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Dear Readers

The second special edition about the Danjiang Bridge in Taiwan focuses on various aspects of
its design and construction.

The first article presents the innovative planning and design of the excavation and retaining
system used for the cofferdam during the construction of the main cable-stayed bridge's
foundations, followed by an article on the innovative 3D formwork and climbing solutions
developed, manufactured, and supplied by PERI. The third article focuses on seismic isolation
design. High-performance structural protection components are described in an article by
mageba. The last article is about modular steel safety barriers, which will be installed on the
bridge. High containment level and a lightweight structure were key factors for their selection.

This edition also features a comprehensive construction gallery, showcasing the bridge's
progress from the start of construction to its current state, as well as drawings.

We do not publish repetitive information that was already covered in the September e-mosty,
such as the evolution of the concept, composition of the bridge, project information, design, etc.

Later in the February 2026 e-BrIM magazine, we will publish three more articles: one on 3D
Digital Bridge Design, Integration, and Management; one on the sustainable integration of the
Danjiang Bridge with the environment; and one on bridge monitoring.

I want to thank all authors and the people helping us prepare both special editions, especially
Kilian Karius at LAP, who has been assisting us with both editions, connecting us with relevant
stakeholders, and helping with many other things. Furthermore, | would like to thank Edinson
Guanchez for his assistance with the article on the foundations, as well as Sinotech, KSECO,
and Wen-Kai (A-Kai) Chen.

And | want to thank our Editorial Board, especially Richard Cooke and David Collings, for their
assistance with this edition and review of the articles.

We also thank our partners for their continuous support.

The next e-mosty will be published on 20" March. The June Edition will focus on Australian and
New Zealand Bridges.

The next e-BrIM will be released on 20" February, in both English and Spanish.

On behalf of the organisers, we would like to invite you to the 2026 World Bridge Engineering
Conference, which will take place in Miami, Florida, USA, from 1 to 2™ December 2026. More
information is on page 8.

We welcome your articles for both the e-BrIM and e-mosty magazines. You can contact me at
magda@e-mosty.cz.

Thank you all for your cooperation in 2025, and | look forward to working with you in 2026.

Happy New Year.

Magdaléna Sobotkova [}

Chief Editor
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The magazine e-mosty (“e-bridges”)
is an international, interactive,
peer-reviewed magazine about bridges.

It is published at www.e-mosty.cz and can be read
free of charge (open access)
with the possibility to subscribe.

It is published quarterly: 20 March, 20 June,
20 September and 20 December.
The magazines stay available online
on our website as pdf.

The magazine brings original articles about bridges
and bridge engineers from around the world.
Its electronic form enables the publishing
of high-quality photos, videos, drawings, links, etc.

We aim to include all important and technical
information and show the grace and beauty
of the structures.

We are happy to provide media support for important
bridge conferences, educational activities, charitable
projects, books, etc.

Our Editorial Board comprises bridge engineers
and experts mainly from the UK, US and Australia.

The readers are mainly bridge engineers, designers,
constructors and managers of construction
companies, university lecturers and students,
or people who just love bridges.

ISSN: E-MOSTY 2336-8179
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The magazine e-BrlM is an international, interactive, peer-
reviewed magazine about bridge information modelling.

It is published at www.e-brim.com in English
and at www.e-brim.com/es in Spanish.
All magazines can be read free of charge (open access) with
the possibility to subscribe.

It is typically published three times a year:
20 February, 20 May and 20 October.

The magazines stay available online
on our website as pdf.

The magazine brings original articles about bridge digital
technology from early planning till operation and
maintenance, theoretical and practical innovations, Case
Studies and much more from around the world.

Its electronic form enables the publishing of high-quality
photos, videos, drawings, 3D models, links, etc.

We aim to include all important and technical information, e-BriM

to share theory and practice, knowledge and experience

and at the same time, to show the grace and beauty
of the structures.

e-BrIM

We are happy to provide media support for important BIM
and bridge conferences, educational activities, charitable
projects, books, etc.

Our Editorial Board comprises BIM and bridge experts
and engineers from academic, research and business
environments and the bridge industry.

The readers are mainly bridge leaders, project owners,
bridge managers and inspectors, bridge engineers
and designers, contractors, BIM experts and managers,
university lecturers and students, or people
who just love bridges.

ISSN: 2788-0540
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COFFERDAM SUPPO
PYLON FOUNDAT
OF THE DANJ

RTING METHOD FOR
ON EXCAVATION

ANG BRIDGE

Cheng-Chung Wang, Leader, Danjiang Bridge Construction Site Supervision Division,
Sinotech Engineering Consultants Ltd., Taiwan

Chia-Chiang Chen, Civil Engineer, Planning Section, Danjiang Construction Division,
Kung Sing Engineering Corporation (KSECQO), Taiwan

Yung-Hui Liu, Supervisor, Danjiang Bridge Construction Site Supervision Division,
Sinotech Engineering Consultants Ltd., Taiwan

Figure 1: View of the cofferdam during construction

I. INTRODUCTION

The Danjiang Bridge (also known as the Tamkang
Bridge) is a major transportation infrastructure
project in Northern Taiwan. The bridge spans the
Danshui River estuary, connecting the Bali and
Danshui districts of New Taipei City.

The project encompasses the approach bridge and
ramp on the Bali (south) side, the main bridge
crossing the river, and the approach bridge and
ramp on the Danshui (north) side.
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This article presents the innovative planning and
design of the excavation and retaining system used
for the cofferdam during the construction of the
main cable-stayed bridge's foundations.

It also describes the construction plan and the
production and installation processes, which were
developed following a thorough evaluation and
decision-making process.
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Furthermore, the article shares valuable insights
into the significant advantages of this construction
method in terms of both quantity and quality. These
insights are intended to serve as a practical
reference for geotechnical engineering
professionals.

The outcomes of this project also align with
international engineering standards, showcasing
the capabilities and advancements of geotechnical
engineering in Taiwan.

For the construction of the P130 foundation—the
base of the single-pylon, asymmetrical cable-stayed
main bridge—the construction team developed
a custom in-water excavation and retaining system.
This approach was developed to protect the
integrity of the foundation during construction.

The design alternatives for the internal support
system of the cofferdam—developed through
innovative planning, structural analysis, and
design—along with the selection of an optimal
construction method tailored to site-specific
conditions and supporting procedures, have yielded
numerous tangible engineering benefits.

Additionally, several intangible ancillary advantages
were realised. These outcomes were confirmed
upon the successful completion of on-site
construction.

Il. SITE DESCRIPTION

Location

The bridge pylon P130 is located north of the main
channel of the Danshui River at the estuary and is
positioned towards the Danshui District of New
Taipei City. The surrounding water depth is about
5m, where the riverbed is relatively flat without
significant scouring or siltation.

The construction site is a publicly accessible area
and an important route for local fishermen. It is
adjacent to the Fisherman's Wharf tourist attraction
and alongside New Taipei City's Blue Highway
recreational waterway, see Figures 3 and 4.

Design and construction conditions of the
cofferdam

The design of the ring support system considers the
structural behaviour of the cofferdam, the selected
construction method, and the physical constraints
imposed by the riverbed and site conditions.

Further factors such as variations in riverbed
elevation, maximum  external water level
fluctuations, dynamic hydraulic forces, seismic
activity, wind loads, subsequent excavation and
construction procedures were incorporated into the
analysis, design and verification. The ring support
system was prefabricated off-site and transported
to the construction site via jetty on the Danshui side.

Figure 2: Danjiang Bridge Model
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Courtesy of Splendid Technology Corporation




Figures 3 and 4: Public areas around the bridge and the construction site

lll. SYSTEM PLANNING CONCEPT AND
CONSTRUCTION DECISION MAKING

Support System Planning Concept

To accommodate the requirements of two pylon
legs (inverted Y-type pylon), the primary
consideration was to maximise construction
working space within the cofferdam. The
construction team proposed two alternative
solutions as illustrated in Figures 5 and 6.

Option A: an elongated outer ring with three internal
strut rows and diagonal bracing. Compared to
option B below, it has more horizontal bracing and
vertical supporting members.

The structural steel box members around the
internal surface of the cofferdam are heavier. As a
result, the construction (compared to option B) may
be more difficult.

Option B: two overlapped rings with a central strut
and subsidiary minor struts over the ring joint area
(utilising the advantages of ring force in terms of
Barlow’s Formula).

Construction Decision

The construction team carried out an independent
evaluation, placing the highest priority on
maximising an interference-free  construction
space.

After carefully considering construction difficulty,
required execution time, and overall project cost,
Option B was selected as the most suitable solution
for the excavation support system.

At that time, the contractor estimated (based on
their experience) that option B could save at least
30% of construction time and benefit the entire
construction schedule in the initial period.

04/2025

Final site report recorded that it took around
70 working days to finish the double-layer ring
bracing system simultaneously with foundation
(i.e., for the construction of a huge pile cap and
58 cast-in-place piles; 2.5m in diameter, 65 m long
each) and excavation work to an elevation of
-11.3 m (10 cm above the top of the pile cap).

[V. CREATIVITY AND IMPLEMENTATION OF
WORKMANSHIP PLANNING AND DESIGN

Simplifying Structural Systems Using Fundamental
Mechanics Theory

A uniformly distributed external pressure is acting
on the cofferdam structure. These forces, initially
acting orthogonally on the cofferdam steel pipes,
are converted into compressive stresses along the
ring support axis, similar to the behaviour of an arch,
due to the arch's structural characteristics.

This annular system is designed to form in-plane
stress loops with a self-balancing mechanism.

The system is designed following a modular
concept. The ring section on the Bali and the
Danshui sides is divided into three types of
segments—20, 8, and 8 segments respectively—
resulting in 36 segments, see Figure 7.

This segmentation, based on the fixed curvature of
the ring, enhances construction efficiency.
All circular segments intentionally have the same
constant radius.

Additionally, the remaining straight sections consist
of three segment types (4, 4, and 8 segments),
totalling 16 segments, along with four special
double-ring joint blocks.

All components were fabricated in accordance with
the approved construction drawings.
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Figures 5 and 6: Option A above proposed by Wiecon Engineering;
Option B below proposed by Bl#& (Arch) Engineering Consultants
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Construction

The construction within the cofferdam was
executed in two phases. Although the first and
second support installations followed the same
process, they were carried out at different times.
Both supports had to be fully installed prior to the
start of the backfilling and lowering operations.

To ensure smooth bolting, all circular units must be
joined sequentially from one side to the other,
without altering at will.

Since the bolt holes are not slotted, a high level of
construction precision is required for the support
system. Therefore, the trial assembly carried out
before leaving the factory is critical and must be
performed with great care.

V. ENGINEERING BENEFITS

Direct benefits

In contrast to the traditional spatially constrained
excavation approach, this innovative method
optimised the construction site condition.

Most system components are positioned along the
periphery (the side area within the cofferdam),
thereby increasing the free working space for
machine operation.

This results in a site experience that is distinctly
different from conventional deep excavation
projects.

The installation of the central double-ring steel box
girders within the double deck offers direct benefits,
primarily through material reduction, simplified
construction procedures, and a shortened
construction schedule, as summarised in Table 1.

Ancillary benefits

In addition to the direct benefits, the innovative
support system also provides enhanced
construction  safety, strengthened cofferdam
structure, and pre-qualification of labour welding
techniques, as shown in Table 2.

x 10
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x4
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]
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IR EROOCN

X2

Figure 7: Circular segment (red), 10 segments per layer, so a total of 20 segments for the entire system.
Circular segment (orange) 4 segments per layer, so a total of 8 segments for the entire system.
Circular segment (green) 4 segments per layer, so total 8 segments for all system.
Straight segment (pink) 4 segments per layer. Straight segment (deep brown) 4 segments per layer.
Straight segment (deep blue) 6 segments and Straight segment (light blue) 2 segments per layer, so total 8 segments per layer.
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Assessment indicators

Quantity of work

Streamlined Construction

Construction Period
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Explanation

The amount of steel in the selected support system is approximately 766 t,
representing a significant savings compared to the steel requirement for
a traditional method.

1. Only two central columns are required for the whole system.

With virtually no vertical structures, construction operations are greatly
reduced and obstacles to subsequent excavation are minimised.

3. Horizontal structures need only be locally fitted and the number
of joints to be made on site is greatly reduced.

4. Due to the backfilling of the cofferdam, the ring steel box girders were
constructed directly on the working surface or the downcutting surface
at the construction elevation without the need for temporary
construction support or platform facilities.

5. There is no conflict between the support system and the construction
activities related to the erection of the two bridge tower pylons.

The system requires no adjustments or modifications, no dismantling
or reinstallation of supports, and no removal or reinstallation of
intermediate columns, unlike traditional support methods.

6. Compared with traditional methods, the construction sequence
is considerably simpler.

The original schedule was 90 days. On-site excavation was completed
on the 82™ day, which was aligned with the original approved construction
period (8 days ahead of schedule).

Table 1: Direct Benefits of Ring Steel Beam Support System

Assessment Indicators

Construction Safety

Cofferdam Structural Stiffening

Welding techniques

Explanation

The upper ring steel box girder was lifted to the working platform and bolted
into place, while the lower steel components were assembled either on the
working platform or near the excavation surface. This approach eliminated
the need for work at height, thereby minimising safety risks.

Due to the horizontal ring support, the maximum unsupported length of the
cofferdam’s steel piles is more than twice that of the traditional method, see
Figures 8 and 9. As a result, the piles require additional reinforcement

to ensure continuity of the auxiliary system and to increase the overall
rigidity of the cofferdam structure. This requirement, incorporated as an
operational measure, can be regarded as a subsidiary benefit of the system.

The main element of this case study was a closed box girder section
fabricated by welding plates (with a maximum thickness of 50 mm).

This provided an opportunity to simulate the welding of permanent steel box
girder segments and to review and reconfirm the welding techniques

of the existing workforce.

Table 2: Ancillary Benefits of the Ring Steel Beam Support System
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Figures 8 and 9: Excavation support system, traditional (left) and creative system (right) Courtesy of Splendid Technology Ltd.

VI. FEEDBACK

Ring support geometry control

Due to the curvilinear block structure and the on-
site driving of the cofferdam steel piles, fabrication
tolerances and on-site sampling were considered to
account for potential manufacturing and
construction  deviations.  The  construction
sequences were to ensure that the loads acting on
the cofferdam are transferred to the ring support in
a sufficiently uniform manner.

Lifting of ring supports

The two layers of annular stiffeners were
constructed sequentially in coordination with the

downward excavation process. The two ring
supports were built independently according to their
respective planar positions.

After completing the upper annular ring and the
downward excavation to the lower ring level, the
construction team adjusted the lifting position and
used a traction rope to guide the steel ring elements
into place.

In some cases, a two-stage installation is used due
to limited vertical space during the lifting procedure
(see Figure 10).

Hydraulic jacks
with pressure gauge

Figure 10: Two layers and two ring supports
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Enhanced cofferdam structure

The cofferdam structure consists of 144 steel piles
of 45m in length and 1.2m in diameter. There is no
connection between adjacent steel piles except at
the annular ring levels.

To satisfy the fundamental assumption in the ring
support structural analysis—that the cofferdam
behaves as an integrated system—the construction
team reinforced the steel pile bodies by
strengthening the on-site plates to improve
continuity and integrity. At the same time, this
approach reduces the potential for relative
displacement between piles at the connections to
the annular rings. In this sense, the system can be
regarded as achieving “two functions in one”.

Straight-forward design

The structure is a circular, horizontally supported
box girder subjected to external water pressure
from outside the cofferdam. The axial compressive
forces generated by earth pressure are self-
equilibrated within the system, due to its inherent
arch behaviour, through configured in-plane stress
loops.

As a result, no additional forces are transmitted
vertically or as out-of-plane loads within the
structural system. This in-plane self-balancing
mechanism eliminates the need for vertical
transmission or out-of-plane resistance.

The structural analysis software commonly used in
the industry, based on linear elastic small-
displacement theory, is sufficient to evaluate and
meet these requirements.

Y 9S00 800800008000000 0y,
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In the steel structure design, it is required to
conduct local buckling analysis and verification of
the steel box sections and plates. Among these
components, the horizontal and lateral steel box
beams installed at the centre of the ring support are
the most critical ones. These two components
(a total of four in the system) are key to the overall
success of the support system.

It was essential to implement an around-the-clock
stress monitoring system throughout construction,
with  particular attention to critical stages.
The system employed customised Load Cells and
incorporated an integrated hydraulic jack unloading
mechanism to ensure safety during dismantling.

Vil. COMPLETION REVIEW

This innovative ring support system provided a safe
and efficient working environment for the
construction team and successfully enabled the
construction of the large-diameter pile foundation
for the P130 Main Bridge Tower.

The stability and safety of the cofferdam structure
were clearly demonstrated during the foundation
excavation.

The safety of the structure is ensured by the double-
layer, double-ring support system, consistent with
the initial planning and design assessments.

Although leakage occurred due to locally weakened
continuity at the joints between the cofferdam steel
piles during in-water construction, this did not
undermine the conclusion that the system
represented the most suitable method for this
project.

Figures 11 and 12: BIM model for reference after completion (left) and situation on site (right)
Courtesy of Splendid Technology Ltd.
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Figures 13 and 14: The cofferdam under construction (left) and upon completion (right)

Viil. CONCLUSION AND OUTLOOK

The Danjiang Bridge P130 pile foundation—
featuring a pile cap measuring 77 min length, 45 m
in width, and 5 m in thickness—is the first of its kind
in Taiwan. Excavation serving as the key pre-
construction operation.

The cofferdam’s internal support system was
designed with constructability as a priority, making
effective use of the double-ring structural
configuration. This approach significantly reduced
the complexity and difficulty of the structural design,
while also providing a more efficient and safer
working environment for the construction team. The
system contributed substantially to time savings
and to the overall progress of the bridge
construction.
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Based on the construction requirements of the
engineering design target, it is recommended—
both  from the design and construction
perspectives—to make full use of the mechanical
characteristics of different structural systems when
planning, configuring, and executing the works. This
approach helps to create the most suitable
construction environment within the excavation
area (e.g., an unobstructed working space).

This paper presents a case study intended to be
shared  with  domestic and international
geotechnical, structural, and civil engineers,
encouraging further consideration of future
directions and efforts in construction practice.
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3D FORMWORK AND CLIMBING SOLUTIONS
FOR THE DANJIANG BRIDGE PYLON

Jun Hirasawa, Robert Zalewski, Peri

Figure 1: Pylon erection

INTRODUCTION

The Danjiang Bridge is designed to harmoniously
integrate the local landscape, culture, and
surrounding  environmental needs, featuring
a beautifully lined cable-stayed bridge.

The main pylon reaches an impressive height of
about 200 m, with a maximum span of 450 m. Upon
completion, it will be recognised as the world's
longest single-tower asymmetrical cable-stayed
bridge.
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The project connects Tamsui and Bali, significantly
shortening the distance and travel time between the
two areas. After completion, trips between Tamsui
and Bali will no longer require a detour via Guandu
Bridge, and the journey will be reduced by
approximately 15 km and cut travel time by about
25 minutes.

This project will link the Northern Coastal Highway,
West Coast Expressway, Taipei Port Special Zone,
and Bali Left Bank recreational activities, thereby
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saving travel time and promoting the development
of the tourism industry in northern Taiwan.

Additionally, it will improve external transportation in
the Tamsui and Sanzhi areas, enhancing the
service function of the Northern Coastal Highway
system.

According to the plan, the pylon, excluding the
foundation (U01), is 208 m high with a standard
casting height of 4 m. PERI's formwork solution has
been applied to all 52 segments (U02 to U53).

PROJECT CHALLENGES

The formwork and climbing brackets, as
construction structures, must be sound against
dead loads and, primarily for formwork, live loads
such as lateral pressure conditions. Also, the
climbing brackets must meet the conditions for safe
use within the allowable stress range (elastic range)
against strong winds at high elevations. Moreover,
we had to address the challenges of changing
complicated geometry in each section while
ensuring safe and cost-effective construction
support.

Levels -8m to 40m (U2 to U13): The inside radius
changes, so for every casting step the elements
must be taken down and adapted to the next
section. Since both pylon legs are symmetrical, it is
required that the components be reused. The
straight elements must be shortened in certain
areas, and the corners must be adapted to the new
angle.

Levels 40m to 72m (U14 to U21): Different forms
were required for all casting steps, which are round-
shaped, because the radii change at every level.
The straight elements are shortened accordingly
and adapted to the adjacent bent area. The angles
between the straight elements change as well,
which is why these elements must also be modified.

Levels 72m to 84m (U22 to U24): At this height, the
pylon legs join. Formwork requires completely new
elements for that area, which also change from
section to section.

Levels 84m to 92m (U25 to U26): The round
elements change radius continuously; therefore,
3D-form components are required. All straight
panels are bent due to changes in angles at the
corners. The formwork must be custom-made as
well for this section.
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Figure 2: Wall Formwork Plan

Levels 92m to 104m (U27 to U29): Attention must
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be paid to prevent concrete leakage from the
bottom of the external formwork as it changes from
convex to concave. The elements must be adapted
to the changing radius and bent areas. For all
sections, adaptations are required due to the
changing angles of the straight wall connections
and corners.

Levels 104m to 184m (U30 to U49): Due to minimal
changes in geometry, it is required to use more
efficient formwork and climbing brackets to ensure
safe construction at higher elevations.

Levels 184m to 188m (U50): As the geometry of the
pylon begins to split again, the external formwork
requires an entirely new design and modification of
elements.

Levels 188m to 200m (U51 to U53): External
formwork again necessitates an entirely new design
and modification of elements.




Figure 3: Wall Formwork VARIO+3D Boxes adapt 3D
curve geometry. The optimised 3D box sections were
reused to plan cost-effectively

SOLUTIONS OVERVIEW

The VARIO GT24 Wall Formwork (All sections): With
girder wall formwork, the arrangement of the
individual system components can be freely
selected, and optionally, integrated 3D boxes can
be used for adapting curve geometries.

Additionally, through the elongated holes in the
walers and coupling with flush, aligned, and tight
panel connections, the VARIO GT24 Wall Formwork
can be adapted to suit all geometries and
requirements.

SCS Climbing System (Level -8m to 108m, 188m to
200m): The SCS Climbing System is characterised
by a high level of cost-effectiveness as the modular
concept with multi-piece brackets facilitates
optimum adaptation to suit this project's specific
requirements and geometries.

An especially remarkable feature is the provision of
safe, horizontal working areas through inclinable
platforms, which can easily be adapted to suit
inclined structural elements.

ACS Self Climbing System (Level 104m to 184m):
Efficient and robust self-climbing formwork for
bridge pylons or high piers makes the construction
of concrete structures high-speed, cost-effective,
and safe.

The climbing units, comprising wall formwork and
platforms, are moved from floor to floor by means of
integrated hydraulic systems.
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Figure 4: The SCS Climbing System ensures
safety by providing horizontal working areas on
inclined walls

The efficient sequence of operations facilitates
a very high level of productivity, thus resulting in
increased workplace safety.

Figure 5: Wall Formwork Installation VARIO
on the SCS Climbing System




Figure 6: The Adjusting Unit SCS is used to position the wall
formwork. The base of the formwork is pressed tightly
against the previous concreting section. This method

proved to be highly effective in preventing concrete leakage

in complex-shaped structures

Figure 7: At Level 72m (U21), the pylon legs merge into one
piece. The wooden boxes absorbed the slight discrepancies
on both sides, allowing for proper installation

Figure 8: Wall Formwork VARIO+3D Boxes adapt
to the outside radius changing from convex to
concave at Level 91 (U26)

Figure 10: The self-climbing system eliminates the
risk of falling by ensuring that all eight platforms

climb simultaneously. On the other hand, the pump
control allows each unit (with two cylinders) to
operate the cylinders independently. This means

‘ o . that in case of any issues, we can respond quickly
Figure 9: ACS self-climbing system. After completing and flexibly with just a single button on the remote
concreting at Level 104m (U29), we gradually installed control

the ACS. The self-climbing successfully covered the range
from Level 104m (U30) to Level 184m (U49)
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Figure 11: As a preparatory step for
platform climbing, the ACS needs to
raise the climbing rails to form the
track. Although the structure is
relatively vertical between Levels
104m(U30) and 184m (U49), it
becomes narrower as the height
increases. Therefore, the climbing rails
of each platform must incline not only
forwards and backwards but also left
and right during climbing. By switching
the remote control, hydraulic control for
each unit is possible, allowing for fine
adjustments.

Figure 14: Level 28m (U10)

Figure 12: The upper two layers
of the ACS platforms are foldable
to facilitate the removal and
installation of formwork.

The formwork can be removed
and installed while the platform is
folded

Figure 15: Level 40m (U13)

Figure 13: Concreting from
the platform level +1

Figure 16: Level 68m (U20)
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Figure 17: Level 76m (U22)

Figure 20: Level 116m (U32)

DETAILED DESCRIPTIONS OF 3D BOXES

We were able to adapt the 3D Boxes to the VARIO
Wall Formwork for complex 3D geometry.

Due to the many special parts that cannot be
reused, we used 21.5mm particle board for the
frame members and 12mm urethane-coated
Formlinings, a standard product in Japan, for the
panel to reduce product costs.

The planning and design were carried out by the
German headquarters, which has extensive

Figure 18: Level 92m (U26)

Figure 21: Level 120m (U33)
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Figure 19: Level 108m (U30)

Figure 22: Level 176m (U47)

experience with this kind of 3D formwork
technology. Meanwhile, the detailed design was
done in the Philippines and Malaysia, and
localisation and manufacturing were carried out in
Japan, implementing the best methods by the PERI
global team.

The frame members are CNC pre-cut and
converted into parts, improving assembly efficiency.
After skilled workers assemble the formwork, it is
inspected with a 3D scan before shipment to check
the dimensions and any harmful deformations.




Furthermore, after being transported to the site and
attached to the pre-assembled VARIO Wall
Formwork, it undergoes another 3D scan inspection
before being installed on the structure.

Thus, by utilising digitalisation in manufacturing, we
were able to provide high-quality and cost-effective
services for complex geometries.

- Figure 23: 3D Boxes assembly

N Figures 26 and 27: Pre-shipment 3D scanning

& Figure 28: On-site 3D scanning
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Figure 29: Initial climbing path concept assumed
installation of the ACS system before integration of
the pylon legs. This idea proved unfeasible due to
geometrical limitations

DETAILED DESCRIPTION OF ACS CLIMBING
SYSTEM

FINDING CLIMBING PATH

Automatic Climbing System (ACS) utilises hydraulic
climbing of both the working platform and formwork
at the same time. This is carried out by the use of
climbing rails, which are lifted by hydraulic cylinders
to the next position.

At the next stage, the whole climbing unit is moved
up using the same cylinders and by following the
climbing rails.

The main challenge was to find the optimal position
of ACS anchors with a changing pylon geometry.
PERI design engineers had to find a climbing path
for these anchors that would be within ACS system

Figure 30: ACS Climbing cycle — first, the climbing
rails are moved up with hydraulic cylinders, then the
whole unit follows the track of the rails and climbs up

using same cylinders

limits and allow utilisation of the climbing system on
as many concreting steps as possible.

The final solution limited ACS use for levels U30 and
U49. To verify that assumed climbing can follow
pylon geometry, a detailed 3D analysis was
performed to check the climbing sequence for each
construction step.

One of the challenges for designers was cable
anchorages, which limited the location for ACS
anchors.

Due to the position of cable anchorage points, four
ACS platforms had to be installed on level U32.
Therefore, for levels U30 and U31, a combination of
SCS and ACS platforms was used to optimise the
solution.

§ 31T .
u3s

g ST
u37

8 - amam |
A U36

§ I — ] :r! =)
u3s

g 4 if e

1175a

Figure 31: ACS anchors had to be declashed with stay cable anchorage points.
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Figure 32: Changes of pylon geometry on levels U30 and U49
that had to be taken into account for VARIO formwork design

ACS VARIO FORMWORK

VARIO formwork was optimised for use with the
ACS system. The goal was to minimise the number
of panels that needed modification at each step.

The geometry of the pylon on the River Side and the
Sea Side consisted of a straight part that did not
change along the height of the structure. This
allowed the use of a single “V” shaped VARIO
panels, which were used for all construction steps,
from U30 to U49. Only the internal part had to be
modified after each climb of the system.

The Bali and the Tamsui sides of the pylon are
curved, and the radius changes on every step. On
this side, the VARIO formwork was also adapted,
with internal panels remaining the same across all
heights and external panels being modified.

Figure 34: VARIO formwork design for ACS. Red colour indicates
panels that stay the same for levels U30 and U49, yellow
indicates panels that need to be modified every time the system
climbs. The green panel stayed the same for all levels; however,
it was not fixed to ACS units and had to be lifted by crane
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Figure 33: Special mechanism that allowed adjustment
of VARIO formwork panels on the Bali/Tamsui sides

Internal formwork panels had to allow adjustment to
changing curvature, and thus a special mechanism
was designed to enable this.

VARIO formwork was not designed as a single-
sided system, and DW15 tie rods had to be
implemented. The internal layout of cable stay
anchorages, steel tubes and steel boxes limited
space to install ties. In the original PERI solution,
various DW15 couplers were used to declash ties
with those embedded parts.

Due to the complexity of the tie rod layout, this was
not a final solution. The construction site decided to
design a steel frame, welded to an internal steel box
and left after concreting. The frame was positioned
precisely at the level of formwork walers. This
allowed the installation of ties directly to this frame.
It allowed a much simpler tie rod layout and handling
on site.

ACS PLATFORM DETAILS

Each ACS unit consisted of the following working
levels:

e Level O is the main working area where VARIO
formwork can be adjusted and final
reinforcement can be done.

e Llevel +1 was a concrete pouring and
reinforcement platform.

e Level +2 was used for initial reinforcement
works and also for the installation of the tie rod
template for VARIO formwork.

Levels +1 and +2 were installed on a custom-
made steel truss that also allowed installation of
a tube guardrail covered with a safety net.
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DW Hex nut welded to the

o — weld on anchor dw15 (variant
R TR by site)

Weld on anchor dw15
dw15 lost (variant by site)

130°

Dywidag tie rod dw15

90 kN Jost

9.\
90 kl\x
Figure 35: Partial view of VARIO formwork layout ,h.“
and detail of special DW15 connector — original
ties with py/on embedded parts boxout for installation of VARIO formwork ties

e Level -1 allowed access to the hydraulic pump
and cylinders, the heart of the ACS system.
From this level, the operator observed the
climbing process and could set the system for
rail or platform climbing.

e Level -2 is a service platform which allows
dismantling of ACS anchors and finishing works
on pylon surface, i.e. filling holes left by anchor
cones and DW15 ties.

Level +2

Level +1

Level 0

Level -1
N Figure 37: Flap deck of levels +1 and +2 in open position
before installation of external VARIO panels on Bali/Tamsui sides

Level -2

& Figure 38: Typical section of ACS platform
showing all working levels
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Figure 39: Telescopic cantilevers
on ACS Level O

& Figure 41: Dismantling of ACS anchor from level -2

N Figure 40: Hydraulic cylinders and pump on level -1 — heart of ACS. The operator

controls the climbing of all ACS units with a single push of the remote control button

Some VARIO formwork panels had to be removed
after each climbing as previously described. For this
reason, levels +1 and +2 had to be equipped with
flap decks that allowed access to those panels.

Due to the decreasing width of the pylon sides, all
platforms had to be able to change geometry as
well. The main working levels 0, +1 and +2 were
designed with a telescoping cantilever. This allowed
for sliding in part of the deck before climbing to the
next level. With this solution, the working surface
was always even and without significant gaps,
which allowed safe working conditions. Levels -1
and -2 were equipped with a simple cover. Although
it created a step between ACS units, it was also a
much simpler solution and met safety requirements.

2022 Dec 2023.Dec

The ACS system was designed to increase
efficiency and safety of works at all stages —
reinforcement, shuttering, striking, climbing and
finishing works. PERI VARIO formwork and ACS
systems utilised most of their core components,
and by incorporating custom steel designs, they
were fine-tuned to meet all requirements.

ADVANTAGES - ACHIEVING CONSISTENT
TIME EFFICIENCY

Following the integration of the pylon legs, the
construction process has become more complex,
and the vertical concreting of segments alone is
no longer the critical factor. The addition of steel-
box installation, tension cable work, and the
installation of steel segments of the super-
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Figure 42: Construction speed
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structure, along with adverse weather conditions
such as lightning strikes, strong winds, and heavy
rain, has negatively impacted the operation of tower
cranes, leading to instability in the process.

Nevertheless, the use of the ACS self-climbing
system has allowed for independent climbing,
thereby reducing the load on the tower cranes.

Consequently, in this complex process, reducing
the load on the cranes has minimised the impact of
uncontrollable factors on the construction timeline,
preventing further delays.

Dismantling wall
VARIO installation jgg \| formwork
3 | SCS climbing
N b - " ™ £
y ) 3 . | 4 )
Template for rebar,
REED LY Scaffolding,
Surveying decking

Concreting

Rebar-work VARIO
installation

(external)

VARIO installation ¥ ¥y 3y i \ formwork
o e SCS climbing

VARIO
Installation
(internal)

CONCLUSION

PERI faced the unprecedented challenges of
a global pandemic and unstable international
conditions.  Despite these obstacles, PERI
successfully  developed, manufactured, and
supplied innovative 3D formwork and climbing
solutions in a remarkably short time.

By leveraging its global network and digitalisation,
PERI contributed significantly to the successful
construction of the tower of the world's longest
single-tower asymmetrical cable-stayed bridge.

Dismantling wall

Template for rebar,
Rebar-work/ Scaffolding,
Surveying decking

Tamsui

Figures 43 and 44: SCS Typical cycle for Levels 8m (U2) — 108m (U30) (14 days/section)

04/2025




(Cable
tensioning)

VARIO
installation 2/2

VARIO
installation 1/2

ACS climbing

Template ' ' Rebar-work
assembly

e-mosty

Concreting

Curing / weld
bottom Tie Rod

Dismantling /
ACS rail climbing
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ACS climbing
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for Tie Rod /
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Figures 45 and 46: ACS Typical cycle for Levels 104m (U30) — 184m (U49) (10 days/section)
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SEISMIC ISOLATION DESIGN OF THE
DANJIANG BRIDGE, TAIWAN

Kilian Karius, Project Co-Manager, Leonhardt André und Partner, Stuttgart, Germany
Wen-Kai Chen, Branch Manager, Leonhardt André und Partner, Taipei, Taiwan

Johnny Ro, Project Manager, Sinotech Engineering Consultants Ltd., Taipei, Taiwan
Yung-Chieh Chen, Branch Director, Highway Bureau, MOTC, Taipei, Taiwan
Min-Chung Cheng, Section Chief, Highway Bureau, MOTC, Taipei, Taiwan

INTRODUCTION

The construction of the Danjiang Bridge and its
connecting road network represents a major
transport infrastructure project for northern Taiwan.

Located at the mouth of the Tamsui River near the
Taiwan Strait, the design of the bridge aims to
complement the renowned scenic beauty of the
Tamsui Sunset.

The Highway Bureau organised an international
design competition, inviting domestic scholars,
experts and local community members to form
a selection committee.

The winning team was a joint design team
comprising Sinotech Engineering Consultants of
Taiwan, Leonhardt Andréa und Partner of Germany
and London’s Zaha Hadid Architects.

Our concept of the bridge takes humanity as the
starting point, with "Serene Dancer" as the theme,
blending the magnificence of "mountain" and the
softness of "river" with minimalist lines.
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The final Danjiang Bridge features the following key
aspects:

e With a main span of 450 m and a back span of
175 m in length, the asymmetric structure is
said to be the world's largest single-tower cable-
stayed bridge. It accommodates six traffic
lanes, two 2.5 m wide motorcycle lanes, and
a 5 m wide walkway on either side.

e The design life is 120 years. This requirement
reflects the scale and significance of the
structure, as well as the resources invested in
its construction. A 120-year design life is
standard for comparable new bridges
worldwide.

e Danjiang Bridge is classified as a lifeline
structure, providing access to emergency and
rescue services after major seismic events.

e The steelwork using painted weathering steel
was fabricated locally in Taiwan and transported
to site by truck and barge.

e The challenging construction of the bridge is
nearing its completion, marking a significant
milestone in Taiwan’s construction technology
development.
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SEISMICITY AND SEISMIC RESISTANCE

Taiwan is located at the intersection of the Eurasian
and Philippine Sea plates. Due to the collision and
compression of these plates, Taiwan experiences
frequent earthquakes and geological changes.
In fact, minor earthquakes are felt in the Taipei area
on a weekly basis.

Danjiang Bridge is located in seismic zone Taipei 2
for which the seismic code specifies a reference
peak ground acceleration of 0.24 g at a return
period of 475 years.

Risks from active faults have been evaluated in the
design. The bridge does not cross any active faults,
but three faults are located not far from the project
area at a distance of about 7-8 km in the southeast.

The latest activity of the Shanchiao fault occurred
around 10,000 vyears ago, and the Central
Geological Survey of MOEA considers it an active
fault of Pleistocene age.

The bridge's asymmetrical geometry and long span
configuration posed significant challenges for its
structural design and seismic resistance. A floating
support system incorporating a variety of carefully
selected seismic isolation and energy dissipation
devices was adopted, along with a secondary
seismic protection system.

Experts from Taiwan’s renowned National Centre
for Research on Earthquake Engineering (NCREE)
were commissioned to review the concept. Working
together with T.Y. Lin International Taiwan, who
were acting as project managers (PCM) on behalf
of the Highway Bureau, the design team achieved
a solution with built-in redundancy that efficiently
reduces seismic forces while ensuring optimum
performance under non-seismic conditions.

OVERVIEW OF THE BRIDGE ARTICULATION

Danjiang Bridge employs a floating support system,
meaning that the bridge deck is not vertically
supported at the interface with the pylon.

Its self-weight and any vertical loading applied to the
superstructure are transmitted to the pylon via the
stay cables. This configuration avoids a “hard point”
which would lead to significant negative bending
moments in the deck.
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A soft support by means of vertical cables in the
pylon axis was omitted for aesthetic reasons.
Lateral laminated rubber bearings (Elastomeric
Bearings) installed at the Bali side leg of the pylon
are free to slide in the vertical direction and hence
do not bear any vertical forces.

At the other piers, the deck is supported by
unidirectional friction single pendulum bearings
(FPB). Hold-down cables inside of piers P120 and
P140 ensure that the friction pendulum bearings
remain under compression at all limit states.

The friction pendulum bearings are free to slide in
the longitudinal direction of the bridge. Longitudinal
forces are taken mainly by Hydraulic Fuse
Restrainers (HFR) connected with spherical hinges
to the Tamsui side leg of the pylon. The HFR provide
nearly rigid restraint under non-seismic loads. When
a certain seismic intensity is exceeded, a fuse is
activated and the HFR act as fluid viscous dampers
(FVD).

Minor additional longitudinal support and damping
is provided by FVD arranged at the expansion joints
and by shear deformation of the pylon lateral rubber
bearings.

In the transverse direction, the deck is rigidly
supported at the pylon and at the transition piers
P100 and P160. Flexible lateral support and
damping are provided by the FPB at the
intermediate piers P110, P120, P140, and P150.

Figure 1 provides an overview of the bridge
articulation and seismic isolation.

DESIGN SEISMIC RATING AND PERFORMANCE
REQUIREMENTS

Seismic design is one of the most critical aspects of
bridge design in Taiwan.

As a lifeline structure, Danjiang Bridge must not only
be repairable after an extreme seismic event but
also be able to maintain at least one traffic lane
operational to serve as an emergency access route
for rescue vehicles.

To achieve this goal, the overall design adopts
a performance-based design approach (PBD),
explicitly defining limits of structural strain and
damage for each structural element at three
different levels of seismic intensity:
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Figure 1: Bridge articulation

SEE (Safety Evaluation Earthquake or
Functional ~ Evaluation  Earthquake): an
earthquake with a return period of 30 years and
an 80% probability of exceedance within
50 years. During such an event, the entire
bridge structure shall remain within the elastic
range, with no structural components sustaining
damage, enabling the bridge to maintain full
operational service.

DBE  (Design-Based  Earthquake):  an
earthquake with a return period of 475 years
and a 10% probability of exceedance within
50 years. During such an event, the bridge
structure shall remain essentially within the
elastic range. Minor damage may occur, but the
bridge is still operational.

MCE (Maximum Considered Earthquake): an
earthquake with a return period of 2475 years
(denominated as the “2500-year earthquake”)
and a 2% probability of exceedance within
50 vyears. Limited plastic behaviour and
repairable damage may occur. The bridge shall
not collapse and at least one traffic lane can be
used for the passage of emergency rescue
vehicles.

The performance requirements for all three levels
are summarised in Tables 1 and 2.
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Seismic Intensity e Service Performance Level Lanzy: otz el
(Return Period) Performance Level | Factor R Behaviour
SEE 80%/50y .
(Safety Evaluation Earthquake) (30 ) 1.0 Elastic
DBE 10%/50y . » Essentially
(Design-Based Earthquake) (475y) L] Lol 10 Elastic
MCE 2%/50y Limited service - - Limited
(Maximum Considered Earthquake) (2500 y) (Emergency vehicie only) il 10151 b ity

NOTE:

(1 Seismic events of SEE type are characterized by a significant probability to occur more than one time during the life span of the bridge.

(2 After any seismic event the bridge must be inspected and may require re-alignment and re-centring.

Table 1: Definition of the seismic hazards and design performance levels

Bridge components

Cable-stayed system

Superstructure

Bearings and Shear Keys

Hydraulic Fuse Restraints

Expansion joints

Piers

Pylon

Foundations

Minimal damage

DBE - 475y event | MCE - 2500y event

Minimal damage

Minimal damage Minimal damage

Minimal damage Repairable damage

Minimal damage Repairable damage

Minimal damage Repairable damage

Minimal damage Repairable damage

Minimal damage Minimal damage

Table 2: Performance requirements for each bridge component

THE SEISMIC ISOLATION SYSTEM

The overall layout of the seismic isolation system is
shown in Figure 1. This section describes the single
elements in more detail.

At the pylon (axis 130), the bridge is equipped with
seven HFR (Hydraulic Fuse Restrainer) located at
deck level between the pylon legs and aligned with
the bridge axis. Under normal service conditions,
the HFRs function as rigid restraints, providing
a total axial restraint force of up to 7 X 7500 kN =
52500 kN.

During an earthquake, the axial support force may
reach the trigger limit of 7500 kN. At this point, the
group of HFR transitions from a rigid restraint to
a velocity-dependent viscous damper via valve
activation, providing seismic isolation and energy
dissipation. When the restraint is “fused”, the HFR
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perform according to the hysteretic law F = C x v,
where F =force, velocity exponent o =0.05 and
damping constant C = 7.142 MN(s/m)¢. The
maximum design stroke is +400mm.

After the earthquake, the HFR internal hydraulic
system allows time for the bridge to recentre itself
by the balancing forces of the stay cables and the
restoring energy of the deformed lateral rubber
bearing pads. If bearing friction at the intermediate
piers prevents the deck from recentring sufficiently,
it can be recentred manually using a hydraulic

pump.

Piers P110, P120, P140 and P150 are equipped
with two unidirectional Friction Pendulum Bearings
(FPB) at the top of each pier, i.e. the friction
pendulum is activated only for movements
transverse to the bridge axis.
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Figure 2: Configuration of seismic devices at the pylon
Since transverse movements under service loads lterative analysis was conducted to determine the
are not desired, a balance had to be achieved optimal combination of curvature radius and friction
between the breakaway force, the restoration coefficient for all piers. The final chosen system is
capability after a seismic event, and energy shown in Figure 3.
dissipation.
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The support system at piers P100 and P160
consists of shear keys, Fluid Viscous Dampers
(FVDs) and spherical bearings.

The shear keys restrict the lateral displacement of
the deck girder while allowing it to move along the
bridge axis. The spherical bearings allow movement
and rotation in all directions.

—

@ P100

Viscous Dampers

However, since the shear keys constrain the lateral
displacement of the box girder, no relevant lateral
movement occurs at the spherical bearings.

The fluid viscous dampers have a capacity of
5000 kN each, with a damping coefficient of
5.0 MN(s/m)®. They serve as a second line of
defence in case the functionality of the HFR at the
bridge pylon is compromised.
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Figure 4: Pier P100 support system
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Figure 5: Pier P160 support system
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SECONDARY SEISMIC PROTECTION SYSTEM

To ensure that Danjiang Bridge continues to serve
as a lifeline for emergency services in the event of
an extreme earthquake, a number of secondary
anti-seismic protection measures safeguard the
bridge in the event that the primary equipment is
damaged.

Should an earthquake exceed the intensity of the
maximum considered earthquake, i.e. the 2500-
year return period earthquake, the HFRs at the deck
and pylon interface may be damaged due to
movements exceeding the design stroke. Steel
stoppers mounted on both sides of the central cross
beam on the deck are the backup system for this
condition.

In the event of excessive movement, the stoppers
will collide with concrete corbels on the pylon legs,
transmitting any residual forces directly to the pylon.

This arrangement is shown in Figures 2 and 6.

Excessive lateral displacement during an
earthquake, beyond that considered in the design,
could damage the friction pendulum bearings at
piers P110, P120, P140 and P150. This could result
in the deck becoming dislodged from the bearings.

To prevent this, the steel box girder is fitted with
shear keys that align with concrete stopper blocks
in the pier tops, as shown in Figure 7.
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— z
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Figure 6: Rigid longitudinal stoppers at pylon
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The presence of an open gap between the shear
keys and the stoppers ensures that the stoppers will
only be activated if a seismic event exceeds the
Maximum Considered Earthquake.

During the construction phase, this gap was
blocked to provide temporary lateral support to the
deck. The gap would also be blocked for temporary
lateral support in the event of a future bearing
replacement.

The FVDs arranged at the transition piers P100 and
P160, as illustrated in Figures 4 and 5, also form
part of the secondary seismic protection system.
However, they help to reduce displacements in any
earthquake. Their properties are chosen such that
slow movements are not restrained.

SEISMIC ANALYSIS

Global seismic analysis was carried out on a 3D
model of the bridge set up in software SOFISTIK, as
shown in Figure 8.

Initially, response spectrum analysis was carried
out, using linearised elements to represent the
seismic isolation system.

This was followed by a non-linear time-history
analysis incorporating the actual non-linear
properties of the seismic isolators and material non-
linearities.

Design spectrum S,

s

P SOFisTIK

Figure 8: Global analysis model

According to the acceleration response spectrum
set out in the Ministry's Seismic Design Code for
Highway Bridges [2], the acceleration decreases
significantly when the structural vibration period
exceeds Ty, as shown in Figure 9.

The hazard analysis confirms the low accelerations
in the long period range.

Therefore, enhancing the structure's overall
flexibility to reduce its vibration period is one method
of mitigating seismic forces.

However, this typically increases structural
displacements, necessitating the installation of
appropriate seismic isolation and energy dissipation
devices to limit structural movement.

For this project, the stiffness and energy dissipation
parameters of the isolation equipment were
analysed and adjusted iteratively to achieve the
most favourable equilibrium between seismic forces
and displacement.
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Figure 9: Acceleration Response Spectrum and Parameters Zone Taipei 2
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ACCELERATION SPECTRUM ANALYSIS

The seismic acceleration response spectra
applicable to Danjiang Bridge are shown in
Figure 10. The design response spectrum is
specified separately for each component of the
seismic action, that is, the longitudinal, transverse
and vertical components.

To account for the level of damping present in the
structure, the response spectra are modified using
the damping reduction factors BS and B1, as
specified in Code 2.

The code limits BS and B1 to a maximum reduction
of 20%. As the damping level achieved by the
seismic isolation system exceeds 20% in both
horizontal directions at DBE and MCE, this cap is
applied.

At SEE, however, the breakaway force of the friction
pendulum bearings may not be reached, meaning
the associated damping may not activate.

Therefore, the damping of the seismic isolation
system at SEE has been capped at 10%.
All assumptions were verified by non-linear time
history analysis.

In the vertical direction, the piers, pylons and
bearings cannot dissipate large amounts of energy
because axial forces prevail and the natural periods
of the vertical modes are short.

Additionally, the vertical modes of vibration primarily
induce vertical bending of the deck, which is
engineered to remain within the elastic range at all
seismic design intensities.

Therefore, elastic inherent damping of 2% is used
to characterise the vertical response spectra for
each earthquake level.

Once the required iterations to develop and fine-
tune the seismic isolation system were completed,
it was determined that the overall structure's
fundamental vibration period at MCE is 4.44
seconds, as shown in Figure 11.

In the second mode, the lateral stiffness of the pylon
and the torsional characteristics of the separated
steel box girder deck are key factors.

All primary vibration modes of the integrated
structure fall within the low acceleration range of the
response spectrum, which effectively reduces
seismic forces.

Figure 11 also shows that 100 vibration modes have
to be considered to ensure that at least 90% of the
total mass is mobilised in each horizontal direction,
as required by the code. The analysis considers the
first 200 modes.

Spectral acceleration [m/s?]

Design horizontal response spectrum
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Figure 10: Horizontal and vertical design response spectra
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Participating factor
Mode Modal shape - MCE T(s) |Mx(%)| My(%) | Mz(%)
1 4.44 | 22.6 11
2 4.00 - 8.9
3 3.40 | 5.9 3.6
L
4 2.50 7.2

Variation of periods-MCE
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Figure 11: Fundamental modes of vibration; Frequencies and mass participation of the first 200 modes

NON-LINEAR SEISMIC TIME ANALYSIS

The nonlinear seismic time-history analysis
conducted during the detailed design phase
comprises two parts, as detailed below.

1. A seismic hazard analysis was conducted for
the bridge site. The parameter deconstruction
showed that the main sources of seismic activity
contributing to the 2500-year return period
hazard are nearby sources, the foothill faults,
and distant subduction zone sources. The
uniformly distributed Uniform Hazard Response
Spectrum (UHRS) for the project site is shown
in Figure 12.

Based on the magnitude, distance, site Vs30,
PGA and the UHRS profile, three real
earthquake time histories were subsequently
selected: the 1999 Chi-Chi earthquake, the
2002 “331” earthquake and the 2013 Hualien
earthquake.
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These were fitted to the uniform hazard
response spectrum to generate artificial seismic
acceleration time history data for the bridge's
nonlinear dynamic analysis, as shown in
Figure 13.

2. Analysis was conducted on seven sets of
artificial seismic time history data fitted to the
acceleration response spectrum per the
Highway Bridge Design Code [2], as illustrated
in Figure 14, to verify the damping ratios and the
displacement of each seismic isolation
component.

The non-linear time-history analysis was carried out
both for simultaneous excitation of all foundations
and with a time lag to account for the spatial
variability of the ground motion, as shown in
Figure 15.
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Figure 12: Comparison of the seismic hazard analysis results with the canonical seismic response spectra
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Figure 13: Seismic hazard analysis fitting of artificial seismic acceleration history

o4

oo

-0'¢

oo o¢

-0

o0 oe

-0'¢

wvecsjetanou (8)

vecessnon (8)

veoestapou (8)



e-mosty

im) (m}

R EEE

— —ns — o )
Chi Chi Earthquake — Station CHY028

) I

NN

Poioif 8§ i

Chi Chi — Station TCU128

S — (=) S
Chi Chi Earthquake — Station TCUO7T8 sl
Chi Chi Earthquake - Station TCUDS?

Figure 14: Artificial seismic acceleration time curve matching the code spectrum
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CONCLUSION

Danjiang Bridge shows how a record-scale,
asymmetric cable-stayed structure can meet
lifeline-level seismic demands through a purpose-
built isolation strategy.

In a region shaped by frequent earthquakes and
multiple nearby fault sources, the project
demonstrates the value of performance-based
design from the earliest stages.

The combination of HFR devices, friction pendulum
bearings, viscous dampers, and secondary stopper
systems establishes a layered defence that limits
forces, controls displacements, and ensures
recentering after major events.

Rather than relying on any single device, the system
works through redundancy and coordinated
behaviour verified by extensive nonlinear time-
history analysis.

As the bridge approaches completion, its seismic
design sets a strong precedent for long-span
bridges in high-hazard environments.

The article offers a deeper look into how these
isolation components, analytical methods, and
performance criteria were integrated to achieve
resilience without compromising serviceability or
architectural intent.

[1]

[2]

[3]
[4]

[5]
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INTRODUCTION

In 2026, a new marvel of engineering will open to
the public — the Danjiang Bridge spanning over the
mouth of the Tamsui River in Taiwan, designed by
architect Zaha Hadid in collaboration with
Leonhardt, Andréd und Partner. It will set new
records and be the longest asymmetrical single-
mast, cable-stayed bridge in the world with a 200m
high pylon and a total length of 920 m.

The road and light rail landmark sets not only new
standards in bridge engineering but also seismic
design, requiring a new approach and innovative
product design.

To withstand earthquakes exceeding magnitude 7
while simultaneously ensuring structural safety
against hazardous daily operational challenges—
such as fatigue, corrosion, and strong winds
(typhoons)—a range of specialized products have
been engineered including spherical bearings,
friction pendulum bearings, laminated rubber
bearings, shear keys, modular expansion joints with
fuse elements, shock absorbers and multifunctional
hydraulic devices named Hydraulic Fuse Restraints
(HFR).

SCOPE

For the design, engineering, production, testing and
supply of these high-end and complex devices,

globally present specialist mageba was engaged to
deliver products presented in Table 1.
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All the above-mentioned products are built on an
extra-large scale, with many of them integrated with
high-tech, unique, integrated features to match the
extraordinary design of the bridge and to have such
capacity to control the potential extreme diverse
external environments that could occur.

These devices are at the pinnacle of any products
ever installed around the world.

MODULAR EXPANSION
SPECIALIZED FUSE ELEMENTS

Two large-scale Modular Expansion Joints (MEJ) of
type LR15-FE (15-gap) and LR17-FE (17-gap)
made of each 5 sections were designed with +/-784
and +/-871 mm max. longitudinal displacement
capacity and integrated fuse elements (FE).

The MEJ allows nominal +/-614 and +/-689 mm,
respectively, at the ULS condition. When entering
an ELS condition, the fuse elements break away
and additional movement capacity +/-170 and +/-
182 mm are released to accommodate the most
severe situation during a maximum considered
earthquake.

JOINTS  WITH

The displacement capacity has been verified
through full-scale product testing, and the fuse
breakaway has been verified through an equivalent
reduced-gap joint sample (LR3-FE) with identical
geometry in the section.
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Maximum Maximum Maximum
Device Name QTY Vertical load Horizontal load  displacement
[kN] [kN] +/- [mm)]
Spherical Bearings (SB)
RESTON®SPHERICAL 4 21,000 : 600
Friction Pendulum Bearings (FPB)
RESTON®PENDULUM 8 133,000 11,000 o950
Laminated Rubber Bearing sets (LRB)
LASTO®BLOCK 2 64,000 4,600 320
Elastomeric Bearing for shear keys (SK) i
LASTO®BLOCK 12 ©3,000 °00
Modular Expansion Joints (MEJ) 10 i i 871
TENSA®MODULAR
Hydraulic Fuse Restraints (HFR)
RESTON®HFR ! ) 7,500x7 400
Fluid Viscous Damper (FVD)
RESTON®SA 4 ) 2,000 euo

Table 1: A list of devices mageba delivered for the Danjiang Bridge
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Figure 1: Articulation Scheme of the Danjiang Bridge

In order to verify the fuse function while keeping the
same conditions as on a real joint, one test sample,
LR3-FE, is proposed, which is deemed as
representative in terms of the performance and
behaviour of the final joint products.

The LR3-FE prototype consists of full components
of the real modular joint LR17 of the Danjiang Bridge
within one span (2 joist beams) and reduced gaps
(17 to 3). The stroke capacities of the gaps and the
fuse element are identical to the actual LR17.

All critical elements are included as follows:

Figure 2: LR17-FE full-scale test
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M1Z bolt (8.8) 1. Centre beam
4 —— (1
2. Edge profiles
- 3. Joist beams
EE 4. Seismic fuse-element units
| — - ] I I . -

= — : T 5. Gap control springs
6. Gap-limitation belts
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Figure 3: Section View of LR3-FE
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Figure 4: Section Views at centre
/ fully opened / fully closed
position

Figure 7: LR3-FE fuse break-away
test — more stroke capacity released
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Guided Friction Pendulum bearings

A total of 8 units of guided pendulum bearings (FPB)
are placed on 4 piers (2 units per pier), of which the
most demanding ones are located at P140; 2 FPBs
with a vertical load capacity of 133 MN, resulting in
a size of 2.6 x 2.2 m x 1 m and weighing over
24 tons each.

These bearings consist of 2 sliding interfaces and
1 rotational surface.

In longitudinal direction, flat sliding surface with
greased sliding material ROBO®SLIDE with ultra-
high strength and wear resistance, which allows Figure 8: Pendulum bearing at the construction site -
“free” movement (with minimum friction resistance). preparation before installation

In the transverse direction, the internal guide
transfers the shear force from the superstructure
through the ungreased spherical sliding interface,
behaving like a classical friction pendulum.

Due to the limited laboratory testing capabilities
available, from the size and extreme load capacities
of the devices, a scaled prototype was necessary,
built according to the similarity law to enable the
testing verification program to be implemented for
the design concepts and performances.

HYDRAULIC FUSE RESTRAINTS (HFR)

HFR is the most challenging design out of all the
products used in the bridge, representing the state-
of-the-art solution to the most demanding design
concept.

Figure 9: FPB scaled prototype testing

Longitudinal (out of plane) Internal guide
direction - Flat sliding surface

G s

Transversal direction -

Spherical sliding surface
+—

TTTTTITI°FET

Figure 10: Main components of the pendulum bearing
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Uniquely, through a specialised hydraulic and
"smart" system design—which incorporates real-
time data acquisition via integrated sensors—this
HFR array integrates multiple functions: acting as a
rigid link, providing safety limits via hydraulic fuse
break-away, enabling high-speed damping, and
locking up during transient actions, see Table 2.

Each HFR unit consists of 1 set of (1) Pilot manifold
(bi-directional) and 2 sets of (2) Main pressure
manifolds (unidirectional). (1) Pilot manifold controls
the stage upon the received hydraulic signal and
alters the behaviour once threshold values of
triggers are exceeded, see Figure 12.

Figure 11: HFR array installed and interlinked

It activates/deactivates the restraint status by
opening/closing a set of special valves. (2) Main
pressure manifolds are activated in Stage 2, which
controls the ultra-high flow rate (20000LPM
=1.2m/s) at a high pressure.

{ Table 2: HFR different stages and behaviours

# Stage Behaviour Description

1 Normal Hydraulic Fuse  Fully restrained for loads under threshold

Hydraulic fuse breaks away.

2 During EQ FVD . .

Damping actions over full load range

Allows slow velocity movement and recentres the bridge
3 After EQ STU with the help of LRB deformation.
1 Normal Hydraulic Fuse Fully restrained for loads under threshold. The device

recovers to the “Normal” initial state.

Figure 12: Schematics of the HFR structure and hydraulic elements
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Force [kN]

-500

ULTRA DYNAMIC PERFORMANCES

7 units, each with a load capacity of 7,500 kN
at 1.2 m/s act in parallel to provide a maximum
group reaction force of 52.5 MN. The challenging
hydraulic performance requires ultra-high flow relief
—equivalent to a flow rate of 20,000 litres per minute
at a pressure of 27 MPa.

Full-scale testing has been performed with full
dynamic performance capacity 7,500kN at 1.2 m/s,
+/-400 mm.

Force - Displacement
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Figure 13: HFR full-scale dynamic testing -
up to 7500kN at 1.2m/sec
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Figure 14: HFR full-scale dynamic testing

BREAK AWAY PERFORMANCE

Instead of sacrificial mechanical fuses, the hydraulic
fuse can be deactivated (behaves as break-away)
and reactivated (reset) easily and more precisely,
controlled by a series of hydraulic valve elements.

Force - time
8000

6000

Fuse reset

/

4000

= 2000

Force [kN
o

250.00

2000

4000

-6000

-8000

Time [sec]

Because of the nature of the hydraulic technology,
this fuse solution is also insensitive to corrosion,
temperature, fatigue, etc., which allows mageba to
bring constant performance over years of
operation.

Force - Displacement

8000

Force [kN)

Displacement [mm]

Figure 15: HFR full-scale break-away test
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ULTRA DURABILITY

The piston rod, as the active sealing surface, is
exposed to the external environment and vulnerable
to corrosion issues. To be able to withstand the
hazardous marine  environment, mageba’s
specialised coating system is used on the HFR’s
piston rods, which enables it to resist over 1,000
hours of Salt Spray Test (10+ times over traditional
solution performance).

Unlike a traditional viscous damper or STU device
that allows slow movement, the HFRs act as a rigid
link to resist service loads. The structure of the HFR
is designed to be as robust as fatigue-free.

100,000 cycles and 4.8 million fatigue load cycle
tests have been carried out on one full-scale and
one 1:5 scaled HFR device, respectively, at a stress
range ratio (divided by nominal design force)
of 0.45.

Prototype Test
MSGI00018-2-6 Wydraulic Fuse Restraint
P130 RESTON*HFRI00-180

Figure 17: HFR fatigue test - 4,800,000 cycles - scaled
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GROUP FUNCTION

To grant the best possible pressure distribution,
equal loading and avoiding fatigue effects during
service load conditions, the compression and
tension flud chambers of all HFRs are
interconnected. Each HFR has two Main Hydraulic
Blocks, each of which connects to one of the two
chambers of the cylinder, allowing access to all
orifices and valves that regulate hydraulic
behaviour. This group function has been verified by
a set of scaled devices.

CONCLUSION

The synergistic combination, centred on the
innovative HFRs and incorporating elements from
SKs, FPBs, MEJs, FVDs and LRBs, enables mageba
to fully fulfil the potential of the state-of-the-art
bridge design concept for ultra-high performance.

N
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S R AR AR
Audit Test

MSG100018-2-6
Hydraulic Fuse Restraing
RESTON*HFR7500.000
Group Function Test
AUT 28", 2024
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Figure 18: HFR group functioning test - scaled
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DANJIANG BRIDGE CRASH BARRIERS

Marta Mastova, M.D.S. Handels -und Montagen GmbH

Figure 1: Danjiang Bridge under construction

STEEL SAFETY BARRIERS

Modular safety barrier Sergard MDS H2 has been
chosen to protect vehicles, drivers and pedestrians
on the Danjiang Bridge in Taiwan — the longest
single tower cable-stayed bridge in the world.

High containment level and a lightweight structure
were key factors for its selection. MDS barrier is
going to be installed along multiple driving lanes for
over 2,573 linear metres.

This steel barrier for bridges has been tested at the
TUV site in Germany under TB11 and TB51 crash
test conditions, certified as compliant to European
Standard EN1317 containment level H2, and also
NCHRP 350 and MASH approved by FHWA as
a TL-4 safety device.

Sergard MDS H2 barrier is composed of 6 m or 3 m
long sections, made of S235JR sheet steel 2.5 mm
thick and hot-dip galvanized in accordance with UNI
EN 1461.

04/2025

The single-barrier sections are constructed with
loop connector hinges that, during installation, are
vertically aligned to accept a steel connecting pin,
which securely locks them together.

At the top, the sections are connected by two splice
plates, and at the bottom by a bolt.

An upper steel handrail supported by pedestals on
top of the barrier base is an essential component of
the Sergard MDS barrier system.

Its role is to interact with an impacting vehicle in
a way that it prevents penetration and overriding.
The MDS H2 total height is 1.290 mm.

Sergard MDS H2-04 7D N barrier shape has been
designed in line with the “original” concrete New
Jersey barrier developed in New Jersey, USA.
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Figure 2: Sergard MDS H2 barrier back view

A significant advantage of its shape is the capacity
to redirect the colliding vehicle with minimum
damage to the vehicle and the barrier itself.

Sergard MDS adds to the above general
performance a significant improvement due to the
low deceleration imposed on the colliding vehicle
and passengers. Crash tests carried out have
shown a very low force transmission to the bridge
deck structure.

Such a performance is achieved as a result of the
synergy between the barrier plasticity and the
anchorage system developed specifically for this
purpose.
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Figure 3: Sergard MDS H2 barrier front view

Low forces discharged to the bridge deck are
proportional to the barrier’s structural capability to
deform itself and therefore to absorb an essential
part of the crash forces, which leads to a less rigid
impact, reduced damage to the vehicle, higher
safety for passengers and protection of the bridge
deck.

The Danjiang Bridge specifics require special
barrier elements to be used to accommodate, for
example, traffic sign gantries, to terminate the
barrier row, to install barriers of varying lengths and
special shapes, or to attach guardrails and concrete
barriers to the MDS H2 system.

~
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TRANSVERSE DRAINAGE ELEMENT ’ /
=] © =]

S

N
e M16 THREADED ROD
/

~_ TAPPED STUD

ORTHOTROPIC DECK ~

Figure 4: Sergard MDS HZ2 barrier section and anchorage detail
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Long bridges need several expansion joints to
connect single construction segments. To allow for
larger movements in the longitudinal direction of the
carriageway, MDS is supplying eight customised
expansion joint barriers with variable length,
designed to expand or contract following the bridge
joint movements as they open or close due to
temperature changes.

The sliding mechanism assembly of plates,
brackets, and forks works together with the handrail
sleeve.

MDS expansion joint barriers are installed at
a preset position, with the expansion/contraction
movement of +/- 350 mm allowed by the longitudinal
slotted holes.

The traffic plan provides a lane dedicated to
scooters. Here, the MDS H2 barriers offer
protection not only on the front side but also on the
rear side, equipped with accessory back panels
made of aluminium alloy AW 5754, creating
a closed box continuous surface for major safety.

To prevent the rain from accumulating on the bridge
deck, optional transverse drainage elements are
placed underneath the barrier modules, creating
a 30 mm free gap to allow for the water to flow away
from the road surface. Sergard MDS platform
drainage system, allows water to drain without
affecting the safety performance.

Sergard MDS modular barrier can be replaced after
a statistically rare heavy accident with ease.

Figure 5: Sergard MDS H2 barrier back view (USA)
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In a typical car collision, the barrier reacts within the
“elastic field”, and replacement or repair is not
required for either the barrier or the deck.

Even a severely damaged barrier still offers
substantial protection to the traffic before it can be
replaced.

The main advantages of using the Sergard MDS H2
barrier for the Danjiang Bridge are:

e Lightweight of 58,5 kg/m

e Modular preassembled sections for easy and
quick installation

e High performance

e Long durability

e Cost saving

e Working width W3

e High-impact energy absorption and dissipation
e Transverse plates for deck drainage

e Easy to replace and repair

e Motorcyclists friendly

e CE marked and FHWA approved

Based on the experience, except for the above
situations, MDS H2 barriers once installed do not
require repair or maintenance for at least forty
years.

Figure 6: Sergard MDS H2 barrier front view (Austria)
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https://e-mosty.cz/wp-content/uploads/Danjiang-Longitudinal-View.png
https://e-mosty.cz/wp-content/uploads/Danjiang-Top-View.png
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https://e-mosty.cz/wp-content/uploads/Danjiang-Pylon-Front-View.png
https://e-mosty.cz/wp-content/uploads/Danjiang-Pylon-Lateral-View.png
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https://e-mosty.cz/wp-content/uploads/Single-deck-Tamsui-side.png
https://e-mosty.cz/wp-content/uploads/Typical-twin-deck.png
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https://e-mosty.cz/wp-content/uploads/Single-composite-deck-Bali-side.png
https://e-mosty.cz/wp-content/uploads/Single-steel-deck-Bali-side.png

e-mosty

CONSTRUCTION GALLERY

«

S 2022/ ¢ ; = | 2022907719

04/2025



e-mosty

04/2025



e-mosty

04/2025



e-mosty

2024/9/9

2024/10/15

2024/11/19

04/2025



e-mosty

04/2025



e-mosty

04/2025



e-mosty

Video: Back span closure

Click on the image to play the video
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https://youtu.be/YPJRS2oqMaM

DYWIDAG 3>

Everything
we do today, makes
for a safer tomorrow.

We make infrastructure safer, stronger, and smarter.

STAY CABLE | POST-TENSIONING | MONITORING | MAINTENANCE

%
% j dywidag.com


https://www.dywidag.com
https://www.dywidag.com
https://www.dywidag.com
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Schorgasttal Bridge
Design:-Planning: Construction Supervision

B S R Dr. Schapertdns Consult B S R SCHNEIDER+PARTNER

www.bpr-consult.com www.srp-consult.de



https://www.bpr-consult.com/
https://www.srp-consult.de/

SPECIALTERV

Established in 1999, we are a civil-engineering & design firm with versatile, award-winning pedestrian,
cycle, road and rail bridges. By translating complex geometries into technically precise, site-specific solutions,
we deliver resilient yet aesthetic structures that connect communities across Europe and beyond.

WATCH OUR
BRIDGES

IN MOTION

www.specialterv.com



https://specialterv.com
https://specialterv.com
https://www.instagram.com/specialterv/?hl=en
https://hu-hu.facebook.com/Specialterv/
https://hu.linkedin.com/company/specialterv-kft
https://www.youtube.com/@specialtervepitomernokikft2447
https://www.specialterv.hu/size-compare

Structural analysis software for structural engineers

Structural analysis software
that's fun to work with!

Since 1987, we have been developing intuitive software solutions for structural
analysis, dynamics, CFD analysis and structural design. Our goal is to be not only
the best known, but also the most user-friendly structural analysis software in the
world. Everyone out there should be able to say: We use Dlubal because structural
analysis is fun!

Products Dlubal in numbers

Years of experience in
RFEM > 35 developing structural analysis

software
« Finite element method for analyzing and

designing load-bearing structures.

Highly motivated employees
+ Enables the creation of complex 3D models. 300 argurzld the globe pioy

RSTAB =i

Companies work with Dlubal
« Especially for the analysis and design of frame 13.000 products worldwide

and beam structures.

« Supports various materials such as steel,

t d and alumi .
concrete, wood and aluminum 130_000 Users rely on Dlubal software

+ CFD software for simulating wind flows around

buildings and structures.
« Detailed visualization of wind loads and flow

patterns.

RSECTION

+ Stand-alone program for calculating profile
characteristics.
« Execution of stress analyses for various cross-

sections.

@ www.dlubal.com/en

dlubal_software
Dlubal Software



Whether to span nations, make

a statement or improve everyday

links, Arup crafts better bridges

Arup works in active partnership with clients to understand
their needs so that the solutions make their bridge
aspirations possible - big and small.

The Arup global specialist technical skills blended with

essential local knowledge adds unexpected bene its.

www.arup.com

Naeem Hussain
Global Business
e: naeem.hussain@arup.com

Sabine Delrue
Bridge Assessment & Retrofit
e: sabine.delrue@arup.com

Richard Hornby
Long Span Bridges
e: richard.hornby@arup.com

Marcos Sanchez
Europe and Global
e: marcos.sanchez@arup.com

Ngai Yeung
East Asia
¢: ngai.yeung@arup.com

Luke Tarasuik
Americas
e: luke.tarasuik@arup.com

ARUP

Deepak Jayaram
UK, Middle East, India & Africa
e: deepak.jayaram@arup.com

Antony Schofield
Australasia
e: antony.schofield@arup.com
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ROSALES

BRIDGES AS STRUCTURAL ART

Rosales + specializes in the design, engineering,
architecture, and illumination of bridges

Bridges as Structural Art by Miguel Rosales
showcases twenty-five of his iconic bridges

™ BUY NOW

rosalespartners.com [{FJ [ﬁm} [g]


https://www.amazon.com/Bridges-Structural-Art-Miguel-Rosales/dp/1961856158
https://rosalespartners.com/
https://www.facebook.com/rosalespartners/
https://www.linkedin.com/company/rosales-partners-
mailto:mrosales@rosalespartners.com

Build your bridge

RUBRICA® :f3: RUBRICA® RUBRICA®
BRIDGES MARITIME TUNNELS

0 RUBRICA
# SINGULAR PROJECTS

www.rubricaingenieria.es {int


https://rubricaingenieria.com/en/projects/rubrica-bridges/
https://rubricaingenieria.com/en/projects/rubrica-maritime/
https://rubricaingenieria.com/en/projects/rubrica-tunnels/
mailto:info@rubricaingenieria.es
https://www.linkedin.com/company/rubricaengineering/?originalSubdomain=es
https://www.rubricaingenieria.es
https://www.rubricaingenieria.es

MAURER

MAURER
MSM Swivel Joist Expansion Joint

OSMAN GAZI BRIDGE, IZMIT, TURKEY | WORLD NO. 4 SUSPENSION BRIDGE WITH HIGH SEISMIC LOAD

Scope of application: References:

The installation of the MAURER Swivel Joist Expansion Joint shall allow access to and = Bahia de Cadiz, Spain

protect the bridge deck from horizontal over load during a seismic event. = Hochmoseliibergang, Germany

= Osman Gazi Bridge, Izmit,

Features: Turkey

= Unrestrained absorption of specified = High life time expectation through « Mainbriicke Randersacker,
movements and simultaneous trans- use of high performance components Germany
mission of traffic loads » Longitudinal seismic displacement = Millau Viaduct, France

= Serviceability of the structure after the of ca.4m « Rheinbriicke Schierstein,
earthquake = Service velocity up to 20 mm/sec Germany

= Protection of the bridge deck from hori- (10 times higher than for a regular bridge) « Rion Antirion, Greece
zontal overload Faused by extreme closing . Wa.tertlght across the bridge width - Russky Island Bridge,
movements during the earthquake = Maintenance free Vladivostok, Russia

= Tsing Ma, China

MAURER SE | Frankfurter Ring 193 | 80807 Munich/Germany ) )
Phone +49 89 32394-0 | Fax +49 89 32394306 | www.maurer.eu fOfCES in motion





https://pipenbaher-consulting.com/
https://www.linkedin.com/company/pipenbaher-consulting/posts/?feedView=all
mailto:pce@pce.si

ALLPLAN

ANEMETSCHEK COMPANY

\ ALLPLAN CIVIL 2025

PRODUCTIVITY
SUPERCHARGED

ALLPLAN Civil 2025 integrates the enhanced civil structural modeling capabilities of ALLPLAN
(formerly known as ALLPLAN Bridge) into a unified solution for planning, designing, and detailing
all types of transportation infrastructure projects.

Benefit from:

> Parametric, free-form and multi-material modeling and detailing tools

> New automated end-to-end workflow for precast girder bridges of any type and shape

> Superior roadway design and detailing with enhanced parametric intersections

> Optimal and connected structural design with SCIA Ultimate* now included

*not availabe in Austria

DOWNLOAD FREE TRIAL NOW

CIVIL


https://www.allplan.com/download-free-trial

we design bridges ntlng

= bridges ¥
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Peljesac Bridge, Croatia

Conceptual/Preliminary/Final design
Joint Venture Faculty of Civil Engineering, University of Zagreb; Ponting; Pipenbaher Consulting Engineers

e/ /]

Ada Bridge over Sava in Belgrade, Serbia

Winning competition design/Preliminary/ICE for final and detailed design

Ponting inzenirski biro d.o0.0., Strossmayerjeva 28, 2000 Maribor, Slovenia @ m



https://www.ponting.si/en/projects/peljesac-bridge-115.html
https://www.ponting.si/en/
https://www.linkedin.com/company/ponting-bridges/
https://www.ponting.si/en/projects/ada-bridge-over-sava-in-belgrade-53.html
mailto:ponting@ponting.si
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SOLUTIONS FOR
BRIDGE CONSTRUCTION

WWW.BERD.EU

@ BERD M

o BERDBRIDGES MODULAR BRIDGESOLUTI_ONS


https://www.berd.eu/en/
https://www.berd.eu/en/
https://www.linkedin.com/company/berd
https://www.facebook.com/berdbridges
https://mbs.berd.eu/en/
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https://www.linkedin.com/pulse/movable-scaffolding-system-mss-strukturas-as-3mwrf%3FtrackingId=lNE5AUg5ywgZerRCnofmwQ%253D%253D/?trackingId=lNE5AUg5ywgZerRCnofmwQ%3D%3D
https://strukturas.no/strukturas-bridge-building-equipment-gallery/
https://www.facebook.com/BridgeBuildingEquipment/
https://no.linkedin.com/company/strukturas-as
https://www.youtube.com/@strukturas_as/videos
https://www.linkedin.com/posts/strukturas-as_underslung-form-traveller-balanced-cantilever-activity-7198910508475830273-X6nA?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/strukturas-as_bridge-construction-productivity-activity-7201084815985504256-FP1I?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/pulse/form-travellers-ft-strukturas-as-3nn3f?utm_source=share&utm_medium=member_android&utm_campaign=share_via

E : DIAMANTY To provide you with the best service
possible, our team is ready to apply
our products directly on site. Just like
we successfully did for projects like
the Chenab Bridge (India) and the
Yavuz-Sultan-Selim Bridge (Turkey).

100% GAP AND TOLERANCE COMPENSATION
WITH MM1018 THE LIQUID SHIM

In a single step. Without mechanical processing. More quickly and
less expensive than conventional lining plates or wedge plates.

Introducing our globally trusted solution MM1018 for gap and tolerance
compensation in bridge construction! Applied in countless construction
sites worldwide, our innovative product ensures unparalleled structural
integrity and safety for your bridges. Save time and money with our ad-
vanced technology, allowing for precise fitting and alignment of bridge
components in a single step, without costly delays. Join our satisfied
customers and experience the proven effectiveness of our MM1018.

Advice & sales:
www.diamant-polymer.de/en

info@diamant-polymer.de
or call +49 2166-98360
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POLYMER SOLUTIONS



https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
http://www.diamant-polymer.de/en
mailto:info%40diamant-polymer.de?subject=
https://www.linkedin.com/company/diamant-polymer-gmbh/
https://www.youtube.com/@DIAMANTPolymer/videos

Helgeland Bridge, Norway

Photo : Jules van den Doel


https://www.aas-jakobsen.com/markets/long-span-bridges/
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FATZER's coil ropes are made to design
a wide variety of rope structures

Customers benefit from our wide array of expertise and
a consistent focus on their needs. Our expertise ranges
from feasibility studies for individual rope solutions to

installation and longterm monitoring.

BRUGG
\

Fatzer

fatzer.com



https://www.fatzer.com/de
http://fatzer.com

SANTANDER
MADRID

LIMA

BOGOTA
BUENOS AIRES

ARCHING THE WORLD

ARENAS

& A S OC I ADO S

Calle Marqués de la Ensenada, 11 - 3°. 39009
Calle Bravo Murillo, 101 - 4°. 28020

Calle Coronel Inclan, 235 - Oficina 313. Lima 18
Cra. 14 # 94a - 24. Oficina 307, Edificio ACO 94
Calle Rodriguez Pefia, 681 - 4° Dpto. 8. 1020

Tfno.
Tfno.
Tfno.
Tfno.
Tfno.

+34 942 31 99 60
+34 9170254 78
+51 1637 56 47
+57 1467 48 10
+54 911 5709 3252

www.arenasing.com
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Suitable for
75 and 150 mm
Kerb height and

all heights in

DRAINAGE

UNIT

The bridge drainage channel Type M is designed to collect and
discharge surface and structural water from bridges and elevated
roads, used by all types of road vehicles.

AVAILABLE HEIGHT OPTIONS

The height of the inlet openings is milled to project-specific
= dimensions.

-
-
-
-
-

150mm

- BD350x150 = 150mm high element
--" Top slope 4%
(according to BAST guideline Kap12)

T BD350x200 =200mm high element
Top slope 2%
(according to BAST guideline Kap12)

200mm

150mm
TECHNICAL FEATURES AND ADVANTAGES

- - The bridge drain elements are made of one material and are moulded
.- monolithically. In other words, they are manufactured in one piece,
which ensures a stable structure with high impact resistance.

CUSTOM SOLUTIONS

We specialize in customization. Depending on your requirements,
‘ : L I ( : K H E R E we determine which element best fits your project. We can utilize
various production locations, material types, and manufacturing

For more features, advantages and examples. methods to meet your schedule and needs.

Bridge Drainage | Business Park Stein 108 | 6181 MA Elsloo | The Netherlands | T. +31-462 07 70 08 | E. info@bridge-drainage.com

www.bridge-drainage.com



mailto:info%40bridge-drainage.com?subject=
https://www.bridge-drainage.com/en
https://tinyurl.com/3tt5n2he
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San Francisco-Oakland Bay Bridge East Span

T'(Lin

Photo Credit: Thomas Heinser


http://www.tylin.com
https://www.tylin.com
https://www.tylin.com/work/projects/san-francisco-oakland-bay-bridge-new-east-span
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X< Bridges to
Prosperity

We envision a world where
poverty caused by rural
isolation no longer exists.

Corporate Partners help us
make this vision possible.

g Each partnership creates a
unique experience that promotes
teamwork and cross-cultural
exchange for our volunteers.
Through employee engagement,
recruitment and retention,
@ leadership, business
development, and marketing, our
corporate partners gain a strong
return on investment.

Together, we can build more
than a bridge; we can build a
pathway out of poverty.

‘l A “‘ bridgestoprosperity.org
N )l \ | !& ) g3 /bridgestoprosperity

. s L @bridgestoprosperity
Y @b2p
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T, BRIDGING
“ag THE GAP
' AFRICA

S . THE NEED IS
e GREAT.

THE NEED IS
NOW.

BE A PART OF THIS. BE A BRIDGE.


https://www.bridgingthegapafrica.org/
https://givebutter.com/beabridge

COMMUNITIES

We Connect Students, Industry Partners,
and Communities Through Collaborative
Bridge Building and WASH Projects.

Isolation caused by impassable rivers is a root source of poverty all over the
world. Fueled by the passion of University Students, our Industry Partners, and
the wisdom of our Local Partners, we build footbridges with isolated
communities to ensure they have year-round safe access to essential
resources such as education, healthcare, and markets.
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