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ABSTRACT: The Tsing Ma Suspension Bridge in Hong Kong has been the world’s first batch of bridges equipped with a long-
term health monitoring system since 1997. For the first time, this study reports the first-hand field monitoring data of the bridge
from 1997 to 2022. The 25-year data provide an invaluable and rare opportunity to examine the long-term characteristics of loads,
bridge responses, and their relationships, thereby enabling the assessment of the bridge’s load evolution and structural condition
over time. The current status and recent update of the health monitoring system are also reported. This study is the first to report
the one-quarter-century status of a structural health monitoring system and the behavior of a long-span suspension bridge. This

research provides a benchmark for many other bridge monitoring systems worldwide.
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1 INTRODUCTION

Large-span bridges are vital economic lifelines, and their
failure can have catastrophic human and socio-economic
impacts. Proactive maintenance is essential to ensure the
serviceability and safety of long-span bridges that are subjected
to complex loads (e.g., typhoons, earthquakes) and harsh
environments (e.g., corrosion) during operation. Structural
Health Monitoring (SHM) is essential for monitoring the health
of bridges, assessing their safety, guiding their maintenance
and providing early warnings. Although SHM systems are now
being adopted in major bridges (e.g., Akashi Kaikyo Bridge,
Runyang Bridge, etc.) and newly designed bridges around the
world, there is a lack of long-term operational history data for
SHM systems. This creates a research gap in analyzing long-
term data, actual structural degradation, and service life
assessment [1-11].

The Tsing Ma Bridge (TMB), operational since 1997 with a
pioneering SHM system, offers a unique 26-year dataset (1997-
2022). This study analyzes the long-term data, SHM system
status of TMB and the health monitoring system, and
investigating long-term trends in environmental loads and
structural performance.
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2  THE TSING MA BRIDGE

The Tsing Ma Bridge is a highway and railroad dual-purpose
large-span suspension bridge with a main span of 1,377 m, a
total bridge length of 2,160 m and a tower height of 206 m,
which was opened to traffic in 1997. An elevation of the bridge
is given in Figure 1.

3 MONITORING DATA

3.1 Temperature

The annual maximum bridge temperatures are given in Figure
2. A linear regression analysis shows that the maximum deck
effective and ambient temperatures increase at rates of 0.51
°Cldecade and 0.72 °C/decade, respectively. The bridge
temperature in 2022 is 44.9 °C, close to bridge deign limit of
46 °C.

3.2 Deflections

The bridge displacement is subject to the temperature and the
traffic effects. The mid-span deflection without traffic load is
shown in Figure 3, using data between 2:00 to 4:00 am to
exclude the traffic effect.
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Figure 1 The elevation of the Tsing Ma Bridge
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Figure 2 Annual maximum deck effective temperature of the Tsing Ma Bridge in 1997-2022
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Figure 3 Monthly mean mid-span deflection of Tsing Ma Bridge in 1997-2022

CONCLUSIONS

The operational condition of the Tsing Ma Bridge and its
Structural Strength Monitoring (SHM) system has attracted
much attention. In this paper, field monitoring data from the
past 26 years are analyzed to study the long-term loading and
response of the bridge. In addition, this paper discusses the
current status and latest updates of the SHM system. The
following conclusions are drawn from this study.

(1) Observed trends in bridge deck effective temperatures
show significant increases over recent decades. Specifically,
the maximum effective temperature has risen at a rate of 0.51
°C per decade, while the mean effective temperature increased
at 0.16 °C per decade. Critically, the recorded maximum values
are now approaching the original design thresholds for the
deck.

(2) The monthly bridge midspan deflection show an
increasing trend, the trend can be caused by the cracking and
creep of materials.
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