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EXECUTIVE SUMMARY

During a routine site inspection on 15 February 2019, a Highways Department (HyD)
site staff discovered an external prestressing tendon at the concrete viaduct of
Shenzhen Bay Bridge (Hong Kong Section) (as known as SBB-HK) Hong Kong bound
being ruptured (the “Incident”).

Immediately after the Incident, the maintenance contractor and the designer of SBB-
HK took prompt actions to examine the structural integrity of the bridge structure
and arranged for urgent replacement of the broken tendon. It is confirmed that
bridge structure remained structurally adequate under the situation. HyD had set up
an Investigation Team led by an Assistant Director with three experts involved to
carry out independent investigation on the possible causes of the Incident.

The investigation conducted review on four aspects: the construction materials, the
structural design, the construction process, and the maintenance of the bridge. The
Investigation Team collected samples for material testing, reviewed the design of the
external prestressing system, examined construction records and work sequences
and reviewed the maintenance arrangement and records. Interviews were also
conducted with the consultants and the specialist subcontractor of the construction
works. The Investigation Team has determined that the mode of failure was due to
corrosion attack on the steel strands causing deterioration of their structural load
capacity. According to detailed investigation on the materials, site evidence, site
records and method statements, the Investigation Team established that the
Incident was due to a combination of factors including the probable partial blockage
of the air release tube at anchor head P5 during the grouting operation, coupled with
a gradually reduced grouting pressure along the long grouting length, leading to the
presence of an air pocket at the anchorage region and subsequently causing
corrosion of the steel strands in that area. The reduction in sectional area thus load
carrying capacity of the steel strands due to corrosion resulted in the rupture of the
tendon near anchor head P5.

With reference to the investigation findings, the Investigation Team recommended
short term measures, including inspection of other external tendons on SBB-HK. The
Investigation Team also recommended medium to long-term measures, such as
inspection of other bridges with external prestressing tendons in Hong Kong, review
on the prestressing and grouting specifications as well as consideration of
introducing intelligent monitoring system for long term monitoring of external
prestressing tendons.



7 Fedf &

Begcl A F o 2019 & 2 0 15 aaﬁawﬁaﬁakﬁéz&&<ﬁf’“*%é
BEDEFHFRAF S FRAAEFDS 3w - R ;}ﬁp\ ;
- R SIS A (T TaEER ).

BHEREER  CRABLDERR LI 2 R I BEFLTHRSFEF
o AR BOS S 2 TARTE IR EINET - A S
RPLRFHRT AL 2 R FI2 BRI e Jld - L
MREEFA TG 2 LERGE AR TR AL T NS NG FE
ek F] o

HEL IR B F AL AR IRE PR SR E R
22 M FEEFE oA AP kR AR ERPRIER R RSN
AR A1 s el 0 TR i%%’efé‘#&frga,,z o 3
AiEm e FEEFIRDPEREEFIRL e Fh o NA BRSO W
g%ﬁ*%ﬁﬁ%ﬁﬁ%%ﬂﬁﬁﬁ&iﬁJTﬁoﬁﬁjg%ﬁ\ﬁ%
7 SRR lﬁi%Wew?rﬂlmﬁﬁd%’d%ﬁM%iaaﬁy‘Iﬁ
ﬂ%%ﬁ’é%ﬁmﬁﬁwwW¢P5%yﬁmﬁ$? B R E
b ERRAEHIERE R A E ﬁfu’ﬂg$§ﬁﬁ_yﬁmw' ﬁ
fe 4 ’/2)i m{[ﬁg’z@&lﬁéﬂ» ol W RRE G om ff Fléhan B o R E K
A APIET R o Bofs R PO BLArEE o FATET

2

REDBRLETEDRE DAL SR FFEIHY > ¢ 2B A
AipbRu RN PRERRT PR EIRE o s AR BE
PR ST G R R AT R i R LR
Moo s B R R R R E IR kR o



1.1

1.1.1

1.2

1.2.1

1.2.2

INTRODUCTION

Objective of Investigation

The objective of this independent investigation is to identify the causes of the
prestressing tendon failure incident at the concrete viaduct of the Shenzhen
Bay Bridge (Hong Kong Section) (hereinafter referred to as “the Incident”)
discovered on 15 February 2019 and to recommend any follow up action
required.

The Investigation Team

The Shenzhen Bay Bridge Hong Kong Section Concrete Viaduct Prestressing
Tendon Failure Investigation Team (hereinafter referred to as “the
Investigation Team”) was set up by the Highways Department (HyD) on
22 February 2019. The Investigation Team is led by an Assistant Director of
HyD with members of experts on bridges, prestressing systems and materials.

Three experts, Professor Francis AU Tat-kwong, Adjunct Professor Neil Colin
MICKLEBOROUGH and Dr. Eric LIM Chaw-hyon with expertise on bridges,
prestressing systems and materials respectively, had been engaged as
members of the Investigation Team :

* Professor Francis AU is the Head of Department of Civil Engineering at
the University of Hong Kong. He possesses over 38 years of engineering
expertise in bridge engineering and concrete structures. Professor Au
has provided expert advice on bridge structural design, bridge health
monitoring and maintenance of bridges in Hong Kong.

* Adjunct Professor Neil Colin MICKLEBOROUGH of the Hong Kong
University of Science and Technology (HKUST) was a former Professor
and Director of the Center of Engineering Education Innovation of the
School of Engineering of the HKUST. He has been actively involved in the
research, development and teaching of prestressed and reinforced
concrete, structural analysis and bridge design in Australia, Asia and the
Middle East for the past 30 years. He has acted as an expert design
consultant on long-span bridge projects in both Dubai and Hong Kong.



* Dr. Eric LIM is an expert in material testing and material failure analysis.
Dr. Lim possesses 20 years of engineering experience and has provided
expert advice on numerous engineering investigations in Hong Kong. He
was a former Visiting Associate Professor of the Department of
Mechanical Engineering of the University of Hong Kong.

1.3 Background Information
Shenzhen Bay Bridge

1.3.1 The Shenzhen Bay Bridge carries a dual three-lane carriageway of about
5.5 kilometres (km) long, spanning across Deep Bay between Lau Fau Shan of
Hong Kong and Shekou of Shenzhen. The bridge consists of two sections,
namely the Hong Kong Section (SBB-HK) and the Shenzhen Section, having a
length of 3.5km and 2km respectively. The bridge takes the form of a multi-
span concrete viaduct except that at the two navigation channels where
cable-stayed steel bridge form is adopted to meet the longer-span
requirements. An overview, location plan and elevation of the Shenzhen Bay
Bridge are shown in Figures 1, 2 and 3 respectively.

M ERE" SRR

Figure 1 Overview of Shenzhen Bay Bridge
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Figure 2 Location Plan of Shenzhen Bay Bridge
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Figure 3 Elevation of Shenzhen Bay Bridge

1.3.2 The concrete viaduct of the SBB-HK is a twin deck structure with a single-cell

trapezoidal box girder constructed by the precast segmental method. The

precast bridge segments were assembled by a number of internal and

external prestressing tendons'. Ove Arup & Partners Hong Kong Limited was

employed by HyD as the engineering consultant to design the SBB-HK and

supervise the relevant construction works. The construction contract of the

SBB-HK was awarded to Gammon-Skansa-MBEC Joint Venture,

who

YInternal prestressing tendons are embedded inside the bridge deck section and bonded with the concrete

structure.

They were designed for taking the dead load of the bridge as well as the loadings during the

construction process. External prestressing tendons are placed outside of the bridge deck section with the
stressing force being transferred to the concrete structure via the anchorage blocks and deviators. They were
designed essentially for taking the live load at the service stage.

-5-



appointed VSL Hong Kong Limited ? as their specialist subcontractor
responsible for the tendon prestressing and grouting works of the SBB-HK.
The SBB-HK commenced construction in August 2003 and commissioned in
July 2007.

Ruptured Tendon
1.3.3 During a routine site inspection on 15 February 2019, a HyD site staff
discovered an external prestressing tendon at the concrete viaduct of SBB-HK

Hong Kong bound being ruptured. The location of the ruptured tendon is
shown in Figure 4.
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Figure 4 Location of Ruptured Tendon

1.3.4 The ruptured tendon (named as Tendon T3) consists of thirty-seven
15.7 millimetres (mm) nominal diameter 7-wire steel strands, each with a
capacity of minimum breaking load of 279 kilonewtons (kN) enclosed in a
high-density polyethylene (HDPE) duct of outer diameter 160 mm filled with
cementitious grout materials. The tendon is about 280 metres (m) in length
spanning from Pier P1 to Pier P5 on Bridge B2 of the SBB-HK (i.e. the SBB-HK
Hong Kong bound concrete viaduct section). The cross-section of Tendon T3
and the location plan of Pier P1 and Pier P5 are shown in Figures 5 and 6
respectively.

2 VSL International is a Switzerland based company found in 1954. The company is a specialist construction
company specialised in post-tensioned concrete, stay-cable systems and has developed a series of proprietary
system widely adopted internationally. The company's global network comprises local offices in 36 countries
and places. VSL Hong Kong Limited was founded in Hong Kong in 1973 and is supported by VSL's global
network.
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Figure 5 Cross-sectional Details of Tendon T3

External
Prestressing

Tendon T3
¢ Hong Kong Bound |:>

£

§
£ ’ £

! ‘
<j Shenzhen Bound ¢ ¢ ‘ ;
£

Figure 6 Location Plan of Piers P1 and P5

1.3.5 Bridge B2 extending from Pier P1 to Pier P6 comprises five 70m-long spans
with a total length of 350m. It is structurally separated from other bridges by
movement joints at Piers P1 and P6. Each span has a diaphragm segment
above its pier and two internal deviators. There are a total of 8 pairs of
external tendons (namely Tendons T1 to T8) with high points at the pier
diaphragms and low points between the internal deviators. Among these
tendons, Tendon T3 is the longest which continues over 4 spans. A
longitudinal profile of Tendon T3 between anchorage at Pier P1 and
anchorage at Pier P5 is shown in Figure 7.
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1.3.6 The bridge deck structure of Bridge B2 is 15m wide with a single-cell
trapezoidal box girder section of 3.8m deep. A cross section and photo of the
bridge deck at Pier P5 where Tendon T3 ruptured are shown in Figures 8 and
9, and the typical anchorage details of the tendon at anchorage is shown in

Figure 10.
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Figure 9 Photo at Pier P5 with Location of Ruptured Tendon T3
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Figure 10 Details of Anchor Head at P5

1.3.7 Technical details in relation to the construction of Tendon T3 are summarised
in Table 1 below.

Year of installation 2005

Main contractor Gammon-Skanska-MBEC Joint Venture

Specialist subcontractor VSL Hong Kong Limited

Consultants Ove Arup & Partners Hong Kong Limited
Length of tendon About 280 m between Pier P1 and Pier P5
Diameter of tendon 160 mm (i.e. external diameter of HDPE duct)
Number of strands 37

Type of strands 15.7mm nominal diameter 7-wire steel strands

Specified characteristic 279 kN
breaking load per strand

Protection measures Steel strands encased in HDPE duct filled with
cementitious grout material

Table 1 Technical Details in relation to the construction of Tendon T3

-10-



2.1

2.2

2.2.1

2.2.2

APPROACH OF INVESTIGATION

The Investigation Team conducted review on four possible aspects relating to
the failure of the tendon. These aspects include (1) the construction
materials; (2) the structural design; (3) the construction process; and (4) the
maintenance of the bridge. The Investigation Team collected samples for
material testing, reviewed the design of the prestressing system, examined
the construction records and works sequences and reviewed the
maintenance arrangement and records. The approach of the investigation is
further elaborated below.

Investigation Approach

Inspection of the ruptured Tendon T3 and the anchor heads at P1 and P5

The Investigation Team inspected the ruptured Tendon T3 and its anchor
heads at Piers P1 and P5 (hereinafter referred to as “anchor head P1” and
“anchor head P5”). The exposed steel strands, grout material, residue left
around the steel strands and the anchor areas, the anchor trumpets, anchor
heads and anchor protection caps at Piers P1 and P5 were examined.
Samples of steel strands, grout, cement mortar and residue were collected at
various locations.

Collection of samples for material testing

The Investigation Team conducted material testing for the ruptured Tendon
T3, including tensile testing of the intact section of the steel strands, scanning
electron micrography (SEM) and energy dispersive X-Ray analysis (EDAX) of
the ruptured steel surface, chloride content and pH analysis as well as SEM of
the grout materials, cement mortar and residue collected. Tensile tests were
carried out on samples from the “intact” section of the ruptured tendon to
determine the breaking load and other properties to identify the material
conditions before failure. The tensile tests were conducted by the Public
Works Central Laboratory. Chemical tests, including Chloride content test
and pH value test, were carried out on the fractured grout materials to
identify composition of rust-inducting agents in grout material. The Chloride
content test was conducted by Public Works Central Laboratory, while the pH
value test was conducted by the Civil and Environmental Engineering
Department of the Hong Kong University of Science and Technology (HKUST).
SEM was conducted to characterize the fracture morphology of individual

-11 -



2.2.3

2.2.4

2.2.5

2.2.6

2.2.7

corroded steel wire samples by using magnification to identify any signs of
stress corrosion cracking. EDAX was also conducted to determine any signs of
foreign chemical species on these samples. Both the SEM and the EDAX were
conducted by the laboratory of the Hong Kong Productivity Council (HKPC).

Checking of design calculation of Bridge B2

The Investigation Team reviewed the design of Bridge B2 and checked
whether the design was carried out in accordance with the design standards
and relevant parameters as adopted for the project. Information including
design calculations and design drawings was retrieved and examined.

Survey Checking

In order to verify that the tendon was constructed strictly in accordance with
the designed profile, a site survey was conducted to examine the as-built
profile of the tendon and the positions of the anchor heads and deviators on
Bridge B2.

Retrieval of technical information

The Investigation Team retrieved information relating to the technical
specifications and engineering drawings for the relevant section of the bridge
under the construction contract. Information collected was used to check
against the design, the material testing results and the site arrangement.

Retrieval of site records

The Investigation Team reviewed all available site records retrieved from the
Tuen Mun Government Records Management Office and in HyD’s
maintenance depot at Shenzhen Bay Port. Site records in 21 boxes from Tuen
Mun Government Records Management Office and 26 boxes from HyD’s
maintenance depot at Shenzhen Bay Port dated back to 2002, including
inspection forms for grouting works, site dairies, stressing reports and
material test certificates relating to the tendon installation and grouting
works were examined. Furthermore, the method statements and technical
specifications for construction of external tendons were reviewed.

Interview with the consultant and specialist subcontractor

The Investigation Team interviewed staff from Ove Arup Hong Kong Limited
for the construction works of SBB-HK with a view to acquiring further
information on their supervision during the construction process. The

-12 -



2.2.8

Investigation Team also interviewed the specialist subcontractor for the
prestressing tendon construction works of SBB-HK, the VSL Hong Kong
Limited, with a view to obtaining more information relating to the site
conditions and construction practices during the time of construction in 2004.
However, the personnel involved directly for the SBB-HK project at the time
of construction had either retired or left the company. The interviews could
not collect first-hand information directly relating to the practice and
conditions of stressing and grouting of Tendon T3 at the time of construction.

Review of maintenance and inspection records

The Investigation Team examined the inspection and maintenance records of
Bridge B2 with a view to reviewing the adequacy and extent of the inspection
and maintenance activities conducted for the structure.

-13-



3. INVESTIGATION FINDINGS
3.1 Construction Materials
Structural concrete

3.1.1 The Investigation Team conducted a field inspection on the structural
concrete of Bridge B2 where the tendon T3 is located and did not reveal any
observable defect. The Investigation Team also conducted Schmidt hammer
tests on the structural concrete which did not indicate any abnormality on
concrete strength.

Steel Strands
3.1.2 Inspection of the ruptured Tendon T3 revealed the followings:

(i)  The steel strands at anchor head P5 had failed along a plane from the
top at approximately 0.7 metre from the anchor head to about half
height of the end plate as shown in Figure 11. The strands at the lower
half had mainly failed by tension at the anchor head. Signs of corrosion
were found on most of the wires at the upper half of the anchor head
but not for those at the lower half that were totally embedded in the
grout encasing the tendon along its length.

Figure 11 General view of broken strands at anchor head P5

(ii) The steel strands at the upper half of anchor head P5 exhibited signs of
serious corrosion with significant reduction in cross-section, and some
of the fracture zones had corroded steel areas to the extent of forming

-14 -



sharp end features. Twelve steel wires with serious corrosion were
examined more thoroughly in SEM to characterise their nature of failure.
Despite the serious corrosion, the fracture surfaces on all samples
examined exhibited typical dimple features that are characteristics of
ductile tensile overload failure. An analysis of the chemical species by
an EDAX at the interface between the corroded surface and base metal

Figure 12 Broken strands with significant reduction in cross section

(iii) The steel strands at the lower half of anchor head P5 did not reveal any
significant sign of corrosion. The failure of these strands was mostly
due to pulling out of wires from the anchor head with the surrounding
wires ruptured due to ductile tensile overload failure.

‘\L\Q (& \ \‘K

Figure 13 Ruptured wires pulled out from anchor head
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3.13

3.14

(iv) The steel strands in between the upper and lower halves of anchor head
P5 showed signs of slight to moderate corrosion. However, the
corrosion appeared to be superficial and did not result in significant
reduction of the cross-section of the wires. Most of the ruptured wires
exhibited ductile tensile failure with cup-and-cone features. The final
fracture surface of all wires yielded dimple features when examined at
very high magnification using a SEM. The dimples are characteristic of
ductile failure and indicate that corrosion had not caused any
embrittlement of the wires. All tension failures of the strands were
ductile in nature. No evidence of any shear type failure existed.

Figure 14 Broken corroded wires with cup-and-cone failure feature

White powdery paste (as shown in Figure 13), a product of grout bleeding,
was observed at the end of tendon strands near anchor head P5 except the
part of tendon strands subject to corrosion.

The Investigation Team also inspected the steel strands at anchor head P1. It
was observed from the strands directly adjacent to the anchor block that the
surfaces of the strands were all covered uniformly by whitish cementitious
material and all the exposed strands basically exhibited no sign of corrosion.

-16 -



Steel strands at

anchor head P1

Figure 15 Condition of steel strands at anchor head P1 (with embedded grouts removed)

Anchor Heads

3.1.5 As shown in Figure 16, sign of rust was found at the upper half of the inner
surface of the end plate at the anchor head P5, whereas the lower half of the
inner surface contains some whitish powders of grout materials without any
corrosion.

- - b 1 .
o i E & LY

e

Figure 16 Condition of the inner surface of the end plate at anchor head P5
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3.1.6 Itis observed from the remains of the broken trumpet of anchor head P5 that
a layer of residue had accumulated at the bottom of the trumpet. SEM
analysis of the residue material revealed that the residue was basically a mix
of dirt and iron powder, which was suspected to be left after the strand
installation and stressing operation.

=

Figure 17 Residue found at the bottom of trumpet at anchor head P5

3.1.7 The wedges of anchor head P5 were found rendered with cement mortar to
seal the wedge cavities while leaving a plastic tube (comprising two sections
of tubes in difference sizes: the outer section connecting to the anchor
protection cap is of 15mm outer diameter with 8mm inner diameter, and the
inner section connecting through the end plate to the trumpet interior is of
8mm outer diameter with 5mm inner diameter) which was supposed to be an
air release tube for expelling air trapped in the trumpet area during grouting.

-18-



3.1.8

> Air release
tube

End of 7-wire strands held by wedges
I with the central pin (king-pin) pulled out

N B

SNtk
Figure 18 (Left) Anchor head P5 rendered with cement mortar;

(Right) P5 wedge area after removal of mortar with the air release tube exposed

The Investigation Team further examined the air release tube at anchor head
P5. It was observed that it was not filled with grout but traces of residue
were observed inside the smaller tube. The residue inside the tube had a
similar morphology to the grout at the interface of the air void and bleed-
zone. This grout had clearly been effected with a high water/cement ratio
from the bleed water and the possible residual water from the pressure test
conducted on the duct prior to stressing of the tendon. The excess water
would have accumulated at the head of the grout as the grout proceeded
through the duct up into the trumpet area of the anchorage. SEM analysis
revealed that this residue also contained dirt and iron powder identical to
that found at the bottom of the trumpet.

Figure 19 Air release tube at anchor head P5
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Figure 20 Trace of residue within air release tube at anchor head P5

3.1.9 No sign of corrosion was found at the inner surface of anchor head P1 as
shown in Figure 21. The wedges were also found in good condition to hold
the steel strands firmly.

All the strands held firmly by
wedges at the anchor head

Figure 21 Condition of wedges at anchor head P1

3.1.10 An inspection to the air release tube at anchor head P1 revealed that it was
partially filled with cementitious grout.
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Figure 22 Condition of the air release tube at the cap of anchor head P1

Grout Material

3.1.11

3.1.12

3.1.13

According to the site records retrieved, the grout had been tested at the time
of construction and confirmed to meet the specification requirements for
strength and segregation.

The Investigation Team conducted chemical tests on grout samples collected
at the ruptured tendon and the anchor heads. The test results showed that
the chloride content satisfied the specification while the pH values were
around 12 to 13.5, right within the standard values of cement. The test
results did not indicate any sign of corrosion inducing element contained in
the grout material.

Samples of grout material were also collected from different locations by the
Investigation Team as shown in Figure 23 for examination in SEM. No
abnormality was identified from the SEM analysis of the grout samples.
Detailed results and analysis of the grout samples are presented in
Appendix A.
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Figure 23 Locations of grout samples taken for SEM analysis
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3.2

3.2.1

3.2.2

3.2.3

Structural Design

The design of Bridge B2 was carried out by the consultant, Ove Arup &
Partners Hong Kong Limited. It was designed as a single-cell trapezoidal box
girder constructed by precast segmental method. The design covered the
construction sequence and staging as well as the arrangement of prestressing
tendons which comprised a combination of both internal and external
prestressing tendons. The bridge was also designed to ensure that failure of
either any two external prestressing tendons or of 25% of those at one
section would not lead to collapse at the ultimate limit state under the design
ultimate permanent loads.

The Investigation Team reviewed the design of the concrete viaduct of SBB-
HK. It is noted that the design of the concrete viaduct of SBB-HK had been
carried out in accordance with the relevant design standards and the design
output had been duly reflected in the corresponding engineering drawings
and specifications. The requirements of external prestressing, namely tendon
details, prestressing forces, tendon profiles, and requirements on the sheaths
were specified in the engineering drawings for construction. The design of
the concrete viaduct was checked by an Independent Checking Engineer
Gifford and Partners Limited in July 2003, appointed by the consultant. After
the Incident, HyD’s in-house staff conducted a check in April 2019 and
reconfirmed that the allowable stresses in the box girder section were not
exceeded under each staging. Upon reviewing the structural design of the
bridge, the Investigation Team concurred that the incident had no significant
impact on the structural integrity of the SBB-HK.

Following the contractual requirement, the specialist subcontractor proposed
a prestressing system that satisfied the requirements specified in the
engineering drawings and specifications. The particulars, including details of
the prestressing system, calculated values of each type of loss of prestress,
prestressing tendon forces and extensions of prestressing tendons and details
of the method of measuring the extensions, were checked and approved by
the consultant.
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3.3

3.3.1

3.3.2

333

334

3.3.5

Construction Process

The Investigation Team examined and reviewed all available site records kept
by HyD. Site records retrieved from Tuen Mun Government Records
Management Office and HyD’s maintenance depot at Shenzhen Bay Port
dated back to 2002, including inspection forms for grouting works, site dairies,
stressing reports and material test certificates relating to the tendon
installation and grouting works were examined to identify any evidence of
workmanship concerns on the tendon installation and grouting process as
well as whether there was any non-compliance in material testing.
Furthermore, the method statements and technical specifications for
construction of external tendons were reviewed to locate any abnormalities
during construction. However, the Investigation Team had not been able to
retrieve the grouting and stressing reports for the concerned tendon.

A survey check by HyD Survey Team was also conducted to verify the tendon
profile, including the position of the anchor heads and deviators of Tendon T3.
The survey results concluded that the tendon and the anchor heads and
deviators were all constructed according to the designed positions. No
abnormality was observed.

The Investigation Team looked into the detailed installation sequence for
external tendon T3 during the time of construction. Reference is made to the
“Method Statement for External Prestressing Work” (Method Statement)
dated 19 February 2004 at Appendix B with the stressing and grouting
procedures for external tendons provided.

As the available site records did not reveal the locations of the grout injection
point, the Investigation Team conducted detailed site inspection along the
inner cell of Bridge B2 on the ruptured tendon T3 side and on the
symmetrical parallel side of the deck with the same tendon arrangement with
a view to obtaining further information to verify the installation and grouting
sequence for the tendon concerned.

The Investigation Team also interviewed the VSL's staff to seek their advice

on the location of the grout injection point for the Tendon T3 based on their
knowledge and experience for similar grouting operations.
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3.3.6 Based on the trace of grout injection points left on the other tendons and
VSL’s advice provided after a joint site inspection with the Investigation Team,
the Investigation Team considered that the grout injection point for Tendon
T3 was located at the low point in-between Piers P2 and P3. Such grout
injection point was located at about 110m from anchor head P1 which is at
about 170m from anchor head P5 (See Figure 24 below).

~110m ~170m

—
¥

P1 Tendon T3 P2 In:)eoclt:?n| P3 TendonT3 P4 P5

/

Figure 24 (Left) Grout Injection Point observed on ruptured Tendon T3;
(Right) Trace of grout injection points of tendons on symmetrical parallel side
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—
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Tendon T3 P2 Injection | P3 Tendon T3 Breakage location

point

/ / P4
l N

-~

Trace of grout inlet points
left on other tendons on
the symmetrical parallel

side of Bridge B2

Ruptured .
Tendon T3 / /
!
!
\0@ 0
T3

Figure 25 Trace of grout Injection point at Tendon T3

3.3.7 Based on the method statement and available information, the Investigation

Team concluded that Tendon T3 and its anchor heads were constructed in
the following manner.

(i) Sequence 1 — After stressing of tendon T3, protruding strands outside
the anchor block were trimmed and a small plastic tube was installed.
The tube was not mentioned in the method statement. The
Investigation Team considered that it should be an air release tube.

- 10mm through hole on anchor block

’ Diaphragm wall
— Grout vent duct in place
‘\ next to diaphragm

(according to method
statement) Anchor block

\ Steel reinforcement

Grouting Direction

A-A

Figure 26 Sequence 1 — Trimming of strands after stressing
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(ii) Sequence 2 — The outer face of anchor head was patched with cement
mortar to seal the wedges.

8mm O.D. air release tube put in
place through hole located at 8mm O.D. air release tube
anchor block put in place through

hole located at anchor block

- _—) | Cement mortar
Grouting direction patching
LELA A-A Steel reinforcement

Figure 27 Sequence 2 — Patching up anchor head outer face with cement mortar

(iii) Sequence 3 — Protection cap was installed at the anchor head, and the
air release tube was extended to the top outlet of the protective cap.

15mm O.D. air release tube —

25mm dia. opening -

8mm O.D. air release tube ‘\ \

Grouting direction

VIEW A A-A Steel reinforcement

Figure 28 Sequence 3 - Installation of anchor head cap
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(iv) Sequence 4 — The tendon duct was filled up with water through the
grout vents. The water test was conducted by maintaining a pressure of
0.5MPa to ensure no leakage throughout the system.

Air release tube

Duct filled with water \ \
A
\
VIEWA Fill up water through grout vent Steel reinforcement

A-A

Figure 29 Sequence 4 — Water test to ensure no leakage in duct

(v) Sequence 5 — All water in the duct was drained out from the lower
outlet points after confirmation of no leakage detected in duct.

Air release tube —
|

Steel reinforcement

VIEW A Water drained out from low point
A-A

Figure 30 Sequence 5 — Drain all water out after confirmation of no leakage in duct
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(vi) Sequence 6 — Grout was pumped through the grout injection point at a
low point in-between P2 and P3. It travelled along the duct through P3
and P4 towards P5.

, ~110m , ~170m ,
I o | l
P1 Te/ndon T3 P2 Injpeocitr::’n P3 TE;an T3 Pa PS5

= ™

Grout flowed towards
anchor heads

Figure 31 Sequence 6 — Grout commenced from low point towards anchor head P5

(vii) Sequence 7 — Grout travelled along the tendon and grout pressure
dropped gradually along the duct when approaching anchor head P5.

Air release tube —

|

a AR

Grouting Direction \* Steel reinforcement
VIEW A A-A

Figure 32 Sequence 7 — Grout approached anchor head P5
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(viii) Sequence 8 (Expected Condition) — Grout filled up completely the
anchor head area, and the grouting operation stopped.

Air release tube during grouting —

Grout approached anchor head P5 —’

Fal

Outflow of
4 grout material

A7 A ‘ < - A
. R ) <:|

= H |

— o

e F 4 A AN <
)
Grouting direction
VIEWA A-A

Figure 33 Sequence 8 — Grouting operation within the tendon duct completed (Expected Condition)

(ix) Sequence 9 (Expected Condition) — The protection cap of the anchor
was subsequently filled up by grout under a separate operation.

Grouting direction Grouting of anchor

head from bottom inlet
A-A

Figure 34 Sequence 9 — Anchor protection cap subsequently filled up by grout under a separate
operation (Expected Condition)

3.3.8 According to the Method Statement, grout was pumped through the grout
inlet from the lower end of the tendon until it expels out from the grout vents.
Inspection should be carried out on the expelled grout to see if it is free from
air bubble and in consistent with the grout as in the mixer, and a further 5
litres of grout should be discharged from each grout vent before closing of
the vent. The grouting operation would stop when grout pressure in the
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tendon with all grout vent closed off had been maintained at 0.5MPa or
above for 5 minutes at the injection point.

3.3.9 Howeuver, it is evident from site inspections and material test results that the
duct was not completely filled resulting in formation of an air pocket after the
grouting operation. Figures 35 and 36 illustrate the estimated grouting
situation of Tendon T3 according to the investigation findings.

(i) Sequence 8A (Estimated Condition) — When the grout was approaching
anchor head P5 with the surge, and the residue at the bottom of the
trumpet was flushed up into the air release tube due to grout surge

phenomenon.

Air release tube blocked by residue during grouting

Grout approached anchor head P5 with a surge —

4

Outflow of g
grout material & AR 4

\
e ‘ ~ -
= 4

Grouting direction Layer of residue at the
bottom of trumpet
VIEWA A-A

Figure 35 Sequence 8A — Grout approached anchor head P5 with a surge (Estimated Condition)

(ii) Sequence 9A (Estimated Condition) — As indicated in paragraph 3.1.8,
the air release tube was not filled with grout but trace of residue was

observed inside the tube. The residue was considered to partially block
the air release tube during the grouting process. As the nearest grout
vent was located outside the diaphragm wall, the grouting operation
stopped when the 5-litre of grout had been received at this grout vent
while the air pocket at the trumpet area was yet to be filled. The
protection cap of the anchor was subsequently filled up by grout under
a separate operation.
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Steel strands stained with thin layer of grout from
surge during grouting operation

\ Air void

Presence of air pocket B
B ) 1
. 2 o
4 . isi
9. - : A A
- A . 2 < <:|
o ﬁ: N _ — <7 - S L A i
4 § . - /
. . Layer of residue at the
Grouting directon gottom of trumpet
VIEW A AA Grouting of anchor

head from bottom inlet

Figure 36 Sequence 9A — Grouting operation stopped and
anchor protection cap subsequently filled up by grout (Estimated Condition)
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34

34.1

3.4.2

3.4.3

Maintenance Arrangement

According to the Operation and Maintenance Manual of the SBB-HK,
inspections of the bridge structure of SBB-HK are conducted by independent
inspection consultants specialised in bridge inspection under the supervision
of the HyD. The inspections are mainly divided into the following three types:

(i)  Six-monthly safety inspection

This inspection primarily involves visual inspection of the condition of
the deck facilities, the main structural components and ancillary
components of the bridge to check if there is any noticeable damage
requiring follow-up actions.

(i) Generalinspection

This inspection involves comprehensive check of the condition of the
main structures and ancillary components of the bridge via close visual
inspection.

(iii) Principal inspection

Principal inspection is carried out at intervals generally not exceeding 5
years, but may be up to 10 years if no major defect is found during the
six-monthly safety inspections and the general inspections. In addition
to close visual inspection on the condition of the main structures and
ancillary components, the inspection consultant also examines the
hidden components of the bridge by removing the decorative cladding
panels and covering materials. The principal inspection also covers
certain detailed tests such as those on concrete carbonation, chloride
content and adequacy of reinforcement cover, with a view to assessing
the condition of the bridge.

In addition to the above three regular inspections, special inspection will be
conducted if particular problems are identified during regular inspections or
the bridge is found to have been affected by serious incidents such as fire,
flooding or typhoons. This special inspection will ascertain the structural
condition of the bridge.

The latest safety inspection, general inspection, principal inspection and
special inspection conducted on Tendon T3 were completed on 7 September
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2018, 6 October 2017, 28 February 2013 and 16 February 2019 respectively.
It is noted that the Cross Boundary Maintenance Section of New Territories
Region of HyD had followed the established inspection requirement.
According to the maintenance and inspection records, no sign of distress was
identified before the Incident.
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4.1

41.1

4.1.2

4.1.3

CAUSES OF TENDON FAILURE

Analysis of Tendon Failure

As mentioned under paragraph 3.3.9, an air pocket was formed at anchor
head P5 as shown in Figure 36 during the grouting process due to failure of
releasing the air pocket through the air release tube before stopping the
grouting process.

The Investigation Team also noted the total length of Tendon T3 to be
approximately 280m in length, with a single grout injection point located at a
low point for Tendon T3 between Piers P2 and P3. This grout injection point
was located at about 170m from anchor head P5. The grouting operation
requires that once the duct is filled with grout a pressure of 0.5 MPa be
maintained for 5 minutes. However, long multi-span tendons with multiple
curvature changes have a greater likelihood of gradual pressure head loss of
the grout along the long duct under the grouting operation than shorter
tendons with less curvature changes. Due to the head loss from the grout
injection point progressively to the anchorage at P5, this pressure may have
been gradually decreased along the duct. The reduced pressure coupled with
the partial blockage of the air release tube further worsened the situation for
releasing the air pocket at the trumpet area via the tube.

As indicated in Figure 37, with the inclination of the tendon profile and the
anchorage at the high end point of the tendon T3 profile, a grout interface
existed at a level approximately at the mid-height of the anchor through
which the strands were held by the wedges. This interface between the top
of the grout and the air pocket was a region where the bleed water from the
grout accumulated.
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4.1.4

4.1.5

4.1.6

Air pocket

Bleeding zone

Heavily
corroded
region

Grouted zone Anchor head P5

Layer of residue

Figure 37 Corrosion development on steel strands of tendon T3 near anchor head P5

at the voided region with free-water from bleeding and trapped air pocket

Bleeding in cementitious grout is a common phenomenon in which free water
in the mix rises up to the surface and forms a paste of weak cementitious
material on the surface known as laitance®. Laitance without foreign material
is alkaline in nature and not aggressive. Generally speaking, bleeding by itself
will not cause harmful effect to the surrounding steel strands. However, the
weakened cementitious material, as exhibited in white powdery paste, lost its
homogeneity and became permeable and hence it could not protect the
surrounding steel strands as designed for.

The free water generated by grout bleeding, or bleeding water, further
accumulated in the confined space within the duct. This free water
evaporated and condensed again within the space where steel strands
without grouting protection were located. Corrosion then took place on
these steel strands at the grout interface along an approximately horizontal
plane, where moisture and air were present.

The corrosion of the strands caused a continuing decrease in the tendon area.
Under the constant prestressing force, the stress in the tendon subsequently

* White powdery paste as observed at the surface of the remaining strands at anchor head P5 exhibited
evidence of bleeding. Test of the white paste revealed that the material possessed a high pH value and was
alkaline in nature. Tests of chloride content also revealed that the material had satisfied the requirements in
the specification (<0.1%). The white powdery material is by itself not corrosive.

-36-



4.1.7

4.1.8

4.1.9

increased with the reducing cross-sectional area. This process of reducing
cross-sectional area and increasing stress continued until the stress reached
the ultimate tensile strength of the strands. When the strands had
insufficient cross-sectional area to take the prestressing force, the tendon
ruptured and caused the Tendon T3 to fail.

Such corrosion induced failure tended to be sudden since there was no
means to gradually release the strain energy in the exterior tendon as
corrosion of the tendon occurred. The tendon was not bonded to the
structural concrete, and therefore had no restraint once failure occurred.

For the anchor head P1, the Investigation Team had inspected the air release
tube and it was observed that the tube was partially filled up with
cementitious grout. As for the condition of the anchor head P1, neither sign
of air pocket nor corrosion of the steel strands was identified.

Unlike the situation at anchor head P5, the air release tube at anchor head P1
did not experience any blockage problem. It was considered that even there
was slight blockage of the air release tube, the grout pressure at anchor head
P1 was sufficient to push the trapped air away from the anchor head area
through the tube, leaving no sign of air pocket. The anchor head P1 was
located at about 110m away from the grout injection point, which was much
closer than that of anchor head P5 which was about 170m from the grout
injection point. The Investigation Team considered that for tendon with
grouting length not exceeding about 100m, though there was still a gradual
head loss along the tendon, the pressure head was sufficient to push the
trapped air fully away. On the other hand, for tendon with grouting length
over 100m, the gradual reduction in grout pressure along the tendon if
coupled with any partial blockage of the air release tube by coincidence,
there might be a likelihood that the pressure head was insufficient to expel
the air from the trumpet area and leading to the formation of the air pocket.
Without any air pocket formed at the anchor head area, the occurrence of
the tendon failure as at anchor head P5 could be eliminated.
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4.2

4.2.1

4.2.2

Concluded Causes of Tendon Failure

According to detailed investigation on the materials, site evidence, site
records and method statements, the Investigation Team determined that the
Incident was due to corrosion attack on the steel strand causing deterioration
of their structural capacity. The weakening of the steel tendons due to
corrosion resulted in the rupture of Tendon T3 at anchor head P5. The
Investigation Team further considered that an air pocket was formed near
anchor head P5 and provided the environment for the steel tendons to
corrode.

Based on the investigation findings as detailed in Section 3 of this report, such
air pocket was formed due to a couple of factors as listed below :

4.2.2.1 Partial blockage of the air release tube

It was evident that there were traces of residue inside the small air release
tube attached through the anchor head. The residue material obstructing
this tube was a mixture of dirt and iron powder material. The residue was
suspected to be left and accumulated at the bottom of the trumpet during
the insertion of the strands and water pressure testing. Such residue might
be flushed up into the air release tube during grouting process and prevent
the tube from functioning properly for expelling the trapped air at the
trumpet area.

4.2.2.2 Long tendon length with deflected tendon profile

4.2.3

The Investigation Team identified that the total length of Tendon T3 to be
approximately 280m long in length, with the grout injection point
approximately 170m away from anchor head P5 (failed location). The
pressure of grout might have dropped gradually along the tendon before
reaching anchor head P5 which was located at a high point after the long
distance through a deflected tendon profile.

Based on the completely different grouting condition at anchor heads P5 and
P1, the Investigation Team considered that, for grout injection point located
over 100m from the anchor head, the drop in grout pressure at the
anchorage region if coupled with any partial blockage of the air release tube
might be insufficient for expelling the air from the anchorage region. As
mentioned in paragraph 4.2.2.1, this would worsen the situation and raise
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4.2.4

the likelihood of forming an air pocket at the trumpet area causing corrosion
problem. Since the grout injection point is located at an appropriate low
point in the tendon which is often at approximately the mid-length of the
tendon, the Investigation Team considered that external prestressing tendons
with a tendon length exceeding 200m might have a higher risk of having air
trapped in the anchor head area.

As a combined result of the above factors, an air pocket remained after the

completion of the grouting operation leading to insufficient grout protective
layer on the steel tendon strands to resist corrosion on these strands.
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5.1

511

5.1.2

MEASURES TAKEN/ TO BE TAKEN AFTER THE INCIDENT

Short Term

Immediately after the Incident, HyD arranged the maintenance contractor

and the consultant (Ove Arup & Partners Hong Kong Limited) to examine the

structural integrity of the bridge structure and to arrange for replacement of

the ruptured tendon T3. The following measures have been carried out :

(i)

(ii)

(iii)

(iv)

(v)

The consultant confirmed that the design of the SBB-HK is in compliance
with Structures Design Manual for Highways and Railways (SDMHR). All
external tendons are replaceable without having to restrict traffic on
the highway and allowance has been made for possible circumstance of
removing one to two tendons.

The consultant also confirmed that failure of either any two external
tendons or 25% of those at one section, whichever has the more
onerous effect, will not lead to collapse at the ultimate limit state under
the design ultimate permanent loads.

The maintenance contractor conducted immediate inspection of the
SBB-HK and confirmed no other similar tendon failure along the whole
length of the bridge structure.

The maintenance contractor arranged to replace the ruptured tendon
T3. The replacement work was completed on 14 March 2019 and all
traffic on SBB resumed normal on 15 March 2019.

Inspection to other 21 existing highway bridges with external
prestressing tendons was conducted and completed in end April 2019.
No anomalies were identified on the inspected external prestressing
tendons. A list of existing highway bridges with external prestressing
tendons is shown in Appendix C.

Since the sign of blockage of air release tube at anchor heads could not be

readily identified outside the anchor protection cap, the Investigation Team

recommended inspecting all the external prestressing tendons of SBB-HK

with a length exceeding 200m by removal of the protection cap to identify
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513

514

5.15

5.1.6

5.1.7

any signs of incomplete grouting and presence of entrapped air pocket
especially at the anchorage regions. Among the total of 192 external tendons
at SBB-HK, 72 of them exceed 200m in length.

The Investigation Team recommended that borescope inspection, with
removal of the protection cap, could be conducted through the air release
tube opening on the end plate to inspect the condition of prestressing
tendons at the trumpet area.

Other forms of currently available non-destructive tests (NDTSs) like ultrasonic
or guided wave testing have been considered for inspection of the tendons.
As the anchor heads of all the tendons are located at thick and heavily
reinforced concrete bridge diaphragm walls (normally in the range of 2m
thick) due to the need to transfer the horizontal force from the tendons to
the bridge, the reliability of these NDT methods within the trumpet area is
questionable. The Investigation Team considered that it would be difficult for
adopting these NDT methods to identify accurately the corrosion situation of
the steel strands at this area.

In order to thoroughly inspect the condition at the anchor heads as
mentioned in paragraph 5.1.2 above, HyD has commenced removing the
anchor protection caps of all external prestressing tendons at SBB-HK with a
tendon length exceeding 200m (total 71 tendons excluding Tendon T3) for
detailed inspection by borescope.

HyD will also arrange to inspect the remaining 120 external prestressing
tendons in detail by removal of anchor protection caps.

If any of the external prestressing tendons exhibits signs of defect in the
above detailed inspection, appropriate remedial works including grouting of
any air pockets identified, or under adverse situation, replacement of the
defective tendons will be considered.
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5.2 Medium to Long Term

5.2.1 To avoid occurrence of similar incidents in other bridges in Hong Kong with
external prestressing tendons with similar characteristics, the Investigation
Team recommended measures to inspect the conditions of these external
tendons. The Investigation Team noted that vacuum assisted grouting
method* has been widely adopted in the industry over the last decade. The
method is believed to be an improvement to enhance grout filling process as
it does not require to expel air from the anchorage region through any air
release tube. There was also a change in the material specification for
prestressing tendons in the General Specification for Civil Engineering Works>
2006 Edition as compared with its former version in the 1992 Edition. The
material specification for grouting has been improved. All in all, these new
methods are believed to have great improvement to the construction
technique to overcome the aforesaid problems as identified in SBB-HK.

5.2.2 According to the records kept by HyD, for the other 21 existing highway
bridges with external prestressing tendons in Hong Kong, a total of
626 external prestressing tendons have a length exceeding 200m. The
Investigation Team recommended inspections be arranged progressively for
some external prestressing tendons exceeding 200m long to ascertain
whether there are any signs of incomplete grouting and presence of
entrapped air pocket at the anchorage regions.

5.2.3 According to the investigation findings, the Investigation Team suggested that
specifications and grouting design for prestressing should be reviewed.
Based on the lesson learnt from the current incident in SBB, the Investigation
Team recommends the following review in design, material, construction and
maintenance of external tendons on highway bridges:

(i) Design
For the design of external prestressing system, the maximum length of
the external tendon shall be one of the primary considerations for the

*Vacuum assisted grouting is a grouting process in which the injection of grout is assisted by vacuum so that
any trapped air or cavity could be absorbed

> The General Specification for Civil Engineering Works lays down the quality of materials, the standards of
workmanship, the testing methods and the acceptance criteria for civil engineering works undertaken for the
Government of the Hong Kong Special Administrative Region.
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(ii)

(iii)

bridge designers. Long external prestressing tendon with a deflected
tendon profile might make the grouting works risky if coupled with
probable blockage of air release tube at anchor head area. The bridge
designers should consider if circumstance allows, adoption of a shorter
length of tendon preferably not exceeding 200m for external
prestressing tendons. The bridge designers should also consider
measures to facilitate the routine inspection, maintenance arrangement
including possible replacement for the tendon designed.

Construction

Regarding the current construction practice, Section 17 of the General
Specification for Civil Engineering Works 2006 Edition specifies the
material requirements and testing, installation and stressing operation
for prestressed concrete. In view of the fact that significant
advancement and changes of practice have been taken place in the
general areas of external prestressing and grouting, it is suggested that
a possible review of this section may be of benefit in ensuring that the
best practice and material in prestressing concrete, such as the use of
vacuum assisted technology, can be more widely adopted in the
industry.

Maintenance and Inspection

Proper maintenance and regular inspection is always beneficial and
critical to upkeep the performance of the external prestressing tendons.
In view of the recent advancement of technology, introduction of
intelligent monitoring system for the external prestressing tendons
including wireless sensing and notification measures would be further
explored and adopted where practicably viable.
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6.1

6.2

6.3

6.4

CONCLUSIONS

The cause of the prestressing tendon failure at concrete viaduct of Shenzhen
Bay Bridge (Hong Kong Section) was due to a combination of factors including
the probable partial blockage of the plastic air release tube at anchor head P5
during the grouting operation, coupled with a gradually reduced grouting
pressure along the long grouting length, leading to the presence of an air
pocket at the anchorage region and subsequently causing corrosion of the
steel strands in that area. The reduction in sectional area thus load carrying
capacity of the steel strands due to corrosion resulted in the rupture of the
tendon near anchor head P5.

According to the method statement, grout was injected at the low point of
the tendon duct at about 170m from anchor head P5 and 110m from anchor
head P1. The pressure applied was about 0.5MPa. Owing to the gradual
head loss over the tendon length and the fluctuating up and down profile of
tendon and the presence of the congested strands within the HDPE duct,
head loss took place progressively. The grout pressure at anchor head P5
might not be sufficient to expel all the trapped air through the partially
blocked air release tube during the grouting process.

The Investigation Team considered that the grouting length should be
controlled within 100m (i.e. the tendon length should not exceed 200m) if
vacuum assisted grouting is not adopted. Grouting length exceeding this limit
coupled with any partial blockage of the air release tube at the anchor head
might have a higher risk of leading to insufficient grouting pressure for fully
release of the trapped air via the air release tube to fill up the entire volume
of the duct with grout.

In this Incident, it was considered that an air pocket remained in the
anchorage region as the process of grouting had been stopped prior to the
complete filling of the duct in the anchorage region immediately behind the
anchor head. With the inclination of the tendon profile and the anchorage at
the local high point of the tendon T3 profile, a grout interface existed at a
level approximately at the mid-height of the anchor through which the
strands were held by the wedges. This interface between the top of the
grout and the air pocket was a region where the bleeding water from the
grout accumulated. This interface, in the presence of segregated grout, the
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accumulated moisture and air, created an environment and potential for
corrosion along an approximately horizontal plane. The combination of air
and water corroded the steel strands causing the rupture of the Tendon T3.

In view of the Incident, various short, medium to long term measures have
been proposed for phased implementation. It is considered that further
enhancement to the design, construction and maintenance aspects of
external prestressing tendons should be explored.
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Appendix A

Summary of Material Tests and Results

Test Sample Scope of Test Testing Testing Results
Laboratory
Tensile 6 nos. of Determination of Public Works | Breaking load results
Test steel strands | dimensions, mass per unit | Central Lab comply with the Particular
length and tensile Specification of the SBB-
properties of 7-wire HK project, ductile failure.
strands in accordance (>279 kN)
with B§5896:1980.
SEM & 12 nos. of (i) Characterization of the | HKPC No signs of stress
EDAX rusted steel fracture morphology corrosion cracking, ductile
Analysis wires of individual wires by failure at breakage.
using magnification to
identify signs of stress
corrosion cracking
(i) Determination of signs
of foreign chemical
species by using
Energy Dispersive X-
Ray Analysis (EDAX)
Chloride 6 sets of Determination of chloride | Public Works | Tested chloride content
Test grout content Central Lab comply with the Particular
remnants (Test No. CHM 5.3 of the Specification of the SBB-
Public Works Central Lab) HK project.
(<0.1%)
pH Test 3 sets of Determination of pH HKUST The values are right
grout values of grout samples within the standard
remnants and white paste around values of cement.
and white rusted wire and intact (12-13.5)
paste strands.
SEM & 7 sets of Determination of the HKPC Samples at P1 & P5
ICP-OES grout chemical composition to anchor faces contain large
Analysis remnants differentiate the chemical Si particles, likely sand in
and white composition of the grout mortar.
paste material at different Samples in trumpets &

locations.

end caps exhibit signs of
bleeding.

Sample in intact tendon
gives no sign of bleeding.
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I. Tensile Test Report of Steel Strands

Appendix A

Lab. Specimen No. AO01 A02 AO03 A04 AO05 AO06
Measured Diameter 15.8 15.7 15.7 15.7 15.7 15.8
(mm)

Cross sectional area 152 151 151 151 151 151
(mm?)

Mass (g/m) 1190 1182 1183 1183 1189 1184
Breaking Load (kN) 296 296 295 295 296 295
Constriction at break Ductile Ductile Ductile Ductile Ductile Ductile
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Appendix A

Analysis of Rusted Steel Wires

12 randomly selected wires with serious corrosion attack were examined more
carefully in a Scanning Electron Microscope (SEM) to characterise their nature of
failure. Despite the serious corrosion attack, the fracture surfaces on all samples
examined exhibited typical dimple features that are characteristics of ductile
overload failure with no signs of stress corrosion cracking. An analysis of the
chemical species by an Energy Dispersive X-Ray Spectroscopy technique (EDAX)
at the interface between the corroded surface and base metal also revealed no
signs of any aggressive elements. Only traces of Chloride were found on one out
of more than 30 points that were analysed and this was likely due to
contamination to the sample after it was removed from the site.

1pm Zone Mag = 20.00 K X Signal A = SE1 Date :8 Mar 2019
EHT=20.00kv  WD= 9.0mm PhotoNo.=3793 Time :15:46:44

1Hm Zone Mag = 20.00 KX Signal A = SE1 Date :8 Mar 2019
l g . ignal 6 Mar ZEISS

EHT=2000kV WD= 55mm PhotoNo.=3770 Time :14:20:26

-A3-



I1l. Analysis of Grout

Appendix A

Samples of Grout removed from various locations were examined to determine

the nature of the grout in service. The samples were cut into small sections and

a surface polished and coated with gold to allow proper examination in a SEM.

Detailed results and analysis of the grout samples are summarised as below:

Sample No. #1 #2 #3 #4 #5 #6 #7
Location Tendon P5 P1 P1 End P1 P1 End P5 End
Section Anchor Anchor Cap Top | Trumpet Cap Cap
SB37 Body Body
SEM Normal Cement Cement Whitish Grout Normal Normal
Results Grout Mortar Mortar Powder with Grout Grout
Bleeding

Sample 1: Grout sample from a section at SB37 where no signs of corrosion of

the tendons were found (This sample is treated as the control sample).

Zone Mag = 500 X

Signal A= SE1

EHT=2000kv WD= 8.0mm

Photo No. =3879 Time :10:06:42
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Sample #2: Sample from the end cap at P5, retrieved from the anchor body

A piece of sample from P5 Cap shows very different structure. This contained
very large particles that are likely constituent of cement mortar. The matrix was
simply Calcium rich cementitious material (Spectrum 30 & 31) and the large
particles sands in the mortar.

At

200 pm ZoneMag= 100X Signal A = SE1 Date :22 Mar 2019 FANRN
I I EHT=2000kV WD= 65mm PhotoNo.=3871 Time :15:33:10
[E3) W spectrum 30 W spectrum 31
i &
o
Rz
A w @ PR B s w0 2 " B w
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Sample #3: Sample from the end cap at P1, retrieved from the anchor body

This sample has a structure very different to the grout, and is similar to the
mortar sample retrieved from the end cap of P5. The matrix was simply Calcium
rich cementitious material (Spectrum 27 & 28) and the large particles sands in
the mortar.

100 pm ZoneMag= 100 X Signal A = SE1 Date :26 Mar 2019 P2l ool
1 EHT=2000kV WD= 75mm PhotoNo.=3881 Time :11:35:36

W Spectnum 27

This confirmed that there was a layer of cement mortar attached to the anchor
inside the end cap.
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Appendix A

Sample #4: Taping of the whitish powders from the top of the End Cap of P1
The powders are Ca-S rich materials that are most certainly the products of
bleeding which is known as laitance. No traces of Chloride were detected.

ron Ima

Elect

ge 1
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Sample #5: Grout Sample from the top of the End Cap of P1

An assessment was conducted along the section from the top into a block of
sample, and the structure was found to vary through the thickness, from laitance
(white powder), into a structure that contained a lot of white curly structure
(Spectrum 64) and then into a structure of more consistent grout (Spectrum 63).
The white curly structure is likely formed after bleeding.

20 ym ZoneMag= 500X Signal A = SE1 Date :26 Mar 2019
EHT=2000kV \WD=105mm PhotoNo.=3898 Time :14:07:39

- A8 -



Appendix A

Sample #6: Grout sample from inside the end cap of P1
Similar to the structure of the control sample, likely to be normal grout but the
Mg content appeared to be higher in the grout.

20 pm ZoneMag= 500 X Signal A = SE1 Date 26 Mar2019 P 3 ray
f EHT=2000kV WD=85mm PhotoNo.=3886 Time :11:48:08
M 1 Spectrum 38 W Spectrum 37
s
=]
.
el

L
3

2

.

iz 77
o T T T T T T T T T T T 1 T T T T T T
. : H : 3 » ® " ® 5 : H » 5 " » PR
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Appendix A

Sample #7: Grout sample from inside the end cap of failed end at P5

20 um ZoneMag= 500 X Signal A = SE1 Date :22 Mar 2019
1 EHT=2000kV WD= 80mm PhotoNo.=3865 Time :15:09:04

B 1 Spectrum 21

LI L B R LN N |
0 12 ] 5 18 ket

Similar to the structure of the control sample, likely to be normal grout, with
limited or no signs of bleeding.
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1 Scope of works and purpose

This Method Statement describes the extemnal prestressing works for all the bridges type A, B, and C of the Hong
Kong — Shenzhen Western Corridor, In terms of

¢ Methods of construction

»  Quality Conirol

« Safeiy / Environmental precautions

2 Responsibilities and action

2.1 This procedure is to be

i Engineer "Kndy K\}Jc':k
| Method Manager Henry Chan
i Technical Manager P Burtat

It has to be used by all parties working on the external prestressing works, such as VSL and their sub-contraciors.

2.2 Organization Chart

Descriptions of these responsibiiies are provided in the VSL. Quality Assurance Plan ref.
GSL/ISWCHVSLS5/00/001
Name of management staff are given through the organization chart ref GSL/SWC/VSL/S/00/031

Production Manager

Draftsmen PT Site Engineer QC Engineer

v

PT Supervisar i

Foreman / Labours

2.3 Resources: plant (main equipment) and labor power

For plant, refer to method statement in paragraph 5. Labour power is composed by one quaiified foreman and §
experimented workers.

3 References

B trler e o

Volume 3 part 1 of contract HY/2002/21

General Specification section 17 and Particular Specification section 17

Quality Assurance Plan of VSL GESL/SWC/HVSLISI00/001
Manual of Organizaiion by Name | GSL/ISWC/IVSLI5/00/031
VSL. Safety Manual GSL/SWC/VSLIBIOD/001
"| VSL Environment Manual GBL/EWC/NVSLITION/001
| MS 300 002 rev 0 | 2/4/2004 | Pase 4/ 1%, |
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5| Methods Stat;ment J

.T.I,j Inspection Test Plan

9 Method Statement
The method statement for external prestressing works is described as below,

5.1 Pre-stressing system

5.1.1  VSL post-tensioning system

All externat tendons shall be VSL. Post-Tensioning System Type EC, which consists of:

|External Tendon (including Spare Tendon)

| .
Tenden 2 of Super| HDPE .
Type/Strand VSL Wedge| Strand with | (DIA/THK) 9?5"29 ?Qﬁ’}%‘gﬁfﬁ‘i‘sﬂ)‘
no. | | Bsssgs | mm | P
§-28
g“il 0.6"Super | 15.7mm | 160/9.1 |EC 5-55sc| EC 6-37 (145/320/220) modified
6-37

Note: * ~ Strand to be 15.7mm dia. low relaxation 7-wire super strands (class 2) confirming to BS5896 :1980.
Minimum breaking load 279kN

- HDBRE trumpet

- Profection cap

- HDPE slesve coupler

5.1.2 Equipment

For stressing of Tendon;
- V5L stressing jack type ZPE-1000

- Pressure Gauge.
- Hydraulic Pump.

For strand Installafion;

- Bri-pack {strand dispenser).
- Strand Pushing Machine.

For grouting;

- Grout Mixer Pump.

| MS 300002 rev © . 2502004 ] Page 5/ 19 |
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5.2 Calibration of hydraulic stressing jack

521 Equipment

- VSL ZPE-1000 hydraulic prestressing jacks connecting with pressure gauges.
- Electrically driven hydraulic pump.

- Master pressure gauge.

- 4 pieces for ZPE-1000.

- Load cells with Serial No.720

- Steel ruler

(Schematic set-up for jack calibration is attached in appendix 1)

52.2 Genetal

The purpose of this procedure is to ensure that each hydraulic jack fo be used on project site is calibrated to
ensure the accuracy of measurement.

52.3 Method

Pre-calibration Preparation

i The Store Supervisor (attached relevant CV in appendix 1) shall identify the jack fo be calibrated
ang ensure the load cell to be used has the valid calibration certificate (within 2 years).

ii. The Operator shall set up the equipment, jack, load cell, stressing chair, etc., for jack calibration.

Calibration Frocedure

i. Increase the pressure and record the reading of the jack gauge and the joad celi's digital at every
10MPa increment of the reference gauge untll the working capacity of the jack is reached.

il Release the jack pressure and repeat step 1 for two more times.

fii. The Operator shall record the calibration data on the Jack Calibration Certificate (Form No. CA-01,
see appendix 4).

Calibration Certificate

i The Store Supervisor or the Operator shall complete the Jack Calibration Certificate (Form No.
CA-01) by calculating the following:

a,  Average measured load and jack gauge readings of the three runs
b. Linear equation between the measured load and jack gauge readings by linear regression
method

il The Jack Calibration Certificate (Form No. CA-01) shall be checked by the Quality Assurance
Managet/Engineer and signed by the witness if any.

Calibration Report

The report shall include:
1. Calibration report of the load cells.
i1. Calibration report of the calibrated ZPE-1000 jacks

[ MS 300 002 rev 0 i 2/5/2004 | - g 6712 ]
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5.3 Installation of anchorage
(The following operation wilf be carried out at Precast yard)

53.1 Material

- VSL HDPE trumpet
- Casting for EC5-585¢

§.3.2 Method

1. Fix the casting EC5-55Sc¢ onto the formwork by using bolts and nuts. Ensure the grout inlet is oriented at the
top of casting and properly sealed with miastic tape or similar to prevent ingress of grout during concreting.

2. The casiing shall be fixed perpendicularly to the tendon axes either onio the end shutter or the recess
formwork as detalled in the working drawings. The edge of the casting shall be sealed to prevent ingress of
grout during concreting.

3. Fixthe guide pipe between the casting and the stop end

4. Fix bursting reinforcement, as per the working drawings, behind the anchorage.

5. Strip the formwork after the concrete has been places and achieved an approptiste strength.

8. Check and clean the casting surface of the anchorage by removing any cement slurry adhered to it during
concreting.

7. install the trumpet into the casting as per the warking drawings.

5.4 Installation of HDPE pipe

541 Material

1. ¢ 160mm O.D. HDPE pipe for tendon 6-28, 6-31, 6-34 & 6-37

2 17/23mm grout hose.

542 Methed

1. Label tendon numbers on the anchorage faces and on the faces of intermediate deviator diaphragm for the
corresponding tendon identification and duct Installation.

2. Connect individual HDPE pipe fogether by minor weld methad wherever practicable.

3. Insert the HDPE duct section into the iniermediate deviator segments,

4. When necessary. temporary support shall be erected for supporting the tendon before threading of strand.

5. Grout vent is provided at the highest and lowest points of the tendon profiles. Additional ventz will be
provided at 15m spacing from this vent if the tendon is long enough. (see Appendix 1)

6.  Toinstall an intermediate vent, drill a hole through the HDPE duct at & desired position. To avoid damaging
of the strand inside, a core bit for wood drilling should be used. 17723 mm grout hose fs welded to the hole
previously drilfed on the tendon duct as immediate vents.

| MS 300 002 rev 0 i 2/5/2004 [— Page 7/ 72|
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17123 mm arout hose is welded to the hole previously drilled
on the fendon duct as immediate vents

5.5 Threading of tendons

55.1 Equipment

- V5L push-through machine.
- Electric disc cutter.

552 Material

. 15.7mm diameter low relaxation 7-wire super sirands conforming to B35896-1980

- Pre-stressing tendens from each batch shall not be installed until testing of the batch has been
sompleted

- Strands shall be coated with water-soluble oil before defivery fo site.

| MS 300 002 rev 0 - | 2472004 | Page 8/ 1%
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5.5.3 Method

1. Prior segment erection, introduction of a “mouse” or dolly inside tendon sheath to check if it is free from
obstacle.

2. Prior to installation of the strands, ER’s staff should be inviied to inspect whether testing of the batch
has been completed and whether the strands and sheaths are free from loose mil] scale, toose rust or
grease.

3. Strands which will be tensioned in one operation shall be taken from the same batch.

4. Set up strand dispenser on the deck within an ease working distance and location.

5. Thread the strand into the push-through machine with & metal guide cap at the front end of the strand
for ease of threading.

6. Start the machine and thread the strand through at constant speed. Check the unwinding of strand from
the dispenser constantly until the sirand emergss at the oppaosite end of the tendon.

7. Check the iength of strand at the opposite end. The projection length shall be based on the length of
jack to be used.

8. Remove the metal guide cap at the opposite end (outlet) and cut the strand with a disc cutter at the
threading end (inlet).

9. Repeat the above sieps unill the required number of strand have been placed in the duct. Record the
heat/coil nos. of the strand, which have been threaded in the tendon for future caleulation of medified
expected extension.

10. Wrap and protect the projecting strands with plastic foil if stressing will not be carried out within two
weeks.

5.6 Instailation of anchor head/wedges

5.6.1 Material

- Anchor Biock ECB-37
- 15.7mm wedges for 15.7mm diameter strands

56.2 WMethod

- Before stressing, install the anchor block through the strands right against the sasting.
-  Place wedges to hold the anchor block in position

5.7 Stressing of tendons

5.7.1 Equipment

- VL hydraulic prestressing jack type ZPE-1000
- Electric operated hydraulic pump.
- Pressure gauge.

M5 300 002 rev 0 [ 2mjz004 T — Page 0775
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57.2 (General

1. Chack the validity of the jack calibration certificate, if it is over six months, the jacks shall be re-calibrated
before use.

2. Atensioning schedule wifl be submitted to the Engineer for approval at least 48 hours before each post-
tensioning operation starts. The schedule will include the proposed sequence of tensioning the prestressing
tendons, the required prestressing loads and the calculated extensions of the prestressing tendons as
specified in the working drawings.

3.  Stressing will be carried out under the instruction of the Main Contractor.

4. Atthe anchor block, strands are painted along a reference line prior to stressing, for checking of any
possible wedge slippage during stressing and after the wedges are draw-in.

a. Stressing jacks will be handled by chain blocks and sfings through the reserved holes within the deck and
through the Iifing devices at stressing platform outside the deck.

6. Warning sign boards or protection barrier shall be located behind stressing anchorage to keep other
personnel out of the stressing zone.

7.  Stressing shall be canied out by experienced persorinel.

8. Stressing can be commenced after the concrete has attained a transfer strength as specified on the
drawing. The maximum aliowable tendon force at the stressing end shall be as per the working drawings.

9. Stressing end siressing sequence shall be in accordance with the latest version of working drawing or
instruction given by the Engineer.

§5.7.3 Method

1. The jack and the recess plate for draw-in are threaded and positioned against the anchor blocks. Generaliy
the jack is fixed with chain blocks to chain or sling through holes in the top stab for the stressing operation.

2.  The strands are painted along a reference line to indicate if any slippage occurs after the wedges draw-in
and set.

3. A reference point for extension measurement is made on one of two strands. This can be done by using ah
aluminum bar fixed to one of the strand with a bolt.

4, Connect the hydrautic pump and the pressure gauge to the jack.

4, Apply an initial load, usually GMpa or 50 Bar, to take up slack of the strands and the measurement of the
strand Is recorded.

6. inspect all the sleeve joint connection to see if a reasonable gap (20mm-50mm) is still maintained. Cut off a
short plece of MDPE duct to maintain this kind of gap at sleeve joints. Cufting shail be done carefully with
handsaw in order not to damage any strand inside.

7. Inspect all the temporary supports to see if the tendon is free standing by itself without touching those
supports. If not, release the temporary support before continue siressing.

8. Increase the jacking pressure, record the strand extension measurement and the correspoending pressure at
suitable intervals. Usually, an incrernent of 5MPa or 50 Bar is preferred. Reset is need whenever the jack
comes near 1o its end of stroke travel.

Q. When the pressure equivalent to the required jacking load is attained, the fendon is tocked off by releasing
the pump pressure so that to allow the wedges to draw-in and to lock of individual strand. The draw-in
measurement Is taken when the pressure is reiease back to the initial reading, i.e. SMpa or S0Bar.

10. The jack is then retracted and removed.
[ WS 300 002 rev 0 ' i
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11.  One set of stressing report comprised of 3 copies will be prepared during stressing of each tendon. The
original white copy will be submitted to the Engineer by the Main Coniractor, the blue copy will be kept by
the Main Contractor and the yellow copy will be kept by VSL.

12.  The complete set of stressing report will be submitted to the Engineer by the Mzin Confractor.

13. If the percentage of extension variation complies with the specification, strand cropping could be
commenced,

5.7.4 Stressing report

1. The stressing report will record the details of the stressed teridon and the extension measurement.

2. The report will also show the measured extension of the tendon and the variance from the theoretical
extension.

3. Stressing report is to be recorded by VSL's foreman and checked by the Project Engineer. If the measured
extension for the whole structure is within +5% (within £10% for individual fendons) of the adjusted
theoretical extension, cropping of strands shall be commenced and the anchor heads are rendered with
cement morter to seal wedge cavities.

4, i the measured extension is less than 85% of the adjusted theoretical extension. The prestressing force
shall be increased until 95% of the adjusted theoretical extension is achieved excepl that the prestressing
force shall not exceed 80% UTS of the tendon.

5, The Engineer shall be informed immediately for solution, if the above procedures item 3 and ifem 4 faii to
produce an averags extension variation of £5%.

5.8 Sealing of anchor head

5.8.1 Material

- Protection Cap for tendon 6-28, 6-31, 6-34 & 6-37
- M12 bolt and nut

5.8.2 General

Upon receipt approval of the stressing result, protruding strands outside the anchor block are cut at a distance of
13mm approximately measured from the surface of the anchor biock.

5.8.3 Method
1. A reusabie protection cap is used ai the casting surface for sealing of the anchor lead.

2. Apply silicate sealant onio the surface of the casting before installing the protection cap.

5.9 Water fest

5.91 Equipment
Air compressor

| MS 300 002 rev 0 _ ' 242004 | ~ Pege 1115 |
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5.8.2 General

Tendons are filied up with water and pressurized to 0.5MPa or above for testing of the mimor welded and sleeve
joints.

590.3 Method

1.  Drili & 20 mm diameter hole through the HDPE duct along the tendon for all intermediate vents.

2. Install metal grout vents to ali positions beyond the trumpet. A ball valve with a coupling device is attached to
the end of this metal vent as grout in intet. 17/23 mm grout hose is welded to the hole previously drilied on
the tendon duct as immediaie vents.

3. Altach & rubber defivery grout hose o the metal vent on step 2 above with a closing valve at its end.

4. Grease part of the duct to be coupled. Slide the sieeve couplers over an O-ring on the duct provided at sach
side of the joints. Tighten the couplers on the ducts with two number of omega clamps, one at each end of
the sleeve couplers to tightened the joints to an air and watertight condition.

5. Open all the valves of the tendon and fill the tendon up with water through the grout inlet. Install a pressure
gauge and & T-vaive in front of the grout inlet for pressure monitoring.

6. When water is corning out from it without any trapping air, close up the valves/venis one by ong, except the
inlet value. :

7. The tendon is then pressurized to a pressure of 0.5MPa or above. The pressure can be maintained to
0.5MPa or above by confinuous pumping prior the pressure dropped below 0.5MPa.

8. If there is leakage of water, apply a temporary water-plug product and repeat the water test, if no more
ieakage, remove the water-plug for repairing of the concrete.

g After the tendon is tested to be able fo sustain a pressure of 0.5MPa or above, blow out the water from the
tendon and discharge it to the drains provided by Main Contractor.

| MS 300 002 rev 0 DIA2004 _ o TS
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Tighten the couplers on the ducts with omera clamp

Iustall metal grout vents

2/4/2004
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5.10 Grouting of tendons
5.10.1 Equipment
- Grout Plant (COLOMONO 10 Grout Pump).

510.2 Materials

Grout mix shall be as follow:

Material Proportion
a) Ordinary Portland cement (Champion Brand)
b) W/C ratio 0.33
c) Flowcable/RHEOMAC GF320 3% by weight of cement
d) Pozzolith 300-R 4 mifkg of cement
5.10.3 General
1. Grouting of ducts shall be carried cut within 28 days of instaliation of the tendon or as soon as Is practicable
thereafter.

2. Untess otherwise permitted by the Engineer the tendons shali not be cut until at least 1 day after stressing.

3. Mixing procedure shal! be as follow:
i, Grout is to be mixed with VSL grout mixer / pump which is a blade type centre agitated
machine.
ii.  Discharge the required volume of water into the grout mixer.

iii. Tum on the grout pump and add in the pre-determined amount of Pozzolith 300 R and then Rheomac
GF320 into the mixing tank. Continue mixing for 1% to 2 minutes.

iv.  Addin cement, bag by bag, io the mixing tank. Confinue mixing until the grout mix is consistent.
v.  Astrainer shall be provided in the path of the grout circulation in order to catch cement fump, if any.

5.10.4 Method
1. All ducts shall be kept free from standing water and shall be thoroughly clean before grouting.

2. Sealing at the end of the anchor head.
3. Equip grout iniet and outlet with ball valves and extension pieces of G.1. short pipe.

4, Grout is then pumped through the Grout inlet from the iower end of the tendon until it expels out the grout
vents. Inspact the expelled grout to see If it is free from air bubble and in consistent with the grout as in the
mixer. The grout vent can then be closed. Waste grout shall be collected in buckets and discarded to the
public bin provided by the Main Contractor.

5. Grouting of each tendon should be carried out in one continuous operation. If grouting is interrupted for
more than 1 1/2 hours, the tendon shall be flushed with water and the tendon shall be blown clean with
compressed air.

8. When the last grout vent is closed off and the inlet value still being opened, maintain the grout pressure to
0.5MPz or above for 5 minutes to check if there is any pressure drop.

7. Sampie of grout wilt be taken from every 25 batches of grout, or from the amount of grout produced in a day,
whichever is the lesser, to determine the crushing strength and bleeding of the grout. Grout cubes will be
submitted to Engineer for delivery to govemment laboratory for testing.

8.  The filied ducts shall not be subject to shock or vibration within 24 hours of grouting.

9, All grout hoses and pipes can be cut and removed 24 hours after grouting. In case of the grout vent duct is
not fully filed, inform the Enginser before any topping up will take place.

10. Testing of grout crushing strength shall be in accordance with PS17.625 & 17.63.

| MS 300 002 rev © B 2/4/2004 | Pace 14/ ]
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11, Fluidity testing for grout shall be carried out in accordance with PS 17.65 to 17.77.

12. Sedimentation testing for grout shall be carried out in accordance with PS 17.78 & 17.79.

13. Testing of bieeding and volume change shall be in accordance with PS 17.50S & 17.60S.

6 Quality

6.1 Inspection Test Plan

The Inspection Test Plan is & chronological list of all the controls that have (o be carried out during the works.
For each confral, it lists:

The task bsing in progress

The controf andfor test to be done and the required equipment if necessary
The criteria of acceptance

The person in charge to carry out the control and/for test

The reference of the Control Sheet where the control is to be tecorded
Action to be done if non-conformance

It also says if the control / test is a Hold Point
The intervention levei during such inspection or test is given for each people involved.

The Inspection Test Plan for the works is attached to this document, Appendix 2.

6.2 Control Sheets

The Control Sheets are used on site to record the controls/tests that are carmied out accord ing to the Inspection
Test Plan,
They are ali grouped in Appendix 4.

| MS 300002 rev 0 ] ' 2/4/2004 Page 15/ 73 |
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7 Safety

The Project Engineer shall act as a safety coordinator on site for stressing operation.

Appropriate personal protective equipment (such as safety helmet, safety boots, efc.) shall be issued to all siie
workers and property recorded.

Any safety hazard and accident shall be reported to the Safety Officer of the Main Confractor 2s soon as possible.

7.1 Lifting of Material and Equipment

Each itern of lifiing equipment shall have a valid test certificate.

ltemns to be lifted shall be suspended from designated lifting points or at points such that the item being fifted
hangs in & balanced condifion.

No person shall stand or work under the load being lifted.

Care should be taken when stacking items in more than one layer to enisure the pile is stable.

7.2 Prestressing Tendon Installation

The working area for sirand threading shall be identified as an exclusion zone where only VSL's personne! and
the representatives of the Engineer and Contractor are allowed to enter.

The strand pusher and dispensing coil shall be positioned in line with the tendon. When this is not possible, a
guide pipe {corrugated steel or PE) may be used as necessary to guide the strand between the strand dispenser
and pushing machine.

Protective eye goggles should be worn when cutting the strand with a disc cutter.

7.3 Tendon Prestressing

The working area for stressing shall be identified as exclusion zone wherte only VSL's personnel and the
representatives of the Engineer and Confractor are allowed fo enter.

Awarning sign shall be erected at the stressing and non-stressing ends whenever stressing is in progress.

When site personnel are working beyond an exclusion zone, a ptywood board shali be provided in front of the
tendon at both the stressing and non-stressing ends to stop the strand in case of strand breakage.

7.4 Grouting

Plastic gloves and dust mask should be worn when handiing cement and grout.

Protective eye goggles should be worn when inspecting grout outlet pipe under pressure.

[ WS 300 002 rev 0 ] 252006 | ' Page 16/7% |
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8 Environment

Generally, operations of pre-stressing and grouting do not disturb the environment of the neighborhood.

1) Pre-stressing and grouting do not give out any toxic gases and do not disturb the air quality.
2) Noises emitted during operations do not exceed 75db.

3) The waste grout will be collected in buckeats.

| MS3000021ev0 ' 2/4/2004 Page 17/ 7% |
— -B19-




APPENDIX 1

(BIPAGE)

METHOD STATEMENT
ANNEX DOCUMENT

Calibration of Stressing Jack
Schematic Set-up for Jack Calibration
CV of Calibration Supervisor
Position of Grout Vent
Particutar of grout mix
Technical Information of RHEOMAC GF320
Technical Information of POZZOLITH 300R
Brochure and sketches
VSL Type EC Anchorage |
V5l Jacks for type EC Anchorage .
Typical VSL Stressing Jack Installation
Sketch : Anchorage details for external PT
Typical external pre-stressed tendon layout for:
- Bridge type A: 23511/06/621
- Bridge type B: 23511/06/622
- Bridge type C: 23511/06/623
Calibration load cell report
Test cedificate of “Champion” cement
Grout strength report (sample}
Calculations of stressing report (formulae)

| MS 300 002 rev O | 2/4/2004 Page 18/7% |

- B20 -



__‘_,l‘lijﬂljl_fl‘tkj AR LRy ijJunmj_xgiJ

B

..‘gliﬁcu Il

ATy iyt Aty

1dix B

STRANDS
.--""//_

nd
I
e B P/

R

|
) ) f/.?ff W
| | A

e HYD%fuuc
Jabk

.
—

|}

ELECTRIC
PUME

=
i____J — [I|
(g ]
/ Ll
!

LELECTRONIC ] T~
LOAD CELL
READ—-QUT UNIT

—ANCHOR BLOCK

SCHEMTIC SET—URF FOR JACK CALIBRATION

Sketch No. BI19-SED)-A

-B21- .

Page | of |

NV



LIU, HING CHEUNG BOSCO (BEF) . AvpendixB

Personal Details
Language :  Chinese, English
Company Name VSL Hong Kong Ltd.
Company Address - 51/F Hopewell Centre
183 Queen’s Road East
Wanchai
Hong Kong
Service with VSL . 20 years
Position . Store Supervisor

Majer YSL Jack Calibration Experiences

1983 — Present : Project Name Date
Contract CV2001/10 Penny’s Bay Dev’t Contract 2 2002 - 2003
Contract CV2000/09 Pennys’ Bay Dev't Contract 2002 - 2004
Contract No. 10/2000 Northern Access Road for Cyberport Dev’t 2002 - 20603
KCRC East Rail Contract TCC200 & TCC300 5001 - 2002
Tai Wai to Shek Mun to Lee On
Contract Y1.49/2000 Fung $hui Kiu North Phase 1 2001 - 2002
Cantract CC203 Tin Shui Wai Station 2001~ 2001
K CRC West Rail Contract ©C212 & CC213 Tuen Mun Centre Station 1999~ 2001
KCRC West Rail Contract CC201 & CC211 Xam Tin 10 Tin Shui Wai 19992001
Contract Y1.25/98 Tin Shui Wei Further Dev’t 1996 - 2000
Hung Hom Bypass Contract HY/94/13 1997 1999
Ma Wan Viaduct 1998 - 1999
Duplicate Tsing Yi South Bridge Contract TW/90/93 1996 1998
MTRC Contract 509 Kwai Chung Park Viaduet 1996 — 1957
MTR. 510 Rambier Channel Bridge 1995 1997
Cheung Ching Viaduct 1005195945
Rambler Channel Bridge & Associated Roadworks Contract HY/92/03 1994 — 1696
MTRC 502 Immersed Tube Tunnel 1994 ~ 1995
Cont HY22/18 Lantan Fixed Crossing Tsing Ma Bridge 1053 - 1905
Lantau Fixed Crossing Kap Shui Mun & Ma Wea Viaduct 1993 — 1586
West Kowloon Corridor — Yaumatei Section, Phase 1 1993 — 1993
Western Harbour Crossing Sai Ying Pun Interchange & Route 7 works 1994 — 1997
West Kowloon Expressway South Section (HY/92/18) 1993 - 1556
Second Ap Lej Chan Balanced Cantilever Bridge 1953 — 1954
TW74 Texaco Road 1693 ~ 1954
Shatin New Town — T6 Contract TDD ST45/87 1080 ~ 1990
Tate's Caimn Tunns! — Shatin Approaches 1988 - 1989
Kwun Tong Bypass Phase II & TiI 1589~ [99]
Kwurn Tong Bypass Phase I 1988 - 1980
Kwur: Tong Bypass — Lei Yue Mun 1088 - 1989
Rumsey Street Flyover Contract HY/85/45 1088 - 1080
Route 5 $hatin To Tsuen Wan Contract HY/85/06 1987 - 1988
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RHEOMAC GF320

Formerly Flowcable
Admixture for anchor grouting

DESCRIPTION

Rehemac GF320 is a powder admixdure, which when
mixed in specHied guanifies with cement and water
ylelds a shrinkage compensated, thixotropie, pumpable
grout. The edmixture alsc has efficient watar reducing
properties that help to maintain a low water cement ratio
of approximately 0.25 and hencs imparts high strength to
tha grout.

RECOMENDED FOR

Rheomac GF320 Is recommended in situstions whare
steel anchors (e.g. rock anchors) and cables eg.
prestressed cables) are required [o be firmily anchored or
grouted, and protected from corrosive attack of subsoil
watar. It is ideal for overhead ancherng due to ks
ihixoiropic properties.  Applicztions include both pre-
grouted and post-grouted anchors and cables such as!

iube bolt ancharing.

roof stifching in mines ard tunnels using wirs ropes.
grouting of pre-stressad anchors in rock and soil,
contact grouting,

grouting of cable ducts.

LI I T

FEATURES AND BENEFITS

Shrinkage Continues lo refain filled

compensartec volume, Efficlant anchoring,

Thixotropic Grout does ot flow out of
overhizad hoies,

FPurnpahia Advantage in deep hote or

cablz duct grouting,

Resists water ingress.
Profacts stesf,

Early load fransfer.

Dense micro
siruciure

High early and

final strengths
Sufficiant time fo allow grout
penetration even in difficult

. circumstancas.

Long open ime

PERFORMANGE DATA

Compressive sirangih
(Typical with wic : 0.25 @ 20°Cj

& hours 5 3 Nimm2
1 day : = 30 N/mm?
28 days 1= 70 Nfmm?

- B27 -
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PROPERTIES

Supply form : powder
Colour : pale gray
Storags :10-50°C
Solubllity in water ¢ low
Chloride content =DA%

APPLICATION

Material Conditian

Cement : For optimum performencs, always use fi. .
Forffand cement, since the resctivity of cement s
reduced with agsing,

Mixing

Mechanical mixing is necessary. A high speed (pprox.
1500 rpmj mixer is recommendad.

Use Rheomae GF320 at a dose of 3-5% by weight of
cement and mix water at approximately 25 L per 100 kg
cement {i.e. wic of G.25). )

Note ; finsly ground cement normally reguires @ higher
quaniity of waler.

Place approximately 23 L of water in the mixer and add 5
kg of Rheormze GF320. Keeping the mixer rurning add
10¢ ko of cement slowly and mix for 3 minutes (5
minuies if a slow speed mixer is empioyed), until 8
Numpiree homagencus mix is obtained. If required add
more water {from the remaining 2 L) until the reguired
consistency is raached.

Placing

Place the mixed grout using 2 nomal giouiing purnf
sinalt, wormn o pisten pump). Always use z stiff &,
hose fo place the grout,

Pre-grouted anchors

Introduce the PVC hose to the end of the hale and siant-
pumping. While pumping, pull the hose back gradually,
allowing the grout to completaly fiil the volume of the
hole. Place the grout slowly and continuously,

Install the anchor carefully into the grouted hole sc as o
dispiace the grout to fll the annulus around the anchor
completely, Mildly agitate the anchaor to release any
entrapped air sround the anchor. Hold the anchar in
position using a suitable device, untll the grout affains
initial set.

Post grouiad anchors, tube anchors

Connect the PYC hose to the anchor and install the
anchor in the hole, Siart pumping and continue untlt the
grout starts issuing out between the rock and the bearing
piate.

Curing
Curing will not be rsquired as the grout normally Is

vornpistely anclosed. .
25 /—3
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EQUIPMENT

Mixing : High speed grout mixer or heavy duty slow
speed drill fitted with 5 grout stirer,

Plactng : Worm ar Piston type pump,

CLEANING

Use water to clean togls and equipment bafores the grout
hardens.

ESTIMATING DATA

100 kg of cement mixed with 25 L of water and 5 kg of
Rheomac GF320 yislds approximately 60 L. Therefore
material requirement will be 0.083 kg per ditre of grout
needed.

PACKAGING
Rheomzc GF320 35 supplied in 15 kg bags.

SHELF LIFE

Rhaomac GFI20 can be stored in uncpenad origingl
bags for 12 months, if kept dry anc at even temperature.,
Do aot use the product I the bag is damaged, or has
been open for over a month.

Master Builders
Technologies

PRECAUTION

Health : Rheomac GF320 is alkaline ke normal ceme
and can cause skin tritations to persons with sensitiy
skin.

Wear gloves and masks while handiing the produc
Taks all precautions normelly faken while handlin
cement.

Fire ! Rheomac GF320 iz aot fiarnma bie,

QTHER USEFUL PRODUCTS

Meven SA series Fal range of hgh perormance

accelerating  admixtures  for spreyed  concrete
applications.
Meyco TCC activators A rmange of spaciafity

zdmixtures to be usad In combination with cartain
selacted MBT superplesticisers  in shotcreting, for
imparting such properies as  instent slump  ioss,
pumpability and total hydration.

Rheobuild : A range of high performance super
plasticisers fo produce Rheoplastic concrete.

Rheocem : A range of superfing cements for DIEessure
grouting of micro crecks in concreis, rocks and soil,

Masterflow : A range of shrinkage compensated, frae
flowing gmuis - cementitious and resin based - with
exceptional strengths, for precision grouting of both
dynamically loaded and static maahin &ry and equipment,

The technical information ang appilcaiicn
STATEMENT OF

RESPONSIBILITY be made as tv & producis sultability for

reiizbifity or completensss either

expressed or implied iz
responsible for checking the suit=bility of produets for their intendsd use

advice given in this MBT publicatien are baseo on lhe pressnt sisie of
our best scignfific and practica) knowledge. As fhe information herain is of 2 general nature no assumplion can
2 parficulzr use or applization znd ro WEaFENty a5 o

is accuracy,
givan other then those required by law. The Lser, s

Field service whers provided, doss net constiuie supervisory responsibility. Suppa
orafly or in writirig may be foliowed, modified or refected by the owner, engineer or contracior singe they, and

NOTE

not MBT are responsible for carrying ouf proceduras appropriate 4o 2 specific 2pplica tion.

stions rzde by MET sither

Master Buildarg Technologies (HK) Lid.
20IF EW Intemztional Towsr

122-124 Texaco Road

Tsuen Wan, N. T,

Hong Kong,

Tel : {B52) 2407 4289

Fax : (B52} 2408 7501
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JELULITH

300-A I "

Polyrer admixture for mproving concrele, meets and exceeds AS 1478, ASTM C 454 and

HS 5075 requirements
DESCRIFTION

POZZOLITH 800-R Is a ready-to-use liquid
admbxiure for making betler, more unlform
and mora prediclable high quallty con-
crele. It retards the seiling me to
facililale placing and falshing, 1t tnests
and excesds AS 1478, ASTM C 4o4 Typs
B snd D admixtures and B8 5075 Par §
requlrernant.

AECOMMENDED FOH

o ail lypas of concrele whers retardation
of set and Improved pedormance {par-
licutarly improved pumpability) are re-
guired

¢ IMmproving pumped concrslg,
shoterete (wet mix) and convenltionaity
placed concrety

¢ Improving piain, relnioreed, precest,
prestressed, light welght or slandarg
welght concrate

¢ bse wilh alr-enlralning apgents ap-
proved Lnder SAA, ASTM, AASHTO
and BS 5075 specllications when alr-
sntralned cohciele s speciiied. (MBT
epproved afr-entralning admixture MB-
VR !s recommended for usa with PDZ-
ZOLITH 300-R admisturs)

FEATURES/BENEFITS

mid to sxdanded retardation

reducs permesblity

trprove waterighiness

superlor finlshing characterlstics for

slabwork and off-form surfaces

¢ reduce waler content far a ghven
workablllty

v licrease compressive, fevural ang

bond strenglhs

pasier placement

Improve workabllity

reduce tegregallon

greater durabliity

greatef pumpabllity

Increasa retistance of ale entratried

concrale 1o damage due to freezing,

thewing ard scaling from de-lclhg

salis. :

* & & B

& B S B & oo

PERFORMANCE

In comparlson 1o plaln concrete, a mil
contalning POZZOLITH 300-A develops
higher sarly and ullimate sirenglhs,

PQZZOLITH 300-R excesds the slrength
fequfrermenis of AS 1478, ASTM © 434,
AASHTO M 124, CRD CB7 and BS 5075
specilications.

DOSAGE

POZZOUTH -300-R Is recommended far
Use &l a dosage rale of 300 +/- 50 ml per
100 kg of cement lor most concrete mixes
Using avarage concrels Ingredient=, but it
ls appreclaied |hal varlations In [he fob
condlllens  and  concrete  misterlals
employed mey make usage rales ouisids
the recommended renge desired.

Conhsult  your local MBT  field repre-
senfative who Is avallzble o assist vl in
delermining the dosdge ralz ior best per-
fermance In your wark,

PACHAGING

205 iitrs drums or bulk delivery.

NOTE

"For additional Information on FOZZ OLITH
300-A ar on ks use In developing a con-
crefs mlx with speclal patformancs char-
aclerlslics, contact vour local MBT feld
fepresentalive, or tha Technlcsl Service
Department, MBT, "
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Strand Properties

"

Strand iype EN13Ba

B R i ; BE 5808 Suber

Nominal diameter mm 1B.7

Nominai arsa mm® 186

Nominal mass kem 0.7B5 0.778 1.18

Yield sirength MPa 1SBO Y 167p 1500

Tansiia sirength MPa 1860 188D 1770

Mir, breaking load kN 185 168.7 | 266

Young's moduius GPe Gicre 185 —
| Relexation ® % [ max 2.5

1} Measured at 0.7% residual strain (0.1% oflcet rethod)
Z) Measured g1 1% extension (1% exiension under joad method)

3} After 1000 hes at 20° C {EN & BS, low reiaxation to ABTM}

Tendon Properties

STHAND TYPE 13 miti {35} L e
S Etinn - ND o - Pugl Iyon < M!n Braaldng:i'?sri
©unit '~ | strands 7. i
5-4 2 2
3 3
I 4 744 735 | 67 4 S5/62 B5/72 1080 | 1043
5.7 5 | si54 B1/54 B3 | @18 5 1335 | %
S 1118 1102 ] 1580 | 1564
i 7 1308 1285 7 1886 | 1885
512 B BO/R7 85/72 | 1488 1470 612 8 75182 B0/87 2120 | 2066
g 1674 165a a 2385 | 2348
10 1860 1837 10 2880 | 2607
11 2048 | mom 1 2015 | 2858
I 12 2232 | z2p4 12 | 8180 | atz
515 13 75/82 HO/B7 2418 2388 518 13 a0/E7 toar167 3445 | 3388 J
14 pEO4 | 28572 14 3710 | 3850
15 2rse | 2788 5 2075 I ag11
14 2576 | 2088 18 €240 | 4171
17 31EE | =123 17 4505 | 443z
18 3348 3307 1B 4770 | 48m3
k] i 3334 3480 13 . BOZE | 453
5.2 20 BO/ET 85102 3yz0 | 3874 B2 20 1Dotio7 10011 b7 5300 | 524
21 3806 | 3858 21 5665 | 5475
22 5002 4041 22 a0 | 5735
527 | 23 a5/102 1001107 | 427€ 4238 27 28 1017 1310117 80ss | 5988
24 5454 4408 | 24 EIED | 627
25 4550 4585 35 8625 | 6518
28 4EBB | 4776 28 BRED | &v7E
| 27 s022 4580 a7 165 | 7oss
531 28 95/102 1001107 | 5808 5144 5-51 {28 2 120027 1aohay 7420 | 7300
28 5384 5327 28 | | 7885 | 7BBD
an | 558D 5E1T a9 7850 | 7E21
_ - 5766 | seas | G 6215 | 0B2
537 | 32 17 110147 5852 5875 B-37 g2 130137 | 180137 B48D | B34
EEY 6138 | &oA2 33 §745 | BEO3
34 gazd | 624n G 010 | Bacs
25 6510 | 8420 a5 5275 | &128
a6 B59E | G613 8640 | 8285
37 i E882 | &ver (a7 uRpS | ag4p
5-92 8 150/127 1207127 7066 | B9E1 6-42 38 | 138M42 | 3na2 | 10070 | oBOY
ag 7284 7184 a9 | 10335 | 10787
40 744¢ | 734 40 1DEDE | 10428
41 7626 | 7532 41 TORES | 10889
42 7Btz | ¥715 | 42 11130 | 1084e
5.4p 43 130437 1304137 7898 | 7BSg £-48 45 1507150 1BH170 | 11385 § 11240
44 8184 | EDBZ 44 TBE0 | 11471
45 8370 | 8za7 45 11828 | 11732
48 BESG | B450 45 12180 | 11582
47 6742 | &Ea4 47 12485 | 12253
48 EB2E Be1a 48 | 12720 | 12614
555 15 307137 1251142 B114 8001 6-55 48 160170 170/180 128BE | 12774
50 2300 | #1865 50 15250 | 13085
51 9436 | 238D 51 12515 | 19206
g2 BEY2 | @552 52 13780 | 13556
53 sEsE | 9736 53 s 14045 | 13897
54 10044 | pezo 84 14310 | 14078
]_ 55 10230 | 10104 585 1 14575 | 14330

4} Corrugated piastic PT-Plus™ ducle e also avalizbie, refer io page 11

V-7 ¥
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Grout connection — puct
Anhchor blogl —————
———— Casling
\Waedges ——
Strands ———
Dimensions
Fendon unit L | ; - : =i
A B - c | D E F G
_ - | Ext. Dia.

g4 - | 185 80 85 100 58 38 25
5-7 185 60 110 100 85 54 125
_ 5-12 215 50 1O | 166 20 72 180
8 & B-1§ 285 70 | 180 210 145 B7 200
e 5-22 290 77 200 215 150 102 230
2 E 5-27 315 92 220 300 175 107 250
B E | 53 315 100 230 300 175 107 250
w = 5-37 370 07 | 250 320 200 117 08
5-42 | 380 112 230 340 217 127 325
5-48 fls-‘['h,& 430 122 280 340 235 137 365
{ £-55 & 485 150 320 340 250 142 460
= 6-3 135 &0 = 90 100 58 38 g5
a4 | 165 60 110 100 g5 54 125
- 67 215 &0 150 180 120 72 150
2 b 612 265 75 180 210 145 87 200
22 | e19 315 g2 220 | 300 175 107 250
2 E 6-22 815 100 230 300 175 107 250
g E 6-27 70 112 250 320 200 117 305
n 2 &3t fnghey 20 122 270 340 217 127 325
5-37¢— p 430 | 142 360 240 235 137 365
6-42 qo4gs | 145 220 340 250 142 400

Dimegnsions in mm

Dimensions are valid for:

Nominal concrete strength at 28 days: 35 MPa loube), 28 MPa {oylinder).

Maximum prestreasing force may be appiied whan concrete reaches 22 MPa {cube} of 20 MPz (cyfinder).
Max prestressing force is 75% af min. tendon breaking load {lemporary oversirassing to BO%).

-B31-
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Siressing

The unigue feature of the VSL Post-Tensioning
system lies in its special procedurs for locking the
wedges. The wedges always remain in contact with
the strands during the siressing operation, As the
pressure in the jack is released, the wedges
autornatically lock in the conical holes of the anchor
head,

Sealing of wadges

Grouting

VSL grouting equipment inctudes mixer and pumyo in
one unit. Grouting Is usually carried out as soon as
possible after stressing,

R B,
Stressing, measuring, seating of wedges




Concrete sover according
ta applicable stendand

Type | {(ZPE-23 FJ)

ES ,‘:,»;‘,_‘

WMULTISTRAND OS5

e S R

Appendix B

e 7P E-1000

I Jack type i A mir. B ! c
ZPE-gaFJ - 300 1230
ZPE-30 a0 600 1100
ZPE-3 30 55D 1000
ZPE-B0 3¢ 850 1100
ZRE-7IA a0 800 1200
ZPE-12/512 50 700 1300
ZPE-200 50 1100 At
ZFE-18 50 BS0 1500
ZPE-460/31 69 700 1500
ZPE-500 BD 1150 2000
ZREFR0 | BD 1950 | 23N

I a0 1300 | 2200
ZPE-1250 | 90 1350 2250

D E
118 o0
140 | 100
200 150
180 140 |
300 200
310 200
asn 210
280 250
485 3p0
585 ash
570 385
780 450
BED 375

Type Il (ZFE-19)

Type Ili (ZPE-500)

Dimensions in #nm

Designation 7PE09Fd| ZPEAL | ZPES | ZPE-50 | ZPE-TA |ZPE-12/St2| ZPE-200| ZPE-19 |ZPE-460/31| ZPE-500 | ZPE-TH0 |ZPE-1000 ZPE-1250
Type ] il I i lii ¥ m - ] I il T T
Langth  (mmy, 790 720 475 E15 580 BED 880 | 750 580 1060 | 185 | 120G | 1280
‘Digmeter  (mm)| 116 140 | 2on 180 280 310 315 | 280 485 | 550 520 750 820
Stroke  (mm)| 200 250 | 180 | 280 180 150 300 | 100 160 200 150 200 180
Fision area (om?) | 4710 | 58.32 | 1086 | 1264 | 2038 | 3084 | 3057 | 5005 | 8040 | 8048 | 1247.0 18095 | 2188.0
Capacity (kM) | 230 azo 500 | 632 1084 | 1850 | 2000 | 20D | 4BBO | 5600 | 7E00 | 10000 | 12500
{bar) | 488 54p | 48z | s00 523 568 814 | 580 586 558 601 8553 577
Weight | (Kg) 23 26 47 74 115 | 51 305 | 284 | 435 1084 | 1906 | 2250 | 1730
Ussdioriamm | 51 | B9 52 52 56 512 512 | &£18 523 522 | B5-a1 5a7 | 537
{0.5") tendon types 53 | tos4 | &7 ] 518 l 5:31 531 | 537 | 16555 o555
Used for 15 mm | 61 &1 52 o2 Ba 58 B8 | 612 | 518 &18 | 631 &51 | B-57
{0.5") tendon iype B3 &7 87 810 | meer t0 645 | to 6-55
N Sukject to modification
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External post-tensioning is well suited to bridges due to the resuiting economias in construction costs and the high
degree of corresion resistance provided by the system. External tendons are easy to inspect and can be replacad if
necessary. They are ideal for strengthening existing structures and have a multitude of applications in addition to

bridges.

VSL external tendons consist ofi

= strand bundle;

« polysthylena duct;

v end and intermediate anchorages as well as fendon coupiers;

« grouting compound,

Exiernal tendons, usually guided over deviation saddles, have many similarities to stay cables and permanent soil
and rock anchers,

Deiailed information about design and construction is given in the VSL publication "External Post-Tensioning".

VSL External Post-tensioning System Components

_ — — IPJ__ —

AL
(=L

|
! L2 | ']
- 'l — e
i -E}': T i Y X / '
|l }?‘:‘:r:::_____ e o I =
s . ¢ =X — . i > _JIL.-'—
| B s il |
T I N B . IF. e | . L -‘.II' S| . .
Sfressing anchorage 2 strand hundie and sheathing Dead end ancho@ye
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RNAL POST-TENSIONING

Appendix B

R e T

A wide selection of VSL anchorage types is available o meet the full range of practical requirermnents. In addition
to the anchorages illustrated here, intermediate anchorages and couplers are also available . The strand bundle
can be sssembled from uncoated or individually greased and sheathed strands. The anchorages for thesa two

types of tendon differ only in detail, the principle remains the same.

Extemal prestressing componenis,
Anchorage Type ECn

Tendon | Dimensions {mm}) |
unit OA B el [} gE"
stz | 270 126 | 222 116 | 65/3.6
518 | 310 150 | 258 125 | o0/5.% |

‘531 | 370 85 | 320 150 | 110/6.3 |
543 | 430 200 | 290 80 | 12577.1
555 | 520 220 | 420 200 | 140/8.0
&7 | 250 125 | 2o0 110 | 63/3.6
64z | 310 150 | 258 125 | 80/5.1
8-1¢ | 380 185 | 300 150 | 110/6.3
831 | 430 200 | 38 160 | 14078.0
§-37 | 520 220 | 420 200 | 160/8.1 |

MNotas : 1. Nominal external dust diameter / wali thickness
2, Diher sizes are avallable upon request

- B35 -
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Appendix C -
List of Highway Bridges with External Prestressing Tendons




Appendix C

List of Bridges with External Prestressing Tendons

Location Location Year of No. of No. of Tendon
No. Opening Tendon Exceeding
200m long
1 Tsing Yi Bridge 1989 35 0
RN
2 Rambler Channel Bridge 1997 190 24

EEEBBAE

3 Cheung Tsing Viaduct 1997 72 0

_FET&THEI
X B EZREA

4 Tsing Long Highway (across Kam Tin River and near Pok 1998 254 0
Oi Interchange)

BN (1RF5 IR Y KT B E e R)

5 Hung Hom Bypass 1999 626 0
AR

6 Kwai Tsing Bridge 1999 440 0

sE ==
YK

7 Tsing YI North Coastal Road 2002 604 0
SKIEEAR

8 Penny's Bay Highway (near Inspiration Lake Recreation 2005 270 0
Centre)

MR AR (RBREE h O —RSRE)

9 Kong Sham Western Highway 2007 2074 16
BRAENAES

10 Shenzhen Bay Bridge (Hong Kong Section) (Concrete 2007 192 72
Viaduct)

RYIERE FEBR (BRLSREK)

11 Tsing Sha Highway (Section b/t Mei Tin Road and Shing 2008 292 0
Chuen Road and near Chik Wan Street)

AR (EHBEZEREBROBEEHZSRE)

12 Lai Chi Kok Viaduct (Tsing Sha Highway) 2008 270 0

BNABRE (B

13 Tai Wai Tunnel Approaches (Tsing Sha Highway) 2008 52 0

AESRE (B

14 East Tsing Yi Viaduct (Tsing Sha Highway) 2009 252 110

BRRESRE (B RE)

15 West Tsing Yi Viaduct (Tsing Sha Highway) 2009 26 16
BXRASRE (B AR
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Appendix C

Location Location Year of No. of No. of Tendon
No. Opening Tendon Exceeding
200m long
16 Ngong Sheun Chau Viaduct (Tsing Sha Highway) 2009 258 186
NS ZRE (B Q)
17 Stonecutter Bridge (Concrete Deck) (Tsing Sha 2009 82 6
Highway)
RN KA (R A LB ER) (BVAE)
18 Flyover at Choi Ha Road 2009 28 0
TEBEEXE
19 Hong Kong-Zhuhai-Macao Bridge Hong Kong Link Road 2018 778 208
BIRERBEBEER
20 Hong Kong-Zhuhai-Macao Bridge Hong Kong Port 2018 326 0
BIRRABEEOR
21 Chek Lap Lok Road 2018 34 0
N ==zl
22 TMCKL - Southern Connection 2018 518 60
BIOSEDiy =spekegiyealcpe ke dic
Total 7673 698
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