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Thermal conductivity tests were conducted on several different diameters of drilled piles 
installed with geothermal pipes used for closed loop geothermal heating and cooling 
applications.  Installing pipe loops in piles allows geothermal energy captured from the 
ground to be transferred using heat pumps to heat and cool buildings.  This technology 
provides both a renewable energy source and a cost effective option compared to other 
geothermal and conventional methods.  Thermal conductivity testing was performed on 
both single loop and double loop configurations for a range of pile diameters.  This paper 
quantifies the variation in measured thermal conductivity relative to both pile diameter and 
loop configuration type in a mixed sand and clay soil profile.  A “conventional” borehole 
loop grouted with thermally enhanced grout was also tested for comparison. 

 
 
INTRODUCTION 
 
Ground source heat pump (GSHP) applications to 
heat and cool buildings have been used 
successfully for 20 years providing both lower 
energy usage and corresponding carbon 
emissions than conventional systems.  There has 
been a significant increase in the past 7 years in 
incorporating the building’s own deep foundations 
(typically piles) as all or a portion of the ground 
source for the heat pumps. 
 
Since the added cost to install geothermal pipe 
loops in the piles is small compared to the cost of 
the foundations and the overall project, it is 
obvious that utilizing piles with their excellent 
thermal properties in the system makes good 
economic and environmental sense.  The energy 
usage and associated carbon emissions for a 
ground source heating and cooling system is about 
half that of a conventional system (Goldfingle, 
2009).  This same reference further reports that the 
payback time of the capital cost of a GSHP system 
is between 2 and 9 years due to the lower 
operating costs. 
 
A key part of the design procedure of GSHPs is an 
accurate determination of the site specific soil/rock 
thermal properties. These properties can be 
measured in the field by installing a full scale test 
pile at the site and performing a thermal 
conductivity (TC) test, much the same way a pile 
load test is performed to measure pile capacity. 
 
The thermal conductivity testing reported for this 
paper were performed at a test site specifically to 
evaluate the TC test procedures and results, so 
this testing was not associated with a particular 
project or group of projects.  The methods used to 
perform the TC tests follow the well accepted 
standards described in the ASHRAE 1118-TRP 

research summary report.  However, these 
methods were developed for small diameter 
borehole applications.  There was no research 
performed at the time this standard was 
developed using large diameter boreholes or 
specifically geothermal energy piles, which are 
both large diameter and composed of 
concrete/grout and steel. 
 
Amis, et. al. (2008), (2009) have reported the 
effects of heating and cooling geothermal energy 
piles under load to evaluate the temperature, 
strain and associated load carrying ramifications 
to the piles.  Prior to this research only empirical 
evidence was available to demonstrate that the 
heating and cooling cycles resulted in no 
significant detrimental structural effects. 
 
While the heating and cooling cycles produce 
relatively complex structural and geotechnical 
behaviour in the piles, the stresses are typically 
quite low compared to the ultimate capacity of 
the piles, primarily because large factors of 
safety are used in both the structural and 
geotechnical design. 
 
A decade earlier Henderson, et. al. (1999) 
reported the successful use of geothermal 
energy piles incorporated into the foundation for 
a hotel in Geneva, New York.  As was their use 
in this New York case history, the typical 
geothermal energy pile application is used in 
conjunction with additional closed loop boreholes 
to provide the required energy capacity for a 
structure.  Henderson went on to report that the 
geothermal energy piles had a better heat 
transfer performance than the borehole field. 
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BERKEL TEST SITE 
 
The Berkel test site is located at their regional 
office in Richmond, Texas.  The test piles were 
installed using Auger Pressure Grouted (APG) pile 
installation techniques.  Auger Pressure Grouted 
(APG) and Auger Pressure Grouted Displacement 
(APGD) piles continue to see significant growth in 
the market due to their unique combination of 
speed of installation and high capacity that results 
in one of the most cost effective deep foundation 
systems available.  APG piles were first introduced 
in the 1940s, and are also known by a variety of 
names including auger cast and continuous flight 
auger piles.  In the 1990s the Deep Foundations 
Institute established the generic term Augered 
Cast-In-Place (ACIP) piles to describe this type of 
deep foundation system. 
 
Auger Pressure Grouted Energy (APGE) Piles™ 
 
APG piles installed with geothermal pipe loops are 
called Auger Pressure Grouted Energy (APGE) 
piles™.  They are constructed by rotating a hollow 
stem, continuous flight auger into the ground to the 
desired tip elevation.  When the required depth is 
reached, a high strength, fluid grout is pumped 
under pressure through the hollow stem of the 
auger exiting through the tip (or bit).  A pre-
established amount of grout is pumped prior to 
lifting the auger to build up a “grout head” around 
the outside of the auger.  The auger is then 
withdrawn in a controlled manner slowly rotating 
clockwise as the pumping continues to both 
maintain the head of grout and avoid any intrusion 
of water or soil into the grout column. 
 
APGE piles™ can be installed with diameters 
ranging from 12-inches to 24-inches ( 300 mm to 
600 mm) in 2-inch (50 mm) increments, plus 30-
inch (760 mm) and 36-inch (910 mm).  APGE 
piles™ can be installed with lengths up to 130 ft 
(40 m). 
 
Soil Conditions 
 
The site is located within the Beaumont geologic 
formation along the Gulf Coast of Texas.  The soils 
were deposited in Pleistocene times in shallow 
coastal river channels and flood plains.  The 
courses of the river channels changed frequently 
during this period and resulted in a complex 
stratification of sand, silt and clay.  The clays were 
overconsolidated to significant depths due to 
desiccation that resulted when the water table was 
lowered during the Second Wisconsin Ice Age.  
The clay is composed of montmorillonite, kaolinite, 
illite, and fine ground quartz.  The sands are 
composed of quartz, feldspars and occasionally 
hornblende.  They vary in density from medium 

dense to very dense, and are sometimes lightly 
cemented. 
 
A soil boring performed at the test site showed 
stiff to very stiff clay from the ground surface to a 
depth of 32 ft (10 m).  Very dense sand was then 
encountered from 32 ft to 57 ft (10 m to 17 m), 
followed by a 5 ft (1.5 m) thick layer of medium 
stiff clay.  Medium dense to very dense sand was 
then encountered to the boring completion depth 
of 70 ft (21 m).  The groundwater level was at a 
depth of 11 ft (3.3 m) below grade. 
 
Laboratory thermal conductivity tests were 
conducted on selected soil samples and samples 
of the grout used for the piles.  The results of the 
laboratory tests are summarized in Table 1 
below. 
 

Sample 
Moisture 
Content 

(%) 

Dry Unit 
Weight 

(pcf)/(Mg/m3) 

TC 
(Btu/hr*ft*F)/

(W/m*K) 
Clay - 
20 ft  

(6.1 m) 

 
21.1 

107.7/ 
1.73 

1.28/ 
2.22 

Sand - 
45 ft  

(13.7 m) 

 
14.0 

108.6/ 
1.74 

2.34/ 
4.05 

Clay - 
60 ft 

(18.3 m) 

 
28.0 

96.3/ 
1.54 

1.21/ 
2.09 

Thermal 
Grout 

64.5 57.8/ 
0.93 

0.78/ 
1.35 

APGE 
Pile 

Grout 

 
7.3 

118.9/ 
1.91 

0.78/ 
1.35 

Table 1.  Laboratory Test Results 
 
It is interesting to note that the bentonite/silica 
sand thermal grout was measured to have the 
exact same thermal conductivity as the 
cement/flyash/sand grout used for the APGE 
piles™, although the densities of the materials 
are much different. 
 
Test Pile Group 
 
Three test piles were installed at the site to a 
depth of 60 ft (18.3 m) below grade in an 
equilateral triangular pattern 15 ft (4.5 m) apart.  
The soil boring was performed in the exact center 
of the triangle, 8.67 ft (2.6 m) from each test pile.  
Two pairs of 1-inch (25 mm) diameter pipe loops 
with U-bend couplers at the bottom were installed 
the full length of all three piles, along with three 
thermistors placed at a depth of 20 ft (6.1 m), 45 
ft (13.7 m) and 60 ft (18.3 m).  Three thermistors 
were also placed at these same depths in the 
center borehole.  An example of the pipe loops 
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with the U-bend coupler attached is shown in 
Figure 1 below. 
 
The polyethylene (PE) pipe loops were attached to 
a 1-inch (25 mm) diameter full length steel center 
bar around a 5-inch (127 mm) diameter plastic 
spacer.  The centers of the pipes were roughly 3 
inches (76 mm) from the center of the pile, and 
were separated apart from each other 
approximately 3 inches (76 mm).  The two pipe 
loops were installed on diametrically opposite sides 
of each pile. 
 

 
 
Figure 1. Typical pipe loops and U-bend couplers 
 
One 12-inch (300 mm) diameter and one 18-inch 
(450 mm) diameter APGE pile™ was installed, 
along with one 12-inch (300 mm) diameter pile 
installed using a thermally enhanced 
bentonite/silica sand grout typically used for 
borehole loops for comparison.  The APGE piles™ 
were installed using a standard grout mix design 
that would result in a compressive strength of 
4,000 psi (27.5 MN/m2) in 28 days.  A non-shrink 
additive was also included in the mix designs for 
both types of grout.  No grout shrinkage was 
observed in either the piles or the grout samples 
obtained for testing.  A sketch of the test pile layout 
is shown in Figure 2. 
 

Figure 2.  Test Pile Layout 
 

THERMAL CONDUCTIVITY TESTS 
 
The American Society of Heating, Refrigeration, 
and Air Conditioning (ASHRAE) published a set 
of recommended procedures for performing 
formation thermal conductivity tests for 
geothermal applications (ASHRAE 1118-TRP).  
There are several methods of analysis including 
the Line Source (LS) Method, Cylindrical Heat 
Source Method, ORNL/Shonder Method or the 
OSU Numerical Method.  These various methods 
typically give similar results.   
 
The Line Source Method was used for this paper.  
The data from the first few hours of the test is not 
valid to include in this analysis.  The LS method 
assumes an infinitely thin line source of heat in a 
continuous medium.  Since we are using a U-
bend pipe loop installed in a pile to inject heat 
into the ground at a constant rate, the test must 
be run long enough to determine the average 
formation thermal conductivity and allow the finite 
dimensions of the U-bend pipe loop and pile to 
become insignificant.  Typically the first 5 hours 
of data are not used when analyzing small 
diameter (less than 6 inches/152 mm) boreholes.  
Since the piles tested here are 12 inch (300 mm) 
and 18 inch (450 mm) diameter the first 10 hours 
of data was disregarded in the analysis.  We call 
this the LS-10 method. 
 
The Formation Thermal Conductivity Test (FTC) 
is performed by injecting a constant amount of 
energy (heat) into the U-bend pipe loop (or loops) 
that have been installed in the pile.  The 
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temperature of the circulating water is monitored 
over time with a data logger, along with the energy.  
For this study we also logged the temperatures of 
the piles and center soil boring during all the 
testing.  The collected data is graphed and the line 
source heat transfer theory is used to calculate 
thermal conductivity.  Since we are measuring the 
temperature of both the water and pile we can 
calculate the FTC using both sets of data for 
comparison.  A picture of the FTC test unit is 
shown in Figure 3 below. 
 

 
 

Figure 3.  FTC Test Equipment 

 

Test Results 
 
A total of five tests were performed for this study.  
Both a single loop test and a double loop test was 
performed on the two APGE piles™ (4 tests total), 
and a double loop test was performed on the 
thermal grout pile.  All piles are 60 ft (18.3 m) long.  
Plots of the data from the five separate tests are 
shown in the figures below.   
 

 
Figure 4.  12-inch (300 mm) APGE Pile™ Single 

Loop Test 
 

 
Figure 5. 18-inch (450 mm) APGE Pile™ Single 

Loop Test 
 

 
Figure 6. 12-inch (300 mm) APGE Pile™ Double 

Loop Test 
 

 
Figure 7.  18-inch (450 mm) APGE Pile™ Double 

Loop Test 
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Figure 8.  12-inch (300 mm) Thermal Grout Pile 

Double Loop Test 
 
The tests were typically run for 3 to 4 days.  Both 
the temperature of the water being circulated and 
then temperature of the center of the pile were 
measured at 5 minute intervals during the tests.  
The heat rate was also continuously recorded 
during all the testing. 
 
The initial water temperature from the local source 
was 76 degrees F (24 degrees C).  The average 
initial soil temperature measured from the 
thermistors was 71 degrees (22 degrees C).  Soil 
temperatures were monitored in the center soil 
boring during all the testing and as expected there 
was no measurable increase in the soil 
temperature 8.67 ft (2.6 m) from each test pile 
during any of the tests.  Since both a single loop 
and a double loop test were run on the two APGE 
piles™, the pile temperatures were monitored 
between tests so there would be enough time 
allowed between tests to permit the piles to cool 
back to near initial ambient temperatures (typically 
a week or more). 
 
Based on the laboratory thermal conductivity test 
results, the weighted average thermal conductivity 
of the soils in the upper 60 ft (18.3 m) that 
corresponds to the test pile length is 1.72 
Btu/hr*ft*F (2.98 W/m*K).   

 

Comparison 
 
A summary of the test results is shown in Table 2..  
The test results are based on the LS-10 method 
where the first 10 hours of the data are ignored. 
 
 
 
 

Table 2. Summary of Test Results 
 

Comparing the results leads to at least two 
principal observations and several other 
interesting minor observations.   
 
The first principal observation is that the thermal 
conductivity (TC) measured in the APGE piles™ 
is much higher than the pile constructed using 
thermally enhanced grout, even though the 
laboratory tests on each sample was exactly the 
same (0.78 Btu/hr*ft*F or 1.35 W/m*K).  The 
average double loop TC for the APGE piles™ 
using both the water and pile data was 1.64 
Btu/hr*ft*F (2.84 W/m*K).  The average TC 
measured for the thermally enhanced grout pile 
was 1.29 Btu/hr*ft*F (2.23 W/m*K).  Thus the TC 
measured for an APGE pile™ is 27 percent 
higher than an equivalent pile using thermally 
enhanced grout. 
 
The second principal observation is that the TC’s 
measured using the water data are all slightly 
higher than those measured using the pile data.  
For the APGE piles™ with both single loop and 
double loop tests the average TC calculated with 
water data was about 8 percent higher than the 
average TC with the pile data.  Comparing only 
the double loop data from the APGE piles™ the 
water data TC was 6 percent higher than the pile 
data TC.  The thermally enhanced grout pile 
showed a 9 percent higher TC when calculated 
using the water data than the pile data. 
 
There were several other minor observations that 
can be made when comparing the results of the 
tests.  The standard deviation of the APGE pile™ 
TC’s calculated with the pile data (0.04 
Btu/hr*ft*F or 0.07 W/m*K) is about half that 
calculated with the water data.  The 
corresponding minimum to maximum range of 
the results between the water data and the pile 
data also showed that same ratio.  The water 
data range was about double the pile data range.  
The coefficient of determination (R2) value for the 
pile data was always higher (better fit) than with 
the water data. 

 
 

Pile 

 
Loop 
Type 

 
Avg 

Power 
(W) 

 
Water 
Data 

(Slope/R2) 

 
Pile 
Data 

(Slope/R2) 

Thermal 
Conductivity 
(Btu/hr*ft*F)/ 

(W/m*K) 
     Water Pile 
 

12 
inch 

APGE 

 
Single

 
Double 

 
1717 

 
2222 

 
4.5135/ 
0.9914 
5.9708/ 
0.9914 

 
4.7515/ 
0.9988 
6.2267/ 
0.9988 

 
1.73/ 
2.98 
1.68/ 
2.91 

 
1.64/ 
2.84 
1.62/ 
2.80 

 
18 

inch 
APGE 

 
Single

 
Double 

 
1673 

 
2229 

 
4.0021/ 
0.9771 
5.9578/ 
0.9949 

 
4.5684/ 
0.9963 
6.4669/ 
0.9974 

 
1.89/ 
3.27 
1.69/ 
2.92 

 
1.66/ 
2.87 
1.56/ 
2.70 

12 
inch 
TG 

 
Double 

 
1506 

 
5.0717/ 
0.9944 

 
5.5450/ 
0.9945 

 
1.34/ 
2.32 

 
1.23/ 
2.13 
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The TC’s calculated from the double loop tests on 
the APGE piles™ were 5 percent lower than the 
TC’s calculated from the single loop tests, but the 
R2 value was noticeable higher for the 18-inch (450 
mm) APGE pile™. 
 
CONCLUSIONS 
 
The results of these comparative thermal 
conductivity tests show that full scale tests 
performed on test piles can be effectively used to 
measure thermal conductivity, one of the most 
important factors in the design of ground source 
heat pump systems, even though this test method 
was originally developed for small diameter 
borehole loop applications.  The overall results of 
the tests show values that are considered very 
close to those that would be expected for these 
soil conditions, and match well with the laboratory 
measured values. 
 
During all of the testing performed there was no 
measured change in the soil temperature at any 
time in the center of the test grid, which was 8.67 ft 
(2.6 m) from each of the three test piles.  Five total 
tests were performed on the three test piles with 
test durations between 3 and 4 days each. 
 
It is clear that using standard cement based 
structural grout (or concrete) results in a much 
higher (27 percent) thermal conductivity than using 
thermally enhanced bentonite/silica sand grout, 
even with the exact same laboratory measured 
thermal conductivity of the two materials.  The 
much higher density of the cement based grout 
used in the APGE piles™ likely allows for this 
better thermal conductivity. 
 
The thermal conductivity measured using 
temperature data from thermistors in the center of 
the pile provide better test results than using the 
more conventional data from the circulating water 
temperature.  The thermal conductivity measured 
using the pile temperature data resulted in a 
smaller range, smaller standard deviation and 
higher coefficient of determination (R2) for all 
cases.  This is likely due to the center of pile 
temperature more accurately reflecting the basic 
assumptions of the line source model, and the fact 
that this location is less vulnerable to changes in 
the heat rate during the course of the three to four 
day long tests affecting the results.   
 
The thermal conductivity measured using the water 
temperature data was slightly (6 percent) higher 
than using the pile temperature data based on the 
double loop test results. 
 
 

For APGE piles™, which are much larger in 
diameter than the conventional borehole loops, 
the double loop tests provide better results than 
the single loop tests, especially for larger 
diameter piles.  This is likely due to a more even 
heating of the pile with the double loop than the 
single loop, which better matches the line source 
model assumptions. 
 
The results of this thermal conductivity test 
program indicate that the best results for APGE 
piles™ come from double loop tests.  In addition 
to measuring the water temperature during the 
test, it is also important to measure the 
temperature at the center of the pile for 
comparison.  The center of pile temperature data 
can provide a somewhat better fit of the data and 
a slightly more conservative thermal conductivity 
value than from the water temperature data. 
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