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Simple Shear Testing Method Using Torsional Shear Apparatus
and Strength-Deformation Characteristics of Sand
in Torsional Simple Shear.*

by Noriyuki Horm**

Abstract ; Many field problems involve the simple shear condition as typically observed in such an
element B in Fig. 1. The simple shear test is one of the plane strain shear test in which, as
different from the plane strain compression test, both strain increments &; and &, equal to zero.

In this paper, the method for simple shear simulation using a hollow cylindrical specimen and
the torsional simple shear behavior of sand are described. Drained tests at a controlled axial stress
were performed auto-matically by means of a servo-system consisting of a personal-computer
(PC9801) and pneumatic-controlling system.

A hollow cylindrical specimen has dimensions of a height of 20 cm, an outer diameter of 10
cm and an inner diameter of 6 cm. Tested sand is Toyoura sand and its physical properties are Gs =
2.64, Dso=0.16 mm and U.=1.46.

The main results obtained are summarized as follows :

(1) Simple shear testing method using torsional shear apparatus can simulate a simple shear
deformation with a high degree of accuracy.

(2) The major part of principal stress rotation takes place only at the early stage of shearing
where .. is less then 19. At relatively large strain, however, the rotation is very small.

(3) The strength and deformation properties of Toyoura sand at relatively large strain in
torsional simple shear (TSS) are very similar tothose by a plane strain compression (PSC) test
in which the directions of principal stress with respect to the fabric of specimen and value of ¢’;
are similar to those at failure in TSS test.

Keywords ; Sand, Torsion, Simple shear test, Anisotfopy, Shear strength, Drained shear
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Fig. 1 Three representative soil elements in a soil
mass -deforming.
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Fig.2 Simple shear deformation in torsional
shear.
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la :Reversible motor.
1b : Loading contro! unit.
2 :Double-action bellofram cylinder.
2a : Regulator for a constant air pressure.
3 : Stopper.
: Axial displacement transducers.

: Inner two-component load cell.
: Proximeter for rotational displacement

4
5 :Quter axial load cell(only for monitoring).
6
7

measurement.

8 :Electronic balance for volume change
measurement:

8 :Regulator for a constant back air pres-
sure.

9a :Hollow cylindrical specimen.

10a : Burette for inner volume change measure-
ment.

10b : Reference tube for inner volume change
measurement.

11 :Low capacity differential pressure trans-
ducer(D.P.T.).

12

13

14a:
14b:
14c:
14d:
15
16
17
18
19
20
21

4
. /. a
6
rl.b
6
] 14b l4c ! PCUL [(15)
8 PCU2
11
PCU3
> 1)
13
~ Data Acquisition and Control System
(b)
Pressure Control Unit (PCU)
FEED BACK (- — —— — — — -
SIGNAL
FROM
COMPUTER

OuTPUT
PRESSURE (c)

For volume change measurement of inner
cylindrical space.

: High capacity D.P.T. for effective outer

cell.
Pressure (p.~u) measurement.

: High capacity D.P.T. for effective inner cell

Pressure (pi-u) measurement.
16 bit micro-computer (PC9801):
12 bit A/D.converter.

12 bit D/A converter.

Floppy disk.

: Controlled axial pressure (p).

" Controlled outer cell pressure (ps).

: Controlled inner cell pressure (p;).

: Controlled output voitage for motor control.
: Electric to pnuematic (E/P) transducer.

: Adjustable ratio relay.

: Positive bias relay.

22a,b,c: Regulators for constant supply pressures.

23

House pressure.

Fig.3 Schematic diagram of torsional

shear apparatus.
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Table 1 Calculation method of stresses and

strains.
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Table .2 List of TSS test results.

LY BE ANERRR %
SIMPLE SHEAR TESTS SERIES

DRAINAGE INITIAL ¢ max ( Tat)
TEST NO. | -ONDITION | CONDITION | ©* | (deg) | ¥ | C |\ou)
O" 0 — 1.
CTSS01 ACD =10 o sus] 357 |3.26] 227 | 0.695
Oro = 042
O"ao = 10
. 6 |3.19] 200 | o0.
CTSS02 ACD S oag |0706] 40.6 |3.19| 200 | 0.740
CTSS03 ACD 910ty oel 40.9 [3.07] 310| 0.810
oo = 0.38 | S R .
’ 0’20 = 1.0
CTSS04 ACD : 0.752| 38.1 |3.08| 270 | 0.765
o’ro = 0.40
. OJao = 1.0
CTSS05 ACD : 0.795| 37.4 |3.07] 230 | 0.680
Oro = 040
G/ o = 1. :
CTSS06 ACD i (1) g 4 |0.657| 440 |3.09) 250 | 0.850

ACD: Anisoti‘épically Consolidated Drained K = o'1/6'3

.e03:Void Ratio at ¢'r=0.3; Unit : kgf/cm?

" (—des/der)
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Fig. 6 Relationships between 7,,/6's, ¢"1/¢"s, & and yimax.
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