





























































































































































































































































































































~ Surface strain sensors

Piezoelectric sensors from Kistler can be used for high-resolution
measurements of the strains acting on a structure. Surface strain
sensors are simply attached to the structure with a mounting
screw. These strain sensors are suitable for measuring dynamic and
quasistatic strains; they have a very high measuring sensitivity, and
thus they can detect smallest deformations of the structure.
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Flexible integratioh of thi‘rd-party sensors and subsystemsy

Kistler monitoring solutions are designed to allow integration s Temperature and humidity sensors
of sensors and systems from qualified third-party suppliers, ¢ Weather stations
including: « Inclinometers

* Displacement sensors

¢ Others

Automatic weather station, with a weather monitoring system and video cameras for observation

16




KiTraffic Digital, the unique Weigh In Motion solution

Traffic ysensyors}‘ahd'Wei'gh In Motion

When monitoring bridges and performing structural analysis,
consistent information on the real traffic loads passing over

the bridge is essential, Traffic loads have a direct impact on bridge
fatigue, so real traffic load analysis is an important factor when
calculating a bridge’s remaining service life. Kistler's Weigh in
Motion (WIM) systems monitor traffic on a 24/7 basis to provide

users with relevant information on traffic loading: data is supplied
on traffic volumes, vehicle weights and axle loads, vehicle distances,
vehicle classes, and many more parameters. The core elements of
these WIM systems are our unique Lineas quartz WIM sensors
(installed in the road pavement) and the WIM Data Logger, which
collects the traffic data.
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Bridge Structural Health Monit ) Speed Enforcement
‘ Monitoring of vehicle speed

COmbiHEd With automatic Vehide WEig t Enforcement of speed limitations
and Speed Enforcement

Weigh in Motion (WIM)
Monitaring of traffic loading
Enforcement of overloaded vehicles

Kistler's holistic solution to ensure traffic
safety and protect infrastructure

Bridge structures have limited service lifetimes — and they face growing challenges due to natural
aging as well as major increases in traffic density and loading. Holistic solutions from Kistler take
account of all relevant parameters to ensure effective protection for infrastructure. At the same time
as monitoring the bridge's structure, our technology measures all vehicles passing over it on a 24/7
basis — so any vehicle violating the legal limits for gross vehicle weight, axle weight and speed can
be identified and then prosecuted.

Traffic loads have a direct impact on bridge fatigue - so it follows Generally, when performing infrastructure assessment, dynamic

that analysis of real traffic loading plays a critical part in assessing weighing (WIM) enables comprehensive categorization of real

a bridge's fatigue and its remaining lifetime. When monitoring traffic patterns, which serve as reference models and have better
bridges and performing structural analysis, consistent information ~ accuracy than the models from the guidelines. In addition, when
on real traffic loads and travel speeds is essential. Compliance with  dynamic weighing is conducted from the extrados, together with

legal loading and speed limits is a key factor in ensuring traffic acceleration measurements also made there, it provides important
safety and the health of a bridge structure. Traffic load and speed  information about the deformations occurring at different points
limits are often imposed on bridges with structural deficiencies. in the bridge. Thus, the integration of local and global bridge

A WIM system makes it easy to identify overloaded vehicles so measurements is very valuable additional information for assessing
violators can either be automatically fined, stopped and made to the structural integrity of the artifact, especially in the context of
unload, or rerouted to an alternative itinerary: all these measures processing large amounts of data.

ensure highly effective protection for the bridge infrastructure.
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Structural Health Monitoring (SHM)
Continuous monitoring to detect structural
changes and assess bridge performance

@ Lineas Digital WIM sensors installed in the road

: Lineas Compact WIM sensors (staggered layout)
. and inductive loops installed in the pavement

Automatic License Plate Recognition (ALPR) cameras
with overview camera installed on a gantry

| @) WIM electronics with wireless data transfer -
| inroadside cabinet ‘ -

Roadside cabinet
with WiM
electronics

WIM system for traffic loading analysis WIM system for automatic weight enforcement
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Weigh In Motion (WIM)

Users of Weigh In Motion (WIM) systems benefit from 24/7
traffic monitoring with automatic collection of key traffic
parameters. Kistler's WIM systems are available with various

degrees of precision, at prices to match each user’s requirements:
our portfolio ranges from simple WIM sites to collect statistics

and analyze traffic loading (such as the KiTraffic Statistics
system) to highly complex solutions for automatic weight
enforcement (such as the KiTraffic Digital system).

Backed by more than 25 years of experience and with over

80,000 Lineas sensors installed in more than 50 countries, Kistler
is your partner of choice for the most advanced technology and

the highest level of expertise in WIM applications.

Kistler's WIM system automatically records these traffic
parameters:

* Vehicle class

* Vehicle weight (gross weight and axle loads)

* License plate and overview picture

* Driving direction and driving lane

» Vehicle dimensions (height, length, width) and axle spacing

« Vehicle distances, speeds and traffic volumes
* Wheel and tire information (single/double wheel,
underinflated tires)

Advantages of Kistler's WIM systems
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Highly accurate and reliable thanks to unique quartz
sensor technology

Long service lifetimes thanks to. robust design

Highly reliable in all weather conditions

Long-term stability (no aging), insensitive to
temperature variations

Quick and easy sensor installation in road pavement
Global footprint with over 80,000 installations in more
than 50 countries

OlIMl-certified system for direct fining of overloaded
trucks (no.need for static weighing)

-

Kistler's Speed Enforcement system (stationary installation)

Speed Enforcement

With Speed Enforcement systems by Kistler, users can efficiently
measure the speed of any passing vehicle and automatically

fine vehicles that exceed the speed limit. Our versatile systems
provide both the flexibility and the precision you need when
performing speed checks: Kistler solutions are widely used not
only on bridges but also on secondary roads, open highways and
construction sites. These measurement solutions combine unique
optical measurement technology with cameras for reliable driver
and license plate. Traffic violations can be identified quickly

and efficiently thanks to the system’s unique measurement

base of just 50 cm. One single instrument can measure the
speed of any type of vehicle in both traffic directions and

across multiple lanes. Our user-friendly software application
supports downstream evaluation and legal validation of the
measured data. The same system can be operated as a portable
unit (for mobile enforcement) or converted into a stationary
measurement solution by installing the protective cases on the
roadside.

Advantages of Kistler's Speed Enforcement

* Universal system for fegally valid Speed:Enforcement
data

e Just one instrument can monitor traffic traveling in
different directions

e Precise measurements with high hit rates - regardless
of vehicle type or speed, even on multiple-lane roads

* Unique, easy-to-operate certified optical
measurement technology

s Can be operated as a mobile or stationary
enforcement system




The Great Belt Bridge in Denmark, one of the world’s longest suspension bridges, benefits from Structural Health Monitoring with measurement technology by Kistler,

Since 1998, Kistler technology has been operating successfully
on Denmark’s Great Belt Bridge to measure the structure's sway
in the wind and the natural frequency of its suspension cables.
Two types of Kistler measurement systems were installed on the
East Bridge section, which ranks as one of the world's longest
suspension bridges: one system measures the natural frequency
of the vertical suspension cables, and another (housed inside the
main span) covers the main bridge structure.

Kistler's solution combines special low-frequency K-Beam
accelerometers with low-pass filters to cover frequencies of

1 Hz inside the bridge and 10 Hz on the suspension cables.
Mechanical dampers were added for the sensors integrated in
the main span, and efficient signal conditioning was a key design
focus. Changes in natural frequency and swaying behavior are
monitored continuously, and the measurements provide key
insights into the bridge's structural behavior - one important
result was a modification of the bridge construction in the initial
phase of the project.

“The frequencies as well as the g-forces are very
low here, so the main challenge was to isolate
the signals from other vibrations such as those

from vehicles crossing the bridge.”

Erik Nielsen, Sales Engineer at Kistler

enmar

The measuring systems (including accelerometers, filters and transmission) on
the vertical suspension cables were installed in special boxes to ensure long-term
robustness under harsh weather conditions.
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A view of the railway bridge in Austria previously damaged by heavy timber transportation —~ now protected thanks to the KiTraffic Statistics Weigh In Motion (WIM)
system from Kistler

Road bridge over a railway li

Strain, fatigue and aging can affect bridges of all sizes. This
small bridge over a railway on the access road to a village in the
heart of Austria is near a large sawmill, so trucks carrying heavy
loads of timber cross it every day. The result: visible damage to
the bridge, with several cracks in its supporting structure. To
address the problem, Austrian Federal Railways (OBB) called

in REVOTEC, the Vienna-based bridge monitoring specialist
and system integrator. In January 2020, REVOTEC launched

a project that soon identified an effective solution: Kistler's
KiTraffic Statistics WIM system — and it was installed within just
one day! Reliable overload detection and vehicle classification
now prevent any further overloading of the bridge. Vehicles
weighing over 44 onnes are penalized, and changes in the
bridge’s condition can also be tracked more accurately.

The Lineas sensors for the KiTraffic Statistics WIM system by Kistler are installed
“Automated bridge monitoring systems to measure slightly below the road surface; they are coated with a special grouting compound

) . to ensure long lifetimes.
supporting structures and axle loads are likely to become g

standard elements of the infrastructure, to allow real-time
condition monitoring and predictive maintenance.”
Michaet Vospernig, one of REVOTEC's two founders
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Built over 70 years ago, the Brooklyn-Queens Expressway (BQE)

in New York is a vital regional artery that connects Brooklyn

with major access points to Manhattan, Queens and Staten

Island. However, aging of the structure combined with an 11%
increase in legal truck limits over the years prompted concerns
about the BQE's safety ~ focused especially on the stretch known
as the "Triple Cantilever". The New York City Department of
Transportation (NYC DOT) responded by launching a project

to quantify overweight truck traffic as the basis for an eventual
direct enforcement solution. The DOT's traffic engineering partner
C2SMART Center brought Kistler on board. During the pilot phase,
the Weigh In Motion (WIM) system comprising Kistler Lineas
quartz sensors and a Data Logger showed that 15% of the 25,000
trucks using the BQE each day were over the weight limit. in 2023,
based on further high-accuracy data, the WIM site earned certifi-
cation as the USA's first automated citation system for overweight
vehicles. The result: one month after the WIM system went live, the
daily number of overweight vehicles using the BQE was cut in half.
This success opens the way for other U.S. states to protect aging
infrastructure with automated direct enforcement technology.

£
i Pidca elL
y

Faekiyn e
i

Heavy traffic on the Brooklyn-Queens Expressway, looking north towards
Brooklyn Bridge Park

“Kistler's technology and commitment to making the BQE
direct enforcement initiative successful is second to none.”

Hani Nassif, PhD, PE - Professor of Civil and Environmental Enginesring at

Rutgers University, Associate Director of C2SMART Center

23




Would you like to learn
more about our applications?
Explore now:

www.kistler.com/bridges

Kistler Group
Eulachstrasse 22
8408 Winterthur
Switzerland

Tel. +41 52 224 11 11

Kistler Group products are protected by various intellectual
property rights. For more detalls, visit www.kistler.com

The Kistler Group includes Kistler Holding AG and all its

subsidiaries in Europe, Asia, the Americas and Australia. K I S i LE R

Find your local contact at
www.kistler.com measure. analyze. innovate.
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