Xx* S * 0,3 (1-Sr). In clayey soils this
relationship is no longer vnlid since the measured
raW« of 9r IM n('t representative of th, ,oditione
at cotivact points. The experimental
dfterffiination of true X require? a filethod which
Ioc« not anaum- the validity of the principle yf
offt-ctivr atrc.au. To the Author's knowledge no
auoh nethoi has yet Icon developed*
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1 8«il Irtrodnetinn

?0 for the work of thin thesis hno been devoted
ext'"niv*Jy to C?ncidt'rations of volume- change in
partly .Titur”~1l joilo.: A brief auction dealing with,
the rjliiity or the principle of effective stress In
rd:iti:i, to th? oar strength characteristic® of
partly netur*t*~d unii.i is presented in this chapter as
it U thought tc bo of some value, If only cs a guile
to future ?2/ck an the i1toM?”s;-

Ihe experimental work described previously consisted
Of CC&pnrirg ttie volume change characteristic® Of a
partly oeturufc,i sail wider changes in applied load 11
those of fir. i icritical fully saturated soil under the
sate changes in applied load* It was then possible to
assess whether tb« anil was behaving in accordance with
the pri nciple of* effective stress or not# Exactly the
case approach con be adopted with regard to shear
strength of partly saturated soils. Portunetsly there
la n Unite t LADOKIt of experiment*1l data available
which in suitable for nualyoin along the proposed
lines,

9*g The relation between »h*J»r atrongth *&d vgM

ratio In oaturat®d

The afren”™th T of a soil can be expressed by the
Coulomb aquation ?

$ o c+ * tan

*r *p
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CHAPTER  VTTT

»m *vru:m rrvnrnwirr m C th* ahum *

C.-A'- ".r;e-1 :1":?2e:& ;.y-iri,y satoatsb ¥ot
B il 1; ervKcU '~ :

To 1™ h - N'Nknf thjr been devoted
AxeliNiv-ly to f*'ijniiprT™i'nj® of yolune change In
Partly <itLiri+. 1 -s?ilr!* A brief section dealing with
Ae validity .<? 1;/'1 mripe!pie of effective stress in
rcl ifi-.. ta t.p *Mnr strviifth characteristics of
rurtly o™M-urot”™r] . -U o If, ireser.tod In this Chapter &s
it I.- » m +" i* o* *03* v-aluc, If or.ly ea a guide
t& mork i't w2> rrot 1°\3;.

T'0 ?xr~rino;-.til worR ifscribed previously consisted
cf corspiri rf enr voinme ;hn.te elinrotoristioa of a
partly ritur'it*: i n™Sl unier changes in applied load to
thss* of ‘in identical fully saturated soil under the
nore chunks ir, ipplled load# It was then possible to
ascera ".rrhoth’y *b* s'il 1 was behaving in accordance with
tho principle of « Tractive stress or not* Exactly the
aase appr*OCh ewi be adopted with regard to shear
streTurth r>f partly saturated soils* Fortunately there
iIs N 11lmter/ amount- of experimental data available
which in nuttnMp Tor nnalyflin along the proposed
Virefl*

3»? fhe e lu tion hrtween *>)"** at,rsmith and vote

ratio jin caturnted sollo*

The strength - of a noil orin be expressed by

Coulomb equation |

S « (o) + n tan EE * e K » e

whore S ia the shear strength



s iIs the apparent cohesion
h is the total pressure normal to the shear

plane,
0 is thr angle (,t at.paring resistance,

The valets <4 c enl 0 as given in equation (5,1)
havo bc«\ found *r ,kT-r\d ussl. the enudifiona of teat
Zjil ere flur™-Tora not oonstent for onfl in a given
coniition, Hvoralev (1957) performed a number of shear
testa or IVve re-rrioulir.l clay* arid found, by assuming
that the trie angle of friction la * constant* that
itherr was a relationship between cohesion and
iht pquivfiipr.t eonr-ftUfctlon pressure $$ at faille,
Kvomlov 4her rui.li fI*-'! thr Coulomb equation to

tun O;

where Is the effective normal ftrees on the
failure plane
on I.- the true ungle of internal friction
iIs 1k true cohesion given by the
' Xpreasten * % pe

where h is & constant for the soil and Pe is tho
preaaure on the virgin consolidation curve which
correopondB to the void ratio of the sell at failure*

It is well i.noyn that there is a linear relationship
between void ratio and log effective stress in a
normally eonuoUdutcd ©lay* V*now if a number of ident-
ical samples of noil are consolidated under different
effective pressures and than sheared the yc|]d rati®© nt
failure will bo directly related to log ©
log oe in equation <0»?) I*** th<?re 9111 * Umax
relationnhip br-twean the void ratio at failure and
the leg of 1bc strength, This fact was pointed out ih
tha IrIMXial ~hear iteport (1947) which stated that fur
normally consolidaiod undisturbed slay* there wai *
unique relationship between void ratio and ewreaslOft
stmurth irroeneotivc of the method Of test, « e **«



been gqrw iruita b, "j-rrM (1954) uni %nk®l (1559) fa*
land"turbid and romo™M”~ed rollu, Henksl (1959). Hw

mvo;;:, tr-ii rhoug). mf fc-rent, reiatianihip
L-xist.i tor 1'fi 3? > jrticul'ur aoil which havt the
v xirrter. e”ki'r 11" Q. pros ‘ur<-. In fig* 8,1 Is
kcevi;. 'i “ypio-il dwrv- nf ub-»ar gtrengffc against void

rel3m =tt 1Ir ,i W | .j«"rur.l for 3urUb talus ©lay. Alao
«hrvr, f- tiln vir~ir 2@ noli Intion o,srvc for the

n.terial, Ir r mcro it e bt mild that for a
noil, i Jivor tnivoid rati®©, the
v-i 1 r~U it f 1 m i directly n-lated to the shear
rfrr - T o3n11

70 rjjnt~o”™ tutw”n,.. /.hoar strength and void
revels in r~rtl'," catuarated soils.

C Jii r Jir.-+ * - oar* of a partly saturated soli
mia_ -'..wj iIr. 'j™roriftrice with the principle of
J. -t™v T this case the * mlog
-or tht riot: W'V;li roir.riJu with the e; log o0 curve
-r +r_ rquiy a nt fully .mturated soil which has bead
«? mi:ditrl fr*’r *1< non© initial void ratio as the
:-r-.Ly nat.uret-i  >il, If it *a now assuaed that 09
nnj 0, '4< ’.ot rjff-i cted by changes in the degree of

then» f~lloving the lines of the argument

cr<cr-t.i>1 in tl rrevioup section, there will be a
i'.i rat linear r <lmetionshi” between void ratio at

fEiIVir rpd Lotf r™TDh/th for initially identical
*>'snlitn~d 'mkr different effective stresses*

T-r = sttrothree e in hr derived either twm
urt*rmlly ari-li- d lands or pressure deficiencies 0*

The work of tldn tlwais has ohown that the large
tenjority of partly ontumtud eoila analysed do not
obey th' principle- of effective stress-
that there in no unique e: IV « * wUttmaM* t*
such a noil avnr tho maturated range and henoe
there is tmlUroly n) he a unique relattcmaMp “ JJ™-
void r~tlo and eho"™ Otrengih over this
oonoluBiona reaohod on the behaviour of partly



MiWLtwl ""'I" »*«e ti KIlw stagy, antes ft
pimaTOo t# Truulot mippprxiHL.tBly thu star - Trll-ni'

cl.-*i.et"rIntigo a" meeM nr.tjp.

U,*
-jrr I Hit H.y (. m=mris.ftSplsj -ilvffftctivo striae »
mrv o Ir, @™ ri* Kw -M- th-1r unt>roted Counterpart®*,

-in v \w< *mt /W' ~ur tw diinplee co”cUdated $nm

tr'irUy 1 rtieind r'frr.flitiorn* the one Tjjf gstiM pf

srji’lu 1 =i:7 tbo othc-f by meanp p? applied

7t li'’mr-m U *lel -M-:i, fliil. inlAgranular pressure

t-v f-.rtly ;,ivuiM*i i 1~ Ir Mil alumy* be larger

T dra* rAr:Ut-*r p'rMNjur-:- in the saturated aawpl*

"iy 0: -clflo voM r Since the shear ntw "k of

IaMl i» 1js*1% ibwr*u,nei;t on the Intergranular

Nerecd’'u>.- 1IN 4>a aM| at IN\iilurc it can be antielputeg

th.it ;hi r'heir jtrc*ri*fth of thr- nmrtly saturated

**U4oiTiirir. M il "KL £r» mt~r than that of the saturated
tcv ‘itift Zr'mcl”ic viMt ratio at failure *

Ir. ehtiptc-r V11 it wna nfcawti that the e; lag d »|
turv- for" * partly :i tofit*d soil irtslob la ponspreseei
urnd-ir vxti-rntLIl.v spnltel lew4r? is approximately a
rtr.irhfc 11 />irh ir displace* rewewhat f#6m the

p-itur™t’ 'L virgin <v”™;r*m*ion curves Jeo such curve*

Dh'wn din/r-idnr.jitienlly In Tig* 6*2#

Jh; "woi'y of 'hi*rmai (L~4  and Settled (1959)

fi 1 earlier rt' hllahea he/ond all doubt bfeat
m lin- nr NN iotftim ’Xleto between the void ratio
Oir'i Jcjf* Aryett”~h - ft0OlUfoted BOil* OUTVC i®

c¢ftnor,11:*1ly parnll1”™1 to t hr nntU3T'tevl VitglIn
compj'r,apl Oh eurv* itjJ in shown in fig* S*3» M |

hroKm liin: 1C *3f °1* flai* |If w o x*
aRmjcaod thr.t*. fii! in tij* #a*B of fully saturated

tho p atr™fri-h uf u partly eatufated e.Qil 1b related"’
»« thr- ir.ur*rfmul'rt* ooij®olidr>.tion pr|j«eu3re ithMi

the n”~ivtion”~hip bkft.vpon e nnd log @i tn fig* Id
lintr™j there bo a linear r”~lationchip betwBBa

® an* lo”™ i( a3iknb5J
this relntionehih to ehesra



m | 13 aiflpiuci'n urt'.-whrt i'ror. the o: log ££* m,a |
The J e.gnitude ri this: dIBplriC'iinent ctn only b€
determIn' d by experiment r.nd in likely to bo largely

influence:! by thv Ri-rritule or the volume changes
Hfuric g ring.

Fif« 6*2*

1Joal]mpd r&ationahi  between void ratioMi&
stronglh for fnturated and unaaturMefl fflwafljl
of the atuno afliJu

6*4 EXxisting experiment*.! data*

In n r.-oritt irivi nf.ir'ition into the fltrength and
Oofimli i,tion eharnnieristics of compacted BOlls
BIVht (1 nil) conducted a nuaber of triaxial compression.
t<»tu on fully nutur'.tod and partly saturated compacted
sciln.  Alp ui (i mlLi*0o conducted a limited number of
cue!; on n single comp loted coil* The salient
feature.*” of rnw- t~:tn which arc relevant to this
Investigation will he diseUBsea briefly in thi» seBtion.

The three anllri under investigation «r« *«*»*



(«d So lipplaood gor.owkH frox t ei Ipg K O *-j)
liftt, * ri & ;JRiyyii Rfie of tiiig can only bt
determined by <?xuorient rnd in likely to bo largely
Infl uencK'i by flit! rvvni tmV op tht volume changes
Jiirlnjf n-Tre'.rliig,,

EysA..-"Mt

Idealised relational-ipft between void ratio and
strength for t*Unrated and unsaturated samples
of the galV* soil*

Q4 fadljit)In? yxs”~rtnontnl data*

?m = veeent IN\VfItl potion into the ntrengtb A4
eom'ol idljti on ohor”~ctoH ntico of rompaoted soils
Flight (I'bli) wrvndyctod a number of iriaxinl oofflpreBoioa

1lotri aj fully naturnfcod and p rtly saturated ooiapsoted
soilfi, Alp v (1*1593 nloo nnmiluet.' d a limited numbaX of

fruol tent*] nj n single comp’oled noil* The a&li&flt

etbraw Q the' tQiiU. dfi[«» MX Tfllewt to this
-hvoatigntioi-j will be jj aouetiod briefly in this <***MB*

tbe three soils under in*»irtig»tiOa. **e tongk* ;



M is displaced i i f r o r the es log aat*
line* TJio infinitude of thin di”placement can only be
determined by extu.-rirmeit r.nd in likely to bo largely

JInfl ucMC/Tif by the mn/n-iitnd.” of the volume changes

diiri:-fr 'h* ring,

H&* 8*2»

Idenllceo relationships between void ratio Shi
otpongth for sratur&tcd and unaatorated, aampleo
of the same soil*

I »4 hxiabing eXveriiaentnl data.

in r r.-evnt iInvestigation into the strength and
sonnolidfition characteristics of compacted coils
Blight fI'Jfil> conducted a number of triaxial compression
icyto on fully enturntod and partly saturated compacted
Boils* Alri-m (1959) alaa conducted n limited number df
ouch tontn on a single comp-icted coil. The salient

features of the tootc which are relevant to this
Investigation will be disousaed briefly in this sdotiffiftrf

The three so; ler



e, Talybond clay and £olsCt |5y  The relevant
erties of these thrr?e soils are Hated in Table 8.1

n shear strength
nr.ul .yoia

Marigla ahale Talybond clay Selset clay
i .

1*1. 58,2 53.1
P,L. 21.6 16*6
5.3 2,71 2.69 2,70
A M 21 4 20
Boil type Silty clay sandy silt sandy olay
M .-

The samples were prepare 3 by compacting the soil In
a standard Proctor mould and jacking thin walled brass
sampling tubes into the compacted soil, The samples
wf *e then extruded from the tube# and trimmed to sise*

Two typea of test were oerformed on the saturatea
specimens* consolidated undrained and consolidated
drained. The jnmplis were saturated by consolidating
thom with high controlled positive pore pressures
(60-100 p.0,1,), A net of 'over consolidated* teats
"\ run on Wangle shale by firct consolidating the

samples at an effective stress of 110 p,s,i, and then
avibl 14 “tra r-nnfl Ninir DreSSUTO© at th®
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The results (relevant to thin investigation) for
$(? saturated and partly saturated teste are tabulated
in Appendioert ft nnl ? respectively. For the saturated
consol®a ir vinei tests the overall water eontsnts
iy;i tho vt I ocait- its in the* failure zone are given
>N . tVr . 1¥m wm\s confining rreenure and the deviator
otrt-ss i failure ‘sunr tlu values of speolfio
«ravl*y alv-n in Tahir 8*1 the overall void ratio at
equilibrium un\ r tv. Initial confining pressure and
thp void ratio or thf failure plain have been
cslon'l'it, 1 for eooh speoiffien. In the case of the
irir.0'1 ‘eo%m or. Talyhond clay only the water eontsnts
ir, fuilur® sonea woro measured so that it was not
roc.oillr to calculate the initial void ratios*

?..r thi teats or. the partly saturated specimens the
derreon of antur-ation at equilibrium under the initial
confining rr<-nmire- urJ at failure are given. Since the
nciotnrv content remained constant throughout the test
it has beer,. pesoibl*- to calculate tho initial void
rati* and tho final overall vojd ratio at failure.
Blight fI~ 1) has riven goo-’ reasons for believing
tint the voil ratios on tho failure plains were rather
higher than *he overall void ratios at failure. It
would, howeveri. have lean extremely difficult to
tiseasuje thee*1 v-'id ratios accurately.

8.5 Tho analyc s, ar.d nsm3¥I"*m of resulta,

In fig. e.? is » Plot of ratio gainst log
initial ooiit'inini.; proaaur. for tho Ma.igl* aliol.
compact*i at nppM.twrt.l, a moisture «* * «* e

It oar. bv scan that the «: log P «« e f® ***
Saturated soil oros.au the saturated et log P O

at a oonftniw pressure of approximately « ! * » e
and thereafter lias above It* Thera 1® * .=
similarity between the curves shown in fig. S.J and
the curves obtained from the tests des«ib*4 1«
chapter VI. It is apparent that the ~

Kangln shale at 16,3* oompaotion Moisture *«>*em*

not obey the principle of effective 8 r* -
|
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Cum1' of v~iJ ratio at failure against lag of
compre.Miv™ strength for the Liangla shale compacted
3t 1:.3'" rointru’o corktent are shown in fig* 8*4, The
value? oHair.pt !'Vr Uie saturated specimens can he
e > tr 15 ‘tr'li.-'ht 1lii.o O f very great
sithvifie'n.o-' in tht f*qt that the values of egmpressii
gtlv»Fth cttain-d for the partly oatu** also
lie. v o t lino,, 1hio line is displaced from
the fraturut--J li-.o no jredieted in section 8*5 and
indicates thut the dull toes .not behave in accordance
with the triucifle of effective stress.

the e: log eonfininr pressure curves for the Maagla
ahalr (w;,.WIc'*1 nt 18.GY moisture content are given in
fir. h.r. 7h* renulto for the normally consolidated
sixA *ever’ etr.aoli late ! saturated samples lie on smooth
cram's, The v-aluus for the partly saturated sample*
nr&# *?ry scuttrred and it is difficult to decide on the
position of t) e compression curve* The important
ofcservat lor. i.e* however* that the curve will lie to the
left of the saturate-! normal compression curve shotting
that the soil pr'l-ally behaves in acoorlance with the
principle of effective stress. The curve of void ratio
against Ip# “orpr”~snive strength for the saturated
tftagla shale is again a straight line (see fig.
This line arpear™ to be unique for the soil in a mnormslliy*
consolidated arri ’overl consolidated condition* The
values of compressive strength for the partly sateated
samples aloo He fairly closely grouped around the
saturated conprofurlve strength line, it therefore
apnears that the noil obeys the principle of effective
stress with regard to shear and volume change*

The results for compression and shear in Talyhoad
clay, compacted at approximately if moioture sontefl >

arc given in fig*. 0.7 and 8.8 respectively. Jhe w U
ratio log confining pressure curve for the partly

saturated wwloa. lies above that for the
samples* Following the line of reasoning presented

previously it muut be.concluded that the soil dotf
hot Obey the principle of effective «trs«i *«*
volume change, £h* relationehip

and log compressive strength i»

he linear for the e-gtvtrs'te®.

na



widely tnspiaoea conurmn xne anove conclusion that
the soli behaviour is not in accordance with the
principle of effective fltruas.

The remit.i of the terts or, oolapt clay are plotted
in figs. e e nr.ii B.IC. It can he seen that the soil
obeys thi> ri. clpi* of effective strees In both volume
ehvo:- -ud wheats The values of compressive strength
for r. s partly ontumt, 1 specimens are rather less
than +w *fco w turnted specimens. This might be due
to the fact, mentioned previously, that the osssx&sf
void r .tins art? lower than the values on the failure

nliiu.

It is of considerable interest to relate the teat
results Jlacuaocd ir, this chapter with the shapea of
the x curves. uerived fror the same testa, given
ir, fig, 7.7* The analysis of the tests on Mangla shale
show that at initial cegress of saturation of
approximately 95> the ceil behaves in accordance with
the principle effective stress while at initial
degrees of saturation of approximately 8% this is not
the case. It cun be n*«n from fig* 7.? that down to a
dtogroo of saturation -f about 9# the X *Sr curve for
the Margla shale foilown the theoretical relationship
quite well, Pelow this value, however, it plunges
down jtcrply. The average value® of initial degree Of
saturate or for +he Taiybond clay Is about 4%s* ~
coil at this degree of saturation was shown not to
obey the principle of effective stress and this is
refloctet in the Tflevant X curve which, at
Zj, = 497t in well displaced from the theoretical
relationship. The Selset clay, which had an ave*®®
initial degree of saturation of about 82f, me
to behave In accordance with the principle of ef mm
stress, m this instance, the soil behaviour *» **»
reflected by the vy -Sr curve which is plunging *m
at a degree of saturation of «*. ** gensral,
the postulate that the shape of the X sSj* eWr®
good indication of the range over which the
of effective stress applies (me section 7*7.1



(jorreot,

The results presented in this chapter show that
the strength of a oortly saturated soil is act a
m.iquo function of void ratio at failure (as iI® the
case for a fully sniurutrd soil)* However# in all
the eases analysed* the relationship between Void
ratio wul log compressive strength is a straight lino
for a partly saturated soil which has been compressed

f-cro a j'iven Initial moisture content, !Fhia giv%s
further weight to :h* belief that the e log ® j
curve is a atraigh ; line during coopreseicn of a

nartly saturated soil*

Another very icircrtoni conclusion to be drawn ifym
the worfc of thin chapter is that the critical degree
of saturetion at which the soil begins to depart irast
normal effective stress behaviour is approicisiateiy
the same for volume change and sheare ®bis critical
degree of saturation seems to be foirly m il detmui
by tli» point at which the * i8P mm* tm tlw
material begins to dip down sharply*



correct

unique function ol void ratio at failure (as ia the
case for a fully aoturated aoil)* However, in all
the cact'rt unsly &;d, the relationehip between void
ratio and log eonproaaiw strength is a straight line
for v partly saturated soil which has been compressed
fron a given initial moisture content. This give®
further weight to the belief that the e: log o
curve Is a straight line during compression of a
partly saturated soil*

Another very important conclusion to be drawn from
the work of tfclr chapter ia that the critical degree
of saturation at which the soil begins to depart from
normal effective stress behaviour is approximately
the o<ife for volume change and shear, fhis oritioal
degree of saturation oce&s to bo fairly well defined
by the point at which the %:8r 0lrve for the
material begins to dip down sharply.



REFERENCES TO CHAPTER VIIT

Alpan, |

Sjerriun, 1* (1954,

Flight

Henkel, D.J. (1)51)

Hvorelev, fVJ« (1937)

Waterways Experiment
Station,

Vicksburg, (1)47)

A study of the principle O

effective stress in partly
IS-turntrrd soils.™

Fh. D, Thesis,
University of London.

Theoretical and experimental

investigations of the shear
strength of soils,”

Norwegian Geotechnical
Institute, Publ, No* 5.

Strength and consolidation
characteristics of compacted,
soils*®

Ph. D, Thesis,

University of London.

‘The relationships between the
strength, pore-water pressure,
and volume change character-
iIstics of saturated days*®
Tl

Geoteohnique, 9 i 119*155.

therbdie Festigkeitseigenschaf
D> «
geatorter bindiger Boden#”

Ingfni/rfrvidenokabelige Shifter
*%» No, 45, Copenhagen.

"Trioxial shear research and

pressure distribution studies
on solls#,®

U.S. Corps of Engineers,



VOID RATIO AT FAILURE

THE RELATIONSHIPS BETWEEN DEVIATOR
VOID RATIO AT FAILURE FOR SAMPLES
SHALE COMPACTED AT 163*» MOISTURE

DERIVED PROM RESULTS OBTAINED BY BLIGHT (l96l)

STRESS AND
OF MANCLA
CONTENT



0

30

i/12.

constant moisture
CONTENT " PARTLY
SATURATED

SATURATED CONSOLIDATED
UNDRANED

SATURATED 'OVER CONS.
UNDRAINED

*0



O consolidated at

CONSOL,DATED

1

----- .action «J
(al,, n)

(aLAAN)

UL POUND CONFINING

the PFLATIWSHIP_B|IWEEN

VOID RAT|_O—AND—|[N]
confining P58ssy5”7FO |

c.MpLcsOF TALYyBOND CLAY
IS si“"easitaxsH

r*T13i01ST”°c CONTENT

OSAIVED E«OM « ~ TS OST*”jE° BY
SLKJHT (iw) AND ALPAN (I«S?)



'OfD RATIO AT

CONSTANT MOISTt tE CONTENT
PARTLY SATURATED (BLIGHT)

CONSTANT MOISTURE CONTENT
PARTLY SATURATED (ALPAN)

SATURATED DRAINED (BLIGHT)

SATURATED CONSOLIDATED
UNDRAINED (AIPAN)

THE RELATIONSHIP BETWEEN P6VIATOW STRESS AND
VOID RATIO AT FAILURE FOW SAMPLES OP TALYtOND
CLAY COMPACTED AT APPROXIMATELY 7«fc MOISTURE

DERIVED

rnOM RESULTS OETJUNE9 iT SLIOHT(iSSI) ANO ALMN (iss*)



pP*ESSU*E

>—zero AP*ueo

y>\
o
2
X 3H1 " nmo AT COMMOTION MOIVTUAE CONTENT
.= — °ss i
CONSO \ i i1
6C 70 4090 I0O
DOWCQO PWOM W e [ I

Qpltin-, — s>



9«N»4 3e Olleu



Author Burland J B
Name of thesis The Concept Of Effective Stress In Partly Saturated Soils. 1961

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



