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The focus this time is on end connections for the cable or rod systems of 
tension structures. There have been several failures associated with such 
components; some reported in the press and some to CROSS. Clearly 
these are safety critical items which are usually subject to high loads and 
the failure of any one of them in a system may lead to progressive collapse. 
Comments from the CROSS panel of experts focus on the importance of 
specifications, the quality of materials and manufacturing, and the criteria for 
testing and acceptance. An Alert, “Tension Cable and Rod Connectors”, will 
shortly be published by SCOSS and posted on the web site. 
 
Two of the reports suggest that improper or incorrect documentation may 
have contributed to the problems. In one case documents appeared to the 
reporter to be have been forged and in the other the meaning was 
inadequate and misleading. The message is that documentation for 
important elements, including those in tension systems, must be carefully 
checked and that a degree of caution may be wise. Things may be not 
always be what they seem.  
 
The CROSS programme depends on receiving reports and individuals 
and firms are encouraged to participate by sending concerns in 
confidence to structural-safety 
 
222 CONCERN ABOUT CAST BRIDGE HANGERS  
 
A reporter says there was a failure in recent years involving the cast 
connections at each end of vertical bars, which connected to a bow string 
arch at one end and to a bridge deck at the other. 
 
The reporter’s view is that these components are potentially of a similar 
design to those in use elsewhere. If this assumption is correct, other 
structures, be they bridges, stadia, or other buildings using the components 
may be at a higher risk of failure than anticipated. The reporter believes it 
would be worth establishing if this issue is correct by undertaking some 
further work and analysis. The reason for writing is that the reporter 
speculates that other failures may have some similarities. 
 
The reporter hopes that CROSS may be able to take this forward, and 
recent problems perhaps will be a catalyst to investigating and therefore 
starting a risk reduction process.  
 
Comments  
See report 256 below for comments.  
 
256 ADEQUACY OF TERMINATION CONNECTORS FOR TENSILE BARS 
 
The following report is intended to raise concern regarding the structural 
adequacy, quality control and inspection techniques used in the 
manufacture of proprietary bar systems, in particular the cast end 
terminations of the bar systems. (Note that these are not the terminations 
referred to in any other CROSS reports) 
 
History 
At a pre-manufacture meeting with the bar supplier, the reporter requested 
that 10% of the cast end terminations of the bar system be non-destructively 
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tested by radiographic methods. A request was made by the reporter to the 
bar supplier for the submission of all QA and inspection material related to 
the manufacture of the bar system. The Project Specification documents 
required this information to be provided before manufacture of the bar 
systems commenced. It would include details of the proposed techniques for 
radiographic testing of the cast end terminations as well as copies of the 
radiographic film test results. The technique sheets were requested in order 
to verify that full inspection coverage of the casting was achieved in the 
radiographic test procedure, a key stage in ensuring that any defects would 
be accurately captured in the inspection test. The assessment criteria was 
to be based on ASTM E446, an industry standard specification for castings 
up to 2" (50mm) thick using radiographic techniques and reference 
radiographs. 
 
ASTM E446 provides five levels for the severity of any discontinuities 
detected, 1 being the least severe, 5 being the most severe. Defects range 
in category, from gas porosity (Category A) to sand and slag inclusions, 
shrinkage and tearing (Categories B, C and D respectively). Initial 
radiographic test results indicated that shrinkage defects to level CB4 ASTM 
E446 were present in the 10% of castings tested. This level of defect, in the 
reporter's opinion, was outside the generally accepted industry standard for 
the particular application although no specific classification had been 
defined in the specification. Rather, the specification stated that the castings 
shall be manufactured to the level stated in the supplier's own Quality 
Assurance System (something which in the reporter's opinion is not 
uncommon for proprietary systems such as bar/stay systems). The 
radiographic test report deemed these defect levels acceptable in 
accordance with this. However the report did not provide specific details of 
the tests so the reporter raised concerns regarding the validity of the test in 
terms of inspection coverage of the castings. Because the issues were not 
resolved all the cast end terminations, which were on site by this time, were 
radiographed by an independent testing house. 
 
It was alleged that the results  showed that all tested castings included level 
5 defects (the most severe defect level class in ASTM E446) and were thus 
outside of the supplier's internal acceptance criteria. Hence, without the 
persistence of the reporter, which included strong client support, for all 
castings to be tested a second time, the defective end terminations would 
have been installed in the permanent works. A new set of castings were 
procured by the supplier and were successfully installed on site.  
 
Lessons (from the reporter) 
This incident has highlighted the importance of a set of well-defined 
acceptance criteria for cast components, which should be set out clearly in 
the Contract Documents (i.e. Specification). Furthermore an industry 
standard specification should be developed for proprietary bar type tension 
systems, which should include the end terminations. The reporter proposes 
developing such a standard in consultation with others and consideration 
will be given as to how this can be circulated through the industry. In the 
interim period, designers and clients should exercise additional precautions 
when specifying such components. For a relatively small additional cost, the 
role of the Designer in an inspection capacity during construction has been 
shown to be a key factor in ensuring that the as-constructed structure is in 
accordance with the Specification. In this instance, the possible catastrophic 
consequences of failure of defective cast components installed on a 
structure, including the likely claims that would have resulted, far out-
weighed any delays and costs associated with the additional inspection and 
manufacture of the castings.  
  
Comments 
Tension systems normally work at high stress and this is only justified if the 
system is ductile because the true elastic stress in any part of it might be 
quite different from that predicted by design. This can come about from a 
number of causes, for example cable structures are not entirely elastic; so 
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Example of a failed connector  (not 
from a CROSS report) 



 
News items 

Seven survive concrete collapse  
Seven construction workers were lucky to 
survive when more than 250 tonnes of wet 
concrete collapsed; a UK court has been 
told. Two companies have been fined a 
total of £100,000 over the incident, which 
occurred during the construction of an 
atrium for a project at a university. The 
Court heard that workers had been 
pumping concrete onto the third floor of the 
building for most of the day when the 
supporting scaffolding holding up the 
concrete suddenly collapsed. The workers' 
injuries included cement burns to their skin 
and eyes, and bone fractures. The Health 
and Safety Executive (HSE) investigation 
found both the principal contractor for the 
project and the concrete subcontractor 
allowed the supporting scaffolding to be 
erected from a preliminary design, clearly 
marked 'for discussion and pricing 
purposes only'. The drawing did not include 
all the information needed to erect the 
scaffolding correctly or safely. The 
companies also failed to ensure the 
scaffolding was checked before allowing 
the concrete to be poured. Both companies 
admitted breaching the Health and Safety 
at Work etc. Act 1974 by putting workers at 
risk. The main contractor was fined 
£50,000 and ordered to pay £36,000 in 
prosecution costs and the concrete sub-
contractor was also fined £50,000 with 
costs of £36,000. 
Speaking after the hearing an HSE 
Inspector said: "The companies should 
have made sure they had an appropriate 
design they could use to build from, and 
that the structure was inspected before the 
concrete was poured. Instead, more than 
250 tonnes of concrete was poured onto 
scaffolding incapable of taking such loads 
and the inevitable happened - it collapsed. 
These basic errors could easily have 
resulted in several people losing their lives. 
This incident should act as a stark 
reminder that if you fail to plan and manage 
projects properly then there is a real 
potential for things to go seriously wrong." 
Information on improving safety is available 
at www.hse.gov.uk/construction. 

introducing some element of unpredictability in stress calculations. This 
situation is tolerable provided the system as a whole can deform and permit 
load redistribution. The need for this capability is particularly relevant 
because any single hanger failure on any part of the system raises the 
possibility of a progressive collapse as hangers adjacent to a failed one 
might get severely overloaded. 
 
To assure cable ductility as a whole  it is normally desirable that the end 
terminations should be stronger than the tension members themselves since 
that avoids excessive yield demand on short lengths and permits the 
favorable long displacement failure mode of hanger stretch itself. But in turn 
that demand leads to a need to have high confidence in end connector 
capacity. It is particularly important that the mode of failure of the connector 
is yield, not fracture, since a fracture is instantaneous and prevents there 
being warning of failure by prior excessive deformation. The global 
protection against failure is absorption of excess stress by ductility before 
fracture.  Anything that undermines the ability to stretch, or the ability to 
cope with local overstress, undermines this fundamental philosophy.  
 
Connectors therefore require care in their design and manufacture. As they 
are standard items it is possible that any fault will affect an entire batch and 
not just a single item which raises the possibility of the system having a 
common mode of failure, thus increasing the risk of catastrophe. 
 
In some of the reports received, the hangers have been made from thick 
steel. With thick cast steel, a potential mode of failure is fracture which is 
extremely serious as a fracture can be instantaneous  The risk of fracture 
increases if the steel lacks toughness (Charpy) and lacks ductility. Achieving 
adequate toughness in thick steel can be problematical and heat treatment 
may be required. There is always tensile stress on hangers but within 
castings there may additionally be high residual stress as a consequence of 
differential cooling. Stress concentrations and defects (which can give rise 
to acute stress concentrations) raise the risk further. Furthermore fracture 
risk is higher in cold weather. Within connectors there are always going to 
be stress concentrations. For example pin misalignment is a potential 
source. The stress concentrations should be controlled by elimination of 
casting defects as much as possible. It is essential to ensure the properties 
of ductility and toughness which permit plastic stress redistribution of stress 
concentration without facture.  
 
Overall there must be a proper specification for the essential properties (not 
just concentrating on strength) and proper testing and checking systems to 
ensure that the components are fit for purpose. The engineering link 
between defect tolerance and service acceptability is extremely complex 
and expert advice may be needed. The report above (256) emphasises the 
need to ensure that what has been provided is what was required. In 
addition to radiography, ultrasonic examination may be used to good effect 
for defect discovery. 
 
In summary the key points to are to; 

 identify what are safety critical tension structures 
 take great care with analysis and design 
 specify the required properties of the end connections and use expert 
advice as necessary 
 specify the tests that will be carried out on completed components and 
state the required acceptance criteria. 
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News items 

Resin anchor failures 
CROSS is interested in examples of resin 
anchor failures, particularly those involving 
towers and masts, and if you know of any 
such cases please use the report form 
http://www.structural-safety.org/submit-
report/ . 

 
Report into Indiana Stage Collapse 
A report by Thornton Thomasetti into the 
collapse in August 2011 of the temporary 
stage at Indiana State Fair has been 
published on their website, click here to 
view it. Another temporary stage roof has 
collapsed, this time in Toronto in June, with 
the death of a technician who was setting 
up equipment below. An Alert on 
Temporary stage roofs was published by 
SCOSS in January 2012   

254 STEEL CONNECTOR FAILURES AND FORGED CERTIFICATES 
 
CROSS Newsletter 22 contained a report on the failure of steel fixings 
holding a scaffold to a building due to incorrect material being used and 
another about allegedly forged certificates accompanying steel plates. This 
prompted a reporter to come forward with several other examples. It seems 
that some suppliers are receiving components that have been manufactured 
elsewhere and are accompanied by certificates that are potentially false or 
forged. Components in these cases, says the reporter, can be suspension 
connectors.  
 
Most specifications used internally depend on quality assurance to 
demonstrate compliance with design requirements, says the reporter. This 
normally entails a level of non-destructive testing and possibly destructive 
testing to verify mechanical properties. Propriety products such as 
fasteners, tie rods or couplings are normally accepted as manufactured 
items and compliance is satisfied by information supplied by the 
manufacturer stating compliance with national specifications with no 
verification required. Such reliance on quality assurance alone is now being 
questioned following failures over the last few years. The UK has been slow 
in recognising this issue which has been partially addressed in America and 
Australia.  Many products are manufactured largely outside the UK and 
traded worldwide. This makes product verification far more difficult and 
quality documentation is essential. The problem is that documentation is 
often accepted without proper review. 
 
The reporter goes on to say that America recognised this issue some time 
ago (1999) and introduced the Fastener Quality Act (FQA) making the 
supplier legally responsible. This has improved the internal market in 
America but one consequence may be that the products are diverted to 
other countries which have less onerous control. Australia has adopted the 
stance that the designer or consultant is responsible for issuing a 
specification to avoid these problems. As this will be driven essentially by 
quality assurance it is not clear how effective it will be as a preventative 
method apart from identifying the responsible party. Clearly in Australia the 
Designer or Consultant needs to consider the option to specify additional 
testing on delivered items.    
 
The issue of incorrectly identified, misrepresented or counterfeit products is 
not solely related to fasteners or products in steelwork construction. In fact it 
has been recognised in the aviation industry (aircraft spares traded on 
quality certificates), offshore construction (steel products traded on material 
certificates) and the onshore construction industry (steel products traded on 
material certificates). This is a multi-billion pound market that can be 
exploited for profit. The result is a product which has properties that have 
not been substantiated, may have variable quality and may suffer premature 
failure.  
 
It should be noted that this is not just a UK or European issue but has global 
implications given that these products are now manufactured in many 
countries and traded worldwide. Components which have been known to fail 
include; bolts, connector parts, castings and steel plates. 
 
Comments 
As noted by the reporter there are many products which rely on certification 
to demonstrate safety and thereby avoid or limit testing at the point of use. 
These include fixings, couplers, some precast products pre-stressing 
components and even reinforcement. It is essential to check that such 
certification is valid, current and is relevant to the actual product being used. 
The global nature of the market in many of these products means that there 
is an increased chance that non-certified products will be presented for use 
more through ignorance than through deliberate consideration. In addition 
the increased use of CE marking and the introduction of the Construction 
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Whilst CROSS has taken every care in 
compiling this Newsletter, it does not 
constitute commercial or professional advice. 
Readers should seek appropriate professional 
advice before acting (or not acting) in reliance 
on any information contained in or accessed 
through this Newsletter. So far as permissible 
by law, CROSS does not accept any liability 
to any person relating to the use of any such 
information. 

Product Regulations may lead to products carrying the CE mark that would 
not necessarily meet current certification procedures. In this change over 
period the scope of any CE mark should be checked to ensure it is 
appropriate for the product/use concerned. The major problems with 
fasteners identified in the USA fell into the following categories: improper 
material substitutions, falsification of certificates, inconsistent heat 
treatments, wrong plating materials, omission of the stress- relief processing 
step, mismarked or absent performance indicators, and dimensional 
discrepancies. 
 
This is a serious issue which needs industry-wide action. However, in the 
first instance it is suggested that those in receipt of certification should 
ensure they are aware of the appropriate certification format and type, and 
have due regard to the provenance of the supply chain. Anyone with 
experience of such issues is invited to report them to CROSS. 
 
299 DOCUMENTATION FOR IMPORTED LARGE DIAMETER STEEL 
PINS 
When designing a large pin connection for an external walkway bridge a 
reporter specified 60mm diameter solid circular bar for the pin. Due to the 
loads, higher grade S355 material was selected, and due to the thickness 
and external exposure, J2 subgrade was selected. As the quantities were 
small and timescales tight, the reporter took the precaution of ensuring 
suitable material was available from a stockholder. He was assured that it 
was.  
 
Since the specification (S355J2G3) is not common-place and the element 
was of critical importance the reporter requested a certificate confirming the 
grade. When received, this indeed certified S355J2G3 material and 
revealed the material had originated outside the UK. However, a note on the 
form stated that the material was tested normalised and supplied as rolled. 
The implication is that the required ductility was not available from the 
material as supplied, and in fact no information on the ductility / brittle 
fracture performance of the as supplied material was available. In short, the 
supplied material was not as advertised by the certificate and would only 
achieve the specified grade if subjected to normalising - a heat treatment 
process. The layout of the form had misled both the stockholder and the 
steel fabricator, neither of whom were aware that the material was 
potentially unsuitable. The problem was resolved by heat treating 
(normalising) the steel pins.  

Comments 
The comments above on Report 256 (Steel connector failures and forged 
certificates) emphasise the importance of having both ductility and 
toughness (the two are related but separate qualities) This report, 299, 
highlights how easily the need to have ductility and toughness (the property 
implied by J2G3) can be overlooked and may not actually not provided. 
Although it is not a case of forgery, there was a lack of clarity, and the 
example shows that those in receipt of certification must be competent to 
judge its adequacy, completeness and authenticity. Designers should be 
particularly vigilant when safety-critical items are involved.    
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HOW TO REPORT 
 
Please visit the web site  
www.scoss.co.uk/cross  
for more information. 
 
When reading this Newsletter online 
click here to go straight to the reporting 
page. 
 
Post reports to: 
PO Box 174 
Wirral 
CH29 9AJ 
UK  
 
Comments either on the scheme, or non-
confidential reports, can be sent to 
dir.cross@btinternet.com 

DATES FOR PUBLICATION OF CROSS NEWSLETTERS 

 Issue No 28 October 2012 

Issue No 29 January 2013 

Issue No 30 April 2013 

Issue No 31 July 2013 
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