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Abstract

In the construction and assembly of metal structures, ultrasonic testing constitutes a pillar for the guarantee of structural
integrity. This study aimed to develop and experimentally validate a semi-cylindrical reference block, optimized for the
ultrasonic inspection of welds in austenitic stainless steels under the AWS D1.6 code. Unlike conventional devices, this
proposal integrates three functional zones into a unified body. Methodologically, the acoustic properties of velocity and
attenuation coefficient were characterized using the pulse-echo technique with 2.25 and 5.0 MHz transducers, validating
the results through analysis of variance (ANOVA) and Pearson correlation. The findings revealed a statistically significant
influence of frequency on the acoustic properties of the material. Functionally, experimental tests demonstrated that the
geometric arrangement of three integrated references allows for the efficient construction of Distance-Amplitude
Correction (DAC) curves and direct angular verification, overcoming the logistical limitations of conventional prismatic
blocks. The main novelty of the device lies in its capacity to unify the functions of sensitivity, resolution, and distance
calibration into a single body of acoustically equivalent material, eliminating the need for complex correction factors and
ensuring greater precision in industrial inspection.
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1. Introduction

In the construction and metalworking industries, the structural integrity of welded joints is a fundamental
requirement for ensuring the safety and operability of infrastructure. Among Non-Destructive Testing (NDT) methods,
Ultrasonic Testing (UT) has established itself as a standard technique due to its high sensitivity for detecting internal
discontinuities without compromising the integrity of the tested component [1, 2]. However, the reliability of these
examinations is inherently dependent on the precise calibration of the inspection system, a process that necessitates the
use of standardized reference blocks to verify the linearity, sensitivity, and resolution [3].

Metallic materials have established themselves as fundamental elements in diverse engineering applications due to
their versatility, high mechanical strength, and durability [4, 5]. In particular, stainless steels play a critical role in both
modern construction—in beams, columns, and reinforcements—and the industrial sector for the manufacturing of tanks
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and pressure vessels [6]. Given the severity of their service conditions, these infrastructures demand rigorous safety
standards to mitigate the risk of failure and extend their service life. In this context, Non-Destructive Testing (NDT)
constitutes an indispensable tool for the early detection of defects and the assurance of structural integrity [6—S8].

Recent investigations have evaluated the efficacy of ultrasonic methods both for the detection of discontinuities in
stainless steel welded joints [9—11] and for the acoustic characterization of microstructural changes [12]. Welded joints
constitute the zones most susceptible to defect formation due to phase transformations induced by the thermal cycles of
the welding process. Consequently, quality assurance is critically focused on these regions, the typical defects of which
are detailed in [13]. For the evaluation of internal or 'volumetric' defects, the use of deep penetration inspection
techniques is required. In this context, ultrasonic testing is distinguished by its high capability to detect internal
discontinuities, measure thickness, and monitor corrosion, serving as a superior alternative in stainless steels where
radiography presents limitations regarding contrast or detection [14, 15].

It is widely recognized that the reliability of the ultrasonic testing system and the accuracy of defect localization
depend inherently on rigorous calibration [16]. This process is typically performed using reference blocks standardized
by bodies such as the American Welding Society (AWS). However, the inspection of austenitic stainless steels, governed
by the AWS D1.6 code [3], poses unique acoustic challenges. The microstructure of these materials, characterized by
coarse grains and a dendritic morphology, induces severe phenomena of anisotropy, scattering, and attenuation that
compromise detection if not adequately compensated for [17, 18]. In this context, conventional blocks (Type IIW or
DSC), although optimal for carbon steel, present operational limitations: they tend to be bulky and of restricted
functionality. This requires the inspector to transport multiple standards to construct a complete Distance-Amplitude
Correction (DAC) curve, thereby complicating field logistics [19].

Section 8 of the AWS DI1.6 code [3] establishes the requirements for pulse-echo inspection, mandating the
construction of a Distance-Amplitude Correction (DAC) curve. This reference compensates for energy losses due to
beam divergence and attenuation, ensuring uniform sensitivity along the beam path to precisely size and locate defects
[16, 20]. During evaluation (Figure 1), indications are classified by comparing their amplitude against regulatory limits:
the Standard Sensitivity Level (SSL) and the Disregard Level (DRL, -6 dB) [3, 21]. The rigor of this calibration is
critical in metallic materials, where attenuation is not constant but is dependent on scattering caused by grain size and
the microstructural complexity of the polycrystalline medium [22-28].

Figure 1. DAC curve and discontinuity amplitude levels [3]

An analysis of recent literature reveals a growing interest in optimizing calibration standards. Various studies
have reviewed the expansion of ultrasonic testing in the evaluation of civil infrastructure, underscoring the need for
more versatile standards [29]. Furthermore, current trends prioritize the use of Finite Element Method (FEM)
simulations to predict wave propagation [30-32], and additive manufacturing, driving innovations in reference block
design [33, 34].

However, despite these technological advances, the inspection of stainless-steel welds continues to face critical
challenges regarding anisotropy and acoustic equivalence, which demand more robust solutions [35, 36]. Current
studies, such as those by Rawicki et al. [17] and Li et al. [37], have documented that the columnar grain structure induces
severe beam skewing, which hinders the precise determination of the refraction angle on flat surfaces. In this context, a
significant technological gap is identified: the absence of 'all-in-one' devices that integrate multiple volumetric
references (angular, sensitivity, and resolution) into a compact geometry.

To address this deficiency and mitigate logistical issues under AWS regulations, the present research proposes
a semi-cylindrical calibration block, based on the design criteria of the UNT patent [38], The geometric
configuration of the block is strictly grounded in the limitations reported by recent literature regarding the
inspection of austenitic stainless steels. The semi-cylindrical geometry, as shown in Figure 2, unlike prismatic
blocks, ensures normal incidence of the reflected beam toward the transducer. This enables the validation of 45°,
60°, and 70° angles through the maximization of backwall echoes, an effective method for reducing uncertainty in
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anisotropic media [39]. Furthermore, given that attenuation in coarse-grained materials is dominated by nonlinear
stochastic scattering [18], a series of three stepped side-drilled holes (SDH) was incorporated. This arrangement
enables the inspector to construct multipoint correction curves, accurately capturing the material's amplitude loss
[40]. Finally, in accordance with the criteria of Krautkramer & Krautkrdmer [41] and the AWS D1.6 standard [3],
the block dimensions ensure that all reflectors are located within the far-field zone (Fraunhofer), guaranteeing
stable and repeatable readings.

4

Figure 2. Geometric details of the reference block [38]

This device is distinguished by integrating three reference zones into a single body, facilitating the generation
of both longitudinal and shear waves. The design of the block's second reference (angular scale) is grounded in the
theory of elastic wave refraction. To generate the shear (transverse) waves required for weld inspection according
to AWS D1.6 [3], the block leverages the change in acoustic velocity at the wedge-steel interface. The angle of
refraction O, is determined according to Equation 1 [41], using the generalized Snell's Law, where O is the angle
of incidence, V(! is the longitudinal velocity in the wedge (plexiglass), and Vs® is the shear velocity in the steel
block. The semi-cylindrical geometry allows for the verification of these angles (45°, 60°, 70°) by ensuring that the
sound beam achieves normal incidence upon the curved surface, thereby maximizing the energy reflected back to
the transducer.

sinf, _ sin6, (1)
o - ,@
VL VS

The block's first reference zone employs Side-Drilled Holes (SDH). Theoretically, an SDH functions as an ideal
cylindrical reflector that scatters the incident wave uniformly across all radial directions. The reflected acoustic pressure
(Pr) from an SDH is theoretically modeled as specified in Equation 2 [41], where Pi is the incident pressure, r is the hole
radius, and z is the distance. This theoretical relationship justifies the use of holes of identical diameter positioned at
varying depths to construct the DAC curve, as distance (encompassing attenuation and beam divergence) remains the
sole dependent variable, thereby eliminating geometric factors associated with the reflector.

P =P \E 2

The physical sizing of the block was theoretically calculated to avoid measurements within the near field (Fresnel
zone), where acoustic pressure is unstable due to wave interference. The near-field length (N) is theoretically defined
according to Equation 3, [41] where D is the transducer diameter and A is the wavelength in the material. The dimensions
of the three volumetric references ensure that calibrations are performed within the Fraunhofer zone (far field),
guaranteeing a linear and predictable response.

DZ

From an operational perspective, the construction of Distance-Amplitude Correction (DAC) curves using
conventional prismatic blocks proves inefficient, requiring multiple standards and handling steps that increase the
likelihood of human error. Against this background, the central motivation of this work was to develop a unified
reference geometry that not only guarantees the acoustic similarity required by AWS regulations but also optimizes
logistics through an integral design. Consequently, the objective of the research was the development and
validation of a semi-cylindrical calibration block that integrates three volumetric references into a single device.
The remainder of the article is structured as follows: Section 1 details the design and theoretical foundations;
Section 2 describes the experimental methodology; Section 3 presents the results and discussion; and Section 4
outlines the conclusions.
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2. Materials and Methods
2.1. Study Material

The reference block was fabricated from a solid bar of structural-grade AISI 304 austenitic stainless steel, with a
nominal diameter of 165.10 mm. The chemical composition, certified by the manufacturer, reported a content of 15.24%
Cr, 8.26% Ni, 1.95% Mn, 0.363% Si, 0.04% C, and 0.03% P. To ensure microstructural stability, the base material was
subjected to solution annealing at 1080 °C for 90 minutes, followed by water quenching. The geometric profile was
achieved through precision machining, adhering to the design criteria of the UNT patent [38] and ensuring a polished
surface finish with strict parallelism between faces. Dimensional verification was performed using digital metrology
with a resolution of 10 pm. Given the device's purpose as a calibration standard, destructive metallographic sectioning
was omitted; instead, material homogeneity was validated through acoustic uniformity characterization, following the
guidelines of the ASTM E1065 standard [42].

Figure 3 illustrates that the block possesses a semi-cylindrical geometry distinctly divided into three calibration
references. The first reference, due to its geometry, is optimal for distance calibration using longitudinal waves.
Furthermore, it incorporates three artificially introduced holes of 1.6 mm in diameter, which enabled the establishment
of the DAC curve. The second reference facilitated distance calibration with both longitudinal and shear waves.
Additionally, aided by its 1.6 mm diameter hole and an angular scale in sexagesimal (0°, 45°, 60° y 70°), it allowed for
sensitivity evaluation and the verification of the refraction angle. The third reference features three steps with decreasing
thicknesses, which are useful for distance calibration using longitudinal beams and for subsequent inspection for
thickness verification.

Second reference

Figure 3. Standard reference block for calibration
2.2. Methods and Techniques

Acoustic measurements on the second reference were obtained using the direct contact pulse-echo technique,
utilizing a Krautkrimer USM 36 ultrasonic flaw detector (General Electric) equipped with a longitudinal wave
transducer. To ensure experimental repeatability and minimize uncertainty, a strict control protocol based on best
practices in ultrasonic metrology was implemented [43]. All tests were conducted in a climate-controlled laboratory at
a stable temperature of 24 + 2 °C, in accordance with ASTM E494 [28], to eliminate thermal drifts that could affect
propagation velocity. The use of a high-viscosity couplant (Sonotech Grade 40) was standardized to maintain constant
acoustic impedance. During data acquisition, the signal maximization technique (‘peaking') was applied at each
measurement point; values were recorded only after the maximum amplitude had stabilized, in order to mitigate
variations caused by manual pressure, following Krautkrimer's fundamentals [41]. Finally, to eliminate inter-operator
error, data collection was executed entirely by a single inspector certified under ASNT (STP27016S) [44], adhering to
regulatory guidelines [28, 45].

Under these controlled conditions, experimental validation was performed. Horizontal linearity (distance) calibration
tests were executed operating within a frequency range of 2.25 to 5.0 MHz in a fixed position. Subsequently, to generate
shear waves, mode conversion was induced by coupling the longitudinal transducer to a plexiglass angle wedge (nominal
de 70°); the resulting refraction angle of 63.4° in the stainless steel was analytically validated using Snell's Law. Finally,
system accuracy was verified on the block's third reference zone (stepped), recording an error of less than 0.1%, thereby
confirming compliance with the tolerances of the AWS D1.6 standard [3].

The determination of ultrasonic propagation velocity (m/s), for both longitudinal and shear waves, was performed
by applying Equation 4 [46]. In this expression, the time-of-flight AT (s) is defined as the time difference between two
consecutive backwall echoes visualized on the A-Scan, obtained across the known thickness X (m) of the second
reference zone. Three independent repetitions were executed for each frequency configuration and wave mode. This
sampling strategy is justified by the high microstructural homogeneity achieved through the prior solution annealing
treatment and the strict dimensional tolerance of the machining process, factors which minimize experimental scatter.

vV =2X/t (4)

582



Civil Engineering Journal Vol. 12, No. 02, February, 2026

The quantification of energy losses, resulting from material attenuation and beam divergence, was performed by
estimating the attenuation coefficient a (dB/mm)) using Equation 5, a formulation widely validated in the specialized
literature [46—48]. Experimentally, amplitude reduction was determined via direct reading on the A-Scan display. In this
context, Ag and A correspond to the peak amplitudes of the first and second backwall echoes, respectively, acquired
within the block's second reference zone for an acoustic path distance X (mm).

Ao
"o 2010g9(%/,)

2 ®)

The construction of the Distance-Amplitude Correction (DAC) curve was based on recording the amplitude decay
of shear waves reflected by the Side-Drilled Holes (SDH) arranged within the block's second reference zone. The
procedure commenced by coupling the transducer and maximizing the signal from the reflector closest to the beam exit
point; this indication was adjusted via gain controls to reach 80% of Full Screen Height (FSH). Subsequently, without
modifying the gain setting, the peak amplitudes of reflectors located at greater depths were recorded. The resulting DAC
curve was obtained through the interpolation of these maximum points. The flowchart of this experimental sequence is
detailed in Figure 4.

Standard
reference block
manufacturing

Distance
calibration

Longitudinal
waves

Shear waves

Figure 4. Experimental sequence

3. Results and Discussion

Figure 5 presents the experimental validation of the block's acoustic response in the two propagation modes critical
for weld inspection. In Figure 5-a, corresponding to longitudinal waves (90°), the A-Scan reveals a sequence of sharp
backwall echoes with a high Signal-to-Noise Ratio (SNR). This clean response is a direct indicator of the microstructural
homogeneity achieved following heat treatment. The significant absence of structural noise or 'grass' (scattering)
between the main echoes confirms that the material is free from inclusions or porosity that would attenuate the beam,
validating the device for thickness metrology and vertical linearity adjustment tasks. Conversely, Figure 5-b illustrates
the generation of shear waves, a mandatory requirement of the AWS D1.6 standard. The acquisition of a high-amplitude,
stable signal confirms the efficacy of mode conversion at the wedge-steel interface. Physically, this demonstrates that
the semi-cylindrical geometry allows the entry of the refracted beam without generating parasitic surface waves that
would interfere with calibration. Furthermore, the stability of the echo validates the quality of the surface finish, the
roughness of which is optimal for maintaining constant acoustic coupling and plotting reliable DAC curves in the field.

Figure 5. Distance calibration with (a) longitudinal wave and (b) shear wave
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Table 1 summarizes the statistical analysis of the velocity measurements. The data reveal high experimental
consistency: for longitudinal waves at 2.25 MHz, a mean of 5749 m/s was obtained with a standard deviation of
merely 3.61 m/s, representing a coefficient of variation of less than 0.06%. This minimal variability confirms the
macroscopic homogeneity of the base material, validating the effectiveness of the solution annealing heat treatment
in mitigating local anisotropy without the need for metallographic validation. Furthermore, a slight frequency-
dependent acoustic dispersion phenomenon was detected, where the shear velocity decreased from 3133 m/s (2.25
MHz) to 3100 m/s (5.0 MHz). Nevertheless, the Standard Error of the Mean (SE) remained below 8.11 m/s in all
cases, confirming the precision of the method. When contrasting these results with the literature, the average
experimental value (5749 £3.6 m/s) shows notable agreement with the 5740 m/s established by Hellier [1] and
Olympus standards [49] for 304 stainless steel. The relative deviation, being less than 0.2%, places the block within
engineering tolerance ranges, while the shear velocity aligns perfectly with the interval (3100-3150 m/s) reported
by Rawicki et al. [17] for austenitic structures.

Table 1. Acoustic velocity measurements

Frequency Vi Va2 V3 Standard

WAVE (MHz) (m/s)  (m/s)  (mls) Mean Deviation O °f mean
225 5750 5752 5745 5749 3.61 2.10
Longitudinal
5.0 5719 5703 5691 5704 14.05 8.11
225 3125 3142 3132 3133 8.54 493
Shear
5.0 3097 3106 3097 3100 5.20 3.00

Table 2 presents the characterization of the ultrasonic attenuation coefficient (), a determinant parameter for
sensitivity correction in DAC curves. The data reveal a clear frequency dependence: for longitudinal waves (o),
the coefficient increased from 0.1763 dB/mm to 0.1906 dB/mm when raising the frequency from 2.25 to 5.0 MHz.
This non-linear behavior is consistent with the theoretical mechanisms of grain boundary scattering predominant
in austenitic steels. A critical finding is the stability in shear wave measurements, where the standard deviation
was practically negligible (0.0004 dB/mm) across the entire evaluated spectrum. The standard error of the mean
(0.0003) empirically validates that the block's semi-cylindrical geometry optimizes contact, guaranteeing highly
repeatable energy transfer and minimizing coupling uncertainty. Comparatively, the obtained values (0.1906
dB/mm at 5 MHz) agree with the range of 0.15-0.25 dB/mm reported by Wan et al. [23] and Moghanizadeh &
Farzi [24] for medium-grain stainless steels. This agreement confirms that the block faithfully reproduces the
attenuation and spectral filtering characteristics of actual welds, ratifying its suitability as a representative reference
standard.

Table 2. Acoustic attenuation measurements

Frequency aL aL aL Standard

Wave (MHz) (@B/mm) (dB/mm) (dB/mm) M Deviation O °f mean
225 0.175 0.178 0.1760 0.1763 0.0015 0.0001
Longitudinal
5.0 0.2016 0.1820 0.1883 0.1906 0.0100 0.0057
225 0.0204 0.0209 0.0213 0.0209 0.0004 0.0003
Shear
5.0 0.0225 0.0228 0.0234 0.0229 0.0004 0.0003

Figure 6 illustrates the dependence of propagation velocity on nominal frequency (2.25 MHz and 5.0 MHz) for
longitudinal (a) and shear (b) waves. A decreasing trend in phase velocity is observed as frequency increases. From a
physical perspective, this behavior corroborates the theory of scattering by stochastic scatterers in polycrystalline
materials [26, 27, 50]: at shorter wavelengths (higher frequencies), the interaction with grain boundaries intensifies,
reducing the phase velocity. However, given that this variation is less than 1%, it is concluded that the material behaves
as a quasi-nondispersive medium within the operating frequency range of the AWS standard. This guarantees calibration
stability regardless of the transducer employed. Furthermore, the small magnitude of the error bars (standard deviation)
confirms the high repeatability of the readings, validating both the macroscopic homogeneity of the block and the quality
of the surface coupling achieved.
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Figure 6. Ultrasonic beam velocity with (a) longitudinal wave and (b) shear wave

Figure 7 illustrates the dependence of the attenuation coefficient on frequency for longitudinal (a) and shear (b)
waves. A clear positive correlation is evident: upon raising the frequency from 2.25 to 5.0 MHz, attenuation increases
significantly in both modes. From the perspective of ultrasound physics, this phenomenon is attributable to scattering
mechanisms at grain boundaries, operating at the transition between the Rayleigh and stochastic regimes. As the
wavelength decreases at higher frequencies, it approaches the average grain size of the austenitic microstructure,
intensifying energy scattering. These results corroborate the non-linear trend experimentally reported by Xu et al. [18]
for welds of this type. More importantly, when contrasting these findings with studies based on simplified FEM
simulations [30-32], this work provides robust empirical evidence confirming the block's ability to faithfully reproduce
the actual attenuative behavior of welded components. On the other hand, it is observed that the error bars for
longitudinal waves at 5.0 MHz are wider than at 2.25 MHz. This variability reflects the higher frequency beam's
increased sensitivity to local microstructural heterogeneities. Nevertheless, the absolute attenuation values remain within
engineering limits. In particular, the low attenuation recorded for shear waves validates the acoustic permeability of the
base material, ensuring the Signal-to-Noise Ratio necessary for the precise construction of DAC curves.
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Figure 7. Attenuation coefficient with (a) longitudinal wave and (b) shear wave

From a statistical perspective, given the standard deviation observed in preliminary measurements, it was determined
that a sample size of n=3 was sufficient to characterize the block's repeatability and stability, as increasing the number
of repetitions would not significantly reduce the mean's confidence interval. Furthermore, the influence of frequency on
acoustic properties was evaluated using a one-way Analysis of Variance (ANOVA), processed in IBM SPSS Statistics;
these results are detailed in Tables 3 and 4. The analysis revealed statistically significant differences in velocity and
attenuation coefficient when varying the frequency, yielding in all cases a probability value (p-value) of less than 0.05.
This confirms that, at a 95% confidence level, the material's acoustic response is dependent on the transducer's operating
frequency.

Table 3. ANOVA? for speed measures

Model Sum of squares gl Mean square F Sig.
Regression 2992.67 1 2992.67
Vi 28.46 0.006 *
Residual 420.67 4 105.12
Regression 1633.50 1 1633.50
V1634 32.67 0.005°
Residual 200.00 4 50.00

a. Dependent variable: speed (m/s); b. Predictor variables: (Constant), probe frequency (MHz).

585



Civil Engineering Journal

Table 4. ANOVA? for attenuation coefficient measures
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Model Sum of squares gl Mean square F Sig.
Regression 0.000 1 0.000
aL 5.98 0.07°
Residual 0.000 4 0.000
Regression 0.000 1 0.000
Or63.4 30.01 0.005°
Residual 0.000 4 0.000

a. Dependent variable: attenuation coefficient (d1B/mm); b. Predictor variables: (Constant), probe frequency (MHz).

Additionally, the Pearson correlation coefficient corroborated a significant association between transducer frequency
and acoustic parameters (p < 0.05). To validate the adequacy of the statistical model, Figure 8 presents the Normal
Probability Plot of the residuals. The alignment of data points along the straight diagonal confirms compliance with the
assumption of normality. The absence of significant deviations or skewness patterns leads to the conclusion that the
variations observed in Figures 6 and 7 are attributable to the natural (random) variability of the measurement process,
rather than to systematic manufacturing errors or defects in transducer coupling.

Normal P-P Plot of Regression Standardized Residual
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Normal P-P Plot of Regression Standardized Residual
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Figure 8. Normal probability for residuals
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Figure 9 illustrates the successful generation of the Distance-Amplitude Correction (DAC) curve, utilizing the
block's Side-Drilled Holes (SDH) zone. The procedure consisted of capturing the peak response of the three stepped
cylindrical reflectors using the angle beam transducer. This geometric arrangement allows for sweeping the entire
acoustic range of interest in a single setup, offering a significant operational advantage over conventional prismatic
blocks that require multiple couplings. The precision achieved in plotting the curve validates compliance with the
sensitivity requirements of the AWS D1.6 standard [3], allowing the inspector to effectively compensate for material
attenuation and normalize rejection criteria for defects located at different depth.

_Firstreflector X
_© hole

Figure 9. Experimental procedure developed to prepare the DAC curve

Figure 10 presents the in situ validation of the calibrated system applied to the inspection of a V-groove butt weld.
This test confirms the successful transfer of reference parameters from the semi-cylindrical block to a real test specimen.
The upper images document the manual scanning process, demonstrating on the equipment display (top right) the correct
overlay of the DAC curve onto the material's background noise. In the lower panels, the detection of a specific
discontinuity is detailed using a 70° angle beam transducer. The sharpness of the signal and the precision of the
evaluation gate positioning demonstrate that the block provides the axial resolution and sensitivity required to
discriminate between relevant indications and spurious geometric signals. This definitively validates the device's utility
for Quality Assurance in industrial environments under AWS standards.

Figure 10. Inspection and evaluation procedure for discontinuities using the reference point comparison method
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This study comprehensively validates the technical feasibility of the proposed reference block, demonstrating
acoustic performance equivalent or superior to the standards cited in Olympus standards-NDT [49]. The results confirm
that velocity and attenuation in stainless steel are strongly frequency-dependent parameters; therefore, the block's
capability to reproduce this dispersive response is critical. This underscores the mandatory requirement of maintaining
consistency between the calibration and inspection transducers to ensure precision in defect sizing. In terms of design
innovation, the primary technical differentiation from conventional AWS blocks (such as the IIW or DSC types) lies in
its functional consolidation. While traditional reference standards require multiple repositioning steps or auxiliary blocks
to meet the requirements of the AWS D1.6 standard, the semi-cylindrical design integrates sensitivity, resolution, and
linearity within a unified geometry. Specifically, the stepped arrangement of the Side-Drilled Holes (SDH) enables the
efficient generation of multi-point DAC curves in a single scan, significantly optimizing ergonomics and operational
time compared to the limitations of standard prismatic blocks.

4. Conclusion

This research comprehensively validated the technical functionality of the semi-cylindrical standard reference block
(UNT patent), establishing it as a reliable tool for the ultrasonic inspection of stainless-steel welded joints. It was
demonstrated that its innovative geometric configuration allows for the effective performance of distance and sensitivity
calibration, strictly complying with the resolution criteria of the AWS D1.6 code. Specifically, the integration of three
stepped holes proved highly effective for the immediate construction of DAC curves, eliminating the logistical
complexity of employing multiple reference blocks. Field tests confirmed that the curved design facilitates optimal
acoustic coupling for both longitudinal and shear waves, achieving signal clarity equivalent to international standards.

From a phenomenological perspective, the study concludes that there is a significant dependence of acoustic
properties on frequency. Statistical analyses (ANOVA and Pearson) confirmed that phase velocity and attenuation vary
systematically between 2.25 MHz and 5.0 MHz, evidencing the acoustic dispersion inherent to the steel microstructure.
Nevertheless, the low magnitude of the standard errors validates the device's macroscopic homogeneity and
manufacturing quality. Consequently, it is technically recommended to maintain frequency consistency between
calibration and inspection. In summary, this block not only optimizes operational efficiency but also constitutes a robust
technological reference for industrial Quality Assurance.
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