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Foreword

The reality or threats to the safety or tall and iarge buildings was starkiy demonstmted by the
unprecedented events at the World Trade Center in New York on 11 September 2001. Had these events
not occUITed, the World Trade ~ter would no doubt bave continued to give many years of excellent
service. The buildings were not unsafe by any criterion hitherto regarded as being credt"ble in peacetime.

This Report examines what can be leamed from the extreme events of 11 September 200 1 for the futw'e
design of new buildings and the appraisa1 of existing ones. The pm-pose is to assÍst owners and operators
of tall/1arge buildings and their professional advisers to play their part in reacting to the new threats to
the safety ofbuilding occupants. The Report presents therefore initia1 recommendations by the Working
Group on 'Safety in Tall Buildings' following review of damage byextreme events to ta11/large buildings
at the World Trade Center and elsewhere world wide.

The Working Group has concentrated initially on gaining an oveIView of the safety issues arising from
the events of 11 September 200 1. The aim has been to point to directions for improving future provisions
for occupant safety in tall/1arge buildings. The resulting initial recommendations are in no way a panacea
for dealing with threats to the building infrastructure. Rather they indicate possibilities that require

consideration and study.

There are many ways to inflict heavy blows of death and destruction in cities. For society as a whole,
the most etfective measures that can be taken following the events of 11 Septernber 2001 are those
related to improving security in cities (especially aroW1d high 'profile' tall/large buildings, landmarks
and infrastrocture), preventing ten-orists from gaining control of means to make attacks, and the deeper
resolution of conflicts that breed resentment and create the environment in which terrorism flourishes.

The solutions to reducing the probability of a recun'ence of extreme events, such as occurred on
11 September 2001, do not lie within the gift of building owners and construction professiona1s.
This Report, nevertheless, seeks to contribute to public safety by providing recommendations to
assist building owners and their professional advisers to provide buildings and infrastructure better
able to sustain any future malicious attacks with a reduced risk of loss of life. Much further work
and internationa! col1abomtion arnongst construction professionals and others is needed to assist
building owners and their professiona! advisers to optirnise occupant safety in extreme events.

I would like to thank members of the Working Group and others, around the world, who have
collaborated and contributed generously to the preparation of this Report. I would also particularly like
to thank John Menzies for preparing drafts of the report for the Working Group.

John Roberts
Chainnan
Juty 2002
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The collapse of the World Trade Center (WTC) towers in New York on Tuesday
11 September 200 I resulted in a great loss of life. The WTC towers were designed and

, built using good practice of the hrne, in the mid-19608/early 19708. They hadpe'rformed
well for three decades and indeed stood for some time following the immediate damage
caused by the attack. They had a1so performed well in a major bomb attack (1993) and a
relatively large fIre (1975). For construction professionals, e.g. engineers, architects and
construction and facilities managers, involved in the design, construction and
management of tall buildings and other buildings that house large numbers of people,
questions about the safety of such buildings and their occupants came to mind
immediately following the collapses. Dne overall question was at the forefront: Can
tall/large buildings be made and managed so that they will be more resistant to damage
by extreme events caused by malicious acts and so that occupants are better protected and

have more time and opportunity to escape?
The lnstitution ofStructural Engineers therefore convened the Working Group on 'Safety
in Tall Buildings' with the support or fellow professional bodies, industry and the United
Kingdom govemment to review the issues and report. The Working Group was made up
of professional engineers and other pro with wide and intemational experience
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3 The World Trode Center towers

3.1 Construction of tbe two 11 O-storey WTC towers of tbe World Trade Center began in August
1966. They were officially opened in Apri11973. Each tower was 411m high above ground
level, 63.5 X 63.5m. square on plan, witb a centra! core, 24 x 42m on plan, containing:lifts,
staircases and service shafts. Their design and construction are described elsewhere'I.2.3), but

briefly were as follows.

3.2 The towers were examples of a form of building generally referred to as a tube-tower
structure. The whole building fa~ade was used as a structural member, each face
comprising a frame made up of 59 box-section steel columns at 1.02m centres connected
together by deep spandrel beams. Shear connection between tbe two faces at each comer
of tbe building was provided so tbat the frames, together witb tbe floors, fonned a
torsionally-rigid framed rube fixed to tbe foundations. This framed rube was designed as a
simple free-standing cantilever structure to carry alllateralloads.

3.3 Tbe core, consisting of 44 steel colurnns, was designed and detailed to carry verticalload
only. The floors spanned, without intennediate columns, from the facade to tbe core. The
floor system comprised 900mm-deep lightweight steel primary trusses at 2.04m centres,
braced by secondary trusses and spanning between the perimeter frames and tbe core. The
secondary trusses supported a profiled steel deck witb a 100mm lightweight concrete slab
on top and connected compositely to the primary trusses. There were three independent
emergency fIre exit staírcases in tbe core of each building2J. The staírcases did not run in
continuous vertical shafts from tbe top to bottom of each building. Occupants using tbe
stairs had to transfer from one vertical shaft to anotber via a transfer corridor at several floor
levels as tbey descended. There were also 99 separate passenger lifts in tbe core of each
tower with several serving each floor in two groups operated on different power supplies.

3.4 Passive fire protection was provided to the external box columns by spray-applied minéral
fibre of varying thickness, faced with aluminiurn pre-formed sheet externally. The
undersides oftbe floor systems were not protected by a fire-rated suspended ceiling but tbe
steel trusses were protected by a spray-applied mineral fibre. It has been reported that in the
north tower (WTC I), tbe fire protection to tbe ~ses in the vicinity of the aírcraft impact
had been upgraded(2). A series of structural improvements had also been made in tbis tower
that may have helped it to remain standing longer after the aircraft impact.
Compartmentation was notionally horizontal by tbe floor construction, the floor slabs being
cast flush against tbe spandrel beams. At staír and lift shafts, separation was provided by
walls constructed of metal studs witb two layers of gypsum board on the exterior and one
layer on tbe interior. Vertical separating walls varied, some spanning from slab to slab and
others extending only up to the suspended cetling. The effectiveness of tbe compartmen-
tation is likely to have been progressively reduced over the years by tbe installation of IT
and communications systems. No pressurisation or otber smoke control system was used
for tbe stairways, lift shafts or lift lobbies.

3.5 Active fire protection in tbe form of sprinklers had been retrofitted in the towers subsequent
to their construction. Standpipes
three stair shafts.

Overall the WTC towers were light open structures, engineered very efficiently to meet
design serviceability and ultimate limit state conditions for normal dead, imposed and wind
loads. They were also designed to withstand as a whole the forces caused by the horizontal
impact of a large commercial aircraft of the time, a Boeing 707. The overturning effect of
this postulated event would not be particularly severe, being of the same order as the wind
load effect.

3.6

water for hose lines were located in each o•



There was also substantial damage to buildings adjacent to the WTC towers(2). Seven World
Trade Center (WTC7) caUght fire and subsequently collapsed, see Appendix A. The
Marriott Hotel (WTC3), a building with 22 storeys above grade and 6 storeys below,
collapsed under the impact of fal1ing debris from both WTC tower collapses but it did not
collapse pJ;ogressively. In total, ~al or cQDlplete collapse of 10 major buildings occurred
and more than 50 buildings were damaged. Some issues raised by the individual
performance of these buildings are incorporated into the discussion in this Report.

4.6
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The essentia! features of the progressive collapse phenomenon in buildings are therefore
that it requires a loca! damage event to 'trigger' it and, for propagation, it requires growth
of kinetic energy (usually derived from release of potentia! energy) to exceed the energy
needed to collapse the structure beyond the 'trigger point'. The size of trigger event needed
and the vulnerability to collapse propagation depends mainly on the redundancy of the
structure, and the strength, ductility and hence the energy-absorption capacity of the
structure, that is ofthe vertical and horizonta! structural elements and, most importantly, the

connections between them.

In general terms, the more redundant the structure (i.e. the more altemative load paths) and
the stronger and more ductile the elements and connections, the bigger the 'trigger' needed
to initiate progressive collapse and the less will be the vulnerability to collapse propagation.
Reduction of vulnerability requires the structure to be made more robust so that the
threshold for initiating progressive collapse is raised. As a result the probability of it
occurring due to an extreme event CaD be made smaller. There is a need to be aware that
some potentia! trigger events, such as explosions, may load the structure, e.g. floors, in

opposite directions to the forces due to normalloads.

Structures with high vulnerability to progressive collapse are those where release of
potentia! energy occurs when the initia!loca! damage (the 'primary' damage) is a relatively
minor event in the vicinity, such as a local accident or weakening of a critical structural
element. In contrast to cases where collapse is driven by extemal energy (e.g. explosion),
gravity-driven progressive collapse, as occurredat the WTC towers, results in damage that
is usual1y perceived as being disproportionate to the origínal event. Structures that are
highly resistant to progressive collapse are genera1ly termed 'robust' structures and are
those where a more severe accident or extensive weakening is needed in order to make
collapse progressive. In recent times there have been several incidents of partial or
complete progressive building collapse, the best known being the partial collapse ofRonan
Point in London in 1968. Large losses of life resulted in some cases, see Appendix A.

For each ofthe WTC towers, the damage to the vertica!load-carrying columns and floors
from the aircraft impacts was followed by further weakening caused by the ensuing flfes.
The total weakening was then sufficient to allow the potential energy of the part of the
building above to be released and converted to kinetic energy as that part fell under gravity.
This kinetic energy was sufficient to commence destruction ofthe building floors below the



effectiveness in containing a major fire
emergency. Compartmentation and control of air has a wider importance arising from
possibilities of extreme man-made events that use air contamination as the instrument
of damage, see Section 5.5.2.

An option that could be considered is the design for survival of the sttucture until the
compartment contents have bumed out completely. A [Ire engineering approach based
on a natural fire exposure would be needed if this design criterion were adopted. In
recent years two building fires in the United Kingdom, at Broadgate<6) and at ChurchilI
Plaza, Basingstoke, have provided an opportunity to observe how modem buildings
perform in [Ire. In both cases most of the combustible materials were involved in the
combustion process. StructuraI collapse did not occur. Similarly, large-scale
experlmental fire tests on steeI, timber and concrete buildings undertaken by BRE(1) at
Cardington and by B~8) in Australia led to complete 'bum ou• of al1 the fire load. Such
practical evidence suggests that bui1dings, if suitably designed, may be able to survive
complete 'bum ou• without co"apse.

5.3..2 Active fue protection

5.3.2.1 The partial effectiveness of passive protection to keep occupants safe when fires occur
in buildings has led to the increasing use of active [Ire protection in addition to passive
protection. Active protection is usua11y provided in tall/large buildings by sprinklers that
operete automatically as a fire develops, dousing the fire with water. Their role is to
catch a fire when it is stilI srna" and put it out or inhibit its spread. For the WTC towers,
the active [Ire protection by sprinklers was effective in dousing small accidental fires
that occurred prior to 11 September 2001. On 11 September 2001, the sprinkler system
would have been overwhelmed by the fues, even supposing the sprinkler and water
supply systems were sti" operative. Active fire protection using sprinklers is not able to
stop fully developed fires and also is vulnerable separately to 10ss ofwater pressure due
to extreme event damage. Design for flre needs to consider the likelihood and
consequences of failure of the sprinkler system.

Fire fighting, of course, is an important means of active fire protection through the use
by occupants of equipment provided in the building to fight srna" fires and the use by
fire fighting services of their more powerful equipment. However, in tall/large
buildings, there are limits to the size of [Ire that a team of fire fighters can bring under
control. The limits CaD be severely reduced, as was seen at the WTC towers, by the

5.3.1.6

5.3.2.2



phased evacuation is planned, a protected lobby to each stair or a smoke control system
is required. For buildings over 30m high, the building also requires protection by an
automatic sprlnkler system, which makes serious smoke contamination of escape routes

less likely, at least for 'conventional' fifes.

5.4.1.5 TalVlarge buifdingsin the United Kingdom are genmlly designed with a limited phased
evacuation, e.g. evacuating tbe 'fIre floor' and tbe floor above, as the main response to
an emergency. Post 11 September 2001, large numbers ofbuilding occupants are likely
to wish to evacuate over short periods in response to rea! or perceived emergencies.
Effective communications between building management and occupants is clearly an

important factor in maintaining tbe safety of occupants during emergencies.

5.4.1.6 Similarly, issues need to be examined relating to the use oflifts for evacuation (and for
access by emergency services' personnel). In a major emergency a proportion of
occupants are likely to try to use the lifts to escape whatever warnings are given about
not doing so. Evacuation by the lifts used by occupants for normal access/egress may be
possible safely in some emergencies. Where there is a warning of an event, the use of
lifts for evacuation will minimise evacuation time. It may be possible also to use
dedicated fire fighting lifts for evacuation, perhaps of disabled occupants, in some
emergency circumstances. However their use could inhibit emergency services
operations. Evacuation by lift is an established strategy in a few special structures.

5.4.1.7 The use oflifts is more tikety to be safe ifthe shaft is ofrobust construction and the lift
system and its power supply is robust and protected. An important factor in detennining
whether use of a lift in an emergency will be safe is the state of knowledge at the time
of functionality of tbe shaft and the lift system. Monitoring of tbe power system and tbe
air condition is needed to enable the building management to decide whether there is
low(acceptable) risk to occupants, given tbe emergency in band, in allowing use of
particular lifts for evacuation. However, a major Tisk to occupants is that tbey may be
overwhelmed by smoke as they wait for tbe lift. Consideration also needs to be given to
providing emergency 'break-ou• arrangements so that passengers in a lift can be rapid1y
rescued (or can rescue themselves) ifthe lift stops functioning during use.

5.4.1.8 In some countries, including tbe United Kingdom, tbe provision of dedicated fire
fighting shafts is required. Such shafts include stairs, lift and lobby in a protected
enclosure. They CaD be an effective facility for enabling emergency services personnel
to reach the incident location quickly. A further advantage is tbat escape stairs are kept
free for use by occupants evacuating tbe building. Dedicated fire fighting shafts can also
provide protection for water mains and communications links.

5.4.1.9 Diversity in vertical escape options by lifts or stairs is likely to increase tbe chance of
successful evacuations. Options might be increased by placing strof entrances on
different sides of a central core. Options might also be increased by dispersing stairs and
lifts in separate shafts instead of placing tbem in a central core. The balance of
advantage and disadvantage for tbe safety of occupants is not clear. A central core is
usually large and can be built of robust constroction to give good protection. Separate
cores would individua11y be smaller and placed nearer to tbe outside of tbe building
where tbey would tend to be more vulnerable to extreme events. Whatever tbe
arrangement, the stairways need to be independently robust so that damage affecting
one stair is less likely to affect nearby stairways.

5.4.2 Management ofescape

5.4.2.1 Occupants oftall/large buildings have tended to feel secure in normal circumstances and
to be intent on pursuing tbeir usual day-to-day activities. They have tended not to be
particularly receptive to fire drills and to be reluctant to evacuate. The logistics and
expense of completely evacuating a tall/large building and the hazards involved are
considerable even as a fire drill in non-emergency circumstances. For most
emergencies, simultaneous evacuation may be considered inappropriate.

5.4.2.2 The safety of occupants in major emergencies can usefully be distinguished from their



stairs. Situations where there is an acceptable Tisk to using lifts to evacuate disabled or large
numbers of able-bodied occupants need to be identified in escape strategies. The
communications systems provided for delivering advice to occupants are crucial.

Escape depends on the arrangements for managing the evacuation, including advice
to occupants on when and howto evacuatb the building,.the routes to take, and the
assistance by emergency services. Simultaneous complete evacuation of a building by
alt occupants without use of lifts may not be a practical possibility in existing
tatVlarge buildings ifthis was not a design criterion. Provisions for phased evacuation
only, as at the WTC towers, are usually included in designs. However, the experience
of 11 September 2001 indicates that simultaneous evacuation of a substantial
proportion of all floors, is a key requirement in certain major emergencies and should
be planned for. Even where existing talVlarge buildings have been designed only for
phased evacuation, there is need to plan for simultaneous evacuation.

lrrespective of whether evacuation is phased or simultaneous, there clearly needs to be
good communication with the building occupants on when to leave and the routes to
take. The experience at the WTC towers raises a range of issues about occupant
response and management of evacuation in ta1VIarge buildings.

Consideration is needed concerning what information and requests/instructions should
be relayed to occupants for different emergency scenarios and also conceming how tbe

information is relayed. Severat issues arise:

. FollowiQg the World Trade Center events, very large numbers of occupants may decide
to evacuate during the early stages of an incident in a tall/large building. Crowding of
escape routes may then occur, possibly preventing occupants from evacuating affected
floors. Depending upon the effectiveness of compartmentation and ventilation or
control of contaminated air, various parts of escape routes may become contaminated.
Occupants attempting to evacuate the building may then be in more danger than those
remaining ín sítu. On the other band, if the emergency is serious, occupants delaying
evacuation may become trapped and compromise their own survival.

. The information and requests/instructions given to occupantS are therefore crucial.
Occupants need to have a confident understanding of the situation and the evacuation
strategy being used. lnformation and requests/instructions should be based on accurate
knowledge by the building management of the conditions in alt areas of the building
and of the likely changes in each area as the emergency develops. A position often
taken is that occupants should be given as little information as possible. More
considered opinion is that occupants should be kept fully informed. They will then be
in a position to make rational decisions on the action they should take. ft may also be
argued that occupants have a right to expect to be kept fully informed. lt is generally
agreed that people do not 'panic' when an emergency flTSt comes to notice. They tend
to try to assess the situation and, as a result, may delay their escape. A common
procedure is to reassure occupants that they are not in danger but, following the
extreme events at the World Trade Center, occupants of ta1VIarge buildings may not
accept such reassurance without tangible evidence.

. Good communication systems are needed to enable the effective management of
emergencies. The nature and type of communication and alarm systems have a major
influence on the response of occupants. Current guidance, e.g. the CmSE Guide in the
United Kingdom(9), assumes 'conventional' flre emergencies but can be used to model

the effects of extreme events.

Occupant familiarisation and 'training' for possible emergencies can assist them to
remain calm and respond optima1ly to standby or evacuation requests. Training of
occupants caD greatly increase their ability to escape quickly and provide valuable
reassurance about how quickly they CaD get out.

5.4.2.9

5:4.2:1()

5.4.2.11

5.4.2.1%

5.4.3 Interaction with emergency services

5.4.3.1 The collapses ofthe WTC towershave raised new concerns relating to the operational



5.5 Other issues

5.5.1 Security and sarety orcladding, including glazing

5.5.1.1 Cladding, especia11y glazing, can become a hazard when certain extreme events occur
within or outside or a building, e.g. e~plQ$ion ~r fire. For ~ple, glass r~ll onto fire
fighters at the First Interstate Bank Building fiie in Los Angeles from the 12th to 16th
floor levels and spread aut up to 100 reet from the building, see Appendix A.

5.5.1.2 People in the vicinity at ground level near to a tall/large building can a1so be at risk from
falling glazing when an explosion occurs nearby. Another well-recognised hazard to people
in the vicinity or tall/large bui1dings is the detachment or cladding panels. The explosion
in the centre orManchester in 1996, although it caused no fatalities, led to over 800 injuries
almost all or which were due to fal1ing cladding debris, mostly glass, see Appendix A.

5.5.2 Security and sarety orbuilding services

5.5.2.1 Although not demonstrated in the attacks on the WTC towers, a wide range or extreme
events could place occupant health and safety in jeopardy by interfering with building
services (ventilation, air conditioning, water supply, heating/cooling and electricity
supplies, waste disposal and catenng services). In some cases, but not a11, similar
measures are needed to protect occupants to those measures that are used for protection

from the hazard or smoke.

5.5.2.2 Physical damage to services systems can cause loss or functionality or make them
unsare. .contamination by chemical, radioactive or biological substances can have rapid
and widespread hannful effects on occupants. Such hazardous substances may be
delivered by airbome release outside the building at high or low level, or by airbome
release within the building. They may also be delivered by contamination o• water
supplies, by spreading contamination around inside the building through people or
materials that are moved around or by contamination or food or catering equipment.

5.5.3 Security against unauthonsed entry

5.5.3.1 Ta11/large buildings usually have a high 'profile'. They are likely to attract the curious
and those with malicious intent because they are landmarks, often occupied by high
profile organisations. They represent a concentration or cornrnercial value. They contain
large numbers or people and are often multi-functional and have multi-occupancy.

5.5.3.2 Threats may arise from cornrnonly-occurring criminal acts, or from malicious actions
that pase a widespread hazard to the building and its occupants as a whole. Conceivably
they may also arise from the use or sophisticated devices, based on widely available
electronic and infonnation technology, placed in a building, possibly connected to the
buildings' systems and activated when placed, or automatica11y, or remotely at a later
time. In addition, the latter type or threat may be through contamination using chemical,
radioactive or biological agents. Whilst the risks or cornrnonly-occurring criminal acts
can be reduced through currently-available entrance design and security systems,
malicious acts causing widespread hazards require decisions based on a thorough
appraisal or the design and management or the building that establishes how
vulnerability can be reduced and contro11ed.

5.5.4 Implementation or design and construction

5.5.4.1 The sarety or a tal1 /large building may be comprornised by active and/ar latent errors
by those involved in design, construction and management in use, including responses
to emergencies. The underdesign round after the construction or the Citicorp Center
provides a salutary lesson(ll). The human error subsequently found in the design or a ta11
building in Rio de Janeiro after its progressive co11apse in 1998 causing 8 ratalities
provides another example(12). There have also been cases or derective construction or
maintenance leading to serious damage, e.g. ra~ade railures(13). Actions to minimise
these risks to tall/large buildings in the past have rol10wed current practice for buildings
generally, although frequently to a higher standard or attainrnent on the basis or the
perceived importance or the building in question.



6 The new situation post 11 September 2001

6.1 The extreme events that destroyed the WTC towers on 11 September 2001 were
unprecedented in sca1e, bul they were not wholly unique. Aircraft impacts into tall
ouildings had occUrred previously, although not as a deliberate act. Indeed, a further
landmark building, the 130m high Pirelli building in Milan, was hit by a re1atively 1ight
aircraft at the 26th floor level on 18 April 2002('~). Several accidents have also occurred
where an aircraft has crashed in a built-up area of a city. In addition, damage to other
tal1/large buildings caused by accidental or malicious acts, particularly explosions and
fire, has occurred over recent years, see Appendix A.

6.2 The explosion damage events referred to in Appendix A are those causing most loss of
life and darnage to tal1/large buildings in recent years (excluding war zones). Other less
serious events have occurred. In general, reinforced concrete and steel-framed buildings
with well-detailed connections are usually able to withstand nearby explosions without
sustaining extensive permanent damage. Structural damage is likely to be confmed to a
zone close to the scat of the explosion. Collapse of an entire building is rare. However,
building communication and services systems are often rendered inoperable. Most
injuries and fatalities are caused by falling glass, blast-propelled debris, or by smoke
inha1ation. World wide, the incidence of substantial damage to tal1/1arge buildings by
explosions, accidental or deliberate, is infrequent but possibly increasing. Given the
potentiallarge consequences, explosion damage frorn srnall or large devices remains a
major hazard to the occupants of tal1/large buildings.

6.3 The fire damage incidents referred to in Appendix A are those that have caused
substantia11osses of life and damage to tal1/large buildings in recent years. World wide,
substantial fire damage, whether by accident or arson, causing large losses of life is quite
rare although fire incidents in high-rise buildings are cornrnon, with the numbers of
fatalities usually being relatively low. However the potential for large life losses exists
and fire is Dne of the greatest risks for ta11/large buildings. Fire must therefore continue
to be considered a major hazard to the safety of occupants of tal1/large buildings.

6.4 Extrerne event damage to tall/large buildings caused by rnalicious acts is not therefore
a new problem. However, the events of 11 September 2001 have challenged perceptions
of the safety of ta11/large buildings. They have shown that malicious acts caD cause the
total destruction of a tall/large building and result in large loss of life. A new situation
has been created in which a reappraisal of provisions for safety is required.

6.5 Further incidents of extreme damage caused by malicious acts can be expected in the
future. Whilst the Tisk of such events for most cities and buildings is very low, an
ongoing Tisk exists of large explosions, fire or other form of extreme man-made event
aimed at harming occupants and causing damage to tal1/1arge buildings. Other extreme
events that can be expected arising from malicious acts are those that may make
building services (ventilation, air conditioning, water supply, heating and electricity
supplies and catering services) unsafe.

6.6 Natural disasters, such as earthquakes and hurricanes, may also threaten the safety of
occupants of talVlarge buildings and the buildings themselves. Such extreme events are
prevalent in sorne regions of the world. Tal1/large buildings in these regions are
designed to a practical extent to resist these events and protect occupants. Examples of
such events are not given bere. Design philosophy and practice are well developed in
rnany regions of the world relating to common natural disasters. Most buildings that are
properly 'engineered' survive well and generally do not collapse during these events.
Design routines continue to be Ímproved as learning from events occurs. The design and
management provisions made for the survival and safety of occupants in buildings in
such disasters provide a basis for learning in order to improve the safety of buildings in
extreme man-made events such as explosions, f1re and impact.

6.7 It is clear that there is no single or precise answer to the issues of designing tall/large
buildings and their operating and management systems against the wide range of



7.1 Introductlon

7.1.1 The extreme events;of 11 Septeinber,2002 raisethe question ofwhat improvements in the
design of new tall/large buildings, or the appraisal of existing ones, can practica11y be made
for the protection of people when a major emergency occurs. Extreme events that may
cause a major emergency take many different forms. Although many can be foreseen, some
cannot and, in any event, their nature cannot be predicted precisely. Nevertheless the risks
to occupants and the damage they cause can be decreased by the provision of more robust
structures, services systems, fire and other protection, and means of escape, and by the use
of emergency response plans. Enhanced provisions in these areas can give more effective
protection against many potential extreme events.

7.1.2 The design of buildings, and especially tall/large buildings, is a complex process of
evaluating uncertainties and balancing risks and costs. For extreme events, risk management
techniques are available that can assist identification and evaluation of potential hazard
scenarios and choices of design and management provisions, see Appendix C. The design of
fire protection systems, means of escape, emergency access and management is every bit
as important as the design o• suitably robust structures and building services systems. There
are strong interactions between all of these elements and the management of a major
emergency that have a marked influence on the safety of building occupants.

7.1.3 The Working Group has reviewed therefore the issues identified in Section 5 and makes the
following initial recomrnendations of matters for consideration by owners, operators,
designers, and building and emergency services managers of tall/large buildings. To assist
consideration, in-depth technical and economic studies together with review of policies on
the safety of people in ta1l/large buildings are needed. Recommendations are also given
therefore on needs for supporting development and research, see Section 8.

7.2 Vulnerablllty to progresslve collapse

7.2.1 The location, direction and magnitude of the forces that extreme events may exert on a
talVlarge building cannot usually be predicted accurately. In these circumstances, the main
protection against them initiating progressive collapse is to provide a robust structure that
will remain stable even ifa number ofstructural elements are damaged, i.e. suffer 'primary'
damage. Robustness is achieved by use of structural redundancy and structural elements
that are strong and ductile and capable of absorbing a high amount of energy as they deform
under extreme loads. The elements need to be joined by connections with sirnilarly
adequate strength and ductility properties so that altemative load paths are present in the
structure. It is insufficient merely to tie structural elements together. Tying alone does not
inherently provide a ductile structure or one with good energy absorption capability. Fully
tied structures made up of strong elements and connections with good ducti1ity (to
maximise their ability to deform under loRd before they break) have inherent residual
strength and therefore low vulnerability to progressive collapse. Provision of strength and
ductility needs to recognise that the potential directions of extreme event forces may be
opposite to the forces due to normalloads, e.g. uplift due to explosions. In addition, there
are some structural situations where weak tying or no connection between parts of a
structure can protect against the whole structure becoming involved in a progressive
collapse. Knowledge of vulnerability of building structures to progressive collapse is
incomplete and research is needed to improve understanding o• the phenomenon.

7.2.2 Redundant structures have altemative load paths for carrying the loads around parts where
local structural damage may occur. Where a structural element is fundamental to the
survival of the whole structure, its design clearly should be given specific consideration.
Such elements need to be robust in themselves and, if possible, protected from potential
exposure to hazards, e.g. where they are necessarily located near fuel storage that in some
extreme event scenarios might catch fire.

7 Initial recommendatlons



Heating, ventilating and air conditioning (HVAC) systems may be helpful in the control
of fire and occupant survival if linked to fIre detection equipment or informed manual
control. For this purpose, control of ventilation fans needs to include, for example, the
ability to shut them down quickly in a fue-affected zone, and to pressurise adjacent
compartments and escape routes appropriately. ;. '.,

7.3.2.2

7.4 Escape, Its management and the emergency services

7.4.1 Escape routes and emergency services access

7.4.1.1 For tal1/large buildings, a high level of physical protection of escape routes appears
desirable, for example by requiring robust shaft construction and stairwell protection by
ventilation, pressurisation or smoke lobbies. Further examination is needed of the
processes by which smoke may spread during major emergencies and of methods of
providing improved protection of occupants over extended periods in the building and
during evacuation.
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The physical size of escape routes, e.g. stair widths, should also be such that they have
sufficient capacity to allow simultaneous evacuation from a number of adjacent floors and
possibly the whole building. The dimensions of staircases need to be sufficient so that
congestion and delays in evacuating affected floors are avoided in most circumstances.
Escape routes also need to be usable by occupants with a wide range of physical
capabilities. lt may be that properly designed and protected lifts can be used for
evacuation generally. The development of design requirements and operating protocols
for the use of lifts for evacuation is needed. In '[Ire' emergencies, escape by lift needs to
be restricted to floors not affected by the fire as the risk of waiting for a lift on the 'fire
floor' is too high. Lift control systems should be designed so that signals from the fire
alarm system prevent lifts from stopping at 'fire floors'. Provisions should be made for
escape from 'stopped' lifts.
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7.4.1.3

7.4.1.4 Escape route provision should a11ow a11 occupants to evacuate the building without
becoming distressed by congestion or delay. Support systems, e.g. ventilation/air
conditioning or shafts, electricity supply and communications systems need to have
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7.4.3.3
arise.

emergency, rapid identification
required 80 that the optimum management response
that work in a major emergency

feature is the

7.4.3.4

further critical
communication and control system. As far as is practical it should be protected from
becoming inoperable in extreme events.

A performance approach based on time to escape is usually employed in modem flfe
safety design or large, complicated and heavily populated buildings, although these
times on and may not be valid for simultaneous

7.4.3.5

are normaUy based phased evacuation,
evacuation. This is a more rational approach for such buildings compared to the
traditional prescriptions given in codes that use distance as the escape criteria. Code
requirements for maximum travel in tall buildings vary significantly around
the world. A performance be more suitable for major emergencies,

distances
is likely to

including those that are not fire-related. It can be used for existing as well as new

buildings.

In many aspects of life safety in major emergencies, time is of tbe essence. Tirne to
detection of incident, to action by building management to control the incident, to
movement of occupants to a place of safety, and to intervention by emergency services
can all be critical factors in tbe survival of occupants. Further work is needed to improve
predictive modelling of incident development, of movement and evacuation of people in
relation to areas where the air is contaminated by the event, and of protective actions by
management and emergency services(9). These tools may tben be used to identify harmful
areas in tbe building and suggest design solutions and/or management strategies.

In relation to building maintenance and management more genera11y, periodic third-
party audit and certification is recomrnended during building use to make sure tbat life
safety insta11ations are maintained as intended. In addition, tbe management of tbe
operation of the buildings' systems, including emergency response strategies and plans,
should be subject to independent audit and certification to make sure they remain alert

7.4.3.6

7.4.3.7
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involving all emergency services
scenarios, such as train crashes.
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are vital to the survival and safety of occupants. A
location and protection or the building management



respond flexibly to a range of scenarios. Provide redundancy in the siting or plant.

. Make entrances to the building, e.g. lobbies, mail rooms and utilities entries, separate

air distribution zanes with separate air supply and eXb'act

. Locate building air inlets so as to minimise risk of externally released substances

being drawn into them.

. Filter or treat inlet air. These measures are desirable and may be appropriate in some

cases. They are not sufficient slone to reduce risks to occupants from airbome
contaminants. In addition, a flexible capability for pressurisation or depressurisation
of compartment volumes relative to those nearby and to the outdoors, and good
airtightness are desirable to enable control of contaminated air. Such measures involve
large consumption of energy. Provision for natural ventilation may be more suitable
since a higher rate of air change is possible compared to that achieved by mechanical

systems.
. Seal air distnoution systems, including preventing bypass around filters. Make

compartment boundaries good physical ban'iers by sealing unnecessary penetrations.

. Include redundancy and isolation capability in water supply systems. Dedicated risers

for fire fighting purposes may not be the only water supply redundancy that is
justified. Ability to isolate parts of services supply caD be especially beneficial in
preventing growth or an emergency, e.g. ability to stop oil being pumped through
pipes adjacent to a fire.. Control and vet food and catering services.

Surveillance and security measures used in the management or the building CaD also
contribute to reducing risks to occupants from malicious acts against building services
systems, see Section 7.5.3. Access to vulnerable points around and within the building
can be made as difficult as possible and, in addition, fences, grilles and locks can
contribute to security. Access attempts CaD be deterred by the use of CCTV and other
surveillance methods that make apprehension and identification likely. Detectors may
also be used within services systems to detect some types ofharn1ful substances.

In addition to strategies of deterrence and protection described above, methodologies for
clean-up and recommissioning after incidents need to be in place.

.

7.5.2.2

7.5.2.3
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1.5 Other issues

~.5.1 Security and safety of cladding, including glazing

(18) Cladding and glazing systems with minimum propensity to cause injuries
following impact, fire or explosion. .. ~,. .

8.5.2 Security and safety ofbuilding services

(19) Robust and protected building services systems, their performance and control.

(20) The location and protection of plant rooms, water and oi1 storage.

(21) The means of protecting against dispersion of airbome contaminants in and
around tall/large buildings in major emergencies.

(22) The siting and number of air inlets for ta1l/large buildings.

8.5.3 Genera!

(23) Risk management processes.

(24) Strategies for risk avoidance, reduction and acceptance,
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strength, and orientation. Nearly a1l windows on the upwind faces were shattered La1'ge
annea1ed giass windows were blown in and giass shards were projected well into adjacent
offices. Where blinds were drawn on windows, the projectile hazard was reduced noticeably.
It was a1so evident that blast effects or the explosion on the interior were or low intensity. The
only windows to survive on the upwind race or the building were double-glazed in toughened,
1 Omm-drick glass. These windows were round to be crnzed. The 33mm-thick laminated gIass
windows at street level survived without crazing.

Monchester City Centre 1996

A 1.1 O A large bomb was detonated in the central shopping district of Manchester, Eng1and causing
extensive damagelA2). There were no fatalities but many injuries were caused by flying g1ass.
Structuml assessments fo\D1d that the damage caused by the explosion was rnaÍniy to glazing
and cladding panels. Although glazing damage was extensive, it appeare<i 10 be randomly
distributed. Gro\D1d-floor windows relatively close to the blast remained intact, whilst
windows much further away and at high elevation were shattered The worst case of structuml
damage occurred near to the heart o• the explosion where the structural fraine o• a 200 tonne
pedestrian bridge was twisted and lifted off its bearings. A retail store inunediately adjacent
to the site o• the explosion was subsequently demolished

London Docklands 1996

AI.II There were two fatalities and office buildings and nearby homes were damaged extensively
when a home-made vehicle bomb was detonated in London Docklands(A2). There was little
structura! damage to nearby buildings. However gIazing and cladding damage was extensive.
No glazing within 5Om of the blast survived.

A2 Damage caused by &e

Seven Wor1d Trade Center 2001

A2.I The 47 -storey building known as Seven World Trade Center (WTC7) was set on fire by debris
from the WTC tow~ (WTCI and WTC2) when they collapsed on II September 2001.
WTC7 collapsed tota!ly about seven hours later. The co11apse appears to have been due
primari1y to the effects orfire, and not to impact damage from the COl1apsing WTC towefs•2),

The collapse may have been associated with the buming or a large qwmtity or diesel fuel
stored in tanks on the 5th, 7th and 8th tloors, and with nearby steel trusses used to bridge the
building structure over electricity substations. No other case or a fire-protected steel-framed
building collapsing totally in fire is believed to have occun'ed in spite or there having been
severa} cases world wide or large uncontrolled fires in ta!1 buildings, even where the fire has
bumt aut all combustible materials inside. The mechanisms causing the tota! collapse or
WTC7 have not ret been confinned. Loss or stIUctural integrity in one or the load trnnsfer
systems caused by fire has been suggested as the 'trigger' event

Andraus Building. Sao Pavlo 1972

A22 The fire developed on rour tloors of the 31-storey department store and office bui1ding. It then
spread extemally up the side of the building involving another 24 tloors. Wmd and
combustible interior finishes and contents contn'huted to the fire spread The bui1ding was
constructed of reinforced concrete. Its faCj:ade had extensive tloor to ceiling giazed areas, with
a spandrel of only 35Omm in height and projecting 305mm from the face of the building. After
the fire broke through the windows, three to rour tloors above the department store tloors were
exposed to a tlame front The front increased in height as more tloors became involved. At its
peak the mass of tlame over the external fajj:ade was 4Om wide and 100m high and projecting
at least 15m over the s1reet. There were 16 fatalities.

Joelma Building, Sao Paulo 1974

A2.3 Fire started on the 12th floor near to a window ofthis 25-storey office bui1ding ofreinforced
concrete cons1mction. Tbe in situ concrete floor sIabs projected 9OOmm on tbe north wall and
6OOmm on the south wal1. Tbe exterior facade was rnade ofhollow tiles rendered with cement



floor cabling. Window and spandrel glass
ten. There were three fatalities.
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such as New York and Florida feel their specific needs are best met by a locally-developed
code. Some cities, such as New York, Chicago and Los Angeles, also have unique codes that
do not entirely confonn to the local state codes. Many codes in the United States, e.g. New
York City, provide exceptions/exemptions for govemment agencies and public utilities. The
New York City Building Code did not ~ ~ for seismic events when the WTC
towers were designeï and built Requirements for fire (covering compartmentation, fire
resistance and escape routes) are quite detailed.

The Nationa1 Fire Protection Association in tbe United States has produced a 'Life Safety
Code' that is specific to fire<B3). An NFPA task group has developed guidance on perfonnance--
based design.

Many codes for design are largely prescriptive. The relationship to life safety is not a1ways
clear. However, performance-based guidance is becoming more widely established.

This very brief review of some of the regulations that relate to tbe safety issues in tall/large
buildings indicates that requirements are not consistent around tbe world. Tbe differences are
due iargeiy to independent development of reguiations in each countty and local experience
and conditions. Even where reguiations are the same, important differences in the detailed code
roles for implementation exist that may substantial1y influence the levels of safety achieved.

Development work is needed in rnany areas of performance-based design covering the main
safety issues. Perforrnance-based fire safety engineering design is perhaps the area where
development is a1ready well advanced and can be speeded up. The approach has already been
used in the,design oftall/large buildings and other faci1ities witb unique design features, e.g.
airport buildings, railway stations and tunnels. Generally tirne, e.g. time to escape, is likely to
be the perforrnance parameter of greatest relevance in maIlY aspects of building design,
operation and management for extreme events.

The discussion below briefly describes some of the main requirements and provisions of
Regulations and codes of practice in the United Kingdom, United States, Austnilia, Hong
Kong and some other countnes. The discussion is not intended to be exhaustive but rnther to
illustmte tlle large number and different scope of regulations and code requirements that existaround tbe world relating to safety issues in tal1'large bui1dings. .

Bl.9

Bl.10

Bl.ll

Bl.12

Bt.}3

B2 Vulnerabnity to progresslve collapse

B2.1 Some regulations and codes of practice explicitly recognise the design principle for buildings
that damage should not be disproportionate to the cause. Currently, regulations and codes of
practice for buildings in the United Kingdom, United States and elsewhere have different
requirements for design against progressive collapse. In the United Kingdom, there is a
regu1atory requirement, original1y introduced following the progressive collapse of Ronan
Point in 1968, to provide (in buildings over 5 storeys ta1l) structura! resistance with tbe aim of
limiting damage caused by an accident so that it is not disproportionate to the cause. Building
Regulations Approved Document A and British Standard codes of practice give advice on
meeting the requirement During 200 1 the UK Department of Transport, Local Govennnent
and the Regions (DTLR) consulted on proposa1s to amend the Regulations to bring a11
buildings within the compass of the requirement The associated British Standard codes of
practice provide guidance on designing the fonn and detail of structures for ductility and
robustness. Structural elements fundamental to the surviva! of the structure are recognised.
Effective vertica1 and horizontal tying forms the main thrust of the approved design roles.

B2.2 The Eurocode EN1990: Basis oj design(B4) adopts, as a fundamental requirement, the principle
that a structure sha1l be designed in such a way that it wi11 not be damaged by events like fire,
explosion, impact or consequences ofhuman en'Ors, to an extent disproportionate to the cause.
It gives strategies for avoiding or limiting damage a!ong the lines of the recommendations in
Section 7.2. Essentia11y, avoid or reduce hazards, select a redundant structura! fonD with a low
sensitivity to the hazards considered, and design and connect the structure together with strong
ducti1e elements and connections so that it can absorb energy and survive remova! of parts in
an extreme event



BS 476 standard test used in the United Kingdom, the test is not intended to predict actua1
behaviour of the component in a building during a real fire. A handbook of fire protection
engineering has been published by the Society for Fire Protection Engineering<B7J.

B3.4 Australian building codes require fire-resisting construction according to building size,
building over 5 storeys being the highest category. Load-bearing elements are required to
maintain integrity and insuIation for specified times. Lightweight non-combustible materials,
specified for protecting structure from heat, are required to meet prescribed mechanical tests.
Requirements for compartmentation are specified in tenns of tloor area and volume. Fire
stopping of services penetrations is required.

B3.5 In Hong Kong, the Building Code<B8) for fue resisting construction has been derived mainly
from earlier British counterparts. A barrier is required at openings in tloors to prevent the
spread of fire and smoke. Curtain walls extending beyond one storey must be of non-
combustlole materials and have fire stops in sny void between the waII and the building

perimeter.

B3.6 Pressurisation methods required for the control of smoke from fire and prevention of its
spread through a tal1/large building differ across the world. In the United Kingdom, positive
pressurisation of stair wells and negative pressures on fire tloors are required. In Hong Kong,
the fire tloor does not have to be depressurised, whilst in Austrnlia additionally the floors
above and below the fire tloor have to be positively pressmised.

B3.7 OvernlI, the reqUirements for tbe fire protection ofbuilding structures and smoke control vary
significantly around the world In man~ countries, e.g. United Kingdom, United States,
Austrnlia, Hong Kong, Sweden and Singapore, the requirements for fire protection are
obtained from tabulated data of the perfonnance of structuraI elements in standard labomtory
tests. There are anomaIies in the ratings that are derived. Other methods are available for
deriving requirements, e.g. the Eurocode meth0cf89). These methods are based on 'real' fire
scenarios and provide more realistic gas-temperature/time curves that can then be used to
input into structuraI fire anaIyses to give predictions of the behaviour of the load-bearing
system as it is heated by the fire. ProposalS being considered by the ISO/fC92 Committee for
a framework for long-terrn standardisation of fire safety in support of performance-based fire
engineering design may provide an effective intemational forum.

B4 Escape, Its management and the emergency services

B4.1 The Building Regulations of the United Kingdom have requirements in Regulation B 1 for
means of escape in case of fire(BIO). Provisions for early warning of fire and for means of escape
to a place of safety outside the building are required Tbe requirements for escape routes
depend on the use, size and height of tbe building. They cover number and capacity of routes,
distance of trave~ protection, lighting, signing and facilities to limit ingress of smoke or to
restrict the fire and remove smoke. There are aIso requirements for fire precautions that
require a fire certificate for a tal1/large buildingi8ll). The precautions required, in addition to
means of escape, include the provision of fire aIarrns and [Ire fighting equipment. As a whole,
the requirements for fire safety are designed to ensure the provision of adequate geneml fire
safety, means of escape and related fire precautions.

B4.2 Phased evacuation is recognised in seveml countries, e.g. United Kingdom(B'O), Vnitro
StateS(B3) and Australia~, as an appropriate way of evacuating taIl buildings. Tbe Austrnlian
building code provisions for escape require at least two exits for taIl buildings and they must
be fire-isolated and exit within a certain distance to an open space. There are limits to
distances in the building from exits. The slze of the exits is related to the number of people
accommodated in the building. Barriers must be provided to prevent vehicles blocking exits.

B4.3 In Hong Kong, the Building Code is aIso prescriptive but well developed on the basis of the
long history of taII buildings there. Prescriptive measures include stair pressurisation of fire
fighting lift and stair shafts, and provision of reíuge tloors. Means of escape are defined using
totaI evacuation as the escape strategy. Escape stairs must lead directly to a S1reet and exit
doors must be easily operated from within. The width of staircases depends on the number of
occupants. Refuge tloors are required every 20 storeys, except for residential buiIdings where~
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tall/large buildings necessarily embraces consideration of the building as a whole, its design and
construction, m protective systems, operabon, management, and links to dle emergency services.
The process typically includes identification ofpotentia1 events/threats/hazards, assessment ofthe
risks judged against acceptability criteria, and choices and decisions about how tbe risks will be
managed A range of techniques is available to assist, see for example; reference (C6). Although.
there is no certain way of identifying a11 potentia1 hazards and the judgment of what is 8Cceptable
is subjective, the process of thinkíng through different scenarios can be belpful in identifying
those measures - whether simple ar complex - that have the greatest potentia1 within the

constraints ofthe project to improve life sa•ety.

Specific consideration of risk in extreme event scenarios can play an important role in
determining what 'enhancements' should be considered, for example, relating to provisions for
fire:

. The use of phased and simultaneous evacuation.

. Use of lifts for evacuation.

. TaIget tirne for building evacuation.

. Evacuation management regimes.

. Selection and tmining of fire rnarshaI1s.

. Increasing robustness of escape stairs.

. Robustness of fire protection.

More explicit risk management processes a1ong the above lines could become a wider part ofthe
routine of the creation of tall/lmge buildings with potentia1 benefit for occupant sa•ety.
Developrnent work is needed to transfer and develop the relevant risk management processes
used in related industries for tall/large bui1dings.

~
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R espond ing
with stre n gth
The industry is attempting to deliver
the more robust buildings being
demanded. Dave Parker reports.
I t lB 11keiy to be yeam before

any structural design codes

are sigrùficantJy amended fol-
lowing last Year's World Trade
Center disaster.
More research into this type of

extreme event will be needed
before decisioDS are made. fu the
meantime, lacking ofticial guid-
ance, the profession must use its
judgement in desigrùng build-
ings for clients who feel at rlsk.
Certain trends are beginning to
emerge.

-Designers really have only
two options," says Arup Fire
futemational director Peter
Bressington. -We can design the
building to respond to specific
events, such as plane in\Pact or a
ttuck bomb, increasing blast
resistance and nre protectiOn, or
armouring the cores.

-Or we can lay down simple
performance parameteIS: tJ\e
building must be able to lose ODe
fioor without progressive col-
lapse staI1jng, for example, or aIl
occupants must be able to evac-
uate tJ\e building within a speci-
fted ttme; pass1ve ftre protecfJon
must resist specifted impact and
fiexure loads, no velùde must be
able to let doser than a certain

Increased i~ct
protectíonto lift

motorrooms

Gazinwittl g
laminated glass
iI reinforced
frarnes

dístance (to a building) without
passing a security check. ..

Meeting such parameteIS
could be easier than agreeing
what they should be. There is lit-
tle debate, however, over the
need for more robust fire protec-
tion to stnIctural steelwork (see
box). And few would argue that
sprinklers are capable of coping
with major events, despite their
success in Mllan's Pirelli Build-
ing (NCE 25 April).

On one b\r/.zWOM t1\ere is no
disagreement - ductility. Increas-
ing the ductility of the building
frame, especiallyits connections,
would give it the capacity to
absorb more kinetic energy and
remain standing even after mas-
sive local defonnation or 1088 of
major stnIctural elements.

Connections that rotated
rather than sheared would cany
loads longer and allow altem&-
t1ve load paths to develop. A
tloor that sags is preferable to
one that st.ays rlgid unti! it sud-
deniy fails, possibly triggering
progressive coUapse.

But Babtie Group director Dr
John Roberts points out that duc-
tility is not an inherent property
of any cwrent frame designs,

~t..

Steelframe with

more ~uctile
cOnnections
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~
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extra ductillty just by tweaking
current designs..

Detemùning what levela of
improvement may be needed
will be the task of the steel
industry's Connections Group
(NCE 25 Juiy). Owens adJtÙts
current codes and guidance
documents focus on static per-
fonnance and can produce "not
very ducttle" connections
which ultimately fail at the
bolts. Final recomrnendations
are \ikely to take two yeam to
appear - provided someone is
willing to supply the essential
research funding.

Few designers are likeiy to
adopt a "Pirel1i solution" to the
problem of providing secure
escape routes after a major
event.

Three w1deiy separated cores
would be hard to fit
econolTÙcally into a standard
medium to high rise project. But,
says Roberts, even with a single
core, ft would mate sense to
position the escape stairs 88 far
apart as possible.

steel or concrete. "Careful detail-
ing is essential," he says. "This is
particulariy trne where large
transfer structures are involved,
ason WTC7."

"We are looking at a mediwn
rise project in London that will
sít on a transfer structure sup-
ported by just a few large
colunms," says Roberts. "Analy-
sis of what wo\Ùd happen tf
ODe of tJ\ose colunms was lost
has 50 far showed no signiftcant
advantage for eitl\er stee1 or
concrete."

According 00 Steel ConstJ'uc-
Uon Institute director GraIwn
Owens, most buildings of up to
50 storeys, in tJ\e UK at least, will
continue to have concrete cores
and steel gravity frames. "This
will still be tJ\e most economic
option, " he maintains. "And UK

design codes a1ready produce
pretty robust frames.

"But it may be necessary to
modify connection design to
give more capacity for energy
absorption and rotation. rm con-
tldent that we can get a lot of
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Users demand more

safety provisions
Clients and tenants are driving calls
for better evacuation and fire
resistance provision in high rise,
reports Alan Sparks.

ing problem i•s a securtty prob-
lem' is just not relieviI1g client
anxieties.

"Tenants of tall buil~ are
demanding to lmow exactiy how
long it would take them to get
aut of the building tf anything
happens."

Following the events of last
year, Canary Wharf undertook a
ftre drill to see just how quickly it
could complete a total evacua-
tion. 'nmed at just 18 nùnutes,
the effect on the tenants was no
doubt reassming, altl\ough lift8
were used.

The use of li1ts as emergency
escapes has been suggested in
the joint ICF1IStnIctE and
ASCE/FEMA reports as a way of
irnproving evacuation dmes.
But tJùs is forbidden in fires
accordlng to CUlTent reguia,.
DOns. Firefighter access 11ft
shafts can be used, but these

nitial fears that c1ients would
away from taIl buildings

appear unfounded. But as
London gears up for its next
wave of skyscrapers, more

questions are being asked of
designers.

"Now our c1ients want to
know exactly what emergency
evacuation has been consid-
ered,. explains Richard Ttùe-
mam\, director at taIl building
structural engineer Yolles.

"Once an explanation oc the
level of code requirements has
been made, the c1ient has gener-
ally felt assured. But tlús Is detl.-
nitety of greater concem to
tenants than in the past. They are
aJso seeking greater reassurance
over robustness," he adds.

Arup Fire httemational direc-
tor Peter Bressington adds:
"Trying to say that the lesson of
September 11 is 'I•s not á build-
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have a Iùgher ftre proteclion,
Incre88ed water tightness and
have p~ or back-up
power suppIies.

To retroftt a public 11ft shaft.
wowd be very costly and disrup-
tive, &ccording to 'nùemann.
But there are sbnple and com-
paratively Inexpensive options
open to buildb\g owners that
1rin reduce tota1 evacuaDon
times by ~

-By improving lightin& venti-
1ation, bandraiJs and m~
importantly tlaInjng and Infor-
mation, buildings can very
quickly become much safer,"
statM US building ~ and súety
conswtantJake PauJs.

PauIs calcu1ated tlte evacua-
tion time for d\e WTC at 100
minutes. But in 1993 when d\ere
was a bomb In tlte lower 8ection
of the building, 1t took ejght
bota for people to evacuate,
maInly due to tlte lack of infor-
mation avaiJable to tltem.

-Practi8ing these driIJs a1l0WB

tenants to know wbat to expert
It ta nornlal to have a period of
queuing on d\e stairwella, but
Im1e88 )'OU expect that some
people will panic."

Bre88ington reporta that
manytaDbuUdingownemare
now recpJesting ~ com-
puter simu1ations of post trau-
matic event evacuadons. -We
recentJy studied a 60 8orey
oMce block In New York - and
discovered a problem.

-Simulations showed that d\e

final exjt was fradiOnally too
naJTOW and people would jam
up there. Simpiy widening thIs
door tral\sfomted ~ evacua-
tion Into a pofentja1ly smooth
and rapid exerclse..

Significant increases in the
abillty of the building to absorb
blast ar ÍDlpact are more diaicult
and expensive to achieve.
Britiab codes demand that any
stJ'ucture over ftve storeys must
remaln st8I\ding aft.er the
removal or a sIngle column. This
~ more d\an Is deJIw\ded In the
US but some designers and
clients reel it Is stillinadequate.

~ know or one steel framed
building under construction in
London which has signiftcantiy
Increased its degree or redw..
dancy foUowing the events of
September II,. adds 'nùemann.
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There was a lat of OYeI1Ianging
glass, buildings requiring
t~ary stabilisatioo. It was
initiaiy really a case of corcklring
off MyttIing whK:h was ready to
come dOYt11.

, was engileer'rlg 'on U1e fIy' -
desians and drawings by hand.
We'd be toId 'a crane roost go
here', 50 we used ()li' most
expenenced ~ to do
quick calculations Md sketches
which woold be sent to steel
fabr1cms, c~ no Autocad
drMngs.

.Our teams worked 14 hours
a day, and the mecia began to
recocnisetheroleplayedbythe
engileering profession which
went ~ a few notches in the
~ eye..

Dan Cuoco, president of
consultant Thornton Tomasetti
Group, the ftrst enlineerin&
consultant contacted by the
City 01 New York sfter the
disaiter.
"'Ne could see ít from the roof cf
our offices 50 saw it M. I
remember thlnkina it was
remarkable the tCMers stood ~
after the impact ~ then I ádn't
feel there was a risk of collapse. I
was just thinkina ttIat somehow
theý d IXIt the flres ool The
~dine was ~, the Fre
Department was there.

-we mobiIised around 35
eI1Ii1eers to site next morTW1g.
~ already there were more than
1,000 workina on the site with
peopIe clinDng rNer the pile.

marerial - at a higher CO8l
But ma1dng buildings more

robust and more fire resistant
can ~ eIiminate the risk of a
~r catastrophe ~ by tel.
rorista, says ICE structura1 board
dIaim\8n Gordon MastertoIL

8No matter how impregnable
a bu1lding Is designed to 00,
terroristB can a1ways build a
bigger bomb,8 he says.

8 Aa engineem, we must

~ ensure that clienm
tmderstand what is rea1isdc. We
do not want to end up chaing
our own tails."

Popular in Asia is the incl~on
of refuge &reas in megatowers.
The COmpal1mentB, often lobby
area8, have added ftre protection
to a1low tenantB to gather in the
event of aftre.

CUent pre8\n can al8o yield
changes later b\ the procure-
ment process. A London omce
tower under constroction will
bave more robust ftre prot-
ectton to its steel frame than
orig1nal1y spedfted. A bigher
pertom\ance PortJand cement
b88edcoa1ingwillbeused
rather than gypsum-based
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