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STANDARD SOIL PROFILE SYMBOLS 

In the paper by Jennings, Brink and Williams entitled 'Revised guide to 
soil profiling for civil engineering purposes in Southern Africa' a list of 
symbols for use on soil profile sheets was included as Figure 3. This list 
diff. d to some extent from the earlier list published in 196] in that some 
of symbols were more stylized to fit in with the rub-on symbols available 
from a manufacturer of self-adhesive transparent symbols. This particular 
brand of symbols is being taken off the market. In many instances exact 
duplicates can be found in the ranges of other manufacturers but this is 
not always the case. 
In some instances alternative symbols would appear to be nearer the original 
intentions in 1961 than the stylized 1973 versions. However, before directly 
advocating a change of symbol, although only a minor variation, one should 
consider the effect on the users. I would therefore welcome any opinions 
on the principle of modifying some of the symbols and also on the stocks of 
the current symbols that are held in the various offices which draw up profiles. 
The manufacturers have indicated their willingness to produce special sheets 
of symbols where suitable symbols are not available. This offer, however, is 
conditional on a minimum order of 50 sheets at a cost of about R200.00. 
The NBRI has done this for the symbol for shattered clay 

These sheets may be ordered from me at a cost of R4,00 
each. As the demand for some symbols is relatively rare, a sheet need not 
contain only one symbol but could be a composite of several symbols and even 
printed in strips of the width of the profile column. 
Obviously this is a matter affecting all the practitioners in this field and 
I would like to know how they feel before proceeding. If there is enough 
support I am prepared to take the matter further : G.W. Donaldson, 
Geotechnical Division, N.Build, R. I., P.O. Box 395, Pretoria, 0001. 

NEWS AND VIEWS 
From the University of the Witwatersrand comes news that the grand old 

man of South African Soil Mechanics, Professor J E B Jennings, has retired 
To those of us still young to Soil Mechanics and Foundation Engineering, he 
certainly epitomizes the discipline and represents the dominating force of 
an alma mater which has produced a high percentage of South African as well 
as international geotechnical engineers. 
The credit belongs to Professor Jennings, and his retirement might well be 
viewed as the close of an era in the history and development of soil mechanics. 
But it is the beginning, we trust, of a new era in that the time that now is 
available to the Prof. will enable him to put pen to paper and record that 
knowledge, wisdom and experience that has had so formative an influence on 
South African Civil Engineering. 
I am sure that we all wish him a pleasant and productive retirement. 
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THE INTERNATIONAL SOCIETY FOR SOIL MECHANICS AND FOUNDATION ENGINEERING 
1936 to DATE 

The International Society for Soil Mechanics and Foundation Engineering 
(ISSMFE) arose from a conference held at Harvard University, Cambridge 
Massachusetts, in 1936 which was attended by some 200 civil engineers from 
all over the world with Dr. Karl Terzaghi as the presiding genius. It was 
agreed that they should meet again in four years' time but the second 
international Conference in Rotterdam, was not held until 1948. The 
statutes of the Society emerged after that meeting and ever since the third 
Conference (Zurich, 1953) the Society has been formally organised. 
The aim of the Society is 'the promotion of international co-operation among 
engineers and scientists for the advancement of knowledge in the field of 
soil mechanics and its practical applications and in the civil engineering 
applications of geology, and of rock, snow and ice mechanics.' 
The Society accomplishes its aim : 
(a) by holding international conferences at approximately four-year intervals 

(these have been held subsequently in London (1957), Paris (1961), 
Montreal (1965), Mexico City (1969), Moscow (1973) and the next one is 
to be held in Tokyo (1977). The president of the International Society 
presides at these conferences and the Moscow meeting was attended by some 
1600 delegates. 

(b) by holding Executive Committee meetings at the time of the international 
conferences and, if required, at a suitable time between conferences. 
These committee meetings are an important part of the life of the Society 
for they foster international co-operation and advance the technical 
work of the sub-committees. Executive Committee meetings have been held 
additionally at Sydney (1971) and Istanbul (1975). 

(c) by promoting regional conferences and other meetings at intervals. 
The Society is divided into six Regions around the world and Regional 
Conferences are held mid-way between the International Conferences in 
the various regions on topics of particular interest to the region 
concerned. Thus in the present period the following Regional Conferences 
have taken place 

Africa 
Asia 
Australasia 
Europe 
N. America ) 
S. America ) 

Durban 
Bangalore 
Brisbane 
Vienna 
Buenos Aires 

(1975) 
(1975) 
(1975) 
( 1976) 
( 1975) 

The Vice-president of the Region presides at these conferences. 

(d) by co-operation with other organisations, national and international, 
whose aims are complementary to those of the Society. At the 
international level the closest co-operation is with the other 
geotechnical societies, the International Society for Rock Mechanics 
(ISRM) and the International Association of Engineering Geology (IAEG). 
The Secretaries General of the three Societies meet regularly in 
Brussels (through generous funding by the Belgian Government). There 
is also co-operation with other specialist societies such as the 
International Association for Earthquake Engineering, the International 
Commission on Large Dams (!COLD) and the International Tunnelling 
Association. 
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(e) 

(+) 

The ISSMFE is made up of some 50 National Societies around the world 
and each of these arranges seminars and conferences at frequent 
intervals. Thus the British Ge0technical Society has held specialist 
conferences in recent years as follows : 

In-situ investigations in soils and rocks (1969) Field instrumentation in geotechnical engineering (1973) 
Settlement of structures (1974). 

by interchange of infonnation among its National Societies, including 
publication of lists of members and other documents. The current 
membership totals nearly 11 000 and a list of all members with their 
addresses is published every four years. 
by promoting the publication of literature abstracts. This is done, 
on behalf of the ISSMFE, by the German (FRG) Geotechnical Society who 
produce a journal of 144 abstracts in English monthly. These are 
taken from publications all over the world and Geodex (California) 
produce a retrieval system which makes the abstracts particularly 
valuable. 

The International Society functions between meetings with a secretariat 
consisting of a part-time Secretary General and a part-time Secretary. 
The President is appointed for a -year period and the recent holders of 
this post have been 

A.W. Skempton (U.K.) 
A. Casagrande (U.S.A.) L. Bjerrum (Norway) 
R.B. Peck (U.S.A.) 
J. Kerisel (France) 

(1957-61) 
(1961-65) 
(1965-69) 
(1969-73) 
(1973-77) 

Africa 
Asia 
Australasia 
Europe 
N. America 
S. America 

d.W. de Graft Johnson 
Z-C. Moh 
P.W. Taylor 
A. Kezdi 
R.J. Marsal 
V • B • de Me 11 o 

(Ghana) 
- (S.E. Asia) 

(New Zealand) 
(Hungary) 
(Mexico) 
(Brazil) 

The Vice-Presidents are likewise appointed for a 4-year period and the 
current ones are: 

Each National Society pays dues to the ISSMFE which are based on the number 
of members (U.S. $1.00 per member) plus an amount varying from U.S. $75.00 
to US $600 depending on the wealth of the country as assessed by the United 
Nations. The average per capita subscription is about US $ 2.00 . 
The Proceedings of the International and Regional Conferences provide a 
valuable source of information to practicing engineers and scientists 
in soil mechanics throughout the world. The Society has the following 
technical sub-committees 

1. Standardization of penetration testing in Europe 
2. Symbols, Units, Definitions 
3. Information Advisory (Literature Abstracts) 
4. Exchange of geomechanical computer programmes. 

The sub-committee on symbols, etc. is responsible for the publication of 
a Lexicon of terms in seven languages, the next edition of which will be 
published in 1977. 
Membership of the Geotechnical Division of the SAICE entailsautomatic 
membership of ISSMFE. 
J.K.T.L. Nash 
Secretary General, ISSMFE 



THE STABILIZATION OF A RAILWAY CUTTING BY DENATERING 
The steep slopes encountered in railway cuttings are generally designed 
on an empirical basis and more often than not this method produces a 
safe and stable cutting. The very nature of a railway line, its 
length and the various terrain it is likely to cross, precludes, because 
of the economics, a detailed site investigation. This means, however, 
that on occasions a cutting will be constructed in soils which render 
the empirical design inadequate. 
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This situation has arisen on the line between Warmbaths and Pietersburg. 
The line is the only direct rail link between Rhodesia and the Transvaal 
and as such is of considerable economic significance. In 1964 the 
stretch between Warmbaths and Nylstroom was upgraded to allow greater 
speed for the increasing traffic. In the improvement it was necessary 
to remove the steep grades and sharp bends of the original line caused 
by a ridge of sandstone hills just to the North of Warmbaths. To achieve 
this a tunnel of approximately 2km was constructed. At the northern 
end of the tunnel the line emerges into a 14m deep cutting which runs for 
some 600m. The walls of the cutting were excavated with a 600 slope and 
the lower 3m were lined with a Gabion type wall. 
The cutting suffered some slight, but acceptable side wall erosion. It 
functioned effectively until the summer of 1971 when a slope failure 
occurred adjacent to the tunnel portal. Some 40m of the west wall slipped 
over the full height of the cut. In order to minimise the potential 
danger to the track the failure area was deweighted. This involved the 
removal of some of the wall so as to form a terrace between four to six 
metres above the track level, and to reduce the slope angle to approximately 
370. The cutting remained in this state until the summer of 1974 when 
further movement occurred. Toe heave caused a vertical displacement 
of the track in excess of 1 m. In addition to the slope failure a new 
problem arose; extensive piping of the Northern end of the cutting 
occurred. The toe heave and the washout onto the track from the piping 
caused a temporary closure of the line. After the track had been 
lowered and provision made for continuous removal of the washout, the 
line was re-opened, though with a speed restriction. 
Although the measures taken in 1971 to stabilize the slope had appeared 
successful, the failures in 1974 realized the fears of the railway engineers 
that some further pennanent solution was necessary. 

SITE PLAN 
NOT TO 

DYKE 

SCALE 

TRACK 
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An initial investigation was undertaken. Six boreholes were s;_!" in the slope failure area and two in the piping failure z0°',,,uh 
revealed tne complex geology of the site. The cutting runs ', 
alluvial deposits of approximately the same depth as the cutting. 
to; layer of dense ferricretes overlie clayey sand with increasing cobble content with depth. Bedrock consists of paleoweathered 
conglomerate, the top 2m of which is a soft sandy clay. Several small 
faults with vertical displacements of up to l,5m run across the 
cutting and the strata are highly fractured. In the borehole furthest 
south a highly weathered diabase was encountered below the alluvial 
deposits. The discovery of diabase backed up the evidence from aerial 
photographs that the two major faults which intersect at the portal were 
in fact dyke formations. The strata has a North-West South-East strike 
and dips at approximately 100. The boreholes were found to collapse at 
a depth of 14m where the soft sandy clay layer occurs. A series of 
piezometers were installed in the boreholes at the crest of the cutting 
and these showed at water table at minus 6m. Laboratory tests on 
material obtained. from grab samples and core from the boreholes showed 
that below the ferricrete the strength decreased with depth; the sandy 
clay has virtually no strength. 
Analysis of the failure indicated that the slope failure was caused 
by the movement of a wedge which sheared along the soft, sandy clay layer; 
instability was caused by the 'level of the water table. Throughout the 
analysis tension cracks were assumed within the ferricrete. The piping 
failures are in materials with autostability coefficients in excess of 
ten and the material is therefore susceptible to washout with a low 
water throughflow. 
It became obvious that the cause of the failures was mainly due to the 
increase in the level of the water table; both the occasions when failure 
occurred were in the heavy rainy seasons of 1971-72 and 1974-75. In the 
light of this it is worth noting that the initial action taken in 1971 of 
deweighting the slope was in fact more likely to cause failure than prevent 
it; the process of deweighting effectively reduces the frictional forces 
resisting failure. 
The possibility of lowering the water table to prevent further failures, 
as opposed to the alternatives initially proposed i.e. of extending the 
tunnel and even reopening the old line, appeared not only a feasible 
proposition but economically preferably. 
To achieve this the installation of a series of trench drains wrapped 
with a filter fabric and filled with a crushed stone aggregate is 
envisaged. However, both the time involved in the design and installation 
of the drains, and the requirement of dry working conditions in the low­ 
strength materials necessitated an immediate dewatering of the cutting. 
By back analysis of the slope failure it was calculated that a lowering 
of the water table of more than 2m would produce a F.0.S. of approximately 
unity. The water table would then be below the level of the lower 
terrace. 
The ground water flow in the West cutting wall is a culmination of several 
phenomena. The site of the cutting is an ancient river, the bed of which 
is the paleoweathered conglomerate. The ground water flows northwards 
towards the cutting and is caught by the dyke formation at the tunnel 
portal. These dykes, being relatively impermeable, have a damming effect 
upon the flow and only in times of heavy rain does the flow overtop the 
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dykes in sufficient quantity to affect the downstream water table level. 
To the west of the cutting a borrow pit for road gravel intersects the 
surface drainage path. The material removed in the deweighting of 
1971 was dumped in this borrow pit and during rainy periods water is 
held within this sandy material. This causes a rapid fluctuation of 
the water table level as seepage from the borrow pit combines with 
the steady flow from the dyke formation. 
A pumped well system was designed to intersect the ground water flow 
and prevent the directional recharge of the aquifers of the cutting wall. 
Five wells were sunk at 200mm diameters by percussion drilling to the 
depth of the base of the sand clay layer. The high auto stability 
coefficients of the clayey sands necessitated a gravel packing of the 
well with a 7mm crushed stone aggregate. A conventional slotted 
casing was used to line the well Slots run from 5 m depth to the 
bottom of the well, at about 18m to ZUm depth. 
The pumps being used are 100mm electric submersibles of half a horsepower 
each. They are capable of delivering 1200 gallons per hour against a head 
of 30 m. The pumps are suspended on polythene raise pipes l ,5 metres above 
the bottom of the well and are fed by a power lead lashed to the raise pipe. 
The pumps are controlled by two liquid level sensors spaced 1,5m apart on 
the raise pipe, the lower 1off1 sensor is 1,5m above the pump intake. The 
use of automatic controls permits the water level within the well to be 
maintained within the l,5m between the 'off' and 'on' sensors. A simple 
relay system housed in a metal box on the surface controls the power to 
the pump. 
The well head consists of : a non return valve, a throttle valve, a bypass 
valve and a pressure relief valve. The latter caters for the possibility 
of a blocked delivery pipe producing sufficient back pressure to damage 
the pump. Once throttled down and adjusted the wells work on 4 to 5 on/off 
cycles per hour and each produces approximately 2000 1/hr. 
The system has operated from November 1976 and after initial teething 
problems has been maintenance free. Pumping has reduced the water table 
level by more than 2m and in view of the heavy rains that have occurred 
in this region, the removal of over 2 million litres of water indicates 
the effectiveness of the system. In fact the water table is still 
fa 11 ing and is expected to continue to do so for a further 2m to 3m before 
a steady state is reached. 
The use of this method as a temporary dewatering system in this situation 
was fortunately aided by the ready supply of electricity, 5 K.V.A. being 
ample to feed the pumps, however a generator would be sufficient for 
use in more remote sites. A consideration of the results obtained from 
this method indicate that an effective low maintenance, semi-permanent 
dewatering system can be installed in a short time period at a relatively 
small cost. The cost in fact, excluding the electrical supply, was less 
than Rl0,000 for the completed, functioning well system. 

ROB DOREY. 



8 
REALI TY OR MODEL 

I t i s sel dom t hat t he geot echni cal engi neer has any need t o consi der i n 
hi s f or mul at i ons t he pr onouncement s of t he phi l osopher s, but i n one 
i nvest i gat i on f or whi ch I had some l i t t l e t ask t o per f or m, cogni zance of 
t he f ol l owi ng st at ement s hel ped cl ar i f y t he pr obl em: 

Fr om Wi l l i am James i n 'The Pr i nc i pl es of Psychol ogy ' : 

'The sc i ent i s t descr i bes phenomena as pr eci sel y as poss i bl e and as 
compr ehensi vel y , but wi t hout any i mpl i cat i on of f i nal i t y or t ot al i t y . 
He r ecogni zes t hat hi s descr i pt i ve f or mul at i ons ar e t ent at i ve and 
i ncompl et e, al ways subj ect t o t he di scover y of new dat a or a mor e 
r ef i ned pr esent at i on of t he ev i dence. Above al l he admi t s t hat he i s 
onl y descr i bi ng, not expl ai ni ng - not l ay i ng bar e t he ul t i mat e r eal i t y 
whi ch gi ves t he phenomena t hei r deepest i nt el l i gi bi l i t y or ascer t ai ni ng 
t he causes whi ch show why not mer el y how t hi ngs happen as t hey do. ' 

The meani ng of r eal i t y - of a r eal as opposed t o a pur el y concept ual or 
i deal bei ng - i s der i ved f r om t he not i on of hav i ng bei ng ( or ex i s t ence) 
out s i de t he mi nd not mer el y i n i t . We can concei ve possi bi l i t i es not 
r eal i zed i n t he wor l d. We can i magi ne t hi ngs whi ch do not ex i s t i n nat ur e. 

One mi ght say t hat t he cont r over sy about t he ex i s t ence of an i dea i s not 
t hat t he bei ng of such t hi ngs i s quest i oned, but t hei r r eal i t y , t hei r 
ex i st ence out si de t he mi nd. For exampl e do i deas ex i s t apar t f r om mi nds, 
t he mi nds of men? I f t hey do we may say t hey have a r eal as opposed t o 
an i deal ex i s t ence. I f t he obj ect s of mat hemat i cs, such as number s and 
f i gur es, have ex i s t ence onl y as f i gment s of t he mi nd, t hey ar e i deal bei ngs. 

I n t he end r esul t i t appear s t o me, t o. par aphr ase James, t hat t he sel f or t he 
ego i s t he ult i mat e cr it er i on of r eal i t y . What ever t hi ngs hav i ng an i nt i mat e 
and cont i nuous connect i on wi t h my own l i f e ar e t hi ngs of whose r eal i t y I cannot 
doubt . What ever t hi ngs f ai l t o est abl i sh t hi s connect i on ar e t hi ngs whi ch ar e 
pr act i call y no bet t er fo r me t han i f t hey ex i s t ed not at all . 

But how does t hi s r el at e t o a pr obl om of geot echni cal engi neer i ng ? The 
i ssue i s an i mpor t ant one when t he pr obl em of anal ysi ng t he fl ow sit uat i on 
i n a l ayer ed syst em i s under t aken; a sl i mes dam i s an ever yday exampl e of 
a l ayer ed syst em. I n or der bet t er t o under st and and appr eci at e t he i ssue 
consi der t he f ol l owi ng : 

The physi cal phenomenon of gr oundwat er f l ow i s t hat of a f l ui d movi ng 
t hr ough t he smal l por es bet ween t he sol i d gr ai ns whi ch const i t ut e a soi l . 
Thi s suggest s a compar i son wi t h t he f l ow of a f l ui d t hr ough a t ube. 

The phenomenon of gr oundwat er movement consi s t s essent i al l y of t he f l ow 
of a vi scous f l ui d t hr ough a syst em of t ubes. Vi ewi ng f l ow i n a soi l i n 
t hi s wav. sever al i nvest i aat or s have der i ved a f or mul a f or t he vel oci t y of 
f l ow of a f l ui d i n a soi l . Thei r f or mul ae have been der i ved f r om t he Hagen­ 
Poi seui l l e f or mul ae and ul t i mat el y i ncl ude such soi l par amet er s as t he 
aver age por e di amet er , por os i t y , degr ee of sat ur at i on and so on . 

. The at t empt s t o descr i be f l ow of a f l ui d t hr ough a soi l i n t erms of t he 
Hagen- Poi seui l l e l aw may be sai d t o be based upon a di scont i nuum vi ew of 
t he soi 1 . 

Because of t he i mpr act i cabi l i t y of t he r esul t i ng equat i ons, engi neer s have 
pr ef er r ed t o adopt a cont i nuum vi ew of soi l , i n par t i cul ar as i t r esponds 
t o f l ui d f l ow. Thi s cont i nuum appr oach gi ves r i se t o t he Dar cy equat i on. 
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The cont i nuum vi ew depends upon t he f act t hat one i gnor es t he f l ow i n t he 
i ndi v i dual t or t uous t ubes, but bl ur s one' s vi s i on and l ooks at t he macr oscopi c 
phenomena. 

The shor t comi ngs of t he cont i nuum appr oach ar e hi ghl i ght ed when one comes 
t o descr i bi ng ani sot r opy. I f t he f l ow i s vi ewed as occur r i ng i n t ubes, 
t hen ani sot r opy can be expl ai ned by say i ng t hat t he shape and or i ent at i on of 
t he par t i c l es of t he soi l ar e such t hat t her e ar e mor e t ubes i n one di r ect i on 
as compar ed t o anot her or t hogonal di r ect i on, or t hat t he r esi s t ance t o f l ow 
i s l ess i n one di r ect i on t han t he r esi s t ance t o f l ow i n t he or t hogonal 
di r ect i on. 

Thi s expl anat i on i s onl y st r i c t l y t r ue f or a soi l t hat i s homogeneous, however . 
Ver y of t en i n nat ur e ani sot r opy r esul t s f r om t he ef f ect s of soi l l ayer i ng; 
a consequence, f or exampl e, of t he deposi t i on pr ocess. The soi l i n f act i s 
made up of a mul t i pl i c i t y of coar se and f i ne l ayer s; t he f l ow par al l el t o 
t he l ayer s i s cont r ol l ed by t he coar se l ayer s, t he f l ow per pendi cul ar t o t he 
l ayer i ng i s cont r ol l ed by t he f i ne or l ess per meabl e l ayer s. 

The l ayer i ng may wel l be, and ver y f r equent l y i s mi cr oscopi c , and so t he 
macr oscopi c , cont i nuum appr oach i s easi l y abl e t o i gnor e t he t r ue nat ur e 
of f l ow i n and acr oss i ndi v i dual l ayer s, and vi ew t he phenomenon sol el y 
as one of di f f er i ng f l ow pr oper t i es i n di f f er i ng di r ect i ons. Thi s not i on 
i s par t i cul ar l y i mpor t ant f or t he case wher e we ar e i n f act deal i ng wi t h a 
soi l i n whi ch t he l ayer i ng i s not mi cr oscopi c but i s , t o t he human eye, 
di s t i nct and of f i ni t e measur abl e magni t ude. Can we i n such a case appl y t he 
same l i ne of l ogi c and r easoni ng st i l l ? 

Mat hemat i cal l y one can say t hat i n t hose i nst ances wher e one wor ks wi t h an 
i sot r opi c or ani sot r opi c , cont i nuous medi um, t he mat hemat i cal appr oach consi st s 
i n essence of f or mul at i ng one equat i on whi ch descr i bes t he f l ow si t uat i on, 
t he pot ent i al di s t r i but i on i n any one par t i cul ar r egi on or zone. 

Thi s equat i on shoul d be cont r ast ed wi t h what i s per haps t he t r ue and 
absol ut el y cor r ect mat hemat i cal model of t he f l ow r egi me i n t he i sot r opi c 
or i n par t i cul ar t he ani sot r opi c mass, and t hat i s a set of equat i ons, 
descr i bi ng i ndi v i dual l y t he f l ow si t uat i on i n each i ndi v i dual t or t uous t ube. 

Of cour se, pr act i cal l y speak i ng; i t i s ni gh on i mpossi bl e t o f or mul at e t hese 
equat i ons and even wer e t hi s possi bl e t he sol ut i on of t he r esul t i ng set of 
equat i ons woul d be a most f or mi dabl e t ask. 

Seemi ngl y i mpossi bl e as t hi s t ask i s or woul d be f or soi l , yet never t hel ess 
i t has been done f or a j oi nt ed r ock mass wher e t he f l ow i s pr i mar i l y i n t he 
j oi nt s. 

Let us now t ur n our at t ent i on t o t he pr obl em of f l ow i n a l ayer ed syst em. 
The par t i cul ar syst em t o whi ch I wi sh her e t o r ef er i s t hat wher e t her e 
ex i s t s a soi l mass composed of al t er nat i ng l ayer s of coar se and f i ne sand 
and cl ay. The usual case of concer n i s wher e t he per meabi l i t y of t he f i ne 
mat er i al , r el at i ve t o t hat of t he coar se mat er i al , i s such t hat t her e i s 
f l ow onl y per pendi cul ar t o but not al ong t he f i ne l ayer . 

Such a syst em i s commonl y r ef er r ed t o as t he pr obl em of a l eaky aqui f er 
and has f r equent l y been f eat ur ed i n t he l i t er at ur e. 



I submi t t hat t her e ar e t hus t wo di s t i nct met hods of v i ewi ng t hi s l ayer ed 
syst em, and whi l e t hey shoul d bot h l ead t o t he same answer , t hey i nvol ve 
t wo di s t i nct vi ews of r eal i t y - whi ch one we choose t o use must depend on 
whi ch one we f eel we can most r eadil y compr ehend and fo r whi ch we can 
obt ai n t he sol ut i on most easi l y . 

JACK CALDWELL 

But l et us r et ur n t o our or i gi nal not i on of t he nat ur e of an ani sot r opi c 
medi um. Can we not ar gue t hat t he si ze of t he l ayer i ng r el at i ve t o t he 
di mensi ons we, because of our own physi cal si ze, br and as f i ni t e and l ar ge, 
per haps, i s uni mpor t ant f r om a mat hemat i cal poi nt of vi ew and t hat as we 
f or an ani sot r opi c soi l bl ur r ed our vi s i on and si mpl y consi der ed t he 
l ayer ed syst em t o be ani sot r opi c , so we can bl ur r our vi s i on a l i t t l e mor e 
i n t hi s i nst ance and l i kewi se consi der t hi s mat er i al whi ch t o our i mmedi at e 
vi s i on i s such t hat i t shoul d be vi ewed di scont i nuousl y as a mer e ani sot r opi c 
homogeneous cont i nuum. Cer t ai nl y i f we do a l i t t l e i nj ust i ce t o t he r i gour s 
of t he i nf i ni t esi mal cal cul us and di scont i nuous medi um, t he same set of 
equat i ons r esul t s. But t hi s i s as we woul d expect because t he same physi cal 
phenomenon i s bei ng consi der ed. However , j ust because we obt ai n t he same 
r esul t ant equat i ons, i t i s not t r ue t hat we ar e empl oy i ng i n t he t wo pr ocesses 
t he same not i on or vi ew of r eal i t y . 

I n par t i cul ar , t he f ai l ur e t o keep t hi s poi nt i n mi nd has l ead t o what i s , 
i n my opi ni on, a f al l ac i ous ar gument t hat i f one can make t he equat i ons whi ch 
ar e der i ved t o descr i be a physi cal phenomenon l ook al i ke, when t hese equat i ons 
have been der i ved f r om di f f er ent i ni t i al per spect i ves of t he pr obl em, t hen i n 
f act t he same per spect i ve has been used and we have si mpl y f ai l ed t o r eal i se 
t hi s . I t hi nk r at her t hat we ar e i n f act deal i ng wi t h di f f er ent per spect i ves, 
di f f er ent r eal i t i es or t r ut hs, whi ch r el y f or t hei r ex i s t ence on our 
descr i pt i on of t hem. Tr ue t her e ex i s t s at al l t i mes an abst r act of r eal i t y 
whi ch i s i ndependent of our not i on of i t - f or how el se woul d we conver ge on 
t he common answer - but f or our human pur poses t her e ar e di f f er i ng t r ut hs or 
r eal i t i es whi ch ar e ci r cumscr i bed by our abi l i t y t o compr ehend, descr i be 
and sol ve t hem. Let me i l l ust r at e by an exampl e what I mean. 

The pr obl em of a sl i mes dump f or med of l ayer s of coar se and f i ne sand 
r ai se t he i ssue most cr i spl y ; f or her e t he coar se l ayer s may be mor e t han 
a met r e t hi ck whi l e t he f i ne l ayer s a f ew mi l l i met r es. Al t hough t he t ot al 
hei ght of t he dump may be of t he or der of t en and mor e met r es one has much 
hesi t at i on i n bl i t hel y cal l i ng t hi s an ani sot r opi c mat er i al and si mpl y 
sol v i ng t he pr obl em on t hat bas i s , f or t he scal e of t he di s t i nct zones 
i s such t hat we cannot easi l y bl ur r t hem away i nt o a cont i nuum. 

Yet even i f t her e ar e onl y , say, t en such l ayer s i n a dam, we wi l l ar r i ve 
at a sol ut i on i nvol v i ng t en i ndi v i dual equat i ons each descr i bi ng t he pot ent i al 
di s t r i but i on i n a separ at e l ayer , t hat i s i f we can f i nd t he phr eat i c l i ne 
and handl e t he ot her pr obl ems of t he sol ut i on r out i ne. 
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ILLOVO BRIDGE FAILURE - GEOTECHNICAL REPORT 

During the floods in March of this year the Illovo Bridge on the Natal 
South Coast was renderend unserviceable by subsidence of a centre span pier. 
The superstructure was undamaged due to the fact that the affected pier 
moved downwards vertically l,9m without unbalancing the articulated deck. 

The Natal Provincial Administration was then faced with the problem of 

(a) restoring the bridge built in the late forties by the Public Works 
Department to its original stability 

(b) improving the stability to resist the one in 400 year flood, or 

(c) to ensure the stability of the bridge for a period until the new Illovo 
bridge (approx. 800 m upstream) and hydrological works limiting scour 
have been completed. 

The latter alternative was chosen. 

The alternately suspended spans articulating at quarter points are supported 
on 8 caisson piers, four of which are founded on rock. The four remaining 
piers were founded in sands approximatelyll metres below river bed level. 
One of these piers was, however, completely eliminated by underscouring 
in the 1959 floods and replaced by a new caisson founded approximately 
19 metres below river bed level. The remaining piers were also further 
protected by coffering with sheetpiles enclosing each pier and extending 
19 m below bed level. 

During the years between 1959 and 1976 the bridge remained stable but the 
river was slowly changing its course and by 1976 was passing the bridge at 
an acute angle. As a result of the reduced flow area between piers the 
floods of March 1976 which were of a lesser magnitude than the 1959 flood 
(1/2 m higher than recorded maximum in March) caused scour to a depth of 
19 m midstream and collapsed the centre span of the bridge. The fact that 
the scour reached this depth was borne out by the fact that the fill in the 
caisson had fallen by 5 m and the sheetpiles enclosing the pier had settled 
by 300 mm on the downstream side of the pier concerned. 

The first step in remedial works was to drill through the caisson cap and 
down through the founding material to determine the feasibility of founding 
a new caisson or caisson support on the rock bed, but the drill ing was 
terminated at a depth of 60 m after encountering only dense fine river sand. 
Since no better founding material was within the feasible founding limit it 
was decided that the pier would be reinstated to resist predicted scour for 
a short period until the new bridge and accompanying river course .restrictions 
had been constructed. Aided by a model study a scheme has been adopted whereby 
scour will be reduced to 5 m below existing river bed level. The river course 
is to be reinstated to its pre 1959 course and maintained by canalizing through 
a sheetpile wall on both banks of the river. 

The damaged pier is to be reinstated by refilling with a cement/sand grout 
and the foundation stabilized by cement pressure grouting extending from the 
p1er found mg level down to the bottom of the sheetpil e coffer. The cement 
grouting is to be followed by chemical grouting. Once the pier has been 
stabilized the sagging deck will be jacked into the correct alignment and 
the caisson will be built up to the required level. 

JOHN WATES 


