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Introduction

Alnfluence line

A Response at a given a point under moving unit load
A E.g. can be bending moment, strain, deflection, shear force, etc.

AThe influence line(s) of a structure reflects its behaviour
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Introduction
Alnfluence line
A Response at a given a point under moving unit load
A E.g. can be bending moment, strain, deflection, shear force, etc.
AThe influence line(s) of a structure reflects its behaviour
A Change in the influence line suggests change in its
A Support conditions;
A Connections;

A Material or
A Geometrical properties. A
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ABridge Weighin-Maotion (WIM)
A Known influence line (IL) of the structure + measurement under a
truck passing
A calculating the weight of thetruck (forward problem)

A A calibration truck andan IL estimate (based on FE model e.g.) is
needed
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ABridge Weighin-Maotion (WIM)
A Known influence line (IL) of the structure + measurement under a
truck passing
A calculating the weight of the truck (forward problem)
A A calibration truck and an IL estimate (based on FE model e.g.) is
needed

Aln this work:

AWithout an estimated ILand a calibration truck:
A How to obtain information on truck weights in statistical terms?
A Can we use this for damage detection?
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AForward problem (- | OAOS6 O Al CiI OEOEI Q
Alnverse problem (1 OE | | digQrithind O

AProposed approach

ACase study

AResults
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ABasis of Bridge WIM

ATo calculate the axle weights and so the gross vehicle weight
(GVW) of a truck based on the IL and the measured signal

) [OD {-}
[Ob [OD

where {Q} is the vector of the axle weights
[IL] is a matrix based on the influence
line and the axlespacings
{r .} is the vector of the measured
signal
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Inverse problem (1 OE| Ialgc@thnh)

ATo calculate the influence line ordinates of a structure based
on the measurement response and the axle weights and
spacingsof a truck

{Op [o] {0}

where {L} is a vector containing the ILordinates

[A] is a symmetric matrix containing the information of the axle
weights

{M} is a vector based on the axle weights and the measured
signal
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Proposed approach

AT EOAOAOEOA ADDBPOI AABEAI ERRI
algorithm

ATo obtain both the relative IL and axle weights of the passing
trucks

Forward
Problem

Inverse
Problem
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Proposed approach
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AT EOAOAOEOA APDPOI AABEAI

algorithm

ATo obtain both the relative IL and axle weights of the passing
trucks

AWhat information/data is needed? ';?Qggr?,
A Response signal
A (Speed of the truck)
ANumber of axles and the axlspacingsof
the truck Inverse
ALength of IL Problem

A An approximate initial IL shape



Proposed approach

ASteps of the analysis

1.

50EI C Al ADPDPOI GEIi AOA ), OEADA
the relative axle weights

Using these axle weights and O E | | éigQithim & Calculate the
IL

Repeating step 1 and step 2 until convergence is reached
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Proposed approach

ASteps of the analysis

1. 50E1¢C Al APDPOI GEIi AOA ), OEADPA A
the relative axle weights

2. Using these axle weights and O E | | digQrithin & ©Galculate the
IL

~ Ve

3. Repeating step 1 and step 2 until convergence is reached

AHow to use it for damage detection

A Assuming that the statistical weight of trucks do not change (in a
given time period) or assuming that it changes within some limits

A lf we find a greater change we can assume that it is caused by some
changes in the structure (i.e. in the IL) and not in the weight of the
trucks



Case study

ACulvert bridge in Slovenia
AStrain measured inmidspan at the bottom of the slab

ATemperature data (recorded simultaneously) is collected as
well

ATemperature change
Introduces change in the
moduli of elasticity of
concrete, and so it effectghe
A O E Asiuktoré) response,
l.e. the IL




Relative IL ordinates [-]

Results

AConvergence of the IL (from green to blue)
AStarting from a triangle IL (dashed line)
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Results
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