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Milestones

|. Increase the sensitivity of damage identification methods (reduce false
negatives);

ll. Increase the robustness of damage identification methods (reduce false
positives);

lll. Contribute to the standardization of the SHM systems;

I\VV. Provide stakeholders with automated procedures for safety assessment and
decision-making based on predictive analysis of the structural condition;

V. Contribute to the achievement of real-time damage identification in practical
applications of critical infrastructures.
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Main objectives

1. Apply the newest Machine Learning paradigms to SHM data acquired
continuously onsite, namely EM and DL;

2. Assess the methods with the best performance considering site i
conditions, structural complexity and singularity, actions, hazards and
sensorial limitations; J

3. Analyse raw SHM data acquired on site: 1

» instead of features, which must be defined beforehand and are
usually case- and objective-dependent;
= without the need to separate effects from different L

actions/hazards;

4. Use only structural response data, thus avoiding the need to

characterize complex actions acting in large structural systems
(temperature, wind, traffic);

5. Define the best SHM strategy based on the new SHM-ML paradigms;
6. Benchmark against the most common strategies used nowadays;

Milestones

¥

L, 1, IV, V

I, 1V
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Thesis workflow / outline

Literature review

@
@

Numerical damage scenario

Experimental dataset preparation database (project SAFESUSPENSE)

Machine Learning application on SHM

"
"

Damage identification based on Machine Damage identification based on Deep
Learning Models Learning

@
@

Method benchmark, strategy proposal and validation

¥

Conclusions and future work
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Structural behaviour characterization and novelty
identification based on machine learning models.

Through the comparison between the observed values and predicted
outcomes from the Machine Learning models is possible to identify new
trends or variations of patterns for future observations:

« for the characterization and prediction of the structural behaviour
based on the main loads

A methodology and a respective sensitivity analysis is proposed in order
to:

 to define an accurate baseline of the structural behaviour based on
monitored data.
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Legend:
L : .
¢l - rotation (electric gravity clinometers)
a - acceleration (uniaxial servo accelerometers)
e —stress 1D (bridge of electric resistance strain with one reading on each direction)
T -temperature (thermometers NPC)
w — wind velocity and direction (ultra sounds anemometer)
p - train weight-in-motion (rubber pads with F.Q. sensors)

Section 0, located at the mid-span in the rigid beam was the section selected
for this study, being:

The stresses, considered as structural responses and,
* The temperatures of the environmental loads
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Baseline for the characterization of the structural behaviour
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Prediction model

It is proposed to develop three different prediction
models that relate:

(i) the structural responses (R), one by time in

order to evaluate each response in function of
the main loads (L),

(ii) several structural responses in function of the
main loads and

(iii) structural responses in function of other
structural responses in the section.

Designation | Model: Output = f(Input)
Model 1 Ry = f(Ly,....L,)
Model 2 (Ry,... Ry =f(Ly,....Ly)
Model 3 Ry = f(Ry,... .R),)

Multilayer Perceptron
Neural Network was
chosen because of its
proven efficiency in the
pattern recognition and
novelty identification.
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a) Learning set Prediction set
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Final Remarks

* Regarding the quality of representation, both models showed good results, pointing
to the good performance of the neural network. The residual analysis results also
showed a low dispersion in the mean weekly evolution of the residuals with no
signs of unusual values. The performance of Model 3 was also adequate, given the
good correlation among its quantities.

 MLP neural network models showed great ability of generalisation considering the
dataset size and complexity.

* Resulting outcomes allow to stablish an accurate baseline for the characterization
of the structural behaviour that can be used as referential for future works.
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Characterization of relative movements between blocks observed
in a concrete dam and thresholds definition for novelty
identification based on machine learning models

Mata, J.; Miranda, F.; Antunes, A.; Romao, X.; Pedro Santos, J. Characterization of Relative Movements between Blocks
Observed in a Concrete Dam and Definition of Thresholds for Novelty Identification Based on Machine Learning
Models. Water 2023, 15, 297. https://doi.org/10.3390/w15020297

The proposed threshold definition related to novelty identification, which
considers the evolution of the records over time and the simultaneity of the
structural responses was applied to interpret the relative movements

between blocks measured hourly in a concrete dam under exploitation.
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Data set

The Feiticeiro dam comprises a
concrete gravity dam with an
overflow-controlled spillway and a
downstream stilling basin.
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Thermometers (in red) and 3D

jointmeters (in blue) included in the
automated monitoring system.
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Methodology

[ Pre-processing data

|

H‘I'I' model formulation ]

(h T,t) +r
MLP NN model update the
= Jmp+7 model is
needed

Perform analysis of residuals and threshold definition
ro= ¥ — Ump

/ \

n x sd.or m.sd.r and m.sd.r

DBSCAN minp (7", ...t™)

[ Based on one record at time ] [ Based on a time window ] [Based on multiple lesponses]

The adoption of the HTT
(hydrostatic, thermal, time)
formulation for the development of
the prediction model was adopted.
The water height and the concrete
dam body temperature variations
were the selected main inputs in
the proposed model.

An MLP-NN model was found to
be suitable to analyze the relative
movements between blocks since
it is capable of mapping the
interaction between the inputs.
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Residuals of the movements measured through 3D jointmeters.
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Residuals, moving average of residuals (m.a.r.), and

moving std. deviation of residuals (m.sd.r.) over time.

The simultaneous analysis of
the m.a.r. and m.sd.r. allows
us to identify if the
predicted values are moving
away from the recorded
values (i.e., if the residuals
are increasing, meaning that
the non-explained part of
the model is increasing), and
if the residuals increase
along time, this could
suggest a damage evolution.
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Thresholds based on multipliers
of 3 and 4 for the standard
deviation of the residuals are also
proposed, although these values
can be updated depending on the
results.

The priority in this kind of analysis
is to identify periods in which the
residuals and their evolution are
higher; consequently, a deeper
analysis of the data can be
carried out.
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Final Remarks

* The definition of univariate thresholds based on the residuals, one for each quantity
through the use of multiplicative factors associated with the standard deviation of
the residual, allows an easy novelty identification that, in some cases, could be
related to measurement errors.

 The second type of threshold proposed in this study can be defined by the adoption
of a moving window with the moving average and the standard deviation of the
residuals. This kind of approach allows the specialist to have immediate
information concerning the evolution over time.
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Improving traditional approach for structural behaviour analysis of
bridges through LSTM models. Application to the 25 de Abril Bridge

 This work aims to improve the current approach in SHM analysis by
building a complementary step with a Deep Learning (DL) approach,
capable of dealing with the limitations of the traditional strategies, such

as non-linearity and the time-dependency of the structural relationship.

 Assuming that the improvement of the decision-making in the SHM
field depends on better prediction models, the Long-Short Term
Memory (LSTM) model is proposed to overcome the actual limitations

of MLR and improve its performance.

Fabiana N. MIRANDA / Increasing robustness of critical infrastructures assessment using Al and structural monitoring 5



Almada Lisbon
{ (South) P3 Pa (North) }

P1 P2 | , P5 P6 P7

Downstream

8 NPC Thermometers 6 magnetostrictive displacement sensors

M (d)

The data in the present study is from a five-year monitoring period, from 07/03/2017 to
31/12/2020, with hourly 165 measurements and 21304 measurements per physical
quantity.
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MLR models are currently applied to
interpret SHM data due to their simple
application and low computational cost,
allowing its application in low-quality
data. However, limitations regarding the

outcome are present.
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Test set

Training set ' Validation set

67.25 %

67.00

66.75

66.50

Displacement
6 (mm)

66.25

66.00

Omeasured  —— Omir —— Omwr + Orstmimir

65.75

2017-07-01 2017-07-15 2017-08-01 2017-08-15 2017-09-01 2017-09-15

Year

67.75 Training set
» Omeasured — Omr — Omr t+ 6LSTM|MLR .

Validation set Test set

67.50

67.25 i
]

67.00

e ————————— |

p(

( L]
66.75 | ‘ il
2Lt

i

Displacement
6 (mm)

vy, — =

ih 411 !
1

(e
66.50 i ﬂ .‘,,,.“i\.

) ' ‘l‘
66.25 | | q ," lf U “
66.00 ‘ j 4 ‘“' : ;\ il A \ ‘

65.75

- ind

i

2020-05-15 2020-06-01 2020-06-15 2020-07-01 020-08-01

Year

Fabiana N. MIRANDA / Increasing robustness of critical infrastructures assessment using Al and structural monitoring

24



Final Remarks

* As in many cases, the dataset presents missing values in the sequence. The
improved results promise to motivate detailed exploitation with more extended
period observations and different variable relationships in time on the structure to
create better predictive models for effective monitoring systems, enhancing the
capability to ensure structural safety and increase sensitivity to early damage in
civil operational structures.
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Ongoing work

« Based on observed measurements from the structure in an undamaged state
and a dataset with measurements of the structure with imposed damage
product of numerical simulations, a classification strategy is being developed to
strengthen the novelty identification at an early stage for safety assessment and
decision-making based on predictive analysis of the structural condition.
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Thank you
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