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Structural Strain and Deflection Monitoring
of Jinhai Bridge Using Ultra-Weak Fiber
Bragg Grating Arrays

A professional application case article for long-span road-rail cable-stayed bridge health
monitoring

This article consolidates the provided Jinhai Bridge monitoring materials into an English case-study format suitable
for a website download library. It explains the bridge context, the ultra-weak fiber Bragg grating (UW-FBG) sensing
approach, the sensor cable design and installation, static and dynamic strain monitoring results, and
strain-to-deflection inversion performance.

Project object Jinhai Bridge, Zhuhai, China - 1,371.8 m total length, same-level road-rail multi-tower
cable-stayed bridge.

Monitoring span The 340 m span between Tower 1 and Tower 2, focused on the first span under static
load testing and operational traffic conditions.

Sensing technology Ultra-weak FBG array with high-density quasi-distributed strain sensing and temperature
compensation.

Key output Distributed strain field acquisition and deflection inversion under static and dynamic
loading.
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Figure 1. Jinhai Bridge overview: a same-level road-rail, multi-tower cable-stayed bridge with three 340 m main spans and a 49.6 m
deck width.
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1. Executive Summary

Jinhai Bridge is a technically demanding monitoring target because it combines road and rail traffic on the same
deck, a very wide cross-section, and multiple long cable-stayed spans. For such structures, conventional point
sensors can miss spatially distributed strain patterns, while manual inspections cannot provide the temporal
resolution needed to distinguish static load effects, train passage, highway traffic and localized structural
responses.

The presented solution deploys ultra-weak fiber Bragg grating arrays along the box girder to acquire a dense strain
field across the monitored span. Four monitoring channels are arranged on the left web, bottom slab and right web,
with approximately one sensing grating per metre over planned 320 m runs. The system therefore converts the
bridge girder into a high-resolution sensing structure, allowing strain distributions to be captured along the span and
further converted into deflection profiles through an inversion algorithm.

Primary value delivered:
« High-density field monitoring rather than isolated point measurement.
« Simultaneous visibility of static load response, operating-period response and short-duration dynamic events.

« Deflection inversion from distributed strain, reducing dependency on separate deflection instruments for every
monitoring scenario.

« A scalable architecture suitable for long-span bridges and continuous structural health monitoring platforms.

2. Bridge Context and Monitoring Objectives

Jinhai Bridge connects Zhuhai Jinwan Airport with the urban area of Zhuhai. The bridge is 1,371.8 m long. Its
central zone carries a double-track intercity railway, while highway lanes are arranged on both sides. According to
the project material, it is the world's first same-level road-rail multi-tower cable-stayed bridge, the widest road-rail
cable-stayed bridge at 49.6 m, and the largest-span same-level road-rail cable-stayed bridge with three 340 m
spans.

The monitoring objective was to observe stress and strain variation in the first span during static load testing and
operational service, and to capture the structural influence of dynamic loads on the bridge in real time. The
monitored region was located between Tower 1 and Tower 2 over a 340 m span. This region is representative
because it experiences combined effects from long-span girder behaviour, rail traffic, road traffic and cable-stayed
load paths.
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Figure 2. Target monitoring area: the 340 m span between Tower 1 and Tower 2, including cross-section and cable placement region
inside the box girder.

3. Ultra-Weak FBG Array Technology

The sensing approach uses a large number of low-reflectivity fiber Bragg grating sensors written into a single optical
fiber. Each grating has reflectivity below 0.1%, enabling large-capacity multiplexing while reducing shadowing and
multiple-reflection effects that can limit conventional FBG arrays. In this application, the technology is used for
high-density strain measurement and temperature compensation along structural members.

Compared with isolated point sensing, ultra-weak FBG arrays provide quasi-distributed and distributed
measurement capability. The bridge application benefits from this because the structural response is not uniform:
strain peaks, neutral-axis effects, cable-stayed support conditions and local traffic loads vary along the span. Dense
spatial sampling enables the monitoring system to describe the complete strain field rather than only selected local
points.

Technology advantages relevant to this case:

« Large sensing capacity for long bridge spans and high spatial density.
« High signal-to-noise performance for engineering environments.
« Multi-parameter expansion potential, including strain, temperature, vibration and deformation-related monitoring.

« Compatibility with compact demodulation hardware and real-time data processing workflows.

4. Monitoring System Design

The Jinhai Bridge monitoring system adopted four sensing channels. Two were positioned on the left web plate at
1.5 m and 2.2 m locations, one was positioned on the bottom slab, and one was positioned on the right web plate at
1.5 m. Each channel was planned for approximately 320 m, with one grating point per metre. The resulting layout
allowed the system to compare different structural positions while preserving a continuous view of the spanwise
strain distribution.

The field architecture consists of the ultra-weak FBG array cables, optical connection hardware, an ultra-weak FBG
demodulator and an upper-computer monitoring platform. This arrangement supports real-time acquisition, channel
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management, sensor positioning and later analysis of strain-field evolution.
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Figure 3. Ultra-weak FBG array monitoring system design with four channels across the left web, bottom slab and right web.
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5. Sensor Cable Design, Calibration and Installation

The project evaluated the strain transfer mechanism of different sensing cable structures. Six cable types were
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tested to assess transfer uniformity. The FRP-based sensing cable showed strong performance in both mechanical
strength and uniformity, making it suitable for bridge girder installation. For the bottom slab, the selected structure
combined weak grating fiber, FRP reinforcement, steel strand twisting and a PE sheath. The reported strain transfer

efficiency was 1.1 pm per microstrain, with a temperature drift coefficient of 22.4 pm per deg C.

Installation quality is crucial for strain-field monitoring. The bottom slab surface was prepared by removing rust and
cleaning dust and residue. The sensing cable was then pre-laid and tensioned to avoid twist-induced stress or fiber
breakage. Carbon-fiber cloth was cut to section length, epoxy adhesive was mixed at a 2:1 ratio, and the cable was

covered and consolidated with adhesive and roller pressure to ensure tight bonding without bubbles. After
installation, red-light continuity testing and grating-point verification were performed before trial operation.
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Figure 4. FRP strain-sensing cable design and calibration. Six cable structures were compared to evaluate strain transfer uniformity and

robustness.
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Figure 5. Field installation workflow for the bottom slab sensing cable, including surface preparation, cable pre-laying, material
preparation, bonding and protection.

6. Strain Monitoring Results: Static Load and Operational
Dynamics

Static load testing in November 2023 demonstrated that the distributed strain field reflected the bridge response
under controlled loading. At a selected moment, the strain profiles from the left web, bottom slab and right web
showed different spatial patterns, consistent with the structural position and load path. The testing results indicated
that the strain gradually decreased as the train moved from the midspan region toward the span end, matching the
expected working condition.

Operational monitoring between May 18 and June 18, 2024 further showed that strain magnitude and distribution
varied by time and load type. The system could distinguish whether the corresponding time window was dominated

by train movement or automobile traffic, providing a basis for load-state identification and long-term structural
behaviour evaluation.

Dynamic strain monitoring captured the bridge response within an 8-second interval. The whole-span dynamic
strain distribution and selected sensor traces at positions such as No. 60, No. 160 and No. 240 reveal the transient
propagation of structural response under moving loads.
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Figure 6. Static strain acquisition during the November 2023 load test across four monitored positions.
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Figure 7. Dynamic strain response of the bridge over an 8-second interval, including the whole-span strain distribution and selected
sensor positions.
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7. Strain-to-Deflection Inversion

When the optical fiber and the continuous elastic structure deform together, the measured strain field can be used
to reconstruct the deformation curve. The project material describes a tangent-angle recursive inversion method,
supported by laboratory validation on a simply supported beam. This creates a bridge between distributed strain
measurement and deflection evaluation, which is particularly valuable for long-span bridges where direct deflection
measurement is difficult to deploy over every critical position.

For Jinhai Bridge, the static-load inversion indicated that the largest downward deflection occurred near the middle
of the main span, approximately 176 m along the span. The maximum strain was about 417.5 microstrain, and the
inverted deflection was about -0.408 m, which did not exceed L/300. The optoelectronic deflectometer reported
0.391 m, while the grating-based inversion produced 0.408 m, corresponding to an error of 4.34%. Under dynamic
loading, the measured maximum strain was 78.1 microstrain, and the maximum inverted deflection was -0.134 m,
far below the bridge limit deflection.
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Figure 8. Strain-to-deflection inversion results: static and dynamic deflection profiles derived from the distributed strain field.

8. Engineering Value and Application Significance

This case demonstrates how ultra-weak FBG arrays can upgrade bridge health monitoring from isolated
measurements to continuous strain-field sensing. The technology is especially suitable for long-span, wide-deck
and multi-load-path bridges where structural response varies significantly across position and time.

Key application benefits include:

e Spatial completeness: dense sensing points help reveal strain distribution along the span, including midspan
behaviour and local response differences between web plates and bottom slab.

« Load-state visibility: static load, train passage and road-traffic effects can be interpreted from the strain-field
evolution.

« Deflection insight: distributed strain can be transformed into deflection information, enabling additional structural
assessment without relying solely on separate deflection instrumentation.

e Maintainability: a fiber-based sensing network is suitable for long-term deployment in bridge boxes and complex
civil infrastructure environments.
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« Scalability: the architecture can be extended to multi-span monitoring, cable force-related analysis, fatigue
evaluation and digital twin platforms.

9. Additional Recommendations for Website Resource
Deployment

For use in an independent website download library, the case should not be positioned merely as a project note. It
is more effective to present it as a reference application article showing how RaySensing technology supports
long-span bridge monitoring. The following metadata and resource configuration are recommended.

Recommended resource title Jinhai Bridge Structural Health Monitoring with Ultra-Weak FBG Arrays

SEO description A technical application case on distributed strain-field monitoring and deflection inversion
for a long-span road-rail cable-stayed bridge using ultra-weak fiber Bragg grating arrays.

Suggested keywords ultra-weak FBG, UW-FBG, bridge health monitoring, distributed strain sensing, deflection
inversion, cable-stayed bridge, structural monitoring

Recommended CTA Contact RaySensing to discuss long-span bridge strain, temperature, vibration and
deflection monitoring requirements.

Download filename jinhai-bridge-uwfbg-structural-monitoring-case.pdf

10. Conclusion

The Jinhai Bridge case confirms the practical value of ultra-weak FBG array technology for large civil infrastructure.
By combining dense strain sensing, engineered sensor cable design, robust installation practice, static and dynamic
data acquisition, and strain-to-deflection inversion, the system provides a comprehensive monitoring method for
long-span bridge operation and safety assessment. It also provides a replicable technical route for future smart
bridge monitoring projects that require high-density sensing, long-distance coverage and actionable structural
insight.

Company information

Yichang Raysensing Optoelectronics Technology Co., Ltd.

Website: www.ray-sensor.com | www.uwfbg.com

Email: solutions@ray-sensor.com

Phone: +086 181 6422 1939

Address: High-tech Industry Incubation Center, No. 32 Baihu Road, Xiling District, Yichang, Hubei, China
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