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In Situ Torsional Cylindrical Shear Test-Laboratory Results
W. Henke R. Henke '

President, Dynamic In Situ Geotechnical Testing, Inc. Technical Advisor, Dynamic In Situ Geotechnical Testing, inc.

SYNOPSIS: We present results from cyclic tests conducted in the laboratory using a prototype in
situ cyclic torsional cylindrical shear geotechnical testing system. The system is intended to
advance our ability to design critical systems to resist earthquakes by improving our ability to
analytically predict the behavior of soil-structure-eguipment systems during earthquakes. It is to
do so by providing, more reliably than we feel is now possible, estimates of the in situ cyclic
shear stress vs strain characteristics needed by refined earthquake analyses. These characteristics
include 1) resistances to initial liguefaction, cyclic degradation, and large cyclic deformations,
and 2) undegraded, nonlinear, inelastic characteristics. The testing system was found to be
effective under representative controlled laboratory conditions and promising for field use. Test
results were found to be reasonable and consistent with published results of laboratory tests of a
high quality. Additionally, we did not observe major limitations or encounter abnormal difficulties.

INTRODUCTION earthquakes is induced. Detailed information is
provided. Tests, however, are conducted in
We present and discuss results from cyclic tests situ. Thus, the important effects of in situ
conducted in the laboratory using a prototype in conditions are expected to be well-preserved.
situ torsional cylindrical shear geotechnical
testing system (Henke and Henke, 1987; Henke and Figure 1 shows, schematically, some of the main
Henke, 1985; Henke and Henke, 1990). The system elements of the probe of the prototype testing
is intended to advance our ability to design system. Basically, two concentric, thin-walled
critical systems to resist earthquakes. The cylinders are carefully penetrated below the
testing system was found to be effective under base of a borehole. The test soil is the
controlled laboratory conditions and promising well-defined annular zone of soil between the
for field use. In the following sections we two cylinders. During our testing program we
present the proposed testing procedure, the also tested a version of the probe consisting of
objective of our testing program, test equipment only the inner cylinder. A cyclic torque is
and procedures, test results, conclusions, applied to the active (inner or single) cylinder
acknowledgments, and references. to induce earthgquake-~like shear stresses and
strains in the test soil. Both torgque, T, and
rotation, ©, are measured by transducers in the
instrumented head. Soil characteristics are
PROPOSED TESTING PROCEDURE inferred by iteratively simulating tests

analytically.
The in situ cyclic torsional cylindrical shear
test is intended to advance our ability to
analytically predict the behavior of soil

deposits during earthquakes. It is to do so by Applied

providing, more reliably than we feel is now Torque,

possible, estimates of the in situ cyclic shear () Rotational
stress vs strain characteristics needed by Response,
refined earthquake analyses. These characteris- 0(t)

tics include 1) resistances to initial liquefac-

tion, cyclic degradation, and large deformations lnstrumented

before and after initial liguefaction, and 2) Head

undegraded, nonlinear, inelastic characteris- B Stationary
tics. The information to be provided is to be o Outer
suitable for the advanced stages of the ) Cylinder
earthquake resistant design of critical systems. AN

The proposed testing procedure effectively Test .

combines attractive features of existing Soil L {;3 h Active
procedures while minimizing shortcomings. &As in Coelnr S Cylinder
laboratory tests, earthquake-like cyclic shear-

ing loads are applied to an element of soil. Figure 1: Main Elements of Probe
Cyclic shearing behavior expected during (Without Casing)
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The proposed testing procedure offers several
important features. Also, several steps are
taken to preserve in situ conditions and to
improve operability.

Prior to testing, a special casing is penetrated
below the base of the borehole. The casing
helps preserve the original state of stress and
reduce effects of drilling. The casing is shown
schematically in Figure 2. Before testing, the
casing is carefully cleaned out and the soil at
the base is carefully trimmed.

The probe includes an annular piston, shown in
Figures 2 and 3. The piston can move
longitudinally and applies an appropriate
vertical pressure to the test soil. Prior to
penetration, the piston is moved to the end of
the probe and pressurized. Upon application of
penetration force to the probe, the cylinders
advance relative to the piston into the test
soil. This procedure of penetrating under
pressure is expected to help reduce particle
movement during penetration and preserve the
original in situ state of stress.

During a test, the piston is operated in one of
two modes: the constant volume mode or the
constant pressure mode. We discuss only the
constant volume mode since all tests discussed
herein were conducted in this mode. In the
constant volume mode, the piston and the probe
are locked into vertical position immediately
prior to a test. Thus, a condition of relatively
constant volume is maintained in the region of
the test soil. The volume does not remain
completely constant mainly because of soil
compressibility.

The constant volume
without buildups in
na corresponding to

mode allows us to induce,
porewater pressure, phenome-
those caused by earthquake-
like cyclic loading under saturated undrained
conditions (Finn, et al., 1982). These phenome-
na include degradation and initial ligquefaction
due to densification, restiffening due to
dilation, and large deformations before and
after initial liquefaction (including limited
strains) . Basically, these are caused by
changes in effective confining pressure.
changes occur under conditions of overall
constant volume due to the combined tendencies
for densification, rebound, and dilation of
grain structure caused by cyclic shearing loads.

Such

The proposed testing procedure offers other
important features. The inner and outer
cylinders have thin walls to avoid excessive
disturbances. As shown in Figure 3, the
penetrating edges of the cylinders are shaped to
minimize disturbances to the test soil during
penetration. The surfaces of the cylinders may
be grooved longitudinally to reduce slip during
testing while minimizing disturbances during
penetration. The cylinders may be polished or
coated with a low friction material, depending
on the soil type, to further reduce disturbances
during penetration. We also include features to
minimize the influence of the soil within the
active cylinder on its motion. The inner wall
of the cylinder is smooth and may be coated with
a low friction material, soil is diverted away
from the inner wall by jutted penetrating edges,
and confining pressures on the soil within the
active cylinder are minimized by providing
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Figure 3: Features of Probe

excess volume. The upper portion of the active
cylinder is shielded, as shown in Figqure 3;
thus, the test soil is located some distance
below the bottom of the casing. This reduces
effects of unloading and trimming.

OBJECTIVE OF TESTING PROGRAM

The main objective of our testing program was to
evaluate the effectiveness of the proposed
testing procedure under representative con-
trolled laboratory conditions. For this we
conducted laboratory tests of a high quality
using a laboratory research prototype testing
system. If test results were found to be
reasonable, interpretable, and consistent with
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