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ABSTRACT. The technology of energy piles for heat storage involves turning
the concrete piles buried beneath the ground into a part of the ground-source
heat pump system and burying the heat-transfer tubes in the foundation piles,
which are regarded as heat transfer wells. The heat transfer tubes are
embedded in the concrete foundation piles, destroying the mechanical bearing
capacity of the piles and damaging the safety of the buildings. Thus,
considering the structural stability and the degree of heat transfer of concrete
piles, as well as the selection of material for the foundation piles, the mixing
ratio of the material of the energy piles is experimentally studied by the
orthogonal method. The optimum mixing ratio of the energy pile is thus
obtained. A concrete test block is used to conduct a static load test and
splitting test to verify the mixing ratio of the concrete of the energy pile. The
results show that steel fiber can be used to enhance the bearing capacity of
the storage pile as a reinforcement material. Under a reasonable ratio, the
reinforced pile can absolutely meet the original design requirements. Ordinary
Portland cement or composite Portland cement can be used as cementitious
materials for energy piles. Through an experiment, it is proved that the
composite Portland cement can better meet the requirements of the concrete
foundation piles than the cementitious material. As thermal conductivity
materials, the addition of industrial graphite and scrap copper slag can
improve the thermal conductivity of the pile, but it can also reduce the
mechanical properties of the pile. It is necessary to control it in a certain range
and not to add a large amount of graphite just to improve the thermal
conductivity.
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RESEARCH ON FIBER-REINFORCED CONCRETE OF ENERGY PILES

Principles of material selection
ig. 1 shows the load-strain curve of the non-tube pile and Fig. 2 shows the load-strain curve of the buried pipes in
the pile. It can be seen from the figures that if a heat transfer tube is buried in the pile, the concrete pile in the
vicinity of the heat transfer tube is damaged more seriously, and the distribution of cracks is also very uneven,
which indicates that after the heat transfer tube is buried, the compressive bearing capacity of the concrete pile foundation
decreases greatly. After the heat transfer tube is buried in the pile foundation, the distribution of the strain curve of the
pile is greatly changed, and the strain variation of the steel and the concrete is increased, which is more likely to cause the
concrete pile to break [1-0].
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Figure 1: Load-strain curve of the non-tube pile. Figure 2: Load-strain curve of the butied tubes in the pile.

In addition, since the heat transfer tubes embedded in the concrete piles are to conduct the heat storage, a large amount of
heat is stored in the energy piles, causing heat accumulation, which in turn causes the temperature of the center of the
conctrete piles to rise. When the concrete temperature rises to 100 °C, the internal free water begins to evaporate, and the
chemical composition and physical structure of the concrete will change to about 500 °C [7-10]. Due to the
decomposition of Ca (OH) » leading to the concrete cracking, the concrete pile needs to remain at a high temperature to
have favorable mechanical stability. Meanwhile, the expansion coefficient of the concrete materials is required to be as
close to the expansion coefficient of the material of the heat transfer tube, so that it can effectively reduce the presence of
an air film to avoid the unfavorable thermal conductivity of the pile.

Based on the analysis above, it is required that the selection of the concrete material of energy piles should meet the
following conditions: firstly, the pile foundation of the building can still have stable mechanical properties at high
temperature; secondly, the material of the pile foundation should have good thermal conductivity, so that the heat
exchange can be conducted completely between the energy pile and soil; thirdly, the thermal expansion coefficient values
of the heat transfer tubes and the concrete should be the same if possible to ensure that the heat transfer tubes and the
concrete are tightly integrated without an air film, which would affect the thermal effect [11-15].

Choosing raw material

The main materials referred to in connection with the energy piles contain cement binders, aggregate, fiber, admixtures,
and so on.

Kind of cement: composite Portland cement.

Type of coarse aggregate: basalt gravel with a density of 2.6X10°Kg/m?>.

Type of fine aggregate: natural sand; its modular and density are 2.6 and 2.55x103Kg/m? respectively, its moistute content
is 5%.

Type of fiber: the fiber-reinforced material mentioned here refers to steel fiber, whose length is 30-40 mm and whose
tensile strength is 4500 MPa.

Type of material for storing heat: graphite and copper slag have a better thermal conductivity and the density of the
graphite and copper slag in this experiment is 1.8X103Kg/m3 and 3.3X103Kg/m? respectively.
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Experimental study on mechanical properties of test piece of fiber-reinforced concrete

In this study, the compressive strength and anti-splitting strength of the test blocks are investigated by using the mixing
ratio of the material in the concrete of the energy pile. The contents of fiber, graphite, copper slag, and fine aggregate are
taken as the main factors, of which each factor is divided into three levels. This can be seen in Tab. 1.

A C
Factor Carbon (steel) fibers . B 5 Copper slag . D 0
Level V%) Graphite(Kg/m?) V%) Fine aggregate (V%)
1 0.0 (0.0 0.0 0.0 0.0
0.25 (0.5) 1.0 2.0 2.0
3 0.5 (1.0) 2.0 4.0 4.0

Table 1: Factors and levels.

According to the factors and the levels, an Lo (3%) orthogonal table is used, and the corresponding quality of each factor is
determined to obtain orthogonal tests seen in Tab. 2.

Columns A B C D
No. . Ordinary (Composite) Ordinary (Composite) fine

Test No. Carbon (steel) fibers(g) Graphite(g) o b ) aggregate (2
1 0(0) 0 0(0) 5.64(5.34)
2 0(0) 0.84 138.3(131.2) 5.53(5.20)
3 0(0) 16.8 276.5(262.4) 5.42(5.07)
4 37.8(372.6) 0 138.3(131.2) 5.53(5.20)
5 37.8(372.6) 0.84 276.5(262.4) 5.42(5.07)
6 37.8(372.6) 16.8 0(0) 5.64(5.34)
7 75.6(655.2) 0 276.5(262.4) 5.42(5.07)
8 75.6(655.2) 0.84 0(0) 5.64(5.34)
9 75.6(655.2) 16.8 138.3(131.2) 5.53(5.20)

Table 2: Orthogonal Test Table.

In the table, Ordinary refers to ordinary Portland cement and Composite means composite Portland cement. In this test,
2.97 kg of the ordinary Portland cement are used together with 1.78 kg of water. Moreover, 3.86 kg of composite Portland
cement are mixed with 1.78 kg of water.

Experiment on mechanical properties of the concrete and results analysis

In accordance with the mixing ratio of the material in Tab. 2, 36 groups of test blocks of different mixing ratios are made.
Each group with the same mixing ratio includes 6 blocks, which means 216 blocks are made in this experiment, which are
to be used for the compressive strength and the anti-splitting experiments. The test results of the compressive strength are
recorded in Tab. 3.

Figs. 3 and 4 show the relationship between the factors, the levels, and the K values in the compressive strength test when
the ordinary Portland cement is used as the cementitious material and the carbon fiber and the steel fiber are selected as
the fiber material. According to the conventional analysis of the orthogonal test, it can be seen that A is the carbon (steel)
fiber, B is the graphite, and C is the scrap copper slag. In the course of the test, with the amount of these three materials
increasing, the corresponding curves of the pile strength of K1, K2, and K3 can be seen in the figures.

In Fig. 3, in the case of A, for example, when the amount of fiber is increasing, the pile strength K1 to K3 are is gradually
reduced, and it can be concluded that when the content of this fiber increases, the compressive strength of the concrete is
negatively impacted, and tends to decrease; the amount of B has little effect on the strength of the test blocks, and the
strength slightly increases at Level 3. In Fig. 4, it can be intuitive to seen that when the ordinary Portland cement is
selected as the cementitious material, combined with the steel fiber in the reinforced experimental group, the strength
does not significantly decrease when the steel fiber content increases, but slightly improves. According to the data, we can
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see that the content of graphite in this experiment is the biggest factor affecting the strength, followed by scrap copper
slag.

Carbon fiber compressive strength test Steel fiber compressive strength test
results (MPa) results(MPa)
Numbering
Ordinary Portland ~ Composite Portland ~ Otrdinary Portland ~ Composite Portland
Cement Cement Cement Cement
1 19.77 22.52 19.77 22.52
2 20.23 21.73 20.23 21.73
3 21.59 21.88 21.59 21.88
4 18.49 22.93 23.31 27.14
5 17.33 20.28 15.31 28.67
6 16.31 19.70 20.85 26.04
7 13.25 16.11 19.91 26.99
8 13.82 20.66 15.97 27.48
9 16.32 16.82 23.08 25.36
Table 3: Test results of the compressive strength.
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Figure 3: Relationship between the factors, the levels, and the K Figure 4: Relationship between the factors, the levels, and the K
values (catbon fibet). values (steel fiber).

Fig. 5 and Fig. 6 show the relationship between the factors, the levels, and the K values in the compressive strength test
when the composite Portland cement is selected as the cementitious material, and carbon fiber and steel fiber are selected
as the fiber materials.

It can be intuitively seen from Fig. 5 that when the composite Portland cement is selected as the cementitious material,
combined with the carbon fiber in the reinforced experimental group, the strength decreases slightly when the content of
the carbon fiber increases., meanwhile, the content of the carbon fiber impacts has a large impact on the concrete's
strength largely, followed by the scrap copper slag, and the graphite has the smallest impact. Fig. 6 can be analyzed
illustrates that when the content of the steel fiber is increased, the strength of the test block increases significantly. The
amount of the steel fiber greatly affects the concrete strength largely, followed by the graphite, and the scrap copper slag
has the smallest impact.

Tab. 4 shows the measured values of the anti-splitting strength of different material mixing ratios.
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Figure 5: Relationship between the factors, the levels, and the K Figure 6: Relationship between the factors, the levels, and the K
values (carbon fiber). values (steel fiber).

Carbon fiber compressive strength test Steel fiber compressive strength test

results (MPa) results(MPa)
Numbering
Ordinary Portland Composite Ordinary Portland Composite
Cement Portland cement Cement Portland cement
1 41.54 50.16 41.54 50.16
2 42.72 47.91 42.72 47.91
3 43.45 46.70 43.45 46.70
4 50.81 43.64 56.42 45.10
5 40.30 38.34 37.84 56.72
6 40.25 37.26 34.26 53.42
7 43.57 40.56 40.70 47.40
8 40.73 48.24 34.75 56.14
9 43.10 46.60 36.89 54.42
Table 4: Anti-splitting test results.
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Figure 7: Relationship between factors, levels, and K values

(carbon fiber).

fiber).

Figure 8: Relationship between factors, levels, and K values (steel
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Fig. 7 and Fig. 8 show the relationship between the factors, the levels, and the K values of the anti-splitting test when the
ordinary Portland cement is selected as the cementitious material and the carbon fiber and the steel fiber are selected as
the fiber materials. It can be seen from Fig. 7 that the splitting strength clearly increases obviously when the content of the
carbon fiber increases, and it declines when the content of the carbon exceeds a certain amount. Meanwhile, the content
of the carbon fiber greatly affects the splitting strength of the concrete largely, followed by the graphite, and the scrap
copper slag has the smallest impact. As can be analyzed concluded from Fig. 8, when the ordinary Portland cement is
selected as the cementitious material, mixed with steel fiber in the splitting test group, with the amount of steel fiber
increasing, the anti-splitting strength of the test block is basically even. According to the data in the figures, the content of
graphite in this experiment is the biggest factor affecting the strength, followed by scrap copper slag.

Fig. 9 and Fig. 10 show the relationship between the factors, levels, and K values in the anti-splitting test when the
composite Portland cement is selected as the cementitious material, and the carbon fiber and the steel fiber are selected as
the fiber materials. It can be seen from Fig. 9 that the strength of the test block decreases slightly when the content of the
carbon fiber increases, but it increases when the content of carbon exceeds a certain amount. It can be seen from Fig. 10
that the strength of the anti-splitting increases significantly when the content of the steel fiber increases, and the amount
of the steel fiber greatly affects the concrete's strength largely.
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Figure 9: Relationship between factors, levels, and K values Figure 10: Relationship between factors, levels, and K values
(carbon fiber). (steel fiber).

When comparing the compression process of the test blocks, it can be found that the pressure value of the concrete piece
with carbon fiber under the pressure of the pressure testing machine of the concrete suddenly decreases, but the integrity
of the test block is good. Under the pressure of the concrete pressute testing machine, the changes of in the compressive
strength of the test block with steel fiber reflect are more uniform. However, after the test piece is damaged due to the
pressure, the surface of the test block is more seriously damaged, as is shown in Fig. 11.

(a) Otdinary concrete (b) Concrete with carbon fiber  (c) Concrete with steel fiber

Figure 11: Damage situation of the two different test blocks after the pressure test

As can be seen from Fig. 11, (a) the compressive process of the ordinary concrete is clearer, and the pressure value
decreases uniformly before the destruction, in line with the general law of the damage of the ordinary concrete; (b) the
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concrete test block with the addition of carbon fiber cannot have better dispersion of the fiber in the mixing process, and
the strength of the test block compared with the test block of ordinary concrete test block decreases significantly, the
pressure value gets shows a rapid decline after reaching a certain point during the compressive process, but the test block
body does not get suffer obviously damaged, retaining the its original shape well; (c) compared with the ordinary concrete,
the strength of the steel fiber concrete is obviously improved, but the damage is more thorough and the damage interface
is clearer from the macro observation.

From the analysis of the test data, it can be seen that the compressive strength and anti-splitting strength of the test blocks
in the fifth group of materials are the largest in the orthogonal tests. That is, the composite Portland cement is used as the
cementitious material, and the steel fiber is used as the reinforcement material. The ratio of the composition in each 20 kg
of concrete can be seen in Tab. 5.

No. Combination Steel Graphite Copper Fine Coarse Cementations ~ Water
o =0 © fibet(g) (2 slag(g) aggregate(kg)  Ageregate(kg)  materials(kg) kg
5 A2B2C5Dy 372.6 8.4 262.4 5.07 9.02 3.86 1.78

Table 5: Proportion Optimization Table

EXPERIMENTAL RESEARCH ON MECHANICAL PROPERTIES OF THE ENERGY PILES

T hrough the experimental ratio obtained by orthogonal experiments as well as the actual mixing process of each
group, the composite Portland cement with steel fiber is selected to carry out the experiment with buried pipes in
the piles, so as to further obtain the actual property indexes of the fiber- reinforced concrete of the energy piles.
Test plan

The test of mechanical properties of the energy piles is to involves testing the compressive strength of the pile body
mainly through the static loading test of a pile. The heat-transfer tubes are supposed to be embedded in the energy piles,
greatly weakening the vertical load of the foundation piles. This test is to verify the strength of the material of the energy
piles so as to verify the correctness of the optimal ratio by conducting the pile loading without lateral force towards the
energy piles through the compressive strength data and the damage mode of the piles.

Figure 12: Hydraulic pressure testing machine. Figure 13: Preparation before the pile pile's static pressure.

In this test, three groups of concrete test piles are made and three identical concrete piles are made in for each set group.
So, there are Nnine concrete piles are shared total in the test. As the standard pieces, the first group of the three concrete
piles is the reinforced concrete piles with a normal ratio of material without reinforced fibers or embedded heat-transfer
tubes. The second group of the three concrete piles is the reinforced concrete piles with a normal ratio of material with a
group of single U-type heat-transfer tubes embedded in the piles, whose material is fits the PPR profile. The third group
of the three piles is the energy piles whose material ratio is A2B2Cs3D1, with a group of single U-type heat-transfer tubes
embedded in the piles, whose material is fits the PPR profile. The sizes of the test piles are that they have a diameter of
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piles DN=200mm, and the length of the piles is 600 mm. The test piles adopt the concrete C30, the six main bars adopt
the first-class steel bar whose diameter is ¢8, the stirrup is made of Wire No.8@200mm, the thickness of the protective
layer of the concrete is 50 mm, the diameter of the heat-transfer tubes pre-embedded in the piles is DN=30mm , and the
single U-shaped plastic pipes. The material ratio of the concrete piles in each group is shown in Tab. 6, Fig. 12 refers to
the hydraulic pressure testing machine, and Fig. 13 shows the preparation before the pile's static pressure.

Fine Coarse

No Combination Steel Graphite ~ Copper Aooteonte Aooreoate Cementitious Water
’ fiber(g) (&) slag(g) gg(i g% gg(kg%)% materials(kg) (kg)

1 First group 0 0 0 16.02 27.06 11.58 5.34
2 Second group 0 0 0 16.02 27.06 11.58 5.34
3 Third group 1117.8 25.2 787.2 15.21 27.06 11.58 5.34

Table 6: Material ratios of the test piles.

Test results and the analysis

The ultimate strength in of the three groups should be recorded respectively separately as collected in Tab. 7 when the
foundation pile load is put on the upper part of the pile until the pile body is damaged, and Fig. 14 shows the damage
situation of the foundation pile.

Category No. Group 1 Group 2 Group 3
Strength of 1 375 311 382

the test 2 361 300 396
pieces(KN) 3 345 285 373

Table 7: Ultimate strength of the test piles (kN).

@

Figure 14: Damage situation of the pile body: (a) The end face of the pile with non-steel- fiber embedded pipes; (b) Non-steel- fiber
pile without embedded pipes; (c) End face of the reinforced pile with steel fiber embedded pipes; (d) Reinforced pile body with steel
fiber embedded pipes.

Fig. 14 shows the situation when the load is put on the upper part of the piles until the piles are damaged. The pile in
Diagram a is a pile for burying the heat transfer tubes in the reinforced concrete piles. As can be seen from the damage,
there are irregular cracks on the surrounding heat transfer tubes which are to be embedded, indicating that when the
vertical load is carried out on the pile, the bearing capacity of the pile is affected due to by the irregular damage caused by
reasons for the addition of the heat transfer tubes. The pile in Diagram b is the reinforced concrete pile under normal
perfusion. The pile body is damaged due to the vertical load on it. Under the action of After the hydraulic pressure testing
machine has been applied, cracks appear on the upper part of the concrete pile, and the concrete in the middle part of the
pile breaks off, indicating that under the action of the vertical load force, the degree of the damage of to the pile is also
serious. The piles in Diagrams ¢ and Diagram d are the steel fiber- reinforced concrete piles with single U-shaped heat
transfer tubes. It can be seen from Diagram c that although there are cracks on the top face of the pile, yet less but not as
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many. Moreover, no obvious cracks can be found in the vicinity of the heat transfer tubes. After the application of the
vertical load, the pile also cracks, but the concrete on it does not break off as what occurs in opposed to what occurred in
Diagram b.

Fig. 15 shows the comparison between the test strength of the pile with buried pipes and the its theoretical strength. It
can be seen from the figure that the theoretical strength of the second and third groups of test piles is supposed to be
97.5% of the theoretical strength of the first group. However, the test results show that the experimental strength of the
second group of test piles with heat transfer tubes embedded in the concrete piles is only 47.8% of the theoretical
strength. This result is far less than the result that the test strength is 58.8% of the theoretical strength in the first group of
piles. The test group has a strength of 61.7% of the theoretical strength in the third group of teats piles with embedded
heat transfer tubes with steel fiber. It can be verified by the experiment that the heat transfer tubes in the pile foundation
can greatly reduce the compressive strength of the pile foundation, but the energy piles with the mixing ratio of A2B2C;Dy
can improve the compressive strength of the pile foundation. The strength of the piles with the mixing ratio of AxB2C;Dy
of the steel fiber, the heat storage material, and the thermal conductivity material will not be reduced, but improved to
some extent.

£ K
E R The practical and theoretical curve of the bearing capacity of the pile
& E with the buried pipes
§L g 100 * - -
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§: 60 e
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Figure 15: Comparison between the test of the pile with buried pipes and the its theoretical strength

The measurement of the thermal conductivity

The fourth group and the fifth group of the materials with the best compressive strength and the first group of the
ordinary concrete materials are made as the test blocks to measure the thermal conductivity. The test blocks are made to
be cuboid, the size of which is 0.03m X 0.1m X 0.1m. Three blocks are included in each test block, with a total of nine in
this test. The evaporation of water of the test block is processed in the drying oven after its steel mold is taken out. The
test block is taken out of the drying oven and the thermal conductivity is measured when the quality is kept constant. The
main instruments for measuring the thermal conductivity are shown in Fig. 16, and the test results of the thermal
conductivity are shown in Tab. 8.

As can be seen from Tab. 8, the thermal conductivity of the test blocks in the fourth and fifth group is improved greatly.
The thermal conductivity of the block in Group 5 is over twice than that in Group 1, and the thermal conductivity of the
block in Group 4 improves 1.5 times than that in Group 1.

The comparison of the heat storage capacity
The degree of the capacity of heat storage of the material is represented as the heat storage coefficient:

_|27pC
S=, {—T M

In the equation,
A — the thermal conductivity of the material (W/m-* K);
o — density of the dry matter of the material (kg/m?3);
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¢ — the specific heat of the material | / (Kg ¢ K);
T — time, 24 hours is set here.

COLRMAESNERNTS

(a) Drying oven (b) Thermal conductivity tester

Figure 16: Main instruments for measuring the thermal conductivity

Group Thermal conductivity(W/m.K)
Group 1 1.85
Group 4 2.81
Group 5 4.41

Table 8: Test results of thermal conductivity

The specific heat capacity of the concrete is:

Y @
p z W,
In the equation,
¢, — the specific heat capacity of the concrete | / (Kg ¢ K)
wi — mass fraction of different parts
¢ — specific heat capacity of different parts
The specific heat capacity of different kinds of raw materials is: the specific heat capacity of the water is 4.186 X103 J /
(Kg * K); the specific heat capacity of the cement is 900 ] / (Kg ¢ K); the specific heat capacity of the fine aggregate is 920
J / (Kg * K); the specific heat capacity of the coarse aggregate is 850 ] / (Kg * K); the specific heat capacity of the steel is
450] / (Kg * K); the specific heat capacity of the graphite is 710 J / (Kg ¢ K); the specific heat capacity of the copper slag
is 1060 J / (Kg * K). It can be seen through calculation that the specific heat capacity of the first group of ordinary
concretes is 1.175 X103 ] / (Kg ¢ K), the specific heat capacity of the fourth group of the mixing material is 1.182 X103 J /
(Kg * K), the specific heat capacity of the fifth group of the mixing material A;B.CsDy is 1.172 X103 ] / (Kg * K). With
formula 1 added, it can be seen that the heat storage coefficient of the first group of materials is 19.3 W/ (2 * K), the
thermal storage coefficient of the fourth group of matetials is 24.47 W/ (7 * K), and the heat storage coefficient of the
fifth group of materials is 30.6 I/ (2 * K). That is to say, the thermal storage capacity of the energy pile using a mixing
ratio of AoB2Cs;Dy is 1.6 times than that of the ordinary reinforced concrete pile, whose effect of heat storage is relatively
better.

c

CONCLUSION

composite Portland cement with steel fiber are made, and the tests of the mechanical properties of the pile

1 . Based on the mixing ratio of the material of the energy piles through the orthogonal test, the test piles made of the
foundation are conducted to get the following conclusions:
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2. The concrete test blocks with the addition of carbon fiber cannot have a good dispersion of the fiber in the mixing
process, and the strength of the test blocks compared with that of the test blocks with containing ordinary concrete
decreases significantly. The pressure value gets a decline rapidly decline after reaching a certain point during the
compressive process, but the test blocks do not reflect obvious damage, and retaining their original shape. Compared with
the strength of the ordinary concrete, the strength of the steel fiber- reinforced concrete increases significantly. But from a
macroscopic observation, the destruction of the steel fiber concrete is more thorough, and the damage interface is
relatively cleat.

3. As the thermal conductivity materials, the addition of the industrial graphite and the scrap copper slag can improve the
thermal conductivity of the pile, but it can also reduce the mechanical properties of the pile. It is necessary to control the
amount within a certain range. It is infeasible not feasible to add too much graphite just to improve the thermal
conductivity of the pile.

4. From an analysis of the experimental data analysis, the best- experimental program performing test group can be
determined, which is the No. 5 test group with composite Portland cement selected as the cementitious material, and steel
fiber as the reinforcement material, that is to say, the material. The material mixing ratio of the energy pile after
optimization isA2B2C;D1.

5. The A static loading test is carried out towards on the three test piles. The results show that the effect of the heat
transfer tubes on the compressive strength of the pile is far greater than the its theoretical influence. From According to
the theoretical calculations data, the strength of the second group of test piles shall should be 97.5% of that of the first
group of test piles. While Meanwhile in the static loading test, the strength of the second group of test piles is 80.7% of
that of the first group of test piles. For the third group of piles with steel fiber, the result shows that the test strength of
the piles in the third group is not only decreased, but also slightly improved, so as to which verifies the correctness of the
material mixing ratio A2B2CsDy.

6. The thermal conductivity of the test blocks in the fourth and fifth group is improved greatly. The thermal conductivity
of the block in Group 5 is over twice than that in Group 1; the heat storage coefficient of the first group of materials is
19.3 W/ (2 * K), the heat storage coefficient of the fifth group of materials is 30.6 W/ (72« K). That is to say, the
thermal storage capacity of the energy pile using a mixing ratio of A;B»CsDy is 1.6 times than that of the ordinary
reinforced concrete pile, whose effect of heat storage is relatively better.
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