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An Investigation of Slide in a Test Trench Excavated in 
Fissured Sensitive Marine Clay

Recherche sur les glissements dans une tranchée d ’essai, creusée dans une argile marine fissurée 
et sensible au remaniement

by D . J. B a z e t t , Supervising E ngineer, 
J . I. A dam s, E ngineer 

an d  
E. L. M a t y a s , E ngineer, Soils Section, R esearch D ivision, T he H ydro-E lectric  P ow er C om m ission  o f  O n tario , 
T o ro n to , C an ad a

Summary

Several slides in the excavated slope of a test trench in the 
weathered lightly over-consolidated fissured crust of a sensitive 
marine clay are described and analysed. The analyses were 
carried out in terms of total stresses; comparison is made between 
shear strength values as determined by compression tests, by 
field vane tests and by the stability computations. Reference is 
made to the results of vane calibration tests.

N o significant difference was observed between the results 
of triaxial and unconfined compression tests. Vane test results 
were consistently in excess of compression test results for samples 
obtained below about 10 feet. Although the vane test values are 
assumed correct, their use in the analysis would result in a factor 
of safety as high as 70 per cent on the unsafe side.

Introduction

E xtensive deposits o f sensitive post glacial m arine clay 
were encountered  during construction  o f the St. Law rence 
Pow er and  Seaw ay developm ents. The clay  is com m only 
called L eda clay, L auren tian  clay, o r M assena clay and 
num erous references to  it appear in the literatu re . I t has 
been referred to  specifically in term s o f the Seaw ay w ork by 
Bu r ke  and  D a v is  (1957) w here bo th  the topog raphy  and 
geology of th e  area  are briefly described.

T he upper surface o f the clay deposits is usually  w eathered, 
lightly over-consolidated  and  fissured to  a dep th  typically  in 
the order o f 20 to  30 feet. O nly this surface m ateria l was 
involved in m uch o f the engineering w ork and  discussion in 
this paper is lim ited specifically to  this fissured crust.

Sam pling and  testing o f sam ples th ro u g h o u t the sensitive 
clay  deposits p resented  difficulties and  d oub t existed as to 
the application  of test results to  field problem s. Field vane 
tests were used as a  m eans o f avoiding sam ple d isturbance 
bu t these usually  gave values o f streng th  well in excess o f 
labo ra to ry  com pression tests. This resulted in a m arked 
reluctance to  rely  too  heavily  upon  them  in design.

T he clay was generally  non-uniform  and  the inevitable 
scatter o f test results tended to  frustra te  a ttem pts to  determ ine 
the best sam pling and  testing procedures by m eans o f com p­
arative testing program s. O ne such test series will be des­
cribed, how ever, in w hich the results o f field vane tests and  
labo ra to ry  com pression tests were com pared.

T he ou ts tand ing  effort to  resolve the testing and  design

Sommaire

Plusieurs glissements du talus d’une tranchée d’essai creusée 
dans la croûte fissurée, altérée et légèrement surconsolidée d’une 
argile marine, sensible au remaniement, sont décrits et analysés.

On a fait chaque analyse en contraintes totales ; la comparai­
son a été effectuée entre les valeurs de la résistance au cisaille­
ment déterminées par essais de compression, par essais in situ 
au moyen des moulinets, et par le calcul de la stabilité. Les résul­
tats des essais de l’étalonnage des moulinets sont indiqués.

On n ’a pas pu discerner de différence significative entre les 
résultats des essais triaxiaux et ceux des essais de compression 
simple. Les résultats des essais avec des moulinets se montraient 
constamment supérieurs aux résultats des essais de compression, 
pour les échantillons obtenus à une profondeur de plus de dix pieds 
environ. Bien que l’on suppose justes les valeurs des essais avec 
des moulinets, l’emploi de ces valeurs dans les calculs aboutirait 
à augmenter le coefficient de sécurité, jusqu’à 70 pour cent, côté 
dangereux.

difficulties encountered  w ith the clay was the excavation  
o f the M assena T est T rench which was referred to  by Bu r ke  

and D a v is . W hen first exam ined, the da ta  ob tained  from  the 
test trench were d isappointing , but a m ore recent analysis 
o f this da ta  form s the m ajo r basis o f this paper.

Vane Calibration

A test p lo t was selected near the O ntario  H ydro  construc­
tion  offices at C ornw all, O n tario , to  carry  ou t in-situ vane 
tests and  to  ob tain  sam ples for triaxial tests.

Two types o f vane were used. The first was the B ishop 
V ane as described by  Ske mpt o n  (1948) w ith w hich strain  
ra te  could be accurately  controlled. The second was a vane 
tu rned  by tw o spring-steel handles whose deflection indicated 
resisting torque. C ontro l o f stra in  ra te  was difficult w ith 
th is vane and  failure norm ally  was quite rapid.

Sam ples were taken  a t depths of 7 to  8 feet w ith conven­
tional Shelby tube  sam plers w ithout p iston. In-situ  vane 
tests were carried  ou t a t the sam e depth. U ndrained  com pres­
sion tests were perform ed in the triaxial m achine on uncon­
solidated  sam ples a t a  confining pressure o f 5 psi.

T he averaged results o f all tests are sum m arized in T able 1. 
N o  significant difference was noted  in the results o f lab o ra­
to ry  com pression tests run  on  any  specific p o rtio n  o f the 
tube  sam ples. N o  significant difference was no ted  in the 
strength  values ob tained  w ith each o f the tw o vanes n o r
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Corrélation of Compression and Vane Tests 
Corrélation des essais de compression 

et des essais avec des moulinets

T able  1

Test Method
Shear Strength 

tsf
No. o f Tests

Triaxial undrained
=  5 psi, rate =  0-05

in./min .345 30
Field vane .355 23

did varia tions o f strain  ra te  from  failure in ab o u t 45 seconds 
to  failure in 10 to  15 m inutes have an  appreciable effect. 
O f m ost im portance the vane and  com pression tests gave 
practically  identical results.

Follow ing these tests only  the spring-type vane was used 
fo r in-situ  streng th  tests because o f its sim plicity o f applica­
tion . T he ra te  o f strain  chosen resulted in failure in 3-4 m inutes. 
N o  correction  was applied to  the vane results.

M assena T est Trench

The test trench was in tended  to  establish  the relationsh ip  
in m arine clay  betw een test results ob tained  by various 
techniques and  full-scale field behaviour. T he w ork was 
carried  ou t under the d irect con tro l o f the U .S. A rm y C orps 
o f  Engineers follow ing in itial discussions betw een engineers 
o f the various au thorities engaged in the Seaw ay an d  Pow er 
developm ents, nam ely, the U .S. A rm y C orps o f Engineers,

the Pow er A u tho rity  o f the S tate o f N ew  Y ork , the St. Law­
rence Seaw ay A n tho rity  and  T he H ydro-E lectric  Pow er 
C om m ission o f O n tario . B oring and  sam pling were carried  
ou t p rio r to  excavation  by o r on  behalf o f each o f the au th o ­
rities. T he test results used in the analysis described below 
are exclusively those ob tained  by the C anad ian  authorities. 
These results how ever, are believed no t to  differ substan tia lly  
from  those ob tained  by the U nited  States agencies.

T he site was located ab o u t 3 miles n o rtheast o f M assena, 
New  Y ork , near the L ong  Sault canal. I t  was chosen as 
hav ing  a deep deposit o f relatievely  un iform  clay. T he area 
was initially  covered by ab o u t one foo t o f w ater bu t was 
drained  before excavation .

T w enty-one boreholes were pu t dow n in the area. G enerally  
con tinuous soil sam pling was carried ou t w ith thin-w alled 
tubes. A  num ber o f conventional fixed p iston  sam plers were 
also used. In  a few o f the borings, vane tests were m ade on 
bo th  und istu rbed  and  rem oulded clay. T he borings show ed 
th a t clay extended to  depths o f ab o u t 60 feet to  glacial till. 
M ost o f the borings were sam pled on ly  to a  dep th  o f 40 feet.

A  typ ica l soil profile is show n on  Fig. 1. The clay  was 
fissured and  had  a b locky  structure. T he results o f classi­
fication tests appear also on  Fig. 1. The w ater con ten t was 
consisten tly  above the liquid lim it and  the liquidity  index
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was constan t and  below  a dep th  o f abou t 13 feet was equal 
to  1-5. D essication  o f th e  clay to  ab o u t 20 feet was 
indicated.
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Fig. 1 Soil profile, Borehole T7S - Massena test trench site.
Profil du sol - Trou de sondage T7S - Site de la tranchée d ’essai à Masséna.
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U nconfined com pression and  unconso lidated  undra ined  
triax ial tests w ere run  on specim ens from  each tube  a t a 
ra te  o f 0-05 inch /m inute  (sam ples 4 and  5 inches in le n g th ); 
the shear strength  was taken  as one-half the dev ia to r stress. 
T he confining pressures used in triaxial tests approx im ated  
the over burden  pressure. I t  was usual fo r failure to  occur 
a t a  sm all s t r a in ; failure a t a  large stra in  could  norm ally  
be a ttribu ted  to  obvious sam ple d istu rbance or to  the effect 
o f  fissures. I t was a rb itra rily  considered th a t any  failure 
occurring  at m ore than  3 per cent stra in  was indicative o f 
sam ple d isturbance , and  all results quoted  are for sam ples 
failing a t less than  3 per cent strain . O n this basis the average 
strength  as determ ined from  the unconfined com pression 
test was found  to  be substan tia lly  the sam e as th a t determ ined 
from  the triax ia l test.

A p lo t o f unconfined com pression shear streng th  values 
versus depth  for B orehole T  7 S is show n on Fig. 1. The 
approx im ate  lim its o f  the average shear strength  values for
4 boreholes as determ ined from  bo th  unconfined and  triax ial 
tests are p lo tted  versus depth  on Fig. 2.
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Average shear strength results.

Résultats des résistances moyennes au cisaillement.

In  o rder to  check the effect o f sam pling d isturbance, nine 
unconfined com pression tests were ru n  on  sam ples carefully 
trim m ed from  a b lock sam ple taken  a t a  dep th  o f ab o u t 8 feet.

The shear strength  values from  all specim ens were between 
0-31 and  0-34 tsf, and  com pared favourab ly  w ith the com ­
pression strengths used in p lo tting  the g raph in Fig. 2.

In-situ  vane tests were carried  ou t in two borings, the 
vane being advanced abou t one foot past the cased borehole. 
T he results a re  show n graphically  on Fig. 2. The rem oulded 
strength  was ob ta ined  by ro ta ting  the vane a t constan t depth  
th rough  six revolutions, allowing one-half m inute rest and 
rem easuring the shear strength. T he sensitivity  o f the clay on 
this basis was found  to  average ab o u t 7. A n increased num ber 
o f revo lu tions o f the vane and  a w aiting period  less than  
one-half m inute b o th  con tribu ted  to  decreased strengths 
and  resulted in a lim iting sensitivity  abou t double the quoted  
figure.

Follow ing the site investigation  the test trench area was 
stripped  to  a dep th  o f  ab o u t 5 feet. The trench was excavated  
by tw o draglines, one operating  from  each end o f the trench. 
T he depth  was kep t constan t a long a 50-foot length and  the 
face was m ain tained  a t a b a tte r o f abou t 7-5 degrees from  
th e  vertical. E xcavation  was con tinued  until slides occurred. 
In itia lly  tw o m inor slides occurred  when the excavation  was 
a t a dep th  o f ab o u t 15 feet. The slide m aterial was then  
cleared aw ay and  the trench  deepened. W hen the dep th  
reached was ab o u t 22 feet, tw o m ajo r slides occurred. Tw o 
add itiona l slides occurred before rem oval o f the initial slide 
m aterial was com pleted. E xcavation  was carried  over a 
period  o f five days, the first slide occurring on the th ird  
day.

O bservation  indicated th a t the failure surface of the slides 
consisted o f a  vertical tension crack 5 to  8 feet deep and  a 
c ircu lar sheared surface passing th rough  the toe o f  the slope. 
Fig. 3 shows a p lan  and  sections o f the trench and  also the 
ex ten t o f the individual slides. A  pho tograph  o f the trench 
cxcavation  a t com pletion  is show n as Fig. 4.

T otal stress analyses were carried  ou t for slides 1, 3 and  4. 
F o r purposes o f the analysis a 6-foot tension crack was 
assum ed, w ithout w ater th rust. C onventional slip circle 
analyses were carried  ou t for slides 1, 3 and  4  using the 
m odification  o f the m ethod  o f slices proposed by M a y  (1936). 
The observed failure surfaces were ignored and  num erous 
tria l circles were draw n in a  search for the least factor o f 
safety. W edge analyses were also carried  out. These were 
extrem ely sim ple to  perform  and  tended to  give answ ers 
approx im ating  the circu lar failure surfaces. It m ay  be no ted  
th a t th e  purpose o f the wedge analyses was prim arily  to  
p rov ide a sim ple m eans o f carry ing  ou t effective stress an a ­
lyses in w hich the po re  pressure assum ptions could be easily 
varied. In  the absence o f field pore  pressure m easurem ents 
this phase o f the analysis has p roved  to  be unsatisfac to ry  and 
will p robab ly  rem ain  so unless an adequate  m eans o f estim ating 
pore  pressures from  a stress analysis o f  the m aterial su rro u n ­
ding the  excavation  becom es available.

T he results o f the to ta l stress analyses are show n b o th  
in term s o f  required  shear strength  and  as calculated  factors 
o f safety  in T able 2. I t can  be seen th a t factors o f safety

Table 2
Summary of Stability Analyses 
Résumé des calculs de stabilité

Slide No. Depth o f Slide
Req'd Shear 
Strength for 

F =  1

Compression Tests Vane Tests

Available 
Shear Str.

Factor o f 
Safety

A vailable 
Shear Str.

Factor o f 
Safety

tsf tsf tsf
1 14-5 0-21 0-22 1-0(5) 0-35 1-6(6)
3 21-5 0-30 0-22 0-7(3) 0-37 1-2(3)
4 21-8 0-26 0-22 0-8(5) 0-37 1-4(2)

4 3 3



Fig. 3 Location of slides - Massena test trench.
Emplacement des glissements - Tranchée d ’essai à Masséna.

Fig 4 Test trench after failure.
Tranchée d ’essai après la rupture.

ob tained  by use o f the vane test da ta  were consistently  high,
i.e., on  the unsafe side, vary ing  betw een 1-2 and  1-7. These 
results a re  m oderatelly  sensitive to  varia tions in  the dep th  
o f tension c ra c k ; a 2-foot variation  in th e  tension  crack 
affected the calculated factor o f safety by ab o u t 10 per cent.

Discussion

The vane tests in  careful com parison  w ith com pression 
tests a t shallow  depths gave substan tia lly  the sam e results 
and  there appears no reason  to  d oub t the valid ity  o f the 
vane tests (B j e r r u m , 1954). I t m ay  be no ted  th a t a t the test 
trench, the results o f vane tests above a  depth  o f ab o u t 10 feet 
were in reasonable agreem ent w ith com pression test results 
on  sam ples taken  from  corresponding  depths.

Below a dep th  o f ab o u t 10 feet how ever, the vane and  
com pression test results diverged, the average com pression 
results being consistently  less th an  the vane results. T his is 
typ ical o f experience w ith the vane and  has been frequently  
reported , for exam ple by C a r l s o n  (1948). B j e r r u m  (1954) 
also no ted  the divergence b u t found  th a t w ith very careful 
sam pling and  testing techniques a close relationsh ip  betw een 
the tw o tests could be ob tained  to  depths o f ab o u t 80 feet 
(25 m etres). T he difference betw een the tw o tests is usually  
a ttribu ted  to  the effect o f  sam ple d istu rbance o r stress relief 
on  the com pression test results.

T he results o f com pression tests did n o t correspond  to  cal­
cu lations o f the slope stab ility  b u t their use in  analysis w ould 
be conservative. T he use o f the vane m easurem ents resulted
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in a  serious overestim ate o f stability . T he degree o f erro r 
was n o t consistent for the three slides analyzed even w ith 
allow ances for a reasonable e rro r in the assum ed depth  of 
tension  crack.

It is believed th a t the vane tests are accurate and  th a t 
the discrepancy w ith field behaviour follows the allow ance of 
stress relief o r la teral expansion o f the m aterial in the side 
o f the excavation . F o r discussion o f this po in t reference m ay  
be m ade to  B j e r r u m  (1955). The stress relief m ay  be accom ­
panied  by d issipation o f pore w ater pressures a t the fissures 
and  som e confirm ation  o f this concept is p rovided by D i B i a g i o  

and  B j e r r u m  (1955) w ho have reported  a rap id  change o f 
pore pressures in a fissured clay during  excavation  o f the 
O slo test trench.

Conclusions

In  the analysis o f 3 slips in a test trench involving fissured 
sensitive m arine clay, the use o f vane test values resulted in 
factors o f  safety on the unsafe side involving erro rs as great 
as 70 per cent. I t is argued th a t stress relief has altered  condi­
tions in the em bankm ent.
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