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1 INTRODUCTION 
 
The Department of Construction Technology and  
Geotechnics of Perm National Research Polytechnic 
University has conducted studies of temperature 
fields of ground bases in the city of Perm since 2009. 
Research is being carried out to quantify the soil ther-
mal behaviour for the main types of geotechnical con-
ditions. 

Quantitative assessment of subgrade temperature 
is one of the main factors allowing the introduction of 
the process based on the use of the soil thermal            
energy. They are energy-efficient foundations and un-
derground structures of buildings. As a rule, the tech-
nologies based on the use of the soil thermal energy 
are employed for heating and cooling of buildings to 
provide electricity and hot water. 

These technologies have been widely used in Eu-
ropean and neighbouring countries (Brandl et al. 
2006, Katzenbach et al. 2002, Shapoval & Mork-
lyanyk 2011, Ponomarev & Zakharov 2015, Zakha-
rov 2010). Their introduction in Russia is point and 
did not find mass distribution. 
 
 
2 GEOLOGICAL SECTION OF 
EXPERIMENTAL SITES 
 
Research of temperature fields of ground bases car-
ried out for two basic types of geotechnical conditions 

specific to the left-bank and right-bank parts of the 
Perm city. Studies are being conducted at two sites: 

Site 1. The monitoring system is installed at the 
Civil Engineering Faculty PNRPU in the Sverdlovsky 
district of Perm (left bank of the city of Perm). Moni-
toring has been carried out continuously since De-
cember 2008 to present. 

Site 1 is characterised by dense urban develop-
ment. The development age is over 50 years. The dis-
tance from the observation well to the nearest buil-
ding is about 3 m. 

In accordance with the results of geological engi-
neering survey experimental, site 1 is comprised of 
quaternary alluvial-diluvial clayey soil of the total 
thickness of 11.6 m, with up to 60-70% of pebbles at 
the bottom. Quaternary soils are overlaid by filled-up 
ground of 6.0 m thickness. 

Bedrock is argillites, uncovered at a depth of 
17.6 m. 

Filled-up ground is presented by clay soil of semi-
solid to plastic consistency at the base with an admix-
ture of 60-70 % of construction waste (rubble, broken 
bricks, glass, wood). 

Quaternary alluvial-diluvial deposits are mainly 
represented by clay of solid to semi-solid consistency 
underlying the pebble with loamy sand of solid con-
sistency (content of gravel and pebbles is 60-70 %). 

Geological section is shown in Figure 1. 
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a) Site 1         b) Site 2 
Figure 1. Geological section of experimental Sites 
 

Site 2. The monitoring system is installed on the ter-
ritory of the university campus in the Leninsky dis-
trict of Perm (right bank of the city of Perm.). Moni-
toring has been carried out since August 2015. 
Current monitoring data was obtained until December 
2018. 

Site 2 is located on the undeveloped area of the 
city. The distance to the nearest building is over 30 m.  

According to the results of archival research of the 
surrounding area, site 2 is comprised of quaternary al-
luvial sand and clay with a total thickness of 15 m, 
with 25% of gravel at the bottom. 

Quaternary alluvial deposits are represented by 
fine sand, clay and clay soils of plastic to liquid con-
sistency. The gravel inclusion was marked from a 
depth of 1.0 m along the full thickness of the alluvial 
soils with an increase to the base up to 25%. Accor-
ding to the results of archive research the bedrock was 
uncovered at a depth of 17.0 m. The geological sec-
tion is shown in Figure 1. 

According to the results of geotechnical studies, 
sites 1 and 2 are assigned to the I and II types of geo-
technical conditions, respectively, specific to Perm 
(Ponomarev & Kaloshina 2013). 

 

3 MONITORING OF THE TEMPERATURE 
FIELDS RESULTS 
 
Studies of the temperature field distribution in the soil 
are carried out by installing the resistive temperature 
transducer (temperature sensors). Installation of resis-
tive temperature transducers were made in a pre-
drilled hole under the protection casing. 

To gather the data, RTM 59 loggers are used for 
measuring, continuous recording and monitoring of 
temperature and other non-electrical values (fre-
quency, pressure, flow, level, etc.), which were con-
verted into electrical signals of strength, DC voltage 
and DC resistance. 

The thickness of the observed soil mass on site 1 
was 19 m. The temperature sensors were installed at 
intervals of 1 m. 

The temperature fields on site 1 have been moni-
tored for more than 10 years. Summarised monitoring 
results (average monthly temperatures for the period 
from January 2009 to December 2018) are shown in 
Figure 2. 

 
Figure 2. Site 1. Diagram of average monthly temperatures of 
soil mass according the monitoring results from 2009 to 2018 

 
Under the diagram the temperature of the soil mass 

from a depth of 8-9 m is practically independent of 
the seasonal outdoor temperature fluctuations. The 
temperature is about 12 °C, falling to 10 °C at a depth 
of 19 m. 
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To analyse the temperature fluctuations for several 
annual cycles, the average yearly temperatures in 
2009-2018 years is shown in Figure 3. 

 

 
Figure 3. Site 1 - Diagram of average yearly temperatures of soil 
mass in 2009 - 2018 years 

 
The temperature of the soil mass from a depth of 8-
9 m is constant (difference is not more than 1° C) du-
ring 11 years of monitoring. 

The thickness of the observed soil mass on site 2 
is 37 m. The temperature sensors are installed at in-
tervals of 2 m, till a depth of 3 m interval is equal to 
0.5 m. 

The temperature fields on site 2 were monitored 
for more than 3 years. Summarised monitoring results 
(average monthly temperatures for the period from 
August 2015 to December 2018) are shown in Figure 
4.  

Analysis of monitoring results on site 2 displays 
that the temperature of soil mass from a depth of 9 m 
is constant and equal to 6-7°C. 

To analyse the temperature fluctuations for several 
annual cycles the average yearly temperatures during 
2016-2018 are shown in Figure 5. 

The temperature of the soil mass from a depth of 
4-6 m is constant (difference is not more than 1°C) 
during the 3 years of monitoring. 

For further analysis the average yearly tempera-
tures of soil mass are shown in Table 1 and Figure 6 
for both sites. 

 

 
 

Figure 4. Site 2 - Diagram of average monthly temperatures of 
soil mass according to the monitoring results from 2015-2018. 

 

 
 

Figure 5. Site 2 - Diagram of average yearly temperatures of soil 
mass for 2016-2018 
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Table 1. Average yearly temperatures of soil mass for Sites 1 
and 2 ________________________________ 
Depth    Site 1    Site 2 ____     ____     ____ 

m     °C      °C ________________________________ 
0      10.2     6.8 
1      11.1     5.7 
2      11.6     6.1 
3      12.0     6.5 
4      12.3     6.6 
5      12.2     6.7 
6      12.2     - 
7      12.2     6.3 
8      12.2     - 
9      12.1     6.7 
10      11.6     - 
11      11.4     6.6 
12      11.6     - 
13      11.4     6.6 
14      11.6     - 
15      11.7     6.5 
16      11.0     - 
17      10.8     6.5 
18      10.5     - 
19      10.3     6.3 
21       -     7.3 
23       -     7.0 
25       -     6.9 
27       -     6.8 
39       -     6.7 
31       -     6.8 
33       -     6.2 
35       -     6.1 
37       -     6.0 ________________________________ 

 

 

 
 

Figure 6. Diagram of average yearly temperatures for Sites 1 and 
2 

 
 
 
 
 
 
 
 
 
 
 
 

4 CONCLUSIONS 
 
Based on the results of conducted studies the follow-
ing conclusions were drawn: 

1. The temperature of the soil mass from a depth 
of 9 m (for sites 1 and 2) is practically independent of 
the seasonal outdoor temperature fluctuations.  

The temperature from a depth of 9 m is about 
12 °C for site 1 falling to 10 °C at 19 m depth. For site 
2, the temperature is constant and equals 6-7 °C.  

2. The temperature of the soil mass at site 2 is on 
average 4-6 °C lower than site 1. The difference of 
temperatures decreases with increasing depth. 

3. The fixed difference of soil mass temperatures 
of the sites are probably explained by the presence of 
additional heat sources at site 1, characterised by 
dense urban development. 

4. When designing power efficient foundations 
and underground structures, the location of the object 
and the presence of surrounding buildings and engi-
neering services should be taken into account. 
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