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Study for Determination of Management Thresholds of Bridge Structural Health
Monitoring System based on Probabilistic Method

Haeng-Bae Kim', Jae-Ho Song2>X<

Abstract: Recently, structural health monitoring system(SHMS) has been appled cable bridges as the effective maintenance tool and the management
threshold is considered to assess the status of the bridge in SHMS. The threshold is generally determined by the allowable limit based on design
specification because there is no method and standard for threshold calculation. In case of the conventional thresholds, it is difficult to recognize the
event, abnormal behavior and gradual damage within the threshold. Therefore, this study reviewed the problem of previous methods and proposed
the advanced methodologies based on probabilistic approach for threshold calculation which can be applied to practice work. Gumbel distribution is
adopted in order to calculate the threshold for caution and warning states considering the expectations for return periods of 50 and 100 years. The
thresholds were individually determined for measurement data and data variation to detect the various abnormal behaviors within allowable range.
Finally, it has confirmed that the thresholds by the proposed method is detectable the abnormal behavior of real-time measuring data from SHMS.
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Table 1 Conventional methodology of threshold determination

Data Member Warning Caution

Acceleration Pylon, girder ~ Empirical value = 80% of warning

Strain Pylon, girder ~ Allowable stress  80% of warning

Deflection Girder Allowa'ble 80% of warning
deflection
Thermal Girder Design distance of 80% of warning

displacement expansion joint

Temperature Pylon, girder - -

Cable force Cable, hanger  Allowable force  80% of warning

Slope Pylon, girder ~ Analysis result ~ 80% of warning

Displacement Pylon, girder ~ Analysis result ~ 80% of warning

Deck, pylon Max instantaneous 20m/s

Wind speed wind speed(30 m/s)

Earthquake  Foundation MMI scale 5 MMI scale 4




Initial threshold based on allowable response from design

z

Probabilistic threshold using measurement data
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Measurement data

Probabilistic threshold for data variation

Time

Fig. 1 Conceptual diagram of probabilistic thresholds calculation
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Table 2 Modified methodology of threshold determination

Data Warning Caution

Double value of the

Acceleration . .
maximum of previous data

80% of warning

Stress range for temp.

Strain Allowable stress and live load

Analysis result for the
Deflection combined load of temp. and
design live load

Deflection for
buffeting vibration

Thermal displacement

Thermal Thermal displacement for
. . for temp. range of

displacement  temp. range of warning .
caution

Temperature Temp. range of previous ~ Temp. range of design

data spec.
Changes of cable force

Cable force Allowable cable force for temp. and design

live load
Max. slope for the combined
Slope load of live, temp. and wind 80% of warning

loads

Max. displacement for load
Displacement combination of live, temp.
and wind loads

80% of warning

Average wind speed for Average wind speed

Wind speed . for 10min. at deck
10min. at deck level(30 m/s) level(20 m/s)
Earthquake MMI scale 5 MMI scale 4
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Fig. 2 Long-term measurement data from bridge structural health monitoring system

Table 3 Probabilistic thresholds and expectations according to return periods by Gumbel distribution

Expectations Initial threshold Probabilistic threshold
Sensors Max. — Min. 50 years 100 years Caution Warning Caution Warning
average average
Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
Accelerometer +146.4  -146.4 +249.7 -249.7 +266.6 -266.6 +450.0 -450.0 +500.0 -500.0 +396.1 -396.1 +412.0 -412.0
Strain gauge +52.8 -435 4385 -249  +418 -269  +81.8 4144 +1023 -5180 4912 -684  +94.6 -70.4
Deflection meter +32.2 -65.2 42489 -301.5 +272.8 -3204 +860.0 -860.0 +1,075.0 -1,075.0 +281.1 -366.6 +305.0 -385.6
Thermometer +26.1 +6.1 +16.7 -17.7  +179 -19.1 - - - - 428 -11.6  +43.9 -12.9
Cable force meter +4,152.4 +3,814.3 +2,270.5 -920.9 +2,338.1 -964.2 +6,073.1 - +6,748.1 - +6,422.9 +2,893.4 +6,490.5 -2,850.2
Tilt meter +0.024  -0.002 +0.079 -0.083 +0.088 -0.086  +0.17 -0.17  +0.19 -0.19 +0.103  -0.085 +0.107 -0.088
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Fig. 3 Variations of long-term measurement data from bridge structural health monitoring system
Table 4 Probabilistic thresholds and expectation for data variations according to return periods by Gumbel distribution
Expectations Threshold for data variation Probabilistic threshold
Max. Min. . . . .
Sensors ! 50 years 100 years Caution Warning Caution Warning
average average
Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
Accelerometer +44.6 -446  +92.3 923 +99.6 -99.6 +1369 -1369 +1443 -1443 +396.1 -396.1 +412.0 -412.0
Strain gauge +25.9 -34.0  +31.5 -18.7 4345 -20.5 4574 -52.7  +60.4 =545 4912 -68.4  +94.6 -70.4
Deflection meter +44.2 -36.5  +67.8 -67.2  +74.0 -73.3  +112.0 -103.7 +118.2 -109.8 +281.1 -366.6 +305.0 -385.6
Thermometer +4.97 +7.8 +6.5 -8.0 +7.1 -8.8  +11.5  +12.1 -15.8 -16.6  +42.8 -11.6 +439 -12.9
Cable force meter  +175.0 -99.9 +281.6 -184.0 +308.3 -200.7 +456.6 -283.9 +4833 -300.6 +6,422.9 +2,893.4 +6,490.5 -2,850.2
Tilt meter +0.007  -0.008 +0.0189 -0.0167 +0.0207 -0.0182 +0.0259 -0.0247 +0.0277 -0.0262 +0.103 -0.085 +0.107 -0.088
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Fig. 4 Application of the proposed thresholds for field measured
data
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