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Abstract

In this study, the cement-based material system with different water-cement
ratio, and studied the cracking behaviour of the early age of concrete material
under the joint influence of constraint shrinkage and stress relaxation. The
main work and conclusions are as follows: through the mechanical properties
test at early age, self-contraction test, The mechanical properties of four
different water-cement ratios (0.17,0.26,0.35,0.52) and self-shrinkage with
age, Master the law of water-ash ratio affecting the mechanical properties
and self-contraction in early age, It covers the difference in the development
of high and low water ash than early age, Mainly because the low water
cement ratio in the rapid hydration phase will produce a lot of shrinkage
strain in the gel material, Which tains plastic contraction that does not
cause stress and effective self-contraction that leads to stress generation, The
shrinkage development of high water cement material is relatively stable in
this stage. The determination of Time-zero is one of the key problems in
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the calculation of stress in the early age of low water ash ratio materials.
Most self-shrinkage of low water ash ratio materials occurs before Time-zero.
At this time, mechanism and the calculation of contraction related data, the
method proposes the starting point of self-contraction induced stress through
the temperature rate, self-contraction rate and self-contraction development
curve. In the internal relative humidity is less than 100% greater than 50%,
capillary tension is the main contraction driving force, this is the scholar’s
consensus, when the relative humidity is less than 50% and more than 11%,
surface tension and dismantling pressure into the contraction driving force,
when the relative humidity is less than 11%, gel water loss between CSH
layers, led to the late contraction. Early self-contraction often occurs at the
water loss stage with RH> 70% and is mainly explained by capillary tension
theory.

Keywords: Concrete material, water-cement ratio, self-shrinkage, cracking,
relaxation, finite element simulation.

1 Introduction

With the deepening of China’s infrastructure construction process, the con-
crete structure form is more and more complex and diversified, and the
structural engineering puts forward higher requirements for all aspects widely
used in complex new buildings and projects with high strength and durability
requirements, etc. The ultra-high-performance concrete has also begun to
be used in large Bridges, high-speed railways and projects under special
harsh environments [1, 2]. Modern high strength, high performance and
high-performance concrete materials usually use lower water glue ratio to
ensure material to achieve good mechanical and durability performance,
but as the concrete material water glue ratio decreasing, early age cracking
phenomenon is more common and serious, has become low water glue
than concrete material one of the most noteworthy problems in engineering
applications [3]. According to the existing concrete early age cracking related
basic theory, early age cracks can be divided according to the following
different classification methods, according to the concrete structure type for
classification, such as new pouring reinforced concrete column early age
transverse cracks, concrete road panel early age crack, building floor early
age crack. In bridge engineering, due to concrete shrinkage and other reasons,
the crack phenomenon of early age is common, cast-in-place beam, bridge
deck, bridge deck pavement layer due to shrinkage or maintenance is prone
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to penetrating cracks, pier tower column is also easy to cause the internal tem-
perature difference due to hydration heat release early age cracking problem
[4, 5]. According to the causes of crack classification, such as temperature
cracks, dry shrinkage cracks, load cracks and settlement cracks. Classify
according to the characteristics of cracks, such as random cracks, mapping
cracks, transverse cracks, longitudinal cracks, angular cracks, etc [6].

According to the crack recovery ability, the cracks in the hardened con-
crete are divided into early age temporary cracks and permanent through
cracks. The temporary cracks tend to close by compression at the end of
the cooling period, while the permanent penetration cracks generally do not
tend to close with time [7, 8]. Studies show that 80% of the concrete cracks
are caused by non-load factors. Early age cracks are produced before the
structure bears the maximum load. Most of the research on cracking in early
age focuses on how to focus on engineering application, while the research
on cracking mechanism and prediction method is not perfect [9]. The internal
tensile stress of concrete is caused by many different factors, which can be
summarized into two aspects: one is the inherent properties of the material,
including mechanical properties, free shrinkage deformation, viscoelastic
properties, these properties are closely related to the concrete hydration hard-
ening process, change with the development of age; the second is external
factors, including structure size and form, constraint conditions, environmen-
tal conditions, etc [10]. Because there are many influencing factors involved
in early age cracking and various factors, systematic research is necessary to
accurately predict the cracking time of these factors, and comprehensively
analyse the dynamic change of material performance in early age is the
difficulty in the study of early age cracking. Among them, the most important
and inevitable factors are mixing ratio, temperature deformation caused by
hydration heat, self-contraction, creep effect and constraints [11]. The cause
of most early cracks of concrete structure is that the volume deformation
caused by many factors exceeds the tolerable range of itself, and the essence
is the result of internal tensile stress caused by contraction deformation under
the constraint condition [12, 13]. In the hardening process of concrete, due to
the influence of hydration and environment, there will inevitably be shrinkage
deformation. In the structure, whether it is the reinforcement constraints,
or the external constraints provided by boundary conditions, contraction is
bound to be constrained to produce constraint stress [14]. Previous studies
have shown that large early age self-shrinkage is the main cause of low water
glue cracking than concrete early age cracking. At the same time, concrete
is not completely elastic material, and its viscous characteristics cause the
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continuous deformation inside the material, which makes the actual stress
lower than the theoretical calculation value of elasticity, so the early tensile
stress of concrete is determined by the superposition of stress relaxation
caused by constraint contraction and viscoelasticity [15, 16]. When the actual
residual the material. Existing studies show that before 7d after the concrete
pouring, the internal stress is caused by the volume change, and the creep
strain caused by the stress is opposite to the shrinkage strain, which can
relax more than 60% of the tensile stress. Compared with ordinary water
glue than cement-based material, low water glue than cement-based mate-
rial early age hydration process development and microstructure evolution
is more complex, macro performance for early age performance changes,
more obvious early age shrinkage [17]. Early age cracks may not affect the
bearing capacity of the concrete structure in a short time, but the existence of
cracks creates a free path for harmful substances, the penetration of chemical
substances, carbonization enhancement, and accelerate the corrosion of steel
bars in concrete, will lead to the premature deterioration of the structure,
reduce the service life of the structure [18, 19].

2 Raw Materials and Test Methods

2.1 Test the Raw Materials and the Mix Ratio

The tensile properties of concrete material are usually obtained by the crack-
ing tensile test. The test method of cracking tensile strength is simple, the
data is stable, and the material has a good correlation with the tensile strength
of the axial axis. As shown in formula (1), (2), the test machine records the
test force-time, the specimen is connected to a displacement meter, two strain
pads are pasted in the middle of the two sides, and the displacement / strain-
time curve is obtained through the acquisition instrument. The chemical
bound water and non-evaporation water quantity in the hydration slurry can
be obtained by testing.

fts =
2F

πA
= 0.637

F

A
(1)

Ec =
Fa − F0

A
× L

∆n
(2)

Non-evaporative water remains in the hardened slurry after the D-drying
or considerable drying procedure, which is one kind of chemically bound
water. The degree of hydration can be estimated by the non-evaporation
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water. As shown in formulas (3) and (4), this study carried out the non-contact
self-shrinkage test of different cement slurry and concrete materials. Lay the
PTeflon film inside the mold to eliminate friction, and cover the surface and
sealed with plastic film after pouring. The sensor is fixed to the top of the
steel die and the position fixed throughout the test.

wn =
(w145◦C − w1000◦C)

w1000◦C
(3)

εst =
(L10 − L1t) + (L20 − L2t)

L0
(4)

The reflection target is placed in the fresh concrete and moves as the
concrete shrinks during the test. As shown in Equations (5), (6), adjusted
in advance before the test. During the test, the sensor receives the reflected
signal and passes the controller to record the change of the relative distance
between the two, obtaining the self-contraction from the beginning of pouring
to 28d of age.

fcm(tT ) = β(tT ) · fcm (5)

β(tT ) = exp

{
s ·

[
1−

(
28

tT

)0.5
]}

(6)

The ring restraint shrinkage cracking test is carried out according to
the standard method of cement mortar and concrete ring restraint shrinkage
cracking test ASTMC1581-04. After the pouring of cement base material, the
surface is sealed with plastic wrap to prevent the water exchange between the
cementing material and the external environment and placed in the constant
temperature laboratory. As shown in formulas (7) and (8), immediately con-
nect the strain acquisition instrument and start the acquisition of strain data.
At this stage, the water in the mixture is gradually consumed, the cement
slurry gradually solidifies, and the strength of the cementitious material
increases rapidly.

tT =

n∑
i=1

exp

[
13.65− 4000

273 + T (∆ti)

]
·∆ti (7)

fc(tT ) = fc,28

{
exp

[
s×

(
1−

√
28

tT − t0

)]}nC

(8)
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As the basic attribute of engineering materials, mechanical properties
usually need to be mastered first. They are in a stage of rapid growth
and continuous dynamic development in the early age period, and it is an
important parameter to judge the risk of cracking in the early age period.
Therefore, the development law of mechanical properties of materials cannot
be ignored. At the same time, self-contraction mainly occurs in the early
age, as shown in the formulas (9), (10), especially in the low water glue
than cement-based material system. The self-shrinkage of the cement base
material under the early age constraint state may cause structural cracks
and affect the durability of the concrete. In the process of concrete structure
design and construction, the self-shrinkage development of concrete should
be fully considered, otherwise the risk of concrete structure cracking may
occur.

εcas(t) = γ · εcas0(w/c) · βas(t) (9)

εcas0(w/c) = 3070 · exp[−7.2(w/c)] (10)

2.2 Mechanical Properties Test Method

Four kinds of water-cement ratio from high to low (0.52,0.35,0.26,0.17)
were selected, and reliable mechanical performance indexes were obtained
by carrying out mechanical performance tests, and the development rules
of mechanical properties of cement-based materials under different water-
cement ratios were summarized. The formula for predicting the mechanical
properties of early age is determined, as shown in Equations (11) and (12),
which can be used to fit / predict the compressive, compressive resistance
and elastic modulus development of each cement-based material with water-
cement ratio. The above results provide critical data for cracking stress
calculation and cracking risk analysis.

βas(t) = 1− exp[−a(t− t0)
b] (11)

εsh = εsh28α(t)/α(t = 28) (12)

By conducting the shrinkage performance test, get different water ash
than cement base material of early age since the contraction development
curve, comparing the high and low water ash than since the contraction
of development, combined with the early age hydration process since the
shrinkage mechanism and characteristics of different stages of development,
put forward the method of shrinkage zero, make important bedding for
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cracking stress calculation research. Some suggestions for use and correction
are put forward. As shown in Equations (13) and (14), the age by the fastest
growth rate before 3d, then the growth rate slows down, and the mechanical
performance index gradually stabilizes after 7d.

εsh = εsh28 · exp

{
sfs

[
1−

(
28− tfs
1− tfs

)0.5
]}

(13)

tT =

n∑
i=1

∆ti · exp
[
13.65− 4000

273 + T (∆ti)

]
(14)

0.17 The water ash ratio is special. Due to the large amount of water reducing
agent, the retarding effect is obvious, and the development starting point of
mechanical performance index is late. The hydration reaction begins after
the cement makes contact with water, and the most rapid stage is before 3d.
The main source of the strength of the C-S-H gel generated by the hydration
reaction, as shown in Equations (15) and (16), the constantly generated
hydrated products fill the gap in the concrete, making the microstructure
gradually become dense, the solid phase products are constantly cross-linked
and lap, the flow plasticity of the cementing material is gradually lost, and
the condensation hardening is experienced to obtain the strength.

εcbs(t) = εcbs0(fcm) · βbs(t) (15)

εcbs0(fcm) = −αbs

(
0.1 · fcm

6 + 0.1 · fcm

)2.5

· 10−6 (16)

The compressive strength of concrete is usually one of the first developed
mechanical properties developed in early age. Compared with the compres-
sive strength, the growth rate of the tensile strength and elastic modulus of
concrete is slower. At early age, microcracks and capillary holes in concrete
can lead to low tensile strength and elastic modulus. As shown in formu-
las (17) and (18), over time, the growth and condensation of cement stone
will fill these small holes.

βbs(t) = 1− exp(−0.2 ·
√
t) (17)

εw = η(1− 3
√
1− (Vcs − V0)) (18)

There is a relationship between mechanical properties at early age, there-
fore, it can be predicted or fitted based on the same model. Put forward
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the relationship between the compressive strength and other mechanical
properties, due to a lot of tests to obtain all mechanical property parameters,
the compressive strength test method is simple, good stability, as shown
in (19), (20), estimate the tensile strength and elastic modulus based on
the test condition development of mechanical properties. The mechanical
performance index obtained by this method may have less than 20% error,
and the most accurate method is still obtained by direct testing.

p =
w/c

w/c+ ρw/ρc
(19)

σ =
2γ

r
= − ln(RH)ρRT

M
(20)

3 Analysis of Orthogonal Test of Particulate Concrete

3.1 Sge Arrangement and Paste

The mechanical properties of the whole age are required in cracking pre-
diction. Therefore, based on the points determined by the test, the mature
strength development model is used to regout the key parameters of the
model, so as to presume the mechanical properties value of the whole age.
The development of mechanical properties model considering the initial
stress time is important for the accurate calculation of effective stress and
cracking determination [20]. In the condition of measuring the mechan-
ical properties indexes of specific age, the specific relationship curve of
mechanical properties developed over time for the stress calculation in early
age cracking; the self-shrinkage of cement base material is obtained from
the non-contact self-contraction test in the sealed state. In the engineering
structure, most of the concrete is in the state of the outer concrete, and
the early age plays a leading role from the shrinkage, especially the low
water ash ratio than the concrete, which is the main cause of early age
cracking [21, 22]. To exclude the effect of drying, testing under sealing
conditions. Figure 1 is the simulation model diagram of the mechanical
properties of concrete materials. The drastic temperature change and self-
shrinkage volume deformation are due to the rapid hydration reaction, the
hydration and self-contraction of cement [23, 24]. In order to study the
development law of shrinkage deformation in the early age of different water-
ash ratio, the material systems used in this paper were tested by non-contact
shrinkage test, the shrinkage deformation value within 28d was tested, and
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Figure 1 Simulation model diagram of the mechanical properties of concrete materials.

the temperature and relative humidity inside the cement base material were
tested simultaneously. The shrinkage of cement-based material in the super
early stage is the deformation characteristic of expansion and then contraction
[25, 26].

This is due to the plastic flow state of the newly poured cement base mate-
rial. Under the condition of free deformation, plastic settlement and lateral
expansion occur. Under the comprehensive effect of chemical contraction and
temperature deformation associated with the hydration reaction, its macro-
scopic performance is the influence of temperature deformation decreases,
and the self-contraction gradually increases and becomes the leading role
of volume deformation [27, 28]. The deformation curve measured in the
test actually includes three parts: self-contraction, plastic deformation and
temperature deformation. It can be seen from the development of the curve
that the high and low water ash ratio presents different development charac-
teristics than the cementitious material. For clean slurry specimens, 0.17 and
0.26 water ash ratio have the characteristics of self-shrinkage development of
low water ash ratio, and 0.35 and 0.52 water ash ratio have the characteristics
of high-water ash ratio [29, 30]. For concrete specimens, 0.26 water-cement
ratio and low water-cement ratio system has the characteristics of self-
shrinkage development of high water-cement ratio, and 0.26 is roughly the
critical water-cement ratio with the characteristic difference of self-shrinkage
curve. The low water ash ratio system develops rapidly during the rapid
hydration reaction phase, and the average contraction rate of A-1 reaches
84.46/h at 4 to 52 h, and the average contraction rate of A-2 reaches 26.58/h
at 0 to 24 h, which is the fastest developing stage in the whole contraction
curve. The total shrinkage of the high water-ash ratio system is not obvious
at this stage. The self-contraction in the hydration exothermic stage is mainly
the chemical contraction caused by the rapid hydration reaction. At this time,
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Figure 2 Simulation model diagram of concrete microstructure.

the material is in the condensation process and changes from flow plastic state
to solid state, and the chemical contraction is almost completely transformed
into self-contraction. After the hydration reaction enters the stable period, the
shrinkage rate of the cemented material decreases sharply. Figure 2 shows
the simulation model of concrete microstructure. At the end of the hydration
heat release peak, the relative humidity has begun to decrease, and this stage
is not easy to distinguish from the next stage. A-2 and C-1 curves are obvious
in this stage, and the contraction rate decreases from 638/d, 2211.76/d to
20.04/d, 46.67/d respectively. It is mainly due to the decrease of chemical
contraction rate, at this stage, the hydration products gradually overlap each
other to form a skeleton, which can also resist part of the deformation, and
the reactants are consumed to form internal pores. After the relative humidity
begins to decline, the shrinkage enters a new stage. At this stage, there is no
big difference in the self-shrinkage development rate of high and low water
ash ratio specimens, and even the shrinkage rate of some lower water ash ratio
materials is slightly higher than that of higher water ash ratio materials. This
is due to the fact that the slurry has formed a stable skeleton, further limiting
the macroscopic deformation.

For cement-based materials with low water-cement ratio, because the
curvature radius of the crescent surface in the pore is smaller, it will produce
greater negative pressure, but at the same time, the slurry strength is higher
and the deformation resistance is stronger. The macro contraction at this
time is the strength of the slurry skeleton “force” to resist “the negative
capillary pressure. By embedding the temperature and humidity sensor in the
parallel specimen, the internal temperature and relative humidity changes of
cement-based materials in the early age were measured simultaneously, and
the development law of temperature and humidity in the early age and the
influence of water ash ratio on the change of temperature and humidity were
mastered, providing data support for the subsequent research and analysis.
The development of the internal temperature of cement base material with
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time is as follows: with the rapid hydration reaction in the beginning of
pouring, the hydration heat release rate is higher than the heat dissipation
rate, and the temperature curve rises. When the rapid heat release period
ends, the temperature drops and gradually tends to the ambient temperature.
including physical binding water, capillary water or free water. The water
involved in the hydration reaction of the cement exists in the form of chemical
binding water; Some part exists in the pores, including physical binding
water, capillary water or free water, which determines the internal relative
humidity of the material; Under sealing conditions, the water is not lost into
the air. Hydration water consumption and water diffusion make the relative
humidity of concrete with the age of the relative humidity saturation period of
100%, the saturation state lasts for a period of time are the humidity decline
period, the relative humidity begins to decline for the critical time of the two
stages. The critical time of relative humidity of cement or concrete materials
with different water cement ratio shows a regular advance with the decrease
of water cement ratio. At the beginning of condensation, because the water in
the concrete is sufficient, the liquid water in the pores is connected to form a
continuous network, so the relative humidity in the concrete is close to 100%.
The internal relative humidity of the cemented material begins to decline
earlier because the water content is small, the hydration water consumption
rate is faster, and the pores generated are thinner, so the free water in the pores
will be consumed in a short time, so as to reach the critical time faster.

3.2 Cube was Used for Compressive Strength Analysis

In most of the current studies, the difference between the contraction start
point and the stress start point is often ignored. This is due to in the high-
water ash ratio system, the starting point of the initial contraction, which
is similar to water cement than 0.17 has been greatly self-contracted in 1d,
while the material is still in the flow plastic state, and it will appear extrusion
deformation with finger pressing, which does not have the bearing capacity.
This indicates that the contraction starting point and the TZ time cement is
mixed with water to form a plastic slurry. With the hydration reaction, the
slurry begins to lose plasticity, the hydration reaction continues, and the slurry
completely loses plasticity. Before the initial coagulation, the contraction
caused by capillary pressure, settlement movement, chemical contraction at
early age and self-contraction is called plastic contraction. It is further sub-
divided into four stages. Plasticity sedimentation–effluent contraction-auto
contraction–secondary plastic contraction. In the early stages of the plastic
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phase, changes in volume do not lead to stress development under constraints.
To avoid underestimating or overestimating super-early contractile strain, it
is necessary to determine the time at which the material begins to generate
internal stress, distinguishing the ineffective contractile strain that does not
cause any significant internal tensile stress from the effective contractile strain
that causes important internal tensile stress. Figure 3 shows the prediction
model of alkali inspired concrete, the heat release rate keeps increasing; the
hydration rate reaches the maximum; CH oversaturation degree decreases;
solid phase increase and porosity in the hydration system decrease; the
cement base materials gradually show hardening characteristics, both initial
and final coagulation occur in this period. At this stage, the material gradually
has the bearing capacity. After the chemical shrinkage, some convert into
pores, and some into macro shrinkage. Temperature rate and shrinkage rate of
different water-cement ratio net slurry and concrete specimens. The hydration
acceleration period of common water ash ratio system is 4–8 h, A-1 accelera-
tion period is 23 h, A-2 acceleration period is 9 h, and C-1 acceleration period
is 11 h, which belongs to the category of low water ash ratio. The acceleration
period of other specimens is less than 8 h, which is consistent with the high
and low water ash ratio results divided according to the characteristics of the
self-contraction curve.

C-3 acceleration phase end time close to the starting point of contraction,
A-3, A-4, C-2, C-4 acceleration phase at the end of the macro contraction
has not started, and the acceleration phase contraction rate curve is greatly
affected by the temperature change, the test measured the contraction rate
contains expansion strain rate caused by hydration heating, is not completely
equivalent as caused by the chemical contraction rate, contraction rate curve
is not significant, not directly through the contraction rate curve accurate
judgment TZ. Moreover, the test method of embedded temperature and
humidity sensor does not provide adiabatic conditions, which is not used
to test the hydration heat release test, and the hydration heat release curve
cannot be accurately obtained. The temperature rate curve measured in some
specimens is not significant, and choosing the starting point or end point of
acceleration period as TZ may cause the unsafe stress calculation of shrinkage
cracking, so the judgment of TZ with high water-cement ratio material may
not be accurate. The initial setting time of low water cement ratio cement base
material is significantly later than the starting time of contraction. Figure 4
shows the evaluation diagram of concrete compressive strength and material
composition. Development and relaxation of early age, the starting point
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Figure 3 Architecture diagram of the compressive strength prediction model of alkali-
inspired concrete.

Figure 4 Evaluation diagram of the ratio of concrete compressive strength to material
composition.

of self-contraction can be taken as the starting point of stress calculation
for safety calculation. Through the analysis of the internal temperature and
humidity curve of the shrinkage curve and the corresponding material, the
formation mechanism of the shrinkage in different stages is gradually clear.
In order to further study the self-shrinkage model and the cracking stress
calculation of the shrinkage, the shrinkage in the early age period is divided
according to the development characteristics and formation mechanism of
plastic contraction, condensation and the stable development stage of the
shrinkage model, it can provide a reference for the material early age during
the lack of the shrinkage test conditions.
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4 Study on the Mechanical Influence of Water Ash Ratio
and Sand Ratio on the Compressive Strength of Alkali
Excited Concrete

The essence of the empirical model is the empirical formula derived from
the regression analysis of the trial data. Such models are usually built on
large amounts of experimental data and can more accurately describe the
self-contraction behavior of cement-based materials. The disadvantage is
the weak interpretation of the self-contraction mechanism. The mechanism
model is based on the microstructure of the cement-based material and the
chemical reaction mechanism to predict the self-contraction behavior of the
material. Such models usually require more parameters and calculations, but
have higher predictive accuracy and explanatory power. Mult mechanism
models contain complex parameters, such as the hydration kinetic model and
C. Hua model. Figure 5 is the evaluation diagram of the compressive strength
test results of concrete. The shrinkage integration model proposed based on
the capillary negative pressure theory uses water ash ratio and relative humid-
ity characterization, which has theoretical research significance, has been
widely recognized and has the feasibility of popularization and application.
According to the characteristics of relative humidity change, the contraction
is divided into two stages: relative humidity satiety (RH = 100%) and relative
humidity drop period (RH <100%). The contraction mechanism of the two
stages is different, and the calculation method is proposed respectively.

In the period of saturation period of relative humidity, macroscopic self-
contraction is dominated by chemical contraction, and in the non-saturation

Figure 5 Evaluation diagram of concrete compressive strength test results.
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Table 1 Cracking risk evaluation
The Specimen Cracking Average Stress
Number Time Development Rate Cracking Risk Level
A-1 15.96d 0.232 Medium to high cracking risk
A-2 2.08d 0.758 High cracking risk
A-3 2.99d 1.730 High cracking risk
A-4 15.91d 0.127 Low and medium cracking risk
C-1 8.70d 0.695 High cracking risk
C-2 3.83d 0.674 High cracking risk
C-3 12.79d 0.194 Medium to high cracking risk
C-4 18.79d 0.168 Low and medium cracking risk

period of relative humidity, whether it is self-contraction caused by self-
drying or drying contraction caused by water diffusion, its essence is the
contraction caused by the decrease of concrete internal humidity and the
negative pressure of pores. TGA test hydration degree of cement slurry. The
degree of hydration gradually increased with the increase of age, and the
growth rate was the largest in the first 3d. 0.17∼0.523d hydration degree
to 45%–66%. Later, the hydration rate decreased rapidly, the degree of
hydration was not obvious, and the degree of 28d was 56%–80%. The three-
parameter model of exponential form was used to fit the test results, and
Tazawa model, CESAR model and CEB-FIP model were used to predict and
fit the self-shrinkage shrinkage model to predict the cement net slurry and the
self-shrinkage of concrete. Table 1 is the risk evaluation of cracking, and the
self-contraction model only describes the individual effect of self-contraction.
The data measured in the test include plastic settlement deformation and
thermal strain caused by temperature change, so the test curve should be
treated. Accurate self-contraction development curves are obtained from total
contraction excluding temperature strain and discarding the plastic expansion
segment. Tazawa The model can directly fit the concrete in the range of
0.2–0.5, and the prediction effect is good.

The final self-shrinkage of 0.17 water-cement ratio concrete is 902.74,
unable to fit the full shrinkage curve, and starting from TZ time, it is found
that the shrinkage model only reflects the effective deformation of concrete
after condensation, which further proves. Figure 6 is the evaluation diagram
of the compressive strength of concrete by the alkali excitation agent content,
which obviously cannot be used to predict the self-shrinkage of the net slurry,
because the self-shrinkage of the same water-cement ratio is much greater
than that of concrete.
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Figure 6 Evaluation diagram of alkali excitation content on compressive strength of con-
crete.

When the CESAR model based on hydration needs to determine the con-
traction value of 28d through tests. After calculation, it is found that the curve
matching effect is not good, because the hydration degree is directly related to
chemical contraction, but the chemical contraction cannot be fully converted
into self-contraction after the initial coagulation. The model is relatively
simple to consider the mechanism of self-contraction. It can be seen that the
calculation results of the model are well consistent with the test value. The
prediction model with relative humidity as the contraction driving force can
not only be used to predict the self-contraction of concrete materials, but also
apply to the cement slurry, and can well show the development characteristics
of self-contraction in stages. This model can be used for the simulation and
cracking calculation of premature age shrinkage of cement-based material,
but there is still some limitations and room for further correction. First of all,
the model needs to test the humidity inside the cement-based material in early
age, and ensure the accuracy of the relative humidity test results, especially
the critical time of humidity drop. Second, for the relative humidity saturation
section since the contraction prediction deviation, relative humidity satura-
tion stage contains different hydration reaction period, cement base material
experienced condensation and skeleton formation process, so the stage of
material stiffness coefficient is not fixed coefficient, related to hydration
reaction and microstructure, macroscopic can be used over time growth of
material stiffness itself. Table 2 shows the time of contraction onset and TZ,
After comparing the four self-contraction models, The following suggestions
are given: Need to obtain 28d compressive strength using the MC2010 model,
Use to predict will significantly underestimate the self-contraction; The other
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Table 2 Comparison of contraction start time and Tz time
Material Shrink Acceleration Phase of the
Number Time/h Hydration Reaction at/h Time-zero/h
A-1 8 28–51 41
A-2 3 2–11 6
A-3 8 4–12 8
A-5 15 5–12 15
C-1 7 15–26 23
C-2 18 3–10 18
C-3 12 2–10 12
C-5 16 5–9 16

three models also require trial value fitting; The CESAR model built based
on the degree of hydration is required to determine the 28-d shrinkage value
and the degree of hydration, Due to the insufficient consideration of the self-
contraction mechanism, The deviation between the prediction results and the
actual curve morphology is relatively large.

The shrinkage integration model is highly theoretical, and the predic-
tion results of RH falling segment are good, which can be predicted by
the relative humidity test results. The prediction formula of RH saturation
segment needs to be further studied and corrected. For concrete materials with
short relative humidity saturation period, the model can be directly predicted
and used for cracking risk assessment. Explore the mechanical properties
and self-shrinkage differences of cement net slurry and concrete under the
same water-cement ratio, and study the influence mechanism of aggregate,
which can provide some basis for the establishment of shrinkage cracking
mechanism from the fine level. The mechanical and shrinkage properties of
age-based cement are significantly affected by the water-cement ratio. For
low water ash ratio system, early age since the contraction development
presents obvious differences, mainly lies in low water cement than gel mate-
rial in rapid hydration stage will produce a lot of shrinkage strain, including
the plastic shrinkage does not cause stress and lead to effective stress from
contraction, and high water cement than gel material in the stage of shrinkage
development is relatively stable, this is because low water cement than gel
cement dosage, super early hydration reaction is more intense. Most of the
self-contraction of low water ash ratio occurs before Time-Zero, when the
material is still in a plastic state, and the constraint contraction will not
cause internal stress. To accurately judge the TZ time of low water ash ratio
material is a key problem in the calculation of cracking stress in early age.



552 Liang Chen and Yu Tang

Based on the analysis of the shrinkage mechanism and shrinkage related data
calculation, put forward through the temperature rate, the contraction rate
and the contraction development curve to determine the calculation of the
stress TZ method, namely for low water cement than cement base material,
the initial setting time significantly later than the contraction start time, the
contraction rate highest point for TZ, for high water ash ratio material, for the
safety of the contraction starting point as the TZ time.

5 Experimental Analysis

On the one hand, the interface of aggregate and cement slurry transition area
is relatively weak, so the aggregate will have negative effect on strength,
Figure 7 for the best water ash ratio and sand ratio of concrete compressive
strength assessment chart, on the other hand if the cement matrix strength
is significantly lower than the aggregate strength, aggregate as part of the
material and have a positive impact on the overall strength.

However, in general, the incorporation of aggregate does not change the
strength rule of cement-based materials the specimen is greater than that of
aggregate, that is, the strength of cement matrix is still the dominant factor
determining the compressive strength. It can be seen that the tensile strength
of concrete is higher than that of the cement slurry at first. Figure 8 is the
evaluation diagram of the sand rate and the compressive strength of concrete,
which tends to be equal later. On the one hand, there is an occlusion effect
between aggregate and aggregate, which can prevent the development of
cracks and increase the cracking area.

It has a positive effect on the tensile strength. On the other hand, the
interface transition zone with the cement slurry is relatively weak, which

Figure 7 Evaluation diagram of the compressive strength of concrete under the combination
of optimal water-cement ratio and sand ratio.
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Figure 8 Assessment diagram of sand rate and compressive strength of concrete.

Figure 9 Evaluation diagram of the compressive strength of concrete over time under
different water-cement ratios.

will have negative effects. In addition, the stress is concentrated under the
short time load, which sometimes leads to the splitting of the aggregate, thus
increasing the strength of the split surface. However, in the cracking test, the
stress growth is slow. Figure 9 shows the evaluation diagram of the change of
the compressive strength of concrete under different water-cement ratio with
time. The crack is expanded around the aggregate, so the crack resistance
index of the split-pull test results is slightly overestimated. Cement-based
materials mainly include cement net slurry, mortar and concrete.

Only the cement slurry can self-contract, and the aggregate is equiva-
lent to internal constraints, which limits the cement slurry self-contraction.
Provide volume stability and reduce the overall shrinkage, Pickett model
assumes that the single spherical aggregate suppressed its external cement
slurry shell shrinkage deformation, total volume reduction from aggre-
gate inhibition is derived, considering the aggregate particle shrinkage,
Figure 10 for the impact of the sand rate change on the compressive
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Figure 10 Impact assessment diagram of the sand rate change on the compressive strength
of concrete.

Figure 11 The influence of water cement ratio on the compressive strength of alkali stimu-
lated concrete.

strength of concrete, the calculation of the single aggregate particles on the
shrinkage of the surrounding cement slurry shell, and further calculate the
inhibitory effect of a large amount of aggregate on the shrinkage of cement
slurry.

The growth rate slowed down, and the mechanical properties index
gradually stabilized after 7d. There is a certain relationship between the
mechanical performance indicators. Figure 11 is the evaluation diagram of the
influence of water ash ratio on the compressive strength of alkali stimulated
concrete. The development consistency is good and can be fitted with the
same model based on equivalent age period. Is derived from the contraction
of chemical shrinkage, relative humidity saturation stage of the contraction
is dominated by chemical shrinkage, namely driven by hydration reaction, its
characteristics and cement hydration reaction characteristics, before the early
condensation for plastic contraction phase, slow effect in induction period,
hydration acceleration is the key of condensation period, the solid phase and
the porosity decreased, cement base material gradually presents a hardening
characteristics, with bearing capacity, high and low water ash than shrinkage
rate difference.
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6 Conclusion

The mechanical properties and self-contraction of cement-based materials
are closely related to the hydration reaction are related to each other. The
common feature is that the growth rate was the fastest 3 days ago, and
then the growth rate slowed down, and the mechanical performance index
gradually stabilized after 7d. The development rate of mechanical properties
is relatively consistent, and the same mechanical properties development
model and parameters can be used to estimate the tensile strength and elastic
modulus from the compressive strength, with the error within 20%. The early
self-shrinkage development of high and low water ash ratio with cement base
material shows obvious differences. Low water ash ratio with cement base
material will produce hundreds or even thousands of microstrain shrinkage
in the rapid hydration stage,, For the 0.26–0.52 water-cement ratio test piece,
The lower the water-ash ratio, The higher the average stress development
rate, The higher the cracking risk level, The earlier the cracking time; Using
water ash lower than 0.26 has a higher risk of cracking than cementitious
material, On the one hand, due to the presence of the hoop in the test ring of
the high-strength gelling material, what’s more, Low water ash ratio materials
have developed substantial self-contraction during the plastic phase, The
ineffective shrinkage of low water ash ratio material up to 50–80% of the
total shrinkage strain, However, the self-contraction development rate of the
low water-cement ratio material after condensation and hardening is not high.

Among them, fc 28, ft28 and Ec 28 are the compressive, tensile strength
and elastic modulus for 28 days; s is the test constant; cement concrete is 0.20;
the rest is s = 0.25; nC, nT are the coefficient representing the development
of mechanical properties over time; the specification recommendation is 0.5,
and 0.3∼0.7 by experience; t0 is the initial time of starting stress inside the
material. Because the specimen is placed in a 20◦C constant temperature
chamber for maintenance, tT is taken directly for the test age. Comparing
the development curve of different water ash ratio shrinkage at 28d shows
that the lower the water ash ratio, the greater the final value of 28d shrinkage.
The final shrinkage value of 0.17 water ash ratio is 4325, while the water
ash ratio of 0.52 is only 228. Although the change between 0.35 and 0.26
is the same as the water-cement ratio between 0.2 and 0.17, the increment
of contraction is quite different. It shows that after entering the category of
low water ash ratio system, the influence of the decrease on the final value
of 28d increases significantly. The concrete test results also show the same
pattern. There is a difference between tensile creep and compression creep
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in early age of cement-based materials. In the low water-ash ratio system,
the shrinkage and creep mechanism have changed, and the applicability of
the existing model has problems in predicting the shrinkage and creep of
low water-ash ratio in early age. After a comparative study of the four self-
contraction models, the results show that the Tazawa model can be used to
predict the effective self-contraction in the range of 0.17–0.35 water cement
ratio and used for cracking calculation, and the shrinkage integration model
is very accurate to predict the self-contraction during the decline of relative
humidity.
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