Practice Notes on
Horizontal Bridg

for Viaduct Construction
Across Existing Railway Lines

Rotation M




Preface

The successful adoption of thidorizontal Bridge Rotation Meth@adHBRM) in the Fanling
BypassEastern SectioprojectacrosgheEast Rail Line represents a significant advancement
in bridge construction technologghowcasig how cuttingedge innovative engineering
technologies fpractices and stringent construction protocoldMainland and Hong Kong
could be synergistically inggatedto achieve outstanding results

| would like tocommenahe project team famaking tremendous efforts introducing and

adapting the Mainlar@ &ridge rotationtechnologyt o ef f ecti vely overcom
complex site constraints, includingetipresence of the railway line, largmmeter water

mains, highvoltage power lines, limited working spacegdaestricted time slots in rmajht

after train service hours. The expertise and innovative application akttisologywere

pivotal in mitigding safety risks above the railway line, ensuring the protection of both

railway operations and surrounding communities.

| would also like teexpress my sincer@ppreciation fothe exemplary spirit of collaboration
between the project team atn@MTR Corporation LimitedMTR), which was critical to the
success of this innovative method. Tédoption ofthis innovativemethodhas not only
enhancd constructionsafety,but also improvegirogramme and cosfficiency, resulting in
significanttime and cet savings.

As always, CEDDaims to foster innovation and collaboratidar driving the delivery of
resilient, safe, and sustainable infrastruciarelong Kong This documensummarises our
successful experience in HBRM and is intendeseive as asefil reference for engineers,
contractors, and stakeholdgtanning to adopt HBRM in the construction of viaducts, in
particular, across existing railway lines

Mr. FONG Hok -shing, Michael, JP.
Director of the Civil Engineering and DevelopmentDepartment

CEDD
=€



Disclaimer

This Practice Notesis intended solely for informational and experience sharing purposes.
They should not be regarded as a mandatory handbook or comprehensive set of procedures.
It does not constitute part of the official contractual documentation or mandatory requirements.
Useas are advised to consult the relevant standards, regulations, and contractual provisions
applicable to their specific projects. CEDd3sumeso liability for any actions taken or
decisions made based orstRracticeNotes.
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Executive Summary

The FLBP is arucialpart of the strategy to improve connectivity between the Fanling North
New Development Area and the existing highway network. The main challengéowas
constructtwo sections of/iaductabovethe existingMTR East Rail Line while ensuring the
railway remained operational without interruptions. Traditional construction methods were
unsuitable due to sigpecific constraints, including safety risks associated with the active
railway, major utilities, limited workspace, proximity to residential areas, and seasonal
typhoon threats.

To address these challenges, the project team adopted the Horizontal Bridge Rotation Method
(HBRM). This involvedconstruction of two Ishapedridge segments parallel to the raalyv

and then rotating them into their final positiontwo nights This approach provided several
benefits: it significantly reduced risks to the railway, minimized disruptions to train services
and nearby residents, and allowed construction to proceidjcharmal daytime housshich

the railway service is still operational

The success of the project depended on careful plandetgiled structural design, and
temporary works engineeringjhe bridge segmestweredesigned as lonrgpan, prestressed
corcrete units with curved alignments to navigate existing site constraints while maintaining
structural integrity. The design process incorporated safety standards such as the Ultimate
Limit State (ULS) and Serviceability Limit State (SLS), ensuring the-tengy durability and
reliable performance of the viaduct.

One of the most critical features was thuistomengineered rotation mechanisdesigned to
ensure safe and precisely controlled movement. The bridge segments were supported
throughout rotation by highapacity spherical bearings made of structural steel, coupled with
more than a thousand PTFE sliding gatb enable smooth, frictiemanaged motion.
Structural stability was reinforced by stanchions strategically distributed around the perimeter
sliding track. To initiate the rotatiohydraulic strand jacks applied controlled traction forces

to bundles of steel strands embedded inearaircling the turntable's periphery.

The installation, monitoring, and removal of temporary soslere guided by detailed plans
to minimize safety risks and environmental impact. Load sensors ardinteabata
monitoring enabled continuous supervisiohload transfers, allowing the team to make
proactive adjustments and ensure performance standards were maintained.

With safety as the paramount guiding princjpsrict protocols were implemented and
reinforced through regular drills to protect penmseinrailway operations, and the surrounding
environment. This rigorous safety management contributed to the successful project
completion, validating the effectiveness of the HBRM approach.
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Overall, the FLBP project highlights the importance of innaeatihinking and strong
collaboration among engineers and stakeholders in overcoming construction challenges. The
successful application of HBRM offers a valuable model for future projects, supporting more
sustainable and efficient construction practitetegral to this succesgs the collaboration

with MTR. Their invaluable expertise, stringent safety oversight, and close involvement in
planning and execution were crucial in navigating the railway environment and ensuring
minimal disruption to train opations, demonstrating a shared commitment to a safe and
efficient outcome.
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1. Objective of Practice Notes

Theobjectiveof this PracticeNotes is to provide comprehensive guidelines for application of
the Horizontal Bridge Rotation Method (HBRM) the constructionof viaductsspanning
existingMTR lines in Hong Kong. This innovative methatgsigned t@ffectively minimise
construction risks to railway operatgnwas first introduced in Hong Kong fahe
construction otwo sections of viaduct d&FLBP spanning the existing East Rail LineAL)
underCEDD Contract No. ND/2019/Q%achievinghighly successful residt

This PracticeNotes summarisekey considerationgn the planning,design and construction
of HBRM, aiming to:

1 Promot the adoption of HBRM as a safe and efficient construction method for viaduct
spanning existing railway lines

1 Provideaguidelinefor planning, design, and executionHBRM.

1 Highlight the key challengeassociated wittbridgework in close proximity to MTR
premises andutline specific requirements thatustbe addressed.
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2. Background of Bridge Rotation adopted in FLBP

The entire FLBPcomprisesa 3.3km long viaduct and 0.7kntong underpassundertaken
through two CEDD contracts: ND/2019/04 and ND/2019/06ntractNo. ND/2019/05
includesthe construction of 2kAong viaduct between Shung Him Tong and Kau Lung Hang.
Theviaduct alignmenmeanders across Ma Wat River and runs through the industrial zones
and lowdensity village residential areas. It spans the EALfavadly connects to the existing
Fanling Highway.

ND/2019/05 commenced in March 2028ich adoptedhe NEG ECC Option C Target Cost
Contractform. Its launch coincided with the outbreak of the COMI® pandemic, during
which fluctuating public health directives, limited workforce availability, and evolving
operational restrictions posed significant challengessite productivity and effective
coordination with MTR.

2.1Challenging Site Constraints across th&AL under FLBP

Multiple Site Constraints and Construction Challenges

The construction of viaducts spanning the EAL was the most challenging aspegirof¢be
due to complex site constraintd. convergence of severe spatial, logistical, and safety
constraints shaped the complex viaduct alignment required for constructing ttepénd?2
and E2 overbridges, which span multiple critical infrastructurenetes (Figure 2.1),
including:

1 The EALT a vital commuter artery;

T A densely packed utility corridor featuring underground public utilities, comprising a
group of underground 132kV high voltage cables supplying power to Liangtang/ Heung
Yuen Wai Boundary Qarol Point and four sets of large diameter abgreund
Dongjiang water mains (ranging from 1.4m to 2.3m in diameter);

1 Existing Ma Wat Ryer;

T An adjacent footbridge structure and village access road.

To avoid conflicts with existing utilities and infrastructure, the bridge spans across EAL at
Piers D201 and E2)1 were designed as loisgan prestressed concrete structures, measuring
100m and 128m respectively. Unlike other precast segmental bridgmsethich feature a
typical 60m span length and uniform structural depth, these spans were supported by single
cell prestressed concrete box girdegguring a haunched profile to ensure adequate structural
capacity

A balanced cantilever method waspdoed i n t he Contractordés alt
of T-span at D21 (66m long) varied from 6m to 3m, whilespan E201 (136m long) ranged
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from 7.5m to 3mThe T-span at Pier ER1 also featured a curved alignment, with a radius of
curvature of 340m.

Before Bridge Rotation

S

[ Pier D2-01 Jeu

Physical Constraints

n MTR East Rail Line
n CLP’s 132KV Cable

Dongjiang Watermain

Il va wat River

Footbridge

“ Tong Hang Village Road

Time Constraint

Restricted working timeframe
(Allowable working time between
02:00 to 04:00 and 5 nights per month)

Geometry Constraint

Bridge deck in curved shape across
railway (Eccentricity problem)

<0

Figure2.1 - Site Constraints of Bridge Construction
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2.2 Selection ofConstruction Methods

2.2.1 Conventional Methods for Viaduct Construction Across Railways

Due to stringent MTR requirements for work within the Railway Protection Area, bridge
superstructures spanning railway lines are typically constructed using precast segments,
erected using segment lifters or launching girders, as seen in projects suefasrt Mui

Chek Lap Kok Link, Heung Yuen Wai Highway, and Route 8 Ngong Shuen Chau Viaduct.

For local road bridge construction, precast beams wisitindecks are occasionally used
(e.g., Pok Yin Road bridge near Pak Shek Kok). Earlier projects soesetidopted cast-

situ methods for deck consttian using formtravelers (e.gDeep Bay Link) or temporary
falsework (e.g., Tuen Mun Lung Fu Road flyover across Light Rail Transit and Tsuen Wan
Cheung Pei Shan Road Flyover).

Different methods of bridge constructimemmonly adopteavith respect tespanlengthare
illustrated inFigure 2.2

Cable-stayed bridges

In situ box girder (variable depths)

Precast segmental box girders (variable depths)

Precast segmental box girder (constant depth)

In situ box girder (constant depth)

Precast post-tensioned beam
.|

10m 20m 30m 40m 50m 60 m 70m 80m 90m 100m 125m 150m 300 m 450 m

Figure2.2 - Span ranges for different types of bridge superstructures
[Source: Prestressed Corter@ridges, 2 Edition published by ICE, Figure 7.1]

The original construction approach proposed by the contractor for the two viaduct sections
spanning the EAL involved the use of segment lifting frames to install precast concrete
segments. Due to operational constraints, these activities were limitedigoated Non

Traffic Hours (NTH) during the midnight window when train services were halted. Based on
maintenance and other works demarttie MTR was anticipated to allocate roughly five
NTH per monthas a lower boundGiven that the installation of easbgment required three
separate nighés one for lifting, one for stressing, and one for parapet instaliatmacing

all 40 segments across the two bridge decks would have required a minimum of 120 nights.
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As a result, the overall construction timeline wagjected to span approximately two years
in the worst scenario

The planning and execution of construction works within the Railway Protection Area must
adhere to the requirements stipulatedDiBVB TC(W) No. 1/2019 Drawing from these
guidelines and past project experience, several drawbacks have been identified in using
conventional methods for constructing precast segmental bridges over active railway lines:

T The depth and weight of precast segmeats constrainedy limitations along the
transportation route from the precast yard to the installation site.

1 Segment erection windoveiring NTH are both limited and unpredictable, as they must
be coordinated around MTR's routine railway maintenance, introducing risks to
programme certainty and cost.

T Night-time lifting of heavy segmentsver live railway tracks poses elevated safety risks
to onsite personnel.

1 Extensive night worksn close proximity to residential areas can lead to significant
disturbance to the public.

1 A lifting failure during segment installatiacould cause severe consequences, including
service disruption and potential hazards to both workers and the railway system.

2.2.2 Innovative Horizontal Bridge Rotation Method (HBRM)

These challenges were effeeiy mitigated through the implementationtboé€ HBRM. This
innovative technique allowed the bridge deck to be constructed using the balanced cantilever
method outside the railway protection zone, aligned parallel to the exisiiwgytrack, and

under nomal daytime working conditions. Once the deck was fabnstructedin its
temporary position, the entireshaped span was horizontally rotated into its final alignment
during a single midnight operatidrdramatically reducing risks to railway operaticarsd
minimizing service disruptions

Comparedo conventionaktonstruction methods, HBRM offesgveral keyadvantages:

1 Overcome difficult site constraints and limited working area: The method overcomes
difficult site constraintsminimizes the impact ortilities, reduces the workspace needed,
and minimizes railway disruptions during construction.

T Minimal Equipment and Simple Operatiohhe method requires fewer machines and
equipment, streamlines the process, and ensures operational safety.

¢ Structural Rabnality and Clear Force Transmissionhe method exhibits excellent
structural mechanics and performance characteristics.

1 Overcoming Difficult ConditionsThe rotation method effectively addresses challenges
in constructing largspan structures in moutmaus valleys, areas with deep, fiisiving
rivers, or navigable waterways. Its advantages are particularly evident for urban
interchanges and railway overpasses in Higffic areas.
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1 CostEffectiveness and Speed: The method is fast, economical, areffective.

T Minimal Railway Disruption:Construction proceeds without directly affecting railway
operations, requiring only brief periods of track possedsiorotation.

1 ReducedNight Work Construction activities such as-situ casting can be completed
during the day, reducing environmental and social impacts.

1 Safety Enhancement€ontrolled rotational movement mitigates risks arising from heavy
lifting operations.

2.2.3 Insights from Mainland China on HBRM

HBRM has been extensively adopted in highway infrastructure projects across Mainland
China, with numerous successful applications. First introduced in the 1970s, the technique
initially gained traction in the south western regions of thentguAs the method evolved

and its advantages became more apparpatticularly its ability to minimize disruptions to
existing transportation networks during constructipeaw broader adoption. Today, HBRM

is widely utilized for the construction of idges spanningivers, expresswaysand, most
notably,active railway linesvhere permissible constructionindows are extremely limited.

2.3Brief Description of Bridge Rotation Mechanism and Components

The brdge rotation mechanisnirigure 2.3) incorporatedseveral key components designed
to facilitate the controlled horizontal rotation of thesganstructure ensuring stability ath
safety throughout the process:

System Components

777777 Unique Additional Temporary Bridge Pler
--------------- Support Catering for Extreme
Weather Conditions

i | | | ‘
\ |
Upper Turntable IR UL | Spherical Bearing
il 15 |
Shear Steel Support & Traction System
S

Lower Turntable

Sand Box i\ " “~  Sliding Track

Stanchion

Torsional Support

Lower Turntable/ Pile Cap

Figure2.3 - Component and Mechanism of Bridge Rotation
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At the core of the system washagh-capacity rotational bearinigbricated from structural
steel and incorporating approximately one thousamdl fifty-six low-friction PTFE sliding
pads, strategically positionebetween the upper and lower sections of the spherical bearing.
This bespoke assembly was engineered to sustain loadd@¥ 1950 tonnesor the T-span
structure ED1, with aFactor of Safety of 2ensuring robust performance under extreme
structuraldemands.

Encircling the perimeter of the turntabégght pairs of stanchiordfered additional structural
support. Each stanchion transferred loads ostaialesssteel sliding trackwhich was lined
with low-friction PTFE plates featuring a&oefficient of friction below 0.03 This
configuration significantly improved both tis&ability and smoothness durimgtation.

To generate the required tractibiydraulic strand jackand casin reaction blocksvithin the

upper turntable were employed. Tengidrstrand wires transmitted forces to the reaction
blocks, enablingrecise control over the rotational movemddring rotation, thenajority

of the structural load was borne by the spherical beanitly the centreof gravity carefully
aligned throughweight balancing to maintain equilibrium. Tiséanchions functioned as
secondary supportscounteracting unbalanced forces and providing resistance against
overturning.

To ensure structural stability of thespan structure during tlemeyearpre-rotation period,

a series oftemporary stabilization measuresere implemented. Notabl\seven pairs of
preloaded sandboxegere installed between the upper and lower turntables. Once the upper
turntable was cast and ready for rotation, the controlled releasaafacilitated theffective
transfer of loado the spherical bearing and stanchions.

In addition, ten pas of robust vertical elementeferred to as shear steel supports, were
embedded within the upper turntable and securely bolted to the lowtatile during casting.
These supports were specifically designed to resist overturning forces in compliance with the
Structural Design Manual for Highways and Railways (SDMHR), thereby enhancing
structural stability during rotation.

Subsequent chaptensll provide a detailed account of the design rationale and construction
procedures, showcasing how each critical component was methodically engineered and
assembled to maximize both safety and performance. The discussion will also cover the key
guality cantrol measures applied throughout the fabrication and installation phases, ensuring
the reliability and effectiveness of the system. These insights will illustrate the meticulous
planning and high standards that form the foundation of the bridge rotatocess.
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3. Structural Design for Viaduct Constructed by HorizontalBridge Rotation Method

3.1Preliminary Design Phase

Chapter 2 has outlined the suitability of HBRM for a variety of site conditions. HBRM is
recognized as a safe and efficient approach donstructing bridges over sensitive
infrastructures such as railway corridors, arterial roadways, and other critical facilities. Its
ability to minimize operational disruption makes it particularly advantageous in dense and
highly constrained urban settsg

To ensure the methodbos effectiveness, a cor
essential during the preliminary design phase. This assessment involves careful identification
and evaluation of key sigpecific constraints, including:

Verticaland horizontal bridge alignment;

Proximity to existing structures and underground or overhead utilities;
Ground topography and the extent of temporary works required;
Available working footprint;

Local wind patterns and aerodynamics;

Environmental and redptory factors affecting constructability and safety.
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One of the primary objectives of the preliminary design is to establish a strategic response to
these constraints. Developing this strategy early in the design process allows ample time for
coordination among all key stakeholders including MTR, utility undertakers, the HyD, and
other statutory authorities, thereby facilitating integrated planning and risk mitigation.

Typically, the preliminary design addresses two core aspects of construction:

3.1.1 Geometiic Considerations

The first key aspect centers on geometric constraints, particularly the kinematic behavior of

the bridge during rotation. The primary objective is to enable a smooth, obstinegon

operation that does not adversely affect adjacentitsensstructures. Where minor
obstructions exist within the bridgedbds rotat
For instance, in CEDD Contract No. ND/2019/05, the upper section of a lift shaft for a
pedestrian footbridge was trimmed to enswgeéfficient clearance for the rotating
superstructureThis underscores the importance of early stakeholder engagement to identify

and resolve potential conflicts, thereby minimizing delays during construction.

A further geometric concern involves spatiahitations at the pier base. The turntable,
permanently embedded within the pile cap, must be accommodated alongside the lower cap
and the jacking system, which includes reaction blocks engineered to generate rotational
traction forces. Sufficient undexmund working space must be reserved, and the final
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elevation of the pile cap relative to the formation level must be agreed upon with stakeholders
to avoid clashes with existing underground utilities.

3.1.2 Load Effects on Adjacent Structures

The second majod esi gn consi deration addresses the
structures, during both the rotation phase and-teng service. Typically, the rotatien
induced loads are localized and resisted by the permanent bridge components themselves,
makingthe structural behavior of these permanent elements critical in design calculations.
However, temporary worksparticularly excavation and lateral support (ELS) systems
employed for pile cap constructidrcan also exert influence on neighboring infrastrutur
particularly below ground. These impacts must be evaluated to prevent adverse effects on
utilities and other sensitive elements.

As such, the preliminary design phase must incorporate a robust analysis of both geometric
and structural factors. This ilucles:

T Kinematic modeling of the rotation process;
T Assessment of spatial clearances and working envelope;
T Analysis of load distribution from both permanent and temporary systems.

3.1.3 Key Deliverables

Outcomes from this stage should include:

Detailed bridgdayout drawings;

Swept path envelope and horizontal rotation angle;

Headroom clearance studies relative to adjacent assets;
Preliminary sizing of the turntable;

Dimensional and depth requirements for the pier base excavation.

=A =4 =4 4 -4

3.2 Structural -Material Integrat ion and Bearing Design Consideration

The design of a rotational bridge necessitates comprehensive structural analysis to ensure
seamless motion during construction and dependable performance itedongervice.
Central to this process is a detailed ustherding of the interaction between the mechanical
rotation system and the supporting structural components.

The primary structural elements involved in rotation include:

1 The bahnced cantilever superstructure
T The pier
1 The upper segment of the pile cafich functions as the rotating turntable.
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These components must be robustly designed to resist both transient loads encountered during
rotation and the sustained service | oads act

A pivotal mechanicastructural elerant enabling rotation ithe customengineered spherical

bearing which serves as the central pivot. This bearing supports the entivecsgiit of the

T-span and absorbs transient rotational forces. Typically ranging in diamete.Bam4

meters its sizing is determined by the specifoaad demands of the bridge. Situated between

the upper (rotating) and lower (fixed) pile caps, the bearing facilitates smooth, controlled
rotation and is essential to the mechani smods

Upon completion of theotation, the bearing grouted and structurally integratbdtween

the turntable and the lower pile cap, forming a cohesive part of the permanent foundation
system. This integration ensures both the {targ transfer of vertical and horizontal forces
andcontinuity in load path.

As illustrated irFigure 3.1, a typical Fspan is shown supported on a fully integrated turntable
system, designed to rotate as a single rigid body.

.-..n-‘jjjjziiﬁm

_“' 5 Turntable
Ll

Figure3.1 - Perspective view of -Bpan supported on the upper pile cap (turntable)

3.3 Design Requirement of the Spherical Bearing

The spherical bearing is a critical component in the rotational bridge system and must be
designed to ensure structural integridperational precision, and loitgrm reliability. The
following design criteria shall be satisfied:
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1. Bearing Panel Requirements

The steel panel of the bearing shall possess sufficient stiffness and strength, with a
minimum thickness of 30 mm

Radialand circumferential stiffeneraust be incorporated to enhance rigidity.

The panel beneath the rotating bearing shall be anchoredamiverded steel bars or a
positioning skeletorand dine-tuning mechanisrahall be installed to facilitate alignment.

Material Strength Specifications

The steel plates forming theper and lower spherical bearirgsd therotary bearing
baseplatshall be of grad€355 or higher

Thepositioning skeletoand thebearing housinghall utilize materials of grad@235 or
higher

3. Pin Shaft and Bushing Design

4.

The bearing pin shaft may be fabricated from a solid steel rod, preferably using 45# steel
or superior alternatives.

Composite configurations are also acceptable, such as acstemete hybrid shaft
comprising a solicteel core or a seamless steel pipe filled with ligh-performance
concrete.

The bushing shall be constructed from seamless steel tubing, suitable for construction
applications.

Sliding Interface Material

The rotary bear i ngixsleddne af thenfglowsgtr f ace s hal

f
f
f

5.

Modified PTFE,
Modified ultrahigh molecular weight polyethylene, or
Filled PTFE composite sandwich materials.

Stress Analysis Requirements

The design shall include a detailed evaluation of:

f
f
f

6.

Vertical normal stress on thetating bearing,
Normal stress on the sliding interface, and
Shear stress on the pin shaft.

Stress Limitation

The applied vertical normal stresm the rotating bearing musibt exceed its allowable
capacity as specified by the manufacturer or cbhdse design limits.
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3.4DesignConsiderationsfor Various Construction Stages

A rotation bridgeshould bedesigned to satisfy requirements imainconstruction stages:

|l

Stage 1- initial position where the -Bpan is built clear of all obstructions and site
constraints. This scenario is illustratedFigure 3.2

Stage 2- transition positions where thespan rotates from the initipbsition to its final
position.

Stage 3- final position where the -Epan will connect with the rest of the units to form a
completeviaduct structure. This configuration is showrFigure 3.3

The designconsiderations of the bridge structure at various construction stages are
summarized as follows:

1.

Construction of foundation and lower pile cap: The piles and lower pile capare
constructed irtheir permanent positions. They are designed to resist the service load
scenarios and checked against the transient loads induced by the rotation operation.

Installation of spherical bearing and turntable After installing the spherical bearing
which supported on the lower pile cap, the turntable together with the associated
temporary works for the rotation will be casted on top of the bearing. The turntable is set
out in its initial position prior to theotation. It will be designed to resist the transient
loads from the rotation operation, particularly the concentrated load from the spherical
bearing.Figures 3.4 and 3.5show details of a typical spherical bearing. The turntable
will be connected to # lower pile cap by temporary works in order to ensure global
stability of the cantilever -Epan during construction.

Pier construction: The pier connecting to the turntable will be constructed in its initial
position before the rotation. It will be dgsed to resist the service loads and checked
against the transient loads induced by the rotation operation.

Superstructure construction: The balanced cantileverSpan will be constructed either

by in-situ concreting using a pair of form travellelswill be formed in the initial position

before rotation and designed to resist the service loads and checked against the transient
loads induced by the rotation operation which are generalhcntecal.

Rotation of T-span During rotation of the canéler T-span, the superstructure, pier and
turntable move together as a rigid body from their initial positions to the final permanent
positions of the bridge. The design at this stage focuses on the global stability check
against transient loads.
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6. Final Integration: After grouting the turntable and the lower pile cap, the integrated cap
is the permanent structure connecting the deck and pier to the pile foundation. Connection
of the integrated cap is achieved by reinforcement setting out at the pdriphtra

turntable to facilitate easy construction.

Existing Footbridge

mﬁ\\ii\i\

Plan (Before Rotation)

Figure3.2 - Initial Position of Cantilever Bridge

Existing Footbridge \

, lnlﬁ“‘iﬁ%i)'i.'

i

Plan (After Rotation)

Figure3.3 - Final Position of Cantilever Bridge
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Figure3.4 - Typical Spherical Bearing and Sliding Track

Spherical Bearing (Top)
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Spherical Bearing (Bottom)
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Figure3.5 - Details of a Spherical Bearing

(Courtesy of Luoyang Shangr8pecial Equipment Co Ltd)
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3.5Design Approach and Philosophy

The bridge design shall primarily adopt the limit state philosophy descrili@duise 2.1of
BSEN 1990: EurocodeBasis of Structural Desigmhich outlines the fundamental principles
of structual reliability and design requirements fditimate Limit State JLS) (Clause 6.4)
andSLS (Clause 6.5).

The permanent structure shall be designed for the actions and combinations of actions
specified in Eurocodes, including: BS EN 198asis of Structural Design; Eurocode 1, Parts

1 and 2 (BS EN 1991 and BS EN 1992); Eurocode 8Design of Structures for Earthquake
ResistancéParts 1 and 2 (BS EN 1998and BS EN 1992); and the corresponding UK
National Annexes and Published Doants, except where modifications are specified in the
Structures Design Manual for Highways and Railw@BMHR) and its Amendments issued

by theHyD. Some key modifications include the accidental and seismic actions, crack width
and tensile stress veriidonsin Appendix Bof SDMHR.

3.5.1 ULS Design
To satisfy ULS requirements, the structure shall undergo the following verifications:

w Equilibrium EQU): Prevent loss of static equilibrium of the structure or any part of it.

w Structural 8TR): Prevent internaldilure or excessive deformation of the structure or
structural members, including deck, pier, pile cap and piles.

w GeotechnicalGEO): Ensure no failure or excessive deformation of the ground where the
strengths of soil or rock are significant in providiregistance.

3.5.2 SLS Design

General requirements for SLS design aim to ensure that the structure does not experience
unacceptable levels of deformations, vibrations, cracking or other functional impairments.
Theverification criteria include:

1 CharacteristicCombination of Actions: Represents a combination of actions with a
relatively low probability of being exceeded, typically associated with rare but plausible
situations.

1 Frequent Combination of ActionRepresents combinations of actions that are likely t
occur relatively often within the structure's life but not persist continuously.

T QuastPermanent Combination of ActianRepresents actions that are present for the
majority of the structure's life, focusing on letegm effects.

1 Crack width verificationControl crackwidth as required by the SDMHR.

1 Tensile Stress VerificationControl tensile stresses in prestressed concrete members, a
requirement in SDMHR.
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The design of most structural components is governed by the requirements for service
conditions. Therefore, it is recommended that the bridge be initially designed to meet all
service condition requirements. Subsequently, its individual components shoddfimel v
against the requirements for other conditions at various construction stages.

Since the objective of this document is to focus on the special considerations relevant to the
bridge rotation design, the methodologies and details for designing caltyglanced
cantilever concrete bridge under service conditions will not be repeated here.

3.6 Design Considerations for Load Scenarios During Construction and Rotation of the
T-Span

When the Tspan is constructed in its initial position, clear of obstrmstiand site constraints,

the design consideratiodsncludingULS andSLSverification® are largely similar to those

of a conventional cantilever bridge. The primary distinction is that tkeah is supported on

a turntable rather than a permanent pile. CBp ensure stability and adequate structural
performance, the turntable have to be restrained using temporary works, which transfer loads
to the lower pile cap or other ground supports.

A comprehensiveomputer modeis essential for simulating the gldend local behaviour

of the integrated system. This model allows accurate capture of load effects on various parts
of the structure, ensuring a safe design.

3.6.1 Critical Load Scenarios During Initial Construction

Key Action Effects

1 Wind Loads: Includes windctions determined in accordance with BS EN 1991 UK
NA to EN 19911-4 and PD 6688-4 together with the specific requirements stipulated
in SDMHR Section 3.4.

1 Outof-Balance Cantilever Moment: Arises from:
Differences in the seliveight of the two catilever arms, as per SDMHR Clause
3.2.1(5) and Table 3.3.
A potential one segment shortfall in an arm due to unintendeesyrrhronized
casting of the cantilever arms or failure of the erection equipment.

1 Construction Live Load: Includes weight of camnstion personnel and equipment.
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ULS-EQU Verification

The imbalance in seliveight creates a substantial longitudinal moment that has to be
equilibrated. This is achieved through resistance provided by temporary works, as the
connection between tharntable and lower pile cap is via a spherical bearing idealized as a
pinned joint.

3.6.2 Ciitical Load Scenarios During Rotation Operations

During T-span rotation from its initial to final position, the configuration continuously
changes. System stability dug this stage is ensured by engaging a different set of temporary
works, as the restraining temporary works used durisgpdn casting must be removed to
allow rotation.

Action Effects

The imposed actions on the deck and pier remain consistent withinhtbsanitial position.
However, the operation will be carefully controlled, and weather conditions closely monitored
to ensure that the design wind speed can be confidently achieved. To minimize the structural
stability risk, the rotation shall be schéeld in nontyphoon season. Furthermore, wind speed
monitoring shall be carried out early in the project to collect sufficient information to verify
the wind speed design assumption, which may vary across projects due to different
topography or shelteringffects. Generally, a design wind speed of 26m/s will be adequate
when the rotation is scheduled in rigphoon season. Additionally, the continuous variation

in the direction of load effects on the lower pile cap as thepan rotates necessitates
verification of the structural performance of both the cap and the piles.

Verification Requirements
Both the upper and lower caps and the piles must be verified under the following conditions:

w ULS-EQU: Prevent loss of static equilibrium of the structuraror part of it.

ULS-STR: Ensuring sufficient structural strength of the lower pile cap and piles.
ULS-GEO: Verifying ground stability and resistance against geotechnical failures.
SLS: Ensung serviceability performance, such as limiting deformations siresses
under operational loads.

€ e¢€

3.6.3 Load Combinations and Partial Factors

The following combinations of actions (Section 3.2, SDMHR) shall be adopted in the design
for the T-span during construction stages illustrated imMables3.1and 3.2

30



Table3.1 - ULS Combinations and Partial Factors

Design Gk Gk
Situaﬂion (Unfavourable)| (Favourable) P Qe | Pk | Fwicy | Pz | Ad
1.15 0.85 1.00 {1.35 | 1.55 | - 155 |-
EQU(setA) 715 0.85 1.00 [1.35 |- |1.55 |1.55 |-
STR/GEO 1.35 0.95 1.00 {1.50 | 1.55 | - 155 |-
(set B) 1.35 0.95 1.00 | 1.50 | - 1.55 155 |-
STR/GEO 1.00 1.00 1.00 {1.30 | 1.30 | - 1.30 | -
(set C) 1.00 1.00 1.00 | 1.30 | - 1.30 |[1.30 |-

Table3.2 - SLS Combinations and Partial Factors

Design Gk Gk

Situation (Unfavourable)| (Favourable) P Qe Pt Py | Pz
Characteristic| 1.00 1.00 1.00 (100 |[1.00 |- 1.00
Combination | 1.00 1.00 1.00 [1.00 |- 1.00 |1.00
Where

Gk - Dead load and superimposed dead load

P - Prestressing load

Fwk,s - Wind load in a specific direction (s), where s can be x, y (horizontal) and z (vertical)
Q:c - Construction live load

Ad - Accidental load

3.6.4 Setting Outof Turntable

The turntable isa critical structural component that determines the success of the rotation
operation. For a-Bpan with a curved horizontal alignment, the centre of gravity (CG) of the
deck under construction varies continuously. The turntable must be positionedauth th
centre aligns with the CG of the completed cantilevepan, which should also coincide with

the centre of the spherical bea@nthe point of rotation.

Minimizing the eccentricity between thesTpandés CG and the bearing
essentihto ensure a safe and stable rotation operation. While minor adjustments to the T

span's CG can be made using counterweights prior to rotation, the theoretical prediction of

the CG must be as accurate as possible. This prediction should account fersiachoas the

horizontal curve, longitudinal gradient, and transverse gradient of the deck.

In certain situations, the full cantilever may not be completed before rotation, with the
remaining segments beerected or castlafter the bridge is rotatedh such cases, temporary
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works, such as form travellers mounted on the deck, may be required to facilitate segment
casting or erection at a later stage. Weeght of thetemporary works must be accounted for
when evaluating the system's centre of gravi§).

To avoid introducing additional risks to the sensitive structure after rotation, intrusive
construction activities, such as parapet erection, should be compkdtae rotation The
construction of this portion of the parapet will influencedpgtem's CG and must be included

in the CG calculations.

Given the complex geometry and layout of the structural components, it is recommended to

use a finemesh finite element model to evaluate the theoretical CG ot and improve
precision in cenputation.

3.6.5 Structural Performance and Stability of Turntable

The turntable shall be designed to meet bSttE and ULS requirements for various
operational scenarios. Its stability is to be verified agdireating sliding, andoverturning
capacities unddJLS-EQU, based on the reactions at the column base.

The turntable is supported by the spherical bearing and associated temporary works during
different construction stages. Accurate evaluation of load distribution among the structural
components is esseal to ensure proper design and prevent overloading or damage to the
spherical bearing. Since the spherical bearing is almost irreplaceable after installation, special
attention must be given to its protection throughout the construction and operatiessas.

Horizontal Force Resistance

Before rotation, the sliding (horizontal) resistance of the turntable is determined based on the
combined shear capacity of the pin of the spherical bearing and the restraining temporary
works between the turntabledathe lower pile cap. The design for a proven temporary works
system, consisting of structural steel members installed around the perimeter of the turntable,
is detailed in Chapter 4. The combined shear capacity is evaluated in accordance with
SDMHR and BSEN 19931.

To prevent overstressing the bearing pin, it is recommended that the perimeter steel sections
be overdesigned to independently resist the combined adtidhe vector sum of the
horizontal forces, Fx and Fy, in the x and y directiomsthout relying on contributions from

the bearing pin.

During the bridge rotation, all sheagsisting steel members at the perimeter of the turntable
will be removed. At this stage, the shear resistance of the turntable will rely solely on the
bearing pinHowever, the design shear force during rotation is smaller than that during the
construction of the -Bpan, as the allowable operational wind speed is limited to 26 m/s.
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Overturning Moment Resistance

The turntable supported on the spherical bearinghbastrinsic moment resistance. Before
rotation, the overturning moment resistance of the turntable is provided by the temporary
works, specifically the shear stelpportinstalled around its perimeter. The design-afut
balance moment is counteractegg B compressiotension couple generated by these
members. The stability of thedgpan shall be verified undeiLS-EQU. For a curved Hpan,

these checks must be performed in both longitudinal and transverse directions.

During rotation, the shear steslipportwi | | be removed, and the
moment resistance will rely on another set of temporary wdlhkssystem consists of steel
stanchions installed at the soffit of the turntable and supported on the top of the lower pile
cap. Furthedetails on the stanchion design approach are provided in Chapter 4.

Structural Performance Verification

The structural performance of the turntable is to be verified under both SLS ar8TR.S
against the construction stage loadings. The load scemaciage actions from the shear
steelsupportduring T-span construction, actions from stanchions during rotation, actions
from the spherical bearing for all construction staged actions from other temporary works
interfacing with the turntable whiahill be further discussed in Chapter 4.

3.6.6 Final Construction of the T-span

Upon completing the rotation, thespan reaches its final position under service conditions.
Stabilization of the Ispan shall be executed immediately by welding the stanchidreto t
embedded track. Concurrently, the construction of the permanent integrated pile cap should
commence.

A potential issue that could delay pile cap construction is difficulty in placing connection
reinforcement. To mitigate this, it is crucial to design simple and efficient detailing, ensuring
that the reinforcement cage connecting the turntable to the |mileecap can be installed
effectively. Potential reinforcement conflicts and temporary -icastems should be
thoroughlyanalyzedand resolved to ensure smooth constructiogure 3.6 illustratesthe
connection einforcement betwedhe turntable and lger pile @p.

The next step involves connecting thefdan to adjacent spans througtsitu stitching joints

to form a continuous deck structure. While this is a standard operation in conventional
balanced cantilever construction, risks associated wianélevered Ispan over existing
sensitive structures are only fully mitigated when the continuous deck is completed. Therefore,
the construction program should prioritize completing this activity as early as possible.
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A potential complication during i stage is the risk of geometry mismatch between adjacent
spans. Geometry control is critical, not only for successful bridge rotation but also for ensuring
seamless -Bpan integration with adjacent spans, essential in any balanced cantilever
construction

Upper Cap

= e

Lower Cap

Figure3.6 - Connection Reinforcement between Turntable and Lower Cap
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4. Temporary Works and Works Activities for Horizontal Bridge Rotation M ethod

4.1 Single-point vs Multi -point Support of Horizontal Rotating System

The designer for the rotating system should thoroughly consider the characteristics of the
bridge structure and the site constraints, and reasonably determine the form of the rotating
structure, including location of the rotating systawiating bidge span length, and the
construction method.

The horizontal rotating body support form can be selected according to the rotating tonnage
and balance requirements. When the rotating bridge can be balanced by counterweight and if
conditions permit, its advisable to adopt a singbeint support rotating body. When the
rotating structure cannot be balanced by counterweight or the space conditions are limited, it
is advisable to use a mufibint support horizontal rotation system.

4.2 Types of Horizontal Rotating SystemgMulti -point Support)

According to the different forms of auxiliary support structure and rotation power, the multi
point support rotation system can be divided into three types: (1) with steel strand traction on
the upper turntable, (2)ith steel strand traction on the stanchions, and (3) with motor rack
and geatwheeled drive on the stanchions.

T Multi-point support horizontal rotation system with steel strand traction on the
upper turntable refers to the rotation system in which thenstaon is designed to always
be in contact with the sliding track and bear the vertical load, and the steel strands provide
traction force to the upper turntable to rotate the bridge

1 Multi-point support horizontal rotation system with steel strand tracton on the
stanchionrefers to the rotation system in which the stanchion is designed to always be in
contact with the sliding track and bear the vertical load, and the steel strands provide
traction force to the stanchion to rotate the bridge

1 Multi-point support horizontal rotation system of motor rack and gearwheeled
drive on the stanchiongrefers to the rotation system in which the stanchion is designed
to always be in contact with the sliding track and bear the vertical load, and the motor is
integraed on the stanchion, and the gear of the stanchion is driven by the motor to roll
along the lateral preset rack meshing and rolling to drive the bridge to rotate.

The design should cater for the strength, stiffness and stability of the bridge strudttive an
rotating system under each construction stage.
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4.2.1 Horizontal Rotation System Adopted inCEDD Contract No. ND/2019/05

CEDD Contract No. ND/2019/05 adoptedmulti-point support horizontal rotation system
with steel strand traction on the uppemtable asillustrated inFigures 4.1 and 4.2.

The system consists of four main components: (ayphericalbearing located between the
upper and lower turntables, (b) the lower turntable with sliding tracks, (c) the upper turntable

equipped with theotational traction system, and (d) the temporary works that stabilizes the
upper and lower turntables durifigspanconstruction stage.

T " |
1\|jqudge Pier
Upper Turntable \ i ‘| | Spherical Bearing
il
Shear Steel Support e ‘ y Traction System
JppersTurntab

Lower Turntable

Sand Box

Stanchion

IERARSEREGEE NN

b,

Torsional Support

Lower Turntable/ Pile Cap

Figure4.1 - Bridge Rotation System Component
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Components of Bridge Rotation system underneath the upper turntable

&% o Upper
1. Stanchion with PTFE at turntable
base: additional vertical load
support to pier. Temporary
support when it is shimmed.

Reaction /- UL

block

E = -
4. Spherical bearing: support
load during rotation

Pile cap

surface for rotation

Figure4.2 - Exploded view diagram for temporary works components of Bridge Rotation

System
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4.3 Spherical BearinglInstalled Between the Upper and Lower Turntables

The structural form of the supporting systeshould be determined according to
comprehensive factors such as rotating tonnage, construction method, transportation and
installation conditions. According to the structural form, the rotation bearing can be divided
into rotating spherical bearing andatng flat bearing.

According to the material type of the presshearing parts, the rotating spherical bearing is
divided into steel spherical bearing and stawicrete combination spherical bearing, and the
steel spherical bearing is divided into oraiy steel spherical bearing, cast steel spherical
bearing and rotating body bearing according to the processing method.

The body of the cast steel spherical bearing is generally composed of the upper spherical
bearing, the lower spherical bearing, thdish plate, the pin shaft, the base plate, the shear
key and other components, and the upper and lower spherical bearings of the cast steel
spherical bearing are generally cast as a whole. kargeage rotating bridges should be
provided with a base plaunder the lower spherical bearing, and a shear key should be set on
the base plate.

The schematic structure of the steel spherical bearing body of the rotating steel spherical
bearing at the bottom of the pier is showrrigure 4.3

6 1 2 4 5 3 1 - shear key;
\ \ \ | / / 2 - pin shaft;
e 3 - upper spherical bearing;
N = 4 - sliding plate;
Si N\ i 7 ] 5 - lower spherical bearing;

I
6 - base plate

Figure4.3 - Schematic diagram of the structure of the rotating steel spherical bearing at the
bottom of the cast and formed pier

4.3.1 Anchorage of Spherical Bearing

The rotating body bearing is mainly composed of upper spherical bearing, lower spherical
bearing, upper anchor assembly, lower anchor assembly and other components.

The anchor rod rotating support system, as showigare 4.4, was adopted in CEDD
Contract No. ND/2019/05. The rotation bearing was installed when the lower and upper
turntables were cast. Given the long construction period after installation, therrbizdiring

was regularly renspected before bridge rotation to veritg condition.
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1 - anchor rod;

2 - sealing device;

3 - bolt;

4 - upper spherical bearing;
5 - lower spherical bearing;
6 - sleeve;

7 - sliding plate

Figure4.4 - Schematic diagram of anchor rod rotating support

4.3.2 Rotating Steel Spherical Bearing Adopted irCEDD Contract No. ND/2019/05

The rotating steel spherical bearing was adopt€dBEBD Contract No. ND/2019/05. The
bearings wergrefabricated and tested in fabrication factory before delivery to the site for
installation. Technical informatn is illustrated inrable 4.1

Table 4.1 - Technical Information of Spherical Bearing Adeg in CEDD Contract No.
ND/2019/05

Pier E2-01 Pier D2-01
Diameter 3.3m 2.55m
Height 0.31m 0.25m
Loads during rotation 7050Tons 4600 Tons
Capacity 14000Tons EOS 2.0) | 8000 TonskOS 1.7)
No. Qf PTFE slidingpadsin the 1056n0s. 603105,
bearing
P.TF_E sliding disc design static 01 01
friction
PTFE sliding disc actual static friction | 0.015 0.015

4.3.3 Spherical Bearing Fabrication

The spherical bearing, a core component of the rotation system, is made -sfréigjth
ZG250500 steel. It igproduced through precision casting, heat treatment, and machining,
resulting in a bearing with a diameter of18.8nd a thickness of 230mm. It is designed to
withstand immense pressure and ensure smooth rotation.

PTFE (polytetrafluoroethylene) sliding s are laid between the upper and lower spherical
bearings as a sliding layer to reduce friction during rotation. These plates undergo
compression moulding and sintering tests, are lubricated with tetrafluoro powder as shown in
Figure 4.5to lower the frction coefficient.
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Figure4.5 - PTFE pads at spherical bearing

4.3.4 Spherical Bearing Anchorage Installation

During the casting of the lower turntable and bearing plinth, holding down bolts for temporary
suppors and anchorage holes for the spherical bearing are reserved.

The prefabricated spherical bearing supports are accurately positioned in the reserved anchor
holes of the lower turntable, grouted in place, and embedded during the casting of the upper
turntable to ensure structural stabilityFigure 4.6)

Figure4.6 - Spherical Bearing Installation
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4.4 Lower Turntable with Sliding Tracks

On top of the bearing plinth supporting the rotation bearing, the lunsable shall be cast

with an integrated sliding track, primary reaction blocks, and secondary reaction blocks. The
sliding track shall provide a smooth, continuous surface to support the stanchions, thereby

enabling the upper turntable to rotate togethki¢h the support stanchionghe sliding track
shall be arranged in a circular configuration, with its centerline precisely aligned with the
centerline of the stanchions.

The sliding track assembly consists of a stainless steel surface plate, a dapat&tea

positioning skeleton steel frame, adjustable bolts, and other associated components. The
positioning skeleton may be fabricated using angle steel and welded to ensure structural

integrity. The detailed structure of the sliding track is illustanFigure 4.7.

-
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1 - stainless steel plate
2 - base steel plate

3 - adjusting bolt

4 - positioning skeleton

Figure4.7 - Schematic diagram of the sliding track

The base stegllate should be Q235 and above, aad be fully welded with stainless steel
plate. The thickness of the stainlestsel plate should not be less than 3mm. A sliding plate
should be placed on top of the base steel plate or stainless steel plate, aiutk thiats!
material is made of polytetrafluoroethylene, modified PTFE, or modifiedhilamolecular

weight polyethylene.

Table 4.2 - Technical Information of Sliding Track Adopted in CEDD Contract No.

ND/2019/05
Pier E2-01 Pier D2-01
Inner diameter 6.6 m 6.2m
Outer diameter 8.8 m 8.4 m
Design fall tolerance | Less than 1:3000 Less tharl:3000
Actual fall 1:4400 1:4100
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441 Sliding Track Fabrication and Installation Adopted in CEDD Contract No.
ND/2019/05

The sliding track framework and circular steel plate are prefabricated in the factory. The
sliding track 1.1m wide and with an outer diameter 08®., ismade of a 24mnrthick steel

plate overlaid with a 2mm stainless steel platee framework is divided into eight sections

for prefabrication and delivered to site fostallation Figures 4.8 and 4.9.

3 ..,“4;‘-’!! A

Figure4.8 - Preassembled framework Figure4.9 - Installation of sliding track

The sliding track framework is hoisted into position at the designated location, wekded on
site, and then fitted with the circular sliding track. The stairdéssl sliding track should be
installed horizontally within a tolerance of 1:3000.

4.5Upper Turntable with Rotational Traction System

The traction strands of the traction system compose with prestressed steel strands, and the
traction strands should be set in temtreof the symmetrial turntable, and the height of the

jack action point should be consistent with the embedded height of the traction strands. The
traction system should form a balanced towing force moment, and it is advisable to use 2
groups or 4 groups of strand wire.

The traction system is composed of a pair of traction strands, continuous strand jacks, primary

traction reaction blocks, limiting stop blocks, secondary booster reaction blocks, and the
structure is schematic as showrFigure 4.10Q
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1 - traction strad fixed endanchorage;
2 - traction strand;

3 - limiting stop block;

4 - primary traction reaction block;

5 - secondary booster reaction block;
6 - continuous strand jack

Figure4.10 - Layout of the traction system

The formwork and falsework for the upper turntable are installed with precise alignment to
ensure accurate placement of the reinforcement for the upper pier and lower stitching joint,
anchorage of the upper portion of tgherical bearing, and installation of other embedded
temporary structures required for bridge rotadiaramely, shear supports, traction strand
anchorages, and stanchiqiggure 4.17).

Figure4.11 - Upper turntable casting Figure4.12 - Setup of continuous strand
jack at the primary reaction block

After casting the upper turntable, the q@mbedded traction strands are protected until
continuousstrand jacksare installedwhich occurs immediately prior to initiag the bridge
rotation proceséFigure 4.12).
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4.6 Temporary Structure Stabilizing Upper and Lower Turntables

The temporary structures stabilizing upper and lower turntables are natasbhions
sandboxesand shearand torsion supportgFigures 4.13 and4.14. Stanchions and
sandboxes are typical arrangement for bridge rotation system while the shear and torsional
supports are projedpecific, designed according to the rotatingatire geometry before the
rotation.

Stanchions and sandboxes areangedsymmetrically in pairdeneatithe upper turntable.

These temporary structures bear the construction load, preventing excessive concentrated
pressure on the spherical bearing. $aedboxes are filled with dry quartz sand and removed
before the rotation. The stanchions act as safety supports during rotation, ensuring stability
by maintaining a mukipoint support horizontal rotation system.

Shear and torsion supports are temposructures specially designed to suit the bridge
structure arrangement and are installed to enhance factor of safety during the bridge
construction stage. The temporary structures resist risks posed by extreme weather and are
removed before rotation.

Figure4.13 - Temporary supports installec Figure4.14 - Torsional support installed
on lower turntable prior to the casting of  on upper turntable prior to removal of
upper turntable sandboxes
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4.6.1 Stanchions

Support stanchions should be set up in a stable plane, and should be evenly and symmetrically
distributed on both sides of the longitudinal axis of thdde(Figure 4.15).

Figure4.15 - Stanchions before rotation

The stanchiorconsistsof several components, including tivalking plate, diagonal brace

plate, supporting steel pipe, intermediate plate, oblique vertical plate and other parts. The
connection between the brace foot and the upper turntable needs to bear the action of bending
moment, shear force and axial fordetlze stop of the stanchion and sufficient connection
strength should be ensured. The stanchionediiierbe embedded directinto the upper
turntable structure as shownhkigure 4.160r designed tde detachable.

Figure4.16 - Details of stanchions adopted in CEDD Contract No. ND/2019/05
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