
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


D-10 125

To ensure an unaltered ■water content during the simple compression te s ts ,  i t  is  advisable to sur­
round the specimen with a thin  rubber skin . Specimens without any skin are l ik e ly  to lose or gain 
water during the t e s t ,  depending on the temperature and the r e la t iv e  humidity of the a ir  whioh surrounds 
the specimen. F ig . 3 shows the re la tio n  between the temperature T, the r e la tiv e  vapor pressure, and 
the increase of weight fo r  a specimen of the Parisian  c lay  in  a s t i f f  p la s tic  6 tate, and F ig . I4 shows 
the same re la tio n  fo r  the same c la y  with the water content close  to  the shrinkage lim it .

In dense sands and clays the app lication  of the shearing foroe a t a constant v e r t ic a l  pressure 
produoes an inorease of the voids ra tio  and in  loose sands and s o ft  clays the app lication  of shearing 
foroe is  assooiated with a decrease of the void r a t io . This fa c t  is  i llu s tr a te d  by F ig . 2 and 5» The 
lim it between dense and loose sta te  is  te n ta tiv e ly  placed a t a void ra tio  of £.=0.8, corresponding to  a 
volume of voids of I|l+»5 P®r cent.

I f  a, load is  applied on a lim ited area of the horizontal surface of a s o i l  deposit, the zone of 
maximum shear is  located beneath the rim of the loaded area, as shown in F ig . 6. I f  the inorease of 
the shearing stresses produoed by an increase of the load is  associated with an important decrease of 
the void r a t io , the settlem ents along the rim of the loaded area are l ik e ly  to be greater than those of 
the cen tral part of th is  area (F ig . 6 b is ) .

No. D -ll A RING SHEARING APPARATUS FOR THE DETERMINATION OF THE SHEARING RESISTANCE
AND PLASTIC FLOW OF SOILS 

M. Juul Hvorslev, Assoc. Mem. Am. Soc. C. E. Erdbaulaboratorium, Technische Hochschule, Wien
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C IRCU LAR R IN&  IN TORSION

Fl& 1.

The paper contains the re su lts  of a successful attempt to inves­
t ig a te  the shearing resistan ce of two very d iffe re n t clays a fte r  
fa ilu r e . The te s ts  were made by means of a "ring shearing apparatus" 
on specimens with the shape of annular rin gs. The clays were tested 
in  a remoulded s ta te . The paper a lso  contains a detailed  description 
of the apparatus and theory of the d istrib u tio n  of the shearing stre s­
ses over the plane of shear fo r  d iffe re n t stages of the t e s t .

Method of te s tin g . F ig . 1 shows a v e r t ic a l  section  through the speci­
men. In th is  fig u re  the follow ing symbols were used:

X, X t ~Cz = -shearing stresses acting at the points where shown,

®1* ®2 = innor outer radius of the speoimen,
p = v e r t io a l and horizontal pressure acting in  the speoi- 

s men
k = thiokness of the sample, and
& = angular displacement between the upper and the lower 

surface of the specimen in radians.
The subsequent fig u res and the tex t contain in  addition the f o l ­

lowing notations:

n — — ra tio  between inner and outer radius,
Rg

e

r a =

Ts =

s

M

0 fa r = average unit shearing stra in ,

average shearing s tre s s ,

time between beginning of the shearing te s t  to  the instant of fa i lu r e , at constant in­
orease of shearing foroe,

Weight on the scales required to  subject the speoimen to  a tw isting moment M, 
tw istin g  moment acting on the speoimen,

F, ( 0 )  = M + |  H and

f  ( Ö ) -  F  ̂ ( 6 ) + r? F  ̂ (n 8 ) + rfc F  ̂ (n  ̂6 ) + ........= two funotiona

obtained by theory.
The theory of the d istrib u tio n  of the shearing stresses iB based on the follow ing assumptions: 

a . the pressures p and pg are uniformly d istributed  and remain oonstant throughout the t e s t .  b. A ll 
horizontal sections remain plane throughout the t e s t .  0. The un it angular stra in  increases in simple 
proportion to  the distanoe from the center of ro tatio n , d. The fr ic t io n  between the side w alls and the 
speoimen oan be neglected.

F ig . 2 shows the d iffe re n t types of relation s whioh were found to e x is t  between the shearing stress
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S T R E S S  -ST R fM N  CURVES FOR. PURE SH EA R  .

FlGi.2.

and the unit s tra in  y  . F ig . 3 is  aji assem­
b ly  drawing of the apparatus and F ig . I4R and b 
are photographio views of the container. The 
in tern al diameter of the specimen ia  about 
equal to  6 and the external diameter equal to  
12 om. The thickness h of the speoimen is 
normally about 2 om. The apparatus is  construc­
ted so that the te s ts  oan be made in  three d if ­
feren t ways:

1 . The c ircu la r  side w alls remain sta ­
tionary throughout the te s t  ("fix ed  r in g s” )

2. Both rings are fre e  to rotate  during 
the te s ts  ("fre e  rings")

3» Both rings are attached to  the piston 
which re sts  on the top surface of the specimen 
in  suoh a manner th at they fo llo w  the rotary  
movement of the p iston , but not i t s  v e r t ic a l  
movements ("restrained  r in g s").

F ig . 5 and 6 i l lu s tr a t e  the influenoe of 
the method of te s tin g  on the deformation of the 
specimen.

Review of some Test R esults. One series of
te s ts  was made with an Austrian s i l t y  c la y , 
"Wiener Tegel", and with a Danish p la s tic  d a y ,  

" L it t le  Belt Clay". The physical ch a ra cteristics  of these clays as w ell as resu lts  of te s ts  with the 
Krey shearing apparatus combined with Terzaghi shearing boxes are described in  another paper.

The follow ing summary of te s ts  made with the ring shearing apparatus concerns only te s ts  made with 
testin g  arrangement 1 . By a l l  these te s ts  the load increment was approximately two per cent of the maxi­
mum shearing load, while the time in tervals  between load applications were varied from 5 minutes at the 
s ta r t  to 30 or 60 minutes at the end of the t e s t .  The to ta l  duration of the te s ts  varied between 10 and 
ill hours equivalent to Tg = 17 to 22 hours by a constant rate  of load app lication .

In F ig . 7 is  shown an example of the te s ts  with Wiener Tegel. On aooount of the rapid in tern al 
readjustments a fte r  fa ilu r e  and the thixotropio properties of the s o i l ,  the moment or S curve a fte r  
fa ilu r e  can only be determined approximately and best by oomparing the re su lts  of several te s ts  brought 
to  a stop at various values of B . From the f (0  ) ourve the Xz curve has been computed and drawn to 
the same soale as the ta ourve. The maximum values of ~tz and Ta are nearly the same, although not 
ooourring fo r  the same value 6 , but the minimum value of these stresses d if fe r  considerably. A fter 
fa ilu r e  the shearing resistan ce decreases rap id ly  to  72$ of i t s  maximum valu e, th ereafter slow ly to  in - 
orease to 837»« I f  the movement is  now brought to  a stop by a fu rth er decrease of the shearing load and 
the te s t  repeated a fte r  a re st  period, a regain in  the shearing resistanoe is  observed, th is  recovery 
increases with the length of the re s t  period and surpasses quickly the o rig in a l maximum -  a fte r  f iv e  days 
110% is  reaohed -  but the minimum value of the shearing resistanoe a fte r  each fa ilu r e  remains oon6tant 
a t 83$.

In F ig . 8 a sim ilar example of te s ts  with L it t le  B elt Clay is  shown. In th is  oase the decrease of 
the shearing resistan ce takes place much more slow ly, but is  astonishingly  large; the minimum 1+0$ is  
f i r s t  reached fo r  0 = ± 1 . 5, corresponding to a lin ear displacement of 9 «  along the outer surface 
of the te s t  speoimen. The reoovery of the shearing resistanoe is  a lso  very slow; a fte r  a four day re st 
period the shearing resistanoe is  s t i l l  only 50% of the maximum valu e. For th is  c la y  the maximum and 
minimum values of T z and TQ are nearly id e n tic a l.

S tre ss-stra in  ourves fo r  a large number of te s ts ,  a lso  with the Krey-Terzaghi apparatus, are shown 
in  F ig . 9 . I t  is  here to  be noted that the ohange in  rate  of load ap p licatio n , mentioned above, also 
influences the curves.

In vestigation  of the slow p la stio  flow  before fa ilu r e  requires te s ts  extended over several months. 
Suoh te s ts  have not yet been completed, but shorter prelim inary te s ts  with both clays indicate th a t, 
even a t 25$ of the mximum shearing load and f iv e  days a fte r  the load ap p licatio n , the movements are 
s t i l l  progressing, although a t a s te a d ily  decreasing ra te . I t  was fu rth er noted that in  several oases 
the maximum v e lo c ity  of displacement f i r s t  occurs some time a fte r  the load app lication  and that fa ilu r e  
may occur up to  20 hours a fte r  plaoing the la s t  load increment. The ultim ate shearing resistan ce a fte r  
fa ilu r e  ( in  F ig . 2) depends to  some extent not only on the momentary v e lo c ity  of displacement, but 
a lso , due to  thixotropio properties of o lays, on the preceding maximum'velocity and the time that has 
passed since th is  v e lo o ity  was reaohed.

A summary of the te s t  re su lts  and a comparison with resu lts  of corresponding shearing te s ts  with 
the Krey-Terzaghi apparatus is  given in  the next ta b le . Overoonsolidation, in  th is  instanoe, re fe rs  to 
samples whioh have been preconsolidated at 5 kg/om2, then unloaded to 1 kg/om2 and allowed to sw ell be­
fore being tested  at th is  pressure. The shearing resistan ce is  here denoted by a , and i t s  maximum value 
during the f i r s t  te s t  with the ring shearing apparatus is  used as basis of comparison (smajc=: max 2̂ = 
100$).
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Ring Shearing Apparatus 
Dismanteled 

Fig* U&

Ring Shearing Apparatus 
Free Rings

Fig. 4b

Internal Displacements 
Fixed Rings 

p=2p T=898 H=2,1 e=5,0 e ‘ = 9,0 

Fig. 5

Internal Displacements 
Free Rings 

p=20 T=635 H=2,1 e=^0 e' = 9,2 
Fig. ó
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DISPLACEMENT OF. THE TER2A6HI SHERRIN&'BO^-t-irmi 

6 7 H I J ________3. 3 4 5 6 7 8 9 10

WIENER TE&EL

4 5 6 7 19  0.01 2 1 4 ' -S 6 7 I  9 0.1
TWIST B OF THE RING SHEARING APPARATUS.

ST RESS-  ST Rf t lN  C U RV ES FDR. P U R E RN D  SIM PL E SH EA R .
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i
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200
.  t. 664’ iV 0- 265 j

205 5 6S4’ 235 0 310 :

218 S- 0- 3 64 S’ 24 10.260)

233 2 1300 2.1 0.245 I

250 * II DAYS 21 0278 1
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i 260 5*1* 1 463' 20 0.316 j

261 5-0-1 n d ays ; 2 05 0- 465 !

VERTICAL SETTLEMENT AH IH TTVm.
0.3 0.4 05 06 0.7 0.& 0.9 1.0

LITTLE BELT CLAY

N2 P T* h - m

268 2 1000‘ 1.7 (0 370

27S 5 663' 19 10.355)

277 5- 0- 1 817 1 8 0.304
301 5- 2- 2 1072 1.7S (0.375)

278 S- O- 3 1013' I.IS (0.332)

2*1 2  J 2600’ 1.6 10-305)

302 2 19 8 3 ' 1.6 0.335

290 5 i l l ® 0 ' 14 0.275

310 5- 1- 1 623 'J 1.5 0.355

-------------- TER1AGHI SHEARING BOX

- RINQ SHEARING APPARATUS

10 12 14 16 IS 20 22 24 26 21 30 32 34 36 3« 40 42 44 46 48 50
TWIST OF THE APPARATUS - 0-104

W IEN ER  T EG EL  -  SH EA RIN G  T EST  WITH T H E R l N S SH EA RIN G  RPPRRRT U 5  -  FIXED  RIN SS

F I G  . *7 WISN M- fi|- mS

WIEN 29-B-W36

U4Vy.
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Wiener Tegel L it t le  B elt Clay

Ring Shearing Apparatus Natural Over- Natural Over-
with Fixed Rings Consoli­ Cons o l i - Consoli­ Consoli­

dation dation dation dation

Jr = t a (fcefore fa ilu re ) 1 .06-1.07 I.07-I.II 1 .07-1.08 1.08-1.09

k ’ = max T2 /max 1.02-1.03 1.00-1.01 1.02-1.03 1 .00-1.01
k ’ *=min T^/min Ta - 0.92 - -  1.00 - -  1.00 - -1.00 -

s max) F ira t te s t 100$ 100$ 100$ 100$
s min) 71-7U 75-80 39-Uo 39-I+I
s* max) A fter several te s ts 107-110 109-111 1+5-50 - 1+2 -

) and a re s t  period
s* min) of f iv e  days 82-90 82-85 - 1+0 - - 3I+ -

Terzaghi Shearing Box

a max) F irg t te s t 96 110 101 112
b  min) 80-81+ 95-98 70-75 80-85

A3 w i l l  be seen from th is  ta b le , the maximum and minimum values of T2 are nearly  id en tio al tilth  
those of Ta $ exoept where a temporary minimum Is concerned as fo r  Wiener Tegel. As suoh a temporary 
minimum is  prim arily of th e o re tica l in te re s t , i t  su ffice s  in  most p ra ctio a l cases to  determine t a .
In comparison w ith the Krey-Terzaghi apparatus, the ring shearing apparatus furnishes nearly the same 
values fo r  s^^. in  oase of natural consolidation of the sample, but 10 to  12$ lower values in case of 
strong overconsolidation. Probable causes fo r  th is  differenoe have already been mentioned, but the case 
should be further in vestigated . E sp ecially  to  be noted are the large decreases of shearing resistance 
a fte r  fa ilu r e  and the large d ifferences in  these minimum values of the shearing re sis ta n ce , as determined 
by the two types of apparatus. The cause of these differences is  th at the minimum values of the shear­
ing resistance cannot be reached during the lim ited h orizontal movement of the Krey or sim ilar types of 
apparatus.

Conclusion» The ring shearing apparatus is  prim arily suited fo r  the te s tin g  of remoulded s o ils  and is  
esp e c ia lly  adapted fo r  the in vestigatio n  of the p la s tic  flow  before and a fte r  fa ilu r e  and of the tem­
porary or permanent deorease of the shearing resistan ce a fte r  fa i lu r e .  Tests with remoulded samples of 
two s o ils ,' approximately representing the upper and lower lim it 0» the true d a y s ,  show that the deorease 
in  shearing resistan ce a fte r  fa ilu r e  depends to  a large extent on'the displacement a fte r  fa ilu r e  and may 
be as large as 30$, re sp e ctive ly  66$ of the o rig in a l maximum value of the shearing resista n ce . Further­
more, by bringing the p la s tic  flow  to nearly a f u l l  stop, a rapid and complete reoovery of the shearing 
resistance takes place in  case of the s i l t y  d a y ,  while th is  recovery by the fin e  p la stio  c lay  is  very 
alow and probably a lso  incomplete.

The te s ts  were made under the supervision of Professor Terzaghi. The ring shearing apparatus used 
in  th is  in vestig a tio n , was designed by the author«

AN INVESTIGATION OF Jt5BffiNSGN*S SQUEEZE-TEST 
No, D-12 Arpad Warlam, S.M., former student at Graduate Sohool of Engineering, Harvard U niversity;

now Instructor at the Technioal U niversity of Budapest, Hungary

Symbols.

p = t o t a l  load on sample 
s = shearing stress 

2a = thiokness of sample 
B = width of sample along open faces 

2L = length of sample along d o sed  side 
w alls

Reference. Jürgenson. The Shearing Resistance 
of S o ils . Journal Boston Society 
of C iv il  Engineers, July 193^*

Tentative Condusions. The squeeze te s t  oan be 
U B e d  fo r determining shearing resistance of 
d a y s ,  provided the squeeze box is  ca librated  
by d irec t shearing, or unoonfined compression 
t e s t s .

C alibration is  neoessary, beoause at the
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