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-e dispersion characteristics of shear horizontal- (SH-) guided waves in a weld seam are critical to identifying defects. By
considering the force on the virtual boundary layer near the weld surface, a dispersion equation for the SH-guided wave in the
weld seam was established here based on the peridynamics method. -e wave dispersion equation is similar to the traditional
theory. -e SH wave in the infinite peridynamics medium has dispersion characteristics, and the group velocity of the SH-guided
wave in the weld seam is slightly slower than that in the conventional theory. In the welded structure, the group velocity of the SH-
guided wave is unevenly distributed in different regions due to the differences in material parameters between the weld seam and
the steel plate and residual weld height on the weld seam. -e distance from the different sensors to the defect can be precisely
calculated via the group velocity distribution; thus, the defect can be accurately located. By compared with the finite element
method and experiments under the same conditions, the reliability of the peridynamics method is verified. We used the group
velocity of the SH-guided wave in the weld seam and peridynamics theory to better reflect the experimental conditions versus
finite element simulations.

1. Introduction

Welding is critical in steel structures, and welding quality
directly affects the safety of the entire structure [1–5].
-erefore, detection of weld seams is particularly important.
Weld inspection methods include magnetic powder methods
[6], the eddy current method [7], ultrasonic methods [8, 9],
and X-ray methods [10]. -ese methods have some disad-
vantages, and it is impossible to achieve safe and efficient
nondestructive testing (NDT) of the welded structure. To
address this problem, shear horizontal- (SH-) guided wave
detection methods have been proposed [2, 11–13]. Due to the
low dispersion of the SH wave, the SH-guided wave in the
weld seam can achieve long-distance weld inspection [14] and
multiple defects can be detected from a single scan [15]. To
identify multiple defect signals, one must study the propa-
gation law of SH-guided waves in the weld seam.

SH-guided waves in the weld seam are usually studied
by finite element methods [16–18]. In 1999, Spies [19]

determined the radiation characteristics of an ultrasonic
wave based on the description of SH-wave propagation in
arbitrary-oriented transversely isotropic media. Slawinski
and Krebes [20] later used a homogeneous approach to
derive a finite difference scheme for modeling SH-wave
propagation in fractured media. More recently, Yu et al. [11]
studied high-order guided wave modes in the weld seam:
modal analyses of an unbounded welded plate at high fre-
quencies were conducted via a semi-analytical finite element
approach. -ese studies show that there is dispersion when
SH-guided waves propagate in the weld seam. Combined
with the dispersion analysis of SH-guided waves in the plate,
the dispersion equation of SH-guided waves in the weld
seam can be obtained; however, the modeling results are
quite different from experimental ones. To solve this
problem, a nonlocal peridynamics method can be used to
study the dispersion equation in the weld seam.

Silling [21] proposed the peridynamics theory in 2000
and studied the propagation and dispersion of linear
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stress waves. Wave propagation in a discontinuity bar was
studied two years later [22]. Zimmermann [23] explored
many features of the peridynamics theory, including
certain aspects of wave motion, material stability, and
numerical solution techniques. -e relationship between
constitutive models from the classical theory of elasticity
and peridynamics approach was reported by Silling et al.
[24, 25]. Silling [25, 26] also developed a linearized
version of the peridynamic theory applicable to small
deformations. -is theory offered simplifications that
specialize the peridynamic equation and make it easier to
solve.

Bažant et al. [27] systematically studied the peridynamics
stress wave in 2016 and described wave dispersion behaviors
in bond-based and state-based peridynamics. Butt et al. [28]
focused on the dispersion properties of a state-based linear
peridynamics solid model and specifically investigated the
role of the peridynamics horizon in 2017. -ey investigated
the effect of horizon size, mesh size, and the influence of
weight function on the dispersion. In 2019, Zhang et al. [29]
studied wave propagation and dispersion in the peridy-
namics medium and found that the SH wave also dispersed
in an unbounded steel medium.

-is study first introduces the basic theory of peridy-
namic waves and their reflection characteristics. -e dis-
persion equation of the SH-guided wave in the weld seam is
derived by analyzing the boundary condition of the SH-
guided wave on the virtual layer. Combined with the SH
wave in the infinite peridynamics medium that has dis-
persion characteristics [29], the wave group velocity varies
with the wavenumber along the weld seam. Compared with
the classical theory, the group velocity of the SH wave in the
peridynamics medium is slightly slower than that from
conventional theory. -e influence of the difference in
material parameters of the steel plate and the weld seam was
analyzed as well as the existence of the weld residual height
on the group velocity [30]. By compared the results obtained
by the peridynamics theory with those from simulation and
experiment, the peridynamics results are closer to the actual
situation.

2. Peridynamic Theory

-e linearized peridynamic theory has been proposed
previously [21, 23, 25, 26]. -e internal stress force of the
linearized peridynamics theory is given as follows:

σ � 􏽚
Nx

C(x, q)(u(q, t) − u(x, t))dVq. (1)

Here, σ is the internal stress force, u is the displacement field,
x is position in the reference configuration, and t is time.
Term Nx is a neighborhood of x [9], and the radius of Nx is
in general 2δ where δ is the radius of the horizon. Term q is
the material point in Nx. C is a tensor-valued function called
the “micromodulus function.” When the SH-wave propa-
gation is studied in a linear isotropic solid, the micro-
modulus C is defined as follows:

C(x, q) �
15μ
m2 􏽚

Hp

ϖ(|p − x|)ϖ(|p − q|)(p − x)⊗ (p − q)dVp.

(2)

Here, μ is the shear modulus, m � 􏽒
H
ω(|ξ|)|ξ|2dVξ is the

weighted volume,ϖ is the weighting function given by actual
situation, and p is the material point in the horizon of x.

When given SH-wave propagating along the surface
x1ox2, the direction of the shear force is x3. -e shear stress
is written as follows:

σ3 � 􏽚
Nx

c31 u1(q, t) − u1(x, t)( 􏼁 + c32 u2(q, t) − u2(x, t)( 􏼁

+ c33 u3(q, t) − u3(x, t)( 􏼁dVq.

(3)

Since the SH wave has only displacement along the x3
direction, (3) is reduced to

σ3 � 􏽚
Nx

c33 u3(q, t) − u3(x, t)( 􏼁dVq. (4)

-erefore, the SH wave is only affected by the micro-
modulus c33. Since the weighted volume m and the bond in
the integral term in formula (2) are only related to the
geometric subdivision, the propagation of SH waves in
different materials is only related to the shear modulus μ.

3. SH-Wave Dispersion in the Weld

To study the dispersion characteristics of the SH wave in the
weld seam, the schematic of the SH-guided wave propa-
gation in the weld seam is shown in Figure 1.

Figure 1 shows that o is the origin of the coordinates.-e
SH-guided wave in the weld seam propagates along the x1; h

is the thickness of the weld seam.-ere is a virtual boundary
layer at the upper boundary of the weld seam; Δh is the mesh
size and θ is the incidence angle of SH waves. Assume the
wave equation of the SH-guided wave in the weld is

u x1, x2, t( 􏼁 � A exp i k1x1 + k2x2 + ωt( 􏼁􏼂 􏼃. (5)

-e weld seam has a free boundary, and the internal
force at the virtual boundary layer is near to the boundary
and is zero. To study the dispersion characteristics of the
guide wave in the weld seam, a virtual material point x′ is
selected on the virtual boundary layer (Figure 1). From (1),
the force at the material point on the virtual boundary is

σ � 􏽚
N

x′
C x′, q( 􏼁 u(q, t) − u x′, t( 􏼁( 􏼁dVq � 0. (6)

-e horizon of the virtual material point x′ is sym-
metrical relative to the normal x2, and equation (6) can be
written as follows (Figure 1):

σ � 􏽚
lef N

x′􏼐 􏼑
C x′, q0( 􏼁 u q0, t( 􏼁 − u x′, t( 􏼁( 􏼁􏼂

+ C x′, q2( 􏼁 u q2, t( 􏼁 − u x′, t( 􏼁( 􏼁􏼃dVq � 0.

(7)

2 Mathematical Problems in Engineering



Here, q0 and q2 are material points in the weld seam and are
located symmetrically on both sides of the normal line
(Figure 1). Term lef(Nx′) is the horizon on the left side of the
normal, and the mesh is similar to the right horizon
rig(Nx′). -e two horizons are symmetrical about the
normal. -erefore, the micromodulus at the two material
points has the following features:

C x′, q0( 􏼁 � C x′, q2( 􏼁. (8)

If there is a suitable horizon, then there are only two
material points on the horizon due to the symmetry.-e two
material points fall on both sides of the normal, and equation
(7) can be written as

u q
1
0, t􏼐 􏼑 − u x′, t( 􏼁􏼐 􏼑 + u q

1
2, t􏼐 􏼑 − u x′, t( 􏼁􏼐 􏼑 � 0. (9)

-e radius of the horizon is expanded so that the four
material points fall into the horizon, leading to the following
equation:

u q
2
0, t􏼐 􏼑 − u x′, t( 􏼁􏼐 􏼑 + u q

2
2, t􏼐 􏼑 − u x′, t( 􏼁􏼐 􏼑 � 0. (10)

By analogy, for any two points in the horizon that are
symmetric about the normal line, it can be written as follows:

u q0, t( 􏼁 − u x′, t( 􏼁( 􏼁 + u q2, t( 􏼁 − u x′, t( 􏼁( 􏼁 � 0. (11)

After substituting (5) into (11) with rearrangement, it
can be written as

exp i k1 x
p0
1 − x1′􏼐 􏼑 + k2 x

p0
2 − x2′􏼐 􏼑􏼐 􏼑􏽨 􏽩 − 1

+ exp i k1 x
p2
1 − x1′􏼐 􏼑 + k2 x

p2
2 − x2′􏼐 􏼑􏼐 􏼑􏽨 􏽩 − 1 � 0.

(12)

In Figure 1, assume the positional relationship of the
material points in the weld seam upper surface as

x
p0
1 − x′ � − Δx1,

x
p0
2 − x′ � − Δx2.

(13)

According to the symmetry of the two material points,

x
p2
2 − x2′ � − Δx2,

x
p2
1 − x1′ � Δx1.

(14)

Substituting (13) and (14) into (11),

exp i − k1Δx1 − k2Δx2( 􏼁􏼂 􏼃 + exp i k1Δx1 − k2Δx2( 􏼁􏼂 􏼃 � 2.

(15)

Expanding the formula (15),

cos k1Δx1( 􏼁cos k2Δx2( 􏼁 − i cos k1Δx1( 􏼁sin k2Δx2( 􏼁 � 1.

(16)

When the boundary is the lower surface of the weld
seam,

cos k1Δx1( 􏼁cos k2Δx2( 􏼁 + i cos k1Δx1( 􏼁sin k2Δx2( 􏼁 � 1.

(17)

Combining equations (16) and (17),

cos k1Δx1( 􏼁cos k2Δx2( 􏼁 � 1, (18)

cos k1Δx1( 􏼁sin k2Δx2( 􏼁 � 0. (19)

From equations (18) and (19),

tan k2Δx2( 􏼁 � 0. (20)

-us,

k2Δx2 � m1π, m1 ∈ N
+
. (21)

From (11), it is known that the material point selection is
arbitrary, and the thickness of the weld is h. -erefore, the
conditions in equation (21) lead to the following equation:

k2h � mπ, m ∈ N
+
. (22)

-erefore, the dispersion equation of the guided wave of
the weld can be obtained as follows:

ω
cT

􏼠 􏼡

2

− k
2
1 �

mπ
h

􏼒 􏼓
2
. (23)

Here, k1 is the wavenumber of the weld direction, and cT is a
wave phase velocity in infinite media. -e ratio of the group
velocity in the weld cg and phase velocity cT in infinite media
is as follows:

cg

cT

�
k1�����������

(mπ/h)2 + k2
1

􏽱 , m ∈ N. (24)

-e wave velocity ratio of the SH-guided wave in the
traditional theory [31] is as follows:

cg0

cT0

�
k1�����������

(nπ/h)2 + k2
1

􏽱 , n ∈ N. (25)

Here, cg0
is the group velocity of the guided waves in the

traditional theory, and cT0
is the wave velocity in the infinite

traditional theory. By comparing equations (24) and (25),
the SH-guided wave has the same velocity ratio in the
traditional theory and the peridynamics medium. Different
modes of guided waves in the weld seam SHm can be ob-
tained when m is a different positive integer. When the weld
has no weld residual height and the weld seam thickness is
h � 0.01, the velocity ratio of the SH-guided wave in the weld
seam can be shown in Figure 2.

Figure 2 shows that when the mode of the SH-guided
wave in the weld seam is 0, the ratio of the velocity is always
1. When the mode of the guided wave increases, the wave

x′

Virtual boundary layer

Δh

hq0 q2

o x1

x2

θ

Figure 1: SH-guided wave in the weld seam.
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velocity ratio gradually increases and eventually becomes 1.
At the same wavenumber, a greater mode leads to a slower
group velocity.

-e dispersion equation of the SH-guided wave peri-
dynamics medium is consistent with the traditional theory.
However, the SH wave in the infinite peridynamics medium
has dispersion characteristics, and the phase velocity of the
SH wave that propagates in the peridynamics medium is
slower than that of the traditional theory [31]. -erefore, the
group velocity of SH-guided wave in the peridynamics
medium is shown in Figure 3.

-e group velocity of the SH0-guided wave in the weld
seam slows as the wavenumber increases due to the influence
of the peridynamics method (Figure 3). -ese findings are
consistent with the results of the experiment [32]. -e group
velocity of other guided wave modes increases with the
wavenumber along the weld direction, but the rate of group
velocity increase is slowed down under the influence of the
peridynamics theory. -e group velocity will decrease when
the wavenumber reaches a certain value. Analysis of the SH1
group velocity in Figure 2 shows that the group velocity of
the SH-guided wave reaches a peak value of 2397m/s when
the wavenumber in the direction of the weld is about
594 rad/m. For a given wavenumber, a higher mode leads to
a slower group velocity. -e group velocity peak of the high
mode appears at a higher wavenumber.

To analyze the relationship of guided waves in the weld
seam between the peridynamic theory and traditional the-
ory, SH-guided waves SH0, SH3, and SH6 were studied in the
peridynamics medium and compared to SH-guided waves
SH0′, SH3′, and SH6′ in the traditional theory. -e group
velocities are shown in Figure 4.

Figure 4 shows that the group velocity of the SH-guided
wave in the peridynamics and traditional theory has similar
trends with small wavenumber. -e wave group velocity of
SH0′ is held at 3017m/s. -e SH wave in the infinite peri-
dynamics medium has dispersion characteristics, and the
group velocity of SH0 decreases from 3029.2m/s with an
increase in the wavenumber. When the wavenumber is
small, the group velocity of the SH-guided wave in the weld

seam is greater but has an increasing wavenumber: the group
velocity of the peridynamics experiment is lower than the
traditional experiment. -e dispersion of the SH wave is
more obvious with increasing wavenumber, and the dif-
ference in the group velocity is obvious at higher wave-
numbers. -e group velocity of the other modes increases
with wavenumber. In the case of the same mode, the group
velocity in the peridynamics medium is lower than the
traditional theory; the difference in the group velocity be-
comes larger as the wavenumber increases.

-e group velocity of the SH-guided wave is different
between the weld seam and the steel plate due to the dif-
ferences in material parameters between the weld seam and
the steel plate [13]. -e wave equation in the traditional
theory is a local differential theory, and there is a discon-
tinuity of group velocities at the interface between the weld
seam and the steel plate. -is is inconsistent with the actual
results. In the peridynamics theory, the group velocity of the
SH-guided wave with slow transitions at the interface is due
to the nonlocality of the peridynamics theory.-ismakes the
group velocity at the interface closer to reality. -e group
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Figure 3: SH-guided wave group velocity of weld seam in the
peridynamic medium.
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Figure 2: SH-guided wave velocity ratio in the weld seam.
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Figure 4: Comparison of the group velocity of SH-guided wave in
peridynamics medium and traditional theory.
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velocity of SH-guided waves SH0 and SH1 which are given by
the numerical methods is shown in Figure 5.

Figure 5 shows the middle part of [− 0.01, 0.01] in the
weld seam; the other two sides are the steel plate. -e group
velocity of the SH-guided wave in the weld seam is lower
than that in the steel plate because Young’s modulus of the
material in the weld seam is smaller than that in the steel
plate. -e group velocity of SH-guided waves at the interface
has a slow downward trend, which is closer to reality than
the cliff-type decline under the traditional theory [31].-is is
a nonlocal characteristic of peridynamics.

Figure 5(a) shows that the group velocity of SH-guided
waves decreases with increasing wavenumber, which coin-
cides with the group velocity of the guided waves SH0 in
Figure 3. In NDT, the lower frequency is conducive to the
excitation of a SH0-guided wave.-e waves number 100 rad/
m is more appropriate. In Figure 5(b), the group velocity
increases with increasing wavenumber. When the wave-
number surpasses 600 rad/m, the group velocity decreases,
which is consistent with the group velocity of the weld-
guided wave SH1 (Figure 3).

-ere are two guided wave modes, SH0 and SH1, in
NDT. Figure 5 shows that the group velocity of the two
guided wave modes is approximately the same when the
wavenumber is around 1000 rad/m. -us, the two guided
wave modes will be superposed. -is is more suitable for the
NDT of weld seams.

-e factors affecting the group velocity of guided waves
are not only the difference of materials but also the existence
of the weld residual height during the welding process. -is
affects the thickness h of the weld seam.When there is a weld
residual height in the weld seam, through the measurement
of the weld seam, it is found that the change rule of h obeys
equation (26):

h �
− 12x2 + 0.0106615, |x|≤ 0.01,

0.01, else.

⎧⎪⎨

⎪⎩
(26)

Equation (24) suggests that the guided wave of the 0-
order mode is not affected by the weld residual height, and
the distribution of the group velocity is consistent with that
in Figure 5(a). -e SH-guided waves of other modes are
affected by the weld residual height. -e distribution of the
group velocity of guided waves of SH1 in the weld seam at
different frequencies is shown in Figure 6.

In Figure 6, the dispersion of the SH-guided wave in the
steel plate is consistent with that in Figure 5(b), and the
dispersion characteristics remain unchanged in most areas.
However, the group velocity decreases near the weld interface
due to the difference in material parameters between the steel
plate and the weld seam.-e group velocity is also affected by
the weld residual height in the weld seam. When the wave-
number along the weld is 200 rad/m, the group velocity in-
creases gradually from both sides to the middle of the weld
seam—this is consistent with the results obtained in the
traditional theory [31]; When the wavenumber of the SH-
guided wave is 400 rad/m and 600 rad/m, the group velocity
first increases and then decreases. -e group velocity

increases until it reaches the maximum at the center of the
weld seam. When the SH wavenumber is 800 rad/m, the
group velocity first decreases and then increases; it reaches a
peak at the center. By comparing the changes in the group
velocity of the four wavenumbers, one sees that the group
velocity is susceptible to the influence of the welding residual
height at lowwavenumbers.-e influence of the weld residual
height of the SH-guided wave group velocity decreases
gradually with an increasing wavenumber along the weld
direction. To improve the accuracy of testing in NDT, it is
necessary to consider the welding height where the sensor is
placed. -is can precisely estimate the group velocity of the
guided wave and thus precisely locate the defect.

4. Simulation and Experiment

A comparative analysis with the finite element simulation
and experiment is needed to verify the correctness of the
peridynamics theory. -ere are many modes of the SH-
guided wave in the weld seam, which is not conducive to
comparative analysis. -us, the excitation of a single guided
wave mode must be realized. Suppose that the super-
generated wave function in the weld seam is

u x1, x2, t( 􏼁 � 􏽘
∞

m�0
um x1, x2, t( 􏼁. (27)

Here, um(x1, x2, t) is the single-mode weld SH-guided wave.
Based on equation (5) of the SH-guided wave, we can obtain

um x1, x2, t( 􏼁 � Am exp i k1mx1 + k2mx2 + ωt( 􏼁􏼂 􏼃. (28)

-us,

u x1, x2, t( 􏼁 � 􏽘
∞

m�0
Am exp i k1mx1 + k2mx2 + ωt( 􏼁􏼂 􏼃. (29)

Separating the time variable in the above equation can
lead to the vibration form at the wave source:

u 0, x2( 􏼁 � 􏽘
∞

m�0
Am exp ik2mx2( 􏼁. (30)

Equation (30) is a wave function and only has the real
part. Its wavenumber k2m is given by (22), and the above
formula can be written as

u 0, x2( 􏼁 � 􏽘
∞

m�0
Am cos

mπ
h

x2􏼒 􏼓. (31)

From the Fourier series, the amplitude can be obtained
as

Am �
2
h

􏽚
h

0
u 0, x2, 0( 􏼁cos

π
h

mx2􏼒 􏼓dx2
. (32)

From the orthogonality of trigonometric functions, it
concluded that

u 0, x2( 􏼁 � cos
π
h

mx2􏼒 􏼓. (33)

-is is true only when Am ≠ 0. -erefore, at this time,
ultrasonic waves excite only m modal weld-guided waves.
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At this point, the vibration law at the source can be ob-
tained as

u 0, x2, t( 􏼁 � cos
π
h

mx2􏼒 􏼓exp(iωt). (34)

-erefore, a single-mode SH-guided wave can be excited
when the load stress (34) is applied at one end of the weld seam.

To study the propagation characteristics of the SH-
guided wave in the weld seam, the basic model is given as
shown in Figure 7. Given two 600 × 800 × 10mm3 Q235b
steel plates, the 600mm weld seams are obtained by welding
along the width direction according to a type II interface.
-e width of the weld seam is 20mm, and the residual height
of the weld seam is 0.33mm. -e direction perpendicular to
the weld is the z-axis, and the direction along the weld is the
x-axis. -e thickness direction of the steel plate is the y-axis.
-e welded structure is shown in Figure 7.

Figure 7 shows that one end of the weld is B and the other
end is C.-e signal generator is placed at the cross-section of

the weld seam at the B end. A signal receiver D is placed
30mm away from the signal generator.

To study the propagation characteristics of the SH-guided
wave in the weld seam, the weld seammaterial parameters are
obtained by the tensile test. -e material parameters of the
weld seam and steel plates are shown in Table 1.

-e excitation function of the guided wave is based on
(34), and thus,

τ(t) � A cos
π
h

mx2􏼒 􏼓exp(iωt). (35)

Here, A is the amplitude of the modulated signal. In the
finite element simulation, ABAQUS software is used to
simulate the weld model in Figure 7 at a simulation mesh
size of 0.5mm. -e element style is hexahedron, and there
will be 800 element surfaces at the cross-section of the weld
seam at the B end. -e amplitude is 10 kPa when we give the
load (35) at each surface.When selected a suitablem, the SH-
guided wave will be excited. -e signal receiver detects the
shearing force along x3 at point D. -is experiment used an
ultrasonic array to excite the SH-guided wave. According to
equation (35), different loads are applied on different cells to
excite the single-mode SH-guided waves in the weld seam;
the amplitude is 10V. Another sensor is placed at point D to
collect the SH-guided wave signal through the oscilloscope.
-e signal in the finite element simulation and experiment is
shown in Figure 8.
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Figure 5: Distribution of the group velocity of guided waves with no weld residual height: (a) SH0 and (b) SH1.

–0.01 0 0.01 0.02–0.02
x (m)

c g
 (m

/s
)

1500

2000

2500

800
1000

200
400
600

Rad/m

Figure 6: Distribution of group velocity of the guided wave SH1 in
weld seam under the influence of weld residual height.

B

C

D

z
y

xo

Figure 7: Schematic of the weld model.
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Figure 8 shows that the sensor first receives the vibration
signal 1 from the top load at the B end. It subsequently
receives signal 2, which is caused by wave dispersion. Signal
1 propagates to the C end and reflects forming signal 3.
Signal 3 is reflected by B and is superimposed with the echo
signal of signal 2 to form signal 4. -e data analysis in
Figure 8 shows that the peak value of signal 1 is 9368 Pa at
0.019ms and signal 3 is 6035 Pa at 0.4157ms. Combining the
position of the sensor and the length of the weld, the group
velocity of the SH-guided wave is 2949m/s. -e dispersion
of the SH-guided wave in the weld seam can be concluded by
the group velocity.

In experimental and finite element simulation, the SH-
guided wave group velocity is obtained by detecting the
wavenumber from k1 � 200 rad/m along the weld length
with intervals of 100 rad/m. A comparison of the SH-guided
wave group velocity between simulation, experiment, and
peridynamics is shown in Figure 9.

Figure 9 shows that the dispersion equation of the weld
seam in the peridynamics medium can better reflect the
group velocity of SH-guided waves with different modes
than that of the finite element simulation. When the
wavenumber along the welded direction is small, the results
of peridynamics dispersion and finite element simulation are
close, but there is a big gap between the experimental results.
However, the gap between peridynamics and finite element
simulation gradually increases with increasing wavenumber
along the weld direction, but the error with experiment
gradually decreases. -e group velocity obtained by peri-
dynamics is lower than that obtained by the finite element
simulation because the SH wave in the infinite peridynamics
medium has dispersion characteristics. -e experimental
results are much lower due to the interference in the actual
experiment. When the wavenumber is higher, the energy of
the guided wave is higher and is less affected by the outside.
-e given peridynamics parameters are not suitable for this
situation, but the result of the group velocity in the ex-
periment is higher than the peridynamics results. However,
peridynamics can generally better reflect the group velocity

characteristics of SH-guided waves in a weld seam with
different modes.

To study the influence of material parameters and the
weld residual height on group velocity distribution in the
weld seam, a column of nodes in the weld structure was
selected via finite element simulation. -e group velocity at
different nodes was obtained by processing the signals. In the
experiment, 11 sensors were placed on a steel plate and weld
seam to monitor the group velocity. Figure 10 compares the
experimental and simulated group velocities measured by
the sensor with the peridynamics results.

-e wavenumber along the weld is 600 rad/m in
Figure 10(a), the wavenumber is 200 rad/m in Figure 10(b).
Figure 10 shows that the group velocity derived from the
theory of peridynamics is basically between the simulation
and experimental results. However, the results of peridy-
namics in Figure 10(a) are close to those from simulation
due to the differences in the mode and the wavenumber of
guided waves along the weld seam.-e peridynamics results

Table 1: Material parameters of the steel plate and the weld seam.

Elastic modulus (GPa) Poisson ratio Density
(kg/m3)

Steel plate 210 0.30 7932
Weld seam 192 0.33 7900
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Figure 8: Sensor signal of SH-guided waves in the weld seam.
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Figure 9: SH-guided wave group velocity in the weld seam (a) SH0
and (b) SH1.
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in Figure 10(b) are close to the simulation results.
Figure 10(a) shows that the group velocity of the SH-guided
wave decreases in the weld seam due to the difference in
material parameters, but the group velocity decreases in the
finite element are more obvious than those in peridynamics
and experiments due to the local characteristics. In
Figure 10(b), the group velocity in peridynamics and ex-
periments has a significant decline at the welding interface,
but this is not obvious in the simulation. -erefore, the SH
group velocity distribution in the weld seam obtained from
the peridynamics theory can better reflect the actual situ-
ation than the simulation. -erefore, the accuracy of defect
location estimation can be improved via the group velocity
simulations based on peridynamics in NDT.

5. Conclusions

In this study, the dispersion equation of SH-guided waves in
weld seams is studied based on peridynamics.-e dispersion

equation of SH-guided waves in the weld seam based on the
peridynamic medium is consistent with the traditional
theory. However, the phase velocity in an infinite medium
varies with the wavenumber due to the SH wave dispersion
in the peridynamic medium. -e group velocity of the SH-
guided wave in the weld seam based on the peridynamic
medium is smaller than that in the traditional theory. -ere
is a difference in material parameters between the steel plate
and the weld seam.-us, the group velocity decreases slowly
at the interface between the steel plate and the weld seam in
peridynamics simulation. -ese values are closer to the
actual situation than the discontinuous decline in the tra-
ditional theory. -e group velocity increases as the weld
residual height in the weld seam increases. -ese observa-
tions are consistent with the results of the traditional theory.

To verify the correctness of the peridynamic dispersion
equation, the SH-guided wave of a single mode in the weld
seam is excited by controlling the wave source in simulation
and experiment; this leads to the group velocity of the SH-
guided wave in simulation and experiment. By comparison,
the group velocity of SH-guided waves in the weld seam
based on the peridynamics theory is basically between the
finite element simulation and the experiment results. -e
group velocity in the peridynamic medium is closer to the
actual situation. -is nicely reflects the SH-guided wave
propagation characteristics in the weld structure. -erefore,
the peridynamics theory can be widely used in NDTand can
increase the precision of defect location.
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