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Management of safety critical fixings  

   Background 

 Bridges Board/Bridge Owners Forum task – 
‘grand challenges’ 

 Agreed that this was an area where there 
was evidence of fixing failures in service and 
apparently very little guidance available, and 
few indications of how bridge owners were 
managing these assets and their risks 

 New Civil Engineer survey of fixings 

 

 





Safety critical structural fixings 

 Design issues – some guidance available 

 Installation issues – some guidance 

available 

 In-service issues – very little guidance 

available 



Boston Tunnel - 2006 

 On 10 July 2006 precast concrete ceiling panels fixed 
with resin anchors collapsed, one person killed 

 

 Investigation by US National Transportation Safety 
Board concluded that the cause of the failure was 
excessive creep in the epoxy adhesive under 
sustained tensile loading 

  

  



Boston Tunnel - 2006 

  



Safety critical structural fixings 

 SCOSS Headlines 

 ‘Failure of epoxy fixings due to high 
temperature’ 

 ‘Collapse of recently installed suspended 
ceiling’ 

 ‘Glass panel fixings failure’ 

 ‘Ceiling failure’ 

 Etc. 

 

 

 



Safety critical structural fixings 
 Japanese tunnel collapse – 2nd December 2012 

 On 2nd December 2012 Japan’s Sasago Tunnel experienced a catastrophic 
collapse of its ventilation ‘false’ concrete panel ceiling over a length of 110m 
on Sunday, killing nine motorists. 

 The Executive Officer of the tunnel operator company said that it appeared 
some ‘anchor bolts’ used to secure the concrete slabs to the tunnel roof 
were missing.  

 There were parts of concrete where bolts had fallen off. The aging of the 
bolts or the concrete slabs could be a potential cause. 



Safety critical structural fixings 

Sasago Tunnel Collapse 2012  



Safety critical structural fixings 

Balcombe Railway Tunnel  UK - 2011  
 

 On the 23rd September 2011 part of a large steel structure mounted 
in the roof of the Balcombe Rail Tunnel, spanning over both railway 
tracks, was sagging down on one side of the structure, three 
supports had become detached from the tunnel lining leaving a 12 
metre length partially supported. 

 

 The structure, one of six within the tunnel, was intended to catch 
water dripping from the tunnel roof. 

 

 It was supported by anchor studs fixed with resin into holes drilled in 
the tunnel’s brick lining. 

 

 The Rail Accident Investigation Branch (RAIB) found the resin 
appeared to have degraded over time; there was insufficient resin 
around some fixings on installation. 

 
 



Safety critical structural fixings 

Balcombe Railway Bridge - 2011 



Safety critical structural fixings 

Safety critical structural fixings 

Less critical structural fixings 

Issues 

  

Departure granted – compliance with 

conditions in departure? 

Extant ETA? 

Installed correctly?  

Designed for cyclic and buffeting loads? 

Tested for cyclic and buffeting loads? 



Safety critical structural fixings 

 Issues and questions 

 Are our design rules robust? 

 Compatibility with Europe? 

 Do we know where we have used fixings? 

 Do we have materials and test records? 

 Extra functionality in asset information systems? 

 Do we inspect or test safety critical fixings in-service? 

 Particular problems – tunnel panels and equipment, 
cladding, signage? 

 Do we need a National Structures Programmes for 
safety critical fixings?  

 Code of Practice/Guidance/Standards 



Collaborative BOF task 
 Project management – Santosh Sansoa and Neil Loudon 

 Brief – drafted by HE, circulated to bridge owners, changes 
incorporated 

 Procurement – by HE on behalf of BOF  

 Let to WSP/PB 

 Overseen by Steering Group  

 Start date – mid November 2015 

 Industry workshop held at start of task 

 Completion of report end of 2017 (last Steering Group held 
December for sign-off) 

 Liaison with CIRIA – similar related work of less critical fixings 
in buildings and other facilities 

 CIRIA publication route – Summer 2018 launch and 
publication 



Collaborative funding 

 DfT  

 Transport Infrastructure Ireland 

 Transport Scotland 

 Welsh Government 

 Transport Northern Ireland  

 Network Rail 

 Highways England 

 

 Collaborative approach for all bridge owners 
in Ireland and the UK  

 



Safety critical structural fixings 

Records, planning, competence!! 
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Structure of the report 

3 parts: 
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Part A - introduction 
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Safety critical application 

Application in which the failure of a 
fixing can:  

a. result in collapse or partial 
collapse of the structure; and/or   

b. cause risk to human life; and/or  

c. lead to significant economic loss 
(including disproportionate loss of 
function or availability of elements 
of the transport network) 
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Aims of the guidance 

 to provide nationally applicable guidance  

 cover the management of safety-critical 
fixings  

 how activities at other lifecycle stages, 
including the design of fixings, influence 
these management activities 

 aimed at competent practitioners 
responsible for the management of assets 
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Scope 

 Primarily intended for transport infrastructure (but 
can be applied to other asset types) 

 Safety critical applications 
– These include vehicle restraint systems and 

temporary applications 

 Post-installed anchors using resin or cement based 
grouted systems and mechanical fixing systems, 
installed into concrete and masonry substrates 

 

 Not covered: 
– Rock bolts; 

– Cast-in fixings; 

– Fall-arrest systems; 

– Structural connections, such as bolts and welds. 
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Examples of types of fixing 
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Part B – Management of 

existing fixings 
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Management of existing 

fixings – (selected) key 

concepts 
5. Decision making on the adequacy of installed fixings 

should be risk based, considering the consequence and 
likelihood of failure. 

7. Prior to making a decision on the adequacy of an installed 
safety critical fixing it can be appropriate to undertake 
investigations to gain more information about it, 
particularly when the information held is limited. 

8. Some information about installed fixings is difficult or 
even impossible to obtain.  As a result it will sometimes 
be necessary to take decisions about the adequacy of 
fixings accepting some residual uncertainty. 

9. If the risk of allowing a fixing to remain in service is 
considered too high, a remedial intervention will be 
required to reduce the risk to an acceptable level. 

10. If the time required to undertake further investigation or 
an intervention will pose an unacceptable level of risk, 
interim measures should be implemented. 
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Management of existing fixings 
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Recommendations for 

implementation 
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Recommendations for fixings 

in service 
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Screening 
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Risk review 
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Risk factors (1) 

Further guidance on all risk factors provided in Appendix E 
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Risk factors (2) 
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Determine actions 
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Guidance on  

inspections 

Missing studs 
found at 

Balcombe tunnel 

Inspection checklist provided in Appendix H 

Corrosion of 
hidden fixings 
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Investigations 

 

Ultrasound testing 
of bolt length 

Proof test of fixing 
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Information about fixings 

 Extensive 

guidance in 

Appendix G 

 Recommendations 

for sharing lessons 

learned from 

failures / near 

misses 
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Part C – Design and 

installation of new fixings 
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New fixings – scope of report 

 Good guidance is available elsewhere for 
design and installation – not intended to 
duplicate this 

 Report provides information on how effective 
future management can be enabled through 
design and installation 

 Particular topics are: 
– Design-out risk factors 

– Robustness 

– Enabling future inspection, testing, replacement 

– Technical approval 

– Assuring quality of installation 
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Recommendations for new 

fixings: design 
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Recommendations for new 

fixings: installation 
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New fixings – link to 

management 
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Design 

 This guidance takes a wide 

definition of ‘design’ to include 

design of the structural system, 

fixing system and fixing itself.  
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Design process 
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Design out risk factors 
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Design for future management 

 Design for inspection of fixing 

 Design to enable future testing 

 Design for end-of-life of fixing 
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Design for robustness 

 Enhance redundancy 

 Provide excess capacity 

 Segmentation 

 Reduce exposure of fixing 

 Consider common 

 -cause failures 

 

Secondary 
restraint chains 

for ventilation fan 

Progressive 
collapse (Sasago 

tunnel) 
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Technical assurance 

 Approval in principle of concept  

 Certification of design  

 Independent checking 

 Design records 

 Use of CE marked products 
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Installation 

CFA Guidance Note on Anchor Installation: 

“Of the millions of fixings used every year the very few 
which fail generally do so because of poor installation. 

In any application, whether safety critical or not, the 
full performance expected by the specifier can only be 
realised if correct installation procedures are followed. 
In extreme cases poor installation may reduce the 
safety margin such that the fixing fails either during 
installation or while in service. 

Correct installation will be achieved by following the 
manufacturer’s instructions. Management should 
ensure that installers are trained in the method for the 
fixing concerned and supervised on the job. The 
current equipment must be used.” 
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Installation – assurance of 

quality 

 Supervision and audit 

 Certification of installation 

 Testing of fixings 

 Change management – alternative 

fixings 

 Installation and test records 
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Appendices 
APPENDIX A - EXAMPLES OF FIXINGS 

APPENDIX B - OVERVIEW OF FIXING TYPES 

APPENDIX C - CE MARKING OF FIXINGS 

APPENDIX D - SELECTED CASE STUDIES OF FIXING 

FAILURES 

APPENDIX E - RISK FACTORS 

APPENDIX F - EXAMPLES OF SCREENING 

APPENDIX G - GUIDANCE ON CONTENT OF ASSET 

INFORMATION SYSTEMS FOR SAFETY CRITICAL 

FIXINGS 

APPENDIX H - GUIDANCE ON INSPECTIONS 

APPENDIX I - SAMPLE MODEL FOR ASSESSMENT OF 

PRIORITY 

APPENDIX J - REFERENCES AND ADDITIONAL 

INFORMATION SOURCES 
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Recommendations for 

implementation 
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Recommendations for fixings 

in service 
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Recommendations for new 

fixings: design 
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Recommendations for new 

fixings: installation 

 



Next steps 

 So what? 

 Action Plan to be developed 

 

 Thanks  


