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proximately 37%, respectively, 45% (relative) less 
shear stress than the TOC=0.21% soil, with which 
these soils differ only slightly in terms of their ab-
sorbable shear stress. Despite the different composi-
tions these could withstand, approximately, the same 
shear stress. Another striking feature is the almost 
identical friction angle of the failure envelope for the 
soils with organic components. The TOC= 3.67% 
soil shows a higher cohesion by far (28.57 kN/m²) as 
either the TOC= 4.83% soil or the TOC= 9.97% soil
(11.14 kN/m², respectively, 13.29 kN/m²) which 
points to a dependence on the proportion of the or-
ganic components. By comparison the TOC= 0.21% 
soil is characterized by a markedly higher internal 
friction angle (30.66°). The cohesion of the Rhine silt 
lies, however, only insignificantly greater than the 
value of the TOC= 9.97% - soil with 16.17 kN/m².
The internal friction angles and the cohesion values 
of the soils with organics have values in the middle 
range of the characteristic soil mechanic values for 
organic clays or silt from φ= 22° to 24.5° and
c´=11.14 to 28.57 kN/m², which may have variances 
from φ = 20° to 26° and c´= 10 to 35 kN/m². The 
Rhine silt, however, has as expected an internal fric-
tion angle of φ = 30,66° and a cohesion of c´= 16.17 
kN/m² as a medium plastic silt.

4 CONCLUSION

The activities carried out under this research attempts
to medium (TOC <10%) organic soils make a further 
contribution to the study of soil mechanical proper-
ties of weak (TOC <5%). The classification was 
made according to both Swiss standard (USCS sys-
tem) and according to German standard and own ex-
perimental technical modifications and was con-
sistent despite different approaches. Using the results 
of the compression and shear tests, it is possible to 
make with regard to the organic proportions, esti-
mates of the expected strength and shear strength 
contained in the soil. Due to the extremely high sen-
sitivity of soils with organic matter on changes in soil 
water balance assessing foundation soils should al-
ways be done with a view of the hydrogeological 
conditions. It should always be a consideration of dif-
ferent water contents in terms of the soil mechanical 
properties of a self-containing organic soil. It should 

be noted that the soil with an organic content of 
3.67% (TOC) and a loss on ignition of 4.90% slightly 
differs from the Rhine silt in view of the compression 
and shear behavior. Thus, these studies confirm the
execution of the DIN 1054 which soils termed "soils 
with organic admixtures, when the mass fraction of 
organic admixtures (loss on ignition) in noncohesive 
soils more than 3%, in cohesive more than 5%".
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ABSTRACT  In recent years, the study of the Thermo-Hydro-Mechanical (THM) behaviour of geomaterials has become a growing area in 
geotechnical engineering due to the increasing interest in energy geostructures and underground nuclear waste disposal. Advanced labora-
tory testing is essential in gaining an understanding of the THM behaviour of soils and solving these complex geomechanical problems. 
This paper describes the development of a new triaxial apparatus at the Imperial College Geotechnics Laboratory, capable of testing satu-
rated soils at temperatures up to 85°C and pressures up to 800kPa. In order to aid its design, numerical analysis of the thermal response of 
the cell was conducted using the Imperial College Finite Element Program (ICFEP) with its newly developed THM capabilities.  

 
RÉSUMÉ  Au cours des dernières années, l'étude du comportement thermo-hydro-mécanique (THM) des géo-matériaux est devenue un 
domaine d’importance dans la géotechnique en raison de l'intérêt croissant pour les géostructures dédiées à l’énergie et l’enfouissement des 
déchets nucléaires. Les expérimentations en laboratoire sont essentielles pour acquérir une compréhension du comportement THM des sols 
et la résolution des problèmes géo-mécaniques complexes. Cette publication décrit le développement d'un nouveau banc de test triaxial au 
laboratoire de géotechnique de l’Imperial College, capable de tester les sols saturés à des températures jusqu'à 85°C et des pressions pou-
vant atteindre 800 kPa. Afin de faciliter la conception, l'analyse numérique de la réponse thermique de la cellule a été effectuée à l'aide du 
programme éléments finis de l'Imperial College (ICFEP) avec ses capacités THM nouvellement développées.  
 

1 INTRODUCTION 

In recent years, the study of the thermo-hydro-
mechanical (THM) behaviour of soils has been a 
growing area of research within the geotechnical 
community, due to its importance in a wide range of 
contemporary civil engineering applications and ac-
tivities. One strand of the THM research has primari-
ly focused on the potential use of clays as a barrier 
material in underground nuclear waste disposal fa-
cilities. Stiff clays have been considered as potential 
host rocks for the long-term nuclear waste disposal at 
great depths (Gens et al., 2007); while as part of the 
multi-barrier concept, heavily compacted swelling 
clays such as the MX-80 bentonite have been consid-
ered for use as engineered barriers (Delage et al., 
2010). Another strand of the THM research focuses 

on the area of energy geostructures and ground heat 
storage and their effects on the host soil (Moritz, 
1995; Brandl, 2006; Di Donna & Laloui, 2013), 
fuelled by a growing interest in incorporating pipe 
loops for groundsource heat-pump systems into piled 
foundations (Bourne-Webb et al., 2009). 

Laboratory testing is essential in order to gain an 
understanding of the THM behaviour of geomateri-
als, which conventional soil mechanics cannot cur-
rently explain. Standard laboratory equipment, such 
as the triaxial apparatus, can be modified to control 
temperature in addition to stresses.  

Since the first triaxial apparatus for saturated soils 
that permitted the control of both temperature and 
stresses was developed by Campanella & Mitchell 
(1968) a number of other researchers have also de-
veloped a range of temperature controlled testing 
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cells. There are three main schemes for controlling 
the testing temperature: 

1) Circulation of a temperature controlled confin-
ing fluid in the cell, chilled or heated by an 
external unit (Campanella & Mitchell, 1968; 
Savvidou & Brito, 1995). This implies that 
the required cell pressure has to be controlled 
from the centrifugal pump. 

2) External heating of the cell, such as installing 
heaters in the base of the cell or pedestal and 
attaching a flexible rubber heater to the out-
side of the cell walls (Baldi et al., 1987; Ling-
nau, 1993). 

3) Internal heating of the cell water through circu-
lation of a temperature controlled fluid 
through a copper coil situated in the cell con-
fining fluid (Demars & Charles, 1982; De 
Bruyn & Thimus, 1996; Cekerevac et al., 
2005). Other internal heating systems have 
been used, such as submerged heat foilsheets 
(Moritz, 1995), or a submerged heating ele-
ment and a propeller for faster equalisation of 
the cell water temperature (Kuntiwattanakul, 
1991; Uchaipichat. 2005). 

In addition to the triaxial apparatuses, several re-
searchers have modified standard oedometers for 
THM testing (Romero et al., 2003; Abuel-Naga et al., 
2007; François & Laloui, 2010).  

 
2 IMPERIAL COLLEGE TEMPERATURE-

CONTROLLED TRIAXIAL CELL: 
DESCRIPTION, CALIBRATIONS AND 
THERMAL PERFORMANCE 

The new temperature-controlled triaxial apparatus 
developed at Imperial College is presented schemati-
cally in Figure 1. 

The cell is capable of testing saturated soil sam-
ples of up to 50mm diameter at temperatures up to 85 
°C and pressures up to 800 kPa. The apparatus con-
sists of a stainless steel cell which uses de-aired wa-
ter as the confining fluid and incorporates six 150 W 
cartridge heaters (point 2, fig. 1) evenly distributed 
between the top and bottom plates of the apparatus. 
Each of the installed cartridge heaters is associated 
with its own temperature sensor (point 3, fig. 1) to al-
low computer controlled temperature regulation. A 
seventh temperature sensor is fitted within the tip of a 

brass element to monitor the cell fluid temperature 
(point 5, fig. 1). 

 

 
Figure 1. Schematic of the Imperial College temperature-
controlled triaxial apparatus. 

 
The cell and back pressures are controlled via air-

water interfaces which both incorporate 50 cm3 vol-
ume gauges to monitor water flowing in and out of 
the cell and sample respectively. The volume gauges 
have a sensitivity of 0.001 cm3 and are located at a 
distance from the cell ensuring that there is no signif-
icant transfer of temperature to the measuring devic-
es, as heat dissipates readily over the length of tubing 
between the sample and the point of measurement. 

Deviatoric stresses are applied to the sample using 
a digital computer-controlled 50 kN loading frame 
(point 1, fig. 1) and are monitored using a high-
resolution internal load cell (3kN ±1.5N; point 4, 
fig.1). The current set-up allows only compressive 
tests to be performed and the axial deformations dur-
ing shearing are monitored using an external LVDT 
(point 6, fig. 1). 

2.1 Calibration of cell and drainage systems with 
temperature 

In order to understand the behaviour of the apparatus 
with temperature and to account for system compli-
ance when analysing the data, calibration tests were 
performed using a steel dummy sample of 50 mm di-
ameter and 100 mm height on top of a saturated po-
rous stone under a confining pressure of 700 kPa and 
a back pressure of 300 kPa. The temperature was 
then increased up to 80 °C and decreased to ambient 
at a rate of 0.5 °C /hr in 10 °C increments, allowing 
for equalisation.  

The first calibration test was performed using a 
neoprene membrane and nitrile O-rings. The flow of 
water in and out of the back pressure (drainage) sys-
tem is presented in Figure 2, where the flow from 
sample and porous stone to volume gauge is taken as 
negative. The drainage system shows no significant 
flow of water from the dummy sample and porous 
stone up to 50 °C, after which an increase in water 
flowing out of the sample can be seen. This flow is 
simultaneously coupled with water flow into the cell, 
via the cell pressure system, to maintain the pressure 
at the controlled value. The observed transfer of wa-
ter between the cell and back pressure systems is at-
tributed to seepage of fluid through the neoprene 
membrane. The magnitude of flow through the mem-
brane, calculated from the gradient of the drainage 
volume change in Fig. 2, varies from 0.45 cm3/day at 
80 °C to 0.21 cm3/day at 40 °C (during the cooling 
phase).  Although these are relatively small rates, the 
extensive durations of temperature-controlled tests 
will result in unacceptable flow volumes. It was also 
observed that the nitrile O-rings suffered significant 
elongation after the prolonged exposure to high tem-
peratures, which could have contributed to the 
aforementioned flow. 
 A second calibration test was performed using a 
double neoprene membrane separated by a thin vacu-
um grease layer and Viton O-rings, which have a 
high temperature resistance. The flow through the 
membrane was reduced to less than 0.01 cm3/day at 
high temperature and can be neglected. 

The flow of water into (positive sign) and out of 
the cell (negative) during the second calibration test 
is shown in Figure 3. It is seen to be parabolic with 
temperature, meaning that the rate of change of flow 
is linear over a temperature range of 20-80°C. A sig-

nificant amount of water leaves the cell during heat-
ing under controlled pressure and at the end of the 
temperature cycle 3 cm3 of excess water has flowed 
into the cell. This suggests that during the cycle the 
same volume of water is lost through absorption by 
the plastic top cap, connecting tubing and the mem-
brane itself, in addition to the small volume of seep-
age through the membranes. These results demon-
strate that the cell volume gauge is not a suitable 
device for measuring sample volume changes since 
the changes of cell water are much greater than the 
expected thermal volume changes in the soil, which 
will be of a similar magnitude to the losses seen in 
this calibration.  
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Figure 3. Cell water response to temperature changes. 
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cells. There are three main schemes for controlling 
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2.2 Thermal performance of the cell 

In order to validate the design of the cell and its heat-
ing system, several aspects of the cell’s thermal per-
formance have been explored in depth: the uniformi-
ty of temperature in the sample, the thermal losses to 
the room and the effect of the heating rate. 

2.2.1 Uniformity of temperature in the sample  

One of the critical aspects of the design of a tempera-
ture-controlled apparatus is ensuring the uniformity 
of temperature within the soil sample. To investigate 
the thermal performance of the Imperial College 
temperature-controlled triaxial apparatus, a series of 
numerical studies was conducted using the Imperial 
College Finite Element Program (ICFEP) (Potts & 
Zdravkovic, 1999), which is capable of simulating 
fully coupled THM behaviour of porous materials.  

The triaxial cell was modelled as linear elastic 
with material properties listed in Table 1. Since the 
analyses performed were axisymmetric, the geometry 
of the apparatus was simplified, i.e. the temperature 
sensor was not modelled and the heaters were mod-
elled as continuous discs. The mesh consists of 512 
8-noded quadrilateral elements with temperature de-
grees-of-freedom at the corner nodes only as shown 
in Figure 4(a).  

In order to simulate heating of the cell, a constant 
temperature of 80 °C was applied to the nodes corre-
sponding to the heaters. Moreover, in order to simu-
late the heat losses to the surroundings, a convection 
boundary condition was prescribed along the outer 
boundary of the mesh. This boundary condition is 
based on the Newton’s law of cooling, which states 
that the heat flux (q) is proportional to the difference 
between the temperature of a body (Tb) and the tem-
perature of the surrounding fluid (Tf), and can be ex-
pressed as: 
 
q = h (Tb –Tf)  (1) 
 

Tf was set to 21 °C, the air temperature in the la-
boratory. The constant of proportionality in Equation 
(1), h , is referred to as the convective heat transfer 
coefficient. Its value depends on the geometry of the 
object, fluid properties, as well as fluid flow regimes, 
and is, therefore, difficult to define. Analytical and 
empirical correlations exist for some common geom-

etries and types of fluid flow (Diersch, 2014), though 
not for a complex case such as the one under consid-
eration. Consequently, preliminary laboratory exper-
iments with and without insulation were performed 
and simulated numerically in order to estimate the 
value of h. It was found that h is in the range of 
0.001-0.002 for the case with insulation around the 
cell and in the range of 0.004-0.006 for the case 
without insulation.  

Two finite element analyses were then carried out 
to predict the distribution of temperature within a soil 
sample and to establish how it is affected by the use 
of insulation. Figures 4(b) and 4(c) show the temper-
ature fields inside the apparatus at steady state for the 
cases with (h = 0.0015) and without (h = 0.005) insu-
lation, respectively. The temperatures recorded at the 
position corresponding to the temperature sensor in-
side the cell, as well as inside the soil sample at cho-
sen locations, are listed in Table 2. The analyses 
clearly demonstrate the efficiency of the insulation in 
limiting the heat losses through the side of the cell, 
which leads to greater uniformity of temperatures 
within the apparatus. 
 To provide further evidence of the good perfor-
mance of the apparatus, a test was performed where 
three needles containing T-type thermocouples were 
inserted in a soil sample consisting of a kaolin-based 
soil mixture. The temperature of the heaters was set 
to 80 °C and, in order to enable a direct comparison 
with the numerical results, the test was performed 
twice, with and without insulation. Table 2 presents 
the results of the experimental test together with the 
numerical predictions. An excellent agreement be-
tween the two sets of data is clear, particularly when 
considering the difficulties in estimating the values of 

 and the simplifications inherent to an axisymmetric 
simulation of a three-dimensional problem  

Despite the external method of heating, the gradi-
ents within the soil sample, less than 0.2°C, are not 
significant and the temperature field within the soil 
sample can be considered as uniform. The maximum 
deviation from the measured temperature in the mon-
itoring point of the cell water and at any point of the 
soil sample is 0.15 °C. It can be concluded that the 
temperature sensor within the cell water is a reliable 
method of assessing the temperature of the soil sam-
ple which can be assumed to be equal. 

 

Table 1. Material properties. 
 
 Stainless 

steel Brass PVC Water Soil 

Density (t/m3) 8.0 8.5 1.4 1.0 1.9 
Specific heat ca-
pacity (J/kg/K) 510 380 900 4180 800 

Thermal conduc-
tivity (W/m/K) 16.00 110.00 0.19 0.60 0.50 

 
Table 2. Numerical predictions and experimental measurements of 
the temperatures (°C) at the cell water sensor and within the soil 
sample with (in bold) and without insulation (in brackets). 
 
 Numerical  Experimental 
Water sensor 73.55 (62.32) 74.03 (66.42) 
Sample - upper 75.18 (66.70) 74.04 (66.55) 
Sample - middle 74.28 (64.29) 73.96 (66.41) 
Sample - lower 75.43 (67.43) 73.88 (66.33) 

 

 
Figure 4. (a) finite element mesh, (b) contours of accumulated 
temperature at steady state with insulation, (c) contours of accu-
mulated temperature at steady state without insulation. 

2.2.2 Thermal losses  

In order to operate the cell, it is essential to under-
stand the relationship between the temperature of the 
heaters (Th) (controlled parameter) and the resulting 
temperature of the sample (Ts). Figure 5 presents the 
difference between the temperature of the heaters and 
of the water after equalisation for different heater 

temperatures for a calibration test. The difference in-
creases linearly from approximately 0.8 °C at 30°C to 
4.3 °C at 70°C at a rate of approximately 0.09 °C/°C 
increase in the heaters. The slope of this line depends 
on the insulation conditions of the cell. In this cali-
bration test and for the rest of the testing programme, 
full insulation is applied to the apparatus. 
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Figure 5. Thermal losses in the cell (with insulation). 

2.2.3 Effect of heating rate  

Section 2.2.2 considered only the difference in 
temperatures between the heaters and the monitoring 
point at steady state. Figure 6 shows the differences 
during the heating steps of 10 °C, together with the 
points at steady state, obtained during two calibration 
tests performed at a fast (5 °C/hr) and slow (0.5 
°C/hr) heating rates. The fast heating rate causes sig-
nificant gradients in the cell, as by the time that the 
heaters reach their target value, the temperature of 
the cell water at the monitoring position is still signif-
icantly lower (up to 10 °C at 70 °C). However, if the 
heating is performed at a much slower rate, the gra-
dients are less significant. The data points that plot 
below the highlighted points at equilibrium corre-
spond to sudden computational pauses in the control 
of the heaters, which do not affect the control of the 
overall temperature of the cell.  

The recommended rate for testing is 0.5 °C/hr to 
ensure that during the transient state no significant 
gradients are induced within the cell, with the addi-
tional benefit of allowing for dissipation of excess 
pore pressure if drained conditions are chosen during 
the heating and cooling stages. 
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2.2 Thermal performance of the cell 

In order to validate the design of the cell and its heat-
ing system, several aspects of the cell’s thermal per-
formance have been explored in depth: the uniformi-
ty of temperature in the sample, the thermal losses to 
the room and the effect of the heating rate. 

2.2.1 Uniformity of temperature in the sample  

One of the critical aspects of the design of a tempera-
ture-controlled apparatus is ensuring the uniformity 
of temperature within the soil sample. To investigate 
the thermal performance of the Imperial College 
temperature-controlled triaxial apparatus, a series of 
numerical studies was conducted using the Imperial 
College Finite Element Program (ICFEP) (Potts & 
Zdravkovic, 1999), which is capable of simulating 
fully coupled THM behaviour of porous materials.  

The triaxial cell was modelled as linear elastic 
with material properties listed in Table 1. Since the 
analyses performed were axisymmetric, the geometry 
of the apparatus was simplified, i.e. the temperature 
sensor was not modelled and the heaters were mod-
elled as continuous discs. The mesh consists of 512 
8-noded quadrilateral elements with temperature de-
grees-of-freedom at the corner nodes only as shown 
in Figure 4(a).  

In order to simulate heating of the cell, a constant 
temperature of 80 °C was applied to the nodes corre-
sponding to the heaters. Moreover, in order to simu-
late the heat losses to the surroundings, a convection 
boundary condition was prescribed along the outer 
boundary of the mesh. This boundary condition is 
based on the Newton’s law of cooling, which states 
that the heat flux (q) is proportional to the difference 
between the temperature of a body (Tb) and the tem-
perature of the surrounding fluid (Tf), and can be ex-
pressed as: 
 
q = h (Tb –Tf)  (1) 
 

Tf was set to 21 °C, the air temperature in the la-
boratory. The constant of proportionality in Equation 
(1), h , is referred to as the convective heat transfer 
coefficient. Its value depends on the geometry of the 
object, fluid properties, as well as fluid flow regimes, 
and is, therefore, difficult to define. Analytical and 
empirical correlations exist for some common geom-

etries and types of fluid flow (Diersch, 2014), though 
not for a complex case such as the one under consid-
eration. Consequently, preliminary laboratory exper-
iments with and without insulation were performed 
and simulated numerically in order to estimate the 
value of h. It was found that h is in the range of 
0.001-0.002 for the case with insulation around the 
cell and in the range of 0.004-0.006 for the case 
without insulation.  

Two finite element analyses were then carried out 
to predict the distribution of temperature within a soil 
sample and to establish how it is affected by the use 
of insulation. Figures 4(b) and 4(c) show the temper-
ature fields inside the apparatus at steady state for the 
cases with (h = 0.0015) and without (h = 0.005) insu-
lation, respectively. The temperatures recorded at the 
position corresponding to the temperature sensor in-
side the cell, as well as inside the soil sample at cho-
sen locations, are listed in Table 2. The analyses 
clearly demonstrate the efficiency of the insulation in 
limiting the heat losses through the side of the cell, 
which leads to greater uniformity of temperatures 
within the apparatus. 
 To provide further evidence of the good perfor-
mance of the apparatus, a test was performed where 
three needles containing T-type thermocouples were 
inserted in a soil sample consisting of a kaolin-based 
soil mixture. The temperature of the heaters was set 
to 80 °C and, in order to enable a direct comparison 
with the numerical results, the test was performed 
twice, with and without insulation. Table 2 presents 
the results of the experimental test together with the 
numerical predictions. An excellent agreement be-
tween the two sets of data is clear, particularly when 
considering the difficulties in estimating the values of 

 and the simplifications inherent to an axisymmetric 
simulation of a three-dimensional problem  

Despite the external method of heating, the gradi-
ents within the soil sample, less than 0.2°C, are not 
significant and the temperature field within the soil 
sample can be considered as uniform. The maximum 
deviation from the measured temperature in the mon-
itoring point of the cell water and at any point of the 
soil sample is 0.15 °C. It can be concluded that the 
temperature sensor within the cell water is a reliable 
method of assessing the temperature of the soil sam-
ple which can be assumed to be equal. 

 

Table 1. Material properties. 
 
 Stainless 

steel Brass PVC Water Soil 

Density (t/m3) 8.0 8.5 1.4 1.0 1.9 
Specific heat ca-
pacity (J/kg/K) 510 380 900 4180 800 

Thermal conduc-
tivity (W/m/K) 16.00 110.00 0.19 0.60 0.50 

 
Table 2. Numerical predictions and experimental measurements of 
the temperatures (°C) at the cell water sensor and within the soil 
sample with (in bold) and without insulation (in brackets). 
 
 Numerical  Experimental 
Water sensor 73.55 (62.32) 74.03 (66.42) 
Sample - upper 75.18 (66.70) 74.04 (66.55) 
Sample - middle 74.28 (64.29) 73.96 (66.41) 
Sample - lower 75.43 (67.43) 73.88 (66.33) 

 

 
Figure 4. (a) finite element mesh, (b) contours of accumulated 
temperature at steady state with insulation, (c) contours of accu-
mulated temperature at steady state without insulation. 

2.2.2 Thermal losses  

In order to operate the cell, it is essential to under-
stand the relationship between the temperature of the 
heaters (Th) (controlled parameter) and the resulting 
temperature of the sample (Ts). Figure 5 presents the 
difference between the temperature of the heaters and 
of the water after equalisation for different heater 

temperatures for a calibration test. The difference in-
creases linearly from approximately 0.8 °C at 30°C to 
4.3 °C at 70°C at a rate of approximately 0.09 °C/°C 
increase in the heaters. The slope of this line depends 
on the insulation conditions of the cell. In this cali-
bration test and for the rest of the testing programme, 
full insulation is applied to the apparatus. 
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Figure 5. Thermal losses in the cell (with insulation). 

2.2.3 Effect of heating rate  

Section 2.2.2 considered only the difference in 
temperatures between the heaters and the monitoring 
point at steady state. Figure 6 shows the differences 
during the heating steps of 10 °C, together with the 
points at steady state, obtained during two calibration 
tests performed at a fast (5 °C/hr) and slow (0.5 
°C/hr) heating rates. The fast heating rate causes sig-
nificant gradients in the cell, as by the time that the 
heaters reach their target value, the temperature of 
the cell water at the monitoring position is still signif-
icantly lower (up to 10 °C at 70 °C). However, if the 
heating is performed at a much slower rate, the gra-
dients are less significant. The data points that plot 
below the highlighted points at equilibrium corre-
spond to sudden computational pauses in the control 
of the heaters, which do not affect the control of the 
overall temperature of the cell.  

The recommended rate for testing is 0.5 °C/hr to 
ensure that during the transient state no significant 
gradients are induced within the cell, with the addi-
tional benefit of allowing for dissipation of excess 
pore pressure if drained conditions are chosen during 
the heating and cooling stages. 
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Figure 6. Influence of the heating rate. 
 
3 CONCLUSIONS 

This paper presents the development of a new tem-
perature-controlled triaxial apparatus at Imperial Col-
lege Geotechnics Laboratory for the THM characteri-
sation of saturated soils. The cell is capable of testing 
at temperatures up to 85 °C and pressures up to 800 
kPa.  

The findings of an initial calibration programme 
aiming to understand the behaviour of the different 
components of the apparatus with temperature are 
presented and the uniformity of the temperature field 
in the sample is demonstrated. A special feature of 
the development of the apparatus is the integrated de-
sign approach taken with numerical simulations of its 
thermal performance, achieved using the new THM 
software capabilities developed in the research group.  
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