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1. Introduction 

 

Most steel and composite infrastructure consists of 

welded joints because welding is an economical and 

efficient method for producing a permanent joint. In recent 

years, due to the widespread application of high strength 

steel (HSS) and stainless steel plates in the construction of 

high-rise buildings, bridges, stadiums and offshore 

structures, the amount of welded components in large-scale 

infrastructure was substantially increased, as all the steel 

plates are often welded to form built-up sections for 

different structural members (Joo et al. 2015, Lian et al. 

2015, 2017, Choi and Kwon 2018, Huang et al. 2019, Ding 

et al. 2019, Li et al. 2019, Theofanous et al. 2014, Yang et 

al. 2014, Yuan et al. 2014) and welding is unavoidable in 

the fabrication of all these sections. Accordingly, there is 

increasing awareness of introducing effective defect and 

damage identification and up-to-the-minute health 

surveillance to the welded components in large-scale 

infrastructure, so as to enhance structural reliability and 

integrity. Different non-destructive testing techniques have 
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been extensively studied or developed for the inspection of 

weld qualities (AS/NZS 1554.1 2014, Hellier and 

Shakinovsky 2012, Halmshaw 1997), such as visual 

inspection, radiography, magnetic particle examination, 

liquid penetrant examination, eddy current inspection, 

infrared thermography method, conventional ultrasonic 

testing and so on.  However, visual inspection heavily 

relies on the experience of operators, and the conditions of 

welds cannot be assessed quantitatively. Radiographic 

inspection is hazardous to operators and not suitable for 

real-time inspection. Magnetic particle and liquid penetrant 

examination are not effective for internal or subsurface 

crack detection. Eddy current measurement is not suitable 

to be applied for materials with lower electrical 

conductivity like austenitic stainless steel. Infrared 

thermography method is an indirect measurement and it is 

difficult to detect internal defects. Ultrasonic testing is one 

of the most widely adopted testing methods among all these 

approaches (Ditchburn et al. 1996). But the conventional 

ultrasonic testing using bulk waves need to scan with a high 

density of inspection points over the entire area of the 

welded components, which is very time-consuming 

(Cawley and Alleyne 1996). Furthermore, there are many 

cases where the weld is inaccessible and the conventional 

inspection methods are not practicable. 

To circumvent the drawback of these conventional 

testing techniques, the use of ultrasonic guided waves is a 
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Abstract.  The ultrasonic guided wave-based technique has become one of the most promising methods in non-destructive 

evaluation and structural health monitoring, because of its advantages of large area inspection, evaluating inaccessible areas on the 

structure and high sensitivity to small damage. To further advance the development of damage detection technologies using 

ultrasonic guided waves for the inspection of welded components in structures, the transmission characteristics of the ultrasonic 

guided waves propagating through welded joints with various types of defects or damage in steel plates are studied and presented in 

this paper. A three-dimensional (3D) finite element (FE) model considering the different material properties of the mild steel, high 

strength steel and austenitic stainless steel plates and their corresponding welded joints as well as the interaction condition of the 

steel plate and welded joint, is developed. The FE model is validated against analytical solutions and experimental results reported 

in the literature and is demonstrated to be capable of providing a reliable prediction on the features of ultrasonic guided wave 

propagating through steel plates with welded joints and interacting with defects. Mode conversion and scattering analysis of guided 

waves transmitted through the different types of weld defects in steel plates are performed by using the validated FE model. 

Parametric studies are undertaken to elucidate the effects of several basic parameters for various types of weld defects on the 

transmission performance of guided waves. The findings of this research can provide a better understanding of the transmission 

behaviour of ultrasonic guided waves propagating through welded joints with defects. The method could be used for improving the 

performance of guided wave damage detection methods. 
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very attractive potential solution. The ultrasonic guided 

waves can be excited at one point on the structure and can 

be propagated over considerable distances with the 

characteristics of low attenuation, fast propagation and high 

sensitivity to structural defects and damages (Rose 2014, 

Kundu 2016). In case of plates, these guided waves, which 

are also called Lamb waves (Su and Ye 2009), produce 

stresses throughout the plate thickness so the entire 

thickness of the plate can be interrogated. Thus, the use of 

ultrasonic guided waves could offer the potential for rapid 

screening of a line or even a large area and remote 

inspection of physically inaccessible areas on the structure. 

The activation and acquisition of guided waves are 

convenient with inexpensive implementation as well. 

Surprisingly, few studies have been reported in open 

literature on using ultrasonic guided waves for the structural 

weld inspection. Yang and Ume (2017) applied the 

laser/EMAT ultrasonic (LEU) technique to generate Lamb 

waves for measuring weld penetration depth in thin 

structures. The transmission coefficients of Lamb waves in 

the LEU signals were investigated against varying weld 

penetration depths. Sargent (2006) discovered an interesting 

type of feature-guided wave propagating along the weld 

component itself named “weld-guided waves” and 

discussed the possibility of adopting it for corrosion 

detection in welds and heat-affected zones. Juluri et al. 

(2007) and Fan and Lowe (2012) investigated the 

interaction of weld-guided waves with defects located in the 

material adjacent to the weld, while Kamas et al. (2015) 

examined the interaction of quasi-Rayleigh wave with 

damages at inaccessible locations in a welded thick plate-

like structure. Lu et al. (2011) presented a probability-based 

damage imaging approach with assistance of an active 

piezoelectric sensor network to predict the presence and 

location of slot-like damage in the welding zone of a 

welded tubular steel structure, a true-scale model of a train 

bogie frame segment. The development of non-contact non-

destructive testing methodology using ultrasonic guided 

waves for comprehensive inspection of weld components of 

structural members in large-scale infrastructure are still 

much needed. 

The aim of this paper is to gain specific insight of the 

transmission characteristics of the ultrasonic guided waves 

propagating through the welded joints with various types of 

defects or damages in steel plates, which is a particularly 

important research investigation to advance further 

development of damage detection technologies through the 

transmission of ultrasonic guided waves for the systematic 

inspection of welded joints. In recent years, the use of 

numerical simulations has been proven to be a highly 

effective alternative to study the scattering problem of 

guided waves (Lowe and Diligent 2002, Lowe et al. 2002, 

Gravenkamp et al. 2012, Soleimanpour and Ng 2016, Zuo 

et al. 2017, Yang et al. 2019). The numerical simulations 

not only can provide clear signal information for better 

understanding of the interactive behaviour of guide waves 

with defects but also are suitable to be used for extensive 

parametric studies to avoid the sophisticated specimen 

fabrication, significant monetary expense and the excessive 

testing time required for conducting physical experiments. 

Therefore, a three-dimensional (3D) finite element (FE) 

model, which is verified against the analytical solutions and 

the experimental results reported in the literature and is 

demonstrated to be capable of providing a reliable 

prediction on the features of the ultrasonic guided wave 

propagating through steel plates with welded joints and 

interacting with defects, is established and used for the 

investigation. The mild steel, HSS and austenitic stainless 

steel plates with welded joints are taken into account in the 

model. The validated FE model is used to study the mode 

conversion and scattering characteristics of ultrasonic 

guided waves transmitted at the welded joints with different 

types of common defects. A parametric study is then 

undertaken to investigate the effects of the basic parameters 

for different types of weld defects on the transmission 

performance of guided waves. 
 

 

2. Description of FE model 
 

2.1 General 
 

A 3D explicit FE model is developed to simulate the 

ultrasonic guided wave propagation in the steel plate with a 

welded joint. The schematic diagram of a steel plate with 

welded joint is shown in Fig. 1(a). The size of the steel plate 

is 600 mm × 450 mm × 4 mm, which is designed based on 

the estimated travel times of different potential transmitted 

and reflected waves in the plate to ensure that the plate is 

large enough for avoiding wave reflections from the plate 

boundaries to affect the acquired results in this study. The 

plate is assembled by two individual plates through a 

welded joint. It is assumed to be a single-V flat-contour butt 

weld which is produced by gas metal-arc welding and 

grinding techniques. The geometric dimensions of the weld 

follow the requirements of the Australian Standards 

AS/NZS 1554.1 (2014), AS/NZS 1554.4 (2014) and 

AS/NZS 1554.6 (2012). The details of the schematic cross-

section of the welded joint perpendicular to the welding 

direction are shown in Fig. 1(b). The commercial FE 

software ABAQUS (Hibbit et al. 2016) is used to model 

this welded steel plate. In the FE model, both the steel plate 

and the welded joint are simulated using three-dimensional 

eight-node reduced integration solid brick elements 

(C3D8R) with hourglass control. The interfaces between the 

welded joint and steel plate are simulated using a surface-

based coupling constraint provided by ABAQUS, called 

TIE constraint. Such coupling constraints make the 

translational and rotational motions as well as all other 

active degrees of freedom equal for a pair of surfaces, of 

which one is designated to be the master surface (steel plate 

surface) and the other to be the slave surface (weld edge 

surface). For the mesh size, Alleyne and Cawley (1991) 

recommended the following equation for determining the 

maximum mesh size in simulating the propagation of a 

guided wave 
 

𝑙𝑒 ≤
𝜆𝑚𝑖𝑛

10
 (1) 

 

where le is the maximum mesh size and λmin is the minimum 
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wavelength size in the simulations. The small mesh size 

used in the FE model satisfies the requirement in Eq. (1) 

and ensures the accuracy of the simulations. Through 

sensitivity analysis, approximate mesh size of 0.5 mm is 

adopted in whole plate model. Fig. 1(c) shows the FE model 

meshing with the coordinate system. 

 

2.2 Material properties 
 

In this study, the mild steel, HSS and austenitic stainless 

steel plates with welded joints are under investigation. 

However, because the density and elastic material 

properties of the mild steel plate, HSS plate and their 

corresponding weld components are almost the same, the 

wave propagation behaviour in these two kinds of plate 

should also be the same. Accordingly, only the mild steel 

plate and austenitic stainless steel plate with welded joints 

will be discussed in the following sections. The material 

properties of the mild steel plate, normal mild steel weld 

and the stainless steel plate are considered to be isotopic. 

The Young’s modulus (E), Poisson’ s ratio (ν) and density 

(ρ) of these components are assumed to be the same as 200 

GPa, 0.3 and 7850 kg/m2, respectively. On the other hand, 

316L industrial austenitic stainless steel welds are adopted 

for the welded joint of stainless steel plate. Due to the 

complex process of crystal growing with phase 

transformations, coarse-grained microstructures usually 

exist in the austenitic welds with anisotropy (Zhou et al. 

2018). The behaviour of the ultrasonic waves could be 

strongly influenced by these highly oriented austenitic 

welds. Therefore, as suggested by Zhang et al. (2006), these 

austenitic welds can be reasonably considered as 

 

 

transversely isotropic media. The Hooke’s law for the 

austenitic welds is given by 

 

[𝐶] =

[
 
 
 
 
 
𝐶1111 𝐶1122 𝐶1133 0 0 0
𝐶1122 𝐶2222 𝐶2233 0 0 0
𝐶1133 𝐶2233 𝐶3333 0 0 0

0 0 0 𝐶2323 0 0
0 0 0 0 𝐶3131 0
0 0 0 0 0 𝐶1212]

 
 
 
 
 

 

 
𝐶1122 = 𝐶1133 = 139 GPa, 𝐶2222 = 𝐶3333 = 233 GPa 
 
𝐶2233 = 100 GPa, 𝐶1212 = 𝐶3131 = 106 GPa 
 

𝐶1111 = 194 GPa, 𝐶2323 =
(𝐶3333 − 𝐶2233)

2
= 65 GPa 

(2) 

 

in which the subscripts 1, 2 and 3 represent the three axial 

directions on the weld as shown in Fig. 1(b). 

 

2.3 Excitation and acquisition 
 

The pulse transmission ultrasonic testing set-up is 

applied on the steel plate in which the transmission path is 

perpendicular to the longitudinal direction of the weld bead, 

as shown in Fig. 1(a). The ultrasonic guided wave is excited 

at the location A at one end of the plate. The guided wave is 

excited by applying the nodal displacement to two half 

circle transducer regions (Soleimanpour and Ng 2016) 

located at the top and bottom surface of the plate. For the 

excitation of symmetric guided waves, out-of-plane 

displacement in opposite directions is applied to the whole 

surface of the transducer regions at the top and bottom 

  

(a) Schematic diagram of steel plate with welded joint (b) Schematic diagram of cross-section of welded joint 

 

(c) 3D view of FE model with coordinate system 

Fig. 1 FE model of steel plate with welded joint 
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surfaces, as shown in Fig. 2(a). While for the excitation of 

anti-symmetric guided waves, out-of-plate displacement in 

the same direction is applied to the whole surface of the 

transducer regions at the top and bottom surfaces as shown 

in Fig. 2(b). The magnitude of the displacement is set to be 

1 μm. 

The propagating guided wave signals are obtained at the 

measurement points. The symmetric guided waves are 

measured through monitoring the in-plane displacement (in 

the x-axis) of nodes located at the mid-thickness of the 

plate. This ensures that only the symmetric guided waves 

are detected since the anti-symmetric and shear horizontal 

guided waves at certain frequency exhibit zero in-plane 

displacement of the nodes located at mid-thickness. The 

anti-symmetric guided waves are measured through 

monitoring the out-of-plane displacement (in the y-axis) of 

nodes located at the mid-thickness of the plate, thus 

ensuring that only the anti-symmetric propagating modes 

are detected, since the symmetric and shear horizontal 

guided waves at certain frequency have zero out-of-plane 

displacement at this depth. The out-plane displacement on 

the plate surface at the measurement points is also recorded 

throughout the signal monitoring process for checking 

purposes. 

 

2.4 Dynamic analysis 
 

The dynamic analysis is solved using the explicit FE 

code in ABAQUS, which uses the central-difference 

integration scheme. In this scheme, the integration operator 

matrix is inverted, and a set of nonlinear equilibrium 

equations is solved at each time increment. As the central 

different integration scheme is conditionally stable, the 

increment time step needs to be small enough to ensure 

computational stability. Stewart et al. (2006) recommended 

limiting the hourglass energy to less than 2 % of the total 

energy to ensure the accuracy of predicting the guided wave 

propagation in solids. Bathe (1982) recommended the 

following condition to ensure the stability of the explicit 

analysis 

𝐷𝑡 ≤
𝐿𝑚𝑖𝑛

𝑐𝑚𝑎𝑥
 (3) 

 

where Dt is the time increment, Lmin is the smallest mesh 

size in the finite element model and cmax is the longitudinal 

wave velocity in the plate. However, the time increment is 

 

 

automatically determined by ABAQUS for all simulations 

in this study. 
 

 

3. Validation of FE model 
 

3.1 Analytical verification 
 

The FE model is firstly validated by comparing its 

predicted results of the phase velocity, group velocity and 

mode shape of the symmetric and anti-symmetric guided 

waves with the semi-analytical results calculated by 

GUIGUW software (Marzani et al. 2008) based on semi-

analytical finite element (SAFE) formulations. In this part 

of the study, there are no welded joints and defects in the 

steel plate. A narrow-band 5-cycle sinusoidal tone burst 

pulse modulated by Hanning window with a central 

frequency chosen from 50 kHz to 400 kHz with steps of 50 

kHz is applied for generating the ultrasonic guided wave. 

Because the excitation frequencies are below the cut-off 

frequency (Su and Ye 2009), only fundamental symmetric 

mode (S0) and anti-symmetric mode (A0) guided waves are 

generated except for the shear mode wave. In this FE 

simulation, the signals of S0 and A0 guided waves are 

recorded at 10 measurement points with 2 mm distance 

away from each other along one line on the plate. The 

captured data is used to calculate the group and phase wave 

velocities at different excitation frequencies. The phase 

velocity cp of the guided wave on plate can be calculated 

(Soleimanpour and Ng 2015) by 
 

𝑐𝑝 =
2𝜋𝑓

𝑘
=

2𝜋𝑓𝛥𝑥

𝛥𝜑
 (4) 

 

where f is the central frequency of the incident wave, k is 

the rate of phase change at a certain distance, Δϕ is the 

phase change corresponding to measurement points with a 

distance Δx that is less than a wavelength. Thus, the phase 

velocity is obtained by calculating the phase change of the 

signals between two measurement points and then 

substituting them into Eq. (4). The group velocity cg of the 

guided wave on the plate can be calculated by 
 

𝑐𝑔 =
𝛥𝑥

𝛥𝑡
 (5) 

 

where Δt is the difference of the wave packet arrival times 

  

(a) Symmetric mode guided wave (b) Anti-symmetric mode guided wave 

Fig. 2 Excitation of symmetric and anti-symmetric mode guided waves 
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between two measurement points with a distance Δx. The 

arrival time of the wave packet signal is calculated from a 

signal envelope obtained by the Hilbert transform 

(Staszewski et al. 2004). The Hilbert transform is defined as 
 

𝐻(𝑡) =
1

𝜋
∫

𝑓(𝜏)

𝑡 − 𝜏
𝑑𝜏

+∞

−∞

 (6) 

 

where H(t) is the Hilbert transform of signal f(t). Eq. (6) 

performs a 90° phase shift or quadrature filter to construct a 

so-called analytic single FA(t) 

 

 

 

Fig. 3 Comparison of phase velocity dispersion curves for 

4 mm thick steel plate obtained from finite element 

model and semi-analytical solutions 

 

 

 

Fig. 4 Comparison of group velocity dispersion curves for 

4 mm thick steel plate obtained from finite element 

model and semi-analytical solutions 

 

 

 

𝐹𝐴(𝑡) = 𝑓(𝑡) + 𝑖𝐻(𝑡) = 𝑒(𝑡)𝑒𝑖𝜑(𝑡) (7) 
 

in which 
 

𝑒(𝑡) = √𝑓2(𝑡) + 𝐻2(𝑡) (8) 
 

and 
 

𝜑(𝑡) =
1

2𝜋

𝑑

𝑑𝑡
𝑎𝑟𝑐𝑡𝑎𝑛

𝐻(𝑡)

𝑓(𝑡)
 (9) 

 

where e(t) is the module of FA(t) and its envelope depicts 

the energy distribution of f(t) in the time domain. The phase 

and group velocity of the guided wave at each frequency are 

obtained by averaging the calculated velocities from these 

10 measurement point results. Figs. 3 shows the 

comparisons of the phase velocity dispersion curves for 4 

mm thick steel plate calculated by the FE simulations and 

semi-analytical solution for the S0 and A0 guided waves, 

while Fig. 4 depicts the comparisons of the group velocity 

dispersion curves. Figs. 5 and 6 show the comparisons of 

the mode shapes of 300 kHz S0 and A0 guided waves for 4 

mm thick steel plate obtained from the FE model and semi-

analytical solution, respectively. It can be seen that the 

results obtained from the FE model and the semi-analytical 

results show a very good agreement. Therefore, it has been 

verified that the FE model is capable of accurately 

simulating the propagation of various guided waves at 

different excitation frequencies in the steel plate. 

 

3.2 Experimental verification 
 

To further validate accuracy of the FE model, the 

developed FE model is used for modelling the tests of 

transmitting ultrasonic guided waves for inspecting steel 

plates with various notch depths. The details of this 

experiment are given in the reference (Alleyne and Cawley 

1992). The steel plates in the experiment were 3 mm thick 

and approximately 300 mm wide and 1 m long. Five plates 

were tested, one having no notch and the other having 0.5 

mm wide notches milled across the full plate width along 

the welding direction and normal to the transmission path 

used. Plates with notches 0.5, 1.0, 1.5 and 2.0 mm depth 

were tested. A 12 cycles and 480 kHz toneburst modified by 
 

 

  

(a) In-plane displacement (in the x-axis) (b) Out-of-plane displacement (in the y-axis) 

Fig. 5 Comparison of mode shapes of 300 kHz S0 mode guided wave for 4 mm thick steel plate obtained from 

finite element model and semi-analytical solution 
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Table 1 Comparison of the peak to peak amplitude ratio of 

S0 guided wave signals from tests and FE analysis 

Notch depth 

Signal peak to peak amplitude ratio 

AFE/Atest Experimental 

results Atest 
FE results AFE 

1/6 plate thickness 0.98 0.983 1.003 

1/3 plate thickness 0.82 0.819 0.999 

1/2 plate thickness 0.59 0.561 0.951 

2/3 plate thickness 0.39 0.368 0.943 

  Mean 0.974 

  COV 0.032 
 

 

 

Hanning window was employed to generate the S0 guided 

wave. The notch and the signal receiver are located at 

distance of 250 and 350 mm from the transmitter, 

respectively. The peak to peak amplitude ratio of 

transmitted S0 wave signal was obtained by dividing the 

maximum amplitude of the signal received in the steel plate 

with notch by the maximum amplitude of the reference 

signal received in the steel plate without any notch. Table 1 

presents the comparisons of the peak to peak amplitude 

ratio obtained from the tests and from the FE analysis. It 

can be seen that the mean value of the ratio of the numerical 

result to experimental result is 0.974 with the coefficient of 

variation (COV) being 3.2%. Both results show good 

agreement. It is demonstrated that the FE model can predict 

the propagation of ultrasonic guided waves in a steel plate 

with defects and capture rationally the interaction of 

ultrasonic guided waves with a defect in the plate. 
 

3.3 Guided wave propagation in welded steel plate 
 

The aim of this section is to illustrate the capacity of the 

developed FE model for simulating the wave propagation in 

steel plates with welded joints. The ultrasonic guided wave 

propagation in three different steel plates, viz. a mild steel 

plate in the absence of a welded joint, a mild steel plate 

with a welded joint and an austenitic stainless steel plate 

with a welded joint, are modelled for comparison. The 

material properties and geometric dimensions of the plate 

 
 

 

 

Fig. 7 Signal of S0 guided waves received at 300 mm 

from the excitation point 
 

 

 

Fig. 8 Signal of A0 guided waves received at 300 mm 

from the excitation point 
 

 

have been described in Section 2. A 5-cycle sinusoidal tone 

burst pulse modulated by Hanning window with central 

frequency of 300 kHz is applied for generating the S0 and 

A0 guided waves. Fig. 7 shows the received signal of S0 

guided waves for the measurement point B located at a 

distance of 300 mm from the excitation point A or at a 

distance of 150 mm from the mid-width point of a welded 

joint. In the figure, the amplitude of the wave signal is 

normalised by the maximum absolute amplitude of the 

signal in the corresponding figure for better illustration 

purposes, which is also applicable to most of the figures in 

this paper. It can be seen from Fig. 7 that the received signal 

  

(a) In-plane displacement (in the x-axis) (b) Out-of-plane displacement (in the y-axis) 

Fig. 6 Comparison of mode shapes of 300 kHz A0 mode guided wave for 4 mm thick steel plate obtained from 

finite element model and semi-analytical solution 

450



 

Transmission of ultrasonic guided wave for damage detection in welded steel plate structures 

of S0 guided wave in the mild steel plate without welded 

joint overlap completely with the one in the mild steel plate 

with welded joint. This is because these two plate models 

have the same material properties and the same geometric 

dimensions as a whole plate although the plate assemblies 

are different. The obtained results illustrate the accuracy of 

the steel plate with welded joint model for simulating the S0 

guided wave propagation. For the austenitic stainless steel 

plate with welded joint, only a small phase shift and 

amplitude change on the received time-domain signal 

output, caused by the elastic anisotropy of austenitic welds, 

can be observed when compared with those of the other two 

plates. This highlights the advantage of using ultrasonic 

guided waves for weld defect detection against the use of 

ultrasonic bulk wave which is often difficult as the 

ultrasonic beam could become distorted with severe 

scattering and attenuation when propagating into the 

austenitic welds (Zhou et al. 2018). It should be noted that, 

as is shown in Fig. 7, the S0 guided wave may disperse after 

traveling considerable distance due to the dispersive 

characteristic of the S0 guided wave at a central frequency 

of 300 kHz as indicated in the dispersion curve shown in 

Fig. 4. Fig. 8 displays the received signal of A0 guided 

waves for the measurement point B. Three received signals 

of A0 guided waves in the mild steel plate without welded 

joint, mild steel plate and the austenitic stainless steel plate 

with welded joint are almost identical. This not only 

validates the accuracy of the FE model for simulating the A0 

mode wave propagation in steel plate with welded joint but 

also indicates that the anisotropic properties of austenitic 

welds may have little effect on the propagation of A0 mode 

guided wave in healthy welded steel plate. In addition, it is 

noted from Fig. 8 that when generating the A0 guide wave in 

the plate with finite cross-section, there could be new anti-

symmetric mode wave packets generated following the 

incident A0 wave travelling throughout the plate. This 

phenomenon has been reported in the literature (Serey et al. 

2018) which provided the experimental observation. Thus, 

the results obtained from this three-dimensional FE model 

could be more accurate than those obtained from the 

conventional two-dimensional model for simulating 

ultrasonic guided wave propagation. 
 

 

4. Mode conversion and scattering analysis 
 
4.1 Types of weld defects 
 

In this section, the verified FE model is used to study 

the mode conversion and scattering characteristics of 

ultrasonic guided waves transmitted at various types of 

weld defects in steel plates. The material properties and 

geometric dimensions of the steel plates and welded joints 

are the same as the ones described in Section 2. The pulse 

transmission ultrasonic testing set-up is applied in the 

model as shown in Fig. 1(a). The guided wave is excited in 

point A located at one end of the plate. The distance 

between the excitation point A and the mid-width point of 

the welded joint is 150 mm which is more than five 

wavelengths that fulfils the far-field wave field solution 

requirement (Fan and Lowe 2012, Moreau and Castaings 

2008). The distance between the mid-width point of welded 

joint and the measurement point B is also set to be 150 mm 

to ensure the possible transmitted and converted waves after 

interacting with weld defect can be separated. The 

excitation signal is a narrow-band 5-cycle sinusoidal tone 

burst pulse modulated by Hanning window with central 

frequency at 300 kHz. The S0 and A0 guided wave are used 

individually as incident wave in the tests. 

Five types of common weld defects (Hellier and 

Shakinovsky 2012, Stavridis et al. 2018, Consonni et al. 

2012, Murta et al. 2018) viz. toe crack, root crack, lack-of-

penetration, porosity and lack-of-fusion as shown in Fig. 9 

are considered in this study. In the FE model, simulated 

artificial discontinuities corresponding with each type of 

common defect are introduced into the welded steel plate. 
 

 

 

Fig. 9 Possible defects in welded joints 
 

 

 

(a) Toe-crack type discontinuity 
 

 

(b) Root-crack type discontinuity 
 

 

(c) Lack-of-penetration 
 

 

(d) Pore-type discontinuity 
 

 

(e) Lack-of-fusion 

Fig. 10 Simulated defects in welded joints 
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The schematic diagrams of the cross-section of welded 

joint with simulated artificial discontinuity are shown in 

Fig. 10. Straight sided notches in the welded steel plates are 

investigated in the FE model as they are a reasonable 

idealisation of crack-type defect. The toe and root crack 

defects (Figs. 10(a) and (b)) are defined by notches next to 

the edge of the weld bead on the top surface of base 

material and on the bottom surface of weldment, 

respectively. The depth hc and width wc of notch for 4 mm 

thick plate are 2 and 0.5 mm, respectively. Lack-of-

penetration, porosity and lack-of-fusion are the common 

weld defects recognised in the welding process. Lack-of-

penetration is a weld defect found at the backwall of a weld 

bead. A trapezoidal shape notch-like discontinuity (Fig. 

10(c)) with a depth hpe of 2 mm is introduced at the root of 

weld for modelling this type of defect. A circular void (Fig. 

10(d)) with a diameter Dpo of 1 mm is inserted inside the 

weldment section for modelling the porosity defect. The 

distance hpo between the centre of circle and the top surface 

of plate is 2 mm. The lack-of-fusion defect is a kind of 

defect that is geometrically similar to a crack and could 

initiate fatigue cracking during component use. This defect 

is achieved by inserting an internal inclined discontinuity 

(Fig. 10(e)) with a height hf of 2 mm, width wf of 0.5 mm 

and inclined angle θf of 25° at the surface of weldment to 

the base material substrate. The central point of this 

discontinuity is at the mid-thickness point of the plate. It 

should be noted that in the FE models, all types of 

simulated artificial discontinuities are defined to be cut 

through the full width of the plate along the welding 

direction for simplifying the comparison. 

 

4.2 S0 wave incident 
 

One set of tests are carried out to investigate the mode 
 

 

conversion and scattering characteristics of guided waves 

transmitted at various types of weld defects when the 

incident wave is S0 guided wave. Fig. 11 shows typical time 

snapshots of the contour of the magnitude of out-of-plane 

displacement from the FE simulation of the incident S0 

wave propagating through a steel welded joint with toe 

crack. Fig. 11(a) clearly shows that the S0 guided wave is 

properly excited while the interaction of the guided wave 

with the welded joint with defect is shown in Fig. 11(b). As 

is displayed in Fig. 11(c), followed by the wave interacting 

with the weld defect, two propagating modes of waves 

including the transmitted S0 wave and converted A0 wave 

are present on the plate. After traveling considerable 

distance, two propagating modes of waves are separated as 

depicted in Fig. 11(d). Fig. 12 shows the signals of the 

transmitted S0 wave and converted A0 wave received at the 

measurement point B. The arrival time of each wave packet 

can be calculated by determining wave envelope through 

Hilbert transform. The arrival time of the transmitted S0 

wave packet at the measurement point B is calculated as 

57.8 μs. The theoretical arrival time of the incident S0 wave 

at this measurement point is 59.5 μs, which agrees with the 

FE results. Similarly, the theoretical arrival time of the 

converted A0 wave from weld defect is 76.5 μs which also 

agrees with the calculated FE result of 75.8 μs. It indicates 

that two propagating modes of waves indeed exist after the 

incident S0 guided wave interacting with weld defect and 

have separated at the measurement point B. Fig. 13 shows 

the comparison of the transmitted S0 wave signals measured 

at point B after propagating through the healthy welded 

joint and welded joint with toe crack. It is shown that the 

maximum amplitude of S0 wave signal for the welded steel 

plate with toe crack is reduced by 36.7 % compared with 

the one for the healthy welded plate, which means the S0 

guided wave is very sensitive to this type of defect. Figs. 
 

 

  

(a) At time t = 22.5 µs before interaction with welded joint (b) At time t = 45 µs after interaction with welded joint 
 

  

(c) At time t = 52.5 µs when the transmitted S0 and converted A0 

waves start to separate 

(d) At time t = 60 µs when the transmitted S0 and converted A0 

waves almost separate 

Fig. 11 Snapshots for mode conversion of incident S0 wave propagating through steel welded joint with toe crack 
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(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 12 Mode conversion of incident S0 wave propagating 

through steel welded joint with toe crack 
 

 

 

 

Fig. 13 Comparison of signals of S0 wave after propagating 

through welded joint without and with toe crack 
 

 

 

 

(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 14 Mode conversion of incident S0 wave propagating 

through steel welded joint with root crack 

14-17 shows the signals of the transmitted S0 wave and 

converted A0 wave received at the measurement point B 

from the FE simulation of incident S0 guided wave 

propagating through steel welded joint with the defects of 

root crack, lack-of-penetration, porosity and lack-of-fusion, 

respectively. As is shown in Fig. 14, the received 

transmitted S0 wave signals for the toe crack and root crack 

cases are identical because the geometric dimensions of the 

simulated toe crack and root crack are the same. While 

small phase shift between the converted A0 wave signals for 

the toe crack and root crack cases can be recognised, which 

is due to the difference of the crack locations. Fig. 15 

illustrates that the received signals of S0 guided waves 

 

 

 

(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 15 Mode conversion of incident S0 wave propagating 

through steel welded joint lack of penetration 

 

 

 

(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 16 Mode conversion of incident S0 wave propagating 

through steel welded joint with porosity 
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(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 17 Mode conversion of incident S0 wave propagating 

through steel welded joint lack of fusion 
 

 

propagating through welded joints with toe crack and with 

lack-of-penetration defect are very similar, since the notch-

like discontinuity is made for modelling the lack-of-

penetration defect even though the shape of cross-section of 

this notch-like discontinuity is trapezoidal rather than 

rectangle. It can be observed from Fig. 16 that the S0 guided 

wave is not sensitive to the pore-type defect as the loss of 

the magnitude of S0 wave signal after the interaction with 

the defect is negligible and the converted A0 wave signal is 

barely detected. Similar observations can be realised on the 

signal for the lack-of-fusion case as shown in Fig. 17, which 
 

 

 

 

(a) S0 wave from incident S0 wave 
 

 

(b) Converted A0 wave from incident S0 wave 

Fig. 18 Comparison of signals from incident S0 wave after 

propagating through mild steel plate and austenitic 

stainless steel plate with welded joints 

 
 

could be due to the location of both types of defects which 

is located internally around the mid-thickness of the plate. 

However, the loss of the magnitude of the transmitted S0 

wave signal for the lack-of-fusion defect case could be 

slightly more severe and the converted A0 wave signal are 

much more obvious compared with those for the porosity 

case, which could be caused by the larger size of the lack-

of-fusion defect. The comparison of the received signals 

from the FE simulation of the incident S0 wave propagating 

through the mild steel plate and austenitic stainless steel 
 

 

  

(a) At time t = 45 µs before interaction with welded joint (b) At time t = 60 µs after interaction with welded joint 
 

  

(c) At time t = 75 µs when the transmitted S0 and converted A0 

waves start to separate 

(d) At time t = 90 µs when the transmitted S0 and converted A0 

waves almost separate 

Fig. 19 Snapshots for mode conversion of incident A0 wave propagating through steel welded joint with toe crack 
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plate with the welded joints is depicted in Fig. 18. The 

integrity of the signals of the waves propagating through 

two kinds of plates is almost the same although attention 

may need to be paid on the amplitude of the received 

signals. 

 

4.3 A0 wave incident 
 

Another set of tests are carried out to investigate the 

mode conversion and scattering characteristics of guided 

waves transmitted at various types of weld defects when the 

incident wave is A0 guided wave. Similar as is discussed in 

Section 4.2 on S0 wave incident, Fig. 19 shows typical time 

snapshots of the contour of the magnitude of out-of-plane 

displacement from the FE simulation of the incident A0 

guided wave propagating through a steel welded joint with 

toe crack. It is indicated from Fig. 19 that after the incident 

A0 wave interacting with the weld defect, two propagating 

modes of waves including the transmitted A0 wave and 

converted S0 wave are generated. Fig. 20 shows the signals 

of the transmitted A0 wave and converted S0 wave received 

at the measurement point B. The theoretical arrival time of 

the incident A0 wave and converted S0 wave at this 

measurement point are 93.6 and 76.5 μs, respectively, which 

 

 

 

(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 20 Mode conversion of incident A0 wave propagating 

through steel welded joint with toe crack 

 

 

 

Fig. 21 Comparison of signals of A0 wave after propagating 

through welded joint without and with toe crack 

agree with the FE results of 95.1 and 76.0 μs. The 

comparison of the transmitted A0 wave signals measured at 

point B after propagating through the healthy welded joint 

and welded joint with toe crack is depicted in Fig. 21. It is 

observed that the shape of the transmitted A0 wave packet 

after propagating through the weld defect has been changed 

and is slightly different than the one in the healthy steel 

plate. It may be because of the reconstruction of the 

incident A0 wave packet with the new anti-symmetric mode 

wave packets mentioned in Section 3.3 after interacting 

with the weld defect. The maximum amplitude of A0 wave 

signal is reduced by 47.3 % for the welded steel plate with 

toe crack compared with the one for the healthy welded 

 

 

 

(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 22 Mode conversion of incident A0 wave propagating 

through steel welded joint with root crack 
 

 

 

(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 23 Mode conversion of incident A0 wave propagating 

through steel welded joint lack of penetration 
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(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 24 Mode conversion of incident A0 wave propagating 

through steel welded joint with porosity 

 

 

 

(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 25 Mode conversion of incident A0 wave propagating 

through steel welded joint lack of fusion 
 

 

plate, which also demonstrates the sensitivity of A0 guided 

waves to this type of defect. Figs. 22-25 shows the signals 

of the transmitted A0 wave and converted S0 wave received 

at the measurement point B from the FE simulation of 

incident A0 wave propagating through welded joints with 

the defects of root crack, lack-of-penetration, porosity and 

lack-of-fusion, respectively, while Fig. 26 shows the 

comparison of the received signals from the FE simulation 

of the incident A0 wave propagating through the mild steel 

and austenitic stainless steel plates with the welded joints. 

Similar conclusions as discussed in Section 4.2 on S0 wave 

incident can be applicable to many defect cases for A0 wave 

incident. However, it is worth mentioning that for the lack- 

 

(a) A0 wave from incident A0 wave 
 

 

(b) Converted S0 wave from incident A0 wave 

Fig. 26 Comparison of signals from incident A0 wave after 

propagating through mild steel plate and austenitic 

stainless steel plate with welded joints 
 

 

of-penetration and lack-of-fusion cases, the transmitted A0 

wave signals seem to experience some deconstructive 

interference as shown in Figs. 23(a) and 25(a). This may be 

attributed to their irregular cross-section shape of the 

defects. In other words, the inclined angle of defect or 

trapezoidal shape discontinuity could have significant 

impacts on the transmitted signals of A0 guided waves. 
 

 

5. Parametric studies 
 

In this section, the influence of several basic parameters 

for various types of weld defects on the transmission 

behaviour of incident S0 and A0 guided waves is studied 

quantitatively. To develop damage detection strategy in 

welded joint of steel plate, scanning of a healthy welded 

plate in pulse transmission mode at selected modes is firstly 

performed to obtain the baseline signals, followed by the 

recording of the ultrasonic signals of the plates with weld 

defects. Hence, the transmission coefficient, which is 

defined as the ratio of the maximum amplitude of signal 

envelope of transmitted guided wave propagating through 

weld defects to the maximum amplitude of signal envelope 

of incident guide wave propagating through healthy welded 

joint, will be adopted as a critical indicator for identifying 

the transmission performance of the ultrasonic guided 

waves for damage detection. In this parametric study, the 

material properties and geometric dimensions of the mild 

steel plate and welded joints, the ultrasonic testing set-up, 

the excitation frequency and the wave envelope calculation 

are considered to be the same as those described in Section 

4 on mode conversion and scattering analysis. 
 

5.1 Toe and root cracks 
 

As is discussed in Section 4, the transmitted S0 wave 

signals in the steel plate for the toe crack and root crack 
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Fig. 27 Effect of variation of crack depth on transmission 

coefficient of S0 and A0 guided waves 

 

 

 

Fig. 28 Effect of variation of crack width on transmission 

coefficient of S0 guided wave 

 

 

 

Fig. 29 Effect of variation of crack width on transmission 

coefficient of A0 guided wave 

 

 

cases are almost identical when the geometric 

dimensions of the simulated toe crack and root crack are the 

same. Therefore, only the toe crack is considered in this 

study. Fig. 27 shows the effect of the change in crack depth 

on the transmission coefficient for incident S0 and A0 guided 

waves. The crack depth hc is varied from 0 to 3 mm 

corresponding to 0 to 75% of plate thickness while the 

crack width wc remains constant at the 0.5 mm. It can be 

seen that as the crack depth increases, the transmission 

coefficients of S0 and A0 waves decrease monotonically. 

When the crack depth is incremented to 12.5% of the plate 

thickness, the transmission coefficients of both mode waves 

are marginally affected. But as the crack grows deeper to 

50% of the plate thickness, the fall in the transmission ratios 

becomes steeper for both mode waves. This trend is 

consistent with the experimental results reported in the 

literature (Sharma and Mukherjee 2014) although that 

presented the study of notch detection in a submerged steel 

plate. Figs. 28 and 29 depict the effect of the change in 

crack width on the transmission coefficient for incident S0 

and A0 waves, respectively. Eight different crack widths 

from 0.5 mm to 4 mm are studied for each crack depth case. 

Three crack depths, 25%, 50% and 75% of plate thickness, 

were chosen for the case study. The effect of the variation 

of crack inclined angle on the transmission coefficient of S0 

and A0 waves is shown in Fig. 30. In practice, crack defects 

could be oriented at an arbitrary angle to the surface of the 

plate as is shown in Fig. 31. Different inclined angles θc 

from 0° to 45° are selected in the study. Apparently, the 

influence of the change in the crack width and crack 

inclined angle on the transmission coefficient of S0 wave is 

not significant, because the crack width wc of straight sided 

crack or the covered width wcover of inclined crack is much 

smaller than the wavelength of S0 waves as the theoretical 

wavelengths of S0 waves with 300 kHz excitation frequency 

in 1, 2, 3 and 4 mm thick steel plates are approximately 

17.8 mm. This observation is consistent with the findings in 
 

 

 

Fig. 30 Effect of variation of crack inclined angle on 

transmission coefficient of S0 and A0 guided waves 

 

 

 

Fig. 31 Schematic diagram of cross-section of welded joint 

with inclined toe-crack 

 

 

 

Fig. 32 Effect of variation in depth of area without weld 

penetration on transmission coefficient of S0 and A0 

guided waves 
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the reference (Alleyne and Cawley 1992). 

On the other hand, the change in the crack width and 

crack inclined angle produce substantial influences on the 

transmission coefficient of the A0 wave. As is shown in Fig. 

29, although the variation of the transmission coefficient of 

A0 wave caused by the change of crack width is marginal 

when the crack depth is 25% of plate thickness, the 

oscillated changing of the transmission coefficient of A0 

wave caused by the change of crack width are recognised 

for the cases of crack depth being 50% and 75% of the plate 

thickness. Take the 50% of plate thickness crack depth case 

as an example. The transmission coefficient starts at a value 

of 0.53 when the crack width wc is quite small as 0.5 mm, 

then decreases as the crack width is increased. The lowest 

value of the transmission coefficient as 0.28 occurs when 

the notch width is around 2 mm. Subsequently, the 

transmission coefficient rises with an increase of crack 

width until reaching a high value when the crack width is 4 

mm. A similar pattern of the variation of transmission 

coefficient of A0 wave related with the change of crack 

width is observed for 75% of the plate thickness crack 

width case, except that the lowest and highest point take 

places when the crack width is around 1 and 3.5 mm, 

respectively. The reason of this oscillation could be the 

interference between two A0 wave signals with different 

waveforms occurring at the crack region. At the crack 

region, the thickness of the plate is reduced. Another A0 

wave with different waveform and wavelength is generated 

in the crack region or known as the thickness-reduced plate 

region. The new generated A0 wave and the original A0 

waves are superposed and results in the transmitted A0 wave 

packet but the superposition in the resulting transmitted 

wave packet may be constructive or destructive. As is 

calculated, the theoretical wavelengths of A0 waves with 

300 kHz excitation frequency in 1, 2, 3 and 4 mm thick 

steel plates are 5.1, 6.6, 7.6 and 8.2 mm, respectively. 

Hence, it can be estimated the minimum of transmission 

coefficient is reached when the crack width is about 60% of 

half of the wavelength of the A0 wave in the thickness-

reduced plate and the maximum of the transmission 

coefficient is attained when the crack width is about 60% of 

the full wavelength of the A0 wave in the thickness-reduced 

plate. The reason for the fact that the maximum and 

minimum of the transmission coefficient don’t occur 

precisely at the half and full wavelength positions could be 

attributed to the contributions of those anti-symmetric mode 

wave packets generated following the incident A0 wave 

mentioned in Section 3.3. It can be concluded that, the 

variation of the transmission coefficient of S0 wave in the 

welded steel plate with toe or root crack is largely 

dependent on the change of crack depth while the variation 

of the transmission coefficient of A0 wave have close 

correlation with the changes of both the crack depth and 

crack width. 
 

5.2 Lack-of-penetration, porosity and lack-of-fusion 
 

Fig. 32 shows the effect of the change in the depth of 

area without weld penetration on the transmission 

coefficient of S0 and A0 waves. Two kinds of shapes of 

cross-section of area without weld penetration are 

considered to illustrate their effect on the transmission 

coefficient. The trapezoidal shape cross-section is shown in 

Fig. 10(c) while the rectangular shape cross-section is like 

that of the root crack (Fig. 10(b)) with the width being equal 

to the bottom width of the weld bead as 3 mm. The depth of 

the lack-of-penetration area hpe is varied from 0 to 3 mm 

corresponding to 0 to 75% of the plate thickness. Because 

the lack-of-penetration defect is defined as notch-like 

discontinuity at the welded joint, a similar observation 

discussed in Section 5.1 on the notch-like toe crack could 

be found on the lack-of-penetration defect. The 

transmission coefficients of S0 waves reduce monotonically 

as the depth of area without weld penetration increases. The 

change of the shape of cross-section of area without weld 

penetration has limited influence on the transmission 

coefficients of S0 waves but significantly affects the 

transmission coefficients of A0 waves due to the 

interference phenomenon of A0 wave signals at the weld 

defect region. 

Porosity and lack-of-fusion are regarded as two types of 

internal defects. Fig. 33 shows the effect of the variation of 

porosity position on the transmission coefficient of S0 and 

A0 waves. The diameter of circular porosity void Dpo is 

assumed to be 1 mm and the distance between the centre of 

the void and the plate surface hpo is varied from 0 to 2 mm 

corresponding to 0 to 50% of the plate thickness. 

Apparently, both the S0 and A0 waves are insensitive to this 

type of internal defect when its size is small wherever they 

are located. Fig. 34 shows the effect of the variation of size 

of porosity on the transmission coefficient of S0 and A0 

waves. The centre of circular porosity void is positioned at 

 

 

 

Fig. 33 Effect of variation of porosity position on 

transmission coefficient of S0 and A0 guided waves 

 

 

 

Fig. 34 Effect of variation of porosity size on transmission 

coefficient of S0 and A0 guided waves 
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Fig. 35 Effect of variation in height of area without fusion 

on transmission coefficient of S0 and A0 guided 

waves 

 

 

the mid-thickness point of the plate and six different 

diameters of void from 0 to 2.5 mm is selected. Overall, the 

transmission coefficient of S0 and A0 wave decreases with 

an increase of the diameter of porosity, even though the 

decrease is negligible when the diameter drops from 0 to 1 

mm. There is also oscillation on the curve of A0 wave which 

could be also caused by the interference effect of the A0 

wave signals. 

Fig. 35 shows the effect of the change in the height of 

lack-of-fusion defect on the transmission coefficient of S0 

and A0 waves. To compare the sensitivity of S0 and A0 

waves to the notch-like defect and internal defect, the 

models with two kinds of lack-of-fusion defects are 

analysed. One is with an inclined internal discontinuity as 

shown in Fig. 10(e) and the other one is with an inclined 

notch-like crack located at the surface of weldment to the 

base material substrate. The width wf of both types of defect 

is 0.5 mm and the height hf are varied from 0 to 2 mm 

corresponding to 0 to 50% of the plate thickness. It is 

shown that the transmission coefficient decreases with an 

increase of the height of lack-of-fusion defect for both S0 

and A0 waves. The S0 wave is more sensitive to the notch-

like defect than to the internal defect since the transmission 

coefficient of S0 wave propagating the notch-like defect 

reduce more dramatically than the one for S0 wave 

propagating the internal defect, while the sensitivity of A0 

wave to these two kinds of defects is quite similar. 

 

5.3 Effect of defect length 
 

In the previous subsections, all the defects are assumed 

to have a full length being cut through the full width of the 

plate along the welding direction and normal to the 

transmission path. Investigation of the effects of the defect 

lengths on the transmission coefficient of S0 and A0 waves 

are described in this subsection. The analysis is performed 

for different defect lengths viz l = 2, 5, 10, 20, 50, 100, 200, 

400 and 600 (full length) mm. Fig. 36 shows the variation 

of the transmission coefficient of S0 and A0 waves due to the 

change of the length of toe crack (wc = 0.5 mm and hc = 2 

mm). When the crack length is less than 100 mm, the 

transmission coefficient of both mode waves go down 

dramatically as the crack length is extended. The larger 

portion of the incident mode waves striking the crack 

results in a smaller value of transmission coefficient. 

 

Fig. 36 Effect of variation of defect length on transmission 

coefficient of S0 and A0 guided waves 

 

 

However, when the crack length is extended to more than 

100 mm, the effect of the crack length on the transmission 

coefficient is degraded significantly and the transmission 

coefficient approaches to a value corresponding to the cases 

of the crack length being equal to the full length. It can be 

concluded that the change of crack length indeed produces 

an impact on the transmission coefficient of S0 and A0 

waves when the crack length is relatively small. 

 

 

6. Conclusions 
 

This paper has presented an investigation of the 

transmission characteristics of ultrasonic guided waves 

propagating through weld defects in steel plates with 

welded joints. The research focused on studying the 

behaviour of the fundamental symmetric (S0) and anti-

symmetric mode (A0) guided waves. A 3D explicit FE 

model based on the pulse transmission ultrasonic testing 

set-up in which the transmission path is perpendicular to the 

longitudinal direction of weld bead was developed for this 

investigation. The FE model considered the constraint 

conditions between the interfaces of the weldment and the 

steel plate component. Different material properties of the 

mild steel plate, austenitic stainless steel plate and their 

corresponding welded joints were taken into account in the 

model. The FE model was verified against the semi-

analytical results of dispersion curves and the experimental 

results of ultrasonic guided wave testing in steel plates with 

notches and was shown to be able to accurately simulate the 

guided wave propagation in steel plate with welded joint. 

Invoking the validated FE model, the mode conversion 

and scattering characteristics of the S0 and A0 guided waves 

transmitted at welds defects in the steel plates with welded 

joints were illustrated. Five types of common weld defects, 

toe crack, root crack, lack-of-penetration, porosity and lack 

of fusion, were taken into consideration. The results showed 

when the S0 and A0 guided waves interact with the weld 

defect, they undergo mode conversion. Two propagating 

modes of waves including the transmitted S0 wave and 

converted A0 wave were generated after the incident S0 

wave interacting with weld defect while the transmitted A0 

wave and converted S0 wave were generated after the 

interaction between the incident A0 wave and the weld 

defect. The waveform of signals of the transmitted and 

converted waves were shown to be affected by the types of 
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weld defects. But the influence of the elastic anisotropy of 

austenitic welds on the signal waveform were marginal as 

only small phase shifts and amplitude change on the 

received time-domain signal output were observed, which 

highlights the advantage of using ultrasonic guided waves 

for weld defect detection in austenitic stainless steel plate 

compared with the use of ultrasonic bulk wave. 

Parametric studies were then undertaken by using the 

FE model to elucidate the effects of several basic 

parameters for various types of weld defects on the 

transmission performance for incident S0 and A0 guided 

waves. The transmission coefficient was introduced as an 

indicator for identifying the transmission performance of 

guided waves. It was shown that the influence of the depth 

of crack and lack-of-penetration defect, the size of porosity 

and the height of lack-of-fusion defect on the transmission 

coefficient of S0 waves was significant. The transmission 

coefficient of S0 waves decreased monotonically with an 

increase of these parameters for each kind of weld defect 

case. While the effects of the width and inclined angle of 

crack and the shape of cross-section of lack-of-penetration 

defect on the transmission coefficient of S0 waves were 

little. The variation of the transmission coefficient of S0 

wave was more sensitive to the change of the height of 

notch-like defect than to that of internal defect, and was 

affected by the change of the defect length along the 

welding direction. For A0 wave, the transmission coefficient 

was influenced by the complex correlation of most of the 

basic parameters for different types of weld defects because 

of the interference phenomenon of A0 wave signals at the 

weld defect region. Therefore, it can be suggested that the 

application of the transmission of S0 guided waves could be 

an ideal solution for defect detection in welded joints of 

steel plates and the application of the transmission of A0 

guided waves could be an attractive supplemental tool for 

sizing the defects. The finding of this study advances the 

further development of damage detection technologies for 

weld inspection. Future work could be carried out to 

establish an artificial neural network for damage detection 

in welded joints of steel plates based on the transmission 

coefficient, in which other parameters such as the height of 

weld cap, the combination of weld defects, the positions of 

guided wave transmitter and receiver, the signal excitation 

frequency and the steel plate thickness will be taken into 

account. 
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