
bor 

Slnr I 
swllcll 

lubo 

pnll 

and nnnd ollllol 

220V 

•

Qo reoulolor 
/ 

-------

Prinl 01 HP 91JGG A 

-,-l 
I 
I 
I 
I 
I 
I 
I 1..........------------- _, 

-lop r;nh:::lll n lor HPOf);JOA I 

Pen 

I 
I 

I 
__ _j 

I. 
I 
l 
I-

- __ ..J 

Figure 4.2: Configuration of the settling column. 
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provided an oblique view of Chapman's orthophoto of study area, obtained 

from the Director of Surveys and Mapping, was 

orthophoto map used was 3418 AB 8 Chapman's Peak and had a 

4.4.1 Oblique photographic analysis 

for further 

of 1:10 000. 

Two sets oblique view photographs of Chapman's Peak were used as a for the first 

of this analysis. these sets was taken during November 1999, before the fires, 

The 

another in March 2000, after the fires 2000. From them MJ Mountain and Partners 

produced an A3 oblique view of the peak. Using this of the 

mountainside above Chapman's Peak Drive the area covered by vegetation for both and 

post-fire sets of photographs were identified. Their respective positions and extents were traced 

onto an overlay each case. This was undertaken in an attempt to identifY to what extent the 

destroyed the cover of the of Chapman's Peak the 

The overlays produced were then placed over a standard of graph paper. All those blocks 

above the road and below the water divide of Chapman's and that were half or more filled 

by a of Peak, the image on top, were counted to produce a figure the 

total area of Chapman's above the drive. To then calculate the of vegetation 

cover on Chapman's Peak destroyed the of 2000, the overlays constructed the 

oblique photographs, before and were placed over a standard sheet 

paper. All blocks on the sheet of graph paper, at least half by vegetation cover on the 

overlay, were then counted to obtain a total for both before (Appendix A) and after the fires 

(Appendix B). difference between two would then an indication of 

extent of destruction imposed by on cover of Chapman's Peak. 

bare rock index was also produced using same overlays. At each sample point/road 

.., ...... " ... e. on the post-fire overlay a line was drawn perpendicular to Peak up the 

of the slope Chapman's Peak. no vegetation was present this perpendicular line, 

nr,.:UJn up the slope, then an value of one was to The prc::sel1Ce 
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of vegetation above any sample point de~crease:d the index value for that point resulting in a 

of less than one. the multivariate statistical 

MJ Mountain and Partners also supplied a digitised oblique of Chapman's Peak, showing 

where clearing/barring activities had undertaken. The degree of clearing/barring performed 

was included on 

4.4.2 Orthophoto map 

1 :1 0 000 orthophoto Peak was used to aP1"1P1"~t"' data such as 

distances from road to the crest of the above or the respective extents different 

lithologies of which Chapman's Peak is composed. 

An index, to be used in the statistical analysis, was developed from this data. The .. u .... """''""'"'"' of 

Graafwater Formation (Gfin) at each sample point was taken as value one. 

Peninsula Formation (Pfin) was then assigned a corresponding value dependant on its extent in 

relation to that of the was titled a band to be for 

multivariate statistical analysis. 

4.5 Statistical Methods 

to identify relationships the different variables investigated, a 

statistical analysis of the data gathered from both the an study as well as 

that from the rest of the Drive, was undertaken. Calculation of the correlation r, was 

recognized as an effective manner this statistical is 

discussed Further multivariate statistical were also employed namely Principal 

Component (PCA) cluster correlation PCA and ..... u,., • .., .. 

analysis were undertaken using the statistical package Statistica (2002 edition). These particular 

of were their ability to provide that will be '""'n"',,.....,,,,. 

identifying components responsible along Chapman's Peak Drive. 
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4.5.1 Correlation matrices 

correlation 

different variables. that reason type of analysis was in the of field data 

collected from the barred unbarred slopes. The product-moment correlation 

coefficient (r), or simply the correlation coefficient, is a dimensionless value referring 

specifically to linear between sets observations or different 

pairs ofvariables possible (Webster and Oliver, 2001). procedure see practical m 

Till (1974) and Marsal (1987). A correlation measures relationships between 

variables and can range value from 1 to -1. If the units of both variables being compared are 

large then r > 0 and the variables are positively correlated. However, when the units of the 

variables opposite directions (one increases while the other decreases) then a ne1;mttve 

correlation exists with r < 0. No linear correlation exists when r 0 (Webster and Oliver, 2001). 

4.5.2 Standardisation 

process converts the attributes of original data set to new unitless attributes thereby 

enabling the comparison variables with (Davis, 1986). 

and analysis the fallen clast and slope indices data from section of this 

study's area, termed Chapman's Peak Drive, first had to standardised. This was accomplished 

the standard Statistica standardisation. This a new data set with a 

mean of 0 and a standard deviation of 1 for each variable (Holmes, 1998). This removes the 

scale attributes of the original data set and therefore no single variable is weighted at the ext,eruse 

of another allows sets with scales to effectively (B. 

Hewitson, pers. comm. ). 

4.5.3 Principal component analysis 

form of multivariate analysis is the most widely used by (Davis, 1986). It is 

purely or in nature aiming to the variation of the n individuals in 

p-dimensional in terms of a set of uncorrelated variables which are linear combinations of 
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-
the original variables" and Dunn, 1983, p. 39). PCA can be used to clarify relationships 

within a set observed measurements (Till, 1974). new variables deduced by the 

PCA are identified in decreasing order of importance with the accounting for as 

variation in the original data set as possible. is a fine instrument for pinpointing or 

patterns within a data set and this reason it was as an tool of the combined 

clast and data from the longer Chapman's section of this 

study. If most of variation in the original set can be accounted for using only the first 

few components produced by the PCA then it can be that little information will be lost 

only these few are used in summarizing data thereby the number of variables to 

studied (Johnston, 1978). Everitt and Dunn (1983) that the ability of a PCA to 

accomplish this reduction in dimensionality enables a simplification 

components or produced are the new component are 

the inter-correlated variables and components (Davis, 1986). The total variance accounted for in 

a· component is termed eigenvalue (Davis, 1986). Through the of component 

loadings and eigenvalues linear relationships or patterns within a data set can be td.e:nnne,a. 

Component loadings can also be rotated further highlighting important variables and reducing 

noise within the data set more. 

4.5.4 Cluster analysis 

ULLJ.a•''"'-.u-'JA·""a"' clustering and Ward's Minimum Variance clustering methods were utilized for 

the analysis of the combined fallen clast and slope characteristic data :from the longer Chapman's 

Peak Drive of this study. was its to 

recognize outliers and Ward's method for its ability to recognize groups (B. Hewitson, pers. 

both of which are important active rockfall areas Chapman's Peak 

Because of the ability of a to reduce noise within a data set it was decided to 

perform both clustering methods on the obtained as well as on the 

standardized raw data. 

Cluster analysis attempts to find groupings of phenomena in parameter space by computing 

between observations Hewitson, pers. comm. ). is no one correct 
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Different nUJmeJnca 

(Williams L.lalL"'"'• 1977). Although of analysis vuc~n.un,,u 

different ....... u .. .., 

biologicall'<>'\rru,,n..,..,.., it 

is generally ao1om~ao1e to all types (Hartigan, 1 cluster analysis atte:mo,ts to 

separate a set objects into constituent groups (classes, clumps, clusters) in such a that 

members of any particular group differ as little as possible each other, according to a 

chosen 1980). relationships to be Id.entllled. 

1986). (1984) to be 

4.6 Summary 

The 

field-work laboratory place, as use of oblique "!"..._ .... ..,.._.._., and 

orthophotographs was discussed. presented was a comprehensive of the 

statistical used. The following chapter offers a of the rmcliDJ~S established 

through use of the various methodologies of this 
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CHAPTER FIVE 

ANALYTICAL RESULTS 



5.1 Introduction 

chapter presents the results obtained the described in the previous 

chapter. The slope profiles of the study area are first. Following the fallen 

clast data from the unbarred slope, barred slope and then for Peak Drive (:from the 

Lookout to its most Southerly point) with associated rainfall data is provided. The 

presented. Sediment are followed by the results of the granular composition 

analysis. The fmal part chapter introduces the results of the various statistical analyses 

undertaken. 

5.2 Slope Profiles 

A mean slope angle of 32° was measured for both the barred and unbarred slopes 

investigated~ therefore allowing this variable to be considered a constant for subsequent 

comparisons. 

Fallen Clast Data 

The foUowing data are presented by of a table. Table presents fallen clast data :from 

the barred and unbarred slopes and Table those for Chapman's Peak 

(as described in Chapter Four). Relevant points emerging from the data are subsequently 

elaborated upon. 

The measure of the longest axis of each clast is really a measure of clast size due to the fact 

that most clasts collected had shapes which were relatively spherical with a = b = c 

approximately (where a, band c axes of each Taking this fact 

into consideration it was decided that be to in terms 

relative to each other smaller and so on) on a measurement of their Jongest-

axis. 
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Unbarred and barred slopes 

Rainfall Unbarred Barred 
Dates (mm) Slope Slope 

Range in Mean Range in 
Mean clast clast clast clast 

Number length lengths Number length lengths 
of Clasts (em) of Clasts (em) 

Year2000 

14.5- 10 21.5- 10 
1-2/08/2000 9 15 11.46 = 4.5 34 12.35 =11.5 

21 -10:::: 
6 1 11.50 0 12 13.82 11 

12-13/09/2000 2.5 0 0 0 1 

~ 
13-14/09/2000 5 0 0 0 1 

16-17/09/2000 10 1 11.00 0 4 
31.5- .5 

0 10 14.5 14 2 1 
14.5-12-

24-25/09/2000 2 0 2 13.25 2.5 
17- 10:::: 15.5- 10-

5 30 7 7 12.07 5.5 

30/09/2000 -
19- 11.5:::: 

01/10/00 8 0 0 0 ~7.5 09-10/10/2000 2 1 13.00 0 8- 10 = 8 
7.5-10= 

23-24/10/2000 2 1 10.00 0 7.5 

Year 2001 

65- 10 = 22- 10 = 
24-25/0512001 24 27 19.22 55 9 15.00 12 

15-11= 21 - 10:::: 
25-2610512001 I 15 5 12.80 4 8 12.13 11 

31/05/2001 -
01/06/2001 8 1 13.00 0 4 ~-11=31 

25-21::: 
27-28/06/2001 23 2 23.00 4 6 -13 5 

56- 14::: 24-10::: 
2-3/07/2001 >50 17 21.18 42 3 17.00 14 

16- 14::: 
4-5/07/2001 24 4 15.00 2 1 13.00 0 

35-25:::: 
7 2 30.00 10 17- 10 7 

Table Rainfall and clast data for the barred and unbarred slopes. 
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Two relationships are discussed in the ensuing three paragraphs. 

relationship between the yielded and rainfall is shown and this is followed 

by comments on the relationship length and rainfall in the and 
third .... ., .. ,., ..... , .. , 

to Table a difference the number fullen clasts from each slope can be seen 

for the first recorded rainfall event 9mm. On this occasion, the barred slope yielded more 

twice as many as the unbarred. The trend of greater or equal numbers of clasts, falling 

from the barred continued for the rest of the winter of 2000. the beginning of the 

of 2001 this trend seemed to reverse with three times as many clasts yielded by the 

unbarred slope during the first recorded rainfall event. For the majority of the remaining 

rainfall events the barred slope once again yielded a greater number of clasts thereby 

reverting back to the original trend. However, it must be noted that the number of clasts 

measuring longer than 50mm, collected after the highest recorded rainfall event (2-

3/07/2001), was in fact much greater the unbarred slope with the figure being ahnost six 

times greater than that for the barred slope. During the winter of2000 it can be seen that on 

four no clasts fell from the unbarred whereas clasts were found at the base 

the barred slope on every occasion. During the winter of the following year there was not a 

occasion on which no clasts were found at the base of either slope. 

In Table 5.1 it is apparent that whenever clasts were yielded by both slopes (as a result of the 

same rainfall event) during the winter of 2000 their respective mean longest-axes measured 

seemed to be relatively similar. There however, one exception. This occurred as a result 

the rainfall event of23-24/09/2000 with the mean value ofthe clasts' long-axes measured 

being ahnost twice as large unbarred slope. On eight of the eleven occasions on 

were collected mean lengths were for the barred slope. 

each 

of the unbarred 

was more noticeable on two occasions. The was subsequent to the rainfall event 

of 27-28/06/2001 when the mean length of clasts yielded was 

slightly greater than one and a half times that of those from the 

occasion the mean length was more than twice as for those clasts collected at the 

of the unbarred slope. Therefore it can be seen that on all three occasions when noticeable 

disparities occurred between the mean longest-axes lengths of the clasts collected after 
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individual rainfall events the mean was always 

unbarred slope. 

With the limited number of collected after each rainfall event, it was decided that 

instead of using star1aru·a deviation as an analytical tool, the calculation of the range in 

encountered would prove more effective. Included in this column was the of the largest 

and smallest clasts collected for each event. These figures were included so as to allow the 

reader to identify where the largest clasts were in fact falling. As can be seen in the columns 

listing ranges of clast longest-axes lengths Table 5.1, during the winter of2000 the longest 

rPnr'"'''"'n from the of the unbarred 31 in length meaning it was 

longest from the ofthe During winter of2001 

however to a of 41cm between 

with a clast of 65cm gathered from the base of the unbarred slope 

the four longest clasts shown in are all from 

mean longest-axis length of 45 .25cm while the longest four from the 

mean of2l.25cm showing a difference of24cm. 

5.3.2 Chapman's Peak Drive 

found 

slope. These have a 

slope a 

From Table 5.2 it can be seen that the frrst rainfall event precipitated less than half that ofthe 

second. After this frrst event were found at the base of the road cuttings 

monitored while subsequent to event two were found beneath nine ofthe road cuttings. 

A noticeable feature is that clasts did not fall from the same cuttings event two as 

they did during the frrst. number 12 and 13 yielded clasts only event one 

while cuttings 1, 5, 23, 24 only as a result of the second. Of the cuttings from which 

clasts fell during both events, more clasts were collected after the second event in aU 

instances. In fact, a total of clasts were collected after the first event and after the 

This shows a mean number of filllen rocks of approximately 10 per road cutting for 

the rainfall event and approximately 21 for second indicating that approximately 

double the .... ,, .. ...,..,. 

(mean of yielded clasts, those 

during both rainfall events, were in larger as a result of 
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Date 
Rainfall 1 Cutting .. ~ ... -v, ·of Fallen Mean long-axis 1 Range of long-axis • 
(mm) • Number 1 Clasts Measurement 

29-30106/2001 23 1 0 0 0 
2 0 0 0 
3 0 0 0 
4 16 29.44 45-21 = 24 

0 0 0 
0 0 0 

7 0 0 0 
I 8 0 0 0 

9 0 0 0 
10 0 0 0 
11 0 0 0 
12 12 23.92 32- 16 = 16 
13 9 23.22 41 - 16:: 25 

I 14 1 41.00 0 
15 8 29.75 49-16 = 33 
16 16 29.44 _i5-.1_Q_ = 25 
17 0 0 0 
18 0 0 0 
19 0 0 0 

20 0 0 0 

21 0 0 0 
22 0 0 0 

23 0 0 0 

24 0 0 0 

25 0 0 0 
~/07/2001 >50 1 39 26.64 66-15=51 

2 0 0 0 
3 0 0 0 
4 22 21.82 58-13=45 

I 5 24 22.54 48-14 = 34 
! o I 0 0 0 

7 0 0 0 
8 0 0 0 

r----- 9 0 0 0 
10 0 0 0 
11 0 0 0 ,--
12 0 0 0 
13 0 0 0 

I 14 13 _40-~ 73-26 =47 
15 30 37.90 205-15 = 190 
16 38 37.39 80- 19:: 61 
17 0 0 _Q_ 
18 0 0 0 
19 0 0 0 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 5 41.80 75- 15:::60 
24 9 31.66 43-20=23 
25 15 31.93 57-20 = 37 

Table 5.2 Rainfall and clast data for Cha p man's Peak Drive 



the ftrst rainfall event for two of the four cases. At these locations though it is important to 

note that the larger clasts gauged fell the second event in all four cases as can be seen 

when studying the column which portrays the range of long-axis measurements in Table 5.2. 

The largest clast collected after frrst rainfall event measured 49cm that collected 

the second event 205cm along their respective longest axes. In individual road 

cutting two (namely cuttings 5 and 24) actually had a greater longest 

after event 2 than the longest measured axis all the cuttings ( 49cm) after the ftrst event. 

The is also with increased rainfall having taken place. mean range 

(excluding cuttings not yielding clasts) 60.89cm was calculated for the second event 

and only 24.60cm for the ftrst with the maximum range gauged at 190cm from clasts yielded 

by 15 after the second rainfall event. 

MJ Mountain and Partners fallen clast data 

The company responsible for the rock barring activities on Chapman's Peak monitored the 

number of that fell onto Chapman's Peak Drive's surface on the 8 February 2000. The 

undertaking can be seen Table 5.3. It should noted that road cuttings 

to were not monitored on this occasion. 

Table 5.3 indicates that clasts were collected at the bases of cuttings 1 through 9 on this 

occasion. These clasts seem to have been mostly smaller than 20cm along their longest axes. 

Cuttings 1 and 9 however produced larger clasts measuring between 30 and 40 em in length. 

Cuttings 1 15 and 16 all yielded clasts showing some similarity to the data collected 

after the recorded rainfall events of this study. The data from these four road cuttings 

produced similar ftndings with three of the four yielding clasts with a longest 

measurement of25cm and the other a maximum length of 15cm. 
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Date Cutting Number Clast lengths (em~ 
! 08/02/2000 1 <5<40 I 

2 5- 10 
3 soil- <15 I 

4 soil- >10<15 . 

5 C soil- 20 
6 <10 
7 soil- <10 
8 <10 
9 >10- 30 
10 
11 
12 20-25 
13 soil- 15 
14 
15 soil- 25 
16 soil- 25 
17 
18 
19 

1-----
20 
21 
22 
23 not monitored 
24 not monitored 
25 not monitored 

Table 5.3: Clasts yielded by Chapman's Peak (MJ Mountain and Partners, 2000). 

5.4 Slope Clast Movement 

Slope movement experiments were undertaken on two separate three metre square areas. 

One of 

described 

was situated on the barred slope and the 

No movement was f'Pl'nrrt .. rl 

or unbarred 

5.5 Sediment Yields From Study Slopes 

on the unbarred slope (as 

areas on the 

study 

discussed the previous chapter, the time that passed between the placement of the traps 

the slope surface, and their subsequent removal, was recorded as a rainfall period. 

reasons for the their particular time of removal from the slope was discussed in the research 

design of this dissertation. 



Period Total Rainfall Trap Number Trapped sediment mass (g) 

1 Approx. 3300 (Full) 
2 Approx. 3300 (Full) 
3 

r---··· 
Approx. 3300 (Full) 

4 Approx. 3300 (Full) 
1 9mm 

(1/2 August 2000) 5 Approx. 3300 (Full) 
6 Approx. 3300 (Full) 
7 Approx. 3300(Full) 
8 Approx. 3300 (Full) 

1 203.12 
2 727.60 
3 667.67 
4 186.59 

2 60.5mm 
{3 September - 24 October 2000) 5 502.24 

6 433.38 
7 226.30 
8 583.76 

1 214.79 
2 2043.21 
3 144.21 
4 Approx. 3300 (Full) 

3 50mm 
(19- 26 May 2001) 5 174.92 

6 50.25 
7 421.74 
8 317.37 

1 219.98 
2 469.20 
3 102.65 
4 905.07 

4 138mm 
(1 June- 6 July) 5 93.41 

6 116.70 
7 616.30 
8 289.41 I 

Table 5.4: Trapped sediment masses on the barred (traps 1 to 4) and unbarred (traps 5 

to 8) slopes. 

During the first recorded period, which lasted from l-2nd August 2000, 9mm of rainfall were 

precipitated. This resulted in the overfilling of an eight sediment traps on both the barred and 

unbarred slopes as can be seen Figure I. Consequently they were all recorded in Table 

5.4 as full. 



1st period 2nd period 3rd period 4th period 

Figure 5.1: Comparative sediment masses caugbt in traps 1 to 8. 

EI Trap 1 

• Trap2 

DTrap 3 

0Trap4 

• TrapS 

OTrap6 

• Trap 7 
[]Trap 8 

The next period over which rainfall was recorded was substantially longer. This lasted from 

3 September 2000 until24 October 2000. A total of60.5mm of rainfall was recorded for this 

time. This was a considerably higher rainfall figure than for period one. The highest 

recorded rainfall event during this time was measured at I Omm. Th.is in fact occurred on two 

occasions. There was also a third event measured at 8mm. Even with these events taking 

place no traps were filled during the second time period. In fact the greatest mass gauged for 

any ofthe traps was 727.60g indicating that the trap had effectively only captured 22.12% of 

its maximum capacity. This sediment was captured in trap two on the barred slope. Total 

sediment yields for the individual slopes indicated that only slightly more had been captured 

on the barred slope during this period. 

Period 3 exposed the slopes to 50mm of rainfall between 19 May and 26 May 200 I. This fell 

during three rainfall events, the greatest measuring 24mm, almost half of the total. Trap 4 

was filled completely while trap 2 was filled to 62.12% of its maximum capacity. On the 

other hand, the trap most filled on the unbarred slope was only filled to 12.82% of its 

maximum capacity. This meant that there was considerably less sediment captured from the 

unbarred slope. 

During period 4 more than 50mm was precipitated during a single rainfall event with a total 

of 138mm falling between 1 June and 6 July 2001. The trap with the greatest amount of 

sediment caught was situated on the barred slope. This was trap 4 and it was filled to 27.52% 

of its total capacity. Total sediment captured for the individual slopes was found to be 

52.08% greater from the barred slope. 

From the data in Table 5.4 it is also evident that, while a great deal less rain fell during the 

first monitored periods for each winter when compared to the second, sediment traps only 
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I 

filled to maximum capacity during the first rainfall periods. Also, considerably rainfall 

was required to completely fill the traps during period I than any ofthe other periods. Period 

I was the only to have all traps completely filled. Period 3 showed great disparity when 

comparing yields from the two slopes, with barred slope producing considerably more, 

while periods 2 and 4 the traps place captured similar amounts of sediment from the 

barred and unbarred "''"'JJ"'"'· 

5.6 Granular Composition Analysis 

5.6.1 Textural classes 

can be seen in the sand fraction dominates 

a settling coJumm 

samples all cases. For 

this reason it was oec;to€~ to of sand fraction as 

nn1'\l'\C::••l1 to other methods (Figure 

of 82.96% to the lowest figure of .11 

from a maximum 

2 is the 

one which the sand fraction as being than two ofthe total mass. On 

all occasions, fmes comprised the smallest fraction the sample analysed with a maximum 

9.99% measured while coarse particles reached a maximum 31.49% (Sample 

Sample %Coarse %Sand %Fines 

1 20.91 69.53 9.56 
2 31.49 63.11 5.40 
3 20.18 69.83 9.99 
4 14.37 82.85 2.78 
5 11.21 81.29 7.50 
6 9.03 82.96 8.01 
7 25.80 67.57 6.63 
8 13.63 79.15 7.23 

Table Textural classes of grab samples. 

When sanml<~s of trapped sediments from rainfall periods 1, 2 and 4 (Table 

exhibited similarity with samples from Table 5.1 in that 

particles. sand in the trapped samples were however much 

with the minimum n> .. """ .... ..t at 92.38% the total mass. calculated the 

sediment captured period 1 displayed a relationship to those 

samples in that the percentage coarse was than that of the 
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Coulter counter 

Scuimenlation column 

Various forms ol' sicv<: 

1/512 
1/10~4111111 

Silt · Clay 

cf> -8 -7 -6 -5 -4 -3 -~ 0 1 3 4 5 6 7 8 c; 10 II 1/1 

----------------------------

analysis 
.... , .. ...,_.,."""'classification, together with the range of various 

(Buller and McManus, 1979). 



This periods 2 and Period 1 shows the highest 

percentage coarse particles and particles trapped all three events. 

Period %Coarse : %Sand %Fines %0 
1 4.55 I 93.31 2.14 3.33 
2 1.54 I 92.47 5.99 4.67 
4 2.25 92.38 5.37 4.00 

Table 5.6: Textural cla~iSes of trapped samples 

The highest per·cer1ta~~e of .......... "' ... "'"' was ... """'"'""' ....... 

period This 

the .., ....... """" captured during rainfall 

.. .. .a,_ .. .,, ... ~,.,...,., independent of the 

those analysed to data Table 

5.6.2 Settling column 

The settling column analysis described in Chapter Three are presented in Table 

and Table 5.8. Table 5.7 shows the results derived from the analysis of the grab 

samples (as described in Chapter Four) and Table 5.8 those from the three samples oftrapped 

sediments. 

Sample Mean 0 ~rtlng Skewness Kurtosis 

1 2.41 2.4 .83 -0.08 1.22 
2 2.27 2.2 .78 -0.06 1.18 
3 2.39 2.39 0.71 -0.03 1.19 
4 2.14 2.16 0.78 -0.06 1.22 
5 2.33 2.33 0.75 -0.03 1.16 
6 2.27 2.27 0.70 -0.01 1.21 
7 2.27 2.26 0.71 0.02 1.18 
8 2.28 2.25 0.71 0.06 1.25 

Table Descriptive statistics for the sand fraction of grab samples. 

The mean 

indicated that 

value measured for all eight grab samples ranged from $ to 2.41 ij). This 

mean grain particle classified, according to the Wentworth 

scale, is fme sand. The median particle sizes also within the Wentworth size 

boundaries 4» to 3.0 4» ........ ".,..,"..,be classified as such. 

The column Table presenting for sorting, a measure of the range of grain 

present and the magnitude of the spread or scatter sizes around the mean (Boggs, 
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1995), shows values ranging from a minimum 0.70 to a maximum of0.83. the 

samples are moderately sorted (Fo1k and Ward, Three the remaining four have a 

Q/'\rt·,na value which them on boundary between samples classified as 

moderately sorted or moderately well sorted. Sample 6 is classed as being moderately well 

sorted but is only 0.1 cj> above boundary. 

Figures from Table 5.7 skewness characteristics, a measure of the asymmetry of the 

distribution sample, indicating all samples have distributions that are near symmetrical 

(classified 

shown 

to Boggs, 1995). Various peakedness or are 

..:h!l"".,""'..:..: is known as and it 

is usuaUy calculated along with According to 

however geological significance parameter is not known. He states further that it 

seems to lend little assistance in the interpretation of data Therefore the nmu•p..: 

this parameter, produced during settling column analysis, are not discussed further. 

Period Mean 4> Median q, Sorting Skewness Kurtosis 

1 2.09 2.09 0.67 -0.04 1.28 
2 2.15 2.16 0.69 ·0.01 1.20 
4 2.15 2.14 0.71 0.03 1.21 

Table 5.8: Descriptive statistics for the sand fraction of trapped samples. 

indicates trapped 

denoted sand (Wentworth size class) when considering the data for both mean 

and median. data indicates a slight decrease mean particle when comparing 

period 1 to both period 2 and 4. 

analysed from period 4 falls on boundary between moderately and 

sorted while latter. 

sediment period 1 is shown as the best three. 

The the from all three periods fall within near 

is a trend though slight the periods. 

Period 1 is the coarsest period 2 slightly 4 is actually slightly 

impJications of these findings will discussed Chapter 
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5. 7 Oblique View Photographic and Orthophotographic Analysis 

Identification of Burnt Slopes 

This was performed as per 

lnUJu•n results; 

description in Chapter and produced the 

I. Percentage Exposed Cliffs (pre-frre) 3 9.86% 

Percentage Area (pre-fire)= 60.14% 

3. Vegetated Area (post-frre) = 10.31% 

Percentage Chapman's as a whole burnt (post-frre) = 49.83% 

5. now 82.86% 

This indicates almost 50% was left as burnt 

as a result of January 2000. Also to note is figure portraying 

the of vegetated areas now burnt shows that 82.86% of the 

protective layer of vegetation which existed before the swept through had been removed. 

5. 7.2 Degree of clearing/barring performed 

Appendix C shows these worked areas and the various coloured shadings the degree 

of clearing achieved in that particular area. This information is in Table 5 .9. 

When an area is described Table 5.9 as partially cleared it means that between 30-

70% of materia] that area was by 

during clearing another area further upslope. An area described as slightly cleared means 

that less than 30% of suspected unstable material in that area was removed by rock 

fragments. areas described as possibly more dangerous have been as such 

because fallen rock material, having collided with that section might possibly have 

reduced slope stability those areas, thereby increasing risk of future rock falls. 
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Cuttin ndertaken 

None 
None 
None 

8 Possibl 
9 PMD 
10 PMD 
11 c 
12 c 
13 
14 
15 Bottom sixth 
16 PMD 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Table 5.9: Clearing (rock barring) status of the slopes above the road cuttings along 
· Cbapman's Drive. 

can seen only the slopes above road cutting 1 were classified as having been totally 

cleared/barred. On the other extreme ofthe scale no barring work was done on cuttings 5, 6, 

7 and 18. Cuttings 8, 9, 10, 16 and 17 were in fact categorised as being possibly more 

dangerous once barring work had the slopes above the remaining cutting 

were cleared/barred to some degree. In totall3 of the 25 road cuttings had at least some part 

of the slopes above them classified as having been totally cleared. 

Geology/Lithology extents 

an orthophoto (Appendix D) produced by MJ Mountain 

values Table 5.10 extent metres 

geologies/lithologies above Chapman's Peak 

been collected. 
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Cutting Number Graafwater Fm Peninsula Fm I 
1 30 50 
2 30 80 
3 30 100 
4 40 130 
5 60 200 
6 80 270 
7 60 370 
8 50 370 
9 70 340 
10 70 350 
11 .80 370 
12 60 380 
13 40 400 
14 40 360 
15 50 300 
16 70 290 
17 70 270 
18 70 220 
19 60 190 
20 60 170 

Table Geology/Lithology Extents 

The maximum extent of the GraafWater Formation (Gfin) ,."'""_.. between 30m and 80m. 

The Peninsula Formation (Pfin) however had a much larger range with a minimum of 

and a maximum of 400m being measured. table indicates at all sample points, 

exc.ept number one, the is thicker. In some instances, Chapman's Peak reaches its 

maximum extent, the Pfin is in fact nine to ten times thicker than the Therefore the 

thickness of the at a sample point is the most important factor determining whether a 

large maximum height above the drive is reached or not. 

5.7.4 Slope and slope length 

These parameters were calculated from the orthophoto 

be seen in Table 5.11. 

Cutting number one had the highest calculated slope 

trigonometry. results can 

and the slope remains steep until 

cutting three with the two steepest slopes of within group. However, slopes are 

relatively short in length when compared with those further along Chapman's Peak Drive. 

they do not possess the dimensions that would enable the development of large 

bare cliff face areas to the extent that is possible further along the Drive. These first three 
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Cutting No. Slope Angle !Slope Length 

1 57.99 94.334 
2 48.01 134.54 
3 52.43 164.01 
4 38.66 320.16 
5 41.99 403.61 
6 42.77 544.89 
7 36.50 622.01 
8 29.54 689.64 
9 32.47 651.92 
10 33.93 662.87 
11 37.23 628.01 
12 40.91 595.48 
13 48.81 531.51 
14 45.81 I 502.09 
15 50.19 390.51 
16 44.03 417.25 

I 17 37.65 442.04 
18 32.15 413.4 
19 32.21 355.11 
20 29.54 344.82 

Table 5.11: Slope angles (in degrees) and lengths (metres) above Chapman's Peak 
Drive. 

slopes mostly Observations made from oblique 

photographs taken of the study area have shown that the largest seem to only 

n.-., . ..: ... ~,t within 

erosion of its comprising next 

and continued until number 16. 

5.8 Statistical Analysis 

5.8.1 Coefficients of correlation 

~hin·L-·.,... be<lldirlg and 

of slopes 

res:tstance to 

at cutting 13 

It is important to determine whether linear correlation for a set data is is 

done by calculating (N) and then that information in conjunction with a 

table confidence limits for (r) (Table (Marsal, 1987). 
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TAIIUi VI. Confolence limits /01' COI7f!latltm Coefficient 
N ,._ ,_ N ,._ r-
3 1.000 12 0.576 0.708 
4 0.990 14 0.533 0.662 
s 0.878 0.9S9 16 0.498 0.623 
6 0.812 0.917 0.469 0.590 
7 0.7S4 0.874 0.444 0.562 
II 0.707 0.83.5 JO 0.360 0.460 
9 0.666 0,798 40 0.310 0.402 

10 0.633 0.7&5 120 0.182 0.236 

Table 5.12: Confidence limits for correlation coefficient (Marsal, 1987). 

5.8.2 Correlation matrices 

Correlation matrices were drawn up to illustrate linear relationships between different 

variables identified while were on site. 

presented in 

slopes 

correlation is justified 

justified coefficients within 

sample 

a probability of 

matrix are printed 

is 

collected on the two 

18 and thet·efore 

>r> (Table 

is 

All 

to ... 15, ..... 01 .~ the relationships between ""'11'1~'"" 

Table 13 to 5.15. 

Table shows the relationship between the amount of rainfall and the""''"""'' 

of clasts that fell from the unbarred and barred slopes. The correlation coefficient (r) 

unbarred is justified, with a probability of95%, and shows a positive while 

r the barred slope is not justified a probability of percentage. It does however 

allude to a slight negative correlation. Therefore, there is a definite trend that when the 

amount falling within study area increases then the number of clasts released from 

the However, it is suggested that clasts fall 

barred 

Unbarred 

Rainfall 

Table 

0.5488 -0.1049 

Correlation rainfall and of yielded the barred 
and unbarred slopes. Correlations are significant at p < .05000 with 
(Casewise deletion of missing data). 
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The correlation coefficients rain full 

the two slopes are shown in Table 5.14. Strong (justified) positive correlations are revealed 

in both cases indicating increased mean 

other words, clasts will fall rainfall are experienced. 

Unbarred Slope Barred Slope 
Mean Mean 

Rainfall 0.72 0.70 I 

Table Correlation between rainfall and tbe mean lengths of clasts yielded by the 
barred and unbarred Correlations are significant at p < .05000 with 
N=18 (Casewise deletion of missing data). 

When examining r in Table 5 it clearly shows that net1tner are justified with a ............... of 

95%. There does, however, seem to a stronger correlation between rainfall and 

in long-axis measurements of fallen clasts the unbarred slope than those the 

barred. 

r---~------~--------~---1 1 Unbarred Slope Barred Slope 
I Range Range 
I 

Rainfall I 
I I 

0.44 0.12 

Table 5.15: Correlation between rainfall and range in tbe mean lengths of clasts yielded 
by the and unbarred slopes. Correlations are significant at p < 
.05000 with N=18 (Casewise deletion of missing data). 

5.8.3 Multivariate statistical analysis 

the collection 

Peak Drive (Table 5.2) was incorporated into a table 

-~· .... t.,~ 1 to 20 along Ch;apn1an 

with the other values calculated 

for the slopes above the drive (slope angle and length, rock and shale band indexes) 

(Appendix F). The data were then standardised and a Principal Components Analysis (PCA) 

conducted. Ten matrices of random numbers (Appendix G), generated using Microsoft Excel 

2000, were subjected to PCA analyses as well. These data sets were equal in dinlensions to 

the data sets of fallen from Chapman's Peak Drive. The Eigenvalues produced by the 

analyses ofthese random number sets (Appendix H) were used to determine the level of 

cormaem~ with which the of the PCA analyses of the fallen clast data matrices of this 

study could be viewed. 

on faUen data. 
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I 

Principal components analysis 

A was in an att1~m1pt to identify some pattern within data set. The 

cuttings at which fallen were collected were set as cases for the analysis. These 

were configured as rows within the data matrix. different variables were as 

Each row represents the physical characteristics of the that point as 

well as its fallen data. Three matrices were constructed. The reflects fidlen clast 

data the initial 23 mm rainfall event. The ~Jno shows the 

50mm """'int<>,n event and the third combines the fallen clast both of events. 

This raw is in Appendix I. 

The of the l 0 random number sets produced various eigenvalues component's 1 to 

4. These were arranged in order (Table 6) in order to provide a table that 

would supply the various confidence limits with which the results of the PCA of faUen clast 

and slope characteristic data could be viewed. eigenvalue falling between largest and 

Eigenvalues represents a confidence 

of90%. eigenvalue falling between the sooono 

with a cormoten,;e level of80% and so on Hewitson 

third highest cot,Ild 

comm.). 

Percentiles Component 1 Component2 Component3 Component4 

10011
' 2.243598 1.729802 1.097767 0.975666 ! 

90tn 2.23406 1.654503 1.040286 -t-%954092 
BOth 2.064461 1.548652 1.037814 .931386 
70th 2.020343 1.489537 1.033977 0.866704 
60th 1.84764 1.481946 1.020365 0.788982 
50th 1.84242 1.456872 0.75046 
40th 1.72149 1.439857 0.94628739273 
30th 1.717867 1.377965 0.92813 0.669434 
20th 1.690144 1.321877 0.855434 .652589 
10th 1.648782 1.25853 0.675078 0.528498 

Table 5.16: Eigenvalues of random number sets (in descending order) showing 
percentiles which can be used as confidence limits. 

5.17 and 5.18, 

the the calculated 
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random number sets. This is the case for 



component 2 as well and therefore both results are accepted with 1 00% confidence. Both 

con1ponents 3 and 4 eigenvalues full below 20% confidence limit, indicating 

they are not particularly important, and will therefore be disregarded. 

5.478985 
5.742029 

Table 5.17: Retained principal components from PCA (unrotated) of fallen clast data 
after the 2Jmm rainfall event. 

l'!<ltoffl_...... 
3,5'·.--------------~-.., 

3.0 ' 

Figure 5.3: Scree plot of Eigenvalues from PCA (unrotated) of fallen clast data after 
the23mm rainfall event. 

Table 5.18: Component loadings and explained variance from PCA (unrotated) offallen 
clast data after the 23mm rainfall event. 

The data highlighted in bold (in all the PCA's) indicates loadings are greater than 0.7. 

this case (Table 5.18) a relationship is shown between the bare index and both 

the number fallen clasts and mean long-axis lengths the ,respectively. This 

relationship the principal component (component 1) is responsible for just 

under 46% the total variance within the data set Component was interpreted as 

representing the degree to which the slope above a san1ple point was ve1~et:rte<1. 

105 

Principal 



component two, accounting for just over 30% of variance, was interpreted as reflecting 

the extent {thickness) of the Peninsula Formation {Pfin) exposure above Chapman's Peak 

Drive. 

The two principal components were subjected to a non-orthogonal rotation {varimax rotation) 

in an attempt to further clarifY component loadings (Table 5.19). The explained variance for 

both components, once rotated, were similar to those from the unrotated data. 

Table 5.19: Component loadings and explained variance from PCA (varimax rotated) 
fallen data after event. 

Noticeably, the slope angle variable is now also marked as important in the second 

component column, but slope length still has a greater loading. A negative correlation is 

indicated between slope length and slope 

The tables produced by the PCA of the fallen clast data after 50mm rainfall event can be 

seen below. In Table 5.20 component 1 has an eigenvalue which allows this result to be 

viewed with a confidence level of 100%. The eigenvalue for the component 2 falls within the 

percentile allowing a 90% confidence level with this result. The eigenvalue 

component 3 places it in 50th percentile and that of component 4 in the 1om percentile, and 

therefore neither is considered important for this set of data. Component 1 accounts 

almost 49% of the total variance within the data set and component 2 for 27.6%. 

Table 

5.568457 
5.836987 

Retained principal components from PCA (unrotated) of fallen clast data 
after the 50mm rainfall event. 

106 



Figure 

below. 

Plot ot Eigenwlu<M 

Number of Eigenvalues 

Scree plot of Eigenvalues from 
"'

11
"""""" rainfall event. 

is now no longer re<:of;!nt~ied as 

its place (Table 

existeJJce of steep slopes a 

number and size of the clasts 

CoJnp<meJrlt 2 highlights the shale band index as 

the r~ ...... +;.u.,.t .... Formation (Gfin) is a Jot more constant 

wHJ mostly of changes in the extent/thickness 

statisticaUy important with 

component 1 is interpreted as 

is the most important factor 

Chapman's Peak onto the drive 

important. As the thickness of 

the Pfin (Table 5.10) it 

that variation within this 

index win component 2 can be ,.,t, ...... ,,.t,or~ as 

Table 5.21: Component loadings and explained variance from (unrotated) offallen 
clast after tbe 50mm rainfall event. 
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Table 5.22: Component loadings and explained variance from PCA (varimax rotated) of 
fallen clast data after 50mm rainfall event. 

When the data from the 50mm rainfall event was rotated (varimax raw) little difference could 

be noticed between the explained variance now shown (Table 5.22) and that from before it 

was rotated. This was true fur both components 1 2. 

PCA run on the sum of the data, collected during both rainfall events, produced the 

following Once eigenvalues 1 and 2 them in the 

100th and 90th within the 20th .... .,. .. ,....,..,,1"1 ... 

cornpcme111t 4 in the lOth, illustrating their continued Component 1 now accounts 

set 

5.561923 
5.832167 

Table 5.23: Retained principal components PCA (unrotated) of fallen clast data 
after summing the results from both rainfall events. 

For component 1 ( unrotated) index, slope angle, number of fallen and 

mean long-axis are as having which mark as 

important (Table 5.24). larger component loading, assigned to the slope angle index, 

highlights its importance over bare rock index. Component 2 specifies that the band 

index and slope length are important variables. In this case shale band index is however, 

shown as being substantially more important. 
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PkltafElll"f1\\''iues 
3.5 .---~----....,...;;.-----------, 

6 

Figure 5.5: Scree plot of Eigenvalues from PCA (unrotated) data after 
results from both rainfall events. 

Table l.:Oimpon4~nt ...... , ..... "liO;"'and explained variance from PCA (unrotated) of fallen 
summing tbe results from botb rainfall events . 

Table ...... .., ..... l ...... , ..... .u l<~aolins~s and explained variance from 

The rotated torulm,!s 

by the res1:>ec1t1Ve conrmonents 

in size. 

similar, the decision to 

made. 

after summing tbe results 

raw) show difference in the total variance accounted for 

The loadings highlighted in bold are similar 

cases the unrotated and rotated were so 

the rest of the analyses on only the unrotated was 
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Cluster analysis 

the standardised clast 

were its ability to identify 

due to its capacity to identify ..... ,., ... "~ 

importance ofthis information within 

set. 

context ofthis study. 

were chosen bec:au:;;e of the 

2,0 

<!)' 

1.5 <> c 

~ 
<1:1 

"" .m 1.0 c 
:::J 

0.5 

. . . 
Tree Diagram for 20 Cases 

Single LinkBge 
Euclidean distani:es 

14 15 13 12 16 4 10 9 8 11 7. 6 20 19 18 17 5 3 2 1 

Figure 5.6: Single-linkage clustering ofstandardised data from 23mm rainfall event. 

Single-linkage clustering it1.,.nh1r>~ o;rnmlniP 

coUected as a result ofthe 23mm rainfall event 

(cutting) 11 as an outlier within the 

the tree was cut at a tml<a.J;!:e 

(Figure 5.6). Ward's clustering method two main groupings within this 

data set when cut at a linkage distance of9 (Figure 5.7). Sample points (cuttings) 1, 11, 12, 

15 16 are grouped separately from the rest. 
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Tree Diagram for 20 cases 

Ward's method 
Euclidean distances 

14 15 13 12 16 4 10 9 8 11 7 20 19 18 6 17 5 3 2 1 

Figure 5.7: Cluster analysis ofstandardised data (from 23mm rainfall event) by Ward's 
method. 

Wben analysing the data :from 50mm rainfall event the single-linkage type clustering 

analysis identified sample point (cutting) 1 as an outlier on this occasion when the tree is cut 

at a linkage distance of 1.5 (Figure 5.8). The Ward's method analysis once again identified 

two major of points (cuttings). On this occasion the tree was cut at a 

...... """"'"·"' distance of 8. Cutttings 1, 4, 5, 15 and 16 were grouped .,.....,., .. .,.., .. 

forming a sub-set within greater set 5 .9). 

8 c: 
~ 
0 
11> 
100 
.i 
:5 

2.0 

1.5 

1.0 

0.5 

T rea Diagram for 20 cases 

Single Unkage 
Euclidean dislancee 

20 19 18 17 13 12 10 9 8 11 7 6 3 2 14 16 15 5 4 1 

the rest 

Figure 5.8: Single-linkage clustering of standardised data from 50mm rainfall event. 
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Tree Diagram for 20 Cases 
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Figure 5.9: Cluster analysis of standardised data (from 50mm rainfall) event by Ward's 
method. 
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Figure 5.10: Cluster analysis of standardised from both rainfall 
events) the method. 

When the combined data both rainfall events 1 0) was analysed utilising the 
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which is agreement with the results from the 50mm event's results (Figure 5.9). The 

Ward's analysis once identified two main groupings with sample points 

(cuttings) 1, 4, 1 14, 15 and 16 grouped 5.11). 

14 

12 

8 10 
c: 
"' iii 
15 8 

j 
:5 6 

4 

2 

Tree Diagram for 20 Cases 

Ward's method 
Euclidean distances 

12 7 tO . 9 8 11 6 20 19 18 17 3 2 14 13 16 5 15 4 1 

5.1 Cluster ofstandardised data (snm ofthe 
events) by Ward's method. 

5.9 Summary 

implications for mass movement 

from both rainfall 

Sediment movement (slopewash erosion) investigations on the and unbarred ::otu1""'::o, 

when related to rainfall events that took place during the study period, discovered that, 

initiaUy, with little vegetation regrowth having taken place, large amounts of sediment was 

moving downslope. The fact that all sediment traps filled up overnight on both slopes with 

little rain having fallen was evidence for this statement. This situation changed as vegetation 

cover began to establish itself on the slope once again. The amount sediment yielded did 

not always seem to enjoy a positive relationship with the amount of rain that fell and the 

influences other controlling required consideration. In general, the barred slope 

yielded amounts of sediment during the various rainfall periods. 
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Correlation between the number of clasts falling and the amount of rain that fell showed a 

strong positive relationship between two variables for the unbarred slope but a 

negative relationship for the barred slope. Strong positive relationships were discovered for 

both slopes when correlating the size cJasts and amounts rain that fell while, when 

correlating the in clast with rainfaU, the reJationships for both slopes were 

positive. 

The mvestllJ:Zatton 

movement took 

movement on 

1 Ocm were concerned. 

barred and revealed that no 

Principal Components Analysis (PCA) performed on the data generated from clasts 

collected along Chapman's Drive showed different variables identified as principal 

components for explaining the variance within the data sets. Fallen clasts were collected 

after two rainfall events measuring 23mm and 50mm The of the data 

collected after the first, smaller rainfall event identified of vegetation cover above 

a sample point as the most important variable controlling where clasts When, during the 

the most important controlling variable 

changed to the presence of steep slopes above a particular sample point. When the data sets 

from the two individual rainfall events were added together both variables were 

identified as important in controlling clast release but the presence of steep slopes above a 

sample point was given a higher factor score highlighting it as the most important. 

analyses of the fallen clast data from Chapman's Peak identified the most 

active areas as far as clasts was concerned. When two clast data sets for 

Drive were added together the single-linkage cluster analysis of this new data set recognized 

sample points 1, 4, 5, 14, 15 and 16 as forming a distinct group within data. These were 

identified as the most active sample points as far as rockfall was concerned when these 

cluster analysis results were compared the fallen clast data sets. 
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CHAPTER SIX 

DISCUSSION 



6.1 Introduction 

previous chapter nresen:tea the results of the field, laboratory, imagery view and 

orthographic) and statistical This chapter the of Chapter Five and 

"'."' ........ "'''"'"'"their possible implications. is reminded that this discussion is considered in 

light of information offered in the physical description of the study area (Chapter Two) and 

review (Chapter Three). 

6.2 Comparison and Analysis of Barred and Unbarred Slopes 

6.2.1 Sediment movement 

The comparison of two slopes, one unbarred and the 

and clast yields resulting from comparable rainfall 

barred, with regard to their sediment 

was one the main aims of 

Initial results from the first recorded rainfall event 2000 showed that se<llrrnent 

yields for both slopes were identical with all eight sediment traps filled to maximum. 

relatively small rainfall of llmm brought about these yields. Rainfall recorded over 

virtually the next two months, totalling 60.5mm, was not able to this achievement. In fact, 

only a trap, on the barred slope, filled to maximum at any other during the study 

period. This was during period three (the of2001) in which three rainfall events took place. 

The highest amount rainfall events indicating that 

during that particular event, more than twice the amount of rain when compared to the first 

recorded rainfall event in 2000. The following period recorded 138mm with more than 50mm 

precipitated during a single event but it was 

With exception one, which all traps totally, on barred 

slope captured more sediment than those on the unbarred slope. Total yields from both slopes 

during period two were also very close to being equaL During the periods rainfall in 

2001 this was however not the case. Period three showed total yields from the barred slope 

being almost as much as those its trend continued 

during period four but the difference was not as large. On this occasion, yields from the barred 
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slope were only one and a half times as great as the unbarred. This data therefore distinctly 

highlights that, during 2001, slope by a larger 

percentage than those from the barred slope. 

One possible cause for so more moving slope during the 

event, with only a small amount of precipitation (1Imm) occurring, could have been that this 

was one ofthe rainfall events during the first winter after the wildfires of January 2001. 

Wildfires 2000 had virtually all on the of the barred 

and unbarred slopes these slopes directly exposed to the erosive impacts of precipitation 

as it fell during first post-fire rainfall season. This could explain why during the first rainfall 

event of only 11mm resulted in quantities becoming trapped. These 

slopes had been left unprotected against the agents of erosion for the duration a portion 

of the summer season before any rain fell to provide the moisture ne4:essary vegetation 

growth (Plate l ). In the study slopes lie on side of mountain the 

predominant summer wind blows, thereby minimizing the .. -rt<•"t"' of sediment removal wind 

transport. These are possible explanations the large difference in the amount of sediment 

t .. !:l, .. u,..,•tt during first second rainfall periods. 

Another contributing factor could have been the possible existence of an impervious crust within 

the layer on during wildfires described 

Chapter One, caused by the alien plant on the slopes, could have created this 

crust (Tinley, 1985; Scott pers. comm.). This increases the water repellency of the surface 

sediments, thereby increasing surface runoff and consequently increases erosion downslope and 

also therefore, increases the possibility of a mass movement event in this area of increased 

overland flow. The laboratory analysis of sediments captured during rainfall periods one, two 

indicated that overland flow transported the greatest volumes of larger diameter 

during the first period. fact, this figure was more than twice as as that for 

period four which had the second highest figure. The settling column analysis also indicated 

that, within the sand fractions of the samples the sample captured during period 1 is 

most coarse skewed, that captured during period 2 slightly so and that of period 4 is actually 

slightly fine skewed. This entrainment and of was 

possible because of the increased overland flow resulting from existe11ce of such an 
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impervious crust. Add to that the that the workers who had 

had walked extensively over its surface further loosening the surface sediment. 

Sediment were not as severe during period two as vegetation had once again begun to 

establish itself and protect the slope's surface (Plate 4.2). newly rooted vegetation would 

also had the of impervious within sediment 

..... u ....... ,..., thus allowing rainwater to percolate down through the sediment instead of forcing it to 

flow along the slope surface and so doing cause tn""''"'~""''" """r'"""'"' damage. This argument seems 

to be supported by the fact that the percentage fines trapped for period two, while the 

per·cetlta!~e coarse particles decreases, indicating a type of overland flow having a velocity with 

insufficient capacity to transport any substantial amount of larger sediment particles. 

The small individual rainfall events which occurred during period two (Table 5.1; sediments 

were same events which were collected) would also have 

contributed to a raised percentage fine particles trapped as these small events would only have 

had to small sized.,.,.,.,..,,,.,.. 

If an impervious crust was not formed by the wildfires of 2000 then another explanation for the 

reduction volumes of sediments trapped during period two would need to sought. One such 

possibility could have been that much of the remaining loose regolith, left behind after rainfall 

period could been shifted offslope events that occurred between the 

recorded periods one and two, leaving behind a slope requiring a greater erosive energy to 

remove sediment was more fmnly could possibly have been brought about 

by the removal of loose surface sediment leaving exposed sediments, which had been 

more firmly compacted at depth, and which was as a result more to eros1o'n. 

The subsequent recorded period, number three, occurred at the beginning of the next winter 

rainfall season. With the sediments once again exposed to weathering processes and 

during summer, without any events to remove eroded material from 

slope surface in the interim, it would be expected that more sediment would be readily available 

for entrapment during period three than during four. This in fact seems to be case as even 

though almost three times the amount of rain fell during the fourth period as the third (both 

almost two a 
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during period three comparison to period four. Further growth of vegetation between the 

and fourth periods could also the movement of sediments. 

The possible causes for the disparity in yields between "'"' ...... ""11 and unbarred slopes 

periods three of2001, and not during the year's records, could have been the 

following. With the larger which normally ......... .,."' .. "'"' sediments on a slope (Selby, 1993), 

having been removed during rock-barring activities the barred slope would have been left with 

more of a term problem, at as as sediments are The 

initial problems causing increased sediment yields, as discussed earlier, would influenced 

quite similarly on both slopes with the removal of vegetation by wildfire and the existence of an 

,.....,,,..,.~ .. ,u\n~ crust viewed as of problems. 

would have been equal. Once the impacts of those two major factors decreased then the lesser 

factors could come into effect making their presences felt in determining the amount sediment 

yielded. With the angle of slope and degree of vegetation regrowth for the barred and unbarred 

slopes being equal could not cause any disparity. destruction of the impervious 

crust would also have taken place on both slopes with the amount of vegetation regrowth having 

been equal. the of the larger from the slope, as a controlling 

factor in sediment loss, received the opportunity to become the significant factor in determining 

sediment yields. 

differences between barred and unbarred was considerably 

greater during period three when compared to period four. Possibly the further regrowth ofthe 

vegetation could have been reducing the impacts caused by the removal of the 

the barred s1ope. 

6.2.2 Rockfalls 

from 

When considering the data pertaining to clasts collected at the base each of the study it 

trend starts to develop whereby more clasts 

were to be found at the base of the barred slope on most occasions. There are exceptions 

however. seem to occur when a high magnitude single rainfall event arrives at the 
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beginning of a rainfall period. Under these conditions, the unbarred slope yields a greater 

number of though more may have fu.llen from the barred slope on most 

occasions it is important to note that the four largest clasts to fall from either slope all originated 

from unbarred with the 65cm along longest compared 

to the longest yielded by the barred slope measuring only 24cm. When studying the mean axes 

lengths of clasts collected during 2000, the values for both seem quite both 

slopes but those from the barred slope are in fact longer for eight of the eleven rainfall events. 

This trend reverses the following winter (2001) with the avetage being longer for the unbarred 

slope on occasion. these is that the activities 

performed have been in achieving their aim of reducing the mean of clasts ....... u .. u 6 

to road "''n-f-<>l'·~» 

The correlation matrix produced during the statistical analysis of the fallen clast data from both 

the barred and a positive correlation between the amount 

that falls and the number the unbarred slope. On the other hand, no strong 

relationship two the The 

towards a possible slightly negative relationship. When correlating mean clast long-axis of 

fallen clasts and rainfall variables for the two study slopes, there existed strong, 

relationships in both cases. When correlating the range in mean clast lengths with amount 

fallen rain 

possible 

both slopes, neither correlation was justifiable with a probability of 95%. A 

relationship between these two variables existed for both slopes. 

relationship was statistically more important in the case of the unbarred slope. 

Taking this information into account, the statistical analysis seems to indicate that as the amount 

that the of falling from the slope as 

does the mean of those clasts whereas, for the barred slope, only the size of the clasts 

increase. What is also important is that the range in the sizes of fu.llen clasts seems to increase 

more significantly unbarred slope, when compared to the barred. Therefore, the rock~ 

.... ,...,.....,,,.. activities seem to achieved some success that they have not only 

the number of clasts that fall, but also the range in the sizes of clasts that falL 
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6.2.3 Clast movements on slope 

With no movement at all of 

plots on either the barred or unbarred slopes investigated, it could be assumed that the clasts 

found at the base of each slope have fallen from the cut face of the regolith above the road. 

is contrary to originally anticipated behaviour of the which proposed that they moved 

downslope along the surface of each slope, then fell from its edge onto the road below (MJ 

Mountain and Partners, 1999). This was the thinking behind the removal of clasts the 

., ....... , ... .,. of barred slope. the former is in fact the cause, then a different approach is 

required to curb the problem of clasts falling :from regolith-covered onto the road surface. 

6.3 Chapman's Peak Drive 

As discussed in Chapter Two, the purposes of this investigation, Chapman's Peak Drive as a 

whole was separated into two sections. The frrst of these was the smaller section of Chapman's 

Peak Drive below the barred (about 80m in length) and the second 

composed the rest of the drive below Chapman's 

discussed. 

It is this second section that is now 

6.3.1 Oblique view and orthophoto analyses 

extent of vegetation destruction by the wildfires of January 2001 exc:eec1ea 82%. the 

oblique view photographs taken, before the 

protective cover removed from a steeply sloped surface it was thought that this destruction of 

vegetation would have a significant impact on the stability of material on Chapman's Peak (MJ 

Mountain and 1999). debate on the possible impacts on slope stability in 

area, especially with the presence larger alien soe:ctes. is discussed earller 
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6.3.2 Rockfalls 

When considering Table 5.2 only four of the cuttings monitored yielded clasts after both 

rainfall events. were 4, 14, 15 and 1 event one road 12 through 

16 all yielded clasts. This identified a concentrated area of activity as no other set adjacent 

cuttings yielded clasts during this rainfall event. Following the second rainfall event, clast 

collection took place at foot of only three from this 14 through 16. The 

yielded during this event were however considerably than the biggest from 

the first event when comparing those cuttings at the base of which clasts were collected 

both incidents of rainfall. a of the rainfall event were yielded by two 

further groups of adjacent cuttings with 4 and 5 forming the first set and and 

the second. Therefore, activity was not quite as concentrated as during the first rainfall event. 

fact, clasts fell from nine road cuttings during event two as opposed to only six during the first. 

The Ward's method cluster analysis (which took into account only cuttings 1 to 20) performed 

on the clast data from the rainfall event identified two main groupings. Cuttings 1 , 11, 12, 

13, 15 16 formed one of these and all the rest of the cuttings the other The 

clast data from the second event identified cuttings 1, 4, 14, 15 and 16 as being a ... .u.::otu••"'L 

group and the rest of the cuttings as another group when analysed in this fashion. 

MJ Mountain and Partners collected fallen clasts along Chapman's Peak Drive only a short while 

after the wildfires had destroyed most of the vegetation on Chapman's This was 

performed during February 2000, a summer month for the study area. Little or no rainfall was 

associated with the yielding of this slope material onto Chapman's In the short-term 

(after the wildfires), the first few cuttings (numbers 1 to 9) seemed to have more active 

when compared to the data collected after the recorded rainfall events of this study (which took 

place during the winter the following year). Importantly, the most active areas identified by 

the post-rainfall event data collected during this investigation, are once more highlighted. This 

indicates that these areas could pose a more significant danger in terms of falling clasts, as they 

seem to represent a greater long-term concern to slope stability. The implications of 

findings will be later when effectiveness rock activities employed are 

debated. 



6.3.3 Multivariate statistical analysis 

data from Chapman's Peak highlighted the various components responsible for rockfalls onto 

Chapman's When as a 23mm) event 

transpired the most important variable highlighted by the to be the bare rock index. This 

component can be intc::rpret<~d as the to which portion of slope directly above a 

Drive is The component explained just particular road 

more than of the total variance within the data set, when unrotated, and this figure 

to just below 45% when the data was varimax rotated. Therefore, the amount of 

vegetation was the most important controlling factor in determining whether fell or 

not. The secondary component highlighted during the unrotated PCA was the slope length 

variable. component was responsible for approximately 30% of the variance 

within the data set. When the data was rotated the slope angle variable now also 

became statistically important with the explained of this secondary factor increasing to 

approximately 3 l %. two length and slope are negatively related. 

The slope length variable was interpreted as representing the vertical extent of the Peninsula 

fonnation above each road cutting. 

was however not the case when a greater figure of SOmm rainfall was recorded. On this 

variable the highest component loading was in fact the of slope 

above a particular road cutting. This variable represented 48.9% of the total variance when the 

data was unrotated. When a varimax was this to 48.6%. The 

most important contributing factor influencing slope angle on Chapman's Peak is the presence of 

cliff usually a of 

faces above a road cutting. the most part these are comprised of strata belonging to the 

t'ertmsuJa Fonnation (P:fin) slope variable can be as an 

indicator of the amount of bare face above a road cutting (sample point). The secondary 

component was as the shale band index for PCA analyses of rotated 



and unrotated data. The explained variance for both of these sets of data was just below 28%. 

This factor was interpreted as representing the thickness of the Peninsula Formation. 

When the data sets from the two rainfall events were added together, and a PCA run on 

unrotated data, both the slope and rock index variables were marked as significant. 

Therefore, component 1 was a combination these two variables. Component 1 explained 

49.3% of the total within the set When examining the component loadings more 

closely it can be seen that slope angle, with a loading of 0.86, is regarded as a more influential 

variable than the bare rock index which has a loading of only 0.72. This was altered slightly 

when data was varimax with the slope angle loading 0.86 and rock 

factor, according to this principal component analysis, in determining whether clasts will fall 

onto Drive at any point is the of a high pet·ce11ta1~e 

faces above that point The presence of vegetation on the slopes and the thickness of the 

PellllllSUla formation above a particular road cutting point) play an role 

this regard. 

McCormick's (2000) comments 

the "quantity and more importantly the intensity 

factor", (McCormick, 2000, p. 53) which l'f.oi"·~ 

significant when COIISI<lenm the fallen clast 

events were swmrte<l the PCA slope 

index. Originally, the angle variable had 

Peak that it is 

a rainfall event that is the most important 

whether a will fail or not are also 

sets. When sets both rainfall 

as being more important than the bare rock 

identified as the most important 

variable during the PCA analysis of larger recorded rainfall event of SOmm while the most 

influential variable of ...,_,._,llH uuuJLu.u event data had been the rock 

Therefore, the question must be asked whether the intensity rainfall event is not in fact the 

most important contributing factor as McCormick (2000) proposes. 

The role of vegetation cover seems most important with a smaller -'-<A!J'll"'·" event of around ""-''-'-ll'"· 

When a larger rainfall event of around SOmm is experienced the of a high percentage of 

bare cliff faces above a particular point on Chapman's Peak Drive will play a greater the 

release of clasts onto that area below Chapman's Peak. This therefore implies that rainfall 
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intensity is indeed a influential factor in controlling the movement of slope material onto 

Peak Drive. 

6.4 How Effective Have Rock Barring Measures Been? 

6.4.1 Barred and unbarred slopes 

As discussed earlier, rock-barring activities seem to have achieved some level of success in that 

they not only the of that fell, but also m fallen 

clasts. activities also to have been effective in the mean 

of clasts falling to the road surface as during the winter of 2001 the mean clast longest-axis 

measurements were longer for the yielded by the unbarred slope rainfall event 

6.4.2 Chapman's Peak Drive 

In order to able to accurately answer this question it is necessary to link the fallen clast data 

gathered during this study with the fallen clast data obtained from MJ Mountain and Partners. 

Which areas were and degree to which those were cleared/barred, also 

then requires incorporation into the argument. 

The fallen clast data recorded during this study shows the following: During first recorded 

rainfall event of23mm road cuttings 4, 12, 13, 15 and 16 (Figure 2.1) all yielded clasts. 

second event left at the bases of 1, 4, 14, 1 16, 24 and data 

collected on 8 February 2000 (Table 5.3) by MJ Mountain and Partners identified cuttings 1 to 9, 

12, 1 15 and 16 as those which had released clasts. Only road cuttings 1 to were monitored 

on this Therefore, in to achieve an equitable comparison, the data gathered from 

the final three cuttings sampled during the fieldwork stage of this study, are disregarded. Some 

degree of clearing/barring was performed on the slopes above all the road cuttings that had 

yielded clasts. Cutting 16 was the only one of these road cuttings that classified as 

possibly more (as Five), the clearing/barring had 

been performed. The slopes above four other road cuttings were identified as possibly being 
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more dangerous after the rock clearing/barring activities but none 

two recorded rainfall events. 

after the 

can be seen the work done on the slopes above the road seems to have 

relatively effective with only a single one of these cuttings having released clasts during the 

rPf'nr£1Prl rainfall event only during the This is a significant reduction when 

compared to the data collected on 8 February 2000. The clearing/barring activities were not as 

effective where areas were present above the road cuttings. The slope areas above 

12 to 16 were active on all three recorded even though a fair amount 

barring work is claimed to have been completed there. slopes of Chapman's Peak above 

these road cuttings have slope angles between 40° and combined with slope lengths 

between 417m and 595m. This combination, as discussed earlier, signifies the existence oflarge 

Peninsula Fonnation above (Appendix A). The slopes above the three 

road cuttings monitored only reached a maximum length 164m. Therefore, when for example 

the top third of a slope was as totally was not a great extent of slope area 

above that cutting that could still supply material However, when the top third of the 

slope above one the road cuttings numbered 12 to 16 was designated as having been totally 

cleared, there remained a large portion of that slope above the that could supply to 

fall onto Chapman's 

The fact clasts fell at cuttings on and above which work was 

undertaken indicates that those responsible for implementing activities had been effective 

tar1~Zetmg the high-risk areas, as as was along Chapman's 

Unfortunately, this clearing/barring operation never reached completion due to fmancial reasons. 

Had the funding available, achieved in the areas on above 1 to 

9, could possibly have been emulated along the very active (high percentage cliff) areas further 

along the as well. 
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6.5 Recent Increases In Rockfall Frequency? 

seem to play a role in what material moves off the slopes above Chapman's Peak Drive. The 

impacts of alien plant species burning within an area historically dominated by fYnbos species 

an on slope stability by raising This in turn can produce a 

surface crust that will increase surface runoff and the rate of erosion downslope (Tinley, 1985; 

Whelan, 1995). This rate can remove the material that on 

slopes thereby increasing the risk of this clast material moving off downslope. Countering this 

argument, however, are the findings produced by McCormick (2000) who suggested that, after 

n•f'i ... ..., ... mtemnty wildfires burnt an area on Chapman's it was of the 

event rather than the existence of an impervious crust that determined whether a slope would fail 

or not. The alien vegetation also results in the lowering of the water table. Slope 

instability became more pronounced (landslides) in the Cape Granite slope above the Bay 

side of Chapman's Drive after the clearing of alien plants (Boelhouwers, pers. comm. ). 

Another argument is that eventually, over the internal strengths of slopes can 

reduce. In this fashion, a slope can remain stable for a considerable length of time and then 

suddenly Chowdhury (1978) a of causes such One 

of these, which seems particularly pertinent to the conditions on Chapman's is the impact 

of sustained gravitational forces on a slope. This may cause gradual decreases in shear strength 

over time and may not cause immediate but eventually to the event This 

type of event could possibly occur along an ancient tectonic shear zone, slip surface or along 

significant natural discontinuities. In the case of Chapman's the Graafwater Formation 

(G:fin) was deposited unconformably upon the granites belonging to the Cape Peninsula Pluton. 

More accurately, according to Boggs's (1995) classification, the stratigraphic column of 

Chapman's Peak a nonconformable contact. Chapman's Peak Drive itself was 

constructed along this natural unconformity. 

The engineering geological assessment performed by MJ Mountain and Partners (1999) 
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Peak composes. fmdings support idea 

strength over time culminating in the eventual falling of material to the drive below. They 

out that eroded over 

stacks/columns that while stable at will eventually topple 

eventually form 

...,~..., ... .,u,,6 rock material to 

down slope. This is because the stabilising material below or adjacent to these stacks erodes and 

subsequently over are on many of the cliff 

faces and road cuttings of Chapman's Peak and as such are a very real concern. are most 

likely a significant contributor to in falling clast activity along Chapman's Peak 

1999), mention was made that within the Peninsula Formation the largest overhangs arches 

occur area directly below In 1 it can be seen that the road 

cuttings that were as being most active during this study in fact occur at the base of this 

area thereby further supporting the statement that this is an important factor determining the 

amount and location of fallen clast along Drive. 

erosive agents have only upon the material exposed during road cutting 

activities since the road's construction between the years 1916 and 1922. Before this time, 

naturally and cliff on the rest of Chapman's Peak, were being 

exposed to erosive and a natural equilibrium This would therefore produce a 

more or fixed natural rate of rock falls. With the more recently exposed road cuttings now 

having been exposed for approximately 80 forces may have had sufficient 

opportunity to remove the stabilising rock material surrounding the previously referred to 

Vibration induced by traffic flow along Chapman's Drive could 

also having some long-term influence on the slope stability of Chapman's Peak especially 

along the road which are obviously very to (Hung and 

2001). could be a possible explanation as to why the large rock that fell and killed the 

young lady was 1999, a summer without ....,.,ov..,,, ....... , .... r~nmau. 

Large amounts of traffic along the Drive during peak of the summer tourism season could 

possibly have led to this mass movement event. With these previously road cuttm~~s 

now also yielding rock material it could be expected that an increase in the total amount of this 

material onto Chapman's would occur. 
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When slope failures occur, within an area uninhabited by humans, they don't become described 

as disasters. title is only once there is an associated loss in human life or loss 

and/or destruction of property. In the case of a road such as Chapman's Peak Drive, where 

are no buildings along the the road, human lives and vehicles are at risk. With the 

increases in population size over time, coupled with the mcrea:sea attractiveness of Cape Town 

as a tourist attraction, in traffic along Peak Drive would 

that someone might suffer injury or damage to their property. 

This might possibly have lead to the perception of an apparent increase in rock fall activity along 

the 

Improvements ability of the various media to inform a far greater portion of the public of 

losses of life and to property might play a role in promoting this perception of 

increased rockfall activity if it is indeed only a perception. If there is a real in activity 

then ability of the media might make increase seem larger than it actually Earlier 

rockfall activity might only come to the attention of those to remove that 

material and possibly a few personal contacts of those workers. These types of events attract far 

gn~at<~r attention nowadays and a far l!relitet nUJ.uu•"''" of people are aware of them due to these 

improved media capabilities. 

6.6 Summary 

This chapter has dealt with the comparison of a barred and unbarred slope on cnap1man 

coltice:rrung the yielded by both and movements along their respective 

A comparison of clasts collected along Chapman's Peak Drive following rainfall 

events of different the possible causes for disparity within this data, were 

the rock-barring activities undertaken on 

Chapman's as concerns the movement of and material onto Drive. 

final part of this chapter discussed the seemingly increased frequency of mass movement events 

on Peak and the various possibly will be further 

discussed and synthesised Chapter Seven, where overall conclusions will be drawn. 
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CHAPTER SEVEN 

CONCLUSIONS 



7.1 Introduction 

chapter 

attention is then drawn to the assumptions and limitations of this study followed by 

salient issues and points that have emerged during this research. A brief discussion on the 

mitigation and of mass movement as on Chapman's 

is then provided and the dissertation ends with a concluding statement. 

7.2 Summary of Findings 

conditions experienced along Chapman's Peak Drive. The intention was to generate data as 

COJrJ.ce·m<::a the of regolith its subsequent downslope movement. It was also 

mten<1e<1 to identifY patterns within both these sediment movements the falling of rock 

material onto the in the form of mass movement events. Human activity impacts in the 

form of the barring/clearing certain areas of Chapman's and wildfires that swept 

through the area were also to be assessea. 

Slopewash erosion was measured during winter rainfall events using sediment traps placed on 

adjacent slopes of their vegetation by wildfires during January 2000. The surface of one 

of these cleared of loose and is to as a barred slope. The 

other slope, left uncleared of its loose surface rock, is referred to as unbarred. and 

falling two slope was also Yielded clasts were also 

collected along the rest of the Drive below Chapman's during the winter rainfall season of 

2001 once the Drive cleared of fallen slope Data by MJ Mountain 

and Partners, from the collection of clasts that had fallen along Chapman's Drive, was also 

included in the investigation. An attempt was made to record the movement on the 

barred and unbarred slopes. This was done by marking certain clasts with paint and then 

monitoring their movement downslope. MJ Mountain and also provided two sets of 

oblique photographs that could be used in conjunction with geological and orthophoto maps, to 

produce a description of the physical of Chapman's Peak important to 
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These characteristics were then used to develop a set of indices to be used in the Principal 

COJ!Ilp1one:nts Analysis of the fallen clast data. Once this data had been generated, various 

statistical analytical tools were used to establish patterns within the data sets. 

When considering sediment movements (slopewash erosion) on the 

with rainfall events it was found that initially, with little vegetation regrowth having taken place, 

large amounts of sediment was moving downslope as the sediment traps filled up overnight on 

both slopes with little having fallen. This situation as vegetation to establish 

itself on the slope once again. The amount of yielded did not always seem to enjoy a 

positive relationship with the amount of that fell and the influences of other controlling 

factors required consideration. In general, the barred slope yielded <n" ... ,.t ..... amounts of sediment 

during the various rainfall periods. 

Correlation between the number of clasts falling and the amount of rain that fell showed a strong 

positive relationship between these two variables for the unbarred slope but a weak negative 

relationship for the barred positive relationships were discovered for both slopes 

when correlating the of clasts and amounts of rain that fell while, when correlating the range 

in clast with rainfall, the relationshipS for both SlOpeS Were nnc!1Tn:r"" 

correlation was much stronger for the unbarred slope. 

The of clast movement on the and unbarred slopes revealed that no 

movement took place within the study plots as far as clasts with measurements 

longer than 1 Ocm were cm1ceme:a 

The Principal Components Analysis (PCA) performed on the data generated from clasts 

collected along Chapman's Peak Drive showed different variables identified as principal 

components for the variance within data sets. clasts were collected 

two rainfall events measuring 23mm and 50mm respectively. The of the data collected 

the first, smaller event identified the of cover above a ...... u'"'"'"' 

point as the most important variable controlling where clasts fell. When, during the second 

rainfall event the amount of rainfall increased, the most important controlling variable changed 
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to sets the two 

individual rainfall events were added together both variables were identified as important 

controlling clast but the presence steep slopes above a sample point was given a 

higher factor score highlighting it as most important. 

Cluster of the fallen clast data Chapman's Peak identified the most active 

areas as as falling clasts was concerned. When two clast data sets the 

were added together the cluster analysis of this new data set recognized sample 

points 1, 14, 15 and 16 as forming a distinct group within the data. were identified as 

most points as far as rockfall was cm1ceme:<1 

were compared with the fallen clast data sets. 

7.3 Assumptions and Limitations 

The following should be 

research: 

cluster results 

• The adjacent barred and unbarred slopes in which the Gerlach traps were placed were 

carefully to as similar as possible. The were then that the 

source material, stone abundance, vegetation density and degree 

destruction and drainage conditions would taken as equal. 

vegetation cover 

• When all Gerlach were filled to maximum capacity it was assumed that the same 

amount of sediment was moving slopes above those traps. 

• When analysing captured sediments, assumptions were 

deductive approach of this investigation. 

which sornettm~~s hampered the 

• Due to the manner in which sediments were captured it was not possible to determine '-'-''-L•'-'u 

from where on the slope this material originated. 
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• No was done for the loss of suspended .,.._...,, ... u ....... 

assumption was made that due to the coarseness of the slope material 

been insignificant 

troughs. 

loss would 

as well as the limited funds 

available, rockfall was only gathered along the Chapman's Peak Drive section of the 

study area on two occasions thereby limiting the predictive capability of this .... .,.,, .. ,,..,..h 

• With the equipment available for this it was to determine intensity of 

individual rainfall events over 24 hour monitoring periods and the assumption was made 

that larger rainfall totals indicated higher rainfall intensities. 

• As m monitoring study area was not possible during 

first half of the winter rainfall period of 2000, as local authorities prohibited access. 

• No attempt was made to determine whether the material falling onto Chapman's Drive 

was sourced cliff faces or aelms slopes. a result of it could not determined 

whether the rockfalls were related to 

already loose material. 

7.4 Conclusions 

attention is drawn to 

cliffs or the mobilisation of 

following important points the 

• existing characteristics of the geology up the stratigraphic column of 

Chapman's Peak, with the thicker-bedded, more resistant sandstones of the Peninsula 

Formation overlying the more easily eroded Graafwater Formation sandstones, siltstones 

and shales has, because differential weathering, led to the development Peninsula 

These create distinctive of local landscape. The 

existence of discontinuities within the Cape Granite and Graafwater Formation, as well as 
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the thinly-bedded and highly-jointed nature of the Graafwater Formation creates 

stacks/columns of rock as occurs. These stacks/columns eventually 

topple, removing the basal support of the Peninsula Formation. 

to the 1999 Preliminary Geotechnical Investigation (M. J. Mountain and 

Partners, 1999), undertaken to determine stability and of road cuttings 

along Chapman's Peak Drive, it seems the area has undergone virtually no work 

within the 77 years between the original of Drive and 

closure in 1999. clearing of fallen material and the repair of damaged or scarred 

road sections and cuttings (evidence of rockbolting) seem to have been the only activities 

• The potential the existence of hazardous conditions, along Chapman's Dive, was 

recognized at an early stage in the Drive's existence. Evidence for this was present the 

form of a report, upon completion the by Mr T. W. W. Perry the 

Inspecting Roads Engineer of that time. In this report Mr. Perry stated that all roads 

within mountainous areas will the mass· , 

movement events. subsequently pointed out that, with Chapman's largely 

in the direction from which the rain bringing winter weather systems approach, the threat 

of occurrence movement events is increased. 

attention is now drawn to the following important points that have as a 

of this investigation. conclusions should be considered in light stated aims and 

nh''"'""1r .... ,~ • ., of this dissertation presented Chapter One. 

• From oblique view photographic analysis it was calculated that almost 50% of 

total surface area of Chapman's Peak was left as burnt slopes as a result of the wildfires 

of 2000. important to note is that 82.86% of areas the 

wildfues were left without their protective layer of vegetation after the fires had swept 

through area. 



• The cluster analyses of the numbers and of yielded along Chapman's Peak 

Drive the above sample points, road cuttings number 1, 4, 14, 15 

and 16, as being the most active. 

• The Principal Components Analysis (PCA) performed on the data generated from clasts 

collected along Chapman's Peak Drive highlighted different as being the most 

important, in controlling the release of slope material, each individual rainfall event. 

After the smaller rainfall event the absence vegetation cover above a sample 

point was identified as the most important variable controlling where clasts were released 

on Chapman's Peak. When the amount of rain:fuU increased, as was the case during the 

second rainfall event, most important controlling variable changed to the of 

steep slopes above a particular sample point. When the data sets from the two individual 

rainfall events were added together both these variables were identified as important in 

controlling clast However, the of slopes above a sample point 

was a higher factor score highlighting it as the most important controlling variable. 

• McCormick's (2000) commented after he investigated slopes on Chapman's Peak that it 

is "quantity more importantly the intensity of a rainfall event that is the most 

important factor", (McCormick, 2000, p. which determines whether a slope will 

or not are also significant considering fallen clast data sets. As mentioned in 

the previous point, when the rainfall intensity changed the component identified by the 

Principal Components Analysis changed thereby indicating that the intensity of a rainfall 

event could also play a role in controlling the 

Drive. 

of clasts onto Chapman's 

• When the effectiveness of rock-barring mitigation measures distinction 

between the different upon which activities were implemented is 

necessary. One of these categories is by the barred control slope of this 

study, a regolith-covered slope and the by mostly bare-rock 

cliff above the Chapman's Peak area of this investigation. Findings indicated 

136 



that "'"'""'"cr "''"T"''"-'"""' had had a on the stability sediment on 

barred control Evidence of this was discovered during the capture of slopewash 

erc,stotn when a total amount of was caught the on the 

barred slope, when compared with unbarred. However, when examining findings 

from the fallen clast analysis at the base of the two control slopes it was found that 

barring activities had been effective in the number of clasts, with longest-axes 

greater than or equal to 1 Ocm in length, falling from the barred slope. barring 

were effective reducing the m of that fell from 

barred slope, when compared to the unbarred. When examining the findings from the 

analysis of the other slope category on Chapman's Peak it was discovered that where 

rock barring mitigation measures were completed, they were effective in reducing the 

number of that were onto Chapman's Peak 

• Unfortunately, the clearing/barring operation on Chapman's Peak was not completed 

to reasons. Had the funding been available, positive results achieved 

the barring which had been performed could possibly have been reproduced at other 

points along Drive. 

• With no movement at all of clasts with longest axes ~ 1 Ocm recorded within the 

designated study plots on either the barred or unbarred slopes investigated, it could 

ass:un:tea that the found at the of each slope have from the cut of the 

regolith above the This is contrary to the originally anticipated behaviour the 

clasts, which proposed that they moved downslope along the surface of each slope, and 

then fell from its edge onto the road below. This was the thinking behind the removal of 

clasts from the surface of the barred slope. If IS fact the cause, then a 

dltter~ent approach is required to curb the problem of clasts from regolith-covered 

"''"'""'"'onto road 

• A number of different variables could for apparent the 

occurrence of mass movement activity along Chapman's Drive. The of these is 

introduction of larger alien plant species into the study area altering the amount of 
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the Secondly, the effects 

of gravity could have lead to gradual decreases shear strength on the slopes of 

which are now cuhninating in frequency mass 

movement events there. A third possibility could be the existe1nce 

discontinuities within the different lithologies comprising Chapman's Peak. Over time, 

with erosion, these develop into stacks/columns that eventually topple and slope 

Drive. Fourthly, cuttings along have in 

recent been exposed to vehicular traffic induced vibration effects that may be 

adversely affecting stability of those slope areas near to the Drive's smface. With the 

mc:reru~e in traffic along Chapman's Peak in recent years the chance of someone being 

injured or their vehicle increases and as a result the general public becomes 

more aware of these events. This problem of vibration effects is illustrated in the 

following example. 

7.5 Mitigation and Management of Mass Movement Hazards 

number of choices are available as management options mass movement hazards. These 

are: (1) Do nothing and loss; (2) Remove the problem; (3) Avoid the site; and (4) 

Mitigation works. The first solution of doing nothing is only realistic when the problem cannot 

be avoided the costs involved stabilisation are prohibitive, or when stabilisation 

work is of a trivial nature. Where the hazard poses a significant threat, forecasting ofthe hazards 

and a civil defense programme are essential for the minimisation of losses. In some instances the 

can be mitigated, as was thought on a technique 

scaling/barring where loose slope material is removed. 

best however, is the of problem movement inventory 

and hazard maps are of particular use in regard and enable incorporation of the potential 

futme impacts arising from these problems into the design of any development ar~. 

A voidance of a problem area is not always possible though, no.-t. ...... when dealing with areas 

with only slight stability problems. When development is necessary within these types of areas it 
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is important that constructions have a positive impact on the slope stability of that area. This 

could involve the installation drainage the of or the 

Surface drains in A Y-shaped & herringbone 

Toe protection; placed on 
drainage blanket & with 
drains to prevent build up 
water pressure betlind toe 
protection 

patterns 

Water table 

Drain arrays bored from 
tunnels. either pumped dry 
or drained by gravity 

Sand drains discharging into 
underlying, higher permeability, stratum 

Cut-off drain 
B 

cut into steps to 
height of free 
to catch falling 
reverse slope 

Mesh nets .suspended 
from above to control 
rock. fall 

c 

water flow on 

Catch fence & ditch; 
armaco faces cliff 

\ 
Stone filled gabion 
to control superficial soils 
the face 

Rock anchors to tie loose fractured strala or 
- blocks to more stable substrata 

Dental masonry to support 011ert1angs; 
lhe face may also be covered with 
shotcrete in extremely loose areas 

Retaining wall. anchOred to 
stable substrata; note drainage 
rubes to prevent bulld up ol 
water nrm;su~e' 

Large perched blocks 
which cannot be scaled 
safelY. may be anchOred 

\ 

Figure Methods of slope stabilisatioin. A. 'Soft or sediment cliffs. B and C. 
'Hard rock' slopes (Bennett and Doyle, 1997). 
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careful design of fill areas ensuring the minimisation of any increases in weight acting on the 

slope. When development has already taken place within an unstable location or where no 

alternative locations for development exist, mitigation work and site management are essential. 

Figure 7.1 illustrates some of the possible mechanisms utilised in the stabilisation of slopes . 

... .,.""""'' and Gori (2000) have presented a report outlining the elements of a comprehensive 

.,.n . .,.,.. .... ""' national from landslides on a nationwide scale in the 

United States. It includes activities at the national, State, and local levels, in both public and 

private sectors. The report provides an assessment of status, and associated costs of 

this national landslide hazards mitigation The of a National 

Landslide Mitigation Strategy include the development of new partnerships between 

government at all levels, academia, and the private sector, and expanding landslide research, 

mapping, assessment, real-time monitoring, forecasting, information management and 

dissemination, development of mitigation tools, and "'"''"'r'""'"'"" pn::pareo.ne~;s 

The strategy makes use of new technological advances, enlists the expertise associated with other 

related hazards such as floods, earthquakes and volcanic activity, and for the 

adoption of loss reduction measures on a nationwide scale. 

7.6 Concluding Statement 

This dissertation has focussed on slope hazards, in the form of rockfall and slopewash currently 

Chapman's Peak a road constructed a natural discontinuity 

between granites belonging to the Cape Peninsula Pluton and the Table Mountain Group in the 

Pel'llnSUl:a, South It shown that slopes and/or the absence 

a protective vegetation cover above a particular point on Chapman's Drive, as well as 

the intensity of rainfall events, all play a role in the initialisation of mass movement events in 

that area. into slope areas material, that falls to the 

below is required, as well as a more in-depth investigation of the possible spt::cutc 

mitigation measures, used elsewhere under similar conditions, that could be implemented most 
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effectively above Chapman's Peak These in tum will hopefully 

reopening of Chapman's Peak Drive to public thoroughfare. 
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APPENDIX A 

Vegetation cover on Chapman's Peak before the wildfires of January 
2000 {oblique view). 

Shaded areas represent vegetation cover. 
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APPENDIXB 

Vegetation cover left on Chapman's after wildfrres of January 
2000 (oblique view). 

Shaded areas represent vegetation cover. 
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AppendixC 

Oblique view of extent of work areas and of completed rock 
barring at 12 May 2000 (MJ Mountain and Partners, 2000). 
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AppendixE 

Correlation relating 
monitoring on 

of clast collections and rainfall 
barred and unbarred '"''-"''""""· 

Correlations marked in bold are significant at p < .05000 with 
8 (Casewise deletion of missing 
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Ran e In clast sizes 

Rainfall 0.63 0.45 

o.88 0.41 0.43 1).64 

Unbarred Slope 0.35 0.47 0.03 0.45 0.4 

0.88 1 0.01 O.S6 0.56 

0.41 0.03 0.01 1 0 0.53 

Barred Slope 0.43 0,45 O.SI.I 0 0.61 

0.4 1Ui3 0.61 1 
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·Index 

AppendixF 

fallen clast data tables for the Chapman's Peak Drive section of 
this study. 

1. For the 23mm rainfall event. 
2. the 50mm rainfall event. 

3. For the total sum when adding the 23mm and 50mm rainfall 
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. --- --

I Cutting No. Bare Rock Index Shale Band lndexlslope Length Slope Angle No Fallen Rocks! Mean Axis Length 

1 . 1.00 1.67 94~ 57.99 . 0 0 
2 0.29 2.30 134.54 48.01 0 0 
3 1.00 2.25 164.01 52.43 0 0 
4 1.00 2.30 

~~~I 
38.66 16 29.44 

5 0.24 2.38 41.99 0 0 
6 0.18 5.17 544. 42.77 0 0 
7 0.61 6.40 622.01 36.50 0 0 
8 0.26 3.86 689.64 29.54 0 0 
9 0.13 4.00 651.92 32.47 0 0 
10 0.19 3.63 662.87 33.93 0 0 

I 11 0.28 5.30 628.01 37.23 0 0 
12 1.00 6.80 595.48 40.91 12 23.93 

t= 
13 1.00 9.00 531.51 48.81 9 23.22 
14 1.00 8.00 502.09 81 1 41.00 
15 1.00 5.00 390.5 .19 8 29.75 
16 0.03 3.14 417.25 .03 16 29.44 
17 0.19 2.86 442.04 37.65 0 0 
18 0.08 2.14 413.4 32.15 0 0 
19 0.20 2.17 +55.11 ~ 

0 0 
20 0.07 1.83 344.82 0 0 
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Cutting No. !Bare Rock Index Shale Band Index ope~gle ' NJl, _F allen_J~ock!:i Mean Axis Length I 
1 I 1.00 1.67 94.334 57 ..... 39 26.64 I 

2 0.29 2.30 134.54 48.01 0 0 
3 1.00 2.25 164.01 52.43 0 0 
4 1.00 2.30 320.16 38.66 22 21.82 
5 0.24 2.38 403.61 41.99 24 22.54_ 
6 0.18 5.17 544.89 42.77 0 0 

···-

7 0.61 6.40 622.01 36.50 0 0 
8 0.26 3.86 689.64 29.54 0 0 
9 0.13 4.00 651.92 32.47 0 0 
10 .0.19 3.63 662.87 33.93 0 0 
11 0.28 5.30 628.01 37.23 0 0 

I 

12 1.00 6.80 595.48 40.91 0 0 
13 1.00 9.00 531.51 48.81 0 0 
14 1.00 8.00 502.09 45.81 13 40.38 I 

15 1.00 5.00 390.51 50.19 30 37.9 
16 0.03 3.14 417.25 44.03 38 37.39 
17 0.19 2.86 442.04 37.65 0 0 
18 0.08 2.14 413.4 32.15 0 0 

·-··· 

19 0.20 2.17 355.11 32.21 0 0 I 

20 0.07 1.83 344.82 29.54 0 0 
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Bare Rock 
Slope Lengthlslope Angle 

..... No. Index Shale Band Index No __ Fallef'l. Rocks Mean Axis Length 

1 1.00 1.67 - 94.334 I 57.99 39 26.64 
2 0.29 2.30 . 134.54 48.01 0 0 
3 1.00 2.25 164.01 52.43 0 0 
4 1.00 2.30 320.16 38.66 38 25.13 
5 0.24 2.38 403.61 41.99 24 22.54 
6 0.18 5.17 544.89 42.77 0 0 
7 0.61 6.40 622.01 36.50 0 0 
8 0.26 3.86 689.64 29.54 0 0 
9 0.13 4.00 651.92 32.47 0 0 

10 0.19 3.63 662.87 33.93 0 0 
11 0.28 5.30 628.01 37.23 0 0 
12 1.00 6.80 595.48 40.91 0 0 j 
13 1.00 9.00 531.51 48.81 9 23.22 
14 1.00 8.00 502.09 45.81 14 40.43 
15 1.00 5.00 390.51 50.19 3~ 36.18 
16 0.03 3.14 417.25 44.03 54 35.04 
17 0.19 2.86 442.04 37.65 0 0 
18 0.08 2.14 413.4 32.15 i 0 0 
19 0.20 2.17 355.11 32.21 0 0 

I 20 0.07 1.83 344.82 29.54 0 0 
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Appendix G 

Random number matrices generated using the Excel 2000 package to be 
in determining the level of confidence with which the results of the 

analyses of the fallen clast data matrices of this study could be 
viewed. 
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15.79578 8.708546 91.54675 63.52588 90.58851 57.68148 
40.38171 13.77177 20.48811 47.63005 1.683417 1.760608 
95.70932 66.84936 60.53263 96.91528 20.87968 32.22071 
57.16549 37.5406 12.15378 69.15759 58.57805 7.977426 
94.20533 39.22217 92.85879 79.06276 20.27294 13.46222 
37.43243 49.4094 52.61543 57.09283 73.65117 36.01621 
38.82334 89.1122 12.85069 82.55176 31.75034 70.99884 
36.92434 24.52871 31.36366 35.41013 76.78726 46.62807 
97.90905 61.23978 12.7571 54.40243 84.20117 93.65946 
78.72209 22.51831 87.28991 35.11147 14.64985 31.06113 
40.58554 34.26138 80.93627 6.004615 68.24115 67.29894 
18.47675 20.79457 87.36686 97.89855 74.60248 72.91798 
94.10659 62.39421 64.47254 81.76156 92.18516 96.41317 
57.77241 39.6758 92.9219 5.945751 84.14239 11.32082 
35.39472 6.655978 30.28363 21.49745 60.41897 69.60796 
24.47074 26.65246 98.76739 93.42566 3.359297 26.57383 
56.07815 19.49819 27.61706 68.02424 15.95704 98.02884 
8.471042 67.12183 63.40346 76.31958 7.499641 98.89196 
36.02855 29.87299 47.51455 55.36381 21.89627 17.16311 
12.28189 62.84186 5.845769 92.22194 61.62257 10.19473 

40.51257 98.28955 53.56659 92.3782 12.22714 96.71002 
76.32432 84.00073 6.06483 65.61464 12.27131 35.47584 
54.08769 29.12932 70.00469 61.97074 63.57334 61.65304 
62.14152 12.38532 66.15649 86.79786 53.66333 52.50098 

57.8284 22.03338 76.78519 26.2646 51.52273 17.63496 
70.65976 43.83788 81.72875 66.97868 43.56208 46.06176 
60.39709 43.44432 77.56971 9.066859 46.54014 88.65801 
52.76118 7.251969 42.5117 26.34406 39.97722 83.22624 
3.444353 22.82523 32.5076 83.01854 62.02138 65.90598 
69.91396 2.525414 54.01181 9.874235 55.77849 35.48862 
61.9681 55.68575 15.71388 85.90266 72.92635 45.59346 

37.63208 97.2672 12.07805 18.45909 19.60334 70.31251 
19.54157 16.05119 32.66149 10.44284 96.04197 57.13614 
57.63634 3.953033 16.66153 86.77649 41.8413 75.3141 
65.44285 32.69891 80.90811 26.51361 22.05917 33.02826 
8.114725 48.43977 33.86643 63. 16717 32.73458 35.19691 
1.634822 61.80767 46.0516 42.70113 5.695554 2.960831 
19.50505 73.2408 64.83035 31.8013 76.50759 71.98903 
94.9902 47.16671 5.169942 87.92268 12.52716 73.11122 

23.68288 79.2343 22.01436 87.93164 1.540252 80.73174 
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74.57541 93.85494 61.32147 23.0664 25.08304 30.41697 
9.835806 44.00967 85.89734 20.73811 27.90105 85.10475 
74.37677 57.71356 31.84105 70.91373 79.63492 95.49619 
34.16765 42.95779 51.32948 99.73648 7.879868 71.10619 

51.377 88.79055 21.92806 32.44484 60.69641 22.40618 
71.39309 74.99438 60.77043 56.31654 72.62313 37.63231 
35.45001 21.81576 18.45405 69.13149 99.2445 27.1637 
72.51778 70.61403 7.337594 91.42944 99.44905 56.01488 
92.00248 80.07568 68.14991 62.16851 25.88176 53.7102 
84.2861 17.82299 9.543483 74.46896 48.55118 39.07696 

36.72258 52.76329 24.21026 71.90721 35.63229 80.66926 
96.37111 56.71162 91.76154 93.99127 14.20359 4.334116 
22.6229 96.27114 30.82194 61.22735 88.71347 56.87183 

25.44082 81.11525 80.83041 55.41769 56.02278 58.68635 
79.21765 81.56594 52.01994 49.72683 2.071165 47.83236 
56.50068 8.531767 38.40767 13.65648 76.17626 84.93043 
99.10741 28.66121 26.70426 13.41646 94.99415 62.50001 
66.81769 14.48088 54.61215 64.80637 93.25333 92.87561 
46.44445 46.25485 58.82467 53.99985 90.44398 24.28279 
39.87554 91.18102 35.7111 62.59234 30.25569 44.02209 

42.41501 4.98632 66.5702 90.83091 62.24575 91.40014 
74.22681 9.697948 7.473488 40.04638 69.44041 64.20259 
46.45232 4.53894 28.85427 41.71844 56.68115 89.46926 
18.17296 54.51711 22.50586 63.9256 56.25952 7.663289 
80.52953 23.08483 8.042385 83.1823 86.30618 75.95979 
70.38819 38.05641 28.91782 71.87912 56.80771 45.41046 
66.33261 82.01337 90.21068 10.0548 47.09302 73.4335 

34.5094 76.31217 33.71935 4.618773 20.88729 8.015561 
41.71436 17.74461 31.6947 19.56411 81.08683 98.67901 
16.64312 17.48506 56.64749 55.9339 76.72351 14.55144 
5.034955 54.57899 36.20348 47.32674 91.80874 62.57262 
49.20961 34.65327 68.65742 96.39453 54.57096 56.29435 
70.52189 52.75622 53.80617 69.35938 60.3619 4.119653 
92.44084 69.0336 28.90146 10.14241 16.55158 95.94741 
33.39282 19.38662 20.96032 32.1969 1.689371 60.23222 
64.78129 17.53023 5.282798 8.285195 91.82445 18.88882 
44.92548 82.00726 30.26271 14.01735 56.3382 87.37037 
71.08001 33.35891 28.79956 98.37689 20.37813 56.50343 
29.68116 27.14496 84.5945 95.52364 15.60097 66.03609 
44.63023 92.33403 73.38632 8.922338 13.19933 41.54886 
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29.17517 66.71529 30.79315 75.47971 75.19614 62.23497 
98.75074 84.6075 25.20002 90.28695 66.08428 70.63816 
28.97643 46.33521 56.00822 14.693 58.85138 19.28102 
53.46196 72.79915 83.34223 72.93335 15.34047 81.69334 
54.87027 16.17412 51.95016 57.48669 80.68774 40.18445 
25.80506 39.42756 30.97945 24.10101 87.90833 69.58831 
92.3856 31.75896 56.63665 48.46531 86.75028 81.39339 

84.89869 40.35721 53.07175 83.53424 77.72449 44.1757 
13.95925 33.51951 22.03577 1.216393 68.11877 53.34108 
79.73053 55.65284 88.49178 57.66312 31.38584 55.281 
44.41781 99.57523 8.270382 45.3396 79.14889 74.1567 
35.18578 50.90491 88.03411 17.9382 52.00658 17.54112 
51.50689 13.22863 32.30309 54.61136 57.04394 88.45713 
60.07779 14.43457 94.82002 35.30248 9.613699 71.0616 
84.88826 46.85821 44.38777 37.22607 91.18761 1.472624 
10.50211 10.56117 70.15699 72.68061 8.18422 90.14317 
84.10841 40.03584 64.88381 61.79462 16.84867 43.73993 
73.60217 10.75694 12.84555 32.06957 38.14394 96.54399 
49.80929 37.40522 68.55262 57.22247 59.82685 95.45879 
19.99229 71.66878 70.05268 38.28399 86.00566 94.5543 

54.2624 25.28286 12.93075 76.79156 88.86048 15.70801 
96.01961 28.33462 86.18311 55.28526 42.4989 98.66404 
35.46797 68.43256 66.11546 79.8918 44.33394 3.574221 
50.82008 58.3449 94.21261 9.964261 48.93224 19.46237 
46.92804 71.87347 1.302107 18.91731 64.81045 34.37374 
37.19641 95.44513 36.58279 10.5492 51.62748 56.44148 

96.875 12.6866 55.00368 49.02576 46.88937 53.46146 
21.30009 49.96244 39.02586 45.94022 37.77553 42.4294 
3.125287 10.10003 95.3289 83.05433 17.53485 50.67462 
5.368575 4.410618 55.59602 25.41623 35.70984 50.26032 
58.69532 93.54796 16.426 50.71151 69.63477 92.0127 
70.63384 85.67269 91.37489 58.72237 39.35917 52.32335 
3.852375 59.58133 60.19755 73.03732 46.46419 35.72301 
18.09243 80.59526 22.96937 62.08743 21.57793 58.77153 
81.63035 27.12258 62.7 4002 94.70205 64.70687 7.130993 
90.63119 42.40103 28.47232 52.55865 93.42535 99.23988 
80.8276 80.80067 60.29681 57.90642 44.88417 61.36371 

27.82489 41.92675 23.56596 80.21758 75.80332 85.34276 
30.19302 19.21186 86.64744 61.4267 66.50052 99.49603 
22.54519 22.41296 42.63558 54.99511 63.90584 60.17973 
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81.0661 94.90984 26.44497 40.9422 56.23351 49.18575 
95.84153 34.15723 48.03784 46.59633 46.5126 16.14833 
68.54191 95.67369 4.259253 54.04102 98.74349 56.69307 

51.0269 8.585651 72.60086 16.98348 80.7011 72.40422 
98.06573 65.80011 51.77807 50.33035 88.28763 32.75454 
33.4225 33.28931 38.22729 24.09356 14.77364 58.83702 

59.26391 76.29385 51.8708 70.01773 91.02332 70.91467 
11.77879 88.91138 20.60035 61.00675 1.221562 19.88449 
49.38405 59.50493 2.842837 3.424829 16844 8.210518 
1.719187 51.42171 15.48696 35.39303 7.909312 63.2705 
56.05791 57.45328 49.58274 71.99001 56.83439 10.45955 
7.675222 62.16363 76.93152 77.33272 57.58732 79.01908 
41.27368 86.34583 69.36181 84.24922 70.48852 61.63732 
44.68532 56.04672 95.71366 99.77872 26.77246 89.22803 
88.43942 61.39877 89.23336 14.70715 98.88175 28.57498 
38.48292 70.81946 44.81161 41.72262 97.7635 35.29136 
59.68501 98.33885 42.786 47.21206 54.55391 86.89217 
88.44074 88.96346 37.06653 9.320938 66.85069 73.58811 
51.39955 10.79063 46.71933 66.48849 80.35535 42.86149 
94.88516 95.58339 8.420972 39.28904 56.57436 30.7045 

90.3711 93.07711 45.2542 32.44089 21.93114 62.68113 
47.94285 11.34051 2.060979 46.79425 10.27764 57.59709 
4.661752 75.94849 26.04462 69.18223 3.631947 31.26949 
46.9866 1.558086 57.8819 2.083553 70.49223 98.07698 

18.30136 44.94106 26.11653 82.33308 62.13269 70.04491 
54.62691 60.9646 82.29251 59.62746 18.22619 9.290549 
11.82949 65.40208 3.767303 73.60741 2.308904 6.668878 
52.39079 57.97438 19.26617 25.96298 59.31856 53.51564 
28.91581 87.0273 30.03484 53.05607 28.60507 69.31373 
52.04887 8.093206 87.29397 75.03104 24.71651 93.78779 
36.91242 94.84243 57.46129 29.25024 69.52278 81.09714 
79.83104 1.971832 62.28455 76.51262 22.36163 33.44541 
41.52458 86.31573 70.68065 67.6151 56.85162 80.68704 
33.81709 33.32751 17.41101 22.43747 85.34086 99.51984 
73.55425 58.26026 54.95226 39.02422 29.74923 20.09249 
74.16364 23.28903 33.48044 34.31192 82.26073 44.52644 
20.00885 13.1028 83.51499 86.66758 61.22016 18.07978 
92.79225 56.46313 27.33565 76.31953 6.990629 49.89225 
19.62046 42.71752 67.66163 18.78792 81.04604 94.11214 
40.47189 13.24215 66.05384 68.69411 60.76291 81.43448 
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44.94046 1.450669 91.94081 72.62423 48.47193 52.74866 
34.88748 78.50509 87.44233 46.9971 22.44122 23.10828 
91.84144 40.36634 43.78359 43.59223 45.17522 48.72342 
86.68456 47.62989 99.10383 31.63668 43.72552 67.25242 
29.99907 58.90758 76.30568 69.02568 50.1496 95.18286 
97.76986 34.83396 61.23726 87.02711 28.19278 79.19871 
97.68209 68.41184 60.56912 59.20079 84.88859 13.73899 
27.69046 94.51028 62.3877 99.48119 74.69928 33.5498 
95.90367 22.51458 50.60302 93.14065 75.23706 68.10803 
84.84585 46.90236 81.99666 25.10464 44.58417 85.04382 
88.97219 53.29887 37.13163 54.68795 17.31042 24.52191 
23.77761 63.63456 68.88772 81.22644 83.81948 8.052536 
79.82998 83.87369 45.44952 69.66472 89.14245 12.93198 
31.13127 88.8604 14.89133 26.65003 74.85712 98.71814 
30.10016 5.797321 12.41437 54.48504 4.542607 64.86854 
1.592555 10.82737 11.56364 15.47319 98.1476 45.50774 
99.4002 47.39231 42.75671 56.5216 7.528511 85.42358 

71.25977 20.94812 11.38855 77.85487 37.64601 57.37981 
13.10776 21.01132 38.14392 96.31589 74.32247 94.88674 
33.27991 96.54601 57.28607 90.39298 18.36215 57.60299 

25.65537 20.22767 63.86062 12.06159 54.81034 31.28234 
14.68382 28.81705 72.1607 50.19125 9.226122 26.66173 
67.68433 90.8008 63.57176 46.13482 67.98427 19.4555 
43.69759 4.407934 29.24197 87.34056 37.59995 1 
89.95522 67.77398 33.17156 69.80857 16.90817 34.07519 
75.1441 34.39413 97.65057 15.18022 91.84405 13.3148 

46.16317 86.52925 88.72851 6.663719 7.308011 97.8996 
49.42747 84.90285 54.80776 5.931425 42.4505 19.29591 
32.13703 21.07528 72.23842 21.45664 55.62959 58.08764 
7.652712 42.67935 88.85086 20.18164 7.762067 3.181711 
18.20342 64.50515 6.047513 93.54953 31.88566 13.95615 
82.68685 49.24797 51.23889 2.107514 8.819489 92.12634 
71.45142 13.67598 69.70893 28.28844 28.65263 41.40257 
14.33524 23.55086 30.875 87.26096 47.81861 71.44223 
10.33813 23.03627 26.09878 7.035728 96.80876 63.74202 
57.71167 35.26108 97.96431 27.40933 7.926148 30.62486 
13.22972 6.666328 32.92908 64.44801 38.83493 51.80152 
42.96268 82.69121 15.30131 93.09155 88.01798 57.48036 
99.43131 18.56486 68.38188 63.3341 88.11253 95.0413 
79.8395 30.55388 2.609513 87.95041 86.87242 92.96312 
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AppendixH 

PCA results of random number sets used in the level of 
confidence with which the of the analyses of the fallen clast 

data matrices of this study could be viewed. 
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• Random Number Set l 

Random NumberSet2 
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Random Number Set 3 

Random Number Set 4 
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Random Number Set 5 

Random Number Set 6 
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Random Number Set 7 

Random Number Set 8 
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Random Number Set 9 

Random Number Set 10 
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