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Introduction
Hydraulic fracture can sometimes cause serious disasters in projects, 

such as underground gardening or tunnel construction, were large 
amounts of gushing water, high rock slopes moving under the action 
of the groundwater might happen, with the cracking generating a high 
pressure water supply structure or the reservoir dam due to penetration 
[1-4]. With the rapid development of the large-scale underground 
structure and the high dam construction, water conservancy and the 
hydropower industry need carry out the corresponding hydraulic 
fracture studies [5-7]. The hydraulic fracturing of single cracks, such 
as the hydraulic fracturing in oil extraction, hydraulic fracturing in 
in-situ stress measurements, large segregation of gushing water in 
underground structures and the hydraulic fracturing of dams. The 
hydraulic fracturing study focuses on one or more regular cracking 
in high pressure water flow [8-10]. Hydraulic fracturing experiments 
are the only effective way to study the hydraulic fracture mechanism 
[11,12]. 

In order to study the cracking mechanism of how rock masses 
crack under high pressure water flows, inspired by these work [13-20], 
we considered mortar as a cube specimen with a similar material to 
that of rock masses for studying the hydraulic splitting characteristics, 
and used water sealer and water pressure loading equipment in a single 
crack hydraulic fracturing experiment. The critical water pressure 
PC and the destructive shape of the specimen were analyzed under 
different working conditions. The water pressure Pini was measured 
by embedding both the hydraulic pressure sensor and the strain gauge 
at the 0 mm and the 20 mm position from the prefabricated crack tip 
in order to study the change law of the internal water pressure. Based 
on the fracture mechanics, the influence of the different prefabricated 
crack widths and lengths on the failure of the specimen was studied. 
Finally, the correction coefficient λ of the crack width and the critical 
hydraulic pressure Pc were deduced [21-23].

Rock specimen and Hydraulic Fracture Test
Rock specimen preparation

All the test specimens were made from the same mix of cement, 

sand and water (mix proportion=1: 4.559: 0.774). Cement was 32.5# 
ordinary portland cement, and the river sand with particle size ranging 
from 0.3~0.5 mm were used. The specimens were made of preformed 
cracks at different thicknesses and widths by six sizes of steel sheet (2 
mm × 40 mm × 250 mm; 2 mm × 60 mm × 250 mm; 2 mm × 50 mm × 
250 mm; 4 mm × 50 mm × 250 mm; 6 mm × 50 mm × 250 mm). When 
the time reached the initial set, the preformed steel sheet was pulled 
out of the specimen in order to form one prefabricated crack. In order 
to measure the crack pressure in this prefabricated crack, the high 
pressure water pipe with a diameter of 4 mm was embedded into the 
side of each mold, to the side of the prefabricated fracture hole, both 
at 0 mm and 20 mm. After the specimen was cured, it was connected 
to the hydraulic pressure sensor connector. Before pouring the cement 
mortar in the mold, we used the inside of the mold and the steel 
sheet along with a release agent and filled the mold with the cement 
mortar and vibrated it. When stripped, the specimen was placed in the 
standard curing room maintenance. After the test piece was cured for 
28 days, the surface of the test piece was polished with sandpaper in 
order to make the specimen have the surface flatness that was required.

Hydraulic fracture testing

The hydraulic pressure of the rock specimen was tested in an 
electro-hydraulic servo pressure test system and was controlled by 
computer. The specimen was fixed with a water pressure sealing device. 
The water pressure P was applied to the slab of different widths and 
thicknesses, with the pressure of the water at a steady speed of 5rad/s 
until the specimen was damaged. The characteristics of the cracks at 
the joints were studied under different seam widths and seam thickness 
expansion of the internal water pressure changes. The hydrostatic 
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Abstract
Hydraulic fracture can often cause serious disasters, of which the hydraulic fracturing of a single crack is one 

of the common styles. In the paper, the damage mechanics of the hydraulic fracture are revealed by the hydraulic 
fracture experiment of the single crack. Mortar is used as a similar material to rock mass, and the hydraulic fracture 
characteristics experiment was carried out. The hydraulic pressure Pini and the change in water pressure inside the 
crack were studied. The critical water pressure Pc and the failure mode of the specimen were analyzed under different 
working conditions. Based on the experiment, the expression for the correction coefficient of the crack width λ and the 
failure of the critical water pressure Pc were obtained.
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loading system started from the beginning of the test and collected the 
external pressure values of the specimen every 1 s. We cured the six cube 
specimens (70.7 mm × 70.7 mm × 70.7 mm) 28 days. Table 1 shows 
two schemes, A and B, under the two conditions of the prefabricated 
fractured rock specimen test.

Experimental Results and Analysis
Variation law of water pressure in cracks

The crack propagation is reflected by the change in the number of 
hydraulic sensors at different locations from the tip of the crack. Figure 
1 shows the change law of the internal water pressure at different 
distances from the crack tip at 0 mm and 20 mm water pressure sensor.

As can be seen from Figure 1, the width of the crack propagation is 
small when the water pressure is small. The water pressure sensor near 
the tip of the crack does not reflect the change. With an increase in 
water pressure, the first water pressure sensor began to measure when 
the water pressure increased to 544 s. With the hydrostatic loading 
device continuing with the increase in water pressure, the cracks 
continued to expand, and the crack opening width also increased 
until the water head reached the full head. With the expansion of the 
crack, the water pressure sensor that was located at a 20 mm distance 
from the crack tip appeared numerical when the test time reached 
615s. With the water pressure loading ascending, the measured value 
continuously increased. However, when the load time reached 663, the 
water pressure suddenly decreased, and the both sensor measurements 
also dropped sharply (Figure 1).

Through the analysis of the water pressure measured both at 0mm 
and 20mm from the A-1 specimen, it can be seen that the crack width 

is relatively small during the initial phase of the extensive process of the 
crack. The pressured water fails to enter the cracks and the water front 
lags behind the expansion of the dry cracks. However, when the width 
of the cracks opens up to a certain value, the pressured water will enter 
the cracks and reach the full head.

Determination of initiation crack water pressure

Based on the large number of experimental studies performed, the 
failure form of the specimen is determined by the linear elastic stage 
before the fracture initiation, the stable expansion stage after the crack 
initiation, and the fracture failure stage. When the specimen is at the 
linear elastic phase before the crack initiation, the strain located at the 
end of the crack is linearly related to the external load, and it increases 
along with the increase of the external load. Once the cracks begin to 
grow, the strain near the end of the crack will suddenly decrease with 
release of the stress. Based on the hydraulic pressure sensor and the 
location of the crack at the point of change, the initiation time and the 
load can be determined.

The A-1 specimen in Table 2 is considered for studying. Table 2 lists 
parts of the test data for the initiation of the A-1 specimen. Based on 
Table 2, the water pressure sensor near the position of the prefabricated 
crack began to show a change when the test time reached 544 s. With 
the increasing water pressure, the water pressure sensor showed a 
gradual increase. As the development lagged behind of the expansion 
of the dry cracks, it was generally assumed that the cracks only began to 
appear at the 544s mark. When the test time of A-1 specimen reached 
541 s, the strain suddenly began to decrease. So the time of the initial 
crack generation in the A-1 specimen can be considered as 541 s and 
a starting pressure of 0.535 MPa. The internal water pressure of the 
initiation crack can be obtained, with the analysis results shown in 
Table 3.

Determination of critical water pressure

When the water pressure in the rock specimen reaches the critical 
water pressure, the specimen will be destroyed. The crack will penetrate 
through the entire specimen, starting from the crack tip, and the water 
pressure value P will drop to near zero. In addition, the destruction of 
the specimen will be accompanied by dull sound and water jets will 
emerge from the surface of the destruction.

Taken the A-1 sample under the action of the water pressure to 
analyze it, (Figure 2 and Table 3) respectively display the A-1 sample 
water pressure changes and the destruction of part of the data.

Based on Figure 2 and Table 3, the water pressure went from 0.883 
MPa at 660 seconds up to 0.886 MPa at 663 seconds. However, the 
water pressure decreased from 0.886 MPa at 663 s to 0.321 MPa at 665, 

Test scheme Prefabricated crack 
length (mm)

Prefabricated 
crack width (mm)

Number of test 
specimen

A A-1 50 2 2
A-2 50 4 2
A-3 50 6 2

B B-1 40 2 2
B-2 50 2 2
B-3 60 2 2

Table 1: Rock specimen test scheme.
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Figure 1: Internal water pressure of A-1 specimen crack.

Test time/s Sensor number /kPa Crack tip 
strain/με

Water pressure/
MPa

539 0 6.58035 0.533
540 0 7.59482 0.534
541 0 8.02292 0.535
542 0 6.2418 0.535
543 0 3.75867 0.536
544 0.0016 1.50187 0.537

Table 2: A-1 specimen initiation crack data record. 

Time (s) 660 661 662
Water Pressure 
(MPa)

0.883 0.883 0.884

Table 3: Specimen A-1 water pressure.
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and the specimen damage produced a dull sound during this period. It 
can be considered that the first damage point occurred at 663 s, when 
the critical water pressure reached 0.886 MPa. Since the measured data 
between the same set of test pieces are discretized, the mean value was 
taken as the critical water pressure for the destruction. In both sets 
of the experimental sketch, A and B under destruction, the critical 
water pressure results are summarized in Table 4 and Figure 3 shows 
the fracture along with the prefabricated crack tip through the entire 
specimen. The split surface and the prefabricated cracks are basically 
in the same plane.

Critical water pressure theoretical value and crack width 
correction coefficient

Table 4 lists the different critical pressures of the prefabricated 
fractures of length a, and the prefabricated fractures of width b. 
Although many studies are focused on I type of the stress-strength 
factor of the crack found at the center of the slab, and the coefficient of 

the stress intensity was proposed based on the crack length a as well as 
on the effect of the specimen scale correction. However, the effect of the 
crack width b hasn’t been studied enough. The crack width correction 
coefficient  is introduced in the research. The stress intensity factor 
of the type I crack was modified. The expression of the critical water 
pressure was also provided.

In general, the critical extension conditions for crack instability are [24]:

K=KIC                                                               		                 (1)

Where K is the stress intensity factor, KIC is the fracture toughness. 
When the stress intensity factor K at the crack tip reaches the fracture 
toughness KIC, the unstable failure of the specimen will happen.

Stress intensity factor K at the crack tip is calculated as:

= ⋅ ⋅ ⋅K a pπ λ α                                                                             (2)

Where a is the crack length, λ is the crack width correction factor, 
p is the water pressure acting on the prefabricated fractures and α is the 
crack length correction factor.

The fracture toughness of the rock specimens KIC are as follows:         

KIC=0.13ft                                               		                        (3)

The water critical pressure expression is:
0.13

=
⋅ ⋅ ⋅α

tfp
aλ π

                                                    	                 (4)

The effect correction coefficient , having relation with the crack 

width b is:

λ=f(η)                                                               		                  (5)

Based on the regression analysis of the correction coefficient λ 
andη, the expression can be obtained the following way:

λ=0.36η+0.13   (0≤η≤4)                                        	                (6)

100= ×
b
B

η                                                          		                 (7)

The B-1 test specimen is used in order to verify the rationality of the 
correction coefficient η as well as the critical water pressure expression 
in the given range of the crack width. Using the theoretical formula, 
the critical hydraulic pressure point can be obtained as P=1.35 Mpa. 
The result is close to the measured critical water pressure with a relative 
error of 8.2%. Thus, the specimen theoretical split and the critical water 
pressure and the correction coefficient of the crack width are correct.

Conclusion
The change of the water pressure in the cracks is obtained through 

measuring the hydraulic pressure at both 0 mm and 20 mm distance 
from the tip of the prefabricated crack. The hydraulic front lags behind 
the extension of the dry crack. During the early stage of the formation 
of the dry crack, the extensive width of crack is small. With the increase 
of water pressure, however, the water enters the crack and its width 
increases more and more. When the crack width reaches a certain value, 
the head in the crack reaches the full head. According to the analysis of 
the pressure sensor and the strain gauge located near the crack tip, the 
initiation crack water pressure Pini can be obtained under the cases A 
and B. The critical water pressure under failure of the cases A and B was 
measured by the developed water seal fixture and the water pressure 
loading equipment. The failure mode of the rock specimen under no 
tension and compression was obtained. The prefabricated crack tip 
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Figure 2: Specimen A-1 water pressure change.
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Figure 3: Specimen destruction of the pattern of the photo.

Case Specimen Specimen 
Number

Age/day ft/MPa Pini/MPa Pc/MPa

A A-1 2 28 1.63 0.568 0.904
A-2 2 28 1.63 0.431 0.694
A-3 2 28 1.63 0.283 0.441

B B-1 2 28 1.63 0.942 1.53
B-2 2 28 1.63 0.568 0.904
B-3 2 28 1.63 0.371 0.58

Table 4: Critical pressure values for specimens under different operating conditions.
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passes through the specimen, and the surface of the splitting failure 
is located substantially in the same plane as the prefabricated fracture. 
Based on the fracture mechanics and on the correction coefficient of 
the influence that the crack width has on the stress intensity factor, the 
expression of the width correction coefficient and the critical hydraulic 
pressure of the rock fracture are provided.
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