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Why Structural Health Monitoring?

Safety Performance

Early Detection

Costs Savings and Planning

Prolonged Service Life

Performance Assessment

● Structural Health Monitoring is 
essential for wide range of 
structures such as bridges, 
pipelines, tunnels, oil rigs, ships, 
planes, trains and wind farms

● Deterioration, construction errors,  
quality controls, accidents and  
environmental loads lead to wear, 
malfunction or damage

● Shift from schedule-driven
maintenance to conditions-based 
maintenance



Structural assessment is made based on the assumption that you can always
come up with a Safe Side approach because of the Lack of Information and Safety

Why monitoring and testing?

•Partial safety 
factors

Safety

•Structural 
Engineering 

Save side
•Actual structural 
behavior

•Operational 
conditions

Lack of 
information

•Uncertainties of 
the system and 
loads

Structural 
Integrity

Monitoring Norway

https://www.youtube.com/watch?v=b6heGJknCvw&t=149s
https://news.sap.com/2021/10/npra-bridge-distress-warning-iot-sensors/
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Why monitoring and testing?

Detection

Localization

Type

Severity
Prognosis

Is the damage present in the system?

Where is the damage?

What kind of damage is present?

What is the extent of damage?

How much useful lifetime remains?



Structural assessment is made based on the assumption that you can always
come up with a Safe Side approach because of the Lack of Information and Safety
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Trafikverket spends 1.3-1.5 Billion SEK per year on bridge operation and
maintenance. Our stock go bridges is quite old as many are over 100 years old

• Deterioration of concrete

• Corrosion of reinforcement bars

• Corrosion of steel beams

• Fatigue

• Wear of bearings

• Wear of Expansion Joints

• Loss of prestressing forces

• Support settlements

How to improve engineering decision making?

What if I 
knew what 
is actually 

there?

What if I 
can 

improve 
my FE-
model?

What if I 
can make 
decisions 
easier?



SENSORS

1-ACCELERATIONANDINCLINATIONMEASUREMENT:
Dewesoft IOLITEdiw-3xMEMS-ACC-INC aTriaxi- alMEMS accelerometer and static
inclinometer with EtherCAT interface, 8 g measurement range.

2-DISPLACEMENTMEASUREMENT:Dewesoft IOLIT-
Ediw-3xMEMS-ACC aTriaxial MEM

3-STATICSTRAINMEASUREMENT: Embedment vibrating wire strain gauge designed to be  
embedded into concrete structures for moni- toring static strain of concrete.

4-ALL IN ONE WEATHERSTATION:Weather station providing a measurement of relative
humidity, temperature, wind speed & direction, bright- ness,and twilight.

5-DYNAMIC STRAIN GAUGE: Bolt-on dynamic strain gauge designed to be mounted on the  
structure.

6-IOLITEDIW-3XMEMS-ACC:Triaxial MEMS accelerometer with EtherCAT interface and 8 g  
measurement range.

7-ASPHALTTEMPERATUREMEASUREMENT

8-CORROSIONSENSOR

9-AIRTEMPERATUREANDHUMIDITYMEASUREMENT

INSTRUMENTATIONSENSORS
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10-IOLITED:

From single-channel to multi-channel 
distributed data acquisition devices 
capable

11-WIRELESSDATALOGGER:For reading
the  datafrom vibrating wire sensors.

12-DATALOGGER:An embedded data
acquisition  system and datalogger all in
one.



● The KTH campus bridge consists of a post-tensioned concrete continuous two-

span bridge The simply supported bridge 

● An elastic modulus of 32 GPa

● The spans of the bridge are 34.75 m each 

● Support column in the middle of 9 m height.

Case study



The footbridge may experience changes in its dynamic properties due to 

environmental conditions and it is not clear if the bridge is able to satisfy the 

design requirements in all the seasons.

Are we designing just for a certain season?

Can we stablish a reference system?

How can we reduce the uncertainties?

Case study



The-party project

● Measurement knowhow

● Sensor technology

● DAQ

● Engineering conceptual design

● Engineering modelling

● Shell based-model

● Research approach

● Research modeling

● Solid based-model



FE-model characterization 

Shell Model

Parametric analysis of the natural frequencies of the system as a 

function of the elastic modulus of the concrete material and the 

boundary conditions 

● Geometry

● Mesh

● Shell element

● Boundary conditions

● Railings
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FE-model characterization 

Solid Model

● Geometry

● Mesh

● Shell element

● Railings

● Asphalt layer

● Expansion joint – spring stiffness

● Boundary conditions – spring stiffness

● No soil-structure-interaction



FE-model characterization 

Solid Model – Support Bearings

● Parametric analysis of the natural frequencies of the 

system as a function of the elastic spring stiffness at the 

support bearings



FE-model characterization 

Solid Model – Asphalt Layer

● Parametric analysis of the natural frequencies of 

the system as a function of the elastic modulus of 

the asphalt layer

T(◦C) v (-) ρ (kg/m^3) E (Gpa)

40 0.40 2450 1

0 0.20 2450 17

Analysis of the elastic 

modulus of the asphalt layer

Negligible changes in the MAC matrix of the system were 

obtained, indicating non-significant changes in the mode 

shapes of the system.



FE-model characterization 

Solid Model – Expansion Joint

● Parametric analysis of the natural frequencies of 

the system as a function of the elastic spring 

stiffness of the expansion joint

Negligible changes in the MAC matrix of the system were 

obtained, indicating non-significant changes in the mode 

shapes of the system.



Test setup

IOLITEiw-3xMEMS-ACC-TIOLITEiw-3xMEMS-ACC
Dewesoft X 

Dewesoft Artemis
Daisy chain technology



Test results and comparison

● Experimental identified mode shapes in winter weather 

conditions using Dewesoft Artemis



Test results and comparison

● Natural frequencies of the system in 

autumn and winter weather conditions

Autumn (15.4°C) Winter (-5°C)

f_1 (bending) 1,77 2,22 0,45

f_2 (bending) 2,68 3,03 0,35

f_3 (lateral) 2,81 3,14 0,33

f_4 (bending) 5,61 6,97 1,36

f_5 (lateral) 5,37 6,09 0,72

f_6 (bending) 7,27 8,32 1,05

Range 

(Hz)Frequency (Hz)
Mode



Test results and comparison

● Frequency change due to 

environmental effects and different 

modeling aspects

f_1 (bending) 0,45 0,06 0,34 0,32

f_2 (bending) 0,35 0,13 0,13 0,41

f_3 (lateral) 0,33 0,07 0,00 0,55

f_4 (bending) 1,36 0,25 0,14 1,16

f_5 (lateral) 0,72 0,19 0,65 1,06

f_6 (bending) 1,05 0,37 0,24 0,50

Range (Hz)

Mode Weather Asphalt
Exapnsion 

Joint

Spring 

Stiffness



Test results and comparison

● Damping ratios of the system in 

autumn and winter weather conditions

Autumn (15.4°C) Winter (-5°C)

f_1 (bending) 1,4 2,1

f_2 (bending) 1,1 2,2

f_3 (lateral) 0,6 0,5

f_4 (bending) 1,1 0,8

f_5 (lateral) 0,7 0,9

f_6 (bending) 2,5 2,1

Mode
Damping (%)



























Example – A Portal Frame Bridge

• Different boundary conditions will produce 
totally different bending moment diagrams 
under self weight

• Most typical bridge in Sweden
• Drawings are old and sometimes it is not 

possible to determine the detail and hence 
the boundary conditions

Can we improve the current engineering 
decision making process?



The value of this work lies in the shown case studied in which it was demonstrated 

the significant influence that weather conditions can exert in the dynamic behavior 

of the system, the uncertainties that can arise upon FE-models both in an 

engineering and research context 

● The problem of unicity of the solution to calibrate the models their 

corresponding limitations were exposed.

● Monitoring is fundamental not only to evaluate the performance the system but 

to reduce the uncertainty when modelling the system to improve the current 

engineering practice. 

Conclusion



● Every infrastructural project is unique (boundary conditions).

● We cannot “hang” the bridge.

● We cannot control the testing environment.

● Barely and in the rarest of cases we can actually apply a known input (shaker 

or hammer test).

● Design life of 100 – 120 years.

● We cannot build another bridge just like that.

● Construction industry is moving forward to have the feedback of verifying the

delivered product with respect to the design calculations.

● Detection is already win for us!

● Identifying the limits performance of the “Reference Structure” to help to avoid 

catastrophes is what every infrastructural owner wants to hear.

● Who takes the responsibility? How about lifes?

Perspective



● What are the life safety and/or economic justifications for monitoring the 

structure?

● What are the risks associated with the structure?

● How is damage defined for the structural system being monitored?

● What are the operational and environmental conditions under which the 

structural system of interest operates?

● What are the limitations on acquiring data in the operational environment?

● Which level of knowledge do we need about the structural condition?

● How long do we need to monitor?

● What is the rate of return on investment in SHM?

Some Interesting Questions



Thank you
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