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To be sure that a structure remains safe it must: 

remain stable in normal use as a whole, with cladding secure 
withstand accident, misuse or change of use without disproportionate collapse. 

If the structure is safe, the people in or around it will be safe. 
Structures are built to last  for a considerable number of years but there is always 

the possibility that they will be needed for a rather longer time than initially envisaged or 
used differently. Hence there will always be a need for periodic appraisal of the 
structure’s condition, particularly in the light of changing circumstances, both those 
envisaged and those arising from events which were unforeseen when the structure was 
first built. Routine appraisal should be made by checking that the performance of the 
structure is in accordance with the designer’s intentions. 

The Committee examines trends and looks to the future. Structures will be erected 
in the next millennium incorporating many new features which need to be introduced 
with a keen appreciation of the experience derived from structures in current service. 
The possibility that there might be hidden deterioration in future structures which may 
endanger safety needs to be minimised. The economic benefits of doing this are 
substantial in the long term. Whilst the expert review of structures carried out regularly 
and at appropriate intervals will remain a requirement for the future, the adoption of 
appropriate design concepts can do much to reduce the resources needed for it. 

The increasing awareness of the need for safety means that designers are likely to 
be charged in future with greater responsibility for ensuring that a structure can be 
inspected and that it can be verified that it remains safe. The Committee believes that 
the owners of structures should always ensure that those who carry out such work are 
sufficiently experienced in appreciation of the hazards and they should be well informed 
of the engineering principles used in the design. 

Consequently it is going to be increasingly necessary to maintain good records of 
both the construction and operation of existing structures and to have recourse to 
experience wherever that may be found. 

Professor Anthony Kelly 
Chairman 
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Summary  and  recommendations 

Summary 

The  Standing Committee  on Structural Safety  (SCOSS)  is 
an  independent  committee  maintained jointly by  the 
Institutions of Civil  and of Structural  Engineers. The 
Committee  considers  current  practice,  trends  and 
innovations in  design, construction and  maintenance  from 
the standpoint of safety. It gives  warning to relevant  bodies 
where  unacceptable  risk is believed to  exist  and  aims 
overall to encourage  the  maintenance of structural  safety. 

This report  covers  the period July  1992  to  June  1994.  It 
includes for  the first time a discussion in Section  2 of 
notable events relating to structural safety during the  report 
period  even  though the  Committee  makes  no specific 
recommendations on these  subjects.  The  discussion 
reflects the continuing wide  interest of the  Committee  in 
trends, innovations and structural safety in practice. 

Section 3 of the  report  reviews topics which  have  been 
examined  by  the  Committee  and  have led to specific 
recommendations.  These  recommendations are listed 
below  together  with  indications of the  agencies  which  the 
Committee consider  should be  responsible for  carrying 
them  out.  None of these  recommendations  arise  solely 
from evidence of serious symptoms of lack of appropriate 
safety in UK  structures.  Whilst  the  Committee  have  no 
means of quantifying  trends  in  structural  safety, 
performance is assessed  qualitatively  on  the  basis of 
events reported  both publicly and privately. 

The Committee are  happy  to note that  the  vast  majority 
of UK structures  have  continued to  perform  safely  and  that 
very few incidents involving loss of structural safety  have 
occurred.  The  concerns  giving rise to  the  following 
recommendations explained in Section 3 are based  upon 
consideration of background factors  and  their  possible 
future influence.  The  recommendations  aim  to  maintain 
and  improve the good  record of structural safety of  UK 
structures. 

Recommendations 

Recommendations to regulatory authorities, 
local  authorities  and  professional  institutions 
R1 

R2 
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The  fundamental  property of resistance  to 
disproportionate  damage  (robustness)  should be 
required  by  regulations  for  all  building 
structures.(Section 3.4) 

Local authorities should  exercise their powers  to 
ensure  that  temporary structures for public events  are 
checked for structural safety  following  the  principles 
embodied  in the Home  Office/HSE G~ide(~~).(Section 
3.1) 

Recommendations  to  owners of structures  or 
their  advisors 
R3 

R4 

R5 

R6 

R7 

R8 

R9 

Owners of multi-storey car  parks  showing  signs  of 
deterioration  should  commission  inspections and 
structural  appraisals  of  their  structures  by 
independent  engineers  with  appropriate  experience 
before carrying out  cosmetic  repairs.  Appraisal  should 
extend  beyond  areas of conspicuous  deterioration, 
particularly  where  water  with  road  salt  may  have 
penetrated.  Such  appraisals  should  be  made 
periodically following  the  principles  adopted  by  bridge 
owners.  Structural  appraisal  should  include a review 
of resistance  to  progressive collapse.(Section 3.2) 

Strong  liaison  should  be  maintained  between 
Railtrack Ltd and  Highway  Authorities  to  complete  the 
actions  at  the  remaining  sites  where  the  risk of ‘bridge 
bashing’  is  significant  and  to  monitor  the  continuing 
risk.(Section 3.2) 

A detailed structural  appraisal  should  be carried out 
of concealed  members  in  bridges  and during principal 
inspections,  positive  information  on  their  condition 
should  be  sought  where  there  is a significant  risk  that 
failure of a concealed member could precipitate 
collapse.(Section  3.2) 

Methods  for  undertaking  inspections of concealed 
members  in  bridges  should be developed  and  made 
available  to  engineers  responsible  for  inspections. 
(Section 3.2) 

Building structures  which  are  dependent  upon  unique 
or potentially  overloaded  tension  members  should 
have priority for  detailed  periodic  inspection.  (Section 
3.5) 

Owners of multi-storey car  parks  built  before  the  1984 
design  recommendations(44)  were  published  should 
establish  whether  the  strength of edge  barriers  is 
adequate  to  restrain  cars  or  their  height  and  design 
appropriate  to  safeguard  small  children.(Section  3.2) 

The  Highways  Agency  should  advise all owners of 
post-tensioned  concrete  bridges  not under their 
jurisdiction to  institute  inspection  and  assessment 
procedures  in  accordance  with DOT Advice  Notes 
(40-42).(Section  3.2) 

R1 0 The  foundation of piers and abutments of road  and  rail 
bridges  over  waterways  potentially  subject  to  rapid 
flooding  should be periodically  surveyed  for  scour 
effects  and criteria which  would  require  closure  should 
be established in advance  and  observed  by  bridge 
owners.(Section  3.2) 
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Recommendations  to  professional  institutions, 
the  British  Standards  Institution  or  practising 
engineers 
R1 1  The Institutions of Civil  and/or  Structural  Engineers 

should  consider  the  preparation of a report  giving 
guidance  on the structural design of glass  facade and 
roof  systems  and  include  performance  criteria, 
appropriate  data  on  materials,  properties  and 
guidance  on  testing.(Section 3.3) 

R12  The  implications of modern  erection  and  roof fixing 
materials  and  methods  for  the  long-term  safety of roof 
structures without purlins should  be  investigated. 
(Section  3.3) 

R13 BS 6661  should  be  withdrawn  and  design  guidance 
for  air-supported  structures  should be developed  by 
the  Institutions  of  Civil  and/or  Structural 
Engineers.(Section 3.3) 

R14  Guidelines  for  the  use of computers  in  structural 
engineering  should be prepared  for  general practising 
civil and  structural  engineers,  their  managers  and 
those  involved in education.(Section 3.4) 

R15  BS  5628  should  be  reviewed  with  regard  to internal 
walls  with  large  openings in three-storey  houses if 
further  testing  demonstrates  clear  evidence  for  the 
adequacy of the  Small  Buildings  Guide  and  Approved 
Document  A.(Section 3.3) 

R16 Conservative  estimates of roof soil loads  should be 
used  for  the  design of support ing 
structures.(Section 3.1) 

R1 7 Guidancefor engineers be  provided by  the Institutions 
of Civil  and/or  Structural  Engineers  on  the  planning 
and  safe  operation of mobile  cranes.(Section  3.3) 

R18 Cladding  relying  solely  upon  adhesive  systems  for 
structural  support  and  resistance  against  wind  and 
thermal  actions  should  not  be  used  without  evidence 
that  adequate  reliability  will  be  obtained.  Any  such 
systems  currently in use  should  be  periodically 
checked.(Section  3.3) 

R19 In any  update of the  Institution of Structural  Engineers 
‘Recommendations  for  the  design of multi-storey  and 
underground  car parks’ (44) advice  should be given  for 
the  inspection  and  maintenance of existing 
structures.(Appendix 3) 
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Introduction 

1 .l General 

This  Tenth Report  of  the  Committee covers its work during 
the  period  July  1992 to June 1994. It is a summary of the 
Committee’s  findings which  result  from interactions of the 
Committee with  the  professions,  industry  and  government. 

The  funding of the  administrative  and secretariat  support 
by  the two Institutions has continued and,  on  their behalf, 
the Institution of Structural Engineers  has provided the 
secretarial services. 

An alphabetical list of the  topics  dealt  with by  the 
Committee in its reports  since its inception in 1976 is  given 
in Appendix 2. Not all topics  drawn to the attention of the 
Committee  are necessarily  pursued. Once  a topic has been 
addressed, the Committee  aim  to  leave  the  matter  unless 
it decides  that there  are ongoing structural safety  issues 
which are  not  being adequately addressed elsewhere. 

1.2 Approach 

The  Committee has  examined  safety  of  structures in the 
following  broad categories: 

(1) Structures  where  large  numbers of people may 

(2) Structures  associated with the transport  infrastructure 

congregate 

Special  structures,  components  and  materials 

Foundations,  embankments,  dams  and  tunnels. 
Safety  concepts,  design  and  control 

Inspection,  maintenance  and  repair 

For  each of these  categories,  the  Committee  has  reviewed 
areas  which  experience  has  shown  may  provide  evidence 
to  assist  in  preventing  structural  failures.  These  areas  are: 

The  findings of investigations of structural  failures  and 
accidents. 

Trends  including  innovation  in  materials,  design  and 
construction  practice 

Methods  by  which  structural  safety  levels  are  set  and 
maintained. 

Information  on  structural  deterioration and failures 
prevented. 

To  carry  out its work  the  Committee  relies  upon  information 
derived  mainly  from the experience of others.  Experience 
of how  structures  perform  in  service  and  their  potential 
vulnerabilities  should  be  channelled  to  all who can 
contribute to structural  safety.  Feedback  processes  make 
a significant contribution to maintaining  acceptable  safety 
standards.  The  Committee  itself  has  continued to 
encourage  these  processes  during  the  period  covered  by 
this report(l,*). 
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2 Background  review of structural  safety 

2.1 General 

The  Committee seeks  information on how  structures 
actually  perform in practice. It identifies where risks are 
thought likely to be unacceptable  and  then  seeks  changes 
of practice  which will maintain safety. The  Committee is 
itself a  feedback  mechanism  and  seeks to encourage 
other, more  comprehensive,  modes.  This  Report, like its 
 predecessor^(^) at approximately  two  yearly intervals, 
refers to issues  discussed  and  any  recommendations 
made.  Topics  giving rise to specific recommendations of 
the  Committee  are  given in Section 3. 

2.2 Structural  safety  over the last  two  years 

The  Committee  maintains  a  continuing interest in many 
topics  considered in its earlier reports(3)  and identifies and 
considers  new  trends  and  innovations at home  and  abroad 
in  design,  construction  and  maintenance  from  the 
standpoint of structural safety.  This  work  has led to 
examinations of specific topics  as  described in Section 3 
of this report  and  also to a  growing historical record of 
trends,  innovations  and significant events.  Some of the 
more  notable  events  recorded  over  the last two  years  are 
discussed in this Section.  Whilst  these  have  formed part of 
the  Committee’s  work of monitoring  trends  and 
innovations,  they  have  not  resulted  in  specific 
recommendations in this Report. 

The  Committee  are  pleased to note the continuing 
satisfactory  safety  record of UK  structures  over  the last two 
years. Its recommendations in Section 3 are  mainly  based 
upon  the  Committee’s  review of background  factors likely 
to influence  future  safety. In so doing  the  Committee 
maintains  a  worldwide interest in structures. 

Site safety 
Except in so far as an inadequate  structure  might  adversely 
affect site safety, this subject is not specifically within  the 
Terms of Reference of the  Committee  (see  Appendix 1). 
However, in some  cases  the  accident  involves  a structural 
element  or  temporary  works  which fail during  construction 
or  refurbishment of the permanent  works.  For  example: 

Collapses of falsework  claimed lives, with  incidents 
publicised in the  United  States  and  Japan.  These 
examples  emphasised  the  hazards  involved  in 
moving  heavy  materials  and  components  on site and 
in falsework  dismantling. 

There  was  a  sudden  collapse of the  cable-stayed 
Haengju  bridge  during  construction in Korea  which 
was  variously attributed to failure of a  temporary pier, 
poor  workmanship  and  shear failure of a  construction 
joint. 
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A  bascule  bridge in the  United  States  unexpectedly 
swung into an upright  position  during  refurbishment 
killing three  workers  due to improper  use of the  bridge 
operating  mechanism. 

In the  United  Kingdom  a  large  precast  concrete  edge 
beam fell during  positioning on a  new  road-over- rail 
bridge  onto  the  tracks  below  without  causing injury. 

It  has  been  noted  that  the  Reporting of Injuries,  Diseases  and 
Dangerous  Occurrences  Regulations  1985  (RIDDOR) (4) 
have,  since  1985,  required  the  reporting of information  on 
incidents  which  have  a  high potential to cause  death  or 
serious injury whether  or  not  someone is actually harmed. 
The  Committee  would  welcome  greater  access to details 
of such  incidents  involving  the  performance of structures 
during  construction as part of its general call for details of 
experience of potential failures (see  para 2.3). 

The  most significant initiative towards  improving site 
safety  arose  from  European  Community  Directives relating 
to health  and safety. The overall thrust of these  Directives 
is to require  a  safe  and  healthy  place of work  and  a  safe 
and  healthy  environment  for  the  public  as  a  result of those 
work activities. Implications  for  construction  are  included 
in  the  Management of Health  and  Safety  at  Work 
Regulations 1 992(5). 

More  importantly,  the  Committee  have  noted  the 
expected  content of the  Construction  (Design  and 
Management)  Regulations@)  (CDM  Regulations)  intended 
to be introduced in October  1994  placing  new  duties  on 
clients,  designers  and  contractors. In particular  it  is 
expected that clients will be  required to appoint  a  planning 
supervisor to prepare  health  and  safety  plans  and files and 
a principal contractor will be required to develop  the  health 
and safety plan. It is expected  that  designers will be 
required to ‘design out’ hazards,  as  far  as is reasonably 
practical, in construction  and  maintenance  and  contractors 
will be required to demonstrate their use  of  safe  working 
practices. 

The  Committee  bel ieves  that  the  practical 
implementation of some of such  requirements will have  a 
beneficial effect not  only on site safety  but  also  on  related 
structural safety  since  they  are  expected to require explicit 
examination of structural  safety  during  erection  and 
subsequently.  Such  examination  may be a part of the 
assessment of safety  and  risk  for  design  proposed in 
Section 3.5. 

Although  no  consolidated  Committee  view  of  the  final 
published  Regulations  can  be  reported,  there  has  been  aview 
that  direct  costs  and  delays  are  likely  to  be  introduced.  From 
a  structural  safety  point of view,  the  extension of temporary 
works  procedures  as  for  falsework - BS 5957 (7), properly 
enforced,  would  be  more  cost  effective. 
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Education  and  training 
Students of civil engineering, building and  architecture 
follow  careers requiring a basic  understanding of structural 
engineering.  Before assuming substantial responsibilityfor 
structures, young engineers need to assimilate the past 
experience of their profession. 

Traditionally young professionals  have been given  an 
all-round  experience  as  a  preparation for their future 
practice. Whilst it is  not  appropriate  here to discuss the 
standards of their education and training, it is certain that 
they  need to develop an  in-depth  appreciation of structural 
safety  and of the  hazards  which may jeopardise it. 
Students  should  be made ‘safety  conscious’.  For  this 
purpose, a study  of  recent  experience is invaluable. 

Several publications drawn to the Committee’s attention 
during  the past two  yeard8-14),  provide valuable  feedback 
on  structural  failures and  industrial  accidents  more 
generally. The Committee believes that  study of such 
examples  by all engineers can help to prevent  structural 
failures in the future. 

Structural  Eurocodes 
The Committee  has noted  the  progress  being made in the 
development of the  Structural  Eurocodes.  Three 
Eurocodes are already published  as ENV  standards(15) 
and more than  10 further  ENV  Eurocodes are likely to 
become available in  1994/5.  These  further  documents 
include recommendations  for basis of design,  the principal 
loads for  the  design of buildings  and for  structural  design 
relating to fire. Together  with  their National Application 
Documents  (NADs) these ENV will  provide,  for  the  first 
time, the  opportunity for  design of building structures to be 
justified entirely  on  the  basis of the Structural Eurocodes. 
These  are new codes with  which  designers  generally  are 
unfamiliar. 

Following  a  period of voluntary  use,  the  intention is for 
these  ENV  documents to be  revised in the light of 
experience of their use and  then,  as  EN  documents, to 
replace the existing national  codes of practice. For  this 
transition to take  place smoothly  without disruption and 
confusion in structural engineering practice,  which  may 
introduce risks of unsafe  design,  several actions are 
necessary in the United Kingdom,  including: 

(1) Sufficient use of the  ENV  documents  with  their  NADs 
by engineers to provide  a basis  for  comment  and 
revision to assist preparation of the  EN  documents. 

(2) The  relevant BSI Committees or  other  bodies to 
provide full guidance  and a ‘route’ to assist  and 
encourage  engineers in the transition from use of the 
British Standards to the  Eurocodes. 

(3) Education and particularly CPD training to be made 
widely  available  to  assist  engineers to gain 
understanding  and confidence in these  new  codes. 

A realistic programme for these  actions  and for the 
eventual replacement of the  existing British Standards  with 
the  Eurocodes  is  required.  The  programme  should  involve 
the  British  Standards  Institution,  government,  the 
professional  institutions  and  industry. A positive 
programme should  be  followed to encourage  use of the 

Eurocodes, to influence  their  development and to bring 
about  an  orderly  convergence to their full acceptance  and 
use  in  practice, in achieving  safe  structures.  There  must  be 
concern  that  the  introduction of the  new  CDM 
Regulations(6) may discourage  many  designers  from 
adopting  progressive  solutions  which  may  be  safe  but too 
difficult to substantiate. 

Fire  and  explosions 
Although  lack of structural fire  resistance  makes  little 
contribution to loss of life in  fire, a view  given  in  the  Ninth 
Report,  the  Committee  considers  that  it  should  continue to 
review  the  effects of possible  relaxation  in  passive  fire 
resistance. 

Considering the most  important  structures  where  large 
numbers of persons  congregate,  the UK population of large 
store  structures,  shopping  malls  and  leisure  complexes 
has  continued to grow.  Some 30-year old developments 
have  been  modified  and  improved  fire  precautions  have 
been  installed. As  newer  forms of structure  mature,  careful 
monitoring of performance is needed to detect  at  an  early 
stage  any  deterioration or circumstances  which  may  have 
implications  for  structural  safety  and  which  in  turn  might 
affect  fire  safety. 

Over  20  major  fires  occurred  in  supermarkets  during 
1992 and 1993, causing three  deaths  and  substantial 
financial losses.  These  large  single  storey  buildings 
generally  are  not  compartmented,  have  no  cavity  barriers 
in the  roof  void, and are not equipped  with  sprinkler 
systems.  They  rely  on rapid evacuation of the  building to 
ensure  the  safety of the  public  in  the  event of a fire. 
Evacuation  procedures  and  means of escape  have 
prevented casualties but  the  size of such  conflagrations 
can make  firefighting  unduly  hazardous. 

It  has  become  imperative  that  nothing  should  happen 
unexpectedly to prevent  efficient  evacuation,  otherwise  the 
accelerated  fire  spread  possible  in  such  buildings  could 
cause  large  loss of life. Total dependence  upon  warning 
systems  and  effective  escape  management to protect  the 
lives of shoppers,  staff  and  subsequently  firemen  may  not 
be a sufficiently  reliable or robust  approach  especially 
where  large  highly  stacked  storage  areas  are  involved. 
There  is a case  for a combination of measures  which  might 
include  compartmentation,  ventilation  and  sprinklers.  This 
would  bring  added  protection to the  structure whilst 
reducing  risks to fire  fighters  and  help to limit  immediate, 
and  consequential  losses. 

The  actions of terrorists in the  City of London  and  in  New 
York provided evidence  of  the  response of structures to 
explosions.  Steel  framed  buildings in the  City of London 
appeared to respond  differently to reinforced  concrete 
frames and the type of cladding had  a strong  influence  on 
the extent of structural damage.  Lightweight  cladding 
systems,  destroyed  instantaneously,  allowed  relief of the 
blast  wave  through  the  building  resulting  in  relatively  little 
load  being imposed  on  the  structure.  Heavy  claddings  or 
lightweight blast resistant  claddings may  have  given 
protection to the  occupants  and  not  have  suffered  such 
extensive  damage  but  were  instrumental in transferring 
more  shock  load to the  structure.  In  New  York,  the  blast at 
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the  World  Trade Centre  caused extensive  structural local 
damage  without  serious  effect  on  the  main  structure of the 
high  rise  building.  The beneficial effects of alternative  load 
paths  were  illustrated.  Overall  these  explosions  provided 
valuable  pointers to ways  of mitigating bomb damage. 

Parapets  on  Victorian  and  Edwardian  buildings 
Having  received a report of the  extensive  collapse  of a 
parapet  from three  storeys above  on to a pavement, 
fortunately  without  fatal  consequences,  the  Committee 
learned of other  similar  events.  On  the  occasion  reported, 
the  collapse  of  cornices and parapets  over  several  shop 
fronts  occurred in the  middle of the  night  after a very  hot 
day.  Some  fragments of brickwork fell early  on  the  previous 
evening  and  local  authority  building  control officers 
cordoned  off  the  pavement,  warned  residents of the  danger 
and  returned at intervals thereafter, but the collapse 
occurred  before  appropriate  inspection  equipment  became 
available. 

The  cornice/parapet  construction is considered  typical of 
the  late  Victorian and Edwardian  period.  As  designed,  the 
stability of the  cornice  depends  upon  the  counterbalancing 
weight of the  substantial  stone  parapet.  The  parapet  which 
collapsed was a  replacement in brickwork  which, by 
position and substance, did not  have  the  same  stabilizing 
effect  on  the  cornice  as its original  construction.  Another 
characteristic of buildings of this  age  is  thought to have 
contributed to the  final  weakness.  The  iron  ties  in  the  cavity 
construction  were  corroded  and  the  mortar  which  helps 
make  the ties effective  had  deteriorated.  The  other 
stabilizing  factor,  the  bond  between  the  parapets  and  party 
wall  upstands, had become  insufficient to sustain  the 
equilibrium. 

Buildings of this  type,  approximately a hundred  years  old, 
exist  throughout  the  country  and  failures of their  parapets 
are  known to occur  in  some  circumstances.  Structural 
engineers,  architects,  surveyors  and  builders,  should  be 
fully  aware of the  dangerous  implications of changes  to 
parapet details and  deterioration in the  condition of 
parapets and  cornices  constructed  in this way. Local 
authority  structural  engineers  and  building control officers 
should  particularly be advised of such  incidents  in  view of 
their  influence  on  alterations  and  their  responsibility  for 
dangerous structures. The  Committee have therefore 
obtained an account of this  incident  for  publication(16). 

Deterioration 
Amongst  the  hazards  which  threaten  the  safety of 
structures,  the  possibility of undetected  deterioration of 
structural  materials  is  perhaps the most  difficult to assess 
and  control.  Materials  scientists  and  structural  engineers 
are  constantly  striving to minimise  the  many  forms of 
deterioration  which  may  occur. 

In previous  reports  the  Committee  have  noted  published 
research  on  various  aspects of concrete  durability 
including,  for  example,  cement  strength,  blended  cements, 
alkali  silica  reaction and high  alumina  cement  concrete. 
Whilst  the  various  forms of deterioration of concrete  may 
have  substantial  economic  consequences  they  do  not 
generally  jeopardise  structural  safety  before  the  need  for 
repair  becomes  apparent.  The  deterioration  by  corrosion 

of steel embedded  in  concrete  generally  gives  such a 
warning  through  cracking,  spalling and staining  but in 
special  circumstances may not  always  provide  such 
warnings.  This is given  consideration in Section  3.2 in 
relation  to  multi-storey car parks  and  hidden  tendons in 
post-tensioned  concrete  structures. It is  well  known  that 
steel may  suffer  fracture  due to other  factors  and  incidents 
have  been  noted of failures  due to residual weld stresses 
and brittle fracture. 

External  plate  bonding 
The  technique of epoxy  resin-bonding to form  the  shear 
connection  between  steel  plates  and  existing  structural 
elements  for  repair  and  strengthening  was  first  referred to 
by  the  Standing  Committee  in its Second  Report@). At that 
time  the  Committee  considered  that  the  method  required 
further  research  and  monitoring  over a  period of years 
before it could be  recommended  for  general  use. 

The  technique,  widely  used  in  the  aerospace  industry, 
was  originally  developed  as  a  method of structural 
strengthening in the  1960s. It was first used in the 
construction  industry  in  the  United  Kingdom in 1975  on  the 
M5  interchange  at  Quinton.  Since  that  time  there  have 
been  many  other  installations in buildings  and  bridges  in 
many  countries  using  mild steel plates. Whilst some 
problems  have  been  experienced  due to debonding of the 
plates due to corrosion of the  steel, plate bonding  has  been 
widely  used  with  no  serious  consequences  known to the 
Committee.  Recently  strengthening of a cast iron bridge 
has  been carried out  using  similar  techniques. 

Research  continues  on  the  performance of steel plate 
bonding  and  also  on  the  use of other plate materials  such 
as  fibre  reinforced  plastic (FRP). A considerable  number 
of case histories should be available which will give 
information  on  the  reliability of such  strengthening  and  any 
problems  encountered. In view of the  large  number of 
practical  applications of plate  bonding  over  the  last 18 
years it should be possible to assess  the  reliability of these 
techniques  and  the  problems  that  might be encountered. 
The  Committee  notes  the  recent  publication of the DOT 
Advice  Note(17)  on  this  subject  in  relation to bridges  and 
believes  that a comprehensive  review of case  studies 
should  continue  and  that  research  on  the  techniques  for 
obtaining  an  enhanced  shear  contribution  from  bonded 
plates  should  be  added to the  work  already carried out  on 
flexural performance. 

Dams  and  lagoons  containing  waste 
The partial collapse of a tailings  dam  in  Yugoslavia,  an 
incident  at  Deighton  near  Huddersfield  involving  sewage 
sludge  and  other  reports led to discussion of dams  and 
lagoons  by  the  Committee  during  1992  and  1993.  Because 
of their  possible  size  and  toxic  content,  dams  and  lagoons 
require  competent  design,  inspection  and  maintenance to 
ensure  their  safety. It seems  possible  that  these 
requirements  may  not  be  met  in  Britain  for  some  dams  and 
lagoons  containing  wastes. 

The  Committee  understands  that  the  present  position in 
Britain  is  that  many  waste  lagoons  come  within  the  scope 
of the  Mines  and  Quarries  (Tips)  Act  1969  and  that  this  Act 
demands  design  by a competent  engineer,  and  that  the 
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structure is  regularly inspected  and maintained.  There are 
however many  dams  and lagoons  which hold wastes  which 
are  not  associated with  mines and quarries and do  not 
therefore  come within  the  scope  of this Act.  Whilst  the 
Reservoirs Act 1975 requires  dams to be designed,  their 
construction supervised, and safety inspections in  use to 
be  undertaken  by competent civil engineers,  the  Act  only 
applies to dams holding water. 

It may be  argued that  dams and lagoons  containing 
wastes are  controlled  by other  Acts. The  Health and  Safety 
at  Work  Act 1974  imposes  a duty  on all owners of premises 
where people work to ensure that these  premises are  safe 
for all who might be  affected  by  the operations.  The 
Environment Protection Act 1990 requires a  licence for all 
deposits of controlled wastes, including retaining  dams, 
specifically to protect the  environment from pollution.  The 
Town  and Country  Planning  Act 1990  also controls all new 
waste  dams by requiring planning  permission. However 
none of these Acts  specifically  require  that a waste dam or 
lagoon  be  designed by a  professional engineer of sufficient 
experience and authority to ensure  that  they are safe 
structures. 

In addition  there is no  requirement for engineering 
supervision of construction  and use. The wastes  stored  in 
these  earth  structures may be for example,  chemical 
sludges, dredgings, agricultural wastes  or  effluents  from 
water  treatment plants. In some  cases  the  retaining 
structure has been progressively increased in  height  as  the 
waste  accumulates. Construction and  use  have  then  been 
simultaneous.  Proper engineering is  clearly  essential to 
ensure safety. 

The Committee  concluded that there is  at  present an 
unacceptable  risk to public  safety associated with  the 
construction and  use of some  waste  dams and lagoons  and 
drew its concerns to the attention of the  Department of the 
Environment and the  Presidents of the Institutions of Civil 
and Structural Engineers. 

It is understood  that  the  concerns  relating to the 
unsatisfactory  nature of the legislation controlling the 
safety of dams and lagoons  have been examined  by  the 
Department  of  the  Environment,  Department  of 
Employment and the  Health and Safety  Executive.  The 
Committee  welcomes the  controls  by means of waste 
management licences under  Part II of the  Environment 
Protection Act 1990 which came into force  on 1 May  1994. 
Such licences  should  require  the input of appropriate 
professional  expertise in design  and construction  and 
require  maintenance of safety  after filling has  ceased.  For 
dams and  lagoons where  the Health  and  Safety at  Work 
Act 1994 applies, those who create the  risk  have a duty to 
obtain  appropriate advice  on  design,  construction  and  use. 
The Committee  suggests  that  the  routes to appropriate 
advice  should  be identified for all owners/operators of 
dams and  lagoons. 

Innovation 
The vital  importance  of  creativity  and  innovation in 
structural engineering was acknowledged  by the  Standing 
Committee in the  Ninth report(3). Such developments 
should  not  be stifled by  unduly  onerous  safeguards or 

excessive  precautions,  as  may  be  the  case  when  the  CDM 
ReguIationd6)  are too rigorously  applied.  The  recent 
encouragement of innovation  by  government  agencies  and 
the Institutions has been noted(’*g19). This  has  emphasized 
the  role of various  categories of research  ranging  from 
scientific  theory to incremental  development of current 
practice. Non-traditional design,  materials,  techniques  and 
construction practices remain a continuing  focus  for  the 
Committee’s  interest  and  study.  Practitioners  rely  upon 
sound  research  and  development  and  a  continuing 
thorough  appreciation of all  factors  contributing to the 
safety of an  innovation,  especially at the  secondary  phase 
when  new  materials  or practices are  becoming  adopted 
more  widely  outside  the  influence of the  initiators.  The 
Committee  believes  that  the  performance of new  materials, 
structures  and  techniques  should  be  systematically 
monitored. 

The  Committee  has  noted  developments  involving  the 
following: 

Materials 

Ultra high-strength concrete. 

Carbon-fibre  bridge beams. 

Fibre-reinforced  composite  plates  as  externally 
bonded reinforcement. 

Steel - concrete - steel  double  skin  sandwich 
construction  for  tunnel  sections  and  offshore 
structures. 

Carbon,  aramid  and  kevlon  fibre  prestressing 

Structural  use of silicone  adhesives. 

The  adhesive  bonding of aluminium  sections. 

Sprayed  concrete  and mortar  for  new structural 

tendons. 

purposes. 

Structures 

Cast steel elements  in  conjunction  with  traditional 
steel fabrication. 

Wire-rigged  large panel glass  cladding. 

Structures  with  total  dependence  upon  single  tension 

Continuous  bridge  decks  integral  with  crossheads. 

Proprietary  shear  transfer  dowels. 

Record sized fairground  structures. 

elements. 

Techniques 

New  apparatus  for  dynamic pile testing. 

Robot  machines  developed  for  construction, 
monitoring and  inspection. 

Active  structural  damping. 

Use of smart  materials  and  structures. 
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2.3 Feedback  to  the  Committee 

The  Committee  receives  feedback  through the day-to-day 
interactions of its members  with  the  professions,  industry 
and  government.  Feedback on topics  which  are  considered 
particularly relevant is actively sought  by  the  Secretary  and 
Technical Officer. The  Committee  receives  presentations 
on specific topics  from  relevant  experts. 

Information  from  expert  witnesses 
The  Committee  has  sought  evidence  from  the  technical 
studies made by expert witnesses in preparation for 
litigation or potential litigation. It was  thought that many 
useful  lessons,  both in detail and in principle, might  be 
drawn  from  such  information.  Accordingly,  following 
publication of the  Practice  Note in the  Law  Society  Gazette 
referred to in the  Ninth  Report(3),  a  procedure by which 
feedback  may  be  obtained,  whilst  maintaining  the strict 
confidentiality required,  has  been  tested  through  a pilot 
study.  A  sample  of sixty known  expert  witnesses  were 
approached, in confidence,  for  anonymous details of their 
experience  of  cases  which  illustrate  safety  issues, 
including  examples  not  publicised  because of client 
inhibition. 

The  experts  were  asked  about  cases  involving structural 
collapse or manifest  inadequacy  which  might  have led to 
an  accident  involving injury or fatality. In general  the 
examples  provided  related  to  types of structural 
inadequacy or occurrences of failure which  have  been 
known  previously in the  construction  industry  and  had 
resulted  from fairly obvious errors. This pilot study  did  not 
therefore yield significant new  evidence directly related to 
the  Committee’s  brief  which is primarily to examine  current 
trends.  Nevertheless  it  is  worth  noting that, amongst  the 26 
examples  given,  safety  involving  structures  was  impaired 
due to the  following  circumstances  which, like all examples 
cited, are entirely atypical of current practice: 

Absence of control  and  communication  during  the 
implementation of the  design into construction 

The  provision  of a design  without  sufficient 
appreciation  of site circumstances,  even  without 
visiting the site. 

Little appreciation of stability requirements  during 
construction  or of limits to  tolerable  deviations. 

Not  observing  the legal requirements for scaffolding 
and its registration. 

A multi-disciplinary team  blaming  lack of access to 
specialisms. 

Non-geotechnical  engineers  making  crucial 
decisions  but  lacking sufficient awareness of the 
properties  and site variations of chalks. 

Designers  lacking  appropriate  training  and/or 
experience,  without  supervision,  producing  unsafe  or 
unpractical  designs. 

In most  cases  carelessness  and ‘corner-cutting’ had  been 
involved.  Generally  examples were a summary of 
incompetence in design  or  construction  and of absence of 
supervision  by  experienced staff. Only in one  case did the 
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possibility of shortfalls  in  the  performance of new 
construction  products  appear to be a factor. 

In the  examples  quoted  the  inadequacies  or failures 
would  generally  have  been  prevented if those  involved  had 
been sufficiently conscious of the  dangers  which existed. 
Awareness of such  dangers is built up  by  experience  and 
therefore  may be thought likely to be improved by the 
employment of fully experienced staff. 

To  reduce  the  incidence of such  examples  as  were 
reported  by  the  experts,  the  Committee  believes  the 
education and continuing  professional  development  of 
engineers  should  include an appreciation of lessons  from 
cases  known to experts. 

The  Committee  found  the  views of the  experts  consulted 
most helpful and  hopes to maintain  contact  with  them  and 
with  the  insurance  industry in order to obtain, from  time to 
time, a general  view of trends  in  topics  arising  in 
preparation  for litigation. 

Potential  failures 
The  Committee  has  sought  information on experiences 
where failure has  been  prevented,  believing that such 
information,  should  be  more  widely known(’,2). 
Confidential  reporting  systems  for  incidents relating to 
safety  have  been  developed  in  other  industries. A 
confidential human  factors  incident  reporting  programme 
(CHIRP) is operating  successfully in aviation  and, within 
the  railway  industry,  management  methods  now 
encourage  the  reporting of operational-problems  without 
blame to those  involved. 

Within  the  construction industry, the  engineer  should first 
look at the  guidance  provided by the  professional 
institutions concerning  incidents  where structural safety 
appears to be  compromised. If consideration  in 
accordance  with  the Institution Codes(20-22) does not 
dictate a specific course of action, the  Committee  can 
provide  a  clearing  house  for  reporting  and collation of 
shortcomings in structural safety. It acts confidentially and 
is charged  with  the responsibility to investigate, consider 
and  make  known all measures that can  improve structural 
safety. Early  reference to a  Committee  member,  or  the 
Secretary,  may  help an engineer  who  feels that the 
profession  or  others  should be alerted to shortcomings 
even  though  they  might  have  been  corrected,  but  which, in 
othercircumstances,  might  have led to  an  unsafe structure. 

2.4 Dissemination of feedback 

The  Chairman  and  Secretary  convey  the  Committee’s 
views  as  necessary to those most influentially able to 
improve  the  circumstances  where  there  might be concern. 
The  Directors  and  Chief  Executives of the Institutions of 
Civil and  of  Structural  Engineers  are  kept  informed and the 
Presidents of both Institutions are  briefed  annually. In 
addition, the results of feedback  are  passed  on  informally 
through  the  day to day  contact of members  with  engineers, 
industry  and  government. 

From  time to time  over  the  past  two  years, articles and 
papers  prepared on behalf  of  the  Committee  have  been 
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presented or published in the  technical  press to draw 
attention to structural safety issues(23-27). This  Tenth 
Report gives  a summary of information from  the  last  two 
years  work  and, like previous biennial reports,  is  published 
and distributed widely  at home and abroad. 

2.5 Assessment of safety and  risk  at  the de- 
sign  stage 

The  Committee  has considered  the extent to which  the 
assessment  of safety  and risk is included in  current  design. 
In particular, the aim  was to explore whether  more  explicit 
assessment of safety  and risk should be  a  part of structural 
design of some building and civil engineering structures 
comparable with the use of ‘Safety cases’ for  offshore oil 
platforms  and nuclear installations. 

Structural design  for  some industries, because of their 
nature,  has  embraced  an  approach  which  explicitly 
identifies the  hazards specific to a particular installation. 
This  approach is also  practised in  other  areas  such  as 
aircraft  design. 

The approach usually includes  the following  stages: 

Identification of  hazards  and, in consequence,  the 
derivation of  design  and  performance  standards  for 
the particular project. 
Determination of the hazards  and quantification of the 
level of risk. 

Use of design  audits. 

Independent  assessment of design. 

The concepts  behind,  and within, each of these  stages  are 
not new. They have been adopted implicitly to some  extent 
in  structural  engineering  generally  through  use of 
recommended loading and  code of practice  procedures. 
The  question is  whether, by  the  conventional approach, a 
designer  is led to envisage sufficiently how  his  structure, 
in all circumstances,  will  behave.  Basic consideration of 
hazards  could help  to avoid errors  which  might  arise 
through merely satisfying Building Regulations  or allowing 
the  under-experienced to prepare  designers  with 
off-the-shelf computer  programmes. 

Based upon  the BS 4778(28) definition of ‘hazard’  as ‘A 
situation that could occur during the  lifetime  of a  product 
system or  plant  that  has  the potential for  human  injury, 
damage to property,  damage to the  environment or 
economic loss’, there is no restriction to  the  contribution 
that the  conventionally  considered actions  of  wind,  snow 
and  imposed  loads  can make to the  circumstances  creating 
a hazard. 

Some  hazards  could  include  flawed  concepts  and 
calculations, unforeseen actions and  errors in material 
quality and construction. These  are generally  assumed to 
be  avoided  by  supervision  and  checking.  This  is 
increasingly  being  formalised in quality systems applied to 
the  design and construction  processes. Such  systems 
however  generally  relate to the  more  conspicuous 
requirements of Codes and Standards  without  necessarily 
involving a fundamental  safety  appraisal. 

In  structural  design  generally  however,  hazards  which 
may  jeopardise  structural safety can  arise  through 
contributions  from: 

Normally  considered  imposed,  wind  and  snow  loads 
currently prescribed by  codes of practice  which  also 
give information on  significant  load  variations  with 
time for  structures  which  may  suffer  fatigue  damage. 

Other  environmental, imposed and  accidental  loads, 
earthquake  and  chemical  actions,  etc. 

Unpredictable  variations  in  ground  conditions. 

Degradation  processes,  e.g.  corrosion,  embrittlement 
and chemical  attack,  (conventionally  assumed to be 
directly catered for  by an  appropriate  choice of 
materials and protection systems  for  the  structure.) 

Vehicle  impact and explosion  which  need to be taken 
into account in particular  cases  where  the  client  or 
designer  identifies  them  as  relevant  and  where  failure 
would be particular  onerous. 

Fire,  which, in current  structural  design,  is  generally 
covered  by the  prescriptions  required  by  regulations 
with  the  support  of  codes of practice relating to 
structural fire resistance,  active  fire  precautions and 
escape  routes,  etc.  (Safety  against  this  hazard  is 
increasingly being established  for  the  largest  building 
projects on  the  basis of fire  engineering  design  which 
might  be expected  to be  carried out  using the same 
principles  as  ‘safety  cases’.) 

The  requirement of robustness  is  one of the  basic  tenets 
of good structural  design  which  is  less  amenable to a 
simple  set of rules. It is  specifically  referred to in  some 
codes of practice, as discussed  below  in  3.4  and  the 
principles  are  reviewed in an Institution of Structural 
Engineers  Report(*g).  The  aim  is to provide  structures  with 
an appropriate  degree of robustness  in  the  face of  any 
conceivable  eventuality.  Codes of practice  use  words  such 
as ‘the concept  and  layout  should  be  such  as to achieve a 
robust and stable  structure’.  Such  Code  approaches to 
hazards  do  not  necessarily  involve a systematic 
consideration of all the  hazards  which  may  arise  and  the 
likelihood that  they  may  do so, followed  by  design  to  take 
the  significant  hazards  into  account. 

Current  requirements for  safety  and  risk  in  general 
structural  engineering in the UK  may be said  therefore to 
be somewhat  imprecise  in  some  respects  and  expressed 
as rather  broad  requirements.  The  objectives  but  not  the 
procedures to achieve  safe  structures  are  clearly  described 
by  the Institution of Structural  Engineers(30): 

‘Structural  design  is  necessarily  concerned  with  the 
prevention  of  failure,  ie  providing  structural  adequacy. 

The  design  should  take  due  account of all foreseeable 
loads and environmental  effects.  The  structure  should 
be  designed to meet  the  required  standards of 
performance  with a margin of safety  against  failure, 
using a design  philosophy  and  method  that  is  clearly 
understood to cover  both  safety  and  serviceability. 
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It is also  important  that the completed building should 
be  able  to  resist  some  misuse  and  local  damage. This 
aim can  be achieved  by taking advantage of the 
interaction of various  members  making  up  the 
structure  and  by  sound  detailing. 

The  design  should be checked  by a competent  person 
and the erection of the building should be properly 
supervised to ensure  that  the  design  intentions are 
realised  on site’ 

Taking all of the  above into account,  the  Committee  intends 
to give  further  consideration as to  whether,  as  structures 
become  more  complex and  as the  possibilities  for  less 
obvious  hazards  increase, a more  explicit  assessment of 
the  hazards  and  risk of their  occurrence  may be required. 
This  appears to be  the  necessary  approach  for  which 
guidance  seems  necessary,  to  designing  multiple  use 
structures and  structures where  the  consequences of 

failure are particularly  onerous.  Section 3.4 is  influenced 
by these views. 

The Committee are  concerned  therefore  that  broad 
performance requirementsforstrength and stabilitywithout 
additional  guidance  might  fail  to  ensure  safe  structures. 
Some  such  guidance,  already  available  in  some  other 
European countries(31) and  signalled in the  Eurocodes(15), 
may  be necessary to offset possible  adverse trends 
relating to safety in general  structural  engineering. 

The  question  being  addressed  by  the  Committee  is 
whether  the identification and  assessment of hazards 
should be  an explicit  procedure  and  for  what  character of 
structures  would  any  additional  design  cost  be  justified? 
To what  extent  is the client rather  than  the  designer 
responsible for decisions  as  to  the  degree of risk 
acceptable  under  the  particular  circumstances  highlighted 
by  this  procedure?  The  Committee  would  welcome  views 
on  these  issues. 
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3 Specific  structural  safety  topics 

3.1 Structures  where  large  numbers of 
people  may  congregate 

Collapse of supermarket 
The  Committee  closelyfollowed details available  regarding 
the  collapse of a supermarket in Nice. The main  factors 
contributing to the  collapse  appear to have  been 
unauthorised structural alterations during extension  work, 
and  waterlogging of the soil of the  roof  garden  which  had 
accumulated to a  greater  depth than intended. Preliminary 
reports indicate that  these  factors caused overloading of a 
column  supporting  the  roof  structure  precipitating 
progressive  collapse. 

Roof gardens have  become a  feature of many  modern 
shopping  centres  and offices in  the UK and  are generally 
provided with  drainage.  The  supporting  structure  would be 
expected to be  designed to carry at least the  loads 
estimated on  the basis of BS 6399(32) which provides data 
on soil densities and superimposed loads to take  account 
of access.  The experience at Nice illustrates the  tendency 
of the soil of roof  gardens to increase in depth over  time 
(as  a result of gardening activity) and of soil drainage 
systems to become  blocked. 

It may be  appropriate in design to assume soil depths are 
substantially more  than  the garden design  specifies and 
that the soil is totally saturated up to the level of  an  overflow 
which  cannot  be  blocked or to the  edge of the soil 
containment wall. 

The  collapse of the  supermarket  roof  structure  also 
raises  the question of the  extent to which  the  structure 
should  have  resisted  disproportionate  collapse.  This 
subject is discussed further  in  section 3.5. 

The  Committee  recommends  that  cautious 
estimates.of roof  soil loads should  be  used  for  the 
design of supporting  structures. 

Safety of temporary  stands  and  staging 
structures 
Since  the issue of the Ninth Report(3), the  ‘Guide to health, 
safety and welfare at pop concerts and similar  events’  has 
been published(33). This guide  includes  advice  on  the 
checking of  temporary  structures. It states  that a safety 
coordinator should  ensure that all structures are checked 
by a competent person after  they  have  been  erected  and 
before they  are used.  The  safety  coordinator  should  also 
monitor  the erection to ensure,  amongst  other  things,  that 
the  erection is to the  detailed specification. The  safety 
coordinator  for  such  temporary  structures  would  appear  to 
have  a role analogous to that of the safety  planning 
supervisor envisaged in the CDM Regulations(6). 

The Guide(33) indicates  that,  prior to erection, 
construction  drawings accompanied by full  calculations, 

design  loads  and  relevant  test  results  are  required  and, 
where a  licence is required,  these  should be sent  to  the 
licensing  authority. This advice  follows,  to a large  extent, 
the  recommendation of the  Committee, in  its  Ninth 
Report(3), that  an  independent  structural  check  and 
certification of all  such  structures  should be required.  The 
Committee  welcomes  the  issue of this  authoritative  advice 
and  emphasises  that all persons  providing  the  structural 
design,  checking  it  or  checking  the  structural  adequacy 
during erection  and  prior to use,  should  have  suitable 
qualifications and experience  relating to structural  safety. 

Following  receipt of confidential information  regarding 
disturbing sway  movements of terraced seating  at  venues 
of pop  concerts,  the Committee  in its Ninth  Report(3) 
recommended  the  preparation of guidance  additional to 
that  contained in the  Institution of Structural  Engineers’ 
report  on  demountable  grandstands(34).  Subsequently,  the 
Department of the  Environment  commissioned  the  Building 
Research  Establishment to undertake  research  into  the 
dynamic  effects  on  sensitive  stand  structures.  Results  from 
this  work,  which  sought to clarify  uncertainties  identified  by 
the  Committee,  assisted  the  preparation of Interim 
Guidance  prepared  by a Working  Party of the  Institution of 
Structural Engineers  and issued  by the  Department of the 
Environment(35).  This  guidance  should  help  engineers to 
avoid  unacceptable  dynamic  movements. 

More  recently  the  Institution of Structural  Engineers  (with 
the  support of the  Department of the  Environment,  the 
Building  Research  Establishment  and  the  Steel 
Construction  Institute)  has  established a Task  Group to 
prepare  a  report  giving  guidance on the  design and 
construction of demountable  and  temporary  structures. 
The  Committee  welcomes  this  initiative  which  will  bring 
together  and  update  the  existing  guidance. 

The  Committee  recommends  local  authorities 
should  exercise  their  powers  to  ensure  that  temporary 
structures  for  public events are  checked  for  structural 
safety  following  the  principles  embodied  in  the  Home 
Office/HSE Guide(33). (R2) 

3.2 Structures  associated with the  transport 
infrastructure 

Damage  to  bridges  by  road  vehicles - ‘bridge 
bashing’ 
Substantial  progress  has  been  made  with  actions  aimed  at 
reducing the incidence of road  vehicle  damage  to  bridges. 
The  Committee  first  indicated its concern  in  its  Second 
Report(3)  that  major  bridge  bashing  incidents  might  involve 
a train  derailment  resulting in fatalities  and  serious  injuries. 
The  Department of Transport  has  since  published  a 
report(36)  which  recommended  improved  road  signing,  new 
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vehicle  requirements  to  increase  driver  awareness,  and would be special  consideration  given to bridges  most  at 
automatic systems  for high risk sites that will detect risk. 
overheight  vehicles  and  display a message  to  warn  drivers. Despite research on the instrumentation necessary to 
The  Department  has carried out  these  recommendations 
at  sites  where  there  is a high  risk of damage if a derailment detect  depth of scour as it occurs,  railway  engineers  are 

experiencing  difficulty in obtaining  the  evidence  for  an 
Of a passenger train should Occur and has recently approaching critical condition.  Scour  vortices  are  known 
introduced  new  vehicle  requirements.  These  requirements to move  with  the effect that material is uplifted and are: transported,  only  to be replaced  by  other  material  from 

There  must be  an  in-cab sign indicating the  height of upstream, making it difficult, by  post-flood examination,  to 
the  vehicle in all vehicles  whose  travelling  height obtain  evidence  of  detrimental  results.  Sonar 
exceeds  3m, measurements  and  electronic flapping rubber  gauges  have 

All  vehicles  with  high level power  operated  equipment 
must  have  warning  systems  to  alert  the  driver  when 
the  equipment  is  not  in  its  normal travelling mode  or 
is  above  the  height  indicated  on the in-cab  sign, 

Local  highway  authorities  must  be  notified of 
movements of all vehicles  and  loads  operating  above 
a height of 4.88m  from  the  ground. 

The  Committee  noted  with  interest  that trials by  London 
Buses  are  in  progress  of an  in-cab device  to  warn a bus 
driver  that  his  vehicle is too  high  to  pass  under  the  bridge 
he  is  approaching. 

There  are  about 5000 low  railway bridges in the UK and 
the  majority of these are over local authority  roads.  The 
local  authorities  are  carrying  out  the  recommendations  to 
improve road signing  and  to  install  warning  systems  but 
progress  is  understood  to be variable.  Publicity  has  been 
given  to  the  problem  by  the  Department of Transport(37) 
and  British  and both organisations  have  been 
involved  in  the  production of an AA atlas  giving  bridge 
height  clearances(39).  The  actions  which  have been taken 
by  the  Department of Transport, British Rail,  Railtrack Ltd 
and  Highway  Authorities  since  the  Ninth  Report  are 
welcomed. 

British Rail  (now  Railtrack  Ltd)  is  developing a method of 
risk  assessment  for  the  vulnerability of low  bridges  to 
provide  a  basis for prioritising action.  The  Department and 
Railtrack  Ltd  are  working  together  with  the  Local  Authority 
Associations  to  seek  the  agreement of Highway  Authorities 
to  action  to be taken at high  risk  sites. 

Railway  ‘bridge  bashing’ still continues  with  undesirable 
frequency  judging by the  number of broadcast  reports of 
train  delays  for  that  reason. 

The  Committee  recommends  close  liaison  should  be 
maintained  between  Railtrack  Ltd and Highway 
Authorities  to  complete  the  actions  at the remaining 
sites  where  the risk of ‘bridge  bashing’ is significant 
and  to  monitor the continuing  risk. (R4) 

been  used  to  measure  depths of bedand disturbance  as it 
occurs,  but  the  position of instruments  is  vital. 

- -  

Upstream  piling  has been installed  experimentally  to 
dissipate  vortex-creating  energy.  The  Committee  regrets 
however  the  lack of effective  improvements,  despite  these 
efforts,  in  the  means of registering  the  degree of danger 
from  scour or  of proving methods of alleviating such 
danger. 

In  these  circumstances it is  assumed  that a large  number 
of the  potentially  high  risk  rail  bridges  will be temporarily 
taken  out of use  in  the  event of significant  flood  warnings. 
Scour-induced  failures  at  Inverness  and  Forteviot  show  the 
possibility of sudden  collapse  and  the  difficulty of deciding 
on  pre-emptive  closure of rail  services. 

Whilst  there is particular  concern  for main line rail 
bridges,  the  Committee  recommends  that  the 
foundations of piers  and  abutments of road  and  rail 
bridges  over  waterways  potentially  subject  to  rapid 
flooding  should  be  periodically  surveyed for  scour 
effects  and  that  criteria  which  would  require  closure 
should be established in advance  and  observed by 
bridge  owners. (R1 0) 

Tendons in post-tensioned  concrete  bridges 
Since  the  Committee  first  expressed  doubt as to the 
effectiveness of the  grout  protection to tendons in 
post-tensioned structures  in  1979,  the  estimated  number 
of bridges of this  type  has  risen  from  approximately 600 to 
3000. 

Pending  improvement of grouting  technique  and  the 
development of effective  control  measures,  the 
Department of Transport  (now  the  Highways  Agency) 
ceased to  commission  such  structures in September  1992. 
The  Committee  are  anxious  that  the  stringent  regime of 
inspection  and  appraisal of existing  structures  advocated 
in  the  Ninth Report@) and  instituted by  the  Department of 
T r a n ~ p o r t ( ~ ~ - ~ ~ )  should  also be noted  and  followed  by local 
authorities’  transport  undertakings  and  private  owners  who 
are responsible  for  over 2000 such  bridges.  There  is 

Flood  damage  to  bridges  (scour) 

instituted a series of precautionary  measures  to  reduce  the 

concern that, with  the  transfer of responsibilities or 
ownership,  there  may  be loss of records  and  lack of 

At the  time Of the  Eighth  Report, JUIY 1989,  British  Rail had  appreciation of the need for such appraisal. 
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as yet there is no-non-destructive test capable of providing 
reliable evidence for the  condition of tendons. Prioritisation 
of effort appears to suggest  that attention be directed 
primarily to physical  inspection of specific locations where 
pitting  corrosion  might  occur  at  joints,  cracks  and 
anchorages rather  than  on the  general identification of 
voids in ducts.  Proof of the suitability of  this  policy  might 
well be  obtained by  forensic  examination of bridges  taken 
out of service either because of known serious  faults  or 
through  being  made redundant  due to motorway  widening. 

The  Committee  suggests  that  there  should  be a 
coordinating  body to receive  and collate information 
obtained by  the inspections  required  by the  Department of 
Transport in accordance  with their Advice N ~ t e s ( ~ o - ~ ~ ) .  
Regional officesobtain information  which  should be  pooled 
and  compared with  experience  from the private sector, 
local authorities or  other  transport  agencies. Demolition of 
post-tensioned  buildings  can also yield complementary 
data. 

In  encouraging  the  development of alternative 
post-tensioning  methods  such  as  unbonded  or 
corrosion-resisting tendons, especially those  which can  be 
inspected  and replaced,  the  Committee  does  not  wish to 
discourage  the real and reliable improvements which 
would  make bonded  post-tensioned construction  equally 
acceptable. The revisions to grout  specifications involving 
admixtures,  cement selection, and the certification of 
workmanship  skills, the introduction of reliable  pressure 
testing to prove  grouting  success,  and  the  special 
protection of anchorages,  may  well  in future enable  such 
structures to be commissioned  with  confidence. 

The  Committee notes that substantial  changes to grout 
specifications  and  grouting  procedures have  now  been 
recommended by  the Concrete  Society/Concrete  Bridge 
Development Group(43). The  Committee  also notes that 
the British Standards  Committee  responsible  for BS 5400 
will take all such evidence into account before endorsing 
the use of upgraded specifications. There  may  also  be 
implications arising from  the  requirements of the  CDM 
Regulations(6) involving inspectability and maintenance. 

Whilst  government  funds  have been made available for 
the  special  inspection of trunk  road  bridges  with 
post-tensioned  construction,  there  are  also  many 
post-tensioned  bridge  structures where  the  responsibility 
for safety rests with local authorities, railway  bridge owners 
or  others  who may have  very limited budgets  and staff 
expertise  available to undertake the necessary  work. 

The Committee recommends that the Highways 
Agency  should advise all owners of post-tensioned 
concrete  bridges not under their  jurisdiction  to 
institute inspection and assessment  procedures in 
accordance with DOT Advice N ~ t e s ( ~ O - ~ ~ ) .  (R9) 

Hidden  tension  members  in  bridges 
The attention of the Committee  has  been  drawn to the 
difficulty of assuring the continuing integrity and  safety of 
tension members in addition to tendons referred to above 
which are so concealed within  the construction of bridges 
or  below  ground  that  they  cannot  easily be inspected. 
Such members include the provisions for holding-down the 

approach  spans of continuous  bridges.  These  may  consist 
of bolts,  cables  or  reinforced  concrete  members  anchored 
into  kentledge  blocks  or  the  ground via ground  anchors. 
Other  examples are the  hanging  brackets  for  suspended 
spans.  Over  the  decades of the life of a bridge,  these 
concealed  members  upon  which  bridge safety depends, 
may  deteriorate by corrosion,  particularly if chlorides are 
present.  Where  there is reason, by virtue of age  or 
environment, to suspect  that  they  may  be  weakened  by 
corrosion  or  other  factors,  safeguards  should  be  adopted 
based  upon  pessimistic  assumptions. 

The  Committee  recommends  that  there  should  be a 
detailed  appraisal of concealed  members  and  that, 
during  principal  bridge  inspections,  positive 
information on their  condition  should be sought  where 
there is a significant risk that  failure of a concealed 
member  could  precipitate  collapse  of  the  bridge. (R5) 

The  Committee  also  recommends  that  methods  for 
undertaking inspections of concealed  members in 
bridges  should be developed  and  made  available  to 
engineers  responsible  for  inspections. (R6) 

Multi-storey  car  park  structures 
The  population of multi-storey car  parks  in  the UK has 
grown  from a handful in 1940 to an  estimated 4000. There 
is no available official statistic  and,  unlike  bridges,  no 
uniform  client  standards  were  applied.  They  generally  have 
floors of in-situ or  precast  concrete  supported  by  beams 
and  columns of ordinary  reinforced or prestressed  concrete 
or  structural  steelwork.  They are generally  owned  by local 
authorities,owners of shopping  developments,  private  car 
park  operators,  transport  undertakings  or  hotels.  Because 
of the choices available in layout  and  structural  system, 
they  have been  a popular  choice  for  very  competitive 
‘design  and  construct’  proposals.  Most  have  been 
designed to the  lowest  structural  first  cost  per  parking  bay 
with the assumption  that  operators  will  provide  appropriate 
care and  maintenance.  Many,  unlike  bridges,  have  no  roof 
waterproofing.  Few  have  waterproofing of intermediate 
floors even though these  are  wetted  at  frequent  intervals. 

Car  parks are subjected to an  aggressive  environment. 
As they  are  usually  open to all  weather  conditions  the  large 
shaded  areas  are  generally  damp,  and  water  contaminated 
with  road  salts  drips  onto  the  horizontal  surfaces.  The 
boom  in multi-storey car  park  construction  in  the  1960s led 
to many  remedial  actions  in  the  1970s  as  early  structural 
deterioration  was  manifest  by  deflections,  cracks, 
vibrations  and  spalling of reinforced  concrete.  These  and 
other  defects  were  mostly  attributed to inadequate  design 
and detailing,  lack of adequate  concrete  cover to steel 
reinforcement  due to poor  design  and/or  construction, little 
provision of waterproofing to exposed  surfaces,  and 
inadequate  maintenance  often  amounting to neglect. A 
number of car  parks have been strengthened  by  the 
attachment of external  stressed  cables  or  bonded  plates; 
measures  which  require  subsequent  experienced  regular 
inspection. 

There is therefore  a significant  stock of car  parks  which 
are over 30 years old suffering  from  deterioration  and a 
number  with  external  stressing of over 20 years  old.  Such 
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car parks  frequently  incorporate cantilevers where  collapse 
due to severe  corrosion,  possibly  combined  with initial 
displacement of reinforcement,  would, if it occurred, be 
sudden  and  conceivably  progressive. 

In view of this  background  the  Committee  examined 
whether  multi-storey car parks of  such early  vintage 
should, like bridges, be subject  to  periodical  appraisal. A 
review  of  the  more  likely  vulnerable  characteristics of 
multi-storey  car  park  structures  is  summarised  in 
Appendix 3. 

The  Committee  concluded  that  the  premature 
deterioration of multi-storey car  parks, if ignored,  could  lead 
to  serious  structural  distress,  and  even  collapse,  in  some 
cases.  Attention  should  be paid to zones  likely to be 
affected by drainage  water  contaminated by  road salt.  This 
could be  particularly  damaging  at half-joints or  bearings. 
Corrosion may, in some  cases, be advanced  without 
conspicuous  cracking and in  other  cases  cosmetic  repairs 
may  have  masked  signs of deterioration. 

A threat  to  structural  safety  may  arise  in multi-storey car 
parks: . 

The 

as a result of neglected corrosion,  especially  of 
bonded or unbonded  prestressing tendons  or of 
negative  moment  reinforcement of cantilevers,  and 

in the  absence of precautions  against  progressive 
collapse.  Explicit  requirements  for  such  precautions 
have  not  been  required  by Building Regulations  or 
Codes of Practice  in  the  past  for  buildings  less  than 
5 storeys  high. 

Committee  recommends  that  owners of all 
multi-storey  car  parks  showing  signs of deterioration 
should  commission  inspections  and  structural 
appraisals of their  structures  by  independent 
engineers  with appropriateexperience before  carrying 
out  cosmetic  repairs.  Appraisal  should  extend  beyond 
the areas of conspicuous  deterioration  particularly 
where  water  with  road  salt  may  have  penetrated.  Such 
appraisals  should  be  made  periodically  following  the 
principles  adopted by bridge owners. Structural 
appraisal  should  include a review  of  resistance to 
progressive  collapse. (R3) 

Owners of multi-storey  car  parks  built  before  the 
1984 design recommendations(44) were published 
should  establish  whether  the  strength of edge  barriers 
is adequate  to  restrain  cars  or  their  height  and  design 
appropriate to safeguard  small  children. (R8) 

3.3 Special  structures,  components  and  ma- 
terials 

Cladding 
In its  Ninth  Report(3)  the  Committee  recommended  that 
major  structural  repairs  to  cladding  on  buildings  should  be 
subject  to  the  same control as  building  regulations  impose 
on  the  cladding of new  buildings.  Such control does  not 
appear  likely  to  be  introduced  although  the  Committee 
maintains  its earlier recommendation. In the light of 
damage  due  to  terrorist  explosions  this  recommendation 
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appears to be more  important  than  previously in view of the 
need for all structural  fixings  likely  to  be  adversely  affected 
by blast to  be  competently  checked.  Over  the  years, 
investigation of blast-damaged  cladding  has  shown  the 
variability of workmanship  and  effectiveness of the 
cladding,  bearings  and  fixings.  The  variability of fixings 
efficiency  makes  the  appraisal of cladding  safety a difficult 
matter.  Fixings  cannot  be  easily  sampled.  There is 
consequently a necessity  for  factors of safety  in fixing 
design  to  take  this  fully  into  account and for  the  variation 
to be limited as  much  as  possible by ensuring  that  fixings 
are  made by qualified staff  under  the  direction of qualified 
supervisors.  The  Committee  is  pleased  to  note  the  strong 
recommendation  for  this in a standard  produced  by  the 
Centre  for  Window  and  Cladding Te~hnology(~5). 

Also in the  Ninth  Report  the  Committee noted ‘substantial 
innovation  in  cladding  for  example  in  the  use of structural 
adhesives,  suspended  glass  and  the  rigging  and 
tensioning of facades  including, in some  cases,  structural 
castings’.  The  Committee  considers  that,  where 
information  on  durability  or  techniques  used are relatively 
untested  over a  period of time,  there  should be mandatory 
monitoring of cladding  by  the building owners.  As a result 
of serious  cladding  failures  in  the United States  major  cities 
such as New  York,  Chicago,  Detroit  and  Miami  have  laws 
requiring  such  periodic  inspection  and  reassessment of 
cladding  design  and  installation. 

Although fully glazed facades have  been  providing 
cladding to buildings for  many years, the  technology 
relating to glazing  as  well  as its structural  mountings 
requires a specialist’s  knowledge.  Glazed  facades  should 
only  be  designed  and  installed by those  with  appropriate 
qualifications.  Successful  suspended  large  panel  glass 
construction  requires a high  standard of manufacturing 
tolerance  and  setting  out  accuracy  to  avoid  dangerous 
secondary  stresses,  the  existence of which  are  not 
apparent to cursory examination.  These systems  are 
discussed  further  below  under  the  heading  ‘Glazing’. 

Traditionally  cladding  relies  for its security  on  some  form 
of interlocking fixing device.  Engineers  have  instinctive 
reservations on relying  upon  adhesives  entirely for 
structural  safety.  Such  reservations  have  led  to 
considerable  precautions  being  introduced  in  relation  to 
slip  bricks  and plate bonding  processes  for  strengthening 
existing  structures.  Similarly  special  precautions  are 
exercised  in  the  use of silicone  adhesives  when  they are 
the  only  means of securing  glazing  to its support.  The 
Committee  notes  that  there  are a number of cases  where, 
with  such  precautions,  glass  has  been  bonded to its 
support  on all four  sides  without  mechanical  restraint.  This 
places a great  deal of reliance  upon  quality  systems in both 
materials  supplied,  preparation  and  workmanship  whether 
the  adhesive is applied in factory  conditions or site. 
Engineers  should  be fully aware of variations in the 
effectiveness of such  systems as might  occur  both  in  the 
short  and  long  term. 

The  Committee  recommends  that  cladding  relying 
solely  upon  adhesive  systems for structural  support 
and resistance against wind and thermal actions 
should  not  be  used  without  evidence  that  adequate 
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reliability will be obtained.  Any  such  systems  currently 
in use should  be  periodically  checked. 

Glazing 
The  Committee has continued to examine  the  increasing 
use of glazed roof structures  and  rigging-suspended glass 
walling. A number of spontaneous  glass failures have  been 
reported, caused apparently by the use of glass  which  may 
not  have been heat  soaked  or  subject to suitable quality 
control procedures. Deliberatevandalism has been  afactor 
in some cases - no  glass is unbreakable.  Failures due to 
inadequate tolerances or  allowance  for thermal movement 
and consequent stress  concentrations due to local frame 
restraint have  also  been identified. 

Whether  or not  modern glass fractures into  small  pieces 
depends  on the  heating  process  during manufacture,  the 
temperature reached, cooling  and quenching  treatment 
and  glass thickness. In  general, fully toughened glass, 
which  is  most  likely to be used,  would  shatter into multiple 
particles of size  depending on  the  glass  thickness.  Such 
particles would  not  cause  laceration. Thicker glass  tends 
to fall in clusters of particles and be more  damaging.  Heat 
strengthened  glass  tends to break into longer  shards  which 
may be ‘dagger’ shaped with sharp edges.  Annealed 
laminated  glass may simply  crack and remain in place  or 
it may  be broken into many pieces so that it pulls  away  from 
the  rebates. 

The  design of glazing  systems (particularly the  more 
innovative  suspended glass facades and  their  supporting 
rigging which  is  usually of stainless steel)  and  structures 
incorporating glass,  e.g.  glass balustrading, is  generally 
undertaken by the glass  suppliers. The design  approach  is 
to avoid  tension in the  glass by restricting the  induced 
stresses at  the  glass  surfaces to a value  which  should  not 
overcome the  compression at the surfaces  induced  by  the 
thermal  toughening  process  during  manufacture. 
Calculations  are  calibrated against test data in such a way 
as  to ensure that the probability of failure is  remote. 
Calculations may involve the  use of finite  element  analyses 
to predict the combined effects of bearing, shears,  torsions 
and  tensions  in  the  glass  immediately  around bolts 
attaching the glazing to the support  rigging.  Such  systems 
are usually designed so that  the failure of one panel will  not 
result in failure of others. 

Verification of the manufacturer’s structural design,  ie  the 
appropriateness of the glass  used  or  the  way it is  used,  is 
not generally possible since  neither a British Standard  code 
of practice nor authoritative design  guides are available. 
The Glass and  Glazing Federation  has published  a manual 
dealing with  routine  glass application(46) and there  are 
some helpful references to facade  glazing  in  the  literature, 
for  example.(47-48) 

Whilst  the responsibility for  the  design may often be with 
the  manufacturer,  independent  engineers  need to 
undertake  such  design  or to check glass  facade  and  roof 
systems. The available literature and  material properties 
data  appears to be insufficient for these purposes. 

The  Committee recommends that the Institutions of 
Civil and/or Structural Engineers  should  consider  the 
preparation of a report  giving  guidance  on  the 

structural design of glass  facade  and  roof  systems  and 
include performance criteria, appropriate data on 
materials,  properties  and  guidance  on  testing. (R1 1) 

Air-supported structures 
In its Ninth Report(3), the  Committee  recommended  that 
withdrawal of BS 6661 and  the  development of design 
guidance  for air-supported structures both for  temporary 
buildings  for  storage  or  non-spectator  sport  and  for  uses 
as  places of public  assembly.  The  Committee  is  concerned 
to note  that  BS 6661 has not yet  been  withdrawn  by the 
British Standards Institution. Air-supported  structures 
remain  an attractive option  for  some  purposes  but  reports 
of deficiencies in design,  construction  and  operation 
resulting in an unacceptably  large  number of failures 
~ontinue(~9). Authoritative  design  and  other  guidance  is 
needed. 

The  Committee  again  recommends  that BS 6661 be 
withdrawn  and  that  design  guidance for air-supported 
structures  be  developed by the  Institutions of Civil 
and/or  Structural  Engineers. 

Steel  framed  industrial  roofs  without purlins 
There  has  been  an  increasing  trend  over  the  past 20 years 
for  the  use of thin profiled metal  sheeting of  roof decking 
systems to be relied upon  as a horizontal  diaphragm  for 
the  lateral  restraint of the  steel  frame  rafters.  By so doing 
the  conventional inclusion of purlins is excluded  with 
consequent  saving  in  cost. 

Lateral  restraint  is required to prevent  rafters  buckling 
under  combinations of dead  and  imposed  loads. 
Conventional  purlin  systems  assist  prevention of 
lateral-torsional buckling at frame  haunches.  The  tendency 
to such buckling increases  with  the  size of the  portal  frame. 
Lateral  restraint  is  also  important  in  enabling  roof  members 
and  trusses to transfer  wind  loads  through  the  structure 
from  columns  on  the  windward  side. An unsymmetrical 
loading  on  the  roof  may  also  arise  due to snow.  For  these 
reasons,  the  roof  members  should  be  adequately 
restrained during erection  and  in  service so that  they 
remain  straight. 

The fixing of the  metal  sheeting to the  top of the  roof 
member is  therefore crucial and  the  use of fired-in fixings 
in  this  situation  may  not  result  in  adequate  construction. 

The  roof member in  the  absence of purlins  may  not be 
kept  in its right  position  whilst  the  sheeting  is  fixed  unless 
temporary bracing is  used.  Such  bracing  is  frequently  not 
specified by  designers  or  contractors  and  only  reluctantly 
applied  by  the  steelwork  erector if his  price  has  not  included 
for it. Working on unrestrained roof  members  is not 
conducive to quality  roof  sheeting  practices.  Rafters  are 
often  not  supplied  straight to design  standards.  Roofers 
accept  the  steelwork  as  they find it. The quality of 
workmanship required may  not  therefore  be  achieved  with 
the  result  that  unacceptable  distortions  are  locked  into 
frames  and fixings. 

It is  well  recognised  that  ventilation  for  humidity  control 
and venting of contaminated  air  and  the  standards of 
insulation  are  frequently  inadequate to prevent 
condensation at roof soffits. As a result the internal 
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insulation of the roofs of such  buildings can become Major  one-off lifting operations - 
saturated.  Condensation  at  roof level is readily  trapped  on Cranes in regular use for transportation and loadings 
the top surfaces  of  rafters  or  purlins  particularly  those  in 

- .  

contact  with the  cold interface of  the  metal  sheeting. 
Corrosion can then  occur  at  the  fixings. 

The lateral restraint of the  roof  member  is  reliant  on  the 
continuing  integrity of the  small  diameter fired-in rivets 
securing a  protected steel  sheet of possibly  less  than 1 mm 
thickness  to  the  steel  member.  The life expectancy of the 
fired-in fixings  is  not  known. If these  fixings  and/or  the 
adjoining  steel  sheet  degrade by corrosion  or  otherwise, 
these  buildings  may  not be able  to  sustain  their  maximum 
wind  or  snow  loading,  particularly  in  view of the 
imperfections  which  may  have  been  built  in  during 
execution. 

The  Committee  recommends  that the implications of 
modern  erection  and roof fixing  materials  and 
methods  for  the  long-term  safety of  roof  structures 
without  purlins  should  be  investigated. (R12) 

Internal  masonry wails 
In late 1992  the  attention of the  Committee  was  drawn 
to an  apparently  unacceptable level of safety of  some 
internal walls  with  large  openings in small  buildings when 
designed  by  the  rules in the  Scottish  Office  ‘Small 
Building’s  Guide’(50) as compared to calculated  designs 
to  BS 5628(51).  A  similar situation was also  found for 
designs  using  the  rules  in  Approved  Document A: 
Section  1C(52) in use in England  and  Wales  compared 
to  BS 5628. The walls where the  greatest disparity was 
found  were  internal  walls of the  maximum  length 
permitted  with  large  openings  and made  with  the 
weakest  grade of blockwork. 

It  has  been  confirmed  that  the  minimum  strengths  and 
minimum  wall  areas  that  are  given  using  the  Guide  and  the 
Approved  Document  A:  Section  1C  cannot  be  justified  by 
calculations  to  BS  5628.  Previous  tests by  the  Building 
Research  Establishment  on a two-storey  house  designed  to 
Guide(50)  and  Approved  Document(52)  rules  are  said  to 
indicate  that  their  provisions  are  satisfactory  and  that  BS  5628 
gives  conservative  results  in  these  particular  applications. 
Nevertheless it is  understood  that  the Building Research 
Establishment is planning to undertake  tests  on  a 
three-storey  house  which  will  include  investigation of the 
strength of internal masonry  walls  with  large  openings.  The 
Committee is reassured  by  the  steps being taken  to justify 
the  traditional  approach by tests. It is anticipated that  these 
will justify current UK practice  for  buildings  up  to  three 
storeys  in  height. 

The  Committee  recommends  that BS 5628(51) be 
reviewed with regard to internal walls with large 
openings in three-storey  houses if further testing 
provides  clear  evidence  for the adequacy of the Small 
Buildings  Guide(50)  and  Approved  Document  A(52). 

Cranes  as  structures  and  their  operating  safety 
Published  accounts of major lifting operations, a limited 
number of wind-associated  failures  and  other  reports  have 
led the  Committee to consider  crane  use in the  four 
following  categories. 

Cranes fixed at  site 

Mobile  cranes  on  site 

The  most  surprising  event  was  the  collapse of the jib of 
what  was  reputed  to be the  ‘world’s  largest  mobile  crane’ 
(53,54). This  raises  the  question  previously  referred  to in the 
Ninth  Report  as  to  whether  British  Standards  are  adequate, 
whether  they  are  applied,  and  whether  intended  European 
and International Standards still being  drafted would 
reduce  the  likelihood of such  failures.  The  Committee 
doubts whether Standards  are necessarily  sufficiently 
comprehensive  or  appropriate  for  cranes  designed  to lift 
exceptional  loads in special  circumstances  where  the  most 
experienced  specialist  engineering  input  might  be 
guaranteed. 

Nevertheless  guidance  appears  to  be  lacking  with  regard 
to  many  details of crane  operation,  planning,  structural 
checking and operating  procedures  for  major  one-off lifting 
operations.  Such lifts have  been  noted  in  connection  with 
process plant, off-shore  modules,  large  bridges  and 
trusses  for  stadia  structures.  Expertise and responsibilities 
for  such  operations  is,  on  the  whole  vested  in  competitive 
contracting  organisations  whose  bids  may,  or  may  not,  be 
capable of effective  comparative  assessment  from a safety 
point of view.  It  seems  necessary  therefore  that  safety 
criteria and  guidelines  should  be  established  as a standard 
against  which  the  procedures  and  load  factors  appropriate 
to  special lifting operations  may be compared,  taking  into 
account  specific  site  requirements  and  ambient  conditions. 

Tower  cranes  continue  to be blown  down in gales  and 
mobile  cranes  to  be  toppled  due  to  inadequate  support 
from  outriggers.  This  experience  poses  several  questions; 
whether  the  procedures  for  design  and  supervision  are 
adequate,  whether  the  knowledge,  experience  and  skill of 
those  responsible is adequate  and whether currently 
accepted  allowances  for  exceptional  winds,  unknown  soil 
characteristics  or  accidental  events  are  sufficient.  The 
Committee  consider  that  procedures  applied  to  falsework 
in BS 5975,  should  equally be applied  to  site  cranes, 
foundations  and  base  attachments.  There  appears  to  be a 
need for more  detailed  guidance to engineers  and 
operators  regarding  the  assessment of ground  loading 
capacity  for  outriggers.  Whilst  some  large  organisations 
have in-house guidance  on  how  to  assess  safe  ground 
loading  pressures,  the  Committee  believes  that it would 
reduce  overturning  risks if authoritative  guidance  were  to 
be  generally  available. 

The  Committee  notes  that  the  proposed  CDM 
Regulations  require  risk  assessment of site  operations  at 
the  design  stage.  The  hazards  associated  with  mobile 
cranes  operating  adjacent  to  roads,  railways  or  other  public 
places  will  need  to be included  in  the  analysis.  Designers 
may therefore,  even  before  cranage  contractors  are 
appointed,  need  to  include  in  the  site  safety  plans  how 
these  hazards  are  to  be  avoided  or  safely  overcome. 

The  Committee  accept  that  most  crane  accidents  are 
caused by operator  error,  bad  slinging  practices  or  badly 
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maintained plant. The ClTB Mobile  Crane  Operators 
Safety Guide(S5) recently revised,  addresses  some  of 
these  issues. Major crane manufacturers  continue  the 
development  of aids to operators to improve efficiency  and 
control in addition to overload  warnings.  The  limitation of 
crane movement over areas to be  protected and  the 
provision of warning of maintenance requirements  by 
electronic  means are  considered important  contributions to 
the  safe operation of fixed cranes.  The  Committee  notes 
however  that care may  sometimes be necessary to prevent 
electronic interference with  devices  which maintain safety. 
Where this cannot be ruled out  undue reliance upon 
automated control should be  avoided.  There may  also  be 
possibilities of computer failure leading to loss of control 
which need to be eliminated. 

The Committee recommends the Institutions of Civil 
and/or  Structural  Engineers to provide guidance for 
engineers on  the planning and safe operation of 
mobile cranes. 

3.4 Safety  concepts,  design  and  control 

Resistance  to  disproportionate  damage 
The  two  fundamental requirements of a structure  relating 
to safety  are that  it should remain stable  and safe  when 
subjected to the actions (loads) arising in  normal  use  and 
that it should  not be damaged  disproportionately  in  the 
event of accident  or  misuse.  The  latter  requirement  has 
long  been  recognised implicitly as  a basic  tenet of good 
structural  design.  Structures  should  be  capable of 
withstanding  some  misuse and of tolerating minor  accident 
without catastrophic consequences, ie they  should be 
robust. 

Unfortunately  experience  has  shown  that, particularly in 
times of building ‘boom’  with  the  accompanying  growth in 
the  numbers  of inexperienced engineers  who often are 
faced with  innovatory  (at least to them) structural forms, 
this  basic tenet may  not be given sufficient consideration 
or  at  worst it is overlooked entirely. Such circumstances 
were a major contributing factor in the  collapse of Ronan 
Point(56) and the collapses of a number  of  assembly 
buildings of  modest  span  in  the 1970dS7). As a result 
regulations were introduced for certain buildings  which 
ultimately  became  Regulations A3 and A4 in the  Building 
Regulations 1992. These  requirements  to  avoid 
disproportionate collapse are  reproduced in Appendix 4. 

The  Regulation A 4  has,  however,  recently  been 
repealed. As a result,  no  specific  precautions  are  now 
enforceable to safeguard  against  disproportionate  collapse 
in long-span  structures  which may be used by  large 
numbers  of people. The  removal  from  regulations of one 
of the two fundamental requirements  for structural safety 
for the majority  of buildings is a  retrograde step.  Regulation 
A4 may have  been difficult to enforce but by  ensuring  that 
the fundamental requirement is considered in design,  it 
may be argued  that  it  has helped to avoid recurrences of 
the collapses of the 1970s. 

British codes of practice give  guidance  on  the  resistance 
of low-rise  buildings to disproportionate  collapse in a 

variety of ways.  Whilst  nominal  ties and resistance to 
nominal  horizontal  forces  are  required  in  BS 5950: 
Part l(58) and BS 81 10: Parts 1 and 2(59), for  all  buildings 
more  detailed  provisions to prevent  disproportionate 
collapse  relate  only to 5-storeys and  above.  Reliance  is 
placed upon  general  statements  that  robust  designs  may 
be  ensured  by  consideration of structural  layout, 
connections and  bracing. 

Similarly  whilst  reference  is  made to the  need to limit 
accidental  damage  and  preserve structural integrity in 
BS 5628: Part 2@O) and  BS 5268: Part 2@l), there  is  no 
specific  provision  required  for  building of  less  than  5-storeys. 
BS 5628: Part 1,  does  however  point  out  the  need  to  identify 
and  design  against  any  specific  potential  hazards. 

Whilst British Codes  offer deemed-to-satisfy solutions  for 
tall buildings, designers  may  overlook  the  need,  in  some 
cases,  for  similar  specific  precautions in low-rise buildings. 
The  Eurocodes 2 and 3 however  state  the  fundamental 
requirement  for  all  buildings  explicitly: 

‘A structure  shall be designed  in  such a way that  it  will 
not  be  damaged  by  events like explosions,  impact or the 
consequences  of  human  errors, to  an  extent 
disproportionate to the  original  cause. 

The potential damage  should be limited or avoided  by 
appropriate  choice of one  or  more of the  following: 

avoiding,  eliminating  or  reducing  the  hazards  which 
the  structure  is to sustain. 

selecting a structural  form  which  has  low  sensitivity 
to the  hazards  considered. 

selecting a structural  form  and  design  that  can  survive 
adequately  the  accidental  removal of an  individual 
element. 

tying the  structure together.’ 

British codes of practice,  and  also  Regulation A3, referring 
only to buildings of five or more  storeys,  focus  the 
designers’ attention on  the  implications of a local  accident 
or  failure  in  the  structure.  They  do  not  require  an  analysis 
of the  hazards  which  might  arise  as a basis  for  deciding  on 
the  structure and its resistance to such  events.  They  do  not 
encourage  designers  systematically to assess likely 
hazards to the  structure during its life and  then to design  it 
to be stable and robust  against  the  most  significant  likely 
events.  The  Eurocodes  however  indicate  the  need to 
assess  hazards  and to tailor  the  structural  form  and its 
detailed  design  against them. Designs  based on an 
approach of this  type  would  be  more rational. This 
approach  to  the  mitigation of accidental  damage  would 
start  with  the  assessment of specific  hazards  and  the  risks 
in  relation to the actual circumstances.  Such  examination 
would lead to design  better fitted to meet  the  specific 
hazards  which  may  arise  than  that  derived  from  the  present 
prescriptive  solutions.  The  case  for  adopting  this  approach 
is  discussed  further  in  Section 2.5. 

The  Committee  recommends  that the fundamental 
property of resistance  to  disproportionate  damage 
(robustness)  should  be  required by regulations  for  all 
building  structures. ( R l )  
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Use of computers 
The  use of computers  in  structural  engineering  is  now 
widespread as  a result of advances in engineering  theory, 
software  and  microprocessors.  Indeed  the  design  and 
construction of significant  structures  without  the  application 
of computer  technology  has  become a rarity.  Relatively 
inexpensive  modern  computer  hardware and software 
enable  the  determination  of,  for  example,  the  deflections 
of structural  frames  under  self  weight  loads,  or  their  sway 
in wind  or  earthquake  in a few  minutes. The  design of the 
most  complex  building  structures,  masts or offshore 
jackets  relies  on  the  use  of  modern  computer 
technology. 

The  selection of a structural  model  to  comply  with defined 
boundaries  leads  to  computation of the  forces  and 
deflections of individual  members.  This  is  followed  by  the 
design  and  selection of the  members  and  connections  to 
satisfy  the  limits  required by codes of practice  and criteria 
established in the  design  brief.  Such criteria might  for 
example  include a requirement  for  least  weight.  The  result 
is  expected  to  be  a  safe  and  efficient  design  and 
undoubtedly this is  generally  the  case.  The  computer 
allows  more  realistic  analyses  and  more trial calculations 
compared to traditional hand  methods so that better 
optimised  design  results. 

Whilst  recognising  these  major  advances  and 
advantages,  the  Committee  has,  nevertheless,  been 
interested  to  examine  the  possibilities  that  the  use of 
computers  for  structural  engineering  calculations  may  lead 
to  unsafe  structures.  Leading  engineers  have  expressed 
concern  and  published  article^(^^-^^) have  indicated  the 
risks of misuse.  The  Sleipner a~cident(~0) had two  main 
causes, one of which  was an error in finite element 
analysis. 

The  opportunities  for  unsafe  design  through  mistaken 
reliance  upon  computer  analysis,  are  many  and  include  the 
following  possibilities: 

Persons without adequate structural engineering 
knowledge  or  training  may  carry  out  the  structural 
analysis. 

There  may be communication  gaps  between  the 
design  initiator  and  the  computer  program  writer  and 
user. 

A program  may be used  out of context. 

The  checking  process  may  not  be  sufficiently 
fundamental. 

The  limitations of the  program  may  not  be  sufficiently 
apparent  to  the  user. 

For  unusual  structures,  even  experienced  engineers 
may not  intuitively  appreciate  weaknesses  in 
programs  for  analysis  or  detailing. 

Whilst  such  risks  clearly  exist,  the  Committee  believes  they 
are  not  endemic  nor  historically  shown  to be at a very  high 
level.  However  the  Committee  is  particularly  concerned 
that  there may be  an  increasing  trend for structural 
analyses  to be made  using  computers  by  persons  with 
inadequate  structural  engineering  knowledge or training. 

A number of organisations  within  the  industry, 
particularly  the  British  Computer  Society  and  the 
Construction  Industry  Computer  Association,  the  IStructE 
Study  Group  ‘Computing in structural  engineering’  and 
specialist  bodies,  such as  the National  Association  for 
Finite  Element  Modelling,  have  published  guidance(71). 

The  Department of Trade  and  Industry  and  the 
Engineering and  Physical  Sciences  Research  Council 
support  the  SAFESA  (‘Safe  Structural  Analysis’) 
consortium  which  aims  to  establish  best  current  practice  in 
the  specialised  area of finite  element  analysis. 

Standardisation of quality  management  systems,  not 
only  for  software use(72) but  also  for  software 
de~elopment(~3) is in progress.  Structural engineering 
calculations  are  embraced  by a number of the IS0 9001 
cla~ses(~3), particularly  those  relating  to  ‘plan-do-review’, 
but  only  in  imprecise  terms. A number of other  British 
Standards  relate  generally  to  this t o ~ i c ( ~ ~ 3 ~ ~ ) .  

Review of the  available  guidance  and  the  current 
initiatives suggested that  the practising civil/structural 
engineer and those involved in  education  need  more 
precise,  though still general,  guidelines.  Such  guidelines 
would  include  discussion  of: 

The degree of understanding  and  training  required  by 
persons  carrying  out  structural  analysis. 

The  need  to  ensure  that  the  structural  design  initiator, 
the  model  for  analysis  and  the  software  writer  or 
standard  software  supplier,  adequately  communicate 
their  requirements  and  their  product  to  each  other. 

The  precautions  necessary  against  using  software 
out of context. 

A sufficiently  fundamental  check of computer  output. 

The  limitations of software  should  be  properly 
appreciated  by  structural  designers  and  checkers. 

Whether  analysis  and  detailing  models  and  software 
applied  to  unusual  structures  should  be  followed by 
in-depth  proving and checking  routines. 

Correspondence  and  discussions  with  the  industry  (BCS, 
CICA,  IStructE  Study  Group  and  with  structural  software 
specialists in the  field)  indicated  general  support  for  this 
suggestion. A proposal  has  therefore  been  made  to  the 
Institution of Structural  Engineers  that  consideration  be 
given  to drafting a Good  Practice  Guide. 

The Committee recommends the preparation of 
Guidelines for  the  use of computers in structural 
engineering  for  general  practising civil and  structural 
engineers, their managers and those involved in 
education. 

3.5 Inspection,  maintenance  and repair 

Hidden  tension  members  in  buildings 
In all  types of structure  where  there  are  tension  members, 
holding  down  bolts,  bars,  cables, tie rods  and  ground 
anchors or members  supporting  suspended  multistorey 
floors,  the  failure of one member may  overload  other 
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tension  members  suddenly,  and  with  serious results, 
unless  the  system  has been conservatively designed.  This 
sensitivity is particularly associated  with  exposure to 
accidental or corrosion damage. 

As for hidden  tension members in bridges  (discussed in 
Section 3.2), such  tension  members in buildings require 
special  precautions in construction to  ensure  their  service 
life where it is virtually impossible  to  inspect  or  maintain 
them.  Provision for inspection  and assessment  is  possible 

in some  circumstances  and,  with  thought,  appropriate 
provisions  have  been made to ensure that actual or 
potential  weaknesses can  be dealt  with.  The  Committee 
consider  that  such  precautions  should be taken  in all cases 
where  reliance  upon  tension  members  is  unavoidable. 

The  Committee  recommends  that  building 
structures which are dependent upon unique or 
potentially  overloaded  tension  members  should  have 
priority  for detailed periodic  inspection. (R7) 
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4 Future  programme 

The  Committee  plans to continue its interest in topics 
considered  in  this  and  earlier  reports,  and  particularly  to 
monitor  developments  associated  with  its 
recommendations. At the  same  time it will  continue to 
examine  structural  safety in practice  and  relevant  trends 
and  innovations. 

Whilst  taking  note of past and publicly  reported  failures 
the  Committee  wishes  to  develop its essential  role of 
detecting  adverse  trends  which  may  well be signposted by 
isolated  incidents  encountered in design,  construction or 
service life of structures  but  which  may,  for  many  reasons, 
not be widely  assessed  and  compared  with  other  such 
isolated incidents. 

The  Committee  welcomes  input,  on a confidential  basis, 
from  members of the  professions,  industry  and  the  public, 
of information  and  concerns  relating  to  structural  safety. 
Such  input  is  most  helpful  to  the  Committee  in  supporting 
the  maintenance of structural  safety.  It  has led in the  past 
to  many of the  Committee’s  recommendations  which  have 
stimulated  improved  safety.  The  Committee  hopes  that 
engineers and others  will be encouraged  on  reading  this 
report to refer  to them any experiences which could 
indicate  potential  threats to structural  safety. 
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Appendix 1 Terms of reference 

The  terms of  reference of the  Committee are to: 

consider  both current practice  and likely  development 
from  the  standpoint of structural safety. 

be  aware of trends  and  innovations  in  design, 
construction  and maintenance  from  the  standpoint of 
safety. 

consider  whether  unacceptable  risk  exists  or  might 
arise  in the future  and, if believed so, to  give  warning 
to relevant  bodies. 

consider  whether  further  research  and  development 
appears desirable from  the  standpoint of structural 
safety. 

disseminate  the  findings of the Committee  by  a 
bi-annual  published report  and  by  other  appropriate 
means. 

avoid  duplicating the  work of the  Health & Safety 
Executive, of the Institution of Civil Engineers and of 
the Institution of  Structural  Engineers. 

report  to the Presidents of the  Institutions of Civil  and 
Structural Engineers  annually  and  from  time  to  time 
on  specific  issues. 
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Appendix 2 Index to topics  since 1976 

Topic 

Additives - use  in  cement 
Admixtures  (chemical) - use  in  concrete 
Agrement  Certificates 
Air-supported  structures 
Alkali-silica  reaction - safety of structures 
affected by (in concrete) 
Alterations to buildings 
Barriers 
Brick  cladding - Plymouth 
Bridge  access  gantries 
Bridge  assessment 
Bridge  bashing 
Bridges - flood damage 
Bridges - damage  by  ship collision 
British Rail  structures - maintenance 
and  inspection 
Brittle  fracture  in  high  tensile  steel 
Building  Regulations 
Building  Research  Establishment 
Building  Control 
Cavity  wall  ties  and  metallic  components 
Chair-lifts and  cable  cars 
Changes of use 
Cladding 
Codes - influences  on  structural  safety 
Collapse - Hotel,  Singapore 
Computers - misuse 
Concrete  Society 
Corrosion of tendons 
Cranes 
Dam - Carsington 
Dams,  earth 
Demolition 
Demountable  grandstands 
Deterioration 
Disproportionate  damage 
Education  and training 
Engineering  Council - Embryo  Code 
Eurocodes  and  Directives 
Explosions 
Factors  influencing  structural  safety 
Failure  investigation 
Failures  during  construction 
Falsework 
Fee  competition 
Feedback  from  litigation 
FEng  Guidelines  Preventable  Disasters 
Fire 
Fire  Research  Station 
Fires in schools 
Flood  damage - bridges 
Free-standing  walls 
Gale 1987 
Gas  pipelines - high  pressure 
Gas  explosions 
Glazing 
Grandstands  stands  stages 
Ground  anchors  and  reinforced soil 
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6,7 
8,9,10 
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9 
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8 
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€473 
10 

9,lO 
4,5 

Hand-rails 9 
Hazard  and  risk  assessment 10 
Health & Safety  Executive 379 
Hidden  tension  members 10 
Hydrogen  embrittlement 9 
Innovation 9,lO 
Inspection of tendons 3,4,6,7,8,9 
Institutions - rule of conduct 9 
Internal  masonry  walls 10 
Large  panel  buildings 6 
Lighting  columns 4 
Lightning 7 
Lightweight  steel  buildings  without purlins 10 
Liquified  petroleum  gas 2 3 7  
Multi-storey  car  parks 10 
Nuclear  industry  structures 5 
Offshore  structures 9 
Overcladding 9 
Parapets 10 
Partial  factors - size and importance 6 
Pop  Concerts 9 
Preventable  disasters - FEng  Guidelines 9 
PTFE  coated  glass  fibre  sheeting 9 
Public  assembly  buildings 4 
Pulverised  fuel  ash 4 
Regulations  (Building) 2,5,9,10 
Resin  bonded  steel  plates 2,6,7,8,10 
Resins - use of in civil and  structural  engineering 5 
Retractable grandstandskeating 9 
Rising  groundwater 7,8,9 
Risk  assessment 8,lO 
Roofs  without  purlins 10 
Rules of conduct - engineers 9 
Safety  factors 2 3 6  
Ship collisions with  bridges 9 
Shopping  and  leisure  complexes 9,lO 
Site  safety 7,8,10 
Smart  structures 9 
Sportsgrounds 8 3  
Stability of buildings during partial 
demolition  and  reconstruction 4 
Stadia 9 
Steel  plates - resin  bonded 2,6,7,8,10 
Storage  buildings - large  fully  automated 9 
Structural  safety - relationships  to  size 6 
Structures - railway 1 
Stress  corrosion 8 
Suspension  wires 8 
Temporary  structures 10 
Tendons  (corrosion of) 3,4,6,7,8,9,10 
Timber  roof  trusses 2 3  
Tolerances  and  accuracy in building 2 
Tunnels 9 
Void  formers 8,9 
Vehicle  impact 2,5,6,7,9 
Welded  structures 3 
Ynysgwas  Bridge 7 
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Appendix 3 Multi-storey  car  park  structures 

As  part of its discussion  leading to the  Committee’s 
conclusion on 3.2 the characteristics of car  park  structures 
were  reviewed and contrasted  with  the  generality of other 
building  structures. 

Structural  forms 
It was  not until 1976 that there  was  an  authoritative  guide 
to multi-storey  car  park  design(27) and therefore,  during  the 
boom in construction  during  the  1960s, local authorities 
letting mainly  ‘design and build’ contracts  frequently  used 
specifications  less  demanding  than  was  appropriate for 
durable  structures.  The structural codes,  CP114,  CP115, 
CP110 and BS 449  would  have  generally  been  applied to 
such  structures but their proportions  were  unconventional 
compared with  other  commercial  structures  and their 
exposure  conditions  ambiguous. 

Many  substandard  structures  have  already  been 
demolished. In several  other  cases  they  have been 
strengthened  either by the  use of external  post-tensioning, 
by provision of additional top reinforcement  or by rebuilding 
columns  and  by  the  application of bonded  plate 
reinforcement.  Such  experiences  resulted in changes to 
the  design  codes and to the  authoritative  guide  which  was 
updated  in  1984(&). I t  is  currently  again  under 
consideration for review  by  the Institution of Structural 
Engineers.  The  Committee  suggests that any  update of 
these  Recommendations(77) should  include  structural 
inspection and maintenance. 

The  design  module for clear  span  construction is 16m. 
This is a long  span and the  dead load/live load ratio is 
higher  than for most  forms of commercial structure. In 
general a larger  proportion of the live load is experienced 
for longer  periods starting from its earliest use. 

Internal floors are  subject to wetting  and  drying.  The 
movement of the structural frame  due to thermal  and 
moisture  changes,  especially  with a black roof, requires 
special  consideration.  Large  areas of structure  are  involved 
and movement-relief joints are  unwelcome  and, if provided, 
often fail to operate.  Many joints have  leaked  or  were 
wrongly  positioned. 

An  alternative  span  module  was  acceptable  leading to 
shorter  spans  between  columns  (approximately  gm)  with 
cantilevers of approximately  3m on either side. This  was 
economical in depth  of  the  deck  slab  and  the  quantity of 
concrete used since the positive  and  negative  moments in 
the  parking  deck  were  balanced.  Cantilever  performance 
is therefore critical in such  designs. 

Multi-storey  car  parks  sometimes  form part of a building 
with  shops  below and possibly offices or flats above.  This 
requires  load transfer floors which  would  change  the 
column grid  on non-parking floors, producing a heavy  slab 
structure  uncharacteristic of the  other  parking floors which 

might  resemble  the  low  cost  ‘design  and build’ multi-storey 
car  parks.  Parts of such  structures  were  therefore  subject 
to powerful  movement differentials or  stresses  due to the 
different stiffnesses  provided  by  the  parking  and  non-car 
park  parts of the building. Landscaped  roofs  have  also 
been  provided  over  car  parks,  (see  Section  3.1 
recommendations  concerning  roof  gardens). 

Following  developments of the  technology  and  its 
general  wider  use,  unbonded  post-tensioned flat slabs  are 
now  being  used in multi-storey  car  park  construction.  The 
tendons  in  such  slabs  require  particularly  effective 
protection  against  chlorides  from  road salt. The  Committee 
will be continuing to seek  evidence  for  the  long-term  safety 
of these  forms of floor construction  when  exposed to 
wetting  and  drying  without  waterproof protection. 

Deck  structure  condition 
American and Canadian  experience of multi-storey  car 
park  decks  has  revealed  severe  corrosion to a greater 
degree  than  has  yet  been  seen in the  UK(78).  Premature 
corrosion in the  UK  has  generally  been  due to lack of  or 
poor quality of top  cover  concrete in the  deck,  surface 
cracking  and  exposure to aggressive  environmental 
exposure  including  road salts. Generally  there is adequate 
warning of corrosion  through  the  expansion of corrosion 
products  and  spalling of concrete. Such  a  warning  may 
not  however  be  generated in some  cases,  especially 
where  previous  repairs of a  cosmetic  nature  have  been 
undertaken. From  the structural safety  point of view,  the 
critical feature is likely to be the  combination of cantilever 
action  and  high  shear  at internal columns  supporting a flat 
slab  approximately  3m  from  the  perimeter of the standard 
module. 

The tip of the  cantilever  sometimes  supports  heavy 
parapet  walls  which  may  also  serve  as an edge  beam 
acting as  a load distributer along  the full length of the 
cantilever. The  redundancy  inherent in such a system  may 
ensure that serious local strength  reductions  produce  no 
serious  immediate  results, on  the  other  hand,  any 
consistent  shortcomings  in  cantilever  design or 
construction  would  be  made  more  serious. It has  been 
known for incorrect  or  badly  placed  reinforcement in the 
negative  moment  zone of the  cantilever to have  been 
detected  after  construction  and  for  addit ional 
reinforcement to be inserted  and  bonded in epoxy  mortar 
to compensate. In another  case  the  deflection of  the 
cantilever  became  excessive  progressively  over 25 years 
and the  corrosion of the  top steel became so advanced that 
the  structure  was  demolished. 

In  paral lel   with  current  concern  for  bonded 
post-tensioned  bridge  construction,  car  parks  which  also 
use  such  techniques  are a priority for  appraisal.  Enquiries 
have  shown that there  are a small  number of such  car 
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parks. In several  cases insitu full  span  beams were 
post-tensioned  over  20  years  ago  using  Macalloy  bar 
through  the  precast  external  columns.  Although  road  salt 
is only  likely  to  be  applied  to  ramps  and  roof  surfaces, 
experience  has  shown  that  significant  chlorides  are carried 
in and  deposited  on multi-storey car  park  decks  by  vehicles 
when  roads  have  been  salted. 

This  was  emphasised  in  the 1984  recommendation^(^^). 
The  continued integrity of  the  prestressing  is  therefore 
dependent  upon  the  ability of concrete  and  grouting  to 
resist  chloride  migration.  Chlorides  are  known  to  migrate 
through  even  good  structural  concrete and there  is an 
eventual  threat of corrosion if road  salt is carried  on  to 
floors,  even  periodically. Electrical conduits  have  also  been 
found to be spreading  corrosive  liquids. 

Some of the  earlier  structural  steel  frames  in multi-storey 
car  park  structures  have  been  found  to  have  corrosion  at 
the  top  flange  supporting  precast  deck  units.  This is a slow 
form of deterioration  and  evidence of this  problem  should 
be  sufficiently  obvious  before  any  serious result is 
experienced. 

Barriers  intended to restrain  cars  from  falling  over  the 
edge  have  proven  inadequate in some  cases.  Such 
parapets  were  not  always  designed  to  resist  accidental 
loading  or  to  fail in an  acceptable  way.  The  strength of edge 
barriers  is  covered  in  the  later  recommendations(44)  but  not 
all  the  pre-1986  structures  have  necessarily  been 
strengthened  appropriately. 

Column  condition 
The  column  head/beam  zone  is  perhaps a most  critically 
stressed  area  and  most  difficult  to  detail  effectively  to  avoid 
cracking.  In  flat  slab  construction  code  rules  changed  with 
regard  to  the  shear  provision  around  column  heads  in  1972 
and  1984. Also in  1972  provision  was  made  to  encourage 
provision of more  negative  moment  reinforcement  at  the 
internal supports. 

Failure  of a column and re-distribution  of load to adjoining 
columns  would  be  more likely to cause  progressive 
collapse of multi-storey  car  park  structures  than  in 
commercial  buildings  generally.  Provisions  against 
disproportionate  collapse  were  introduced in CP110:  1972 
but  the  nominal tie forces  and  detailing  rules  may  not  be 
as  effective  for  the structural forms used for in multi-storey 
car  park  structures  as  for  the  average  commercial  building. 
Sufficient  consideration  has  been  given  to  appropriate 
degrees of accidental  loading. 

Expansion/contraction  phenomena  have  caused 
structural  distress  in  many  insitu  car  park  structures.  The 
most  serious  consequences  have  been  cracks in columns. 
Warnings of structural  distress  would  generally be evident 
well  before  serious  consequences  are  likely.  Therefore 
owners  should  be  warned  not  to  rely  entirely  upon  concrete 
repairs  without  expert  structural  appraisal. 

Totally  precast  forms of multi-storey  car  park 
construction  often  include  wall-type  columns  in 
combination  with  deck  units of Double  Tee  or I-beams 
similar  to  those  used  in  bridges.  These  systems  involve 
stress  concentrations  at  the  deck  bearings  the  condition of 
which  might  require  careful  examination. 
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Appendix 4 Extract  from  Part A of Schedule 1 
to the Building  Regulations  1991 

This text is also  produced in Approved  Document A 1992 
by Department of Environment and  The Welsh Office 
HMSO. 

Requirement Limits on application 

Disproportionate  collapse 
A3. The  buildings  shall be constructed so that  in  the 
event of an accident  the building will  not  suffer  collapse 
to an extent disproportionate to the cause. 

l 
Requirement A3 applies  only to a  building  having  five  or 
more  storeys (each basement  level being counted  as 
one  storey)  excluding  a  storey  within  the  roof  space 
where  the  slope of the  roof  does  not  exceed 70" to the 
horizontal. 
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