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THE determi~ation. of fundamental parameters of shear strength of satu­
rated cohesive sot! was found to be a very illusive problem because of 

the large number of variables affecting the shear strength of a soil. 

Hvorslev (1937) proposed the equation of shear strength as-

-r11=C.+a'11 tan cfo'e .• . (I) 

Where, Ce is a cohesion component independent of a normal stress 
acting on a plane of failure at failure and the stress history of the soil, but 
is dependent on the water content of the soil at failure and is in inverse 
proportion to it. a'11 tan r{>'. is a friction component dependent on the 
magnitude of effective normal stress on the plane of fail ure at failure (a11') 

and is independent of the stress history and water content of failure. 
Hvorslev parameters were supposed to be of fundamental nature. An 

extensive work was done to determine them for different soi ls (Gibson 
1953, Gilbert 1954, Plant 1955, Parry 1956, Rowe 1957, Scbmertman 
and Osterberg 1960). On the basis of this study Hvorslev ( 1960) had 
finally proposed the expression of shear strength of soil as-

. •. (2) 

Where, -:~ is a friction component, -ra is a surface energy co~ponent 
and c. which comisted of two components C., and Cu (trans1ent and 
intransient components respectively , with reference to time) is a cohesion 
coqtponent. 

Hvorslev (1960) further delineated the limita~ions~fthese parame~ers. 
Angle cfo'. and true cohesion Ce depend _upon (a) ~mentation of clay J?articles 

· · with respect to failure surface and (b) time of failure . . True cohesiOn, c •. 
m ay further depend upoo (c) ions in the pore ·water or adsorbed on tbc 
surface of clay particles and (d) temperature. He bad, however, not given 
any experimental data, except for the effect of anisotropy, to give ~ither 
quantitatively or qualitatively the manner in which these factors affect the 
parameters, true cohesion and the angle of true internal friction . 

l. Present Study 

The intention of the present study was to find at least qualitatively 
the direction in_ which various factors infiuenc~ Hvorslev parameters. The 
effect of foll owtng factors on these parameters was studied : 

*Assistant Research Officer, Soil Mechanics Division No. 1, Maharashtra Enai­
neering Research Institute, Nasik·4. 
T_his paper in the present form was received on 20 JuM /972. It is open for 
<i1scuss1on up to March /973. 
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( I) Structure or soil which depends upon (a) initial moulding water 
c~n-tent; (b) mode of conso{idation and· (c) orientation of failure 
plane with reference to the orientation of clay particles at the 
end of consolidation and at failure. 

{2) Strain history. 
(3) Nature of pore fluid, I .e .. d ifference in salt concentrat io n o f the 

pore fluid. 
3. Time of Failure 

SOtLS USED FOR STUDY 

A typical marine clay and a commercially available kaoline clay 
were taken for the study. The predominant clay_ mine~a l in . Bombay 
marine clay was illite and kaolinite was the cl~y mme~ai m_kaolrne clay. 
The classification properties of tbest: two clay sotls are gtven m Table I. 

TABLE I 

I Bombay salt I Marine clay 
leached 

I Kaoline clay 

-------- - -- - . . ---
Liquid limit % 115 

Plastic limi t % 45 

Plasticity index 70 

%clay ( < ?P.) 48 

Activity {Piiclay %) 1•46 

Salt content (gm/litrc) 26•0 

Specific gravity 2•70 

4. Preparation of Samples with Different Structures 

BOMBAY MARlNE CLAY 

109 47'5 

46'2 32'4 

62•!1 15' 1 

48 54 

1'31 0 ·28 

0·0 nil 

2"69 

Soil specimens with different fabrics (i e., clay particle at rangements} 
were prepa red by formin g samples of different initial moulding water 
contents. One series of soil samples was prepared with in itial water 
content equal to twice the liquidity index value and are called slurry sam· 
pies. Another series of so il samples was prepared with a very high in­
itial moulding water content (liquidity index was more than 14). These 
are called flocculated samples. These so il water mixtures were consoli­
dated one-dimensionally so as to bring the water content to 80 percent. 
lt was fo und that at thi '> water content the clay was strong enough to 
enable a sample 3·81 em in d ia meter and 7·62 em in height to be handled 
satisfactorily. 

KAOLINE CLAY 

Only slurry samples of kaoline clay were used for this study. 

5. Test Procedure 

All tests (except a few which were tested by direct shear apparatus}· 
were conducted in triaxial shear test appara tus. 

.... 
1 



TABLE II 
be,criJ'IIon of the preparation of 1oil1ample1 and mode of their 1/tearing : Bombay Marine Clay. 

Test Initial Preparation of soil sample Type of consolidation Type of shearing 
Series w.c. iao.fKo N.C. /O.C. 

I 

¥0% Remoutded Isotropic N.C. & O.C. Controlled strain rate 

2 166% Slurry samples Ko .. Controlled strain rate 

3 166% Slurry samples Ko •• Controlh:d stress rate 
:r 

3D 166% Slurry samples Controlled stress rate < Ke .. 0 
Drained " til 

I"' 

-~ 
4 166% Slurry samples Ko in N.C.& O.C. Controlled strain rate ..., 

direct Drained > 
::1:1 
> 
J: s 166% Slurry aamptes shear Controlled strain rate to deter- CD .... .. 

mine residual strencth m 
~ 

' "' 
6 1000% Flocculated samples Ko N.C. & O.C. Controlled stress rate: 
7 1000% Flocctltated leached Ko .. Controlled stress rate 

samples 

~.; 

Note :-Test series Nos. 1. 2, 3, 6 and 7 were conducted in triaxial shear apparatus under undrained condition with pore :-
water pressure measurements. ~ 

\0 Test series Nos. 4 and S were conducted in direct shear apparatus under drained condition. ..., 
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Table II gives briefly the method of preparation of samples, type of 
consolidation, i.e., isotropic or Ko, normal or overconsolidation, and the 
type of shearing procedure used. 

CHANGING THE SALT CONCENTRATION IN TRIAXIAL SAMPLES 

~ho~e sample~ in which the salt co ntent . was to be changed after 
consolidauon but pnor to shear were set up with top drainage line, attached 
to the loading cap. After consolidation, water was forced under a small 
head (usually 2 to 3 m). Salt woul? then diffuse out of the. sample. 
These soil samples which were consolidated from SodJUm Chlonde .slurry 
and then had salt diffused out of the pores are calle~ le~ched _ Sa'f!lples. 
Flocculated samples only were subjected to post-consohdatJon leacbmg. 

~ 
--: 
u 
~ 

: 

"' 

,, 
--

&0~----,------.------r------r-----r 
Bomboy Mortne Cloy, 

50 

I 

Remoulded controlled 
stra i n rote 

Te st series I ~-

~C ! ! I 
• 1 

-~j 
.----l---~---'--~LJ ~&2 7. 03 

4 5 ~-· 

•ol 
0 I 40 2· 8 1 4 .21 

6";c , kg/cm 2 

-:-· · 

.. , 
, <II 

'o 
:::::-. 
~ 
I 0 -

10 

-IN 
0 - 1 

0 
0 0· 1 0 -4 

FIGURE 1 : H•orslev parameters : Bombay Marine Clay- Remoulded­
ControUed strain rate test series 1. 
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The diffusion leaching p~ocess was carried on for one to.three months, 
The salt co~tent of. t~e qua_n~tty ,of water coming out of the soil sample 
was determmed at d~ffereiit ttm~ mtervals and w~en it was found to have 
decreased to the ~es1red val~e (l.e., 1·5 to 2 gmfhtre), the leaching process 
was stoppe~. _Pnor to testmg, the flow was stopped for one week to 
allow equalization of the salt concentr::ttion ~s well as that of the pore 

· pressure t~roughout the sample .. After shearmg the average salt content 
of_ t~e SOil sample ~as determmed. This concentration was generally · 
w1thm 0·2 to 0·5 gm/htre mor~ or Jess than that of the drained out fluid. 
The salt content of the flu1d was determined by flame photometer 
( Gallenkam p). 

Shear Test Procedure 

(a) Shear Test by St'ep-by-Step Increase of Equal Amount of Vertical 
Stress at Constant Time Interval.* After the soil specimen was consolidat· 
ed, the drainage valve was closed and the pore water pressure measuring 
system was brought into operation. The N.G .I. null system (Wykeham 
Farrance make) was used to measure pore pressure during shear. A pore 
pressure response exceeding · 98 percent in 5 minutes was considered 
satisfactory. As almost every sample was backpressured there was no diffi­
culty in obtaining good respon~e in a very short time. . ' 

A vertical stress lj6th to 1/8th of the failure stress was added on the 
hanger. The vertical deformation of the sample under this stress was 
observed at different time intervals (6 sec, 30 sec ; 1, 2, 4, 8, 15, 30, 60 
minutes, then 2, 4, 8 hours and afterwards every 24 hours interval) Pore 
water pres~ure was. simultaneo-usly measured. With the, vertical deforma­
tion the cross-sectional area···of the soil sample increases and the stress 
level no longer remains constant. In order tc;> avoid this, lead shots were 
added as' required ; :. The increase in the cross-sectional a~:_ea of the sample 
was computed assuming that volume remains constant (in case of undrair­
ed test) and that the increas~ jn cross-sectional area is same throughout 
the length of the soil cylinder. As the strain at failure was very small, of 
the order of 4 to 6 _perceAt, no great error was committed by these assump­
tions. The next load was :ildde.d. w.hen .:either the vertical deformation has 
stopped or the specific time _interval ~generally 6 to 8 days) between succes­
sive stress applications was ··ove'r ; 'w'htcbever was smaller. 

(bi.~ Controlled Strain Rate Te~is. Soil samples which were t~st~d by 
controll~a strain rate m.ethqd uswg Wykeha%Farrance load frame have­
strain rat~s. ,a~ : pptained frc;>rp; ~kt c~lculations given in· ~ishop and Henkel 
(1962). · Thest;md~rd .. rate apphe,d for normally consolidated as well as for · 
overconsolidated samples was.0 •0020 em per minute.*• · 

'· Test Results 

Different values of C~ and ¢(. as obtained by various · test methods 
and by different graphical procedures are compiled in Tables III and IV. 
Hvorslev parameters were determined by the method given by Noorany 
a~d ~eed (1965} for soil se mples consolidated under Ko·condition in 
trtaxtal apparatus. 

*This test, here-to-after is termed as "controlled stress rate test" • 

.. The rate !If strain for normally consolidated and overconsolidated ·'kaoline clay 
samples was 0•0040 cmfmin. 
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·TABLE Ill " ' 1 .. : · ; 

Hvortlev Parameters as obtained by different test methods. 

BOMBAY MARINE CLAY 
- _ .. --~~-----.. - -----

ce 
S .No. Test Type of soil Type of tesl 

Series gm/sq em 

1. Remoulded au. controlled 977•3 10·-06' 
strain rate 

2. 2 Slurry CAU, controlled 597•6 16°-54' 
strain rate 

3. 3 Slurry CAU, controlled 703'1 ];
0-12' 

stress rate 

3D Slurry CAD, controlled 632"8 1s·- o' 
stress rate 

s. 6 Flocculated CAU, controlled 527"3 14°- 0' 
stress rate 

6 3&6 Slurry and CALl, controlled 815"6 7°-30' 

Flocculated stress rate 

7. 1&2 Remoulded and CIU & CAU con- 745"3 13°-36' 

Slurry tro lied strain rate 

8. 1&6 Remou!ded and CIU & CAU con· 745"3 s·-3o' 

Flocculated trolled strainrate 
and controlled stress 
rate respectively 

9. 1 A 3 Remoulded and CIU & CAU con· 511•1 ·15°-40' 

Slurry trolled strain rate 
and controlled stress 
rate respectively 

7. Discussion 
INFLUENCE OF STRUCTURE (AS DEVELOPED BECAUSE OF DIFFERENT 

INITIAL MOULDING WATER CONTENTS AND DIFFERENT MODES 
OF CONSOLIDATION) ON HVORSLEV PARAMETERS 

{i) Bombay Marine Clay ,. · 

Test series I and 2 (Figures I· and 2) : Soil samples of test. series 1 
were remoulded . * Their initial moulding water content was 80 percent. 
They were isotropically consolidated and sheared by controlled strain rate 
method. Soil samples of series 2 were slurry samples. Initial moulding 
water content was l66 percent. They were consolidated under Ko-condi­
tion and sheared by controlled stra in rate method. The cohesion 

• Remoulded soil samples were prepared by packing a clay soil with a thumb 
pressure into a polished brass tube 3'81 em diameter and 8·2 em long against 
an acrylic disc supported by a wooden doll y, (Henkel, 1958). 
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c~.mp~n~nt, at water ~ontent ?f 52 · ~ P.~.r~e~!t, of t_h~)sotr:opically , consol!· 
dated sml was· found to be htgher (97 1'3 gmfsq em) than that K

0
-consoh­

<lated soil (597·6 gm/sq em). The magnitude of the true angle of 
internal friction was higher (16° - 54') for K0 -consolidated soil in compari­
:sion to that of isotropically consolidated soil . ( 10°). It, therefore, appears 
that the difference in the initial moulding water content and in the mode 
o f consolidation have a marked influence on the magnitude of Hvorslev 
parameters. 

{ii) Test Series 3 and 6 (Figures 3 and 4) 

Soil samples of these series were consolidated anisotropically (K o· 
condition) in triaxial cell and were sheared · by controlled stress rate 
method. The initial moulding water content of soil samples of series 3 
was 166 percent and that for series 6 was more than 1000 percent. The 
magnitude of true cohes ion decreased from 703·1 to 527 ·3 gm/sq em 
because of the increase in the initial moulding water content. And there 
was no perceptible change in the magnitude of the true angle of internal 

B om boy Mo rtn~ Cloy, 
slu rry 

&o------~------r, ~---.-------r------, 

I 
Co tltrolled strain role 

55 

, te'Sls r-- Tes! series 2 
~~-. ,--~----+-----~ 

z-1 cs;- o-. l 

- l t\1 0 
oL-·-----,.~40----~2~· 8~,-----~~2-,-----5~&-2---7-0~J 

• , , 2 
zl <r,+e; l ,kg /c m 

FIGURE 2: HYorslev parameters: Bombay Marine Clay- Slurry­
Controlled strain rate test series 2. 

·----------------=----- -· ~ 
---tTh~ magnitUdes of true cohesion given here-to-after are at water content of 

52.5 percen~. 
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f~iction ( ~· •:=: 14•). Th~ difference in structurf! . as d~velopc;d .b]~~se of 
dtfferent JDitlal mo_uldtng ~~ter content, ,therefore .• aff~cts vorslev 
parameters. The . dt~erence 10 values of c. and tf>', of soil s,am es· from 
these two t~st senes 1s, however, no~ much. The probabl~ , f e!lSO.Q .may 
be th~ t soil samples fro m both senes were K0 -consolidated a11d time 
of fa1\ure was qu1te la r ge (more than 20 days) . Clay particles, therefore, 
m.3Y have become para_llel to e~ch o the r and got o r ienred parallel to the 
farlure surface. Tbe difference 1n struct ur.: at failure, therefore, may not 
be much . 

TABLE IV 

Hvorslev Parameters obtained by different test methods. 

KAOLINE CLAY 

St. No. Test 
Series 

I. lA 

2 

3. 2 

4. 2 D 

5. l &. 2 

Type of ~oil 

Remoulded 

Slurry 

Slurry 

Siurr) 

Remoulded and 
Slurry 

Type of test 

CIU. controlled 
strain rate 

CAU, contro lled 
stra in rate 

CAU, controlled 
stress rate 

CAD, controlled 
stress rate 

CJU, controlled 
stra in rate and 
Cl\ U, controlled 
stre>s rate 

Note :-SI. No. S- Bjerrum's method C. 

(iii) Test Series 3, 3D and 6 

c • 
gm/sq em 

o·o 25°-36' 

o·o 25"-0' 

70•3! 21"-42' 

105•5 24"-12' 

224•9 - 18"-42' 

It is expected that orientation of clay particles would be more 
parallel to the pla ne of fa.ilure at fa.il~re if s<?il samples were .tested under 
drained instead of undramed cond1t10n. Soli samples of senes 3D were 
slurry samples, anistropically consolidated a nd sheared by controlled 
stress rate method under drained condition. Values of c. and 'f>', obtained 
from results of this tes~ series are 632·8 gmjsq em and !5° respectively. 
The corresponding values for soil samples of test series 3 are 703· 1 gmjsq 
em and 14° respectively. The difference in the magnitude of Hvorslev 
parameters for all t:1ese three test series is not much, probably because' of 
the reason given above. 

(iv) Test Series 3 and 6 (Figure 5) 
Hvorslev parameters were determined by using test results of 

normally consolida ted soil samples from series 3 and 6 by method C 
proposed by Bjerrum (1954 h)*. The magnitude of c. and c/J'.~obtained 

• Drained or undrained shear tests with normally consolidated clay samples 
having different initial moulding water content. 
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were 815·6 gm/sq em and '7°-30' respectively. The magnit1.1de of C, 
is somewhat higher and that of 4>' e much smaller then those obtained from 
test results of series 3 and 6 by method B. 

\.) 

Somboy Marine Ctoy,_ slurry 

COJ"'trolled stress rote tests 

Test series 3 . 

~ ~ 0 ~-----'l.\- --___:~.-----1....---+----i 

e 2 · etr-----~-----.----~------~----~ 
0 ..... 
01 

"" -~ 
'() .. I • 4.0 1-----1-- - --t:=--=-j:----'--t----j 
I 

FIGURE 3 : HyoraleY parameters : Bombay Marine Clay-Siurry­
Cootrolled stress rate test seriet 3. 

(v) Test Series I and 2, i.e., Remoulded and Slurry Samp/eJ both tested by 
Controlled Strain Rate Method <Figure 6) 

Values of c. and ¢'. as obtained by method C were 745·3 gmfsq em 
"and 13°-36' respectively. Soil samples of these two test series were not 
only of different initial moulding water contents but the method of 
consolidation was also different (isotropic for soil samples of series 1 
and anisotropic for soil samples of series 2). 
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(vi) Test Series I and 3, (i.e. , Remoutded .~and_ S(wry Samp/es .. tested · by 
controlled Strain Rate and Controlled Stress Rate Methods Respectively) 
(Figuri! 5) 

Soil samples of these two test series V~~ere of different initial 
mou\d\ng water content, were consolidated isotropically and anisotropi· 
cally res pectively and the time of failure w as a\so different (\0 to \'2 
hours in the former case and some days in la tte r case). Test results of 
normally consolidated soil samples of these two series were used to deter· 
mine Hvorslev parameters (i e., Method C). The magnitude of Ce and 

... 
E 
(J 

8om b oy M or1ne Cloy 
ro I 

-- _j_ ·-- ·-
Fioccu IQted 

Test ser ies 6 

~~:-~ ~~~;~-- --F- -- __ _ 
-~---- +--·· 

i 
2 8 1 4 21 5- 6 2 703 

I (<r,- 531 on d t t..-;'+e;\~<grcm 2 

210~----~----~------,-----~----~ 

..... 1· 4 0 -. 
0' 
i 

~--
1 
li 0 ·70 1----=....1--~--~ 

- IN Flo cculateo 1. ~ 

Leac hed ti · O 

0 ~-----L----~------~-----~----__J 
o 0 -1'0 1. qo 2 ·10 3 '51 

I ' ' a(~ .,.cs; l , kgtcrn2 

FIGURE 4 ; . Hvorslev parameters : Bombay Marine Clay­
Flocculated test series 6 . 

.P'e was 5,13·2 g~fsq em and 15°-40' respectively. The magnitudes of 
C. and cfo e for s01l samples of test series 1_ anu 3 were 977 ·3 gmfsq em 
and 703·1 gmfsq em and 10° and 14° res pectively (See Table Ill). 
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·(l'i/) Test Series I an-I 6 (Remoulded and Flocculated Samples) (Figure 5) 

Hvorslev parameters were obtained by method C. These soil samples 
have ~ifferent in.itial moulding water content (80 percent and more than 
1000 percent), dtfferent methods of sample preparation, different modes 
of consolidation (isotropic and anisotropic) and different periods of failure 
Values of c. and 4>'• obtained were 745·3 gmfsq em and 8°·37'. · 

.. 
1.) 

3 ~o~------~~~---+-~~~~~;-1-~ 

40 0L_,-0·----,:-1. 4:::0--::2-!;_,0i;--;2~·e7o -;:'3.,:;-,-:; .. ~:z>• .-; • .9i;2~s6:c;zH7, OJ 

! (cl',- .r-3 ) ond 1 ,.,-; -tcl'"!l, kgtcma 

0 
0 Z · IO 2. 8 1 

I , ~ :t 

2 l<li + <!J l, kg;cm 

1.21 · ~:- •o' 
f0 ·6 ··-37

1

:"'1· 

FIGURE 5 : H.onleT paraaeten (Medlod C)-Bomba;y Marfae Cla;y. 

Hvorslev parameters as obtained by above test procedu~es and 
different graphical methods are compiled in Table IV. The magmtude of 
Hvorslev parameters in all nine cases would have been id~ntical, if these 
parameters were not influenced by different structures of sotl samples as 
developed because of different modes of consolidation andfor different 
initial moulding water contents. 

Kaoline Clay 

Hvorslev parameters as obtained by usual method C ~or s)urry 
samples of kaoline clay are illustrated in Figure 7 and given in Table IV. 
These test results support the observations made for Bombay .marine clay. 
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INFLUENCE OF ORIENTATIO~ OF CLAY PARTICLES AT POST-CON· 
SOLlDATION STAGE AND FAILURE WITH REFERENCE TO THAT OF 

PLANE OF FAILURE ON HVORSLEV PARAMETERS 

Bombay Marine Clay 

Test Series 4 and 2 (Figure 8) : Soil samples of test series 4 are slurry 
samples, were consolidated under Ko·condition in a direct shear box and 
sheared by controlled strain rate. method . The normal stress ap~Jied. is 
different in magnitude than honzontal stres~ at the end of con sohdatt~n 
stage. Clay particles were, tbe!efo~e, or~ented parallel to . the maJor 
principal plane (Martin, 1966) whtch ts horrzo_ntal_. Clay parttcles were, 
therefore more or tess oriented at post-consohdatwn stage parallel to the 
plane of failure which is also horizontal. 

Somboy Morine Cloy 
~o ~------~~~~~~-r~r--r-r-r;r, 

40L----------L~--~~~~~~~~~ o.?o o.•o 2 ·10 2.11 3.51 421 • . ez 7·03 
I I . d. l. ( , ,, k I ' t y r, --.1 on "2 CSj.,. 6"~•, 9 em 

1 , •o:r-----.-----.-~~--~~~--~ 
u 

' C7' 
~ 

' OOL-----~----~~--~----~--__J 
0 ·70 1.40 2·10 2·1• 3' 

~~..-.~l, kg t cm 2 

FIGURE 6 : Hvorsln parameters (Method C)-Bombay Marine Clar. 

. . Soil samples of te?t series 2 are slurry samples, K0· consolidated in a 
trt~Xlal cell. Cl~y parttc~es are, therefore, oriented parallel to the . major 
prmctpal plane, 1.e. , honzontal plane. These specimens were sheared by 
controlled strain rate method. The direction of plane of failure was 
different than horizontal. In this case, orientation of clay particles at 

.. ·.·· 
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post-consolidation stage and that of failure pl'ane was different. The test 
duration was small (few hours). 

The magnitude of C, and ~.' for soil samples tested in direct shear 
box is 703·1 gm/sq em and 13°·30' respectively. The corresponding 
figure for soil samples of test series 2 are 597·6 gmfsq em and 16°·54' 
respectively. It, therefore, appears that the difference in the orientation o 
clay particles at post·consolidation stage from that of failure plane· also 
influences H vorslev parameters, provided sufficient time is not given for 
clay particles to orient parallel to the plane of failure during shear stage. 

~ 34 

u 
~ 

28 
0 I 40 2·81 4 . l l 5-02 7.03 

' 1 I I 2 i us; - 6"5 l on d 1 1 'i .,. '3 1, kg /em 

Teat aer es lA &r z 
Remoulcled and 
si\Jrry 
Method 'C' 

7.03 

6 z.a 1 ,.-__;.::._.,..:.---,----_..,.,......,.~--r:--1 

~ 0 
" ¥. 

FIGURE 7 : HYorsleY para .. ters-Kaoline Clay. 

Kaoline Clay 

Test Series 2 and 4 (Figure 9) : Slurry samples of kaoline clay were 
tested in a: direct shear box. The magnitude of Ce and tj>,' obtained were 
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•o! 
"#< 

,.,. 

v 
~ 
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., 
0 

d',. , kg tcm2 

~ 8 1 

ftGURE I : 

o I . 

N.C. o 2-4· 12 

o. c. 3 ·0 zl •o·o ' 

o ~:_ __ -1----~~-----7~----~ •. ~.~2----~7~~~ 0 1·40 Z•81 -'-21 .JV 

~.kgtcm2 

HYorsJey parameters : Direct shear tests- Bombay MariM 
Clay-(Siurry). 

2•11 ..-- ---...------..,.------.---- --r----... ......, 

'e 
~ 
~ •.• o~----+---~11"":::_~----1 .. 

PIGURE 9 : Hyorslev parameters : Direct sbear tests- Kaoliae Clay (Siarry). 
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28 t ·2 gm/sq em and 17° respectively. The values of c. and ; : for 
.slurry samples, consolidated anisotropically and tested by controlled strain 
rate method in triaxial shear apparatus· were _70·3 gm/sq em ~ and 21 °-42' 
respectively . . These .result s support the above observation for Bombay 
marine clay. 
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__..-: ~l - z -I 

I 
2 ·81 3 · ~1 

. 
¢~ 

~----~----~2~---,J~--~4;-----,,o 
Slurry sa mple 

FIGURE 10 : Hvorslev parameters : Variatioa with strain-Bombay Mariat 
Clay (Slurry). 

EFFECT OF STRAIN HISTORY ON HVORSLEV PARAMETERS 

.Bombay M arine Clay 

(i) Test Series 2 and 3 : Soil sample.s of these test series are slur.ry 
samples and consolida ted under K.-conditlon. So1l sa mples of test senes 
2 were tested by controlled stra in rate method and of series 3 were 
tested by contro lled stress ra te method. Variat ion of H vorslev para meters 
with stra in a~ obtai ned from test re.;u lts of these two series is given in 
Figures 10 & I I. 

For soil samples tested by controlled stress rate method, the magni­
tude of true cohesion was found to be decreasing with increase in strain 
from the fi rst mobilization of shear st1 esses to a strain percent of 2. It 
remained constant at a value of 168·7 g mfsq em with further increase in 
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Bombay Morine Cloy, slur r y 
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FIGURE 11 : HvorsleY parameter~ :Varlatioo witb straia-Bombe7 
Marine Cla7 (Siwr;,). 
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FIGURE 12: Hyorslev parameters: Variation witb strain- Bomba7 
Marine Clay (Flocculated). 
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strain. For soil samples tested by controlled strain rate method, mobi­
lised cohesion component was initially small and it increased with the 
increase in strain up to 2 percent. It then decreased gradually but re· 
mained as high as 703·1 grn1 sq em although the magnitude of strain waa 
increased to 4 percent. 

Kaoline Cloy, slur.ry 
,. 2· 8 1 .----,--__;,=..,--=--.;__-:..r----"--,r----, 
E 
u -... 
Cll 

.:>! 

~ I· 401-- ---\---

~ 
-IN 0 01;::2::::::::::_~:-----:2;-· s~. ;-, - . --;4l;-2-;-t -2---;5~-6~2,---tT.OOl 

~ (61+ 6 3 1, kg/em 

2 5 

20 

10 

0 
0 

~ 

/ I 
I 
I 

-

z 
Stroon 1%1 

3 4 

FIGURE 13: Hvorslev parameters: Variation with strain-Kaoline Clay (Slurry). 

The magnitude of true angle of internal friction for soil samples 
tested by control led stress rate method increased with the increase in 
strain up to 2 percent and then remained constant with further increase in 
strain. The value of .p: increased continuously with the increase in strain 
up to 4 percent of strain for soil specimens tested by controlled strain rate 
method. 

(ii) Test Series 6 : These are flocculated soil samples, K0-consolidated 
and tested by controlled stress rate method. The variation of true angle 
of internal friction with strain is shown in Figure 12. The cohesion com­
ponent seems to have mobilized at a strain much smaller than 0·5 percent 
as its magnitude is negligible at this strain and for further deformation. 
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On the other hand, the magnitude of the true angle of internal friction 
increased with the increase in strain and it became constant after 3 percent 
strain. 

lt appears that the mobilization of cohesion and friction components 
with strain is different for soils of almost similar post-consolidation stru­
cture (series 2 and 3) but tested by different method, i.e. , controlled stress 
rate and controlled strain rate. Further, the mobilization of cohesion 
component to its full extent and its destruction takes place at .a very 
small shear deformation if the soil is of flocculated structure at post-con­
solidation stage. 

Bombay Marine C lay, slur,-y 
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E 
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~1.40 

b . 

-IN 0 
0 

For I and !1760 c~ = 1•24 k g /cm2 

Min. i ntervols ¢~= ,·.o 
1. 4 0 2·81 <: 21 5· 62. 7-03 

.L \ .r,'+ d,1, l< g /cm2 
2 

FIGURE 14: Hvorslev parameters :Variation with time) -rf-r ~BO%) 
-Bombay Marine Clay (SlurrJ) . max 

Kaoline Clay 

Test Series 2 : Soil samples of these test series were slurry samples, 
Ko-consolidated and tested by controlled stress rate method. The 
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vari.ation of H~orslev parameters with strain is given in Figure 13. Here 
agam the magmtude of true angle ·or internal friction increased with the 
incre<~;se in strain .and became almost constant after 2 percent strain. The 
magnttude of c~ Js very small at all strains and hence its variation with 
strain is not shown in Figure 13. 
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, 

1
13•- 18 ' 

5·82 7.03 

FIGURE 13: HYorsleY parameters: Variatloa with time (-r/-rmax- 95%) 
-Bomba,. Marine a.,.. 

INFLUENCE OF THE NATURE OF PORE FLUID (I.E., 
DIFFERENCE SALT CONCENTRATION OF PORE 

FLUID) ON H VORSLEV PARAMETERS 

Test Series 6 and 7 

Soil specimens of both test series were flocculated samplel>, 
consolidated under Ko-condition and tested by controlled stress rate 
method. The salt concentration of pore fluid of soil specimens of 
series 6 was 26 gmflitre. The salt concentration of pore fluid of 
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soil samples of series 7 was decreased by water leaching, at post-consoli· 
dation stage, from 26 gmflitre to 1·5 to 2 gm/litre. The magnitude of 
Hvorslev parameters of soil samples of test series 6, which have high salt 
concentration, is 527·3 gm/sq em and 14°; corresponding values for soil 
samples of test series 7. which have very low salt concentration, were 
421·8 gm/sq em and 12°·42' respectively (Figure 4). These obser.vations 
indicate that the magnitude of Hvorslev parameters decreased wtth the 
decrease in salt concentration. 

Kaoline Cloy 

3& Time intervollminll 
I I - 3 4 

~ 

v 3 2 

~ 30 
0 1.40 2·81 

yl6'j -~,lond~ 
7.03 

-~ 3 4 

o lzl--+--;s..~-+--f:::.....*-r-r---!o=--t---r-"'"""1 
3: 

7.01 

FIGURE 16 : H•orslev parameters: Variation witb time('t'j-r.,..,,.= 85%)­
Kaoline Clay. 

Bjerrum and Rosenqvist ( 1.956) attributed the reduction of shear 
strength of leached clays to the development of high pore pressure at 
failure and explained it on the basis that leached clays show an unstable 
structure which on application of shear stresses causes 'partial collapse' 
of the structure, resulting in high pore water pressure. 
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. A comparsion of test results of leached and salt samples of Bombay 
marme clay show that the angle of shearing resistance (tfo/) of leached 

.clays is smaller (18°) than that of salt clays (24°). The magnitude of .41 
of leached sample was same or somewhat less than that of salt clays. It 
was further found that the sensitivity of soil, which indicates unstable 
structure, was ~ot increase~ because of leaching. The value of sensitivity 
was al~os! untt~ ~fter leachmg of the sample. It may also be noted that 
reductiOn 1D actiVIty o~ clay because of leaching was very small (1·46 to 
1·31) for Bombay marme clay unlike that of Norwegian clays (0·6 to 0·2). 
It, therefore, appears that the decrease in shear strength of Bombay marine 
clay because of leaching was due to the decrease in the cohesion and the 
friction components rather than because of the development of unstable 
structure due to leaching. 

INFLUENCE OF TIME OF FAILURE ON HVORSLEV 
PARAMETERS 

Bombay Marine Clay 

(i) Test Series 3 : These are slurry samples; K0-consolidated and 
tested by controlled stress rate method. The variation in Hvorslev 
parameters for different time intervals from l minute to 4 ~ays, for . which 
a sustained constant stress of a particular stress level (tn companson to 
the failure stress level) was acting, could be found by this method. Figure 
14 gives, for a stress level of 80 percent (i .e .• -;;f-rmax = 80 percent), the 
variation in Hvorslev parameters for the. time intervals of 1 minute and 5760 
minutes ti.e, 4 days). It was found that the change in Hvorsl~v _param_et~,;.s 
tor this time interval when stre~ levet ·is 80 percent was neghgtble. F1gure 
15 gives vari~tion in Hvorslev pa rameters for the same time interval~ but 
at a stress level of 95 percent, i.e., when the stress level approaches fatlure 
stress. Here the magnitude of true cohesion decreased and that of the 
true angle of internal friction increased with the increase in time. Compiled 
information on variation of Hvorslev parameters because of these stress. 
and time conditions is given in Table V. These observations indicated that 
the change in the shear resistance of soil with time, as represented by· 
Hvorslev parameters, takes place when the applied stress level app1o~ches 
failure stress level and that the magnitude of c. was not zero but 1t ~as 
a finite value at failure condition although the constant stress was actms 
for a long time. 

(ii) Test Series 6 (Table VI) : These were flocculated samples, Ko· 
consolidated and tested by controlled stress rate method. Here again it 
was found that the variation in Hvorslev parameters with increase in time 
interval for which a sustained constant stress is acting, is negligible for 
stress.level of 80 percent. On the other hand , at stress level of 9.5 percent, 
magmtude of the true cohesion decreased and that of </>.' increased with 
the incre~se in time from I minute to 1.440 minutes. It may be noted that· 
the magmtude of true cohesion at l minute interval is very small and is 
zero at I ,440 minutes interval for these flocculated samples unlike for slurry 
samples . . These observations regarding the different mode of decrease in 
the magmtude of true cohesion, depending upon the post-consolidation 
structure of the soil are similar to those found by Wu et al (1962). 
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TABLE V 

Influence of Time Interval on Hvors/ev PtJrameterll-
Bombay Marine Clay-Slurry samples. 

Ce (p.s.i.) 

Stress level 80% 90% 95% 80% 

Time interval : 

I minute 17•7 15'2 1°·0' 

IS minutes 17'7 17'5 15•2 1°· 12' 

1,440 minutes 17•7 17•5 14'5 1°· 12' 

2,880 minutes 17•7 17•5 13'5 1°-18 ' 

5,760 minutes 17•0 11•8 z•-06' 

1 p. s. i.=70'31 gmfsq em. 

TABLE VI 

Bombay Marine Clay-Flocculated Samples. 

80% 

95% 

Time interval 

1 minute 

1,440 minutes 

l mJOute 

1,440 minutes 

I p. s. i. = 70·3J gmfsq em. 

TABLE VII 

Kaoline Clay 

Time interval 

1 minute 

85% 1,440 minutes 

5,760 minutes 

ce 
p.s.i. 

2.0 

1.0 

9•0 

8·o 

6•0 

90% 95% 

10.0' Jo·O' 

3°·18' 8°-24' 

3°·24' 9°-06' 

3°·24' 10•-o• 

13°-18' ~ 

·---

.. 

- ·----

6°-54' 

s•-06' 

11"-32' 
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Kaoline·Clay 

Test Series 2 (Table VII) : Variation in Hvorslev parameters with 
time, from 1 minute to 4 days, for a stress level of 85 percent (t/ t = 
85 

. max 
. percent) 1~ ill~strated in .Figure 16. The magnitude of true angle of 
~nte~na l fnctwn tncreased hke that of Bombay marine clay, with increase 
m ttme. The ,value of true cohesion also decreased with the increase in 
time. 

8. Tbe Direction of Influence of Different Factors on Hvorslev Parameters 

The information about the direction of the change in the magnitude 
of Hvorslev parameters because of different factors, as discussed above, is 
compiled in Ta ble VIII. 

9. Summary 

Above test results show conclusively that H vorslev parameters are­
influenced by the structure of soil, orientation of clay particles at failure 
with reference to plane of failure, strain history, time of failure and the 
salt concentration of the pore fluid. 

TABLE VIII 

Influence of various Factors on Hvorslev Parameters. 

Factors affecting Hvorslev 
Parameters 

1. Mode of consolida­
tion 

2. Initial moulding of 
water content 

3. Mutual orientation 
of fai lure plane and 
rhat of clay particles 

4. Nature of pore fluid 

S. Time of fa ilure 

10. Acknowledgement 

Decreases if consolidated 
anisotropically 

rp,' 

Increases if consolidated 
anisotropically 

Increases with increase in Not influenced 
initial moulding . water 
content 

Decreases if plane of 
failure and clay particles 
are oriented parallel to 
each other as in direct 
shear test 

Decreases with decrease 
in salt concentration 

Decreases if plane or 
failure and clay parti­
cles arc oriented para­
llel to each other as 
in direct shear test 

Decreases with do­
crease in salt concen­
tration 

Decreases with increase Increased for Bombay 
in time of failure marine cia~ and for 

kaoline cl ay 
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