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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. 
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行政摘要 

 

路政署人員於 2019 年 2 月 15 日在深圳灣公路大橋香港段(簡稱「大橋香

港段」)進行例行檢查時，發現往香港行車方向的一段混凝土高架橋內，

一條外置式預應力鋼纜斷裂(下稱「鋼纜事件」)。 

 

在發現事故後，大橋香港段的保養承辦商及設計工程師隨即採取跟進行

動，檢視大橋的結構安全，並安排緊急更換該條受損鋼纜。檢查後確認大

橋結構在現有情況下仍然安全。路政署成立了調查工作小組，小組由一名

助理署長帶領，並有三名專家參與，進行獨立的調查工作，以找出鋼纜事

件的成因。 

 

調查工作就四個範疇進行檢視：包括橋樑的建造物料、結構設計、建造過

程及維修保養事宜。調查小組收集樣本以進行物料測試，檢視外置式預應

力系統的設計，翻查施工記錄和程序，並檢視維修保養安排和記錄。調查

工作亦包括與建造工程的顧問及專門工程分包商面談。調查小組認為，損

毀是由於鋼纜的鋼絞線鏽蝕引致結構承載能力下降。根據有關物料、現場

證據、工地記錄及施工說明書的詳細調查結果，小組認為事故是由於多項

因素導致，包括進行灌漿期間位於 P5 號錨碇的排氣管有機會局部堵塞，

加上灌漿壓力隨着灌漿長度而逐漸下降，引致氣囊積聚在錨碇的位置，隨

後令該處的鋼絞線鏽蝕。由於鋼絞線截面面積因鏽蝕而減少，以致其承載

能力相應下降，最後導致 P5號錨碇內的鋼纜折斷。 

 

根據調查工作所得的結果，調查小組建議了若干短期措施，包括檢查大橋

香港段其他外置式鋼纜，同時提議了多項中長期措施，包括檢查香港其他

採用外置式預應力鋼纜設計的橋樑、檢視預應力系統和灌漿工序的規格說

明，以及考慮利用智能監測系統，長期監察外置式預應力鋼纜的狀況。 
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1. INTRODUCTION 

 

1.1 Objective of Investigation 

 

1.1.1 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. 

 

1.2 The Investigation Team 

 

1.2.1 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. 

 

1.2.2 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. 
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 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. 

 

 

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

 

 

 

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 tendons1.  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 

                                                   
1
 Internal 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. 
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appointed VSL Hong Kong Limited 2  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. 

 

 
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 

 

 

 
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. 

 

Figure 7 Longitudinal Profile of Tendon T3 between Piers P1 and P5 
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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. 

 

 

Figure 8 End view at Pier P5 with Location of Ruptured Tendon T3 

 

 

Figure 9 Photo at Pier P5 with Location of Ruptured Tendon T3 

 

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 
breaking load per strand 

279 kN 

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 
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2. APPROACH OF INVESTIGATION 

 

2.1 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. 

 

2.2 Investigation Approach 

 

2.2.1 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. 

 

2.2.2 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 
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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). 

 

2.2.3 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. 

 

2.2.4 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. 

 

2.2.5 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. 

 

2.2.6 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. 

 

2.2.7 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 
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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.  

 

2.2.8 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. 
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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 
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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 

also revealed no signs of any aggressive elements. 

 
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. 

 
Figure 13 Ruptured wires pulled out from anchor head 
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(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 

 

3.1.3 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. 

 

3.1.4 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. 
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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. 

 

 
Figure 16 Condition of the inner surface of the end plate at anchor head P5 

TOP 

Steel strands at 
anchor head P1 
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3.1.6 It is 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. 

 

Residue at bottom 
of trumpet 
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Figure 18 (Left) Anchor head P5 rendered with cement mortar; 
(Right) P5 wedge area after removal of mortar with the air release tube exposed 

 

3.1.8 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 

 

Cement 
Mortar 

Air release 
tube 

End of 7-wire strands held by wedges 

with the central pin (king-pin) pulled out 
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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. 

 

 

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. 

 

Air release 
tube 

All the strands held firmly by 
wedges at the anchor head 
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Figure 22 Condition of the air release tube at the cap of anchor head P1 

 

Grout Material 

 

3.1.11 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. 

 

3.1.12 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. 

 

3.1.13 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 Structural Design 

 

3.2.1 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. 

 

3.2.2 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. 

 

3.2.3 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 Construction Process 

 

3.3.1 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. 

 

3.3.2 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. 

 

3.3.3 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. 

 

3.3.4 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. 

 

3.3.5 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). 

 

 

  

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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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. 

 

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. 

 

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. 

 
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. 

 
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. 

 

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. 

 

 
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. 

 

 
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. 

 

 
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. 

 

 
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 However, 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. 

 

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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Figure 36 Sequence 9A – Grouting operation stopped and 

anchor protection cap subsequently filled up by grout (Estimated Condition) 
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3.4 Maintenance Arrangement 

 

3.4.1 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. 

 

(ii) General inspection 

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. 

 

3.4.2 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. 

 

3.4.3 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. CAUSES OF TENDON FAILURE 

 

4.1 Analysis of Tendon Failure 

 

4.1.1 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. 

 

4.1.2 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. 

 

4.1.3 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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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 

 

4.1.4 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 laitance3.  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. 

 

4.1.5 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. 

 

4.1.6 The corrosion of the strands caused a continuing decrease in the tendon area.  

Under the constant prestressing force, the stress in the tendon subsequently 

                                                   
3
 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. 
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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. 

 

4.1.7 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. 

 

4.1.8 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. 

 

4.1.9 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 Concluded Causes of Tendon Failure 

 

4.2.1 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. 

 

4.2.2 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 

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. 

 

4.2.3 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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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. 

 

4.2.4 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. MEASURES TAKEN/ TO BE TAKEN AFTER THE INCIDENT 

 

5.1 Short Term 

 

5.1.1 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) 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. 

 

(ii) 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. 

 

(iii) 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. 

 

(iv) 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. 

 

(v) 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. 

 

5.1.2 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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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. 

 

5.1.3 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. 

 

5.1.4 Other forms of currently available non-destructive tests (NDTs) 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. 

 

5.1.5 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. 

 

5.1.6 HyD will also arrange to inspect the remaining 120 external prestressing 

tendons in detail by removal of anchor protection caps. 

 

5.1.7 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. 

 

 



- 42 - 

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 

method4 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 Works5 

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 

                                                   
4
 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 

5
 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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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. 

 

(ii) 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. 

 

(iii) 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. CONCLUSIONS 

 

6.1 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. 

 

6.2 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. 

 

6.3 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. 

 

6.4 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. 

 

6.5 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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 Summary of Material Tests and Results 

Test Sample Scope of Test Testing 
Laboratory 

Testing Results 

Tensile 
Test 

6 nos. of 
steel strands 

Determination of 
dimensions, mass per unit 
length and tensile 
properties of 7-wire 
strands in accordance 
with BS5896:1980. 
 

Public Works 
Central Lab 

Breaking load results 
comply with the Particular 
Specification of the SBB-
HK project, ductile failure. 
( > 279 kN ) 

SEM & 
EDAX 
Analysis 

12 nos. of 
rusted steel 
wires 

(i) Characterization of the 
fracture morphology 
of individual wires by 
using magnification to 
identify signs of stress 
corrosion cracking 

(ii) Determination of signs 
of foreign chemical 
species by using 
Energy Dispersive X-
Ray Analysis (EDAX) 

 

HKPC No signs of stress 
corrosion cracking, ductile 
failure at breakage. 

Chloride 
Test 

6 sets of 
grout 
remnants 

Determination of chloride 
content 
(Test No. CHM 5.3 of the 
Public Works Central Lab) 
 

Public Works 
Central Lab 

Tested chloride content 
comply with the Particular 
Specification of the SBB-
HK project. 
( < 0.1% ) 

pH Test 3 sets of 
grout 
remnants 
and white 
paste 

Determination of pH 
values of grout samples 
and white paste around 
rusted wire and intact 
strands. 
 

HKUST The values are right 
within the standard 
values of cement. 
(12 – 13.5) 

SEM & 
ICP-OES 
Analysis 

7 sets of 
grout 
remnants 
and white 
paste 

Determination of the 
chemical composition to 
differentiate the chemical 
composition of the grout 
material at different 
locations. 
 

HKPC Samples at P1 & P5 
anchor faces contain large 
Si particles, likely sand in 
mortar. 
Samples in trumpets & 
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 

 

Lab. Specimen No. A01 A02 A03 A04 A05 A06 

Measured Diameter 
(mm) 

15.8 15.7 15.7 15.7 15.7 15.8 

Cross sectional area 
(mm2) 

152 151 151 151 151 151 

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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II. 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. 
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III. Analysis of Grout 

 

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 
Section 

SB37 

P5 
Anchor 
Body 

P1 
Anchor 
Body 

P1 End 
Cap Top 

P1 
Trumpet 

P1 End 
Cap 

P5 End 
Cap 

SEM 
Results 

Normal 
Grout 

Cement 
Mortar 

Cement 
Mortar 

Whitish 
Powder 

Grout 
with 

Bleeding 

Normal 
Grout 

Normal 
Grout 

 

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). 
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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. 
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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. 

 

   
 

This confirmed that there was a layer of cement mortar attached to the anchor 

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

 

      
Similar to the structure of the control sample, likely to be normal grout, with 

limited or no signs of bleeding. 
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List of Highway Bridges with External Prestressing Tendons 
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List of Bridges with External Prestressing Tendons 

 

Location 
No. 

Location Year of 
Opening 

No. of 
Tendon 

No. of Tendon 
Exceeding 
200m long 

1 Tsing Yi Bridge 

青衣大橋  

1989 35 0 

2 Rambler Channel Bridge 

藍巴勒海峽大橋 

1997 190 24 

3 Cheung Tsing Viaduct 

長青高架路 

1997 72 0 

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

青朗公路 (橫跨錦田河及近博愛迴旋處) 

1998 254 0 

5 Hung Hom Bypass 

紅磡繞道 

1999 626 0 

6 Kwai Tsing Bridge 

葵青橋  

1999 440 0 

7 Tsing YI North Coastal Road 

青衣北岸公路 

2002 604 0 

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

竹篙灣公路 (近迪欣湖活動中心一段高架路) 

2005 270 0 

9 Kong Sham Western Highway 

港深西部公路 

2007 2074 16 

10 Shenzhen Bay Bridge (Hong Kong Section) (Concrete 
Viaduct) 

深圳灣大橋 香港段 (混凝土高架段) 

2007 192 72 

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

青沙公路 (美田路至成全路及近積運街之高架路) 

2008 292 0 

12 Lai Chi Kok Viaduct (Tsing Sha Highway) 

荔枝角高架路 (青沙公路) 

2008 270 0 

13 Tai Wai Tunnel Approaches (Tsing Sha Highway) 

大圍高架路 (青沙公路) 

2008 52 0 

14 East Tsing Yi Viaduct (Tsing Sha Highway) 

青衣東高架路 (青沙公路) 

2009 252 110 

15 West Tsing Yi Viaduct (Tsing Sha Highway) 

青衣西高架路 (青沙公路) 

2009 26 16 
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Location 
No. 

Location Year of 
Opening 

No. of 
Tendon 

No. of Tendon 
Exceeding 
200m long 

16 Ngong Sheun Chau Viaduct (Tsing Sha Highway) 

昂船洲高架路 (青沙公路) 

2009 258 186 

17 Stonecutter Bridge (Concrete Deck) (Tsing Sha 
Highway) 

昂船洲大橋 (混凝土橋段) (青沙公路) 

2009 82 6 

18 Flyover at Choi Ha Road 

彩霞道連接天橋 

2009 28 0 

19 Hong Kong-Zhuhai-Macao Bridge Hong Kong Link Road 

港珠澳大橋香港連接路 

2018 778 208 

20 Hong Kong-Zhuhai-Macao Bridge Hong Kong Port 

港珠澳大橋香港口岸 

2018 326 0 

21 Chek Lap Lok Road 

赤臘角路 

2018 34 0 

22 TMCKL - Southern Connection 

屯門至赤鱲角連接路南面連接路 

2018 518 60 

  Total 7673 698 

 

 

 




