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To accurately measure the volume strain of sample in mechanical testing for frozen soils, eliminate the influ-
ence of hydraulic oil and testing system on the volume strain of sample, and analyze the influence of oil tem-
perature change on sample temperature, a series of isotropic loading and shearing tests on No. 10 Kunlun
Aviation Oil, commonly used in the pressure chamber, were carried out under different conditions. The re-
sults show that during the isotropic loading, the oil compression will be different with time, confining pres-
sure, loading rate, initial oil temperature and total oil, and the oil temperature only changes with confining
pressure and loading rate, which impacts on the temperature of sample dipped in the oil; during the shear-
ing, the relationship between stretch amount of axial piston and oil discharge from volumetric piston is con-
stant with different shear rates, that is, the sample volume only relates to the systematic error of testing
machine. At last, a simple calculation formula of sample volume strain is presented, respectively in isotropic
loading and shearing stages, as well as some suggestions and problems which should be paid special atten-
tion in testing process to ensure the reliability of testing data.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

One of the basic characteristics of permafrost deformation is volu-
metric reduction or expansion in different loaded states and different
loading stages, which is mainly resulted from axial and radial deforma-
tions of sample (Ma et al., 2000). There are many reports on permafrost
axial deformation; however, the study on permafrost volume change is
rare due to the test equipment limitations. With the development of
permafrost engineering, the information of volume change becomes
more andmore important. The reports of permafrost volumetric change
came out abroad in the early 80s, but further studies on this issue are
not carried out as undeveloped testing devices. Vyalov (1962) designed
a test device, which can only measure large-scale volume changes;
Goughnour and Andersland (1968) described a testing equipment, but
it is only suitable for measuring the volume change of permafrost with-
out confiningpressure; Chamberlain et al. (1972) showed that amanual
compensation device can measure the volume change of permafrost
under high confining pressure and strain rate, but does not guarantee
long-term test results in the low strain rates. When permafrost defor-
mation is regular, Baker (1976) put out a test device used to measure
accurately the volume change of frozen soil in the low confining
pressure (0–0.25 MPa). In fact, the permafrost deformation is not
always regular, therefore O'Connor andMitchell (1978) reformed tradi-
tional equipment to measure the overall volume change of permafrost

specimen in triaxial test without considering the deformed shape of
the specimen, but it is inappropriate for rapid deformation in
larger-scale volume and high confining pressure. In view of the above
questions, Zhu et al. (1997) remade a traditional MTS-30 (work way
could be seen in Fig. 1 from the report of Zhang et al., 2007) to automat-
ically measure the total volume change of the specimen under the
testing conditions of temperature:−30.0–+30 °C, confining pressure:
0–24.0 MPa and strain rate: 0–8.0 mm/min, and gave a calculation for-
mula of specimen volume change when the triaxial cell hydraulic sys-
tem is closed and has no oil leakage. In the formula, the amendments
of confining pressure, temperature, oil compression and rigidity of the
triaxial cell integrated test system are considered, but themeasurement
error of the triaxial testing system during the shearing process is not
done, and the equation is rather complex.

At present, MTS-810, creep testing machines and other mechani-
cal material testing machines in our Lab basically follow the measur-
ing method of volumetric change from MTS-30, so the calibrations of
oil volumetric compression and systematic error of testing machine
must be taken into account in the deformation calculation of sample.
Though Zhu et al. (1997) fully considered various factors in the volu-
metric calculation formula promoted, but it cannot be used flexibly in
data processing; Furthermore, the measurement error of the system
during the shearing process was not considered. This article will dis-
cuss the characteristic of oil compression with various factors during
the isotropic loading, the relationship between stretch amount of
axial piston and total oil discharged by volumetric piston in the shear-
ing process, some simple calculation formulas of specimen volumetric

Cold Regions Science and Technology 85 (2013) 225–231

⁎ Corresponding author.
E-mail address: sjzhang@lzb.ac.cn (S. Zhang).

0165-232X/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.coldregions.2012.09.008

Contents lists available at SciVerse ScienceDirect

Cold Regions Science and Technology

j ourna l homepage: www.e lsev ie r .com/ locate /co ldreg ions

http://dx.doi.org/10.1016/j.coldregions.2012.09.008
mailto:sjzhang@lzb.ac.cn
http://dx.doi.org/10.1016/j.coldregions.2012.09.008
http://www.sciencedirect.com/science/journal/0165232X


strain will be proposed, and something important must be paid par-
ticular attention.

2. Test conditions

The oil chosen in this article is the No. 10 Kunlun Aviation Oil, and it
is also the commonly used hydraulic oil for tri-axial mechanical materi-
al testing machines in our Lab. The testing temperature: room temper-
ature (21.0 °C) to −10.0 °C; confining pressure: 0–14.0 MPa; loading
rate: 0.01–0.4 MPa/s; shearing rate: 0.6–2.0 mm/min.

All of tests are conducted on the No. 1 creep testing machine
(Fig. 1):

(1) About isotropic loading test: First, the axial loading piston rod
① must be fixed to a suitable position, and then zero clearing
of the axial force and confining pressure is completed. Second-
ly, the total oil of the pressure chamber is adjusted to make the
upper of the piston② contact with the bottom of piston rod①,
and the zero clearing of both the axial and radial displacements
is completed. Finally, in the confining pressure control mode
the isotropic loading is conducted at a given confining pressure
and a loading rate, in the meanwhile, the axial displacement is
always 0, and the axial force (F) is F≈3σ3 (σ3 is confining pres-
sure, and axial piston diameter is 61.8 mm).
In the isotropic loading process, controlling the piston ②'s
stretch in the chamber can regulate the total oil in the pressure
chamber.

(2) About uniaxial shearing test: In the case of full contact of the
upper of the piston rod ② with the bottom of piston rod ① to
complete zero clearing of both the axial and radial displace-
ments; setting the control mode of confining pressure channel
as confining pressure control until the shearing test finished
with a confining pressure of 0; setting axial control as displace-
ment control mode, and then entering the shear rate as need-
ed. In the shearing process, the axial force is similar to 0.

(3) About tri-axial shearing test: loading confining pressure pro-
cess is similar to the isotropic load described in (1), and then
setting the confining pressure hold time (connected with the
time that oil compression and temperature disturbed to arrive

in stable state) as confining pressure control mode and the
axial control as displacement control mode, and finally enter-
ing the value of shear rate as needed.

The only thing that needs to be noted: oil does not have the shear
resistance as shearing, although the axial displacement is altering, the
axial force should remain constant, that is, F≈3σ3; If the axial force
changes, it is not hard to see that the testing machine system or test-
ing method may be out of order.

All datawill be automatically and synchronously collected, including
temperature, time, confining pressure, axial force, axial displacement
and confining pressure displacement. The oil volume change=
π×r2×confining pressure displacement, r is the radius of the confining
pressure piston. Here, in the isotropic pressure test, ΔV2 (≥0) repre-
sents the oil discharge from the volumetric piston, and enlargement of
its value means the increasing oil compression, on the contrary, its
value reducing shows less oil compression. In the shearing process, in-
creases of ΔV2 represent the increasing oil discharge from the pressure
chamber, reduction of ΔV2 does the increasing oil-taking amount into
the pressure chamber; ΔV1 (≥0) represents the axial piston stretching
amount in the pressure chamber, increasing of ΔV1 means amplifying
axial piston stretching amount into the pressure chamber, and vice
versa.

3. Results and discussions

3.1. Change characteristics of oil temperature and oil volume in isotropic
unidirectional loading process

During the isotropic unidirectional load, both oil compression and
temperature will change. The oil compression will be affected by con-
fining pressure, initial oil temperature, loading rate, and total oil, and
the oil temperature will also be raised as the oil is compressed under
different confining pressures and loading rates.

3.1.1. Influence of loading rate on oil volume compression and temperature
Figs. 2 and 3 describe the oil volume compression and oil temper-

ature change with different loading rates, respectively at the same
initial temperature (19.7 °C) and a confining pressure (8.0 MPa). It
can be seen from Fig. 2(a) that the compression of oil is larger as load-
ing rates increased, and it lags behind the confining pressure to reach
a stable value. The smaller the loading rate is, the smaller the lag com-
pression is, and the shorter the time of the total compression up to
the stable state is, and vice versa. Fig. 3(a) shows that at the same
loading rate the oil volume compression nonlinearly increases with
increasing loads, and under the same load, the greater the loading
rate is, the greater the magnitude of the oil volume compression
can be. Obviously, fast loading makes compression of oil easier, and
the time of the oil compression up to the stable state will be longer.

In the process of adding confining pressure, the oil is compressed
resulting in its temperature elevation. Fig. 2(b) shows that at the
same loading rate, oil temperature nonlinearly increases with in-
creasing loads, and the time corresponding to maximum temperature
is longer than that one corresponding to maximum pressure. The
greater the loading rate is, the faster the temperature rises, but the
maximum temperature and the loading rate have an inverse relation-
ship. With the confining pressure remained stable, the oil tempera-
ture firstly reaches the climax, and then slowly reduces, but the
reducing speed is positively correlated with the loading rate. In
Fig. 3(b), it can be found that a lower loading rate makes the oil tem-
perature rise much higher at the same confining pressure.

In the isotropic loading test, the loading rate has significant influ-
ence on the changes of the oil volume compression and oil tempera-
ture. Therefore, choosing appropriate loading rate can shorten the
time of the oil compression and oil temperature up to the stable stage.

(1- piston rod ; 2- piston rod ;3- pressure chamber) 
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Fig. 1. Creep testing machine.
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