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To ensure an unaltered water content during the simple compression tests, 1t is advisable to swr=-
round the specimen with a thin rubber skin. Specimens without eny skin are likely to lose or gain
water during the test, depending on the temperature and the relative humidity of the alr whioch surrounds
the specimen., Fig. 3 shows the relation between the temperature T, the relative vapor pressure, and
the increase of weight for a specimen of the Parisien clay in e stiff plastic state, and Fig. l; shows
the seme reletion for the seme clay with the water content close to the shrinkage limit.

In dense sends and clays the epplication of the shearing foroe at a constent vertical pressure
produces an inorease of the voids ratio eand in loose sands and sof't clays the application of shearing
foroe is essooieted with a decrease of the void ratio. Thie fact is illustrated by Fige. 2 end 5. The
limit between dense and loose state is tentatively placed et a void ratio of £=0.8, corresponding to e
volume of voids of Llj«5 per ocent.

If 8 load is applied on & limited area of the horizontal surface of e soil deposit, the zone of
maximm sheer is located benmeath the rim of the loaded area, as shown in Fige 6. If the inorease of
the shearing stresses produoced by an increase of the load is associated with an lmportent decrease of
the void ratio, the settlements along the rim of the loaded area are likely to be greater than those of
the central part of this area (Fige 6 bis).

Noe. D-11 A RING SHEARING APPARATUS FOR THE DETERMINATION OF THE SHEARING RESISTANCE
AND PLASTIC FLOW OF SOILS
M, Juul Hvorslev, Assoce. Mem. Am. Soce. Ce E. Erdbaulaboratorium, Technische Hochschule, Wien

ABSTRACT

The paper contains the results of a successful attempt to inves-
tigate the shearing resistance of two very different c¢lays after
feilure. The tests were made by meens of a "ring shearing apparatus"
on specimens with the shape of annulaer rings. The clays were tested
2 in a remoulded state. The paper also contains a detailed desoription
of the apparatus and theory of the distribution of the shearing stres-
ses over the plane of shear for different stages of the test.
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Moethod of testinge Fige 1 shows a verticel section through the speoi-
mene In this figure the following symbols were used:
P

T,,7T , T, = -shearing stresses acting at the points where shown,

__4////// Rl’ R2== inner and outer radius of the specimen,

P, Ps= vertioal and horizontal pressure acting in the speoi=-
men
h p_.f /ué“p h thiokness of the sample, and
s IR 6 angular displacement between the upper and the lower
fp ' J 'p ‘ surface of the specimen 1n radianse.
L_R' Ra The subsequent figures and the text contain in addition the fol-
lowing notations:

P
& " ~Ps
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t
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CIRCULAR RING IN TORSION n = % = ratio between inner and outer radius,
FiG . o
7 = | T=average unit shearing strain,
Toa = average shearing stress,
T, = time between beginning of the shearing test to the instant of failure, at constant in-

orease of shearing foroe,

S = Weight on the scales required to subject the speoimen to a twisting moment M,
M = twisting moment acting on the speoimen,
- 4 dM
Fl(e)—M-f-?E-a and
fl(e) =F1(9)+n3 Fl (n3)+n6F1 (n26)+ ...... =two funotions

obtained by theory.

The theory of the distribution of the shearing stresses is based on the following assumptions:
e the pressures p and p_ are uniformly distributed and remain oconstant throughout the test. b. All
horizontal sections remaln plane throughout the test. o. The unit anguler strain increasses in simple
proportion to the distanoe from the center of rotation. d. The frioction between the side wmlls and the
specimen oan be neglected.

Fige 2 shows the different types of relations whioh were found to exist between the shearing stress
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T and the unit strain 7« Fige 3 is an assem-
bly drawing of the apparatus and Fige. 4an and b
are photographic views of the contalner. The
Internal diameter of the specimen is about
equal to 6 and the external diameter equal to
12 ome The thickmness h of the specimen is
normally about 2 om, The apparatus is construc=
ted so that the tests oan be made 1n three dif-
ferent ways:

l. The oircular side walls remain sta=
tionary throughout the test ("fixed rings")

2, Both rings are free to rotate during
the tests ("free rings")

3+ Both rings are attached to the plston
whioch rests on the top surface of the specimen
in such a manner that they follow the rotary
movement of the piston, but not its vertiocal
movements ("restrained rings").

Fige 5 and 6 illustrate the influence of
the method of testing on the deformation of the

STRESS-STRAIN CURVES FOR PURE SHEAR . specimen.

FIG. 2. Review of some Test Results. One series of
tests was made with an Austrian silty clay,
"Wiener Tegel", and with a Danish plastic olay,
"Little Belt Clay". The physicel characteristics of these clays as well as results of tests with the
Erey shearing apparatus combined with Terzaghl shearing boxes are described 1n another paper.

The following summary of tests made with the ring shearing apparatus concerns only tests made with
testing arrangement 1. By all these tests the load increment was approximately two per cent of the mexi-
mum shearing load, while the time intervals between load applications were varied from 5 minutes at the
start to 30 or 60 minutes at the end of the test. The total duration of the tests wvaried between 10 and
1, hours equivalent to Ty = 17 to 22 hours by ea constant rate of load application.

In Fige 7 1s shown an example of the tests with Wiener Tegele On account of the rapld intermal
read justments after failure and the thixotropic properties of the soil, the moment or S curve after
failure can only be determined approximately and best by comparing the results of several tests brought
to a stop at various values of & . From the £; (6 ) ourve the 7, curve has been computed and drawn to
the same seele as the 7aourve. The maximum values of T, and 7T, are nearly the same, although not
oocourring for the same value 6 , but the minimum value of these stresses differ considerably. After
failure the shearing resistance decreases rapidly to 72% of its maximum value, thereafter slowly to in-
orease to 83%. If the movement is now brought to & stop by a further decrease of the shearing load and
the test repeated after a rest period, & regain in the shearing resistanos is observed, this recovery
increases with the length of the rest period and surpasses quickly the original maximum - af'ter five days
110% }s reached - but the minimum value of the shearing resistance after each failure remains constant
at 8 3“6 L)

In Fig. 8 a similar example of tests with Little Belt Clay is shown. In this omse the decrease of
the shearing resistance takes place much more slowly, but is astonishingly large; the minimum L0% is
first reached for @ =11,5, corresponding to a linear displacement of 9 om along the outer surface
of the test specimen. The recovery of the shearing resistance is also very slow; after a four day rest
period the shearing resistance is still only 50% of the maximum velue. For this cley the maximum and
minimum velues of T, and 7Taere nearly identical.

Stress=-strain ourves for a large number of tests, also with the Krey-Terzaghi apparatus, are shown
in Fig. 9, It is here to be noted that the ohange in rate of load application, mentioned above, also
influences the curves.

Investigation of the slow plastioc flow before failure requires tests extended over several months.
Such tests have not yet been completed, but shorter preliminary tests wlth both clays indicate that,
even at 25% of the maximum shearing load and five days after the load application, the movements are
still progressing, although at a steadily decreasing rate. It was further noted that in several ceases
the maximum velooity of displacement first occurs some time after the load appliecation and that failure
may occur up to 20 hours after plaoing the lest load increment. The ultimate shearing resistance after
failure ( T, in Fig. 2) depends to some extent not only on the momentary velocity of displacement, but
also, due to thixotropic properties of olays, on the preceding meximum'velocity and the time that has
passed since this veloolity was reached.

A surmery of the test results and a comparison with results of corresponding shearing tests with
the Krey-Terzaghl apparatus is given in the next tables Overconsolidation, in this instanoce, refers to
semples whioh have been preconsolidated at 5 kg/bm » then unloaded to 1 kg/om2 and allowed to swell be-
fore being tested at this pressure. The shearing resistance is here denoted by s, and its maximum value
during the first test with the ring sheering apparatus is used as basis of comparison (smax= max Z} =
100%)
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Ring Shearing Apparatus Ring S .
Dismanteled g ;gzglnﬁiﬁggaratus
Fig. Ll-a Fig. )_‘_b

Internal Displacements Internal Displacements
Fixed Rings Free Hings
p=20 T=898 H=2] e=50 e'=90 p=20 T=635 H=2) e=50 e'=92

Fige 5 Fige 6
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Wiener Tegel Little Belt Clay
Ring Shearing Apparatus Natural Over=- Natural Over-
with Fixed Rings Consoli- Consoli- Consoli- Consoli-
detion dation dation dation

k = T1/’L'° (before failure) 1.06=1,07 1,07-1.11 1.07-1.08 1.08-1.09
k' = mex T, /max Ca 1.,02-1.03 1.00-1,01 1.02-1.03 1.00-1,01
k''=min T,/nin 7Ta - 0.92 - - 1,00 - - 1.00 = -1.00 =
8 mAX) Pirst test 100% 100% 100% 100%
s min) 71-7h 75-80 39-L.0 39=1a
s8' max) After several tests 107-110 109-111 1,5-50 -2 -

) and a rest period
8' min) of five days 82-90 82-85 - o - -3 -
Terzaghi Shearing Bex
s max) 96 110 . 101 112

First
¢ ninyir et teat 80-8l, 95-98 70-75 80-85

As wlill be seen from this table, the maximum and minimum values of 7, are mearly ldentical with
those of T4 , except where a temporary minimum is concerned as for Wiener Tegel. As suoh a temporary
minimum is primarily of theoreticel Interest, it suffices in most practiocal cases to determine T. .
In comparison wilth the Krey-Terzaghi apparatus, the ring shearing apparatus furnishes nearly the same
values for s . in case of natural consolidation of the sample, but 10 to 12% lower velues in case of

strong overconsolidation. Probable causes for this difference have already been mentioned, but the cease
should be further investigated. Especially to be noted are the large decreases of shearing resistance
after failure and the large differences ln these minimm values of the shearing resistance, as determined
by the two types of apparatus.s The cause of these differences is that the minimm wvalues of the shear-
ing resistance cannot be resched during the limited horizontal movement of the Krey or similar types of
apparatus.

Conclusiones The ring shearing apparatus is primarily suited for the testing of remoulded soils and is
especially adapted for the investigation of the plastic flow before and after failure and of the tem-
porary or permenent deorease of the shearing resistance after failure. Tests with remoulded samples of
two soils,” approximately representing the upper and lower limit or the true olays, show that the deorease
in shearing resistance after failure depends to a large extent on 'the displacemsent after failure and may
be as large as 30%, respectively 66% of the original meximum velue of the shearing resistance. Further-
more, by bringing the plastio flow to nearly a full stop, & rapld and complete resovery of the shearing
resistance takes place in case of the silty oclay, while this recovery by the fine plastio clay is very
slow and probably also incomplete.

The tests were made under the supervislon of Professor Terzaghi. The ring shearing apparatus used
in this investigetion, wes designed by the authors

AN INVESTIGATION OF JURGENSON!S SQUEEZE=-TEST
No, D=12 Arpad Warlam, S.M,, former student at Greduate Sohool of Engineering, Harvard University;
now Instructor at the Technical University of Budapest, Hungaery

Symbols.
P = total load on sample P
8 = shearing stress
2a = thickness of sample *
B = width of sample along open faces
Tl

2 length of semple along olosed side
i, 5

Reference. dJlirgenson, The Shearing Resistance jet 2alte
of Soils. Journal Boston Sooiety v ¥
of Civil Engineers, July 193k, /
Tentative Conolusions. The squeeze test oamn be
used for determining shearing resistance of
oclays, provided the squeeze box is calibrated
by direot shearing, or unoonfined ocompression

testse.
Calibration is necessary, because at the




