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SECTION 1

GRA 2.1 Rescues from confined
spaces

2.1.4 collapsed stuctures

Scope

This generic risk assessment relates to the foreseeable hazardg and
collapsed structure incidents attended by Fire and Rescue
starting point for Authorities to undertake their own asse N pftext of
local conditions and existing organisational arrangem

Depending upon the circumstances, buildings of the sa e of construction
may collapse in different ways. Collapsed str ntain volds in which trapped
persons can survive for comparatively lon [ understand where these

refuges may occur, it is necessary to be aw. ristics of various types of

Framed buildings

The structural load in th ildi the floofs and roof, are supported by a skeleton
or frame of steel or rei

pport all of the structural loads. This is the traditional form of
[ted Kingdom. Walls support floors and roofs, and a traditional brick
ual. If the load bearing walls fail along with columns or floor beams,
extensive collapse generating significant amounts of debris. Voids

Structures other than buildings

Many structures lie outside the category of ‘buildings’, for example:

e bridges
e monuments

e tunnels

Generic Risk Assessment 2.1 — Rescues from confined spaces 5
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* Dpiers
e railway infrastructure
e |eisure facilities and stadia.
The collapse of such structures will require specific assessment, however, the principles

contained within this generic risk assessment will still apply.

Temporary structures

Fire and Rescue Authorities must also consider the risk posed by temporary structures,
for example:

e scaffolding
e fair grounds
* cranes

e temporary stands at events, particularly where large n
present.

Buildings under construction or demolition also pose specific
Authorities will need to assess.

This generic risk assessment will be reviewed fo
from date of publication. The Operational Gui

The Operational Guidance Strategy
required within this period.

Significant haza

afe structures

e to a loss of stability, in that the basic shape and

own hazards &
categorised as!

d likely areas for survivors to be found. Collapse patterns can be
ternal, external or total collapse.

INTERNAL COLLAPSE
Types of collapse in this category include:

PANCAKE COLLAPSE

There is a failure in load bearing walls or an upper floor fails and falls horizontally (or
pancakes) on to the floor below. The added weight causes this and subsequent floors to
fail and fall to a lower level (not always to ground level). Pancake collapse is sometimes
referred to as progressive collapse and mistaken for total collapse.

6 Generic Risk Assessment 2.1 — Rescues from confined spaces
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LEAN TO COLLAPSE

A supporting wall, column or beam fails at one end. Triangular voids are created beneath
and can offer refuge for occupants.

‘V’ COLLAPSE

Heavy loads from above cause a collapse at a given point of a floor level. The excess load
causes the point to fail in the middle. This creates triangular voids that can act as safe
havens.

TENT COLLAPSE
Structural supports fail near the outer walls but remain in-situ on the interior load-bearing
element.

EXTERNAL COLLAPSE
Types of collapse in this category include:

90° ANGLE COLLAPSE

A wall falls outwards to a distance that is at least equ
the wall hits the ground.

its t. Debgs will spread as

CURTAIN FALL COLLAPSE
Much like a curtain cut loose at the top; wal
pile near the base of the wall.

down and create a rubble

llapse

INWARD/OUTWARD COLL E

Walls crack horizontally in
outwards.

e top usually falls inwards and the lower half

TOTAL COLLAPSE
This is the mg ural failure and occurs when all the floors have

2 as a result of more than one mechanism, eg a building with a

ng subjected to a fire will increase the likelihood of failure and

is important that both the mechanism of structural failure and any indicative
signs ardlilentified as they may indicate if further collapses are possible. This information
must be iNncluded in all risk assessments and may affect the rescue tactics employed.
Reasons for structural collapse include, but are not limited to:

FIRE

The effects of a fire may weaken floors and supporting columns, push out walls through
the expansion of steel beams, whilst water used in firefighting may increase the imposed
load on a building. A steel structure although left standing after a fire can be significantly
weakened.

Generic Risk Assessment 2.1 — Rescues from confined spaces 7
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EXPLOSION
This mechanism of collapse can be sub-divided into three main categories:

Category 1: Ignited gas or vapour explosion

Leaking gas can reach an ignition source and ignite with explosive force creating an over-
pressure within the building.

Category 2: Explosion due to fire

Flammable substances (dust explosion, detonation, backdraught etc) involved in a fire can ignite
with explosive force.

Category 3: Explosives

Can cause collapse or partial collapse of a structure as with the Grand Hotel bombing in
Brighton or the bombing of the Murrah Building in Oklahoma City.

wave propels debris at very high velocity and, in a large explosio
short duration ground shaking. In some cases of blast damage th

further away from the centre of the blast. In these circu
casualties to be buried some distance away from th

STRUCTURAL DEFECTS

Alternatively, th@ground on which the building is constructed may weaken to such an
extent that it is unable to support the weight of the building. Liquefaction, where the water
content in the soil increases to such an extent that the soil loses all cohesiveness and
strength and the building literally sinks into the ground, is the most common form of
failure.

EXTREME WEATHER CONDITIONS

Mechanisms such as very high wind speeds may exceed the ‘designed limits’ of the
building. Wind forces exert themselves on the exterior of a building; pressure on the
windward face, suction on the leeward face, and lifting forces on the roof.

8 Generic Risk Assessment 2.1 — Rescues from confined spaces
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Severe flooding, particularly where the building is inundated by flowing water, causes
similar pressure and can also act on the foundations.

Heavy rainfall may also cause flooding in confined spaces and air pressure can have an
effect on the motion of gasses.

High winds may affect insecure building sections in precarious positions.

Wind and water can project items against the structure — further weakening it and
increasing the likelihood of collapse. Snow and water lying on horizontal roof surfaces
increases the imposed load on a structure and can be the cause of failure and collapse of
the structure.

Severe weather conditions, such as ice, very low temperatures during
nighttime, may increase the risk of hypothermia to casualaties.

TRANSPORT COLLISION
Many incidents have occurred where a form of transportat] al ‘ ehicle or
train, has collided with a building or structure resulting in [
attack on the World Trade Centre in New York in 200
always as the result of an accident.

Associated hazards

include vy plant, cranes etc that must only be operated by suitably qualified personnel
in conjunction with an appointed assistant to guide and oversee operations.

LARGE NUMBERS OF PEOPLE

Depending on the nature and use of the structure concerned, large numbers of people
may be exiting (or attempting to exit). As a consequence of their injuries and/or the
stressful environment they find themselves in, these persons may be in an agitated or
hostile state. Responding personnel must be mindful of this fact and assess the situation
accordingly prior to the deployment of crews.

Generic Risk Assessment 2.1 — Rescues from confined spaces 9
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Circumstances of this nature may also have a detrimental effect on the initial information
gathering process and create problems for the Incident Commander in obtaining the
pertinent details from persons within the structure. Reference to site-specific risk
information must be considered by way of assisting in verifying any information obtained
by persons involved within the incident.

UNEVEN/SLIPPERY TERRAIN AND SURFACES

The nature of the working environment, coupled with environmental factors can give rise
to potentially hazardous surfaces. Responding crews need to be mindful of the fact that
visible surfaces may be unstable/slippery. In addition, other hazards such as excavations,
potholes and trenches may be covered by debiris.

FIRE/HEAT/SMOKE
In addition to the collapse element of the incident, responding crews will, gl likelin®

phases of the incident to prevent further escalation and reduce
backdraught, flashovers, explosions etc.

FLAMMABLE/EXPLOSIVE ATMOSPHERES/HAZMA
Flammable and explosive atmospheres may alread '
leaking gas percolating through the debris and hgi

may be required. Fire and Rescue A i st also be aware of the potential for
substances to combine and cre ardous substances.

HEAVY DUST LOADS/AI
The nature of collapsed stru

ill generate large quantities of dust; as a
ce of search and rescue operations
t utilised. Such dust may be inherently

DAMAGED LITIES

Gas, electricity and water services may be affected/damaged as a consequence of any
structural collapse. This can create the potential for leaking gas, localised flooding and/or
exposed electrical services to be present. Isolation of services must be considered in the
early stages along with liaison with the appropriate agencies to provide advice and
assistance. The list of utilities will depend on the building; a hospital for example may have
piped steam / and/or oxygen. Unusual services such as these must be identified in the
site-specific risk information and this must inform the Incident Commander.

10 Generic Risk Assessment 2.1 — Rescues from confined spaces
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UNSTABLE STRUCTURAL ELEMENTS

Search and rescue activities, movement of vehicles, use of equipment and secondary
improvised explosive devices can all contribute to the potential for secondary collapse.
Responding personnel must be mindful of the need to liaise with supporting agencies and
Fire and Rescue Authority specialists in order to provide appropriate safe systems of work
to enable operations to be undertaken in as controlled an environment as possible.

Provision of structural monitoring equipment can provide detail of structural movements.
Shoring of such elements can reduce the risk of compromising fire and rescue personnel
working in the vicinity.

EXPOSED SHARPS/PROTRUSIONS

Reinforcing bars within concrete and glass in windows/doors and similgs@meaings may

must be employed.

MANUAL HANDLING ACTIVITIES

extrication of casualties. Appropriate training i [ eam lifting
techniques must be provided in addition t cilitates lifting and moving

must be given to the location of logis
distances as much as possible.

As well as the risk of m juries resulting from inappropriate/incorrect
manual-handling tech
bodily fluids as a result@htheir injuriegy Fire and rescue personnel must be provided with

nt purposes. Training and liaison with colleagues from
& tcams and/or paramedic teams can assist in this process.
gcquipment including gloves must also be utilised.

0 be given to the potential for post-traumatic stress as a result of

Robust §f&@cedures need to be employed when working in confined spaces. Every effort
must be made to obtain as much information about the environment as possible prior to
committing personnel into such areas. Specified hazards as detailed in the Confined
Space Regulations will dictate the nature and level of response. Fire and Rescue Authority
Crews can secure assistance from urban search and rescue, mines rescue service and
mountain rescue teams.

Generic Risk Assessment 2.1 — Rescues from confined spaces 11
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WORKING AT HEIGHT

Only essential resources must be deployed at height and the provision of appropriate
work positioning/fall arrest equipment provided. Fall zones for debris and/or equipment
falling from height must be implemented, as must the requirement for all personnel to don
the relevant personal protective equipment for the environment. Such equipment must
include the provision of adequate head protection.

NOISE AND VIBRATION
Usually generated by rescue equipment and operations. Crew rotation is essential in order
to reduce exposure, as is a robust means of monitoring and recording noise and vibration
exposure. Suitably rated hearing protection must be provided and personnel must be
encouraged to keep warm as this aids blood-flow and circulation which assists in
reducing the effects of utilising vibration producing equipment.

IRRESPIRABLE ATMOSPHERES
Irrespirable atmospheres include areas which are oxygen deficient/
contaminated by hazardous materials. Even when an atmosph
safe it can quickly deteriorate and must be regularly monitor
remembered that exhaust fumes from appliances and porta
atmospheres hazardous.

FLYING DEBRIS/SHARDS

employed to reduce hazards of this
guarded and utilised by suitably Liai

This can cr in identifying roles and responsibilities on the incident ground.
nd rescue personnel must be suitably donned in the appropriate
personal prote@llye equipment to make them readily identifiable. Where relevant,
appropriate tabards that accord with the Fire Service Manual for Incident Command must
also be employed. Robust cordon management procedures must also be adopted to
reduce the risk of freelancing and personnel deploying into areas of the incident that they
may not be trained or equipped to deal with.

12 Generic Risk Assessment 2.1 — Rescues from confined spaces
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Key control measures

Planning

Planning is key to enhancing the safety of firefighters and others likely to be affected by
Fire and Rescue Authority operations. Each Fire and Rescue Authority’s integrated risk
management plan will set standards and identify the resources required to ensure safe
systems of work are maintained.

Each Fire and Rescue Authority must assess the hazards and risks in their area relating to
this generic risk assessment. The assessment must include other Fire and Rescue
Authorities areas where ‘cross border’ arrangements make this appropriate.

operational capability of personnel, appliances and equipment._In pa
must be given to the physical and psychological pressures
may apply to fire and rescue personnel.

Site-specific plans must include:

e levels of response
e relevant standard operating proce@lres

e tactical considerations, inclu
and access points

ren 0OUS points, appliance marshalling areas

formal notification to person(s)

e identification and, wh
[ scue Authority operational limitations

responsible for t

e consideration
teams.

ist resources, eg urban search and rescue

inspections{@ [ escue personnel — for example, those covered by section
7(2)d and 9 8 Rescue Services Act 2004.

e health and safety events
¢ |ocal authorities
e |ocal resilience fora.

Involving others in planning is an effective way to build good working relations with partner
agencies and other interested parties, such as site owners.

Generic Risk Assessment 2.1 — Rescues from confined spaces 13
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Fire and Rescue Authorities must ensure systems are in place to record and regularly
review risk information and that any new risks are identified and recorded as soon as
practicable.

Fire and Rescue Authorities must ensure that the information gathered is treated as
confidential, unless disclosure is made in the course of duty or is required for legal
reasons.

Planning, along with risk assessments and any relevant guidance, must be the basis for
the development of standard operating procedures and the provision of suitable
equipment.

Fire and Rescue Authorities must consider the benefits of using consistent systems and
formats to record information from all sources. Consideration must also be gi
timely access will be provided to information to support operational decis;

capacity of fire and rescue personnel to assimilate information
complexity of the incident. Therefore, arrangements may ne
on more than one system.

Further guidance on planning can be found in the n
Rescue Service Operational Risk Information, Segtion
information system (PORIS).

[sion of operational

http://www.gov.uk/government/uploads/sys ttachment_data/

file/5914/2124406.p

uploa

Competence and traini

e and trainin

When formulating a compet
consider the following points:

tegy, Fire and Rescue Authorities must

on the€ompetency framework, national occupational standards and any
individual training needs

¢ Training and development programmes must:
— follow the principles set out in national guidance documents

— generally be structured so that they move from simple to more complex
tasks and from lower to higher levels of risk

14 Generic Risk Assessment 2.1 — Rescues from confined spaces
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— typically, cover standard operational procedures as well as ensuring
knowledge and understanding of equipment and the associated skills that
will be required to use it

— consider the need for appropriate levels of assessment and provide for
continuous professional development, to ensure maintenance of skills
and to update personnel whenever there are changes to procedure or
equipment, etc

— include personnel involved in other processes that support the emergency
response, such as planners devising procedures and people procuring
equipment

— consider liaison with Fire and Rescue Authority urban seg and rescue

teams and subject matter advisers.

Command and control

about the incident to make operational decisions in wh
dangerous, fast-moving and emotionally char

Generic Risk Assessment 2.1 — Rescues from confined spaces 15
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RECONNAISSANCE AND INITIAL SCENE SURVEY

This phase is concerned with the identification of hazards, information gathering, and introduction
of control measures, assessment of assistance and resources required and the application of

the incident command system. This phase would normally be completed by the attending Fire
and Rescue Authority pre-determined attendance, prior to the arrival of urban search and rescue
resources but can be undertaken in conjunction with an urban search and rescue subject matter
adviser if requested.

ELIMINATION OF UTILITIES

This phase is concerned with the controlling and isolation where required of gas, water and electricity
supplies to the incident location — as identified during the reconnaissance and initial scene survey
phase.

PRIMARY SURFACE SEARCH AND CASUALTY EXTRICATION

This phase is concerned with the prioritising and removal of any casualties immediatg

committed, the minimum number required must be employed. |
methodical to ensure all accessible areas are covered.

from committing
advice/intervention.

rity pre-determined
rescue personnel must
pass this to the Incident Commander

areas and areas create
urban search and resc

se. Such operations are conducted by specialist
Fire and Rescue Authority personnel can assist in

ecifically adopted tasks and operations implemented in order to
ss/egress into a collapsed structure. Operations may include breeching and
al of large slabs or elements of structure in order to gain access to trapped

machirtery. Any debris removed during this phase must be removed vertically, so as to reduce the risk
of disturbing any existing voids and creating further collapse. Consequently, any trapped persons still
within the incident will have a greater chance of survival during this phase. Rescue teams must still be
on standby during this phase in order to access any previously undiscovered voids.

It is important to note that as far as is reasonably practicable, Incident Commanders must be satisfied
that all has been done to ascertain that the area being cleared during this phase is clear of any
trapped persons and that the debris being removed is done so in order to create better access to
other areas, or to clear an incident. If any doubt exists as to the possibility of the presence of any
trapped persons, measures must be taken to ensure the minimum amount of disturbance of the
scene in order to safeguard anyone who may still be trapped below the surface.

16 Generic Risk Assessment 2.1 — Rescues from confined spaces
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In addition, the Incident Commander must be aware of the need to instigate and request
command support from a variety of sources:

Safety Officers

The early appointment of one or more Safety Officer(s) will assist in supporting a tactical
plan to address risks so they can be eliminated or reduced to an acceptable level.

A safety decision-making model must be used to brief Safety Officers regarding the
nature of the incident, the allocated task and prevailing hazards and risks. The Incident
Commander must confirm that the Safety Officer understands:

e their role and area of responsibility
e allocated tasks
¢ lines of communication

e current information about hazards and risks.

Those undertaking the Safety Officer role must:

* be competent to perform the role

e ensure fire and rescue personnel ar
equipment/respiratory protective

rsonal protective

e monitor the physical conditi i onnel and/or general or
ccordance with their brief

e task, size of the incident and scope of responsibility must

roles, but the &
j 8 [Nncident Commander when determining the supervisory level

be dered b

Fire and Rescue Authorities must ensure that training and other measures (such as aide-
memoires) are in place and available to support those staff liable to undertake this role.

Urban Search and Rescue Subject Matter Adviser

Urban Search and Rescue Subject Matter Advisers (SMASs) are personnel from Fire and
Rescue Authorities who have been identified as having the relevant skills and knowledge
to enable them to provide tactical advice and operational planning assistance to an

Incident Commander and/or the nominated support officers at Silver or Bronze levels at

Generic Risk Assessment 2.1 — Rescues from confined spaces 17
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incidents involving structural collapse. Such personnel may also offer support and
detailed capability advice as part of the National Coordination and Advisory Framework in
response to level 4 (major) incidents.

The Incident Commander must consider:

* requests for urban search and rescue teams and local authority building control
officers

e establishing safe cordons around the site to control operations
e briefings for all crews on hazards and control measures

e designating areas for emergency teams/reliefs etc

e requests for specialist personnel from the national urban search a
capability

e liaison with other agencies.

Personal protective equipment

Fire and Rescue Authorities must ensure that all personal pr
is fit for purpose and meets all required safety standards. Wh

visible against the operational backg
Commander and other manageri defined in the national incident

All fire and rescue personnel @llust use appgopriate levels of Fire and Rescue Authority
provided personal proiesti i respiratory protective equipment as

ty event, near misses, personal injuries, exposure to hazardous
ces etc must be recorded, reported and investigated in accordance with
legislatlive requirements

e Arrangements must be in place to either remove all contamination from personal
protective equipment or ensure its safe and appropriate disposal. Checks must
also be made to ensure the equipment maintains the required levels of integrity

e QOccupational health to conduct any post incident follow up as dictated by local
policies and procedures

18 Generic Risk Assessment 2.1 — Rescues from confined spaces
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Conduct a debrief to identify and record lessons learned from the incident.
Debriefs will range in size, complexity and formality and be proportionate to the
incident and in accordance with Fire and Rescue Authority procedures

e (Consider any changes to procedures, safe systems of work, equipment etc
following the outcomes from the debrief and/or safety investigations

e (Consider reviewing site-specific risk information or the need to add detail as part
of future emergency planning protocols

e (Consider arranging for staff to make a contemporaneous written record of
their actions. This information may be used to assist in any internal or external
investigations or enquiries that follow any incident eg Coroner’s Court, public
enquiry, etc

e Staff to be supported and monitored to check for adverse jon of
counselling may also be required.

Technical references

1 Urban Search and Rescue in Collapsed Stryctu
(International Fire Service Training Associa

Structural Collapse and Urban Search and
First Addition — Fire Protection Puli
Fire & Rescue Service Circular,

O~ W

Fire & Rescue Service Circular ber 2008

Generic Risk Assessment 2.1 — Rescues from confined spaces 19
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