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Most of the rock masses in the outer crust of the Earth are discontinuous. +ey are divided by joints, faults, fractures, etc. And
those discontinuities, generally referred to as joints, greatly affect the property of the rock masses. +e paper experimentally
investigates the stress wave propagation crossing the jointed specimens.+e tests were conducted on the split Hopkinson pressure
bar (SHPB). +e test specimens consist of two parts cast by cement mortar. Both parts have an irregular surface, and they were
designed tomatch each other completely.+e surfaces where two parts meet make an artificial joint.+e surfaces of the joints were
scanned by a three-dimensional scanner to obtain its actual topography and then to calculate the roughness of the surface, i.e., the
joint roughness coefficient (JRC). A set of jointed specimens with JRC ranging from 0 to 20 were made and used in dynamic
compression experiments. During the tests, signals were captured by strain gauges stuck on the incident and transmitted bars of
the SHPB apparatus. +e incident, reflected, and transmitted waves across the jointed specimens were obtained from the test
records. We found out that more stress wave would transmit through the jointed specimen with larger JRC. Besides, collected data
were processed to get the dynamic stress-strain relation of jointed specimens and the stress-closure curves of the joints.+e results
show that the joint increases the deformation of the specimen, and the stiffness of the jointed specimen would increase slightly
when the joint is rougher.

1. Introduction

Geological resources serve as the basis for modern life so-
ciety. +ey are so crucial that many researchers work on
relevant projects, such as mining, geological exploration,
and geomechanics [1, 2]. Among those projects, geo-
mechanics is the foundation of them, which involves the
study of the mechanics of soil and rock. And this paper
focuses on the jointed rock under dynamic load.

Research shows that the rock joints significantly affect
the mechanical behaviors of rock masses [3–5]. To
quantify the joint effects on rock masses, we usually study
the joint mechanical behavior first. Quite a few models
and assumptions were proposed to characterize the joint
mechanical behavior. One of the joint models is called the

Bandis-Barton model (B-B model) that was put forward
by [6] based on quantities of static experiments. It is a
hyperbolic function describing the stress-closure curves
of joints in normal static loading, which is commonly
accepted and used to describe the deformation of the joint.
+e normal stiffness kn and maximum normal joint clo-
sure vmax are considered as characteristic parameters to
describe the stress-closure relations of the joint under
normal compressive loading. However, the test results of
[7] showed that the dynamic stiffness of rock joints dif-
fered from the static stiffness, and the former one was
always higher than the latter. Furthermore, [8] modified
the B–B model by taking the loading-rate into account. In
another aspect, it is generally accepted that the joint is
considered as an imperfectly bonded interface when a
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stress wave propagates upon the joint. A joint theory
introduced by [9] was referred to as the displacement
discontinuity method (DDM) as the displacement across
the joint is not continuous, but the traction is continuous.
With the method, reflection and transmission coefficients
for stress waves incident upon a joint could be assessed in
terms of interface compliance [7, 9]. Later an equivalent
viscoelastic medium model was proposed for determining
the wave transmission through parallel joints [10]. Re-
cently, [11] did a research on three creep stages of shear
creep tests and proposed a method for predicting the
accelerating creep stage considering the effect of the joint
roughness.

+e surfaces of the joints in nature are rough on some
scale, and the contact condition of two rough joint sur-
faces affects most physical properties [12–14]. To explore
the influence of the joint surface on its properties, it is of
great value to quantify joint topography at first. +ere are
kinds of ways that were proposed to quantify joint to-
pography. And among them, the joint roughness coeffi-
cient (JRC) is widely used for rock engineering
applications. It was first recommended by [15] who gave a
set of 10 typical roughness profiles with JRC ranging from
0 to 20. However, it is too subjective to estimate the JRC by
comparing the joint surface to the 10 typical roughness
profiles. Hence, Tse and Cruden [16] put forward an
empirical equation to calculate JRC correlating with Z2
(the root mean square of the first derivative of the profile)
and SF (structure function). +en it was improved by [17]
considering the self-affinity transformation law. +e ini-
tial purpose of quantifying joint topography using JRC is
to illustrate the effect of joint roughness on peak shear
strength, yet the joint roughness also affects the stress
wave propagation. Reference [18] found that the joint
closure behavior under dynamic load is highly nonlinear,
which is complicatedly affected by rock joint roughness
and initial closure. Besides, Li, Rong et al. [19] discovered
that more stress wave energy dissipated in the jointed
specimen with larger JRC based on a series of laboratory
tests.

+e subject of this study is to experimentally investigate
how JRC affects the behavior of joint under dynamic
compression and the stress wave propagation crossing the
jointed specimen. +e split Hopkinson pressure bar (SHPB)
apparatus was adopted to conduct uniaxial compression
experiments on specimens with rough joints. Jointed
specimens were made by casting cement mortar into cus-
tom-made molds. +ough the surfaces of the joint could be
well controlled by specifying mold shape, they were scanned
by a three-dimensional scanner to obtain its actual topog-
raphy and then to calculate JRC. All jointed specimens and
one intact specimen were put into dynamic compression
tests. Based on the collecting data captured by strain gauge in
tests, the incident, reflected, and transmitted waves were
obtained and processed to get the stress and strain of the
jointed specimens. +en the effect of JRC on the stress wave
propagating across the jointed specimen and the dynamic
mechanical behavior of the joint are analyzed and discussed
in the end.

2. Experiments

2.1. Experimental Facilities. As shown in Figure 1, the
uniaxial compression test was conducted on the SHPB
system. It consists of loading system, bar system, and
measurement system.+e loading system is a gas gun, which
stores high-pressure nitrogen that pushes the bullet to move
forward. +e bar system contains four steel bars with the
same circle cross section (50mm in diameter), namely bullet
(400mm in length), the incident bar (2500mm in length),
the transmitted bar (2500mm in length), and the absorption
bar (800mm in length). In addition, the density ρ and
Young’s modulus E of the steel bars are 7800 kg/m3 and
210GPa, respectively. +e measurement system is made up
of dynamic strain meter, oscilloscope, and two groups of
strain gauges stuck on the incident and transmitted bar.

During the test, a specimen was coaxially sandwiched
between the incident bar and the transmitted bar. When the
bullet was shot out of the gas gun and impacted the incident
bar, a compressive pulse was generated and propagated
along the bar. As soon as the stress pulse reached the in-
terface of incident bar and specimen, part of it was reflected
in the incident bar, whereas the remaining part traveled
through the specimen and transmitted into the transmission
bar. +ose stress pulses, named incident wave, reflected
wave, and transmitted wave, respectively, were measured by
strain gauges stuck on the incident and transmitted bars and
then collected by dynamic strain meter and shown and
stored by an oscilloscope.

2.2. Specimens. We adopted the random fractal method
suggested by [20] to simulate natural joint profiles. +e
method uses the principle of Brownian motion. According
to the method, we generated ten profile curves with different
JRCs by giving different Hurst exponent H. +e profile
curves are shown in Figure 2. Each profile curve was
stretched linearly into a rough surface, which is rough in the
horizontal direction and straight in the vertical direction and
is called a two-dimensional rough surface. +e rough sur-
faces were used to print 3D molds to cast specimens.

As for specimen preparation, first, cement, water, and
sand were well mixed with a ratio of 1 :1:0.4 and then the
mixture was cast into the molds. Cured for 28 days to reach
the full strength, the cement specimens were then polished
and got dry naturally.+e specimens were cuboids with 3 cm
in height and 3.5 cm in length and width. As shown in
Figure 3, the specimens consisted of two parts cast. Each part
has a rough bottom. +e two rough bottoms of both parts
match each other. +e interface where two parts meet
simulates an artificial rough joint. Besides, an intact speci-
men without joint was cast in the same material as a
comparison to those jointed specimens.

+e range of JRCs of specimens was designed to be
between close to 0 and nearly 20. But the roughness coef-
ficients of printed specimens may have nuances from
originally designed ones because of error brought by the
molds and particle size of the material. Hence, the joint
surfaces of specimens were scanned on the 3D scanner
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(a type of Geomagic Capture) to obtain the actual 3D digital
images of the joint and calculate the actual value of the JRC.
Both designed values and actual values of JRC are displayed
in Table 1 and Figure 4.

It can be seen that the actual value of JRC is slightly
smaller than the designed value and the difference between
them gets bigger when JRC increases. Because the rougher
the joint, the more sharp surface he has, and in the ex-
periment because of the granularity of the cement mortar,

the specimen cannot completely replicate the design surface
form, resulting in the rougher the joint, the greater the error
between the real value of JRC and the design value.

+e JRC of joints can be calculated from a commonly
adopted empirical equation [17]:

JRC � 32.69 + 32.98 log10Z2, (1)

where the parameter Z2 is given as
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Figure 1: +e split Hopkinson pressure bar (SHPB) system.
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Figure 2: Profile lines of the surfaces of joints of the specimens.
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In this equation, △x denotes the small constant hori-
zontal distance between two adjacent points along the profile
lines, m denotes the number of points on the profile lines
and is related to the ratio between the horizontal distance of
the profile line Ds and horizontal distance interval △x, that
is, m� 1+integer(Ds/△x). +e ‘yi+1 – yi’ represents the

amplitude difference between two adjacent points. As we can
see, Z2 is the root mean square of the first derivative of the
profile. In this way, the JRC of all specimens is ascertained.

2.3. Test Proceeding. A series of uniaxial compression tests
on the specimens were carried out on SHPB apparatus.
Before we placed each specimen coaxially between the in-
cident and transmitted bars, a moderate amount of vaseline
was smeared on the contact surfaces between the specimen
and the bars to reduce the friction.

During the tests, launched by the dynamic loading de-
vice, the bullet impacted the incident bar, and consequently,
the incident wave was generated and propagated along the
incident bar. When the incident wave arrived at the spec-
imen, reflected wave was caused and propagated back to the
incident bar. Meanwhile, the specimen deformed. At this
moment, the transmitted wave was generated on the in-
terface and propagated along the transmitted bar.+e waves,
named as the incident, reflected, and transmitted waves,
respectively, were measured by strain gauges glued on the
incident and transmitted bars and then collected by the
dynamic strain meter and stored by the oscilloscope.

3. Data Processing

A series of uniaxial compression tests on the specimens were
carried out on the SHPB apparatus. +e data collected from
strain gauges provided the strains of the incident, reflected,
and transmitted waves that are εi, εr, and εt, respectively.
According to the one-dimensional wave propagation
equation in the incident and transmitted bars, the stress σ,
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Le� part 
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Right part 
beside transmitted bar

Figure 3: Jointed specimens with different JRC.

Table 1: +e difference between the actual and designed values of JRC.

Specimens S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Designed value of JRC 0.703 2.904 5.216 7.106 9.235 11.02 12.83 15.80 16.96 19.18
Actual value of JRC 0.644 2.946 4.937 6.774 9.058 10.62 11.68 13.97 15.05 17.15
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Figure 4: +e difference between the actual and designed values of
JRC.
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strain rate _ε, and strain ε of the specimen can be calculated by
the three waves, that is,

_ε(t) �
C0

ls
εi(t) − εr(t) − εt(t)( , (3)

ε(t) �
C0

ls


t

0
εi(t) − εr(t) − εt(t)(  dt, (4)

σ(t) �
A0

2As

E εi(t) + εr(t) + εt(t)( , (5)

where ls denotes the length of the specimen, C0 denotes the
longitudinal wave velocity in SHPB bars, and A0, and As are
the cross-section areas of the bars and specimen,
respectively.

Transmission and reflection coefficients are usually
adopted to analyze the effect of joint or jointed rock mass on
wave propagation. Here, the transmission coefficient is
denoted as T, and the reflection coefficient is denoted as R,
which is the ratio of the peak values of transmitted and
reflected waves to that of the incident wave, respectively.
Hence, T and R can be expressed as

T �
max εt




max εi



, (6)

R �
max εr




max εi



. (7)

+e theoretical deformation of a jointed specimen, Δv,
includes the total deformation of rock blocks, Δvr, and the
closure of the joint, Δvj, so we can get:

Δvj � Δv − Δvr. (8)

And the stiffness of the joint is the derivative of the
stress-closure curves, which is

kn �
zσ

zΔvj

, (9)

where σ is the stress on the specimen.

4. Experimental Results and Analysis

4.1. Test Parameters and Typical Strain Gauge Record. A
series of experiments were performed on specimens with
joints whose JRC ranged from nearly 0 to almost 20. During
the experiments, the incident, reflected, and transmitted
waves were recorded by strain gauges glued on the incident
and transmitted bars. All data were collected by the dynamic
strain meter and stored by the oscilloscope. Figure 5 shows
the typical stress waves of S0 and S7. +e specimen S0 is an
intact specimen without joint, and the specimen S7 contains
a joint whose JRC equals 11.68. +e recorded signals of the
other jointed specimens are similar to that of S7 and con-
sequently not plotted here.

As we can see that when the incident wave crosses the
specimen, part of them would be reflected to form the

reflection wave and the others could transmit through it that
contributes to transmission waves. Specifically, for the intact
specimen S0, the maximum strain value of transmitted wave
(1.02E-4) and the absolute maximum strain value of reflected
wave (9.2E-5) are 0.66 and 0.60 times of the maximum strain
value of incident wave (1.53E-4), respectively. And for the
jointed specimen S7, the maximum strain value of trans-
mitted wave (1.01E-4) and the absolute maximum strain
value of reflected wave (1.86E-5) are 0.43 and 0.81 times of
the maximum strain value of incident wave (2.31E-4), re-
spectively. Compared with the intact specimen S0, the
jointed specimen S7 reflects more stress wave and less stress
wave propagates through it.

4.2. Transmission and Reflection Coefficients. +e transmis-
sion coefficient T and the reflection coefficient R can be
calculated by equations (6) and (7). +e relationships be-
tween transmission/reflection coefficients and JRC are dis-
played in Figures 6 and 7. As we can see, the transmission
coefficients generally increase with the rise of the JRC, and,
on the contrary, the reflection coefficients generally decrease
with the rise of the JRC. Two linear equations are adopted to
fit the experiment data, which are T � 3.16E − 3×

JRC + 4.05E − 1, R � −3.39E − 3 × JRC + 8.48E − 1. Since
the value of JRC is between 0 and 20, the transmission
coefficient T of the jointed specimens should vary from 0.41
to 0.47, and the reflection coefficient R of the jointed
specimens should vary from 0.78 to 0.85. As for the intact
specimen S0, the transmission coefficient T and the reflec-
tion coefficient R are 0.66 and 0.60, respectively, according to
the waveform shown in Figure 5(a). +erefore, the trans-
mission coefficient for wave propagation across an intact
specimen is larger than any specimen with a joint, and
correspondingly, the reflection coefficient of the intact
specimen is smaller than that of all jointed specimens.
Regardless of the roughness of the joint, the joint itself
affects the stress wave propagation, and it makes more
stress wave reflected and less stress wave transmitted
through it. When the roughness of the joint is taken into
consideration, it can be concluded from Figures 6 and 7 and
the linear fitting equations that more stress wave would be
transmitted and less stress wave would be reflected off the
joint with rougher surfaces. Besides, considering the almost
equal absolute values of the independent variable coeffi-
cient of the fitting equation for transmission and reflection
coefficients, JRC has the same extent of the effect on the
reflection and transmission of stress waves propagating
through the joints.

4.3. Stress-Strain Relations and Stiffness Analysis.
According to data collected through the tests, the stress σ
and strain ε of the specimen can be calculated by equations
(3) to (5). +en we can get stress-strain relation curves of the
intact specimen (S0) and jointed specimens (S1 to S10),
which are shown in Figure 8. In the tests, the impact forces
on all specimens were nearly the same, so the deformations
of them were relatively comparable. It is evident from
Figure 8 that the deformation of the jointed specimens is
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Figure 5: +e recordings of strain gauges for specimen with and without joint. (a) +e waveform of intact specimen S0. (b) +e typical
waveform of jointed specimen S7.
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much larger than the intact one, to be exact, the minimum of
the maximum strains of all jointed specimens (4.94E-3) is
more than twice the maximum strain of the intact one S0
(2.24E-3).+e joint significantly enlarges the deformation of
the specimen due to high compliance of the joint, which
means the stiffness of the specimen would dramatically
decreases because of the joints. When it comes to the
compliance or the stiffness of the jointed specimens, it can be
seen in Figure 8 that the slope of the stress-strain curves
gradually increases as the joint gets rougher. To dig out the
relationship between the stiffness and the roughness of the
joint, we separated the deformation of the joint from the
total deformation of the specimen. To this end, the stress-
strain curves of the jointed specimens and intact specimen
were first fitted with curves, and then after subtracting the
deformation of the intact specimen from that of the jointed
specimen by the fitted equations, the stress-closure curves of
the joints with different roughness were obtained. Here, the
intact specimen S0 and jointed specimen S2 are taken as the
examples, which are shown in Figure 9. Considering the

stress-closure curves were non-linear in the loading process,
an exponential form as follows was taken to fit them using
the least square regression method.

σ � a[exp(b · Δv) − 1], (10)

where a and b were parameters of the fitting equation. It can
be seen from Figure 9 that the exponential form fits the
curves of S0 and S2 well. By subtracting the normal de-
formation of the S0 from the deformation of the S2 under
every same stress, we can get the stress-closure relation of the
joint in S2 which is shown as the middle red curve in
Figure 9.+e stress-strain relation curves of other specimens
are also fitted well with exponential equations, which are not
shown as figures, and the parameters of the fitting curves are
listed in Table 2.

+e stress-closure relation curves of joints of all speci-
mens are shown in Figure 10. In the figure, the curves re-
semble each other in shape, and slopes of all curves increase
with the closure. However, the overall stiffness differs from
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Figure 8: +e stress-strain curves of specimens. (a) An intact specimen S0 and jointed specimens (S1, S3, S5, S7, S9); (b) an intact specimen
S0 and jointed specimens (S2, S4, S6, S8, S10); (c) jointed specimens (S1, S2, S3, S4, S5); (d) jointed specimens (S6, S7, S8, S9, S10).
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one to another, and there is a tendency that the stiffness of
the joint increases when the joint wall has a high roughness.
+e initial stiffness of the joint kni, as the reflection of overall
stiffnesses, was calculated by the derivative of the curves at
the origin point. Afterward, the relationship between the kni
and JRCwas obtained and shown in Figure 10.+ere appears
to be a positive relationship between the two variables.
Hence, a linear equation was adopted to fit them, which is

kni � 3.49 × JRC + 88.30. (11)

+e normal stress-closure expression of the B–B model
[6] is commonly adopted to cope with the issue of joint
mechanical properties, which is

σ �
kni × Δvj

1 − Δvj/vmax
, (12)

where Δvj is the closure of the joint and the vmax is the
maximum closure of the joint. +e kni of the jointed is a
known coefficient that could be calculated by taking the
derivative of the stress-closure curves at the beginning point.
+e equation.(12) is applied to fit the stress-closure curves of
the joints to obtain the maximum closure vmax. +e fitting
curves are shown in Figure 11, and the corresponding pa-
rameters of the equations of the fitting curves are displayed
in Table.3. As we can see, the B–B model fits well with the
stress-closure curves of joints, and the goodness of fit (R2) is
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Table 2: +e parameters of stress-strain curve fitting equations.

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
A 331.44 8.66 9.54 9.93 10.97 11.67 11.44 11.53 12.23 12.85 13.13
B 1.47 8.76 8.65 8.66 8.44 8.34 8.53 8.77 8.81 8.50 8.67
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all over 0.99. Hence, the parameter (vmax) obtained from
curve-fitting is credible to some extent and its variation with
JRCs of specimens is displayed in Figure 12. Obviously, the
maximum closure of the joint (vmax) diminishes along with
the increment of JRC. It, on the other hand, proves that the
rougher joint has a higher stiffness in normal dynamic
loading.

5. Discussion

5.1. Statement about the Dynamic Mechanical Behaviors of
Specimens. +e dynamic mechanical behaviors of speci-
mens with and without joints are quite different. One of the
differences lies in the deformation. As we can see in Figure 8,
the jointed specimens (S1 to S10) deform greater than the
specimen without joint (S0) under the same level of stress.
Joints are commonly considered to be imperfectly bonded
interface or slip interface, and the displacement across the
joint is not continuous. +e displacement difference across
the joint is regarded as the deformation of the joint. Apart
from the deformation of the rock-like block, extra defor-
mation produced by the joint adds to the total deformation
of the specimen. +at is probably the main reason for the
greatly increment in deformation of jointed specimen
compared with the deformation of the intact specimen.

Another difference is the curvature of the stress-strain
loading curve. +e curvature of a curve is the rate of
rotation of the tangential direction angle to the arc length
for a point on the curve. Mathematically, it refers to the
value of the degree of curve curvature. For the intact

specimen, the relationship between stress and strain at the
stage of loading is almost linear. For a jointed specimen,
however, the stress-strain behavior is concave shaped with
loading. In other words, the jointed specimens are non-
linear during the loading process. It is well understood that
the intact rock block (S0) is in linear elastic deformation
when the load is relatively small. Under a similar level of
loading, the rock itself in the jointed specimen is in linearly
elastic deformation. What induces the non-linear stress-
strain relationship of the jointed specimen is the non-
linearity of joint in stress-strain relation. By subtracting
the deformation of the intact specimen from that of the
jointed specimen, the closure of joint is obtained, and then
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Figure 11: +e fitting curves for stress-closure curves of joints S1–S10.

Table 3: +e parameters of stress-closure curve fitting equations.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
kni (GPa/m) 89.832 99.377 104.49 114.30 121.72 122.04 127.62 138.39 140.71 148.54
vmax(mm) 0.168 0.162 0.157 0.154 0.151 0.147 0.139 0.131 0.135 0.128
R2 0.9987 0.9985 0.9983 0.9982 0.9981 0.9978 0.997 0.9965 0.9972 0.9964
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Figure 12: +e variation of the joint maximum closure with JRC.
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we can get its non-linear stress-closure curve shown in
Figure 10. +ere has not been a comprehensive explana-
tion about the non-linear nature of the joint stress-closure
relationship. +e reason could be that open microcracks of
the joint start to close during the loading, making its
modulus increase accordingly[21]. Another possible ex-
planation is that the joint goes stiffening under normal
stress because of an increase in the number of contacts
between adjacent grains and asperities on opposite sur-
faces of joints [22].

5.2. Discussion on the Effect of the Joint Roughness.
Besides, the roughness of the joint also influences the stress-
closure relationship of joint. As it is shown in Figure 13,
there is a positive linear relationship between the initial
stiffness kni of the joint and the joint roughness JRC. On the
opposite, another parameter of the joint B–B model, vmax,
has a negative relationship with JRC. +at means that the
rougher the rock joint is, the stiffer the joint is and more
stress waves could pass through it. And correspondingly, the
acoustic wave velocity of the specimen with rougher joint
would be larger than that of the specimen with a flat joint. To
identify this deduction, we performed the ultrasonic tests on
mortar and granite specimens with flat and rough joints
using the acoustic waves monitor (a type of RSM-SY6). And
we found that the acoustic wave velocity of the mortar
specimen with flat joint surface is about 2630m/s, smaller
than that of the mortar specimen with rough joint surface
(JRC� 8.36) that is about 2800m/s. Similarly, the acoustic
wave velocity of the granite specimen with a flat joint surface
is about 3410m/s, smaller than that of the granite specimen
with the rough joint surface (JRC� 8.36) that is about
3560m/s. +ese two sets of jointed specimens were made in
different ways. +e mortar specimens were cast by printed
mold. Granite specimens were carved by a stone milling
machine (a type of LD 6060 CNC). No matter what way we
choose to make those jointed specimens, the test results
share similar results, which is the acoustic wave velocity of
the specimen with a flat joint surface is smaller than that of
the specimen with a rough joint surface. +e outcome of
ultrasonic tests supports the result of SHPB experiments on
the jointed specimens. Also, the test outcome shares the
same regularity with the results of the investigation done by
[6, 23], which proves the validity of the result of the study.

How does the roughness of the joint affect the stress wave
propagation? One possible factor could be the length of the
joint profile line. As we know every surface is rough on some
scale [14], two surfaces of the rock joint can never be 100%
contacted even though the test specimens are all designed to
be totally touched. But when the profile line of the joint
becomes longer, the area of the joint surface is enlarged and
the possible contact area would be also enlarged. So the
rougher joint with larger contact area could let more stress
wave pass by. With more contact area, the pressure on the
joint surface would be lower. +is is just a possible expla-
nation.+e intrinsic mechanism of influence of joint surface
topography on the joint behavior under compression needs
to be further investigated in the future.

5.3. Reflection and Outlook on the Whole Experiment.
Looking at the whole experiment, there are some disad-
vantages and limitations. As we know, the SHPB experi-
ments technique is constructed on some basic assumptions,
and one of them is that the stress field of the specimen is
uniform along the length. But in actual tests, the joint
surfaces of specimens are uneven and not perpendicular to
the axis of the incident and transmitted bars. Consequently,
even with plane compression wave propagating along the
incident bars, reflected and transmitted waves upon the
joints are not uniformly parallel to the axis, and a complex
stress wave field is produced around the joint, which dis-
obeys the assumption I mentioned above. As a result, the
error occurs, and its effect on the outcome remains to be
further investigated. +e potential solution, such as nu-
merical simulation or digital image correlation technique,
may help in the analysis of the stress wave field around the
joints. Apart from that, when the joint profile line is ex-
tremely flat/rugged, the value of JRC calculated by the
equation (1) would be negative/positive infinite, which ex-
ceed the range of the JRC (from 0 to 20). +at is the lim-
itation of this kind of definition of the JRC. So the situation
when the joint that is way too flat or roughed is not included
in this study. +ough the concept of JRC has been wildly
used in rock engineering, it should be improved to suit more
cases.

6. Conclusions

From the test results, the following conclusions can be
drawn:

(1) When the stress wave propagates to the joint spec-
imen, part of them is reflected, and the other is
transmitted. +e stress wave transmits more easily
through the jointed specimens with higher JRC.
Correspondingly, the reflection coefficient R de-
creases with an increment of JRC. It can also be
concluded that JRC has the same extent of the effect
on the reflection and transmission of stress waves.
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Figure 13: +e relationship between the kni and JRC.
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(2) As for the dynamic behavior of the joint, the stress-
closure relation curves of joints fitted well with the
B–B model. +e joint initial stiffness (kni) and the
maximum closure (vmax) are two representative
parameters. From the test results, we could find out
that kni increases along with the increment of JRC.
While vmax diminishes along with the increment of
JRC.

List of symbols

A0 and
As:

Cross-section areas of the SHPB bars and
specimen, respectively

C0: Longitudinal wave velocity in SHPB bars
Ds: Horizontal distance of the profile line
E: Young’s modulus of the SHPB bars
H: Hurst exponent
JRC: Joint roughness coefficient
kn: Joint normal stiffness
kni: Joint normal initial stiffness
ls: Length of the specimen
m: Number of points on the profile line
R: Reflection coefficient
SF: Structure function
t: Time
T: Transmission coefficient
∆v: Deformation of the specimen
∆vr: Deformation of rock blocks
∆vj: Closure of the joint
vmax: +e maximum value of the joint closure
yi: Vertical height of the point on the profile line of

joint surface
Z2: Root mean square of the first derivative of the

profile line
ρ: Density of the SHPB bars
σ: Stress on the specimen
ε: Strain of the specimen
_ε: Strain rate of the specimen
εi, εr and
εt:

Strains caused by incident, reflected, and
transmitted waves, respectively.
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