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A great deal of testing with vane shear
equípment in homogeneous clay soils has be€rr re-
ported throughout the world. This thesis deals
with the results of vane shear tests in the varved
clay deposits of glacial ï,ake å,gassiz in &lanitoba.

the soil súearing resistance deter¡aÍned.
bl a vane was conpared, in most cases, to one-half
of the unconfíned compression test result for tube
sanpJ.es. The vane results fronn one test hole were
compared to one-half the deviator stress as deter-
nined. from t,rlaxial tests.

fn addit,ion to the determlnation of the
rellabllity of vane test results in varved c1ays,
the suitabtlity of the vane test equipment was aI-
so studied.

The test results indicate that the vane
shear test wiLl in general yield shear strengths
in excess of those determined by uneonfined com-
pression tests on tube samples. On the basis of
the test data presented 1n this thesls, the vane
shear test appears to be a suitable means of deter-
nining the shear strength of varved clays although
some refinements may be necessary in the testing
equipment.
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PRETACE

Thfe thesls fs an fnvestlgatlon

of ühe sultabllfty and reJ.tablltty
of the vane shear test in Lake

Agasslz varved c1ays.
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The rnain purpose of thfs thesls was to rletermlne

the rel-íabflfty of ehear sürength varues obtarned by,the
use of vane shear apparatus in the varved clays deposlüed

ln Manitoba by graclal Lake Agassrz. This thesls presents

the resuLts of vane shear tests ln l.fanftoba and a comparf.-

son rrlth the results of rrnco4þÍneA compresslon a¡¡d trlaxlal
tests perforned in the labor.atory on samples obüalned fron
the same locatlon as the vane tests.

The deterrninatlon of fn-situ shearlng strength
of soll has been a subJecü of consfd,erabre interest for
many fe€lreo Although several pieces of apqaratus and meth-

ocls of tesù have been usod to cleterrnÍne this strength, there
are probabJ.y onry three basic types of tests presentry tn
us€¡ These are Penetratlon Tests, Prrll shear Tests and the

vane shear Testg. The rnost popurar of these has been the

latter whichr essenttalLy, eonsist,s of drlvÍng a vàne¡ üsu-'ì

alry havlng four bLadeo, lnto the ground, and measuring the

torque required to rotate the vane ancl shear a cyJ.inder of
soiI.

CHAPT¡]R I

TNTRODUOTTON-..-_--

$lnce the shearing strength of a soil is so im-
portanü to the Engineer Ín the design of dams, hlghwalf em-

bankrnents, bridge and buirdÍng foundations, etc., it J.s
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essentlal that thÍs value be determinod as accurately as

possible. The accuracy and reLiability of futr¡re testing

nabl.e, the clesignor to reduce safety factorsmethods may el

which rvould reduce cost of rnany structures. Due to the

complex natr¡re of soiÌ it is essent,lal to investigate

thoro'ugh1y qny proposed foundatlon ¡site. Depending upon .

the type and purpose of the forrndatÍon, dozens of test holes

may be rêcêssârlr The vane tesüs provide a relatLvely qulck

method of strengüh determlnat,ion and therefore can be used

to srrpplernent lnfi¡rmatLon obtaíned by sampJ..lng and laboratory

testing of the soåI, vrith llttLe additÍona1 tlme consuinptlon

or expense.

Many papers have been publiBhed presenting data

related to the vane-shear test, r¿hÍch is in llmited use

throughout the worlcl. the data. inclicates that this method

o.f strength determinatlon may be nore reliable for certain

applicatíons than bhose heretofore genera3-Iy accepted.

Because the Lake Agasslz clay deposLts are varvecl,

a good correlatLon of the vane test resuits versus unconflned

compresslon test results and the vane test results versus

trfaxial test results may not be posslble. The varves coh-

sist of differenü soll types in var¡¡ing thieknesses. l,lot
:..

only does the type of soil charige distinctly fronn one layer

to another but the nolstr¡re content can also vary consider-

2-



Thfs lnvestigatlon was carried out to deternLne

whether a correlatlon slmllar to thaü obtained elsev¡here

on non-varvect clays was evÍdent in the gLaclal Lake Agas-

siz varved deposlts.

It vras also the purpose of thls lnvestigatlon

evaLuate the suitabllfty of the vane apparatus developed

the Manitoba Highvrays Branch.

;)-
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, CHAPÎER TI

A--lll¡¡tqgf-gf t'he- Vaqg &tf Teqt-

!'1r.gtrecordedexperJ.nentswlthvånet,eotfngþ'ero
$weden ln L928 I. There ls a

Gernan paüent dated \9?!9 on thls subject I. At the Tht'rd
'':

Internatlonal Congress for Applfed Mechanico, t'thlch was

helcl ln StockhòLm ln 1930 i C. Forssel demonstrated a .t¡ane

testerl.
In Canada 1n 194I a vane apparatus Yras used by A'TÛ'

l.Ícloughltn on the. J.nvestlgattons for the VteLland Canal'

fü was used e.xtenslyely Ln studfe s of sLides'on the

Beauharnols Cana} t,n 1,9&2 and agaln ln SCuft, Ste. Marle
'. .:

fn 191+3 2.

In England the Army developed a vane ln 19t+rr for
,,

testlng the bearlng capacity of ¡ofü ground f.n conneetlon

wlth tank mobllltSr studles 3. TÛork on the tlovelopmenü of
:

practleal fiel'd equJ.pment began ln Sweden ln Lgl+| undor'

the Royal $v¡edlsh Geo-technlcal $oclety tr, and ln England
t 

"-a lng teste and re-1n 1948 under lttshopl. A paper descrlb

sults of ,vane' thear,tests performed ln Ohlcago glaclal

clays was publlshed Ín t9lr9 lr.

Foundatlon Company of Canada, fn 1950-51¡ developed

a gtregÊ-straln devi.ce for use.wlth a'vane 2. Infornatlon

suppllod by Gegcon l,lmlted, desarlbtng thls laüter dev!'ce,

Ìras used ln ühe constructlon.of thE equf.pment whleh was

-4-
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usecl to obtaln the data for thfs thesis.

Tests wfth a va.Ìre in the foundation investigatlon

for a filL across an arm of Lake Pend ? 0re111e near

Sand Point, fdaho, I'rere und,ertaken J.n the ear:ly 1950ts 5.

W. J. Eden and J. J. Haroll.ton used a.flelct vane appara-

tus in cleterrnining shear strength ln Leda clay deposi.ts

1n Easüern Canad* 6. The resul.ts of these laüt,er flelct

tests were comparecl wlth those found by the laboratory

testing of tube samples.
I' The work of llden and Hamilton o was presented at the

flfty-nfnth annual- meeting of the American Society for 
\

Testing Materials, aü Atlarrtlc City, N. J., on June 22nd,

Lg56. !'fork done by the Bureau of RecLamatfon, Denver,

Colorado, v¡as reported by Harold J. Gfbbs ó at the same

rneeü1ng. A report by CarI "!'1. i'enske on deep vane tests

1n the Grrlf of l{exieo anrl a description of a vane shear

devlee cleveloped by the 0regon St'ate lllghway Departroent,

by Willi¿rm C. Hlll also r,\rere presentecl at the J956 meet-

ing' 
i

At the present tlme many prorrincial, federal, and

state departments as r"¡elL as consulting firms, are using

vane shear lnformatÍon to strpplement theír regufar so1l

test data.



CIIAPîUR ÏTÏ

GEOÎECHIùÏCAL PnOPEIITII'S 0F S-oIIS TpSTEp,

the geology of the Lake Agassiz area fn Manl-

toba is of speclal. ínterest because dynamlc geological

processes har¡e been responslbie for ncarked textural var-

iations Lrr the parent material bf the soi,I. As the rê-

sult of glaciation during the Pleistocerte perlod, a

great deal of the .area was coverecl by gl.acta1 drift or

boulder tflI. The.boulcler till- cleposÍts ranged fn

thÍckness fron ]ess than 20 to over 200 feet 7.

From the begJ.nrrlng of t he Pleistocene period

when the ice began 1,o nelt, to the beginnlng of t'he

forrnation of the existirrg so1l, the gJ.aclal- t1ll was

moclifÍed by geological a¡¡encies other than 1ce. Ïn the
r

Lake Agassiz trasln, the originaS- t111 was modifíed by

the waters of the lake, and In additf.on, detrltus from

the higher lying regf.ons was carrfed lnto the lollands
ì,

as a result of erosion .ancl stream transportation.
'tVhen. glacial, Lake Agerssiz vras at iüs greatest

height, tle lrrater ln the vi.cinity of tÙÍnnipeg nust have

been between 550 to 600 feet tn ctepth I' The waves of

the l-ake caused the erosion of the drlfü and tilI along

the shore lfnes a¡tct in'the shalJ-ols. The finer rnaterLals

removed by the r,rater were transportecl and deposited to

the cleeper sectfons of the lake botton. fhe aceumulatlon

of ttrese sed,iments resulted in stratÍfication of the

6-
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lacustrLne deposits Ín rnany sections of iùe basin,
and varves of colloiclal cray here oceur with thln
]-a¡,srr rt coarse clay and sitt; or ver]r fÍne sand.

As the lake recedecl and its ctepth decreased the rnaL-

erials stirued and transported r¡ere the finer r"or-
tÍons consisting rnainly of flne s¿rncl, silt ancl clay.
lthen the take had receded to the central lowrands,
very flne materiars were broug*rt in by 

. 
st,reams and

tributary lagoons and deposit,ed in the quÍet waters
of the lake basL¡r.

fis the lake reached its final stages, it
began t,o reeeive arruvlal sed.r.rnents. These sedirnents

are founcl spread over lar.ge areas of the rake bed. The

thickness of these' water-raíd secliments dÍffers greatry.
The superfieia.l deLtaie and racustrine materÍäls in the
central lowlands range up to 60 or nore feet thlek. The..'''ffne sand and sÍlty layers outslcle qf the eentrar basln
range Ín thiclcness fronr several inches to nore than ten
feet, and rest either on unassorted tilr or upon earrler
la!¡e deposits whieh are usually flner in texture than the
surface deposits. ,,

trlhen the beaches v¡ere bel'g formecr along t,he

western and southern shorerines of Lake Agassia, glacial
íce forr¡ed its eastern and northern borrndaries. This ice
sheet was not continuously retroatin¡4 trut rathei oscillated
backward and forwardi rn sone cases as the l-ce advanced in-
to Lake /rgassiz the varved crays at the botüom of the lake
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u¡ere foliated and distorted 8. ThÍs heJ-p.s to explain why

althr:ugh the varves a.re generall¡¡ found to be horlzontal
they are oceasionalLy found in a vertical ciirecbion or al
some angle between vertical and horfzontal.

Fígure L shows the approxiraate posltion and size

of glaclal Lake Agassiz. the area vrithln which all the tests
contained ln l;his thesis r¡ere clone J.s shorvn 1n i¡'igure 2. Thts

area is referrecl to as the Red iùíver plafn and represents onJ.y

a sma-:l-J portlon of the Lake Agassiz basÍn 9.

The Lake Agasslz clays generally fall Ínto the

classificatj.on or It-7-6 or A-7-5 cla¡' soíls and g¡enerally

have a group index of 20. However, occasj.onal-ly the soil
encorrnt,ered rvill have a group index s1i6¡htly Lorver clue to
the presenee of a htgher percent,age of s1lt than normall.y

encountered,. ,

l,ttith increasin¡¡ depth the sofl color generally

varies frorn brown to o]Íve or grey. The ctepth of the layers
varies consicLerably. Because of the methocl of cleposition of
these various soil Layer:s there is very Ii1:tle uniformity of
layer thickness or soil type. The soil making up these dif-
ferent colorecl layers generally varies from silt or sirty cray
to cray wj.th the silt fractlon decreasÍn¡¡ wi.th increasing
depth 10

The varves themselves vary ln thlcknesa fron I/l+ inch

to as l-íttre as I/6b of an inch. The var\¡es generarl.y consist
of cray' J.ayers w-j.th int,ermeclj-ate silt or sj.lty cray J-ayers. rt
has been deternrinecl in other areas that considerable varlatlons
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fn molsture content, are'pooslble withln very smalL ddpth

changes in varved clays. the dry density of the varved

clays generally varies between 5O and tOO lbs. p€r cubic

fsture cont,ent of the sofL has. been found to

vary from yfl, to 6Jf" based on the dry weight of thé soll

sample.' The degree of saturaülon of most of the Lake Aga-

sslz varved el-ay ranges between 86 and trQ}/o. Unconfined

compresslon tests on a large nr¡mber of varved clays ln the

vtcinlty of i¡úlnnlpeg'have ylelded strengths averaglng 2100

lbs. per square foot approximately 1I.

between 37 and,, 1I? wlth plastlclty lndexes rangf,ng fron 20

to 88. The cLay is generally found to have low permeabfllty,

^between to=9 and tOlll cm. per second. Becauee of the Low

permeabíUty, ground watêr: conditions have been bery dlffl-
cult to determlne. Howev"", th" so1l 

'below 
a depth of 6 to

tZ feet is generally found to be saturated 11o

depths, is said to be normally consolidated or slightly over

consol.l.dated. That is, the sofl has not been subJect to

gre'ater ovetr-burden pressures than thoge whÍch presenüIy

exlát. The upper J.ayer of soll 1s generally consLdered to

have, been pre-compressed. Thls pre-conpressLon of the soll

ls the effect of desiccation.

-lI



CHAPTER IV

- ryu-t
The eleqents of shear strength are consLderably

more conpllcated ln coheslve soiJ.s such as clays than in

cohesionLess soils such as sands, because of the more co!o-

pLex nature of cohesl.ve sofls" Cohesionless soLLs are

composed of particles which, because:of their sfze and shape,

t¡ave a snall speclff.c surf,ace: that ls, ratlo of surface

area to mass. The nass forces such as gravLty, control

ùheir behaviour rather ühan surface forces. PartLcLes of

a cohesLve so1I, however, are flaky giving a large specf.ffc

surface. -Their behaviour fs therefore lnfluenced nore by

surface forces

The shear strength of a cohesfve soll may be consld-

ered to conslst of a friction- coaponent, as fn a cohesionless

soil, and a cohesion component whlch is aII the strength not

due to frictlon. The exact nature of coheslon forceg Ls not

known, but is considered to be due to the natural attractfon

of solid partÍcles to othér'soLid partícles, the presence of

caplllary forces, and the tenacfty of the adsorbed water

fllns. It is consj.dered by sope Èhat cohesion fs also á

fi¡r¡ction.- of the inter-granular stresses in the soil. The

term ncoheslonn 1s often used loosely for the shear strength

of a cohesLve.soll when tested wlth no lateral load applied

to the specimeno

L2-



The portLon of a load appfÍecl to a eohesj.ve soil
whíeh ls carrled by the soil structure depencls on the clegree

to which the pore water ls pernitted to clrafn and thrrs release

its hydrostatlc excess pressur'€sr Si¡rce the loact ear.ried by

water Ís not able t,o mobil-ize frÍction between soiL particles,
t'he sl¡ear strength of a clay is higher if clralnage occÌrs than

1f it is preventecl.. There ¿ìre therefore two exbreme possible

shear values which couLcl be obtalned for the same soil. Theì

first wou]-d be tietermined if complete pore water drainage was

allovred chrring the test. The, second vaLue woul-cl be obt,ained

Íf no dralnage of the soiL was pernitted; the first type of
test is referred to as a slolv shear test, and. the second is
referred to as an urrd,rained or quÍck shear. rntermediate

values depencl on the ¡rercertt drainage rvhfeh has taken place.

There are also two possible shear values rrhfch ma¡,

be obtained for a soil depend.ing upon whether it 1s undisturbed

or remoulded before testing. The Lake Agasslz clays exhibÍt a
ls the ratlo beüween.

unclisturbed and remoulded strength of the soi1. Thís means

that an undÍsturbecl sample woulcl h¿rve clouble the shear strength
found for a remoulded sampl-e.

the shear strength of a soil- is usuarry ctetermined,

in t,he laboratory frorn sanpres taken from dÍfferent depths in
the ground. The laboratory investlgations are generally car-
ried out by means of unconfined. compressÍon tests 13. The re-
sults of these tests¡ âs inclicated by calcuLations based on

land slldes that have occurrecì., are often smaller than the real

ÈL3
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strength of the sotL ll+.1: In the unconfined compresslon test
the natural unequal vertlcal ono horizontal state of stress

fn the soil structr¡re and the i.mportant yraturaL restrafnt
conditíons are renoved by takÍng a sample from the ground,

ancl ar,e only partially replaced by a unLform state of stress

of lower but incleterminate rnagnit,ude. The nevt stress con-

ditlons are clue to eaplllary forces r¡hích have been brought

lnto action by some sllght expanslon of the .|ut soiL accom-

panying¡ relief of stress.
j

I'or saturated, normalJ.y consol-lclated cLety soils, bhe

caplJ-rary forces are probably only s1Íght1y changerl vrhen the

soil- is removed from the grorrnd and these forces r¿ould be

ellminated as soon as the soil was loadecl 1n the t,est, due

to the build up of pore water pressrrres eaused bi tho preven-

tion of d.raf nage of the sample. Drai.nage is prevented due to
the row permeablllty of the sofl ancl the fast, rate of testlng.
In the ease of a pre-compressed soil., removal from the natural
resl;raint of the surround.Í.ng soil causes the sanrple to swell
and creates negative porè pr""'*u""" in the soil. Because the

soj-r is unsaturated, ,considerable load must be applted to the
.ì.ì

sample before pore pfessures are increased ¿¡ncl become positive.

As well as changes in confining pressure, most com-
:

mon neans of extracttng a so1l sample.exert normaL pressures

and frictional stresses on the sannple. These tend.to cause a
i:

reorient'atlon of ttre soil particles. It is r¡rel1 known that
': i

when soils are distuibed and, remoulded a consid,era.bLe loss fn
strength resu1ts..
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If the cJ.ay ls saturat,ed, the ,qulck shear values

are i.ndependent of t'he normar pressure on the cJ.ay. 0n the

other hand, if the soii is not saturated the shearlng resLs-

tance Lncreases wlth Íncreasing normal stress. The reLatÍon

between these two values can be expressed approximately by

the equatlon,

S= C r p'tan 0
where $ equal-s the shearing resistance, C ls the cohesLon and

P ls the normal stress, Q is the angle of lnternal frfction"
The cohesion depends on Èhe initial consLstency of the ciay

and Q on the conlressibi.Iity and aLr content. For a complete-

Ly satura.ted cl-ay Q equals 0, and for a faÍrly dry clay Q ls
about 3oo 15.

For a saturated. cohesfve soil ln undrained

loading the shearing resÍstance of the sofl Ls.generally con-

sldered equal. to one-ha1f of the uncoi¡fined eonpressive

strength. It can be seen fro¡n the abóve fornula that for
g saturated soÍl the unconfined compressÍve strength would

be dependent entfreLy upon cohesion whereas for an un-

saturated sofl the nornal stress or load applted to the

sampLe would affect the unconfLned compressÍve strength.

Thfs latter coul-d lead to fncorrect conclusions beLng drawn

concerníng the strength of a sofL .ln-sltu shguld that solI
be fn an unsaturated condition. Thi,s posslble fncorrect

. .- :¡:*+::ìe: - I

concl-usLon could be drawn regardless of t,he type of test

beÍng performed on the soll

fhe tãboratory test whlch,at present próvides the
I

best means for determfnfng soil strength 1s ¡the ürfaxfal corl-
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pressfon test. Thls üest'consisüs of conpressing the sample

to faÍIure, ln the same manner as the uncclnfLned compression

test, but dotng so while rnaintalning a conflning pressure

a.round, the sample. The confíning pressure used rnay be equaÌ

to the calculated pressure t¡hieh woulct have been exerted had

the sample remaÍned ln-sttt¡. Several confíni-ng pressures may

be used on sets of sarnpïes and, b¡r nreans of lr{ohrts üheory êo-

able one to caLculate the solL strength paraneters; 1.e.¡

the angle of internal frlctlon and the cohesfon of the soil .L6rL7

Iiowever both the triaxlal and, unconfined compression

test.s require t,hat samp}es be obtaj.ned from the sofL nass and

transported to a lahorator¡'. Indeed this is a necessity for

alL laboratory test methocls. i
'I

The vane shear test is perforned in the fíeld by

forclng a four-bladed vane ínt'o the layer of soil to be

tested. The va.ne is then rotatecl 'untlI a cylincler of soíI

is sheared from the rnain bocly of soil and the torque re-
qulrecl is.recorded. The torque is then translated into lbs.
per square foot of area shearedn A similar test Gan be run

rr{Ín the laboratorJr on a srnall scale. rö

The field vane shear test rloes not recluÍre the soil
to be removed from the in-sltu confinennent. However soíl- 1s

removed fr"onr above the test area by means of an auger. Thls

may result in some ehange in eonfi-nenent,.'



the penetratLon of the vane lnto the sofl,, due to
the resulting dlsturbance, courd also have an effect on the

strength value obt,alned,. However fü has been deternlned by

several authorities that the results of vane shear tesüs ln-
dlcated strengths very cLose to those calcuLated from sllde

A
analyseg t.

In caLcuLatlng the shear strength, lt 1s general,ly

assumed that the cyllndrlcal surface fatLed has a dLameter

and helght equal to ühat of ühe våDs¡ Tþls was shown to be

true by Swedf sh er,pert¡¡ents , made on sand and, elay by care-

fu3.Iy crÍrttùng away the soil halfway dowrr the vane and obser-

ving the fallure surface I. ït ts assumed that the shear

stress Ls uniformly distributed on the c)rLindrÍcaT surfaêe

and on the ends of the cylind,er 6.

The vane tesü ba.sÍcal-l-y measures shear strength f.n a

vertieaL directlon¡ no correctLon fs possible to corçecü

for interference of stones, and extreme care must be exer-

clsed to reduce the amount of distrrrbance when lthe vane

enters the test area" The vane test measures the undrafned

shear strength under in-situ conditlons of.noisture and

existing stresses due to the weight of the overburden.

_lZ-



CHAPÎER V

DESCRIPTTON 0r TEST APP]\EATUF-
'i-

The vane test apparatus consJ.sted

a series of torque rods, a torque wrench and

the stress-strafn device. . This apparatus tras

and bullt by the lvlanitoba Ïlighways Branch.

The vane had four steel blades, each lrt by lrrl

by L/8n thick mounüed on a 5/8" diameter steel rodo The

rod and filleü welds jointng Ít to the vane blades, were

l:apered toward the bottorn encl of the vaneç The rod and

weld,s were tapered to minimize the area rat,io of the vane

whil-e rnaintalRl.ng strength. The area ratio, which Ls de-

fined as the ratlo of the average cross-sectlonal area of
the vane to the cross-sectional area of the cylÍnder sheared,

is 29 percent. The bottom ancl outside edges of t,he vane

blades are bevelled a t I+5o. The ends of the vane blades

are square'v¡ith the sid.es. ft was not necessary to have
'/

a conical point as the vane cllmenslons üIere sna1l enough

in 'reiation to the hole dianneter that thore woul-d t¡e ltttle
or no catchlng on the casing or the sicles of the hole. The

vane 1s ÍÌlustrated in Figure 3. ,

I\n 8rr sleeve flts over the 5/8" rod. The eon-
...itact surface betlueen the rod and sleeve were kept l-ubrl-

cated to elirnínate friction as the va,ne and rod are ro-

üated. 'Sl-nce the,'vane is .drJ-ven 8H belorv the botton of

18-

of a vane,

adapter¡ and

desf.gned
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the ho1e, the s1e.çve enables one to neg}eet the effect of
rod frlctlonr

The upper rend of the rod was threaded to sutt

a nut v¡elded Lnto one encl of the first 1;orque rcld seetLon.

The other end of thJ-s torque rod vuas fltted rvlth a süeel

pLug. The plrrg was rlveted in ¡rì-erce ancl projected ¿rbout

one inch. The free end of the ¡:lug had a hole through

which a 3/l-:6[ pln cou]-d be pl"aced. Each of th'e remainlng

shaft lengths was open at, one end and pluggecl at the otherr

Both end.s of the shaft rùere drilled for pin connectLon. The

torque sÌrafts rvere 5f -Oft'ln length ancl r¡ere fabricated from

standard In f.D. steel pipe.

F'or use v¡ith the torque rrrench, a speclal short

sectlon was constructed. üo fit onto the nrale shafü end.

Thts short sectLon hacl a rtrench socket at the other end,

and a loose sleeve bl' whj.ch the sh¿rft coulcl be helcl vuhile

the wrench r¡as rotatedo

Figure lr. illustr3tes the stress-strain der¡ice an

Ínitially eonstrtrcted. This rlevice wês sinnJ-l-ar in design

ancl j-clentlcal in operation to that developed by Found.ation

Englneerlng Cornpany 2.

The device consisterl of a stoel ¡rlpe support, a

steel. rnountÍng for the ntain steel torsJ.on ctiscr äû alunj-nu¡n

box beam to support the dolfey, lvinch, and'pull,eys, €rnd an

alumÍnur¡r recorcllng disc dríven by a chain contrected to the

torsion ¿isc.
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The torquo shaft, v¡as clanrped to the eentre of the

It-Orî rac!,l.us torslon disc by means of a f,our-Jaw Lathe type

chuck" Vrlhen the cable was tensionecl by the v¡inch the vane

tended to'roüate and shear the solln The tenslon 1n the

cabl-e extended t,he caLitrrated spring ancl uneverl the dolley

along its track" The traeing rod and peneÍl, recor"ded the

movement on the paper on the recorclÍng dise" As thc soiL

dbforned, t,he strain was álso recorded,since thc tr,vo di.sc's

were .connectecl by a chaln rand sprocket sys¡"*.

. Because of ttre excessfve weight and slze of the

stresg-strafn devÍce, it ü¡as very difficult to handle" Flg-

ure 5 shows the revlsed apparatus. Most of the steel was

rernovecl and the loading dfsc, now rnade of alumlnum, !úas

attached directly to ühe recordlng dj.sco The operatiorl, rs-
mained the same'as for the orlginaL device,

The rrnconfined compresslon tesüs ürere perf,orned on

a motoríz'erl tesü1ng machlne lvhlch ernplo¡rsd a dor¡.ble proving

ring and dlal lndic¿rtors to regLster stress and straLn appLfed

to. the soiL sa"nple." The load hrâs transrcitüed clÍrectì-y to the

sample by means of gears and, chafn drfve rather than through

a hydraulic systemr

The triaxial testing r.ras carried. out on a motorfzed

r¡achine similar Ín olreration to the uncc¡nfÍned compression

t,est apparatus trut employlng o.nly a, singì.e provtng rlng to
register the appltred loadn Cornpressed ai:: was userl to apply

confining pressures onto the sanples.
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When the vane was first put lnto operatlon the

only loading devLce was 
'a torque v,¡rench wtth a range of

0 to 100 foot-pounds. Thfs equtpmenü was used ln somer.thirty

tests lnvolving eleven test holes:of depths up to t+L,5 feet"

The procedure lmplemented conslsted of wet drlLltng
the hoie to a depth of 3 to 5 feet and, forelng the vane

lnto the sofl belorv the hole bottom. The vane then

rot'ated u¡rtiÏ the soil sheared usually Ìrlthln from JO to

90 seconds. The maximum torque Íras recorded. The vane was

then turned through four compLete revolutLons, allowed to

rest for one mLnute and the test repeated. the value obtalned

by thfs latter test ¡ras referred to as the renoulded strength.

CHAPTI:R'VI

METHOI, OF TES$

dlsturbed by the

In some cases a

tube sample.

the Etress-strain devlce r{as used to load ühe vane

the same manner as the torque w¡e¡rch, but was also uged,

several holes whlch vrere dritled by neqns of a hand auger.

was then bored deeper, to remove the soil
vane, and a She1by tube sample was taken.

vane test was taken both above and below the

tn

ln

2l+ '



b25-

With the stregg-strâÍn devl.ce ¡ orlcê the torque rod

was cLarrped fn place, the wLnch was turned at a steady rate.

The tLne requlred for the tesü was generally about three

mirlutes, whÍch approxLnates the tfme fnvoLved for the per-

fo¡"srance of an unconfLned comprteggfori test. This was im-

portant slnce the vane test results lr{êre cOntpared to those

obtafned fron¡ unconfÍned compression tests.

1o perform the remol¡lded test, the chuclc uras J.oos-

ened, the torque rod rotated by means of a pipe rvrench, the

chuck tlghtened agaln and the test repeated.

The locatlon of each test hole was iecorded on the

plotütng paper and each curve !{as identlfÍed as to depth and

whether 1ü was an undisturbed test or a renoulded test.

the vane yras generally advanced lnto the soll, ßâtttl-

ally, ef.ther by means of a plank on the top of the torque

shafü or by uslng two plpe wrenches? In relatlvely few cases

It was necessary to use the hydraullc head of the drllltng
:rlg to advance the vane" The vane yrag usUally fetracted manu-

al,Iy usfn-g two plpe wrenches to grlp the shafüo

lwo men, tn general r ruerë required ln the operatlon

of the vane and thê torque devÍces. The most dlfftcult oper-

atlons utere the advancfng of the vane ln very sttff clay and

the retractfng of the vane. A cable hotst and trlpod were

found usef,ul 1n reüracüing the vane al.thougþ ühey ¡rere not

egsêntÍal. A devlce for advanclng the vane ls belng devel-

oped by the Hlghways Branch, Province of Manitoba.
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The samples for unconflned compresslon and trlaxlal
tests were obtalned by means of thln-walled steel Shelby tub-

lng. The tubes vrêre elther forced into the soll uslng the

hydraullc head of the drflllng rlgr or werê drlven by neans

of a thirty pound wetght dropping 3 feet.

The tubes cut a sample 2tr 1n dlametêr. The ends of

the tube were cleaned and fllled with melted paraffin to pre-

vent loss of moistÌlrêr

When the tubes arrLved at the laboratory the sofl.

sanrple was pushed out of the tube by a hydraulic rårlr The

sanples !úere'then cut into four-lnch lengths. Only one tube

was emptled at a tlme and the samples obtained were eiüher

tested lnmedfately or wrappedr sealed and heLd ln a humldlty

cabinet.

' The Z-inch diameter by l¡-inch iong sample was placed

fn the unconfLned conpressÍon machlne. The sample dirnenslong

have a Length to diameter ratio wlthln the recomnended 1.5 to

3.0, and have the advantage of requlring no trtmnfng üpöh rê-
moval fron the tube.

The dlals on the machlne yrere set to zero and load-

lng was conmènced. A constant raté of süraLn of .058 lnches

pef rninuüe , l.b5fo of the sanple lengüh, vras maintained. the

aüe of straín is between L/Zfo to z.Ofo per mlnute.I3

Readfngs of ühe stressr or load, vrere taken at every .OI fnch

of vertlcal deflectLon. The sample vras loaded untfl the gürêEs

begart to fall off and the faflure cracks were vlslble.



rmmediately after faJ.Lure, the sampLe was welghed and

placed ln'an oven at 23Oo F and drled over nlght. The next

day the sampre vras again weighed and'the rnolsture content,
fn percenü of dr.y weight r was deternined . 

,

Generally eufflclent soir was reft over after the ztl

by l+tf sarnpre was obtained, for the atterberg rLnlt tests. The

lÍquid and plastic ltrnfts of the sôtt were determined, the
plastlc1tyindexwascaJ.cuJ.ated,andthegra1ns1zed1str1-

bution determined by the hydrometer method.Ig Thls lnfornatfon
was then used to crassify the soil by the u.s. Bureau of
Fublfc Roáds System.20

The trlaxial tests v{ere carrLed out in mueh the sane

r.r,nu" as the unconfined compressl.on testr.l3 ÏIowever, tt
order to provide the three sets of test data requlred to
determine the soil strength parameters, 1t ürês necessary to

obtaln three test specf.nens from each tube. Each specimen

was tested ln compression while supported by a conflnlng
pressure appll.ed through an enclosing nrbber menbrane. The

pressqres used were 10, 20, and 30 pounds per square lnch.

The Mohrts circles o_f stress were protted and the coheslon

value and angle of internal frlction were leternined.
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: CHAPTER. VII

CALCI'I,ATIONST__î
In order to translate torque lnto shear strêss lt ts

necessary to deternlne the vane constant. This constant, depends

upon the size and shape of the vånê¡

The dimenslons

.3I25u

of the vane are as follows :

D = dlaneter of the vane =
RI = radfus of ühe vs¡ç rr=-

RA= radius of the shaft =
t = Iength of the vene =

I

I

-ù

II
l--zn+.|

The torque applted to the vane shaft,

assumíng there is no frlctlon along the

shaft, must equal the sun of the moments

of - the soÍl shear strength tlnes ,the end

and side' areas of. the cyl,lndrl.cal eurface

sheared by the vane.

Let Mf = moment of shear
tfM2 .= moment of shear

Mo = moment of shear)
S = shear stress fn

:

MI= Ív x L x R x S

= 3.1416 x 2 x l+ x L x S

= 25.L328 S

2

I
tnch.es

lach '

.)I25 lnches

l+ inches

force on

force on

force on

ühe soll

cyllnder slde

cyllnder botton

cyllnder top

28-



To determine

of the cylinder,
shovm.
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the moment of the shear force on the botton
we must conslder the shear force on the erement

Area of the element =
thear force

The moment of S ðn about the

center= r2 sàràr<

on area =

Therefore 3

Total moment : Mz

òn

sòA

S àr ròcr

¡r =R1 ¡ d,=ZTf

= | I "2sàràp.-ttî =Or &=O '

/-
t,
f -l\\- I
lr-

vtÈ

Ut
,..\ k l"

)
-zzyU s

3

= 2/3 R1 AS

=2/3 x 3.11116 S

To determine the moment of the shear

cyJ-J.nder, consider the shear force on ühe

figure on page JO.

Mz = 2.0941+ s

force on the top

eLement shown 1n

of the

the



Area of the eLement = àl
Shear force on area = S àA

- S àn ràø<

The moment of s àA about the

center=r2Sàrlo<

Therefore

-30-

Total. rnoment = IvIi

,r = R1 r4=2lTt'tl
IIs\' I r¿ sòrða

Jl
r =n{ a<=o)

ä.?
= zhlf \RtÏ- &2''l s

= ( 2/3 Rú, ' 2/3 RaAi) s

Ïfhere A = area of cYlfnder botton l

and At=area of shaft
'

M3=( 2'094t+ - '09ó1 ) S

= 1..9983 s

Therefore : 'r ':' ." "-'

TotaL monent, for entlre cyllnder =' M = M1

\,

R+
ï#=å

Or

rr- It'¡- ì

=

25.1328 + z.Ogt+b + 1.9983

29.2255 s

Itß
¡r¡

- 

whe.re M ls f-n lnch29.2255 -

. i-and S Ls ln Pounds

lnch.'

a-

+Me+M3

)s

- Pounds

per square



lfhen the torque, T, i.s expressed in foot - pounds and S

pounds per square fooü, the equation becomes :

Tx12

Therefore a torque of I foot - pound represents.a shear

stress of 59.1 pounds per square ,foot.
Ífhen the torstonal force fs app3"ted by neans of the t'orque

wrench, the readÍng ln foot - pounds may be converüed üo shear

strength slmply by multiplying by 5g.L. '

ltlhen.the torsfonal force ts appl.fed by means of the. Etress-

straLn d,evlce, a tenston of one pound ln the cqble Ls equal to a

shear strength of 59.L poundr¡ per square foot ln the soll. The

methanical arrangement of the pulleys, however, causes ühe

callbrated sprlng to be loaded üo double the cable tenslon.

-JI-

a-
29.2255

x I44 = 59.1 pounds per squere foot

Since the springs vfere desfgned and calfbrated üo extend one

inch per rurlt of tension ( 5 lbs. and 10 lbs. )rthe tgrsLonal

Load as plotted on the recordlng dlsc must be haLved.



CHAPTEA VIII

0ATIBRATJON OF THE VANE_ APPARATU$

In order to determine the relatton between cabl.e

ùenslon and spring extensfon the stress-straln device was

set up exactly as ft would be ln the ffeld wtth the €xGêp-

tlon thaü the cabLe was carried around the loadlng disc

and over a pulley lnstead of being fastened to the loading
dlscn the callbratlon weights nere then fastened to the

free end of the cable.

As weights r^rere added, the cable tensLon rncreasedn

rotat'lng the roadlng dlsc and extendlng ühe spring" The pen-

ctl pl.otted the spring extenslon on the record,lng,dfsc. Thus,

as the sprfng was caLibrated, the valueg vrere auüomaticatLy

compensated for any frictfonal resistance ln the apparatug.

The Lnformatlon made it possible to draw the concentric cLr-
cles on the recording graph as shorom ln Figure No.6.

The springs vrere found to be falrly accurate. Thaü

is, the exüension per untt of load remaLned sinÍIar regardless
of the initial extension, partlcularly ln the range wlthÍn
whtch most of the vane results were determlned. No value was

attributed to each concentric circle on the giaph because tt
r,ras frequently necessary to use dlfferent sprlngs and combln-

atÍons of sprlngs. caLlbrations Ì{ere d.one at varlous temper-

atures but, sxnce no appreclable dffference was d!.scovered,

thls factor was negrected. This data Ls presented ln the

Appendlx.
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Flgure 6-. Typlcal reoording graph,
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So that comparrfsons of the stress-strah r€1â-

tlonshlp of the vane shear test and the unconffned com-

presslon test could be madeo the strafn in the torque rods

was determfned. this hras accompllshed by setülng up the

devlce 1n the normal manner for callbratlng but wlth a torque

rod fastened in the chuckr By preventf.ng the free end of
the rod from turnlng Lt was posslbfe to obtain a graph

showlng ühe st'ress-straLn curve stnply by operatfng the

wfnch. Sfnce all rods rdore ldentlcal lt could be asgumed

that they ¡vou1d each straln rin equal anount under the same

Ioad.

The Lnformatfon regarding the strain ln the torque

rods was never used becauser âs is explained Ln a subsequent

chapter, the süres's*gtrain device does not mal.ntafn a con-

stant rate of stratn. $lnce the unconflned compressfÔn tesü

does maintaln a constant rate of straín, a comparlson of the

two stress-strain cun¡es would not be appllcable.



The resulüs of vane shear t,ests and the

$helby tube sampJ-es for test holes no. L¡ 2¡ and 3

urere sbtained from the Bri.dge Offlce, Hlghways Branch,

Provlnce of Manttoba. The laboratory tesüs ffere pêr-

for¡ned on the tube samp1es,, by the tlùgþways Testing

Laboratory. Test hole roo I r.ras drilled on the Perlm-

eter Hfghway at the C.P.Re overpass north of Wtnnlpeg.

$lole lroe 2 tras located on Hlghway non lr near Gladstone.

Hole noo ) was located on the lt{orden-Sprague Boad near

LeteIIler.

CHAPTEN IT

TESÎ RESUTTE

The vane tests fn the above test holes were

performed by the drtll cfew and utlllzed a torque wrench

to measure the torque required to shear the,soíI.

Test hole roo lr was located on the upper bank

of the Red Bive.r near lot 66, Turnbull Drive, south of
Si. Norbertn The hole was drilÌed by ühe same crewras

the previous holesrbut the author performed the vane

tegts. The stress-strain devl,ce tras employed to measure

the ehearing resLstance of the sofL.

-35-
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HoIe ror J was drllJ.ed by hand and was located

near $t. Maryrs Road north of St. Adolphe. The inlater Con-

trol and Conservation Branch of the Department of Agrf.cul-

ture, Provlnce of Manltoba, provfcled personnel and equi.p-

ment for obtalnlng Shelby tube samples manually. A drop

hamrner !üas used to drive the tubes and a wl.nch and trl-
pod were used to wfthdravr the tubes. The author performed

the vane shear tests lmplementing the stress-strain devlce

to measure shearÍng resfsta[c€o

Test holes no. 6 and 7 were drllled manually at

J76O Pemblna Highway in Fort Garry. The devices used fn

hole roo J were agaln used to drive and wlthdraw the Shel-

by üubes. The author performed the vahe shear tests uslng

the gtress-strain .devlce to' measure shearlng resistalc@r

All the laboratory tests were performed fn the

Htghways Testtng taboratotl. The tests $rere performed by

the laboratory staff and the authoro

The reeuLts of the undisturbed vane tegts, the

remouLded vane tests and the unconfl.ned tests were plotted

for each test hole.

Ffgrrre f shows the results of, tesüs in hole no.
l

I. At the flve-foot depth the unconflned cornpressfon value

of shear sürength is equal üo about üwo-thlrds of the un-

dlsturbed vane strength and about double the re¡ooulded vane

strength. At the ten and flfteen-foot depths the unconflned

compreseíon strengths are only sllghtly hÍgher than the rê-
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mourded vane strengths and equal to only about one-harf
of the undisturbed. vane test results.

Although there was a soll change between ten
and fifteen feet, there was llttle change in the strength
values. A conslderabLe decrease in sürength was indicated
by the vane for the, silty clay encountered at etghteen

feet. ALthough a shelby tube sample was obtalned, it was

tn such a roose state that it was lmpossib].e to perform

an unconfined compression testc

å,I1 the samples tested vrere saturated and had

moisture contents ln excess of the plastic linit. The

soirs, wíth ühe exceptlon of the strty clay, brere varved

clays.

The results of tests fn hole \o. 2 are lllus-
trated in Figure 8. The unconffned compressfon test values
are of the same ord,er as the remoulded vane values vrtth the
exceptfon of the shear strength of the clay loarn which is
only about two-thirds of the renourded vane strength. The

undlsturbed vane strength at thirty-five fooü depth is
roughly three times as great as the unconfined con¡pressJ.on

value. The average uneonflned co!ûpression varue for the
sampJ.es from forty and forüT-two foot depths equals roughly
one-half of the undisturbed vane shear strength.

The sample from thlrty*g1ys feet was. gL.?fo sat-
urated and the other two were roofo saturated. The change

ln soll type aü forty-two foot depth resurted in âr üncon-

flned compressive strength drop of jofr. The vane tests dld
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not lndfcate any reductfon 1n strength.

Figure 9 shows the reeults of tests perforned

1n hole no. 3" At depths of flfteen and twenty-five feet
the unconfined compreEsÍon üest shear strength values

equal, the remoulcled vane strength and are roughly equal

to Wl, of the undfsturbed vane strengüh. The eoll at

flfteen feeü was an unsaturated sllty clay and the soil
at üwenty-five feet was saturated cJ.ay. Both samples

hÍere varved.

At the twenty-foot depth the unconfined com-

presslon shear vaLue decreasecl from thaü at flfteen feet
whlle the moisture content lncreasedn The degree of sat-

uratfon remained the same and the soll type changed from

sllty clay to c1ay"

From twenty-five to thlrty-five feet, the un-

eonflned, compresslon test strength decreased from l,lOO

p.e"fo to about 600 p.s.fo¡ Ðd the moisture content in-
creased from 5I.3/o Eo 57"6fo. The three earuples werer to

al,I lntents and purposes, Ín a saturated conditLon.

,The four samples of clay conslstentLy showed

htgher strengths for lower moisture contentso

The vane results indicated a sensttlv|ty of Z.Z

for.each test d,epth. The undisturbed, vane test values $rere

ln excess of double the unconfined conpresslon values at
the sane depths"
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For the solLs tested fn l¡oles no. l, Zo and

3 s Èhe vane results ln undlsturbed solL were higher than
the unconfined eompression test shear strength values
wf.th onry one exceptlon. ALso, vrtth the exceptf.on of the
vaLue at fLve foot depth fn trole non Lo the unconfLned

compresslon üest r'esults were of the sane order as the
remouJ.ded vane strength. The averege sensltivfty of the
A-7-5(20) elay was about Z,and rhat of the A-?-O(II,-I5)

sf3.ty clay hrae abouü 2"5"

Flgure 10 shows the comparlson between the un-
di.sturbed vane test resulçs and the resu]-ts of unconfined

compressfon tests, related. to hoLe noo h" The remouLded

vane shear values were atr smaller than the trnconfined

compression test shear strength. The seål sensft,ivlty as

determined by the vane wae abo\¡t & at cvery J.eveJ"n

The average q¿neomfåüîed e@mpressûon test shear

strength vaLues at flve, ten and fifteem foot depths, are
roughry equal to one-harf of the undisturbed vane shear

strengths. At the twenty foot Levet the average shear

strength of the tube sample was equal to about two-thirds
of the undisturbed vane shear strength taken above the
tube sample and very nearly equar to the value obtalned

Juot below the tube sanple. At each test level, the sample

which had the higher raoisture content exhlblted the lower
shear strength, regard,lees of Èhe d.egree of saturationn
All sanples had moLsüure contents in'excess of thelr prastic
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llmfts and alL vrere varved clay solls

The shear strengths obtafned wlth the undls-
turbed vane test urere atl of the såme order of magnitude

wfth the exception of the vaLue below the twenty foot
depth. The decrease in strength at thls ratterldepth
rnay have Éeen due to a sudden change ln rnolsture contenü

or solL type. A slntlar strength decrease !Ías recorded

at, the deepest leveL ln holes no. I and 3. The strengüh

Loss rnay also have been due to d.isturbance of the solr
by the sampllng t,ube. In hole ror l at depths of five,
and ten feet there vras an appreciabre decrease Ln vane

shear vaLue a foot below the depth from whlch the sampre

was obtalned. Thls same effect was recorded at a depth

of thirty-slx feet in hole no. 3.

The results of tests in hole no" 5 are plotted
1n Flgure 11. The shear strength varue deternined by the
unconfined compression test on a sherby tube sample from

a depth of eight feet, exceeded both the undlsturbed ancl

remourded, vane strengths which hrere determlned aü a depth

of ten feet. The so1l sensltivlty as determlned by the
vane tests varied from 3.0 at ten feet to I.j at eleven

feet"

At a depùh of fourteen feet the solÌ sensL-

tivtty as determlned by the vane tests ï,ûas slightly
greater than 3 as was the sase at the nfneteen foot depth.
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The unconflned compresslon test shear valrre tras approxl-

mat,ê}y equal to tho undisturbed vane sheaþ strength at

both the fourteen and nfneteen fooü levels.

.At a depth of üwentï-four feeü the undlsturbed

vane strength vraf¡ 'greater than the unconfLned compresslon

value by about ffftY Percent,.

None of the :s,amples üested ,was' saüurated but

all were sfmllar varved clay eofle. The lncrease ln

molsüure contenü at the twenty-four ,foot I'eve1 may accounü

fgr the decreaÉe fn both undfsturo-ed vane shear strength

and the val.ue obtalned by the unconfLned conrpresslon test.

Flgure12showstheresultgoftestslnho].e
no. 6. At a depüh of flve feet, the unconflned compresslon

tesü vaLue uras roughly three tinres the shear strength fron

the undisturbed vane test. At a ten foot depüh the undls-

turbed vane value !üas equal üo two-thfrds of the Unconflned

compression test shear strength value. At flfteen feeü ühe

unconffned compressÍon üest value vras greater than double

the undlsturbed vane strength!

At a depüh of üwenty feet the undisturbed vane

strength was greater than the unconfined tesü value by

fifty percent.

The lncreaslrtg moisture content with lncreased

depth 1{a6 ACeompanÍed by decreaslng uficonfined compresslon

strength. Although the undisturbed vane strengüh also de-

creased from the ten to fifteen foot lovels, t'hts strenþth
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varue Lncreased, sllghtly from the five to ten foot 1evels

and ,fncreased over three tlmes fts magnÍtude frorn the

fifteen to the twenty foot levels.

The soil sensitLvlty as determined by the uri"
tests was, approximately, 2.5 al the 'flve foot, depth,

3 at ten feetr 4 at fifteen feet, and 4 at the twenty

foot leveI. the soils tested ïrere all unsaturated varved

clays and, vrith the exceptlon of the sample at the flve
foot level, had moisture contents 1n excess of the pJ,as-

tic lÍmit,
The resulüs of several tests performed by the

Bridge Offlce, Highways Branch, Province of l,{anLtoba, vrere

not plotted since onJ.y one or two tests in any one of the

holes were performed in varved clay soil. However this
lnformation was plotted in Figures 13, 14 anct I8 and was

used ln compllfng Tables No" I, 2 and 3.

Flgr.rre 13 ilIüstrates the relationshfp between

unconfined coapressÍon test values for shear strength and

those obtained by the undistr¡rbed vane test where the vane

tests employed a torQue wrench to ineasure the soll shear

strength. Tho soil types are coded and the depth at which

each test $ras performed is noted. The saturated solls are

also differentlated from those which were unsaturated.

In only one case the

value was found t0 be equal to

va1ue. All other results from

unconfined compression tesü

the undisturbed vane test
these tests show the undtg-
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turbed vane test values üo be greater.
i

Figure 14 shows a comparison between re-
moulded vane test results and the unconfined compreo-

sion test vaLues. The torque wrench was employed to

deüermine the remoulded vane shear strength.

the maJority of the remoulded vane shear

strength values exceeded the unconfined compresslon

test results. 1{hether the soÍL was Ln a saturated

condition or not appears to have Lfttle effect on the

test results.

ftgure 15 shows the comparison of undlsturbed

vane teet results versus unconfined compressiort test
values for shear strength in buff clay and ollve clay.
The solls tested were varved but onLy three samples were

saturated. The load required to shear the soil wlth the

vane r,ras measured by means of the stress-straln device.

The unconfined compression test values for
the olive cJ-ay appear to be independent of depth or

degree of saturatfon. Ilowever the urrconfined test
values for the unsaturated buff cJ-ay generally are lower

for greater d.epths. None of t}¡e olive clay samples €x-

hlbited vane shear strengths Lower than those obtalned

frora the unconfined conpression test. Four of the vane

test values for the buff clay vrere greater than the ürt-

confined test result and four values were lower.
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The results of remoulded vane shear tests
versus unconfined compression test values are shown

ln Flgure Ió. The stress-straln devlce was used ln
these tests to dêüermíne the load required for the

vane to shear the remoulded soll.

In every case the unconfined test value êx-

ceeded the remoulded vane shear strength. The ürcorr-

flned tesü values $rere generally hlgher for the buff
soÍl than for the ollve soil.

In ord,er to evaluate the test resulte in the

broadest terms, 'all the shear strength values avalLable

were used to conpile Tab1e lùo. 1. No distinctÍon was

nade as to soil type, moisture content or degree of
saturation. The data was recorded for each depüh at
which tests were taken and average values were used

whore more than one test hole was involved,. Because

lt was apparent that the unconfined compresslon Èest

values of shear strength ürere considerably higher 1n

relation to vane shear strengühs in cases where the

stress-strain devfce was used to measr¡re vane shear

values, these"resuLts srere recorded separate from the

results of tests employfng the torque rn¡rench.

The remoulded vane test shear strengths nêâs-

ured by means of the torque wrench t{ere consfderably

higher than those where the stress-straln d.evice was

used with the vanen The average undisturbed vane test
ì
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Apparatus
Used to
Load the

Vane

Depth

feet

Torque

Wrench

Average
Bemoulded
Vane Shear
StrenEth

(p.slF. )

5
10
L5
20
25
3o
35
40

Average
Undisturbed
Vane Shear
Streneth

(p'"slF" l

Stress
Süraln
Ðevfce

ó00
900

1020
900

1200
L?oo

780
500

Average

5
10
T5
20

Average
Sensitivity

1800
2t$o
2025
1500
1800
1800
1700
1000

Average from both
test methods

Average.

8å7

l+7O

l+57
484
t+72

Average
Unconfined
Compression
Test Shear
Strenqth
(P.sîF"l

3"0
2"7
2"0
1,8
I.5
I"5
2"2
2.4

L7 53

l+7L

l.753
L61.2
v68
16 5l',

679

o/o lJ 
"O "Ís of

Undist"
Vane

L375
950
973
737
881

T2L7
618
5tt+.

2"O

L6tfi

TABLE NO" 1 - Average strength results
obtained for all tests"

)ol
3.5
3.3
3,5

1700

76
40
l}8
l+9
l+9
67
36
58

3,5

9t7

2238
t593
1189
L27t+

2.7

52

L573

L27
99
76
77

L2t+5

!

\¡
\tl

I

96

7lv



56-

strengths vrere ln cl,ose agreeÉ¡ent for both nneasuring

devlces. the soil sensitivity determined by the vane

and torque wrench comblnation averaged 2.0 whlle the

vane and gtress-strain deviee combfnation lndicated an

average sensitfvity of 3,5.

The average shear strength of all the soils
testedr âs determined by the undlsturbed vane test, was

17OO pounds per square foot. Lea and Benedict determined

the sensitivlty of the clay 1n the llinnlpeg area to be

2.0 and the shear strength to be 1900 pound.s per square

foot. the values obtained by Lea and Benedict vrere de-

termined by usíng a stress-strain device w'ith a vane of
dlfferent shape to that used by the author.

The unconfined compresslon test results which

urere obtained for samples t¿rlcen from the test holes ln
which trane strength$ were measured, bJ, the torque wrench

are noticeably lower than the results for the other test
holes. The lat,ter results averaged 96/o of the undisüurbed

vane strengths whlle the for¡ner test results averaged only

52f" of the undlsturbed vane strength.

Table No. 2 was compitred from most of the test
resulüs. The tesü depth, unAisiurbed vane strengths, r¡n-

confined compression test shear strengths, moisture content,

degree of sal;uration and sofl type, were tabulated. The

method of determlníng the vane shear strength, whether by



Depth

(Ft.¡
Soil

Type

5
5
5
5
5

10
10
1o
10
L5
J,5
L5
L5
I5
15

'15
20
20
?a
20
20
20
20
25
25
25
30
30
35
35
35

Undlsturbed
Vane Shear

StrenEth
(P,S"F" )

I A-7*5
I A-7-5
i n*z-ó
I A-7*6
I a-7-5
I a,-7*5

"A-7*5i,',*7-6
a,-7*5
A-7- 5
a,-7-5
A-7-6
A-7-6
L-7*6
A*7-6s
A*7-5
þ,-7-5
a,-7-5
L-7-6
A-7-5
A-7-5

^-7-5A-7*5
A-7-6
a,-7-5
a"-7^5
t+-7-5
a,-7-5
A-7-6 t
a,-7-5
a,-7-5

F57*

r8rr3 s*
18l{.3 s
1590 s
no tesf
Ls00 T#
I7B5 s
l-785 s
1ós0 s
2l+OO T
?o73 S
2L6A S
1650 s
390 $

1BOO T
?t+oo T
2100 T
2Ab2 S
1À'10 S
1485 s
ó00 T
ó00 T

2l+OO T
2l+00 T
Il+l+0 S
1800 T
1800 T
1BOO T
1800 T
1500 T
?tÐo TzWA T

Unconfined
Compressj.on

Shear Streneth
(P"S.F. )

1191+
7l.7

¿+8oe
2585
L375

885
LzSt
2462
950

r20g
828

L63 r+

1087
ro55
9?9
89?

1¿|40
1150

9?L
597
)75

rr23
856
904

r008
75t+

1030
140l}

56r
87r
626

Moisture
Content

g,t

Degree of
SaturatLon

P/,1

l}0.3
ÀO.I+.
27.3
l+3.2
l+1.2
52"3
4l+"7
l+6"5
50"8
b9 "2fl¡"4
lþ5 "2t$,3
l+5 "1
3L"5
36.6
h5.7
h6.2
50 "258.I
ó8"9
h3 "5
52 "250.o
57 "7
52.O
53.8
49 "zlrL.9
52"9
57.6

93
96
84
91

L00
100

96
79

L00
96
95
90
9CI

100
96

100
100
L00

86
9l+
95
98
86
89
98
96
8l+
98
99

r00
99

Group index equals L5.
All" other samples have group

- Vane shear values measured
deviee c

*,k - Vane shear value s neasured

TABIE N0. 2o - Shear strength values, moÍsture
contents and degree of saturation

i:;ålå;å"1"iä"i3":,'iff å 3l*or" 
" 

.

index of 20"

by st,ress-strain

by t,orque wrencho
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means of the toi"que wrench or the stfess-strain device,
was also notedo

Depth, molsture content and degree of såtur-
atlon lndlvidually had no apparent effect on the shear

strengths. However 1t may be seen ln several cases that
at the same depth and sinilar moisture contentr âr increase
ln degree of saturatlon Ì{as assocl.ated with a d,ecrease Ln

shear sürength. . One such case occurred at the flve, ten,
fifteen and twenty-five fooü levels.

AIso Ín nany cases at depths of fifteen and

twenty feet for a simllar degree of saüuration and. the
same depth, a decrease ln shear st,rength was generarly

assoclated wlth an lncrease in moisture contenüe

labLe No. 3 shows the typlcaÌ analysJ-s of the

soils üested. It nay be seen frorn the tabLe that although
the soils wére classifled stmilarly there v¡ere consLd^erable

differences in thelr make-up.

A comparlson of shear strength versus moLsture

content for several of the sampJ-es tested is .shown in
Figure L7. The shear strengths were obtained for tube

sanpres by means of the unconfined, compression tesü.

Both soils show a trend of decfeasing shear

strength with Íncreasi.ng moisture content. The ftgure
lndLeates thaü for A-?-6(eO) soi1, very smal1 increases
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coarse aggregate - fo retained. on a hoe 10 sieve"

coarse sand * fr passing no" 10, reÈained^ on no" ¿&O

fine sand - S passing no. ¿+0, retained on non Z0O

- particle size from .O74 nm to .00J mm.

- particle size finer than .0Ol mm,

- liquid Linit - percent moistìlr€¡

- Plastie Linit - percent moistür€e

- Plasticity Index - percent moisture.

- U.S. Bureau of Public Roads CLassifieation. the
nuuber in parenthesis denotes Group Index"'

Table Noo 3 - Typlcal analyses of the
soil-s tested"
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20
31
37
35

Class

A-7-6 {20} | clav
A-7-6 {17} | ctai
A-7^5 {zol I clay
h-7-5 (zo) I clai
A-7-5 l2o) i c3,ay

sieve.

sieve.
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fn molsture content result in a considerabre Loss fn
strength. The A-7-5(20) sofl behaved in a similar ftâD-

ner but requlred a greater increase in moisture content
to achleve the same loss ln shear strength observed for
t,he A-7 -6(zO) soil.

tlhether the A-7-5 soÍl was saturated or not

has ll.ttre apparent effect on the shear strength - mols-

ture content relationship .
Figure 18 shows a plot of undisturbed vane

shear test strengths versus moistr¡re content of tube

sampres obtained at approxlmateLy the same depth as the
vane shear values. There is no apparent relaüionshlp
between the vane shear values and moisture content re-
gard.ress of degree of saturation of the soir tested.

¡'ig,re 17 dld show a decr'ease in shear strength
with lncrease in noÍsture contenü. This relationshlp dld
not appear in Ffgure 18, possibly due to the fact that
the moistr¡re contents i'rere not determined for the actuaL

solI tested with thê vane.

The average vaLues obtained at each depth are

recorded in Table No. l+. The values of sl¡ear strength
obtained vrtth ühe vane remained comparatively uniform.
The maximum variatÍon from the average vane shear strength
was 298 pounds per square foot.

the average varues from unconfined compression

tests lrere, except at the five-foot revel, rower than the
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Depth

(Ft. )

Average
Undisturbed
Vane Shear

Streneth
(P"s.F.l

5

10

15

2A

25

3A

35

.[verage
Unconfined
Compression

Shear Streneth
(P.s.F. )-

L769

L9L2

L796

L562

1680

I800

2100

Average

2t3h

1382

1091

923

888

L2t7

686

Average
Moisture
Content

(fr|

1802

.å,verage
Degree of
Saturation

(f"l

38.5

48.6

bl+.5

52.,L

53.2

5r.5

50.8

TABLE NO. l+ Average values
noisture content and
from alL test ho1es.

1188

93

94

25

9l+

94

9T

99

¿18 
" 

t¡.

of shear strength,
degree of saturaùÍon
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average vane shear strengths. There ldas one partlcuLar
test resurt rvhich contributed to the hfgh airerage shear

strength value at the five-foot depth. If thls high

value was excluded fron¡ the av€rages the comparison would

change consLderably. The average vane shear strqngth
would be 1828 p.s.f., the unconflned. compression test
value would be 1468 p.s.f. ¡ the average moisture conüent

would be ¿ü1.3 percent and tho average degree of satur-
atlon would be 9J percent.

The average shear strengths determined by the

unconfLned compreasion test vary considerably. The nraxi-

m.r¡xt variatfon frorn the average of the values shown in
Table IIo. 4 Ì^ras 9t+6 p.s.f. The vane shoar values app.ear

to be much more consistent than those obtalned from the

unconfLned conpression testo

the resuLts of the tests on tube sa.mples ob-

tained from hoLes no. J and 6 are shown in Tab'le No. 5.

There are no apparent trends ln any of the test results
exeept that the unconfined compression strengüh decreased

wlth depth.

The results of tests in hole no. T are shown ln
Figure 19 and labre No. 6. The d,ata recorded tn Tabre No.

6 indicated lncreaslng density wlth fncreasing depth and

in general there was an accompanying increase Ín molsture

contenü. The vane shear strength lncreased with depth



HoLe
No.

Depfh

(Ft. )

,

,

5

5

,

Unconflned
Compression
Strength
(P.S,F. )

5

B

L4

18

24

,L70

3rB6

3269

3168

18L4

Shear
Streng bh
(P.S.F. )

6

6

6

6

tlolsture
Content

(%)

2

10

L5

20

258'

].793

t634

L584

907

9605

4925

2L74

1843

Vold
Ratlo

44.6

43.2

45.2

40.9

50.0

Deg.
of
Sat.
g¿)

1.323

1. 289

L.3t5
L,l_91

1.508

4802

2462

r-087

92L

Dry
Denslty
(P.C"F. )

90.7

90.5

92.3

92.9

89,5

27.3

46.'
49.3

fo.3

rfleÈ
Ðenslty
(P.C.F. )

72.3

73.6

72.3

77.O

67.L

ÎABLE No. f Results of tests on tube samples
from HoLes no, 5 and 6.

0.883

1.604

L,482

r.57'

Vane
Sbear

Strength
(P"S.F, )

LO4"5

LOr.4

10t.1

108.5

100.7

83.8

78.8

90.2

86,5

no test

1200

t65o

1680

L440

Lr90

1680

390

L4B'

89.g

7L.9

68.2

65.8

LL4,5

LO'.4

101.8

98.g

I
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Depth
(Fä. )

Ang1e of
fnternal
Friction
( Degrees)

10

L5

20

Cohesion

(P.S.F. )

22

0

0

0

0

Avg.

Hoisture
Content

(/,1

1267

1281

1036

1008

0

Void
Batio

l+¿t, 
" 
I

l+6 "o

5r.6

l+-9 "7

r1tl8

Deg.
of

Sat.

1.3 83

L.l+57

t.452
I.l+07

Dry
Densitv
(P , S,F: )

86.6

8j.z

96.5

95,7

l+7.8

TABLE NO. 6 - Results of consoLidated quiek
(undrained) triaxial tests on the tube
samples fron test hole No. 7.

I'Iet
Densitv
1n.s.F. )

61.0

68"ó

ó9.1

?O "2

I"l+25

Vane Shear
StrenEth
(P.S.F, )

91.0

87 "6
100.L

104,.7

105 "1

67.2

990

9)7

l,L62

tt62

Sensitivlty

99 "2

2,68

¿1.80

2.98

2.96

1063 3.35

t

O.\)
I
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while the cohesion value of the soil decreased. The

confining pressures used to determine the soiL strength

paraneters ln the quick undrained triaxial- test were

10, 20 and 30 pounds per square i-nch.

The cohesion value averaged lltl8 pounds per

square foot and the shear strength from the vane test
averaged 10ó3 pounds per square foot. the cohesion

value exceeded the vane shear strength by onty I percent.

The soils tested in hole no. 7 v¡ere unsaturated

A-7-5(2O) varved clays. The sensibivity of these soils
as determined by the vane tests averaged 3.35, The vahres

of the sensitivity are shown in lable I'lo. 6.



It is obvÍous from the test results that

the shear strengths obtained wfth the vane were fairly
consistent whether measured by means of the torque wTench

or the stress-strain device. fhis nay be seen in Table

No. I. However, the variation in strength results was

greater when the torque wrench was used.

The torque wrench has the advantage of being

readlly obtaigabl"e, economical, simple to operate and

eaÈy to handle. There are the dlsadvantages that the

rates of stress an<l strain are dependent upon the oper-

ator and ühere can be sone difflcul,ty in rotatfng the

wrench and reading the torque at the same tlme. The

wrench used in these tests could be read only to the

nearest five foot pounds of torque v¡hich I1miüed the

accuracy of the test results to within 300 pounds per

square foot.

The stress-strair¡ device yielded fairty unf-

forn results and enabled the operator to maintain

reasonabþ consÍstent rates of strafn regardless of the

soil strength, Slnce the spring extension Ì{as plotted

on a graph, the torsional load was measured with a

ruler" This measurement could be done very accurately'

Also, because of the deslgn and operation of the âppâf-
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atus, the spring load !ìras equal to twice the cable ten-
slon. Thls means that if, for example, the spring ex-

tension was only acctrate within plus or mlnus 114 inch

or 2.1 pounds for the J-arger sprÍng; the calculated shear

strength would, be accurate v¡lthln plus or mlnu s ?5 pounds

per square foot. the calibration of the spring as shown.

in Appendfx f indicates that the aecuracy would be wlthin
a smal,Ier range than the 75 pounds per square focjt.

The d,isadvant,ages of the stress-straln device

are Lts welght and large size,and the fact that the op-

eraüor rnusü be v¡ell trained in Íts use because of the

somevùhat compJ-icated nat¡¡re of the equipment.

The vane itself was relatively simple and its
operation was straight-f'orward.. In general there was littl-e
dlfficutty ln driving the vane or in retractlng it, however

mechanicaL equipment whfch could perform these operations

would greatly reduce the ph¡rsÍcal effort presently required.
The vane was found to be capabre of wÍthstandlng load under

test conditlons and..could r,trithstand rough usage.

The torsion rod.s ïÍere sufficienüIy strong but
the type of connection between the rods should be revLsed.

The Jotnts b¡ere flexible to a degree and alro¡ued the tor-
sion rods to fLex. rn some cases, while drivlng the vane,

the rods flexed enough to come'i.n contacü wlth the warls
of the hole. rt is impossibre to determine ühe effect on

the resulüs,, of ttre friction between the rods and the hole.
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The author wourd reco¡nnend that the torslon rods be r€-
vised to conslst of an inner rod and an outer tube. The

rod would pass through frictionress bearfngs inside the

tube and be connected to tt¡e vane. The outer tube courd

be equipped wlth a shield fnto which the vane could be

retracted during the drivíng operation. This type of vane

equipment has been used in lilorway and sweden wlth a great

deal of sücc€ss¡ 6

By far the greatest varfation in test results
wa's achieved 1n unconfined compression tests on sampl,es

obtalned by means of sherby tubing. The strengths varied.

conslderebly, not onry from hole to hole and from one depth

to anotlèrrbut also from one end of a tube to the other.
This change 1n strength Ín a tube sample was also inconsfs-
tent in that the top of one may have yleided the hlgher re-
sult whereas ln another' case the bótton'may ylerd the hÍgh-...'
er strength. thes¡ variatlons rrere f..ndependent of soil t¡rye.

In TabIe No. 2 there Ís some evfdence that the
shear strêngth br tne soir tested was dependentr üo some

degree r or¡ moistl¡re content and degree of saturation. An

attenpt was made to determine whether there was a reLation
between shear strength and the ratio between moÍsture corr-

tent and degree of saturation. r{o relationshtp was found,

and there Ì{as fnsufficlent data available to estabrish
whether the introductlon of *, constant would have yfelded

a relatÍonshlp beüween the'se values.



ft was the lntentlon of this thesis to compare

the results of vane sllear tests 1n Lake Àgassiz clays with

the results of unconflned compresslon tests on tube samples

obtalned fron the same location. It is apparent that, due

to the varÍation ln unconfined compression test results,
no direct comparison ls possÍbJe.

Tube samples, such as those used ln unconfined

compresslon and triaxlal tests, are widely referred to as

undlsturbed samples. The author has carefully avoided,

this tenmlnol?gy for rnany reasons. The soiL ls disÈurbed

by advancing tñe tube 20 and. therefore the soll nust agaln

be d.lsturbed upon the removal of the sample from the tube.

It Ís lmposslble to handle qIl tubes and the samples they

contaln ln exactly the sane manner, which introduces the

possibi.Ilty of some samples belng disturbed more than others.

The samples are also removed from overburden loads and the

inherent stresses in,the'so1l are released. Presently

accepted theoryras outlined 1n Chapter IVrindicates that

for a saturated soiJ, the undrainect shear strength is in-
dependent'of conflning pressure. However, the shear

strength of an unsaüurated soíl is dependent upon the con-

finement.

The unconfined compressÍon test does not lncor-
porate any means of artiflcÍaIIy replaclng the natural con-

dltions under which an Ln-situ soil would be loaded. The

7Za
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triaxfaL test fs used. to sinrulate confined condltLons

but is performed on at least a partlal,ly disturbed tube

sample. The slze and shape of the sample, the method

of Loadfng and the restrlctlon of the end bearing pJ.ates,

cause most solLs üo fa1} along a definite shear p}ane.

In the soil mass, however, conditions may cause the soll

to faÍ} along certain planes of weakness entirely divorced

fron the failure plane of a small sample '

The results of alL the unconfined compressJ.on tests

showed considerAble variation in shear strength valueso

Flgures 17 and LB reveaL that, for saturated varved' clayst

the range of values from unconfined ComPressl'on tests ls

no broader than the range orf vaLues determfned wlth the

vane although the latter values are of a greater magnltude.

Thts reJ.ationship is also true of the unsaturated varved

clays but does not appear to hold for the sflty cleys.

The sflty clays exhÍbited extremely high unconflned

compression shear strengths in some cases, posslbly due to

the effect of the sample drying slightly before or during the

test, Small changes in moLsture content affect the shear-

strength of sil.ty solls to a mrrch greater degree than for

clay soils.

The vane shear test yÍelded average shear strengths

in excess of the average from unconfined compreSsion tests

as shown Ín Tab}e No. L. Thj.s relatíonship agrees wlth tbe

flndings of several authorfties. Lr? rTrbtS 16 rLT rZL However,

tests reported by Bjerrr-- 22 indicatei;t'hat wtren the greatest

possible care 1s taken 1n obtainingr preparing and testlng
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samples, it fs possíbLe to obtain shear strengths from

the unconfined test,, in e¡ccess of the vane test values.

This may explain the results of test,s 1n hole ro. 6 as

showl in Figure J'2.

The average shear strength obtained wlth the vane

and torque wrench was 106 pounds per square foot greater

than the average value obtained with the vane and stress-

strain devÍce. The vane tests using the torque wrench

were generally performed Ín Less than two mLnutes whll'e

.the vane and stress-strain device tests generally requlred

from two to three minutes. It ls generally accepted that

higher rates of stratn result 1n greater shear strengühs

which could account for the dlfference in the average

vaLues for the above vane tests. Ir 6 This reasonÍng

could also be applied to the results of the unconflned

compression tests as compared to.the results of the va¡re

tests. Slnce the type of loading to determj.ne shear

strength is different for the vane and unconfined compres-

sion tests it !s difficult to compare their respective

rates of straÍn. In the triaxial and unconflned compression

tests all applÍed st,resses are normal, and the complete

state of stress is knolr,¡n; Ín the vane test the applied shear

stress fs known and the complete state of stress Ls unknown'

In the vane test the strain is angular in nature while the

trÍaxial and unconfinecl comPression tesüs sub.ject the

sample to axial .st,rains.
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The tine requlred to perform an unconfined coür-

presslon test was roughry the sane as the time required
to perform an undÍsturbed,vane test usfng the stress-strain
deviee. The rate of strain in the unconfined compression

test remaÍned constant throughout the test" Thls was noü

the case v¡hen the vane and stress-süraln device ürere opêr-
ated,. when the stress-sürain d.evice had been set up and the
operator began to turn the wfnch, the cabre tf.ghtened. As

the winch continued to turn, the cabLe tended to rotate the

discs. As the cabre tension increased and the soil began

to resfst the rotatlon of the vane, the spring began to
extend. rt was possÍbl'e to continue wlnding the cabre

onto the drum as the sprlng extend.ed, without appreciable

rotatlon of the disc. At this poÍnt the rate of straln
approached zero. The torsional force built up in the üorque

rods causing them to strain, until the torque was great

enough to shear the soir. At the point of faih¡re there
btas a sudden release of load and an extremery hlgh rate of
strain. the actuar rate of.strain in the soil could not be

measrlred using the stress--strain d.evice. The device only
measured the spring extenslon and the rotation of the disc.
The süraLn 1n the torque rods and that in tl¡e soil was not
meast¡red.. For these reasons it was not possible to qompare

the curves plotted by the stress-strain devlce with those

which could be plotted from the resulüs of unconfined corr-

presslon tests.
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Tt¡e varÍabLe nature of the rotation of the load-

ing dlsc on the stress-strain device may have produced an

effective rate of strain greater than that of the uncon-

flned compressfon test and.possibi"y equal to that of the

vane test using the torque wrench. This could explain the

similarity in vane test results even thorrgh the torque

wrench tests required only about tv¡o-thlrds the time re-
quÍred by the stress:strâln device. The dlfference in
rate of strain for the unconfLned cotnpression test aa com-

pared to the vane tests is also a possible explanatlon for
the lower results obtained. from the unconfined test.

The fact that the tv¡o sets of unconflned com-

presslon test results shown in Table Noo I are dissimilar

cannot be readily explained. Identlcal She1by tubes were

used tc¡ obtain tho sampJ-es for testing. The ffrst set,

which yieLded an average shear strength of 9]-7 pounds per

square foot, was obtalned from tubes whfch !ìrere forced lnto
the soil by hydraulic means rvhich provided a slow and steady

tube penetratlon. The'second set, vrith the exception of
hole no. lr, vras obtalned uslng a drop hammer and yfelded

an average shear strength of 1573 pounds per squa¡re foot"
The use of two dÍfferent sampling technlques could have

hacl some effect on the result. The results ln hole nor 4

lndicate that the hydraul"ic driving ojî the Shelby tubes

may result in values from ùhe unconffned compression test
of lower magnitude than those from the vane test. The

\
values of shear strength for the tube samples showed a
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marked Lncrease for the tests which lmp}emenüed the drop

hanmer for the drtving of the tubes

J. D. Farsons presented a paper to the Second

Intornatlonal 0onference on SoiI Mechanics and Foundatlon

Engineertng which deal-t with samplfng dlsturbarcêr 20 How-

ever t'hls paper dfd not descrlbe the effects ,of dlfferent
methods of drlvlng the sa¡ne tlpe of sampllng tube. Photo-

graphs accompanying the paper clearly flluetrate thaü SheI-

by tubes do dlsturb the soll sample on its perlpheral eür-

faces. Ther SheLby tubes¡ were drfven by.a steady¡ Gorltrol-

Led fo¡:ce whlch, accordÍng to Farsons:dlsturbs the soll tô
a lesser degree than the hammer method. I¡Jhen a tube sample ,

fs to be tested ln a laboratory tt ls generally trfmmed bo-

fore testÍng to remove ühe dlsturbed soLl. Thls procedure

has not been adopted by the [lantto.ba Highways Testl,ng Lab-

oratory and sLnce some of the data collecüed had oríg1-

nated ln thts laboratory the author dectded to malntaln

ühe same laboratory. test procedures. This nay have. lntro-

duced some errors bUt does not explafn the dtfference ln

the values obtafned by the üwo methods of drivlng the tubes.

Another faetor rryhich rnay have had sone effect on

the samples whfch exlribited t,he lovrer strengths, tftth the

exception of those from hole no. tr, is the facü that tn

general. these tubes hrere handled more often and wene trans-

ported a gleater dlsüance than those which ytelded hlgher

strengths., , . '

' The varves of, all the sarnples tested were approx-

)
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-imately horizonta-}. The thickness and compositf on of

varves were not d.etermined althoughrfnoro vÍsual observatlon,

the lighter colored varves vÍere of a more slJ-ty soil. In

a soil vfith varves with a Q value the apparent shear values

would, be too high. However, ft is belÍeved the solls tested

have varves vrith 0 = 0. Therefore, the shear values are

valid. The molsture content, which ín varved clays has

been found to vary considerably within very snall depth

changesr t¡lâY. have had some effect on the strength results '23 '2b

The trlaxial test results yielded shear strengths of

the sa¡ne order as the vane shear strengths. This Índicates

that, -in so far as unsat'urated varved clays are concerned,

the confinernent of the soil results in higher strength

values, The lntroduction of the vane into the soil, the

removal of the column of soil above the varB and the fact

that the sol} fail¡re is directed þy the vane rotatfon

would appear to balance tåe disturbance of the soiL by tube

sampllng. However on the basls of area ratios, llfo fot

She1by tubes, ild Zgfo for the vane, the converse would

appear true. The results of the few triaxial- tests wtrich

vrere performed cannot be used to form any conclusions' No

tests lÀrere performed in locations where shear strengths

could be determined theoreticalLy, such as in the vicinity

of a landsJ-ide, but it has been found that for non-varved

clays the vane results do agree closely with the shear

strengths calculated in such cases' ó

Therel,Íerealargenum.berofvariableslnthetests
performed which could influence the results. There vÍere

two methods of measuring vane shear strength and two methods
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of drfving sheLby tubes. Although the soils tested were

general.Iy A-7-5(ZO) varved clays, other soil types YÍere

encountered, Moisture content and degree of saturation

vrere bo!,,h variable " Depending upon the level of the water

tabLe at each test site, the soll could have been normally

consolidated or pre-compressed by desiccation' The thick-

ness and composltion of the varves may also have varied.

Another important factor which shouLd be considered |s t'he

performance of the vane test at levels above or below the

depttr from whlch shelby tube sarnpJ-es were obtaÍned' The

vane used 1n these tests was Ín the development stage and

had not been used extensively previous to the tests reported

hereín, and therefore experience ln its operatlon was llnlüed'

The purpose of ttri.s thesls lfas the determlnatlon

of the rellabillty of shear strength vaLues obtained by tha

use of vane shear apparatus in thà varved clays deposited

ln Manltoba by GlaciaL Lake Agassiz. The test results

l the vane shear test can yleld consistent

results in excess of those d.eteruined by unconfined compr€s-

sion tests and roughLy equal to the resu'Lts of trfaxlal tests

for varved clay soils. It is possible to obüaln satisfactory

vane shear results using a símple torque wrench for the

strength measurement. Howeve¡" it must be stressed that

variationsintechnlquecanhaveamarkedeffecü.For
examplerthe test results of unconfined compression tests

performedbytheauthorandthosebyothersshowadlffer-
ence,theauthorlsresultsbeingconsis.tenülyhlgher.No
comparlsonofca].culatedshearstrengthsin].andslideareag

^^ ^ 1o¿.Þ nf
with vane shear strengths was made due to a lack of ln-



fornatLon concerning Landslides in the test ârBâ.

Although the vane tesù 1s wfdel-y used, further

researêh is requÍred, particularly concernÍng varved

soils. The author would recommend that, although the un-

confined compression test is generally accepted as a

means to determine soil shear strength, future research

should inplement the trlaxiaL test for comparison wtth

the vane shear test. The triaxial test would, to some

degree,because of confining action, sinuJ.ate field

condi.tions.

The vane test, as it is normalJ.y performed, is an

undrained test and thus is strictly applicable only ín

cases where the undralned strength is representative of

the soil strength under the actual conditfon of loading.

InterpretatLon and use of vane shear test results must

also consider whether the soil tested is precompressed or

normally consolidated.

The test results vrere presented in an effort to

eval-uate the vane shear test Ín Lake Agassiz varved clays,

using an accepted test, the unconfined compressLon test,

a.s a yardstick or standard. It is indicated that a sinl-

lar rel-atlonship between vane shear strength values and

shear stnengths determined by the unconfined compression

test ma¡r exist for local varved clays as b,leill as for non-

varved clays. However, due to the scatter of the results,

it may be necessary to employ a higher safety factor wtren

80
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usfng vane shear test strengttr values.

toward the determination of the effect on shear strength of

samples obtained by different types of sarnplers a¡rd nethods

of sampling. The pertinent factors to be ínvestigated in-
clude arêa ratio, size of vane and. Íts shape and varÍations

in stress-strain measurement, Once ühe infLuence of these

fact'ors has been determlned, a study of the results of Iaþ
oratory tests on varved clays could be made so that the mosü

suitable tesü could be chosen for the evaluation of vane

shear test results. The influence of moisture content, depth,

degree of saturation and the soil type could each beconé the

topic for futr¡re research projects. the thickness of varves,

their individual composi.tion and:their effect on soil
behaviour are also e)ctreüely Í.mportant a¡rd deserving of some

study. Fuüure vane shear tests could'be performed in holee

adJacent to tl¡ose from which tube saltples are obtained to

d.etermine the effect of sampling disturbance by Shelby tubes

on ttre vane shear results. The performance of laboratory

vane tests and comparison with unconfined compression tests

useful information.could Tield I

It is essential to studies of this nature that sampllng

and testing techniques and equipment employed are carefully

conüroIled to ênsr¡re the reproducibility of results. The

author would also suggest that future vanes used should have

area ratios of the ord,er of the area ratio of a Shelby tube.

As more data ís collected a proper st,atistÍcal analysis could

be performed, and some conclusions could be dravm as to the colll-

parison between vane and, unconflned compressÍon tests.



Þpring C¿li¡repí"g4 Data

Temp
( oF)

Applled
Load

(lbs")

72.
72
72
72
72

APPE¡IDÐ(

Spríng
Extenslon

(lns" )

10
20
40
ó0
80

24
2U
2l+
2l+
2l+

o.g3
2.TT
3"s0
5"76
7 "68

Calculated
Load(lbs.)

10
20
40
60
80

L6
16
16
L6
16

0.9¿l
2.O3
3 "98
5 "95
7 "Bz

9"3
2I "1
3 8.0
57 "676.8

Itrrror 1n
Calc. Loerd

(r,ercent)

10
20
l+O

60
80

-10
-10
-10
-10
-10

0.9ó
2 "O5u.o5
5.97
7.87

9 ,lþ
?o .3
39.8
59 "5
78 "2

grror ln
Vane Shear
Íitrennth(nsfI

7.O
6"5
5.o
3.4
4"0

l0
20
l+0
60
80

0.89
1.91
3.86
5.80
7 "72

9.6
20.5
\.o,5
59.7
7Í1.7

-2Lltt
-60
-72
-96

6"0
1.5
o.5
0"8
o.2

B.g
19.1
3t.6
58.O
77 "2

-18
/g-6
_r5
-5b

4..0
?.5
1.2
0.5
1,6

11.0
4.5
1.0
3.o
3.O

-r2
lL5
lL5

9
-39

-33
_27
-42
-60
-84

8z
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