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Abstract: The bridge crossing the Gesso River is a multi-span masonry arch bridge built in the 19th century in Cuneo, Piedmont, Italy. Due to extended local degradation and damage, the bridge recently underwent a significant strengthening intervention. Ambient vibration tests were performed both before and after the strengthening to assess the effectiveness of the repairs. The paper presents the results of the dynamic investigations, identifying the modal characteristics of the masonry bridge through different techniques. The pre-intervention analysis revealed clear anomalies, including a sort of “frequency splitting” phenomenon and irregularities in the mode shapes that were localized in the regions of maximum masonry decay. After the strengthening works, the identified modal parameters showed an increase in natural frequencies, along with the resolution of previously identified mode shape irregularities, indicating a clear improvement in the bridge’s structural condition.

As a final remark, the presented results highlight the value of operational modal analysis (OMA) as a nondestructive tool for validating the effectiveness of rehabilitation measures.
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Introduction

The safety of bridges is a key concern worldwide, and particularly in Italy, where a recent survey documented more than 240 bridge collapses between 2000 and 2023.1 This evidence highlights the importance of developing effective investigation and rehabilitation strategies for in-service bridges. Within this context, operational modal analysis (OMA) is widely recognized as a powerful tool for the nondestructive assessment of civil engineering structures (see, e.g., Magalhães and Cunha2; Rainieri et al.3). Generally speaking, OMA consists of estimating the modal characteristics of structures from the dynamic responses measured under operational conditions. The noninvasive nature of OMA, coupled with advances in sensing technologies and the development of numerical methods, has led to its widespread application across various structural typologies and disciplines. Notable examples include the condition assessment of existing bridges4–8 and footbridges,9–11 the continuous monitoring of structures for damage identification purposes,12–14 the development of digital twins for key infrastructures,15–17 and the evaluation of design choices or future loading scenarios.18–22

Despite these advancements, the number of studies applying OMA to evaluate the effectiveness of strengthening interventions remains limited, especially concerning masonry arch bridges. To the best of the authors’ knowledge, no published research has specifically addressed the pre- and post-evaluation of the dynamic behavior of a masonry arch bridge using OMA.

Previous studies on reinforced concrete (RC) bridges have shown that the impact of strengthening interventions on dynamic properties can vary significantly according to the structural scheme and the intervention techniques. For instance, Zanardo et al.23 observed that strengthening a 4-span continuous RC bridge with carbon fiber-reinforced polymer laminate strips resulted in negligible changes (less than 1%) in 2 out of 5 identified natural frequencies, while others showed frequency increases of up to 11%. Similarly, Cury et al.24 found that additional longitudinal prestressing in a prestressed concrete (PSC) box girder bridge had minimal effects on its modal parameters. Conversely, Cury et al.25 reported the occurrence of a substantial increase in natural frequencies, up to 15%, following the replacement of elastomeric bearings and expansion joints in a simply supported PSC bridge.

Similarly, research on historical steel bridges26,27 has shown that structural rehabilitation can lead to a substantial increase in natural frequencies, up to +30%, as well as a significant decrease (–17%), highlighting the crucial role of modal masses.

In masonry structures, the effects of strengthening can be even more significant. For example, Ramos et al.28 observed a 50% increase in natural frequencies and a 40% decrease in damping in a masonry tower after rehabilitation works involving lime injection and the installation of ties, likely due to crack closure and the subsequent increase in stiffness. Ercan29 reported drastic changes in the modal behavior of a stone masonry building after the addition of RC beams at floor levels and the substitution of the roof. Similarly, Namlı and Aras30 identified substantial increases in modal frequencies—up to 21%—in a masonry school building following the application of RC layers by shotcreting. Conversely, Masciotta et al.31 found that only limited changes in the modal properties of a historical masonry chimney were induced by the reconstruction of damaged parts and mortar injections, with remarkable variations being observed only for high-frequency local modes.

Given the complexity and variability of masonry structures, evaluating the dynamic response of those structures before and after repair or strengthening is a topic of significant interest. Furthermore, performing an intervention on masonry bridges may be characterized by more constraints compared to buildings, often leading to complex projects being realized without closing the bridge. In this context, OMA is crucial for correctly identifying the pre-intervention structural issues and evaluating whether the solution adopted has been able to solve them (post-intervention). Although several researchers32–38 have investigated the dynamic characteristics of masonry bridges using OMA, studies specifically addressing the comparison of modal parameters before and after an intervention are still missing.

This paper presents the results of dynamic investigations conducted on a historical multi-span masonry arch bridge, the bridge over the Gesso River in Cuneo, Italy (Figs. 1 and 2), before and after a significant strengthening intervention. The study highlights the retrofit effects by examining the changes in modal parameters. More specifically, a clear increase in natural frequency is observed after the intervention, as well as the disappearance of some mode shapes’ anomalies.
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Figure 1. Views from the downstream of the bridge over the Gesso River (Cuneo, Italy) before (a) and after (b) the repair interventions, and (c) bridge location
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Figure 2. Geometry of the bridge over the Gesso River (Cuneo, Italy): (a) plan and (b) downstream elevation (dimensions in m)

The Bridge Over the Gesso River (Cuneo, Italy)

The historic bridge over the Gesso River in Cuneo (Figs. 1 and 2) is one of the two structures that cross the river near the entrance to the historic center of the city. The structure belongs to the Provincial Route SP422 and connects the districts of Borgo San Giuseppe and Cuneo Altopiano. It is managed by the Province of Cuneo, and it is still heavily used by both the traffic in the province and the traffic entering/exiting the densely populated area of the Municipality of Cuneo.

The investigated bridge was built between 1853 and 1856 and is protected by Piedmont’s Superintendence of Cultural Heritage. Due to the increased vehicular traffic, a new RC arch bridge was built in 1996 alongside the original structure on the upstream side. The two bridges are independent and share only the base of the piers.

As shown in the geometrical representations in Fig. 2, the bridge under study is approximately 115 m long (including abutments), with a single carriageway 7.30 m wide and two lanes. It consists of three arches with spans of 24 m and two piers placed in the riverbed. The pier height from the foundation level is approximately 10.60 m, and their width along the longitudinal direction is 4.80 m. The piers of the two bridges are connected to each other for the first 6.40 m above the foundation level, while the remaining upper structures are completely independent (this detail is visible in the pictures in Fig. 1).

As known from past inspections, the masonry bridge suffered various decay phenomena, including scouring and common damage due to the aging of the material. Starting in 2018, the Province of Cuneo planned various interventions aimed at solving the observed structural issues. First, measures to prevent riverbed erosion were adopted, whereas the strengthening of the superstructure was subsequently planned. In October 2019, a first series of dynamic tests was performed by the authors to evaluate the modal properties of the structure, highlighting possible critical issues and providing indications for the intervention design.

In preparation for the dynamic tests, visual inspections were performed (Fig. 3). The arch barrels were generally characterized by superficial damage affecting durability, such as black crust, the presence of vegetation, different surface weathering, and diffuse efflorescence. In addition, a severe deterioration of the masonry was localized at the skewback of arch A3 on the side of pier P2 (Fig. 3b).
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Figure 3. Damages observed at the top of pier P2: (a) general view from downstream and (b) detail of the decayed masonry of the arch A3 skewback (on the right)

The strengthening of the bridge (Fig. 4) included the installation of four steel strips at the intrados of each arch barrel, together with the reconstruction of missing masonry portions. Specifically, the local dismantling and reconstruction (often called “scuci-cuci”) was applied to fill gaps and restore continuity among damaged masonry portions. In addition, transverse bars were added to connect the external arches with the rest of the arch barrels, ensuring the monolithic behavior of the vaults. Finally, material restoration was carried out using traditional methods, involving cleaning by hydro-washing to remove traces of limestone on the bricks, biocidal treatment to eliminate vegetation, moss, and lichen from masonry surfaces, and protective treatment of decorative stone elements in the form of carved lion heads.
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Figure 4. Strengthening works: (a) view from downstream of arches A2–A3 and pier P2 and (b) the four steel strips and the transverse connections of the external arch

Ambient Vibration Tests and Modal Identification

Ambient vibration tests (AVTs) were performed on October 28th, 2019, and March 4th, 2024, with the main objectives of identifying the dynamic characteristics of the bridge (i.e., natural frequencies, mode shapes, and damping ratios) and assessing their variation after the repair intervention. Notwithstanding the relatively low level of vibration induced by vehicular passages, river flow, wind, and micro-tremors, as well as the high vertical and transverse stiffness of the masonry bridge, AVTs proved to be fully suitable for modal identification.

Experimental procedures

The experimental procedures adopted for the two tests included the measurement of the horizontal and vertical responses of the bridge under operational conditions: due to the presence of sidewalks on both sides, neither traffic interruption nor traffic restrictions were required. Overall, the bridge was instrumented with 17 highly sensitive piezoelectric accelerometers, according to the two measuring setups shown in Fig. 5. The first setup was mainly aimed at characterizing the horizontal response of the structure, with 11 transversal and 6 vertical accelerometers. The second setup was devoted to describing the vertical vibration modes with a higher accuracy, involving 12 vertical and 3 transversal accelerometers. During both setups, 6 vertical (A3, A8, A13, and A15–A17 in Fig. 5) and 3 transversal (A2, A7, and A12 in Fig. 5) accelerometers were used as reference transducers.
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Figure 5. Sensor’s layout adopted during the dynamic tests: different configurations to characterize both the transversal (a) and vertical (b) responses

The AVTs were conducted using a multichannel acquisition system based on NI9234 devices (24-bit resolution, 102 dB dynamic range, and anti-aliasing filters). The sensors adopted were uniaxial piezoelectric accelerometers (WR model 731A) with 10 V/g sensitivity and ±0.50 g peak acceleration, even though sensors with lower sensitivity could also be suitable. In addition, each sensor was connected to a power unit amplifier (WR model P31) aimed at enhancing the performance of the measuring chain. This unit provided constant current to power the accelerometer’s internal amplifier, signal amplification, and selective filtering.

The sampling frequency adopted was equal to 200 Hz, which is more than sufficient for the considered structure, whose dominant frequencies are below 20 Hz. During both tests, the dynamic response of the bridge was recorded for about 90 minutes for each measuring setup.

Data processing and operational modal analysis techniques

The modal identification was performed using the accelerations mainly induced by the regular vehicular traffic on time windows of 5400 s. Fig. 6 presents a sample of acceleration time series collected in October 2019, highlighting that the level of vertical vibration is about two times higher (both in terms of RMS and peak accelerations) than that observed in the lateral direction.
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Figure 6. Typical acceleration time series recorded at the center of arch A3 (sensors A12 and A13) in October 2019: (a) lateral and (b) vertical responses

From a preliminary modal analysis, it emerged that the vibration modes of the investigated bridge are associated with the dominant vertical or lateral components of motion. Consequently, the modal analysis was performed twice, separating vertical and transverse accelerations. Furthermore, low-pass filtering and decimation were applied to down-sample the data to 50 Hz.

In detail, the output-only modal identification was carried out by the frequency domain decomposition (FDD) technique39 in the frequency domain and the covariance-driven stochastic subspace identification (SSI-Cov) method40 in the time domain. Both methods have been implemented in MATLAB-based tools developed in previous research.41

The FDD technique consists of three main steps: (i) estimation of the spectral matrix G; (ii) singular value decomposition (SVD) of G at each frequency; (iii) peak-picking of the local maxima in the first singular value curve. The spectral matrix G (containing the auto- and cross-spectra of the responses) is estimated by applying Welch’s method42 to the measured signals. Then, the SVD of G is computed at each frequency:

G(f)=U(f)σ(f)UH(f)(1)


where U is a complex matrix containing the singular vectors as columns, the superscript H denotes a complex conjugate transpose matrix, and σ is the diagonal matrix collecting singular values in descending order. At each frequency, the first and largest singular value (σ1) represents the intensity of the vibration mode at that frequency. Therefore, the vibration modes can be identified as the local maxima of the first singular value curve: at each selected frequency peak is associated with a mode shape.

The SSI technique is based on the discrete state-space representation of the equations of motion of a linear, time-invariant system subjected to unknown excitation:

xk+1=Axk+wk(2)

yk=Cxk+vk(3)


where xk ∈ RN denotes the discrete-time state vector, which includes the displacements and velocities describing the condition of the system at the time instant tk = kΔt; yk ∈ RL is the output vector, containing the L measured responses; wk ∈ RN and vk ∈ RL represent the process and measurement noise, respectively. Matrix A is the discrete state matrix, whose values depend on the structural mass, stiffness, and damping properties, while C is the discrete output matrix, responsible for mapping the state vector into the measured response. Eq. (2) is commonly referred to as the state equation, whereas Eq. (3) is known as the observation, or output, equation.

In the SSI-Cov method, covariance matrices of the responses are computed at increasing time lags to identify the matrices A and C from the recorded signals. These covariance matrices are arranged into a Toeplitz matrix, and then SVD is performed. However, in practical applications, the model order is not known a priori. To address this issue, a common practice is to obtain possible modal parameters by increasing the model order and representing all results in a diagram, called a stabilization diagram. A physical mode is identified when consistent dynamic characteristics (in terms of frequency, damping ratio, and mode shape) are obtained from models of increasing order. Conversely, “modes” or poles characterized by a strong dispersion of modal parameters are called spurious and represent “nonphysical” modes. Cleaning the stabilization diagram, therefore, consists of eliminating spurious poles and identifying stable pole alignments associated with “physical” modes. In detail, the present application adopted the following sequence of cleaning steps: (1) modal damping threshold; (2) mode shape complexity threshold using the modal phase collinearity (MPC) coefficient;43 and (3) hierarchical clustering. Once the stabilization diagram is cleaned, each cluster is associated with average values of frequency, damping, and mode shape, together with the corresponding standard deviations.

The selection of SSI parameters was guided by the careful interpretation of the stabilization diagrams and prior experience with masonry structures. The chosen time lag (60–70) provided sufficient information to capture the dominant modes while maintaining numerical stability; the model order range (20–120) captured all relevant structural modes while limiting spurious ones; and the damping/MPC thresholds (8–14% and 0.75–0.85) reflected values typically observed in civil structures.44–46 These criteria, although tuned manually, follow established practice and make the procedure reproducible for future studies.

To compare the mode shapes identified from different methods and tests, the well-known modal assurance criterion (MAC)47 was computed. The MAC correlation coefficient ranges from 0 to 1: a value greater than 0.85 indicates a good correlation, whereas a value lower than 0.50 is considered a poor match.

Dynamic Characteristics of the Bridge Over the Gesso River

Dynamic characteristics before strengthening (October 2019)

As previously pointed out, the first AVT was carried out in late October 2019, during daytime, with air temperature ranging between 16.5°C and 17.6°C. The application of FDD and SSI techniques led to the identification of 5 lateral and 3 vertical vibration modes in the frequency range of 0–18 Hz.

As shown in Fig. 7, the vibration modes are identified from the local maxima of the first SV line using the FDD method (Fig. 7a refers to lateral responses, whereas Fig. 7b relates to the vertical ones) and through the alignment of stable poles in the stabilization diagram obtained by applying the SSI method (Fig. 7c refers to lateral responses and Fig. 7d to vertical ones). As expected, the spectral analysis of vertical accelerations exhibits more evident peaks due to the higher excitation level. Nevertheless, both methods provided consistent indications of the same vibration modes in both lateral and vertical responses.
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Figure 7. Identification of vibration modes from the AVT of October 2019: (a, b) first singular value (SV) curve and peak picking (FDD) of horizontal and vertical accelerations, respectively; (c, d) stabilization diagram (SSI-Cov) of horizontal and vertical accelerations, respectively

Fig. 8 shows the mode shapes identified using the FDD method. The fundamental vibration mode is in the transverse direction, and with a frequency of 5.3 Hz. The lateral modes exhibit an increasing number of half-sine waves and inflection points, with the only exception being mode L3*, which has the same mode shape as mode L3. The mode shapes V1 and V2 are associated with vertical bending, while V3 corresponds to a torsional mode.
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Figure 8. Vibration modes identified before the repair intervention in October 2019 (L = dominant lateral, V = dominant vertical)

Table 1 summarizes the results obtained by applying the FDD and the SSI identification methods through: (a) the natural frequencies identified by the FDD technique; (b) the natural frequencies and modal damping ratios identified by the SSI method. In addition, Table 1 compares the estimates of corresponding mode shapes obtained by the two techniques through the MAC. The limited differences in mode shapes are demonstrated by a MAC larger than 0.90 for all modes except for L3*, for which the MAC is equal to 0.84. In this last case, the FDD technique seems to provide a more accurate estimation of the mode shape.
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The modal characteristics identified in the first test suggest the following comments:

•   The damping estimates are generally relatively high, with modes L1, L2, and L4 having values higher than 7%.

•   Modes L1 and L2 exhibit a local distortion of the mode shapes, localized at the third quarter of arch A1 (Borgo side) and–more evidently–at the first quarter of arch A3 (Cuneo side). As highlighted by visual inspection, the arch barrels are affected in those regions by a severe state of degradation, providing a possible explanation for the identified irregularities.

•   Mode L3* exhibits the same mode shape as mode L3 with a slight difference in natural frequency. This phenomenon should be classified as a “frequency splitting”48 and, in this case, it is likely related to existing damage at the arch barrels, although this remains an assumption supported by indirect evidence. Particularly, the visual inspections highlighted the presence of discontinuities at the skewback between arch A3 and pier P2, where mode L3 exhibits the maximum modal displacement.

Dynamic characteristics after strengthening (March 2024)

The second AVT was performed at the beginning of March 2024, during daytime, with air temperature ranging between 12.8°C and 16.9°C. Applying the FDD and SSI techniques led to the identification of 7 vibration modes in the frequency range of 0–18 Hz: 4 lateral and 3 vertical modes.

The output-only identification was first performed with the FDD technique: Figs. 9a, 9b shows the first SV line obtained from the analysis of the lateral and vertical accelerations, respectively. As shown by the alignments of stable poles in Figs. 9c, 9d, the SSI-Cov algorithm was also applied to lateral and vertical responses, respectively. It should be noted that the presence of normal modes is clearly highlighted by both the local maxima of the SV lines (FDD) and the corresponding alignments of stable poles (SSI-Cov).
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Figure 9. Identification of vibration modes from the AVT of March 2024: (a, b) first singular value curve and peak picking (FDD) of horizontal and vertical accelerations, respectively; (c, d) stabilization diagram (SSI-Cov) of horizontal and vertical accelerations, respectively

Fig. 10 illustrates the mode shapes identified by applying the FDD method. The fundamental vibration mode is characterized by a predominant transverse modal displacement with a natural frequency of 5.8 Hz. The subsequent lateral modes exhibit an increasing number of half-sine waves and inflection points, as expected. Furthermore, vibration modes V1 and V2 are associated with vertical bending, while mode V3 represents a vertical torsion mode.

[image: images]

Figure 10. Vibration modes identified after the repair intervention in March 2024 (L = dominant lateral, V = dominant vertical)

Table 2 summarizes the natural frequencies identified by applying the FDD and SSI-Cov procedures, the damping ratios (from SSI-Cov), and the MAC between the corresponding mode shapes. The differences in mode shapes are generally negligible, with MAC values greater than 0.98 for the first four modes and values ranging from 0.92 to 0.96 for the higher modes.
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The modal characteristics identified in the second test suggest the following comments:

•   The estimates of modal damping are particularly high for modes L1 and L2, with values greater than 9%, while for the other modes, the damping ranges from a minimum of 3% for mode V3 to a maximum of 5.6% for mode L4.

•   The mode shapes are generally regular but not perfectly symmetrical with respect to the center of the structure. This is particularly visible in the mode shapes L2 and L4, in which the modal displacements at piers P1 and P2 are nonsymmetric.

Comparison between the Modal Properties before and after the Intervention

Performing dynamic investigations before and after the strengthening intervention allowed the evaluation of the intervention’s effects in solving the detected structural issues. The AVT carried out after the consolidation works was indeed a substantial repetition of the 2019 investigation, employing the same measurement devices and the same measurement positions.

During the 2024 test, seven vibration modes were identified, while in the 2019 test, an additional vibration mode was present. As previously noted, the additional vibration mode L3* is probably related to the “frequency splitting” phenomenon generated by the presence of discontinuities at the skewback between arch A3 and pier P2. The absence of mode L3* in the 2024 results suggests the effectiveness of the intervention in repairing the existing damages and discontinuities.

Table 3 and Fig. 11 illustrate the comparison between the current dynamic characteristics (2024) and those identified in 2019 using the FDD method. In particular, Table 3 shows a substantial increase in natural frequencies, with an average percentage value across the seven modes of +5.4%, and a more pronounced increase in the first three modes (L1, L2, and V1), with an average percentage value of +9.2%.
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Figure 11. Comparison between the vibration modes identified in 2019 and 2024

The average temperatures recorded during the two surveys were 17.1°C and 15.0°C on October 28, 2019 and April 4, 2024, respectively. As known from previous monitoring experiences on masonry structures,12,14 natural frequencies tend to increase with temperature increase. Consequently, the slight decrease in temperature between the 2019 and 2024 tests should have caused a slight reduction in natural frequencies rather than contributing to the identified increase. In other words, the observed frequency increase might be even higher once the temperature effects are compensated.

Regarding the other environmental and operational effects, both tests were conducted under moderate vehicular traffic conditions, with an average flow of light vehicles and occasional heavy trucks. The river level was close to the seasonal average, and weather conditions were stable. These conditions were comparable between the two surveys and, as expected, no effects on the identified dynamic behavior were observed.

Fig. 11 presents a comparison of the mode shapes with the associated MAC factor. The consistently high MAC correlation factors confirm that the nature of the modes identified in the two tests is the same, with values exceeding 0.8. However, the comparison reveals localized differences in the modal deformations before and after the intervention. In the 2019 test, irregularities were found in the modal deformations at measurement points A4 (third quarter of the lateral arch on the Borgo S. Giuseppe side) and, more prominently, A11 (first quarter of the lateral arch on the Cuneo Altopiano side). In the 2024 investigations, the previously observed distortions appear to have been effectively resolved, suggesting a clear improvement in the bridge’s condition.

Conclusions

The paper focuses on the operational modal analysis of a historical masonry arch bridge (1856) to evaluate the effectiveness of a strengthening intervention. Two dynamic tests under operational conditions were carried out before and after the repair work (in October 2019 and April 2024, respectively). The dynamic characteristics of the structure were evaluated using the FDD and SSI-Cov output-only identification techniques.

The visual inspections carried out in 2019 revealed the general state of degradation of the brick masonry and the presence of a severe discontinuity at the skewback between arch A3 and pier P2. The OMA highlighted irregularities in the mode shapes, which were more evident around the structural discontinuity. In addition, the presence of two vibration modes characterized by a slight difference in natural frequencies but the same mode shape (i.e., L3 and L3*) suggests the presence of a “frequency splitting” phenomenon caused—again—by the discontinuity at pier P2–arch A3.

Following the strengthening intervention, the 2024 test indicated a clear change in the bridge’s dynamic response. The disappearance of mode L3* and the remarkable increase in natural frequencies, particularly in the first three modes, demonstrated the success of the repairs in addressing the previously identified damages. In addition, the comparison of mode shapes before and after the intervention, supported by a consistently high MAC correlation factor, further confirmed the structural improvements, with the irregularities in modal displacements being effectively amended.

Overall, the results presented show that operational modal testing and analysis are effective tools for evaluating the dynamic behavior of masonry bridges. These methods provide valuable insights for assessing structural deficiencies and evaluating the effectiveness of strengthening interventions. Future developments of this research will focus on collecting additional information on the bridge geometry, material properties, and details of the strengthening works. These data will enable the development of a calibrated numerical model, which will be used to support a quantitative assessment of the damage and to complement the experimental results presented in this study.
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Table 1. Summary of the modal parameters identified in 2019 by FDD
and SSI

Mode ID FDD SSI MAC
S2010 (Hz) 2019 (Hz) ¢ (%)
L1 5.273 5.263 7.65 0.97
L2 6.299 6.435 7.47 0.96
Vi1 7.080 7.154 3.36 0.99
L3 8.496 8.541 2.98 0.94
L3* 9.229 9.204 4.97 0.84
V2 10.205 10.321 2.54 0.98
L4 12.354 12.371 7.84 0.96

V3 15.723 15.563 3.11 0.92
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Table 3. Comparison between the natural frequencies identified in 2024 and 2019

Mode ID SFpp2019 (HZ) S¥Fpp2024 (HZ) A f (%)
L1 5.273 5.762 +9.27
L2 6.299 6.885 +9.30
V1 7.080 7.910 +11.7
L3 8.496 8.643 +1.73
V2 10.205 10.498 +2.84
L4 12.354 12.744 +3.16

V3 15.723 16.162 +2.80
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Table 2. Summary of the modal parameters identified in 2024 by FDD
and SSI

Mode ID FDD SSI MAC
S 2024 (Hz) J2024 (Hz) ¢ (%)
L1 5.762 5.751 10.66 1.00
L2 6.885 6.898 9.62 0.99
Vi1 7.910 7.878 3.85 0.99
L3 8.643 8.632 4.71 0.98
V2 10.498 10.562 3.78 0.92
L4 12.744 12.814 5.64 0.92

V3 16.162 16.069 3.26 0.96
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