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This study used a temperature stress test machine (TSTM) to study the effects of the water-to-cement (w/c) ratio, curing
method and the content of polyvinyl alcohol (PVA) fiber on the autogenous shrinkage of high-performance concrete (HPC).
The experimental values were compared with theoretical values obtained from four sets of autogenous shrinkage models to
compare model accuracy. The study results indicated the followings: (1) the autogenous shrinkage value of concrete increased
with decreases in the w/c ratio. (2) The natural and semi-adiabatic curing conditions caused the specimens to form a low- and
a high-temperature rise, respectively. The higher the temperature rise, the larger the stable value of the autogenous shrinkage.
(3) Among the CEB-FIP, EN-1992, RILEM and Tazawa models, the Tazawa model demonstrated the highest degree of
accuracy. (4) PVA fiber contents of 0.75% and 0.25% had the most significant and minimal autogenous shrinkages,
respectively.
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Introduction

Over the past decade, high-performance concrete

(HPC) has been widely used. HPC has the characteristics

of a low water-to-cement (w/c) ratio, high strength and

low permeability [1, 2]. However, the low w/c ratio

also presents certain other problems, such as high self-

desiccation [3] and high-temperature rise [4]. Self-

desiccation produces significant autogenous shrinkage

[5], and if HPC is constrained, it can result in high

restraint stresses, which increase the risk of cracking

[6]. Therefore, it is necessary to study the autogenous

shrinkage of HPC to more accurately assess the crack

resistance of HPC.

Autogenous shrinkage is one of the primary aspects

of early concrete deformation. This shrinkage not

caused by the variation of material, temperature changes,

and the impact of external forces and constraints [5],

and represent the macroscopic volume change of cement-

based materials [7]. Many studies have investigated the

mechanism and development of autogenous shrinkage

and proposed some semi-empirical formulas. CEB-FIP

[8], EN-1992 [9] and RILEM [10] models are convenient

for some engineers to select and establish an autogenous

shrinkage model related to compressive strength during

the design phase. The Tazawa [11] model, which was

proposed by the JCI Technical Committee of Japan,

mainly to reflect the influence of cementitious materials

and the water-binder ratio on the development of

autogenous concrete shrinkage. Using the Tazawa

model, Lee [12] changed the ultimate autogenous

shrinkage to the 28-day autogenous shrinkage value,

and used the ultrasonic pulse velocity method to

examine the onset of autogenous shrinkage to determine

the relationship between autogenous shrinkage and

time. Jonasson [13] used the relationship between

hydration reaction and autogenous shrinkage proposed

by Hedlund [14] to derive an autogenous shrinkage

model. However, several factors affect autogenous

shrinkage, such as w/c ratio, temperature, admixture,

etc [5, 15]. In addition, when the autogenous shrinkage

model is derived, the experimental conditions and

influencing factors are different, making it difficult to

explain which group of models is more accurate and

suitable for predicting the development of autogenous

shrinkage. Thus, verifying the accuracy of the autogenous

shrinking model has an important positive impact on

the selection of the autogenous shrinking model.

The temperature of the external environment changes

rapidly, and the impact it has on concrete can be

complicated. Together with the hydration heat release

of the concrete itself [16], the temperature change in

concrete can become more complex. Adiabatic curing

can significantly reduce the influence of external

temperature, making it possible to consider only the

temperature increase from the hydration reaction in the

concrete itself. Moreover, the concrete behaviour inside

the concrete mass is close to the adiabatic state, and

there is no heat loss into the surrounding environment

[17, 18]. Therefore, adiabatic curing could be used to
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study the autogenous shrinkage of HPC.

Autogenous shrinkage is not conducive to the

development of early concrete. Many studies have also

examined measures to reduce the development of

autogenous shrinkage [2, 5, 11, 12]. Fly ash has been

shown to reduce the development of autogenous

shrinkage. Because the fineness of blast furnace slag  is

higher than that of cement, it will also accelerate

autogenous shrinkage [5]. The shrinkage-reducing

agent and expansion additive have a positive effect on

reducing autogenous shrinkage [15]. Because of their

internal curing, prewetted lightweight aggregates and

super absorbent polymers can increase the relative

humidity inside the concrete and thus reduce autogenous

shrinkage [19, 20]. Wu et al. [5] indicated that fiber is

also a factor affecting the development of autogenous

shrinkage. There are several types of fibers, and the

amount added has different effects on autogenous

shrinkage. However, further research with respect to

fiber effects is needed.

In this study, the autogenous shrinkage development

of concrete under different w/c ratios and different

curing conditions were evaluated. The experimental

values and theoretical values were used to verify the

accuracy of the four groups of autogenous shrinkage

models. In addition, the effects of different amounts of

PVA fiber content were considered based on concrete-

free deformation tests.

Experimental Program

Mixture proportions and materials
There are mixture proportions of the concrete for this

test in Table 1. The Ordinary Portland cement (PO42.5)

and its composition and performance parameters were

in line with national standards, as shown in Table 2.

The ordinary medium sand, the fineness modulus is

2.4. The coarse aggregate is basalt with a maximum

particle size of 15 mm and a stacking density of 2800

kg/m3. Polycarboxylate superplasticizer is used to

improve the working performance of the concrete. The

mixed water is tap water.

In the process of concrete preparation, the materials

were added in the order of coarse aggregate, fine

aggregate and cement, and then stirred for 3 min. After

the materials were evenly stirred, the tap water and

water-reducing agent were slowly added, and finally

stirred for 3 min.

Experimental device and test piece size
The free deformation test of the sealed test piece was

carried out using TSTM. The TSTM was proposed by

Springenschmid [21], and Kovler [22, 23] proposed a

uniaxial shrinkage constraint test equipment. The

equipment used in this test is shown in Fig. 1.

In the free deformation test, after the specimen was

cast, one temperature sensor was placed in the middle

and the other sensor was placed at the end of the

specimen for monitoring the temperature. To ensure

that the temperature of each part of the specimen was

the same, the equipment had a separate air-controlled

temperature control device. To ensure that the specimen

was in a semi-adiabatic state, the temperature was

controlled between -15 °C and 100 °C by circulating

hot air in the experimental chamber and reducing the

heat loss as much as possible.

The size of the device is 120 × 120 × 1540 mm, and

Table 1. Mix proportions of concrete

w/c
Cement
kg/m3

Water
kg/m3

Fine aggregate
kg/m3

Coarse aggregate
kg/m3

Superplasticizer
kg/m3

Fiber content
%

Curing method

N29 0.29 540 150 653.6 1116.4 4.59 0 Semi-adiabatic

N36 0.36 500 180 653.6 1116.4 1.75 0 Semi-adiabatic

N49 0.49 439.8 215 628.3 1116.8 0 0 Semi-adiabatic

N36-L 0.36 500 180 653.6 1116.4 1.75 0 Natural curing

N36-0.25L 0.36 500 180 653.6 1116.4 1.75 0.25 Natural curing

N36-0.5L 0.36 500 180 653.6 1116.4 1.75 0.5 Natural curing

N36-0.75L 0.36 500 180 653.6 1116.4 1.75 0.75 Natural curing

Table 2. Physical and chemical properties of cement

Physical Chemical

Setting time Compressive 
strength/MPa

28d

MgO
(%)

SO3

(%)
Cl-

(%)Initial
(min)

Final
(min)

183 237 53.4 2.54 2.32 0.016

Fig. 1. Temperature Stress Test Machine used in the experiment:
schematic description.
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the length of the middle part of the device is 1200 mm.

The test piece is cast in the mould, one end is a fixed

chuck, one end is a gripped chuck, and the whole

device is controlled by a computer. In the free

deformation mode, to ensure that the axial stress of the

test piece is maintained within 0.01 MPa. During the

early expansion or contraction of the concrete, when

the test piece stress reaches the critical value of 0.01

MPa, the stepper motor will start and will force the

action. The chuck moves to restore the stress to a zero

stress level.

During the test, two layers of plastic film were

placed in the test mould to reduce the friction between

the test mould and the specimen [24]. The surface was

sealed with a plastic film, and the test piece was

wrapped with a pre-laid two-layer plastic film and

sealed with tape to prevent evaporation of water and

minimise the effects of dry deformation on the test.

Test results and Discussion

Influence of w/c ratio on concrete autogenous
shrinkage

The concrete can be measured for its total deformation

under free deformation. The total deformation of the

early age concrete includes autogenous shrinkage and

temperature deformation because the effect of drying

shrinkage was virtually eliminated. Therefore, to

investigate the effect of the w/c ratio on autogenous

shrinkage, temperature deformation and autogenous

shrinkage must be separated from the total deformation.

The temperature deformation of concrete can be

obtained by the coefficient of thermal expansion

(CTE). The CTE was calculated using Eq. (1) [25].

(1)

where αT(t) is the CTE of concrete as a function of t

from time zero, in με/oC; αk is the CTE of concrete at

28 d, in με/oC; t is the age of concrete, in h; m is the

coefficient, for ordinary concrete and silica fume

concrete (doped less than 10%), m = 2.0, fly ash

concrete (fly ash concrete content is greater than 15%),

m = 1.5.

Therefore autogenous shrinking can be obtained by

Eq. (2).

(2)

Where εas(t) is the calculated autogenous shrinkage

of concrete at time t, in με; εtotal is the total

deformation, in με; T(t) is the temperature of concrete,

in oC; T0 is the temperature of concrete at time 0, in oC.

Fig. 2 shows the autogenous shrinkage of N49, N36

and N29. It can be seen that the autogenous shrinkage

of N49, N36 and N29 is -85 με, -300 με and -490 με,

respectively. As the w/c ratio decreased, the autogenous

shrinkage increased by 252% and 476.5%, respectively.

The experimental results indicated that autogenous

shrinkage increases as the w/c ratio decreases [26]. At

the same time, the rate of autogenous shrinkage of

concrete was significantly affected by the w/c ratio,

and the speed of autogenous shrinkage of N29 is much

higher than that of N49. In addition, the autogenous

shrinkage increased rapidly in the first 24 h after

concrete pouring, and then gradually stabilized [12,

27].

The decrease in the w/c ratio led to not only a

decrease in the water content of the concrete but also

accelerated the hydration of the concrete, reduced the

relative humidity inside the concrete and enhanced the

self-drying effect. Then autogenous shrinkage increases.

Furthermore, the w/c ratio decreased, which reduces

the total hole volume of the concrete, and the formation

of a more encrypted real pore structure caused a

redistribution of internal water, and the water flowed to

the smaller pores, because of which the critical radius

of the pores was reduced, accelerating the increase in

the negative pressure of the capillary, thus increasing

the autogenous shrinkage of the concrete. Therefore,

reducing the w/c ratio was found to increase the

autogenous shrinkage of the concrete [5].

Influence of curing method on concrete autogenous
shrinkage

The autogenous shrinkage of concrete is not only

related to the w/c ratio but also affected by temperature.

The hydration reaction changes the temperature, which

causes the thermal expansion and contraction of

concrete and affects the autogenous shrinkage [12].

The external temperature also changes the temperature.

These effects are primarily reflected in the temperature

rise of concrete [4, 28]. In this test, the curing method

was set by the temperature control system, and the

αT t( ) αk 1 41 t
m–×+( )×=

εas t( ) εtotal αT t( ) T t( ) T0–[ ]×–=

Fig. 2. The autogenous shrinkage of N49-N36-N29.
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concrete with a w/c ratio of 0.36 was naturally and

semi-adiabatically cured. Fig. 3 shows the experimental

results.

The natural curing and semi-adiabatic curing

conditions make the specimens form low temperature

rise and high temperature rise respectively. Fig. 3(a)

shows the relationship among temperature, autogenous

shrinkage and total deformation of N36 at low

temperature rise with time in the case of natural curing.

In the low-temperature rise case, the maximum expansion

value of the total deformation of the specimen was 122

μm, and at 96 h, the autogenous shrinkage reached a

stable value of 168 μm. Fig. 3(b) shows the relationship

between temperature, autogenous shrinkage and total

deformation of N36 at high temperature rise with time

under semi-adiabatic curing. In the high-temperature

rise case, the maximum expansion of the total

deformation of the test piece is 356 μm, and at 60 h,

the autogenous shrinkage reaches a stable value of 265

μm.

In the case of high-temperature rise, the development

of autogenous shrinkage was accelerated, the time

required to reach a steady state was relatively short and

the autogenous shrinkage was large. In the low-

temperature rise case, the autogenous shrinkage

developed slowly, the time required to reach a steady

state was longer and the autogenous shrinkage was

small. In the low-temperature rise case, the total

deformation of the specimen began to shrink after the

temperature reached the temperature peak. In the high-

temperature rise case, the total deformation of the test

piece began to shrink before the temperature reached

the temperature peak, which indicates that the higher

the temperature rises, the faster the autogenous shrinkage

of concrete develops, the greater is the autogenous

shrinkage. This may be caused by the acceleration of

autogenous shrinkage by the high-temperature rise [4,

28].

Autogenous shrinking model comparison
Autogenous shrinkage is one of the main causes of

concrete shrinkage and cracking. Effectively predicting

the development of autogenous shrinkage will improve

the understanding of the state of concrete better and

make it possible to take measures to prevent shrinkage

and cracking. Many studies have proposed models for

the autogenous shrinking of HPC [8, 9, 11, 28, 29],

most of which are semi-empirical formulas with some

Fig. 3. Temperature, autogenous shrinkage and total deformation of different curing conditions over time: (a) natural curing; (b) semi-
adiabatic curing.
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different test parameters. Moreover, in the above

studies, the test method and the measurement accuracy

were different, which greatly reduces the accuracy of

the autogenous shrinkage of the obtained concrete.

Aïtcin [30] pointed out that the study of autogenous

shrinkage must be carried out within 24 hours, sometimes

even before the initial setting. The autogenous shrinkage

should be recorded and analysed with the moment

when the stress appears as time zero [31]. Therefore, in

this study, autogenous shrinkage was recorded from the

moment stress occurred, and the corresponding time

was the actual age of the concrete.

Below are the three typical models, 

CEB-FIP [8]:

(3)

(4)

(5)

where εcas(t) is the calculated autogenous shrinkage of

concrete at time t, in με; fcm is the mean compressive

strength of concrete, in MPa; fcm = fck + Δf, Δf = 8 MPa;

fck the compressive strength of concrete cylinders at 28

days, in MPa; fcm0 is 10 MPa; αas is a coefficient

dependent on the type of cement (700 for OPC); t1 is 1

day; t is the age of concrete, in day.

EN-1992[9]:

(6)

(7)

(8)

where εca(t) is the calculated autogenous shrinkage of

concrete at time t, in με; fck the compressive strength of

concrete cylinders at 28 days, in MPa; t is the age of

concrete, in day.

Tazawa [11]:

(9)

(10)

(11)

where εc(t) is the calculated autogenous shrinkage of

concrete at time t, in με; γ is a coefficient dependent on

the type of cement (1.0 for OPC); a and b are constant,

t0 is the initial setting time, in h; t is the age of

concrete, in h.

RILEM[10]:

(12)

:

(13)

where εcas(t, fc28) is the calculated autogenous shrinkage

of concrete at time t (the time-zero is the initial setting),

in με; t is the age of concrete, in day; fc28 the compressive

strength of concrete cylinders at 28 days, in MPa; fc28
the compressive strength of concrete cylinders at t, in

MPa; if unknown, fc(t) = [t/(1.40 + 0.95t)]fc28.

Fig. 4 shows the comparison between the theoretical

values of the autogenous shrinkage model of N49, N36

and N29 and the experimental values obtained by semi-

adiabatic curing. The theoretical value obtained CEB-

FIP [8], EN-1992 [9] and RILEM [10] models differed

significantly from the experimental value, which may

be related to the compressive strength of the parameters

considered in the formula. Autogenous shrinkage is

related to the microstructure of the concrete and the

composition of the concrete [5], regardless of the

compressive strength. Moreover, the shape of the curve

obtained by the three is also different from the

development trend of autogenous shrinkage of concrete.

The theoretical value obtained by the Tazawa [11]

model and experimental values show better accuracy.

Especially for N49, the theoretical value curve and the

experimental value curve were in relatively good

agreement. The expansion of the medium-term of the

N49 specimen may be related to the redistribution of

internal bleeding. Concrete with a high w/c ratio is

prone to bleeding; under the action of self-drying, the

secreted water is reabsorbed and the concrete expands

[32]. In N36 and N29, the autogenous shrinkage

predicted by the Tazawa model increased too quickly

in the early stage and reached a stable value at 12 h. At

this time, the autogenous shrinkage of the concrete

obtained from the test continued to increase, and the

stable value predicted by the Tazawa model was less

than the test value. The smaller the w/c ratio, the larger

the difference between the theoretical value and model

and experimental values.

Fig. 5 is a comparison of the autogenous shrinkage

model and the N36-L test value under natural curing

conditions. It can be seen that under natural curing

conditions, CEB-FIP [8], EN-1992 [9] and RILEM

[10] models still had a deviation from the experimental

value, but the error was smaller, under natural curing

conditions. However, the Tazawa [11] model does not

εcas t( ) εca0 fcm( )βas t( )=

εca0 fcm( ) αas

fcm
fcm0
-------

6
fcm
fcm0

-------+

--------------

⎝ ⎠
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎛ ⎞

2.5

–=

βas t( ) 1 exp 0.2
t

t1
---–⎝ ⎠

⎛ ⎞–=

εca t( ) βas t( )εas ∞( )=

εas ∞( ) 2.5 fck 10–( )–=

βas t( ) 1 exp 0.2t0.5–( )–=

εc t( ) γ εco w c⁄( ) βa t( )⋅ ⋅=

βa t( ) 1 exp a t t0–( )b–{ }–=

εco w c⁄( ) 3070 exp 7.2 w c⁄( )–{ }×–=

fc t( )
fc28
--------- 0.1: εcas t fc28,( )< 0=

fc t( )
fc28
--------- 0.1≥

εcas t fc28,( ) fc28 20–( )–
2.2fc t( )
fc28

---------------- 0.2–⎝ ⎠
⎛ ⎞=
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show better accuracy under semi-adiabatic conditions.

The theoretical value obtained by the Tazawa model is

far greater than the experimental value in the case of

low-temperature rise. The Tazawa model predicted that

the developing of autogenous shrinkage of concrete

was still too fast at an early age. The final stable value

was greater than the test value.

The Tazawa model demonstrated the highest degree

of accuracy among the four models, but it still had a

deviation from the experimental value. This experiment

used natural and semi-adiabatic curing, and 20 oC was

the test temperature in the Tazawa model, which may

be the cause of the error between the experimental and

theoretical values obtained by this model. Therefore, a

coefficient related to the temperature rise of the

concrete can be added to the Tazawa model to correct

the model, allowing for a more accurate prediction of

the autogenous shrinking.

Influence of fiber on concrete autogenous shrinkage
Cracking is primarily caused by the tensile stress

generated by deformation exceeding the tensile strength

of the concrete. Autogenous shrinkage is one of the

deformations of concrete. By reducing autogenous

shrinkage of concrete, the deformation can be reduced

and crack resistance can be improved.

The incorporation of synthetic fibers causes the cement

particles to combine with coarse particles, which

increases the friction between the particles inside the

concrete and improves the tensile strength. Moreover,

the addition of fibers reduces the movement of water,

reduces the rate of water evaporation and reduces

capillary tension, thereby reducing autogenous shrinkage

[5].

Fig. 6 is the relationship between temperature and

time of different mix content of fiber concrete. When

the amount of PVA fiber is 0, 0.25%, 0.5%, 0.75%.

The temperature history of the specimen was similar,

the temperature rise and the temperature drop were

similar and the temperature rise value of 0.75% was

slightly higher, indicating that the amount of fiber has

Fig. 4. Comparison of theoretical values of autogenous shrinkage
model and experimental values of semi-adiabatic conditions: (a)
N49; (b) N36; (c) N29.

Fig. 5. Comparison of natural conservation N36-L test value and
autogenous shrinkage mode.
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little effect on the temperature of concrete.

Fig. 7(a) shows the relationship between the total

deformation of concrete and time with different content

of fibers. It can be seen that the early expansion of the

N36-0.25L and N36-0.5L specimens is greater than

that of N36-L, and the early expansion of the N36-

0.75L specimens is less than the expansion of N36-L.

The expansion peaks of N36-L, N36-0.25L, N36-0.5L,

and N36-0.75L were 122 μm, 148 μm, 146 μm and 80

μm, respectively, and the expansion rates at an early

age were also approximately the same. 

Fig. 7(b) shows the relationship between autogenous

shrinkage of concrete and time by adding different

content of fiber. The autogenous shrinkage stability

values of N36-L, N36-0.25L, N36-0.5LL, and N36-0.75L

were 169 μm, 134 μm, 146 μm, 244 μm, respectively.

N36-0.5L autogenous shrinkage is always less than

N36-L. N36-0.25L early autogenous shrinkage is greater

than N36-L and N36-0.5L, and the late autogenous

shrinkage is less than the N36-L and N36-0.5L. N36-

0.75L demonstrated the largest autogenous shrinkage,

which indicated that the incorporation of fibers can

inhibit autogenous shrinkage, but it is related to the content.

Excess fiber content will promote the development of

autogenous shrinkage because PVA fiber is a

hydrophilic material that absorbs the water of the fresh

concrete, and the addition of the fiber also increases the

number of holes in the concrete to a certain extent. The

excessive addition of PVA fiber increases the capillary

action in the concrete, thereby increasing autogenous

shrinkage [5]. Therefore, to obtain the optimum content

of PVA fiber to reduce autogenous shrinkage, further

research is needed.

In the four sets of experiments, a period of expansion

occurred in the prophase of autogenous shrinkage. Fig.

8 shows the partial enlargement of expansion of the

different fiber content from early age autogenous

shrinkage. It can be seen that this expansion mainly

occurs near the temperature peak. In N36-L, N36-0.25L,

N36-0.5L, the temperature reaches the temperature

peak, and the total deformation does not reach the

maximum point of expansion. After the temperature

drops for a period, the total deformation peaks and

begins to shrink. The total deformation and temperature

are not synchronous changes. Total deformation lags

behind temperature changes, and autogenous shrinkage

produces expansion in this phase. In N36-0.75L, the

total deformation is basically synchronized with the

temperature change, and there is almost no expansion

in this period. Whether the total deformation lags

behind temperature change, autogenous shrinkage will

produce expansion, and the cause of the total

deformation lag, to understand these, further research is

needed.

Fig. 6. Temperature and time relationship of different content of
fiber concrete.

Fig. 7. The relationship between the deformation of concrete and
time with different content of fibers: (a) total deformation and
time; (b) autogenous shrinkage and time.
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Conclusions

By analyzing the test data, the following conclusions

can be obtained.

1. The autogenous shrinkage of concrete increases

with a decrease in the w/c ratio. Under semi-adiabatic

curing conditions, the maximum autogenous shrinkage

values of N49, N36 and N29 specimens were 85 με, -

300 με and -490 με, respectively. With a decrease in

w/c ratio, the autogenous shrinkage increased by 252%

and 476.5%, respectively. The rate of autogenous

shrinking is also increasing, and the speed of the N29

is much higher than that of the N49. The autogenous

shrinkage of the three test pieces increased rapidly in

the first 24 hours and then stabilised.

2. The higher the temperature rise, the greater is the

autogenous shrinkage of concrete. The natural curing

and semi-adiabatic curing conditions caused the test

pieces to form low temperature rise and high temperature

rise respectively. In the case of low temperature rise,

the maximum expansion value of the total deformation

of the test piece was 122 με, and reached a stable value

of 168 με at 96 hours. In the case of high temperature

rise, the maximum expansion of the total deformation

of the test piece is 356 με, and at 60 h, the autogenous

shrinkage reaches a stable value of 265 με. In the case

of high-temperature rise, the test piece began to shrink

before the temperature reached the peak, and the

autogenous shrinkage developed faster. The time required

to reach the steady state was relatively short, and the

autogenous shrinkage was large. In the case of low-

temperature rise, the test piece began to shrink after the

temperature reached the peak. The autogenous shrinkage

developed slowly, and the time required to reach a

steady state was longer. Meanwhile, the autogenous

shrinkage was small.

3. On comparing the experimental data with

predictions obtained from CEB-FIP, EN-1992, RILEM

Fig. 8. The partial enlargement of expansion of the different fiber content from at early age autogenous shrinkage: (a) N36-L; (b) N36-
0.25L; (c) N36-0.5L; (d) N36-0.75L.
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and Tazawa autogenous shrinking models, better

accuracy was demonstrated by the Tazawa model.

However, the Tazawa model still had some deviations

in the prediction of the autogenous shrinking development

of concrete under different curing conditions. In the

high-temperature rise, autogenous shrinkage stability

value prediction was too low, and the low-temperature

rise and autogenous shrinkage stability value prediction

were too large. Therefore, a coefficient related to the

temperature rise of the concrete can be added to the

Tazawa model to correct the model for more accurately

predicting the autogenous shrinking development of the

concrete.

4. Adding PVA fiber will affect the autogenous

shrinkage of concrete. The autogenous shrinkage

stability values of N36-L, N36-0.25L, N36-0.5L, and

N36-0.75L were 169 με, 134 με, 146 με, and 244 με,

respectively. In N36-0.5L, the autogenous shrinkage is

always less than N36-L. In N36-0.25L, early autogenous

shrinkage is greater than N36-L and N36-0.5L, and the

late autogenous shrinkage is less than the two. N36-

0.75L has the largest autogenous shrinkage. PVA fiber

affects the development of autogenous shrinkage, but

the incorporation of too much PVA fiber will increase

the development of autogenous shrinkage. Therefore,

to obtain the optimum content of PVA fiber to reduce

autogenous shrinkage, further research is needed.

5. W/c ratio change leads to the maximum change

autogenous shrinkage of concrete. So among the three

influencing factors of w/c ratio, curing temperature and

adding PVA fiber, the w/c ratio has the greatest

influence on the autogenous of early age HPC.

In addition to the three influencing factors studied in

this paper, fly ash, silica fume, shrinkage reducing

agents, prewetted lightweight aggregates and expansion

agents can effectively affect the autogenous shrinkage

of early age HPC. In future work, single and

comprehensive influences of these factors need to be

further studied.
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