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ABSTRACT

This paper presents an experimental study to investigate the effects of distinct
loading combinations on modal parameters of pre-stressed concrete beams. Different
external loads of static loads and forced vibration were applied on a two-span
continuous pre-stressed concrete beam, of which the span length was 7.5 m for both
spans. As a result, the variation in model parameters with regard to these external
loads was identified at a particular pre-stressed force level. The objective of this study
is to employ structural system identification method to estimate the overall deflection of
pre-stress concrete beams based on corresponding dynamic and static tests.

1. INTRODUCTION

A full-scale PCl beam-type bridge of 450 mm width and 900 mm height was
adopted. The straight tendon has eccentricity of 220 mm with respect to the cross-
section centroid and is composed by 15 cables “seven wire strand” of 15.2 mm
diameter, inserted in a unique metallic duct embedded along the concrete beam length.
The metallic duct was not injected. Ultimate yield strength of cables is 1860 MPa. In
order to create pinned-end restraints, two supports were placed at the beam ends,
giving rise to a clear span L equal to 14.5 m, as showed in Fig. 1. Cross-sectional
second moment of area for the PCI beam composite section, concrete and cable lexact =
26.96479 x 10° mm*. Slenderness ratio is equal to 49. All geometric dimensions were
verified by measuring-systems having 0.01 mm tolerance (laser rangefinder and caliper)
once the PCI beam was positioned on the supports. Elastic modulus of concrete was
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experimentally evaluated by compression tests after 28 days of curing, and during each
simulation day of the NDT method in the lab.

Some studies focused on one or more aspects of this project. The accuracy in
the identification of damage from the FBG strain data processed with the FPC peak-
shift algorithm is at least of the same magnitude with the accuracy obtained from the
conventional accelerometer data. Therefore, the FBG strain sensors can serve as a
valuable and accurate alternative choice for the vibration-based structural health
monitoring while they provide with extra useful information, i.e. for locating early stage
damage in structures by Dimitrios Anastasopoulos etc. An analytical study aimed at
examining the influence on girders’ natural frequencies and mode shapes of vibration
of many parameters among which the pre-stress force level and the shape of the
bottom pre-stressing strands has been conducted in 1996 by Grace and Ross. The
results of the parametric study indicated that the pre-stress force level and the shape of
the bottom pre-stressing strands have the most noticeable influence on the natural
frequencies, while modal shapes are only slightly influenced by such parameters. All
the girders modeled with parabolic bottom pre-stressing strands exhibited increases in
the natural frequency as the pre-stress force level was increased while with straight
bottom pre-stressing all the girders exhibited decreases in the natural frequencies as
the pre-stress force level was increased. Kato and Shimada performed static and
dynamic tests on a PC Bridge. They noticed a decrease in natural frequencies once
cracks start to form. They state that as long as the pre-stressed steel wires don'’t
exceed their plastic limit, cracks may close after the load has been removed and the
changes in frequencies will be remote. However, once the plastic limit is exceeded,
weaknesses can be discovered by vibration measurements. They also noticed that
there are practically no changes in damping values. Maaskant et al monitored the
stress loss in the pre-stress tendons of a bridge using Bragg grating FOS.

In the present research project static tests are performed to increase static load
in the beam in a controlled way. After every static load, a series of dynamic tests are
performed to determine modal frequencies, mode shapes and damping ratios. This
paper gives an overview of the dynamic test procedure and the results.

Full-scale PCI beam-type bridge b=450mm x h=900mm
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Fig. 1. Details of the full-scale post-tensioned PCI beam-type bridge.

2. EXPERIMENTAL MODEL

The PCI beam-type bridge was inserted in a test frame using a test rig (Fig. 1a).
At one beam end, a hydraulic oil jack, with 4000 kN force capacity, was used to assign
the pre-stress forces pulling outward the strand (Fig. 2a). At both ends, respectively,
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one 4000 kN load cell with accuracy of 2 mV/V was placed for measuring the applied
pre-stress forces (Fig. 2a). Totally, four different pre-stress forces Ny aver Were assigned
with values of around 1575 kN, 1737 kN, 1839 kN and 1939 kN. For every pre-stress
force Nyaver @ssigned, an additional vertical load F was applied by a transversal steel
beam at the mid-span of the PCI beam, under the measurement of four hydraulic olil
jacks (Fig. 2b). The latter test condition was repeated three times giving a total of 36
tests. The PCI beam-type bridge did not develop any crack during the above
experiments.

Fig. 2. Load cell and hydraulic oil jack at one beam end (a). Transversal steel beam at
the mid-span of the PCI beam (b).

(b)

Fig. 3. Reference LVDT sensor at the roller support (a). Reference LVDT sensor at the
hinge support (b).

Nine LVDTs sensors were positioned along the beam length in correspondence
of the cross-sections i = 0 to 8, according to the test layout depicted in Fig. 2. Ten
uniaxial accelerometers were set up along the beam, according to perform to determine
modal frequencies, mode shapes and damping ratios by system identification, to
measure the vertical accelerations as shown in Fig 6. Steel plates were utilized to
locate each sensor in correspondence of the beam axis (Fig. 1b). Two reference
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LVDTs, labeled R.P. in Fig. 2, were positioned at the beam ends i = 0 and i = 8 (Figs.
3a, 3b), making the reference lines for the two measurement-systems between the
boundary conditions. LVDTs were connected to a data logger located on a desk close

to the test rig. Conversely,

(b)

Fig. 1. Test rig for the NDT method (a). LVDT sensors along the PCI beam span (b).
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Fig. 2. Test layout with location of the instrumented sections with LVDT sensing
system. Units in m.
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Fig. 6. Test layout with location of the instrumented sections with accelerometers.
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3. TEST PROGRAM

At the beginning of each test, when the applied force was equal to 400 kN, 4

static tests were conducted with different load as 80 kN, 100 kN, 120 kN and 140 kN.
Three kinds of sensor were used to record the response of the beam to the input force:
accelerometers, LVDTs sensors. Impact load were used for the dynamic excitation of
the beam. The location and the direction that the excitation was applied coincides
approximately with the accelerometer in location v7 as shown in Fig 6.
The data for deflection and acceleration was collected and stored in the data
acquisition media and then transferred into the host computer system for data reduction
and presentation. The data was collected at a sampling rate of 200 Hz for an
approximate time of 180 seconds.

4. SYSTEM IDENTIFICATION

The system identification was conducted with System Realization Information
Matrix (SRIM), a NASA technical paper by J. N. Juang. The key to the SRIM algorithm
IS computation of the information matrix, which consists of autocorrelation and cross-
correlation matrices of the shifted input and output data. There are three steps to
generalize SRIM. First, a generalized information matrix is introduced consisting of
shifted input-data and output-data correlation matrices. Second, a realization algorithm
is derived with the information matrix as the basis for computing system matrices. Third,
several system realization algorithms are unified via the system information matrix. For
a pulse or free-decay response, the information matrix reduces to the shifted output-
data correlation matrix.

5. TEST RESULTS

In addition to information on the natural frequencies, modal shape and damping
ratios of Impact load test and 4 static tests were conducted with different load as 80 kN,
100 kN, 120 kN and 140 kN. Among test results under impact load excitation as shown
in Fig 7 and 8, the maximum acceleration are 35.76 gal of v3 accelerometer and 33.32
gal of v7 accelerometer. As observed from Fig. 7 and 8, the natural frequency of PCI
beam is 8.9 Hz significantly. The test results with 80 kN load under ambient vibration as
shown in Fig 9, the maximum acceleration is 0.19 gal and the natural frequency is 8.74
Hz. The test results with 100 kN load under ambient vibration as shown in Fig 10, the
maximum acceleration is 0.29 gal and the natural frequency is 8.69 Hz. The test results
with 120 kN load under ambient vibration as shown in Fig 11, the maximum
acceleration is 0.29 gal and the natural frequency is 8.64 Hz. The test results with 140
kN load under ambient vibration as shown in Fig 12, the maximum acceleration is 0.42
gal and the natural frequency is 8.58 Hz. As observed from Fig. 9 to 12 and Table 1, in
general, increasing load may reduce the natural frequency of PCl beam slightly. By
using SRIM system identification method, the modal shape with normalize to v7 is
shown as Fig. 13, which is corresponding to a damping ratio of 1.68% for PCI beam.
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Fig. 7. Time history and FFT of v3 accelerometer with impact load.
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Fig. 8. Time history and FFT of v7 accelerometer with impact load.
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Fig. 9. Time history and FFT of v7 accelerometer with 80 kN load.
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Fig. 10. Time history and FFT of v7 accelerometer with 100 kN load.
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Fig. 11. Time history and FFT of v7 accelerometer with 120 kN load.
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Fig. 12. Time history and FFT of v7 accelerometer with 140 kN load.
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Table. 1. Natural frequency of PCI beam with different load.

External Load (kN) Natural Frequency (Hz)
80 8.74
100 8.69
120 8.64
140 8.58
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Fig. 13. Modal shape of PCI beam.

Combined graphs with all the identified structural parameters of all tests are to
demonstrate the evolution during the experiment due to the different load. The
presented mode shapes were obtained from the SRIM identification. A least-squares fit
was applied for the determination of the prediction response and measurement data
that links the mass normalized mode shapes of the various tests as shown in Fig. 14.
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Fig. 14. Prediction response and measurement data of v7 accelerometer with impact
load.
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6. CONCLUSIONS

This paper focuses on the experimental modal analysis of a pre-stressed
concrete beam with different external load. Some conclusions are made as follows.

1. The natural frequency values of the first mode were progressively reduced
in additional loading, indicating enlargement of mass. These changes were
identified, coincide the variation was observed during the experiment.

2. The results of the impact load test were used to identify the structural
parameters. Then the ambient vibration measurement data were analyzed
based on the system identification results.

In the future research, the relationship of mode shape and stiffness will be
investigated. In addition, to further verify the practicability and efficacy of the proposed
structural health assessment, a practical and realistic structure will be numerically
studied.
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