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To explore the influence of concrete thermal parameters on the hydration heat temperature and thermal stress of mass concrete,
four feature positions of a dam foundation were chosen to analyze the changing process of temperature and stress by varying the
thermal parameters, including the thermal conductivity, specific heat, surface heat diffusion coefficient, temperature rise co-
efficient, solar absorption coefficient, and thermal expansion coefficient. Some conclusions were obtained as follows. Increasing
the thermal conductivity and reducing the specific heat and temperature rise coefficient of concrete can effectively reduce the
maximum temperature of the central concrete structure. Increasing the solar absorption coefficient, specific heat, and thermal
expansion coefficient and reducing the thermal conductivity, surface heat diffusion coefficient, and temperature rise coefficient of
concrete can reduce the maximum principal tensile stress in the structure to a certain extent.,emaximum principal tensile stress
at different positions of the structure has a linear functional relationship with the thermal conductivity, specific heat, and thermal
expansion coefficient and has a quadratic function relationship with the surface heat diffusion coefficient, temperature rise
coefficient, and solar absorption coefficient. Besides, this study also proposed a series of related anticracking measures. ,is study
was expected to provide a theoretical reference for the design, construction, and cracking disease prevention of mass
concrete structures.

1. Introduction

,e large hydration heat can be produced in a short time
during the casting of mass concrete structure, which leads to
the rapid rise of the internal temperature of the mass
concrete structure. Especially, the mass concrete structure is
also affected by the external environment and the thermal
parameters, which is easy to form a large thermal gradient
and thermal stress between the core and the surface. As a
result, cracks will occur when the thermal stress is larger
than the tensile strength of the concrete. ,erefore, tem-
perature control is particularly important to the mass
concrete [1]. To ensure the integrity and durability of mass
concrete structure, the hydration heat temperature, thermal
stress distribution, and influencing factors of mass concrete
structure in the cold region are analyzed, and taken ap-
propriate temperature control measures are the keys to

construction organization design and comprehensive
treatment of mass concrete structure diseases.

At present, some researchers have carried out lots of
studies to analyze the temperature field, thermal stress, and
influencing factors of mass concrete by using the finite el-
ement method and monitoring method. Some studies [2–9]
found that the results of numerical calculation can accurately
predict the distribution of temperature and stress of the
structure by comparing with the fieldmonitoring data, and it
is feasible to put forward effective temperature control
measures for the mass concrete structure according to the
finite element simulation results by considering various
influencing factors comprehensively at the design stage. So
far, the influencing factors such as construction measures,
amount and type of concrete material, and pipe cooling
parameters have been studied. Reducing concrete casting
temperature [10–14], changing casting date [15, 16], layered
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casting [17–19], and curing concrete [20, 21] can effectively
reduce the maximum temperature of the structure. At the
same time, changing insulation thickness [22] and types of
insulation materials [23] has significant effects on the
temperature difference and maximum tensile stress of the
structure. ,e amount and type of concrete raw materials
have a significant influence on the internal heat transfer and
mechanical properties of concrete. High cement content
[24–26] will make the temperature of the structure exceed
the specified limit. Low temperature cement [27–29] can
reduce the structure temperature and improve the crack
resistance of the concrete structure. Additives [30–34] can
also effectively reduce the temperature rise of cement hy-
dration heat. ,e arrangement of cold water pipes is a very
effective method to reduce the heat of hydration [35].
Controlling the inlet and outlet temperature of cooling water
pipes, the spacing of cooling pipes, and adjusting the con-
vection coefficient [36] between cooling water and concrete
are effective measures to control the hydration heat of
concrete. Meanwhile, medium-term temperature control
and cooling [37] are also very important. Besides, Si et al.
[38] also put forward a new idea that the small temperature
difference cooling can effectively reduce the temperature
gradient and thermal stress. In conclusion, these findings
mainly focused on revealing the influence of construction
design, amount and type of concrete raw materials, pipe
cooling parameters on the hydration temperature, and
thermal stress distribution of mass concrete. However, the
thermal parameters are also closely related to the thermal-
mechanical characteristics of mass concrete structure, such
as the thermal conductivity is a factor that directly affects the
temperature gradient of the structure. ,erefore, it is ex-
tremely important to study the influence of concrete thermal
parameters on temperature and thermal stress distribution
of mass concrete structure for crack control and disease
treatment, especially for the mass concrete structure located
in the cold region where the temperature changes greatly.

,is study relied on Xiwugaigou Roller Compacted
Concrete Dam Project in Inner Mongolia, China. A three-
dimensional finite element model considering hydration
heat release, thermal parameters changing, and actual
temperature boundary was built to analyze the maximum
temperature, the temperature difference between the core
and surface, and maximum principal tensile stress of the
mass concrete aiming to study the influence of different
values of thermal conductivity, specific heat, surface heat
diffusion coefficient, temperature rise coefficient, solar ab-
sorption coefficient, and thermal expansion coefficient on
the distribution of temperature and thermal stress at the
core, surface, 50mm from the surface, and foot of the
concrete foundation. Furthermore, the functional relation-
ship between different thermal parameters and the maxi-
mum principal tensile stress at different positions of the
structure is determined. Finally, the study also puts forward
a series of relevant crack prevention measures. ,e results
will provide a theoretical basis for temperature control and
crack prevention of mass concrete structures from the
perspective of controlling the thermal properties of concrete
materials.

2. Basic Theory

2.1.Heat ConductionEquation. For isotropic solids, the heat
conduction equation considering concrete hydration heat is
expressed as follows:

zT

zτ
−

λ
cρ
∇2T �

zθ(τ)

zτ
, (1)

whereT is the temperature of the concrete, τ is the time, λ is the
thermal conductivity, c is the specific heat, ρ is the density of
concrete, and θ(τ) is the adiabatic temperature rise induced by
hydration heat, which is calculated as follows:

θ(τ) � θ0 1 − e
− mτ

( , (2)

where θ0 is the adiabatic temperature rise terminal value,
and m is the temperature rise coefficient.

2.2. Implicit Expression of Unsteady Temperature Field.
Equation (1) becomes a matrix differential equation about
the time after spatial discretization by the finite element
method. ,e matrix differential equation is given as follows:

[K] T{ } +[C]
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  + R{ } � 0, (3)

where [K] is the heat conduction matrix, [C] is the heat
capacity matrix, and R{ } is the thermal load vector. Assume
τ � τi corresponds to T � Ti and τ � τi+1 corresponds to
T � Ti+1; then,
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ΔTi can be defined as
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Substituting equation (5) in equation (4) obtains
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So equation (4) becomes
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,e temperature of each node at any time can be ob-
tained by solving the equations. ,e parameter b is usually
taken as 1 in the calculation, which is the backward dif-
ferential method.

2.3. Finite Element Method for Elastic Creep0ermal Stress of
Concrete. Assume that concrete is an elasticity-creep solid.
,e thermal stress of concrete is calculated by the finite element
method without considering the drying shrinkage of concrete
[39]. In a three-dimensional space, the strain increment gen-
erated in Δτn � τn − τn−1 can be expressed as follows:

Δεn  � ε τn(   − ε τn−1(   � Δεe
n  + Δεc

n  + ΔεT
n , (9)

where Δεn  is the strain increment, Δεe
n  is the elastic strain

increment induced by the external force, Δεc
n  is the creep

strain increment, and ΔεT
n  is the temperature strain in-

crement.,e elastic strain increment is calculated as follows:

Δεe
n  �

1
E τn( 

[Q] Δσn , (10)

where τn is the median age of the concrete, equals to
((τn + τn−1)/2), E(τn) is the modulus of elasticity of the
concrete at median age, [Q] is a coefficient matrix, and Δσn 

is the stress increment. ,e creep strain increment is cal-
culated as follows:

Δεc
n  � ηn  + C t, τn( [Q] Δσn , (11)

where ηn  is a matrix related to the creep coefficient, and
C(tn, τn) is the specific creep of the concrete at median age.

,en, the relationship between stress increment and
strain increment is given as follows:

Δσn  � Dn  Δεn  − ηn  − ΔεT
n  , (12)

where [Dn] is the stress-strainmatrix corresponding toE(τn).
,e unit node force increment can be expressed as follows:

ΔF{ }
e

� C[B]
T Δσn dxdydz, (13)

where ΔF{ }e is the element nodal force increment, and [B]T

is the transformation matrix of the deformation matrix [B].
,e above formula can be written as follows:
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where [k]e is the element stiffness matrix. Define
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where ΔPn 
c

e is the element node load increment by creep,

and ΔPn 
T

e is the element node load increment by

temperature. ,erefore, the global balance equation is given
as follows:

[K] Δσn  � ΔPn 
L

+ ΔPn 
C

+ ΔPn 
T
, (16)

where [K] is the global stiffness matrix, ΔPn 
L is the nodal

load increment by external loads, ΔPn 
C is the node load

increment by creep, and ΔPn 
T is the node load increment

by temperature.
Finally, the stresses of each unit are as follows:

σn  �  Δσn . (17)

3. Methods

,e Xiwugaigou Reservoir Project, located in Inner Mon-
golia which is the typical cold region, consists of gravity dam,
flood discharge, sand scouring tunnel, and diversion tunnel.
According to the difference of materials, it can be divided
into foundation section, water retaining section, overflow
dam section, flood discharge, sand scouring tunnel section,
diversion tunnel section, and joint parts.,emaximum dam
height is 43.4m, dam length is 224.0m, dam crest width is
5.0m, and the height of the foundation section located in the
strong restraining from the area of the dam is 1–3m. To
study the influence of concrete thermal parameters on hy-
dration heat temperature and thermal stress of mass con-
crete, a three-dimensional finite element model of the dam
foundation is established.

3.1. Finite Element Model. ,e highest foundation dam
section with the size of 30m (length)∗ 20m (width)∗ 3m
(height) is chosen as the study object, which is located on the
bedrock foundation, with the size of 40m (length)∗ 30m
(width)∗ 5m (height). As shown in Figure 1, four feature
research points are setup to analyze the changing process of
temperature and stress by varying the thermal parameters.
Point A is located in the core of the structure, where the
maximum temperature occurs. Point B is located 50mm
away from the surface near the boundary area, which is the
keypoint to calculate the temperature difference between the
core and surface. Point C is located at the surface through
which the surface temperature distribution of the structure
can be observed directly. And point D is on the foot of the
concrete structure which is one of the most prone stress
concentration points. ,e boundary of the concrete foun-
dation and bedrock is divided into 50mm grids, and others
are divided into 1.0m grids in the model. ,e finite element
model is shown in Figure 2.

3.2. Initial and Boundary Conditions. ,e initial placing
temperature of concrete is taken as the initial temperature of
concrete and foundation using the following calculation:

T(x, y, z, 0) � T0(x, y, z) � C(constant), (18)

where T0 is the initial casting temperature of the concrete
taken as 20°C in considering the actual project and con-
struction experience.
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In the calculation of the stress field, the boundary of the
bedrock bottom is set as the fixed displacement constraint, the
sides set as the normal displacement constraint, and the other
sides of the model are the free surfaces. In the calculation of
temperature field, the bottom and side of bedrock are set as the
adiabatic boundaries, and the contact surface between bedrock
and air and the surface between concrete and air are all set as the
third boundary conditions, as shown in the following equation:

−λ
zT

zn
� β T − Ta( , (19)

where β is the surface heat diffusion coefficient. Ta is the
environment temperature, which is obtained by the moni-
toring data of the study area, and can be expressed by the
following periodic function:

Ta � 4.5 + 17.95 sin
2π
365

t +
π
25

 , (20)

where t is the time (day), t� 0 corresponds to May 1st, t� 1
corresponds to May 2nd, and so on. To intuitively see the
temperature change of the project site, we present equation
(20) in Figure 3. ,e curve shows that the project site is
located in the cold region for negative temperature that
occurs in the winter. ,e red part of the curve is the
boundary temperature used in the modeling.

3.3. Parameters Data. ,e concrete is C20 normal concrete
with the density of 2360 kg/m3, the elastic modulus of
25.5GPa, and Poisson’s ratio of 0.167. ,e adiabatic

temperature rise of concrete is calculated by equation (2),
and the final value of temperature rise is 30°C. ,e pa-
rameters of bedrock are shown in Table 1.

,e main parameters influencing the thermal perfor-
mance of concrete are thermal conductivity, specific heat,
temperature rise coefficient, surface heat diffusion coeffi-
cient, solar absorption coefficient, and thermal expansion
coefficient [40, 41]. ,ese parameters are the basic data for
solving the thermal stress caused by the temperature change
inside the concrete structure, which mainly depends on the
concrete age, aggregate type, cement type, water-cement
ratio, unit weight, and temperature. ,erefore, thermal
parameters are explored as variables in this study.,e values
of each thermal parameter are shown in Table 2, which cover
the possible range in the construction [41, 42].

3.4. Temperature Control Requirements. When the thermal
stress exceeds the bearing limit of concrete, the structure will
be broken, resulting in thermal cracks. According to the
Chinese standard for construction of mass concrete [43], the
maximum temperature of the foundation should not exceed
70°C, the temperature difference between the core and
surface should not exceed 25°C, and the allowable principal
tensile stress of the concrete is 2.45MPa at the age of 28 days
of concrete.

4. Results and Discussion

Based on the concrete foundation model, the influence of
each thermal parameter on the maximum temperature, the
temperature difference between the core and surface, and
maximum principal tensile stress of mass concrete are an-
alyzed by using the control variate method.

4.1. Effect of 0ermal Conductivity. Figure 4 shows the re-
lationship of temperature over time with four different
thermal conductivities, which are 0.5W/(m·K), 1.5W/
(m·K), 2.5W/(m·K), and 3.5W/(m·K), respectively. As
shown in Figure 4, the temperature of point A at the
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Table 1: Basic parameters of bedrock.

Material Density Elastic modulus ,ermal conductivity Specific heat ,ermal expansion coefficient Poisson’s ratiokg/m3 GPa W/(m·K) kJ/(kg·°C) ∗ 10−6/°C
Bedrock 2800 35 2.91 0.72 8.5 0.167

Table 2: Values of various thermal parameters under different conditions.

Conditions

,ermal
conductivity

Specific
heat

Surface heat diffusion
coefficient

Temperature rise
coefficient

Solar absorption
coefficient

,ermal expansion
coefficient

λ c β m r α
W/(m·K) kJ/(kg·°C) kJ/(m2·h·°C) d−1 — ∗ 10−6/°C

1 0.5∼3.5 1 50 0.3 0 10
2 1 0.8∼1.2 50 0.3 0 10
3 1 1 18.46∼165.13 0.3 0 10
4 1 1 50 0.2∼0.4 0 10
5 1 1 50 0.3 0.4∼0.8 10
6 1 1 50 0.3 0 8∼12
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Figure 4: Temperature-time curves with different thermal conductivities. (a) Point A, (b) point B, (c) point C, and (d) point D.
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structure core with different thermal conductivities dem-
onstrates a tendency to rise rapidly and then decrease slowly.
,e maximum temperature of point A is 49.7°C, 48.2°C,
46.6°C, and 45.5°C correspondingly, all appeared at about
240 hours. ,e temperature of point B located at 50mm
inside the surface demonstrates a twice process of decrease
to increase. After 420 hours, the temperature of point B with
bigger thermal conductivity is lower than one with a smaller
one. ,e temperature of surface point C demonstrates a
similar change process with point B, but with smaller am-
plitude. However, the temperature of point C in different
thermal conductivity changes to the same value that almost
equals to the environment temperature. ,e temperature at
point D at the foot of the concrete structure is almost
keeping the same change process at different thermal
conductivities because it is mainly determined by the en-
vironment temperature. At the same time, the temperature
difference between the core and surface of the structure is
calculated as 33.1°C, 31.6°C, 29.7°C, and 28.0°C, respectively.
From the above analysis, it can be found that the hydration
heat has the strongest heating effect in the core region of the
structure. ,e heat is mainly released close to the concrete
surface. However, increasing the thermal conductivity of
concrete has a positive effect on the thermal stability of the
construction for reducing the maximum temperature in the
core region of the structure and also decreasing the tem-
perature difference between the core and surface of the
concrete foundation.

Figure 5 shows the calculated and fitted maximum
principal tensile stress at each point with a different thermal
conductivity. ,e principal tensile stress is induced by the
action of temperature and self-weight. Due to symmetry, the
maximum principal tensile stress of point A is close to zero.
Due to the stress relief, the maximum principal tensile
stresses at points B and C is all less than allowable principal
tensile stress, while the maximum principal tensile stress
occurs at point D. Point D is located at the junction of the
bedrock, and the structure and the displacement is re-
strained at the same time; as a result, stress concentration is
easy to occur, but it cannot be eliminated in construction.
,erefore, more attention should be paid to the maximum
principal tensile stress in this region. Moreover, as shown in
Figure 4, the maximum principal tensile stress at points A, B,
and C decreases, while point D increases with the increase of
thermal conductivity. Fitting the maximum principal tensile
stress of four points with the thermal conductivity shows a
linear relationship with the maximum principal tensile stress
of the structure and positive correlation in points A, B, and C
while negative correlation in point D. Obviously, the tensile
stress of concrete interior can be reduced through increasing
the thermal conductivity of concrete, and the situation is just
opposite in the junction of the bedrock and the structure.
Anyway, the maximum principal tensile stress inside the
construction does not exceed the tensile strength of concrete
with every thermal conductivity. On the contrary, the
maximum principal tensile stress is larger than the tensile
strength of concrete when the thermal conductivity is bigger
than 1.0W/(m·K), which can cause structural cracks. ,e
maximum principal tensile stress increases 36.7% when the

thermal conductivity changes from 0.5W/(m·K) to 3.5W/
(m·K). In conclusion, reducing the thermal conductivity of
concrete can reduce the risk of structural cracking.

,erefore, suitable thermal conductivity not only en-
sures the temperature below the standard threshold but also
makes sure the stress state under stable. Some research
results [44, 45] can be used to realize this target, such as
using limestone, lightweight aggregate (expanded shale),
recycled, or natural and recycled aggregates to replace basalt,
quartzite, siltstone, and other coarse aggregates, adding
auxiliary cementitious materials (fly ash and slag) and not
too high humidity during casting.

4.2. Effect of Specific Heat. Figure 6 shows the relationship
between temperature and time with four different specifics
heat which are 0.8 kJ/(kg·°C), 0.9 kJ/(kg·°C), 1.0 kJ/(kg·°C),
and 1.1 kJ/(kg·°C), respectively. As shown in Figure 6, the
temperature of the four points demonstrates the same
change process similar to themselves with different thermal
conductivities, as shown in Figure 4. Besides, the temper-
ature rises more with bigger specific heat than that with
smaller specific heat. However, the temperature differences
with the different specifics heat of the same point are smaller
than that with different thermal conductivities, which
proposed that thermal conductivity has a greater influence
on the temperature than specific heat. ,e maximum
temperature of point A is 48.5°C, 48.8°C, 49.0°C, 49.2°C, and
49.3°C, respectively. ,e maximum temperature of the first
temperature rise at point B is 16.3°C, 16.6°C, 17.0°C, 17.3°C,
and 17.6°C, appeared around 80 hours. ,e maximum
temperature of the first temperature rise at point C is 13.7°C,
13.9°C, 14.1°C, 14.3°C, and 14.4°C, also appeared around 80
hours. ,e temperature at point D is almost keeping the
same change process with the environment temperature,
basically not affected by specific heat. At the same time, the
temperature difference between the core and surface of the
structure is calculated as 32.7°C, 32.6°C, 32.5°C, 32.4°C, and
32.3°C, respectively, with each specific heat. Obviously, re-
ducing the specific heat can reduce the maximum tem-
perature inside the structure, but increase the temperature
difference between the core and surface of the structure.
However, the temperature change is very limited, especially
when compared with the change brought about by thermal
conductivity.

Figure 7 shows the calculated and fitted maximum
principal tensile stress at each point with a different specific
heat. ,e maximum principal tensile stress of point A is
close to zero and points B and C are all less than allowable
principal tensile stress, and the maximum principal tensile
stress occurs at point D for the same reason discussed in
Section 4.1. Moreover, as shown in Figure 6, the maximum
principal tensile stress at points A, B, and C increases while
point D decreases with the increases of specific heat, all
change with a linear relationship. ,erefore, increasing the
specific heat can reduce themaximum principal tensile stress
of the construction. ,e maximum principal tensile stress
reduces 6.8% when the specific heat increases from 0.8 kJ/
(kg·°C) to 1.1 kJ/(kg·°C).
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In conclusion, specific heat increase has a positive
effect on hydration temperature rise and a negative effect
on maximum principal tensile stress. However, the in-
fluence of concrete specific heat on the maximum prin-
cipal tensile stress is greater than that on the maximum
temperature. Under the condition that the hydration heat
temperature meets the requirements, it enlightens us to
control the maximum principal tensile stress to avoid the
structure cracking through increasing specific heat
methods, such as adding an appropriate amount of fly ash
and slag, reasonably reducing the sand ratio,

appropriately increasing the content of small stones under
the condition of constant coarse aggregate gradation [46].

4.3. Effect of Surface Heat Diffusion Coefficient. Figure 8
shows the relationship between temperature and time
with four different surface heat diffusion coefficients which
are 18 kJ/(m2·h·°C), 78 kJ/(m2·h·°C), 138 kJ/(m2·h·°C), and
165 kJ/(m2·h·°C), respectively. It can be seen that the surface
heat diffusion coefficient has no obvious influence on the
temperature in the central concrete structure, such as point
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Figure 6: Temperature-time curves with different specifics heat. (a) Point A, (b) point B, (c) point C, and (d) point D.
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A. ,e temperature rise in the central concrete structure is
mainly controlled by the thermal conductivity and specific
heat. However, the surface heat diffusion coefficient has a
more significant impact near the boundary of the structure.
As shown in Figure 8, there is an obvious hydration heat
temperature rise at points B and C when the surface heat
diffusion coefficient equals 18 kJ/(m2·h·°C).,e temperature
is easily affected by environmental temperature along with
the increase of the surface heat diffusion coefficient. ,e
maximum temperature of point A is close to 49.0°C appeared
at 340 hours with a different surface heat diffusion coeffi-
cient. ,e temperature difference between the core and
surface is 29.0°C, 33.4°C, 34.0°C, and 34.1°C, respectively,
with each surface heat diffusion coefficient. ,erefore, a
bigger surface heat diffusion coefficient contributes to more

heat loss in the boundary, but it is not conducive to reduce
the temperature difference between the core and surface.

Figure 9 shows the calculated and fitted maximum
principal tensile stress at each point with the different
surface heat diffusion coefficient. ,e maximum principal
tensile stress of point A is close to zero due to symmetry.,e
maximum principal tensile stress of points B and C decreases
with the surface heat diffusion coefficient increase because
that more temperature stress is relieved with a bigger surface
heat diffusion coefficient. However, because point D is
constrained by the bedrock, the temperature stress cannot be
easily relieved with heat loss, so the maximum principal tensile
stress shows an increasing trend with the surface heat diffusion
coefficient increase. ,e maximum principal tensile stress at
four points all shows a law of quadratic function.
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Figure 8: Temperature-time curves with different surface heat diffusion coefficients. (a) Point A, (b) point B, (c) point C, and (d) point D.
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In conclusion, appropriately reducing the surface heat dif-
fusion coefficient has a positive effect on relieving themaximum
principal tensile stress. ,e maximum principal tensile stress
reduces up to 52% when the surface heat diffusion coefficient
changes from 165kJ/(m2·h·°C) to 8kJ/(m2·h·°C). Since the
surface heat diffusion coefficient is related to wind speed, surface
roughness, and surface thermal resistance condition [47],
measures such as surface insulation, adding additives (such as
defoamer) can be taken to reduce the surface heat diffusion
coefficient and finally reduce the maximum principal tensile
stress and prevent the occurrence of structural thermal cracks.

4.4. Effect of Temperature Rise Coefficient. Figure 10 shows
the relationship between temperature and time with five
different temperature rise coefficients which are 0.20 d−1,
0.25 d−1, 0.30 d−1, 0.35 d−1, and 0.40 d−1, respectively. It can
be seen that the temperature rise coefficient has a significant
impact on the first hydration heat temperature rise process
whether in the core region or near the boundary of the
structure, except for the foot point D. ,e maximum
temperature of point A is 48.2°C, 48.7°C, 49.0°C, 49.2°C, and
49.4°C, respectively, appeared at 420 hours, 380 hours, 340
hours, 320 hours, and 280 hours with the corresponding
temperature rise coefficient. ,e temperature difference
between the core and surface is 31.3 °C, 32.1°C, 32.6°C,
32.9°C, and 33.2°C, respectively. It is obvious that reducing
the temperature rise coefficient can reduce the maximum
temperature and also reduce the temperature difference
between the core and surface of the structure by changing
the rate of temperature rise in the condition of the same
hydration heat generated.

Figure 11 shows the calculated and fitted maximum
principal tensile stress at each point with a different temper-
ature rise coefficient. ,e maximum principal tensile stress of
four points with a different temperature rise coefficient shows a
similar change regulation with that with a different surface heat
diffusion coefficient, and the maximum principal tensile stress
at four points also shows a law of quadratic function with the
temperature rise coefficient. ,e foot points of the structure,
including point D, are also the positions of stress concentration
and the maximum principal tensile stress which has exceeded
the allowable stress of the concrete if the temperature rise
coefficient is greater than 0.30d−1.

In conclusion, appropriate decrease of the temperature
rise coefficient has a positive effect on relieving the maxi-
mum principal tensile stress.,emaximum principal tensile
stress can reduce 18.9% when the temperature rise coeffi-
cient changes from 0.40 d−1 to 0.20 d−1. Measures such as
controlling pouring temperature and reducing the amount
of cement [48] can be taken to reduce the temperature rise
coefficient and decrease the maximum principal tensile
stress in the result.

4.5. Effect of Solar Absorption Coefficient. ,e thermal pa-
rameters analyzed above have not considered the influence
of the solar absorption coefficient, which was set to zero.
However, studies [42, 49] found that the temperature field of
the concrete structure is greatly affected by solar radiation.
When calculating the radiant heat of the flat surface of a
concrete structure, the annual variation of radiant heat ΔF
and the annual average radiant heat ΔT [1] are usually
calculated as follows:
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Figure 9: ,e calculated and fitted maximum principal tensile stress at each point with a different surface heat diffusion coefficient.
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ΔF �
As

β
,

ΔT �
rS

β
,

(21)

where As is the yearly amplitude of radiant heat, r is the solar
absorption coefficient discussed in this section, and S is the
solar radiation on cloudy days, which is calculated according
to the solar radiation heat S0 on sunny days. ,e calculation
equation is given as follows:

S � S0(1 − kn), (22)

where k is the coefficient, and n is the cloud cover. In this
study, S0 equals 924.5 kJ/(m2·h), n equals 0.1, and k equals
0.668.

Figure 12 shows the relationship between temperature
and time with six different solar absorption coefficients
which are 0, 0.4, 0.5, 0.6, 0.7, and 0.8, respectively. ,e zero
solar absorption coefficient is a contrast study condition. As
shown in Figure 12, the solar absorption coefficient has a
great impact on the temperature near the boundary of the
structure but almost does not influence the core regions. ,e
temperature arises generally linear along with the time at
points A, B, and C. Also, the bigger solar absorption co-
efficient induced the higher temperature rise at these three
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Figure 10: Temperature-time curves with different temperature rise coefficients. (a) Point A, (b) point B, (c) point C, and (d) point D.
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12 Advances in Materials Science and Engineering



points. ,e maximum temperature of point A is close to
49.0°C appeared at about 340 hours with the corresponding
solar absorption coefficient. ,e temperature difference
between the core and surface is 32.6°C, 26.3°C, 24.3°C,
22.3°C, 20.4°C, and 18.4°C, respectively. It is because that
more heat is induced by bigger solar absorption coefficient
absorb by the surface and then against the internal heat
dissipation. ,erefore, it is demonstrated that the temper-
ature difference between the core and surface reduces as the
solar absorption coefficient increases.

Figure 13 shows the calculated and fitted maximum
principal tensile stress at each point with a different solar
absorption coefficient. It can be got that the maximum
principal tensile stress of the study points all decrease to a
certain degree when the solar absorption coefficient in-
creases. However, in the matter, the maximum principal
tensile stress in the structure is no more occurred at point D,
but at point C which is located at the surface of the structure.
,is conclusion just explains the common physical weath-
ering degradation phenomenon of the construction struc-
ture. ,e tensile stress values at all points are less than the
allowable tensile stress. Fitting the maximum principal
tensile stress with the solar absorption coefficient shows a
quadratic function law.

In conclusion, increasing the solar absorption coefficient
can reduce the tensile stress of the concrete foundation. ,e
maximum principal tensile stress can reduce 21% when the
solar absorption coefficient changes from 0 to 0.8. Because
the solar absorption coefficient of the structure surface is
related to the surface color [50], measures such as the dark
coating of the surface formwork or using dark insulation can
play a major role in increasing the surface solar absorption
coefficient.

4.6. Effect of 0ermal Expansion Coefficient. ,e thermal
expansion coefficient is a thermal parameter which not
directly impact heat transfer but significantly influences
thermal stress. Figure 14 shows the calculated and fitted
maximum principal tensile stress at each point with a dif-
ferent thermal expansion coefficient. When the thermal
expansion coefficient of concrete changes from 8∗10−6/°C
to 12∗10−6/°C, the maximum principal tensile stress at
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Figure 12: Temperature-time curves with different solar absorption coefficients. (a) Point A, (b) point B, (c) point C, and (d) point D.
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points A, B, and C of the structure increases with the in-
crease of the thermal expansion coefficient while point D
decreases. ,e maximum principal tensile stress of the
structure also appears in the foot regions, such as point
D. Fitting the maximum principal tensile stress with the
thermal expansion coefficient shows a linearly relationship.
,e main reason is that under unconstrained conditions, the
free temperature deformation is given as follows:

εx � εy � εz � αT,

cxy � cyz � czx � 0,
(23)

where α is the thermal expansion coefficient.
Equation (23) shows that the bigger the thermal ex-

pansion coefficient, the higher the deformation of the
structure and also the higher stress. However, the maximum
principal tensile stress at point D shows an opposite change
rule because when the thermal expansion coefficient changes
from 8∗10−6/°C to 12∗10−6/°C, the maximum principal
tensile stress of points B and C increases almost 50%, and the
value has quickly approached point D. ,is shows that the
restraint of the foundation has a certain release by stress
increase of the free surface, but it releases little, so the
maximum principal tensile stress of the foundation is re-
duced by only 2%.

5. Conclusions

Aiming to analyze the influence of thermal parameters on
the temperature and thermal stress distribution of the
foundation, six thermal parameters are chosen and discussed
in this study. ,e main conclusions are listed as follows:

(1) Increasing the thermal conductivity of concrete and
reducing the specific heat and temperature rise co-
efficient can reduce the maximum temperature of the
structure. Other thermal parameters have no obvious
effect on the maximum temperature.

(2) Increasing the specific heat, solar absorption coef-
ficient, or thermal expansion coefficient has a pos-
itive effect on reducing the maximum principal
tensile stress, but on the contrary of the effect of the
thermal conductivity, surface heat diffusion coeffi-
cient, and temperature rise coefficient. Moreover, it
is found that fitting the maximum principal tensile
stress at different positions of the structure shows a
linear function with thermal conductivity, specific
heat, and thermal expansion coefficient and a qua-
dratic function with surface heat diffusion coeffi-
cient, temperature rise coefficient, and solar
absorption coefficient.

(3) Combined with the research results, the following
temperature control and crack prevention measures
are proposed under the condition of ensuring the
concrete strength, such as reducing the amount of
cement, increasing the particle size of coarse ag-
gregate, and selecting coarse aggregate with a high
thermal expansion coefficient.
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