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10Analysis of Explosive Events

Maria Bishop, Anthony M. J. Bull, Jon Clasper, 
Mike Harris, Karl Harrison, Alan E. Hepper, 
Peter F. Mahoney, Ruth McGuire, Daniel J. Pope, 
Robert Russell, and Andrew J. Sedman

Abstract

This chapter considers the forensic investiga-
tion of explosions with three sections each 
outlining methods to assist the Court.

In Sect. 10.1, we describe the immediate 
aftermath and evidence collection indicating 
how clinical staff caring for victims may help 
or hinder this process. Thereafter follow two 
case studies of expert panel review.

Section 10.2 reports on the 2005 ‘7/7’ 
attacks in London. Individuals had been 
reported alive after the explosions but died 
before reaching hospital. Had any of these 
individuals had died from potentially surviv-
able injury? The absence of post-mortem CT 
imaging made this a complex task, so weapon 
effects and blast over pressure for each envi-
ronment were modelled and correlated to 
probability of survival.

In Sect. 10.3, we report on the 1974 
Birmingham Pub Bombings on behalf of the 
Coroner for the Inquests into the bombings. 
This required examination of reports and 
images that were over 40 years old. Hospitals 
had closed and relocated several times during 
the intervening period. Clinical notes other 
than autopsy reports could not be located. The 
reports available including scene photographs 
were used to assess injury mechanisms and 
correlate individual’s distance from the seat of 
the explosions. Contemporary publications in 
the open literature were matched to individual 
patients and used to give clinical detail.
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10.1	� The Examination  
of Post-Blast Scenes

Karl Harrison and Mike Harris

10.1.1	� Introduction

Post-blast scene examination has traditionally 
formed a component of the general training and 
awareness undertaken by Crime Scene 
Investigators (CSIs). While the environments of 
operation (potentially widely dispersed fields of 
disrupted or detonated debris), the nature of the 
examination (the prospect of large numbers of 
casualties) and the surrounding investigative con-
cerns of a high-profile investigation with wide-
ranging political ramifications all conspire to 
distance the post-blast scene from the general 
experience of most CSIs, the application of their 
core technical disciplines remains as important 
throughout the scene examination as with more 
routine examinations. There will undoubtedly be 
pressure to identify the cause of the blast in order 
to commence subsequent investigations. It is 
therefore critical that an early indication is given 
as to whether the explosion1 at the scene was 
caused by an accident, such as a gas leak, or 
explosives placed with criminal intent. Indeed, 
for the CSI, the requirement to provide exhaus-
tive photographic and locational documentation 
is even greater, given the chaotic nature of such 
scenes and the importance of reconstructing the 
distribution of debris at a later date for the court-
room, for understanding the relative position of 
affected individuals, or for modelling the nature 
and placement of the charge. As a consequence, it 
is crucial to understand the ‘standard’ model of 
training and approach to scenes adopted by CSIs 
in order to understand how adaptations to post-
blast scenes might be managed. For this chapter, 
the focus will be on crime scenes resulting from 

1 An explosion is “a violent expansion of gas at high pres-
sure”. Akhavean et  al. (2009: 4)“Introduction to 
Explosives”Jan 2009. Cranfield University Page 4.

the use of explosives that results in a chemical 
explosion rather than a mechanical, nuclear or 
electrical explosion.

10.1.2	� Coordination of the Post-Blast 
Scene

CSIs working for UK police forces are now 
almost entirely a body of civilian specialists 
operating in a niche role. The shift away from 
warranted police officers engaging in crime scene 
investigation began as early as the late 1960s in 
some police forces, but this small number greatly 
expanded following the publication of the recom-
mendations of the Touche Ross Report in 1987 
[1]. A further expansion of civilian specialists 
followed as a consequence of the growing impor-
tance of DNA evidence, as the required level of 
technical knowledge increased beyond the gen-
eral forensic awareness of most warrant-holding 
police officers. By contrast, Bomb Scene 
Managers (BSMs) who supersede the role of the 
Crime Scene Manager (CSM) on post-blast 
scenes are much more likely to be warranted 
police officers who do not engage in core CSI 
activities, but rather gain their training and expe-
rience through specialised roles within Counter-
Terrorism units.

Of vital importance to the initial management 
of all major crimes scenes, post-blast scenes 
included are the first actions undertaken by uni-
formed police response teams, who in relation to 
this role are referred to as the First Officers 
Attending (FOA). The role of the FOA entails not 
only the confirmation of the suspected major 
offence but also the initial identification of obvi-
ous foci of forensic attention (the presence of a 
body or weapon, for example), the administering 
of emergency first aid, the identification of obvi-
ous risks to health and safety and the recording of 
details relating to witnesses still present at the 
scene. The fulfilment of these duties should ide-
ally be completed in a non-invasive manner that 
does not jeopardise the forensic potential offered 
by the scene—the preservation of life is recog-
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nised as the one FOA responsibility that takes 
precedence over scene preservation, but clearly 
in relation to any wide-ranging disruption such as 
the aftermath of a blast, this would be an impos-
sible task, and initial disturbance of elements of 
the scene is an inescapable fact. On occasions, a 
suspect explosive device may be identified prior 
to it functioning either due to a warning from the 
terrorist group or by a vigilant member of the 
public. In these instances, the FOA, potentially 
aided by local contingency plans, will commence 
cordon and evacuation procedures based upon 
the 4Cs framework (Confirm, Clear, Cordon, 
Control). Thus, the CSI may attend a scene which 
is already prepared.

Any intervention a FOA is forced to undertake 
in the commission of their duties (such as forcing 
a door to reach the body of a victim thought to 
still be alive) should be recorded in detail at the 
earliest opportunity and that record be made 
available to the incident room (the advent of 
body-worn cameras and the saturation of CCTV 
systems have made this process far more compre-
hensive). In the example of a post-blast scene of 
magnitude, this is likely to comprise the actions 
of numerous first responders including the police, 
ambulance and fire and rescue assets.

Initial attendance at the major scene and 
ongoing examination would generally be com-
pleted by CSIs. Any CSIs deployed to a major 

scene would be managed directly by a CSM or 
BSM who has a responsibility to ensure that a 
forensic strategy is complied with, and that find-
ings from the crime scene are communicated 
back to the Incident Room (see Fig. 10.1). Whilst 
the CSM is deployed to the scene with CSIs, the 
Crime Scene Coordinator (CSC) has overall 
responsibility for deploying staff to scenes; 
coordinates the examination strategies of numer-
ous CSMs and ensures integration between the 
forensic strategy and the overall investigation 
directed by the Senior Investigating Officer 
(SIO). The role of CSC might be filled by any 
suitably trained individual within the Scientific 
Support Department, from Senior CSI to Head 
of Scenes of Crime, depending on the size of the 
police force, the complexity of the forensic 
investigation and the wider public impact of the 
offence.

Because of the close relationship between the 
SIO and CSC, there is an expectation that crime 
scene coordination should be managed from the 
incident room. As such, there is generally no 
requirement for CSCs to deploy to crime scenes, 
as this would compromise their pivotal manage-
ment role. Post-blast scenes are somewhat differ-
ent; the scale of disruption and the level of 
attention focused at the scene are more likely to 
result in a permanent coordination team being 
deployed to the scene.

SIO /
CSC

Generation of forensic strategy

CSM/
BSM

Tasking/leadership of CSIs via 
briefing/scene strategy

CSI

Evidence and intelligence collected

Synthesise results at a strategic
level

Collate and inform via briefing

Evidence and intelligence collected

SIO/
CSC

CSM/
BSM

CSI

SIO /
CSC

CSM/
BSM

CSI

Fig. 10.1  Directions of tasking and information flow
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10.1.3	� Optimal Capture of Forensic 
Evidence

While the methods of scene examination can be 
adapted depending on the requirements of the 
investigation, the general commanding concept is 
that of unrepeatability; a crime scene can be 
revisited, but it can be examined in its entirety 
only once, hence there is an onus on the role of 
the CSC and CSM to ensure an optimal capture 
of potential forensic evidence. The notion of 
‘optimal’ rather than ‘total’ is crucial; any one 
scene examined in its entirety might contain hun-
dreds of items suitable for some form of recovery 
or analysis, which in turn might generate thou-
sands of fragments of forensic data (trace evi-
dence, fingerprints, DNA profiles, for instance). 
Consequently, while it is important that a forensic 
examination maintains a degree of independence 
from the investigation, it must remain driven by 
an investigative strategy if it is to retain any sort 
of focus that can bring meaning to the results of 
the examination.

The concept of unrepeatability of examination 
and the requirement to optimise evidence gather-
ing puts great emphasis on the sequence of exam-
ination. Generally speaking, whatever techniques 
of examination are required at the scene, they are 
undertaken in a sequence that begins with the 
least invasive and disruptive of methods and ends 
with the most potentially disruptive.

All major scenes are likely to see some adap-
tations from the generalised approach that will 
form part of the written forensic strategy; such 
adaptations might be required by limitations of 
access to a scene, or environmental variations. 
Post-blast scenes are more likely than standard 
large major scenes to see the need to make con-
siderable changes to otherwise standard scene 
approaches; initial scene and safety assessments 
must include a consideration of potential threats, 
such as the presence of secondary hazards, 
including explosive devices that have yet to func-
tion or have been designed to catch first respond-
ers, CBRN (Chemical, biological, radiological 
and nuclear) materials, or other risks associated 

with extensive structural damage to buildings—
all of which can cause considerable delay to the 
forensic examination commencing.

10.1.4	� Access Control and Cordoning

While perimeters need to be established for all 
crime scenes, control of access through extensive 
double cordons is frequently required for post-
blast scenes together with large numbers of scene 
guards, and these might be located within highly 
populated urban areas with residences located 
within cordoned areas. The inner cordon encom-
passes the explosion area and has a radius of 
approximately one and a half times the distance 
from the seat of the explosion or centre to the fur-
thest identifiable piece of evidence. Only the 
BSM and their team can enter the inner cordoned 
area until the examination and evidence retrieval 
is complete. The outer cordon marks a perimeter 
which ensures public safety while preventing 
those who are not associated with the investiga-
tion from disturbing the scene, destroying or 
moving evidence, observing examinations too 
closely or overhearing conversations pertinent to 
it. It also provides a safe working area within 
which members of the police and other emer-
gency services can operate [2].

10.1.5	� Explosives, Seat of Explosion, 
Device Identification

The explosive used will have an effect on the dis-
persal of debris and evidence surviving at the 
scene. Factors such as whether a low explosive or 
high explosive was used, as well as the integrity 
of the composition, its confinement and place-
ment will need to be considered. Indeed, 
observation of debris at the scene could provide 
an initial indication of the type of explosive 
involved; debris being spread over a wide area 
will lead to complexes of material preserving 
multiple instances of forensic opportunities that 
would require the imposing of a sequence.
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Explosive Ordnance Disposal (EOD) or Bomb 
Disposal Operators should be present to assist 
when the use of explosives is suspected. In the 
UK, EOD support (outside of the Metropolitan 
Police area) is provided by military personnel 
through Military Aid to the Civil Authorities 
(MACA) and is requested by the relevant Police 
Force to the Joint Service EOD Operations 
Centre (JSEODOC). EOD support for the 
Metropolitan Police is provided by their own 
Explosive Officers (EXPOs) department. The 
role of the EOD Operator is primarily to ensure 
explosive safety in order to allow the scene inves-
tigation to commence. Therefore, the EOD 
Operator may have undertaken various actions on 
the scene before the CSI is allowed to enter. This 
means the EOD Operator can be a source of 
information as a witness, in addition to providing 
a set of technical functions. Once satisfied that 
the immediate scene is explosively safe, the EOD 
Operator will ‘hand over’ to the CSI.  At this 
point, it is critical for the CSI to understand what 
the EOD Operator has done, and more impor-
tantly, not done. ‘Explosively safe’ does not nec-
essarily mean the removal of all explosive 
material nor does it mean that the entire area has 
been searched for other explosive devices or haz-
ards. In complex post-blast cases, the BSM may 
require EOD support to remain on site for safety 
as well as in an advisory capacity.

Just as ‘standard’ major investigations require 
the identification of a range key scenes (a murder 
investigation might feature an attack site and a 
body deposition site, in addition to suspect 
addresses and vehicles), post-blast examination 
has similar specific challenges. The identification 
of the focus of the blast is crucial for both the 
sampling of material that might retain chemical 
traces of the explosive used [3, 4], but also to 
facilitate a reconstruction of items that might 
relate directly to the placement and nature of an 
explosive device. In terms of reconstructing 
events around the blast, the BSM must consider a 
strategy of examination that seeks to identify 
material traces that assist in building a picture of 
events prior to the placement of the device, the 
complex of activity around the blast itself, and 
the events that immediately followed activation.

In addition, the search of debris directly 
associated with the centre of the blast may 
reveal components of the device (timers, 
switches and batteries) that both assist with 
understanding the nature of the device’s opera-
tion (and hence potentially providing intelli-
gence regarding the technical capability of the 
maker of the device), as well as providing foren-
sic opportunities related directly to the identifi-
cation of the makers or placers of the device. 
However, as highlighted above, the spread of 
debris may be such that device componentry can 
be found hundreds of metres away from the seat 
of the explosion.

10.1.6	� Zoning and Detailed 
Recording

The activities that follow a blast are almost cer-
tain to include the action of first responders dis-
cussed above, and the associated evacuation of 
casualties or the movement of walking wounded. 
The disturbance of debris associated with their 
activities might result in the contamination of 
items later found to be of forensic importance.

One of the key challenges facing the BSM is 
that of identifying exhibits that might prove to be 
of significance, forensic or otherwise, amongst a 
vast quantity of scattered and disordered debris. 
The standard means by which this is achieved is 
by the division of the scene into zones that then 
defines the aggregation of recovered debris. This 
enables the rapid clearance of material, while still 
allowing the tracing of a recovered item back to a 
generalised location on the scene. While the 
nature of the zones created depends upon the 
topography of the scene and the extent of the 
debris field, this long-standing technique can 
now be supplemented with three-dimensional 
scanning capability that assists with the recon-
struction of the scene and the more specific loca-
tion of items within the zones. In the UK, liaison 
with the Forensic Explosives Laboratory (FEL), 
and if deemed necessary, attendance by FEL sci-
entists themselves at the scene may also benefit 
the decision-making process regarding evidence 
location, retrieval and best practice.

10  Analysis of Explosive Events



120

The identification of potential items of eviden-
tial importance requires a teamwork approach 
and, following confirmation of explosive safety, 
is initiated with a walk-through of the scene, dur-
ing which (as with other crime scenes), evidence 
marking, photography and recording are constant 
tasks. Each evidence item is collected into an 
appropriate sterile container (e.g. metal cans, 
glass containers, paper, plastic or nylon bags) on 
which details describing the item and its location 
would be recorded. In post-blast examination, 
clearing a zone requires that all loose debris and 
material are swept up and either sieved at the 
scene or placed into bags or containers for further 
examination. The purpose of such a search is the 
singling out of component pieces of the device. A 
combination of coarse and fine sieve meshes can 
reveal very small items such as pieces of switch-
ing mechanisms, circuit boards, power sources 
and wires [5].

The meticulous examination of the seat of the 
explosion is usually one of the most painstaking 
tasks, requiring the swabbing of the area for trace 
explosive residues, the measurement of crater 
dimensions, the removal of loose debris (which 
may be treated as a single evidential exhibit), and 
further excavation of the crater in order to locate 
embedded components.

In addition to searches of the ground and cra-
ter, the examination of any secondary craters (if 
present) can also be forensically lucrative. 
Furthermore, items in the vicinity of the central 
explosion area which are positioned perpendicu-
lar to the ground—such as signposts, building 
walls or nearby car doors if outside; furniture or 
walls inside—may harbour pertinent forensic 
evidence whether they exhibit signs of blast dam-
age or not. Consideration should also be given to 
the possible route of the blast wave given the sur-
rounding environment as items may have been 
taken some distance due to pressure channelling. 
In addition, seeing how structures, vehicles, peo-
ple and other objects have been affected will 
assist in the assessment of the explosive quantity 
and potentially identifying supplementary 
sources of evidence.

Fragmented remains of a device and associ-
ated explosive residues can also become embed-

ded within skin and tissue; intended and 
unintended victims of the incident are therefore 
also potential sources of evidence. The BSM 
must ensure that if casualties are involved, then 
investigating personnel are dispatched to hospi-
tals to recover any evidence either with emer-
gency room staff or pathologists.

10.1.7	� Forensic Intelligence 
and Evidence

There is an implicit challenge for the BSM and 
investigating police in the recognition of impor-
tant intelligence gathered from blast scenes. This 
recognition touches on the conflation that per-
sists between concepts of forensic intelligence 
and evidence, and the tendency to regard only 
specific forensic evidence types as being suitable 
providers of intelligence (most specifically those 
derived from DNA profiling [6]). By contrast, 
the experience of security services and military 
over many years of gathering weapons intelli-
gence from Improvised Explosive Devices 
(IEDs) and other weapon systems is that devices, 
their placement locations and understanding of 
their ‘tactical design’ represent rich loci of 
potential intelligence. Whereas some complex 
enquiries that might be led in some parts by 
forensic intelligence in its broadest sense can be 
hamstrung by a syndrome of tunnel vision that 
equates the term ‘intelligence’ directly with 
‘biometric identification’.

Alongside the role of developing and deliver-
ing strategies to conduct a full methodological 
forensic examination, it is the responsibility of 
the BSM to ensure the welfare and safety of the 
forensic team. All must be suitably equipped with 
appropriate materials to perform their tasks effec-
tively; be provided with sufficient refreshments 
and breaks during lengthy investigations and the 
required personal protective equipment, which 
may include hard hats (to protect from falling 
debris and head strikes) and face masks to protect 
from noxious gases and dust which may be pres-
ent in confined areas. Welfare considerations 
should also extend to the psychological impacts 
when potentially dealing with multiple casual-
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ties, body parts and other significant hazards in a 
high profile and therefore pressurised situation. 
This could also have implications for individuals 
after the investigation in complete.

It is also the role of the BSM to consider the 
use of tents and screens which can be used to 
guard the investigation from prevailing weather 
conditions or to provide a degree of privacy to the 
investigators. In addition, the BSM needs to con-
sider the use of lighting to lengthen the period of 
examination and protect the scene, or to halt the 
scene examination when lighting levels are espe-
cially poor (the use of flood lights can cause deep 
shadows that can mask potential evidence, and it 
may not be best to work actively through the 
nights). A further consideration is the impact of 
certain devices on the safety of the scene. For 
example, transmitting devices (including radios, 
mobile phones and wearable devices) should not 
be used where there remains the potential for 
electrical initiation of an explosive device.

One role of particular importance for the BSM 
is to maintain consultation and liaison with rele-
vant parties throughout the investigation. If there 
are disruptions to the investigation, zone clear-
ance might take many days, and throughout this 
time it is the duty of the BSM to regularly update 
the SIO as well as facilitate contact with the 
media in order to ensure the community and 
other interested parties remain suitably informed 
about progress.

10.1.8	� Conclusion

As with any major crime scene, no two bomb 
scenes are the same as one another, each varying 
substantially in size, impact and associated scene 
variables. The roles, responsibilities and consid-
erations outlined above are relevant to all scenes 
but particular investigative tactics will vary on 
the unique set of challenges each post-blast 
scene presents. Moreover, the general examples 
above are predominantly applicable to civilian 
scenarios which are only time-gated by the pres-
sure of closure of urban areas. By contrast, post-
blast investigation in a military context may have 
significant limits to available time to complete 

an examination and potentially a lack of 
resources. In either care, specialist systems of 
operation and the associated skillsets of person-
nel assist in distinguishing post-blast scenes 
from other major incidents. Despite this, the fun-
damental reliance on the core skills of scene 
examination is clearly present throughout the 
investigation process, as well as in the mindset 
of those involved.

10.2	� Case Study 1: Modelling 
the Blast Environment 
and Relating this to Clinical 
Injury: Experience 
From the 7/7 Inquest

Alan E. Hepper, Daniel J. Pope, Maria Bishop, 
Andrew J. Sedman, Robert Russell, 
Peter F. Mahoney and Jon Clasper

10.2.1	� Introduction

On the 2nd August 2010, the United Kingdom 
Surgeon General was instructed by Her Majesty’s 
Assistant Deputy Coroner for Inner West London 
(Rt Hon Lady Justice Hallett DBE) to provide 
Expert Witness Reports relating to the terrorist 
events of 7 July 2005 on the London Public 
Transport Network. These Reports were required 
to review the evidence that had been gathered 
during the investigations into the event surround-
ing the bombings. Her Majesty’s Coroner asked a 
series of specific questions relating to the surviv-
ability and preventability (with respect to the 
medical interventions and care) of the deaths of 
many of the victims, and these had to be answered 
on an individual basis with a review of all of the 
relevant information. It was appreciated that the 
most appropriate and current experience of deal-
ing with personnel injured in this type of event 
came from the UK Ministry of Defence Surgeon 
General’s Department who are experienced in 
dealing with combat-related injuries, particularly 
in the context of the current operations. This was 
also assisted by the fact that the UK Military 
Medical community already had a proven tech-
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nique for the regular review of operational mor-
tality and medical response [7, 8].

There had also been concerns about the nature 
of the events, criticism about the initial response, 
and one review in particular was highly critical of 
the communication systems of the emergency 
services which led to delays in understanding 
what was happening during the first few hours of 
the events of 7 July 2005 [9]. Survivors had also 
raised concern at the response of the emergency 
services [10].

10.2.2	� Approach

In order to answer all of the questions posed by 
Her Majesty’s Coroner, a multidisciplinary team 
was essential. This would take expertise from the 
Royal Centre for Defence Medicine (RCDM), 
Birmingham and Defence Science and 
Technology Laboratory (Dstl) Porton Down.

Her Majesty’s Coroner was particularly con-
cerned with the victims who were not killed 
immediately by the explosions, but died prior to 
reaching hospital. Of interest was what happened 
to them; what attention and/or treatment they 
received, whether there were any failings in the 
way that they were treated, the circumstances of 
their eventual death, and whether any failings in 
the emergency response contributed to or were 
causative of their death.

The decision was made at an early stage that a 
single report covering all personnel would be 
inappropriate and unique reports for each of the 
people in question would be written. There were 
two reasons for this:

•	 The victims were all individuals and should be 
regarded on an individual basis.

•	 The reports may be released to the families of 
the deceased and the reports would need to be 
redacted to ensure what was released was only 

relevant to their relative. There was a risk that 
such redaction would leave the feeling that 
some vital information had been removed, and 
this would simply amplify any conspiracy 
theory or any feeling that the Government (or 
in particular, the Ministry of Defence or 
Ministry of Justice) wanted to hide something 
of relevance.

This increased the workload substantially, 
resulting in multiple unique reports.

10.2.2.1	� Work Strands
The broad ranging and complex nature of these 
questions required a substantial investment of 
time to address these questions. A three-phase 
approach was adopted as the only practical way 
to answer the questions within the challenging 
timescale (3  months start to delivery). These 
three phases were conducted in series; however, 
any hypotheses, assumptions or conclusions from 
either of the analysis phases were not allowed to 
affect or influence the other, in order to keep all 
options open.

The first phase required an engineering expert 
in blast effects on structures and injury modelling 
to review photographs of the damaged carriages 
and bus to give a view on the likely physical 
effects on people close to the explosions. This 
was coupled with a review of the forensic evi-
dence relating to the explosions. This provided 
one strand of opinion on the nature of the injuries 
(the blast effects and injury mechanism) that was 
used in the final comparison.

The second phase was a clinical review of the 
evidence by military clinicians to assess blast 
injury in the casualties. This used techniques 
developed both in the deployed environment and 
at regular morbidity and mortality reviews over a 
number of years [7, 8] to review mechanisms of 
blast injury and likely cause of death. This 
method has shown significant benefit in demon-
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strating the survivability and preventability of the 
deaths of personnel and to provide a robust evi-
dence base to guide the changes in medical care 
and response to the critically injured patient. This 
was coupled with a review of the nature of inju-
ries from other terrorist incidents to provide a 
baseline comparison of injury mechanisms, as 
well as a review in the progression of pre-hospital 
care to advise the Court of changes in treatment 
strategies that may assist in survival rates.

In the third phase, the blast environment was 
modelled by the structural dynamics experts [11] 
to assess likely blast loading on victims. This 

loading information was then assessed by physi-
ology experts with access to data from experi-
mental studies that provided a correlation of 
precisely measured blast data with injury, focus-
ing principally on blast lung [12] since this is one 
of the most difficult aspects to evaluate from 
post-mortem reports. Simple modelling was also 
undertaken in isolation of the complex structural 
dynamics modelling to provide simple predic-
tions of the risk of blast lung and other injury 
mechanisms.

The relationship of these phases is shown in 
Fig. 10.2.

Fig. 10.2  Relationship 
of three phase work 
strands
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The outputs from these three phases were 
combined into a joint report and a single opinion 
on the nature of the injuries and the survivability 
of personnel as described in the transcripts from 
the Inquest [13–15]. Each report was formatted 
to provide a main section written by the principal 
author and summarising the work that was 
undertaken.

10.2.2.2	� Model Design and Risk 
Reduction

Substantial risks were inherent in the mathemati-
cal models of the blast environment because of 
the model complexity and the degree of uncer-
tainty (exact charge size, exact charge dynamics, 
exact charge location, location and orientation of 
victims, etc). As a result, three different levels of 
model were run for each of the events in the 
trains:

•	 A coarse hydrocode model (see Chap. 5) was 
used to:
–– Study the mechanisms of blast load devel-

opment and provide broad levels of peak 
overpressure and specific impulse.

–– Establish ‘zones of blast wave intensity’.
–– Determine the extent to which the fireball 

extended within the carriage during the 
event.

•	 A fine hydrocode model to quantify the prob-
able pressure time history loading sustained 
by occupants within each carriage. This model 
also produced images and videos of the effects 
of the blast that showed the blast propagation 
(see Fig. 10.3). These images were useful for 
the team, the Court and families to understand 
the nature of the blast environment.

•	 A simple (uniform blast wave model) to give 
an empirical relationship of blast pressure 

from idealised explosives and compare the 
results to simple estimates of lethality from 
blast lung.

10.2.2.3	� Resources
The team had access to a combination of scene 
photographs, post-mortem photographs, external 
post-mortem reports and witness statements to 
form an opinion of the internal and external inju-
ries received by the victims and for how long they 
showed signs of life after the bombing (if at all).

The team looked particularly at witness state-
ments to understand if the victims were noted to 
be breathing and have a pulse after the bombing, 
whether or not they were conscious and the likely 
time course over which they died from their 
injuries.

Information provided by the court to support 
this activity was stored on encrypted memory 
drives, secured at Dstl and at RCDM, where they 
could be examined in a secure environment.

The scene reports included seating plans for 
the underground carriages and the bus indicating 
positions of individuals pre- and post-explosion 
(where this information was known) and during 
recovery of the deceased.

As some deceased and live casualties had to 
be moved at some of the bombing locations after 
the attacks to allow access to other casualties, the 
position of a victim post-explosion does not 
always indicate where that person was prior to 
the explosion or if that position was the location 
where they died. This meant that the team needed 
to use a number of methods to try and work out 
how close a victim was to the seat of the explo-
sion and from this offer a view on likely internal 
injuries, as well as providing a review of relevant 
related information to inform a final opinion on 
the probable nature of injuries.
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Fig. 10.3  Sample blast propagation from fine hydrocode model

10.2.2.4	� Challenges: Quality 
of Information

Usually when conducting such a review, the cli-
nicians and scientists looking at the information 
would have a complete list of the victim’s injuries 
derived from a combination of a full post-mortem 
examination plus X-ray imaging. This in turn 
would be used to calculate mathematical trauma 
and injury scores which help in assessing whether 
or not a particular combination of injuries would 
or would not be expected to be survivable. On 
this occasion, the information from internal post-
mortem examination was not available and the 
X-ray imaging information was limited to fluo-

roscopy. The fluoroscopic examination was used 
to identify some fractures and foreign materials 
present in the victims’ bodies.

The team, therefore, relied upon a number of 
sources of information and scientific methods to 
come to a considered opinion for each of the vic-
tims; however, in an ideal world, more structured 
observations, measurements and opinions would 
have been available for the team to consider.

The amount of information missing from a 
simple external post-mortem was a significant 
challenge in this work. If anything can be stressed 
from this work, the importance of a detailed post-
mortem examination must be one element.
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10.2.3	� Conclusion

We believe that this detailed understanding of the 
nature of injury from blast and fragmentation threats, 
and the modelling and understanding of the physical 
interaction of combat-related threats can only come 
from a multidisciplinary grouping such as the group 
formed to address the events of 7 July 2005 and the 
applicability of this form of analysis should be con-
sidered in the event of other terrorist events.

DSTL/PUB120062Content includes material 
subject to © Crown copyright (2019), Dstl. This 
material is licensed under the terms of the Open 
Government Licence

10.3	� Case Study 2: Injury 
Mechanism and Potential 
Survivability Following 
the 1974 Birmingham Pub 
Bombings

Jon Clasper, Alan E. Hepper, Ruth McGuire, 
Anthony M. J. Bull and Peter F. Mahoney

10.3.1	� Introduction

On the 21st November 1974, two bombs exploded 
in Birmingham. There were 21 fatalities, and it is 
reported that 220 people were injured [16].

On the 28th May 1975, Inquest hearings were 
held and evidence relating to the identification of 
the fatalities was given. As a criminal investiga-
tion was taking place, the Inquest was then for-
mally adjourned. Following an application from 
some of the families of the victims of the bomb-
ings, the Inquest’s proceedings were resumed on 
1st June 2016.

In view of the complexity of explosive injuries 
and in particular, the length of time that had 
passed since the initial Inquest, expert evidence 
was required in order to explore any issues with 
causation and time of death. Required expertise 
included explanations of the consequences of an 
explosion, understanding of the variables that can 
impact the blast load, and an analysis of the inju-
ries suffered by the deceased.

Potential survivability of the injuries with cur-
rent advanced medical treatment was highlighted, 
as a number of the victims had survived long 
enough to reach hospital. An approach was made to 
the Centre for Blast Injury Studies (CBIS) at 
Imperial College to assemble and co-ordinate a 
team to provide this, and the authors were formally 
instructed on 5th May 2017 by His Honour Sir 
Peter Thornton QC, Coroner for the Birmingham 
Inquests (1974).

10.3.2	� Overview

The two bombs exploded in different Public 
Houses in Birmingham: the Mulberry Bush and 
the Tavern in the Town. Both establishments were 
busy, resulting in multiple casualties. It was 
reported that of the 21 killed, 18 ‘were killed out-
right’ and 3 died later in hospital [17].

Although 6 people were convicted of the mur-
der of the 21 casualties, following a Court of 
Appeal ruling, these convictions were quashed as 
being ‘unsafe and unsatisfactory’ on 14th March 
1991 [18]. As noted above, the Inquest’s proceed-
ings were resumed on 1st June 2016.

Unlike most civilian trauma, victims of 
explosions are subjected to multiple mecha-
nisms of injury. As described in Chap. 9 blast 
injuries fall into five main categories Primary, 
Secondary, Tertiary, Quaternary and Quinary 
injury.
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As a result of the multiple casualties, multiple 
injuries and multiple mechanisms of injury, the 
Coroner sought expert evidence to explain the 
consequences of an explosion and the variables 
that can impact the blast load, and an analysis of 
the injuries suffered by the deceased in order to 
explore any issues with causation and time of 
death. This analysis required an approach that 
could understand and articulate the physics of the 
blast, the injury causing mechanisms and conse-
quences to the victims. This was required to assist 
Her Majesty’s Coroner, the families and any 
other interested parties of the events of 21st 
November 1974. As well as a narrative of the 
blast events and possible injury modes, the poten-
tial survivability of the victims needed to be 
understood, especially for those who were 
reported as having signs of life at the scene.

10.3.3	� Approach

10.3.3.1	� Multidisciplinary Team 
Approach

Three of the authors (JC, AH, PM) had been 
involved in providing evidence for the 7/7 
bombing Inquest, and so a similar multidisci-
plinary team approach was used. The team com-
prised personnel from CBIS, the Defence 
Science and Technology Laboratory (Dstl) and 
the Royal Centre for Defence Medicine 
(RCDM). All are authors of this chapter (JC, 
AH, PM, AB). The academic disciplines and 
experience of the group are summarised in 
Table 10.1. The involvement of personnel from 
a range of organisations and backgrounds also 
brought independent learning and a range of 
opinions—this was seen as important in explor-
ing as many eventualities as possible.

The team was provided with contemporane-
ous witness statements, post-mortem reports and 
photographs and scene photographs and sketches. 
Additional information was available in the open 
literature [17]; this was obtained, reviewed and 
considered in the context of the other provided 
information.

The panel members held a series of review meet-
ings at which information provided was analysed 
and other experts were recruited to provide addi-
tional analysis. The witness statements and reports 
for each victim were reviewed in turn to build up an 
understanding of where they were at the time of the 
explosion, the injuries they suffered and any treat-
ment they received. An analysis of the two incidents 
was conducted; this included consideration of sur-
vivability for each of the victims.

Injuries were collated onto external injury 
mapping software by Dstl [19] and Abbreviated 
Injury Scale Scores [20] assigned (see Fig. 10.4), 
which could then be calculated into Injury 
Severity Scores [21] (ISS) and New Injury 
Severity Scores [22] (NISS). The NISS is implied 
to provide a better calculation of overall injury 
severity than ISS [23], yet there are known cave-
ats in the use of ISS and NISS with blast (see 
Chap. 11 and [24]).

Table 10.1  Academic disciplines and experience of the 
CBIS, Dstl and RCDM team

Clinical management of multiply injured blast and 
ballistic casualties on military operations
Civilian pre-hospital care
Bioengineering and trauma biomechanics
Forensic investigation
Blast physics
Explosives chemistry
Specialist engineering knowledge of human 
vulnerability
Injury scoring and wound mapping
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Fig. 10.4  Example of injury map and wound scoring for 
a fictitious casualty

In each case evidence of primary, secondary, 
tertiary and quaternary blast injuries was sought, 
together with the injury (or injuries) most likely 
to have caused death. Following detailed discus-
sion, a consensus on potential survivability was 
given.

10.3.3.2	� Challenges: Missing Clinical 
Information

Due to the length of time, a series of hospital clo-
sures and reorganisations in Birmingham since 
the bombings, contemporaneous clinical records 
were not available for the casualties admitted to 
hospital. There were, however, several peer 
reviewed clinical publications in relation to the 
bombings [17, 25]. In conjunction with witness 
statements and the post-mortem reports, a foren-
sic analysis was possible. One particular publica-

tion allowed a sufficiently detailed analysis of the 
in-hospital deaths to be made [26].

All the collated data was reviewed and re-
reviewed iteratively to ensure that any lessons 
identified during the first stages of the review 
were applied consistently to all cases.

10.3.4	� Findings

Of the 21 fatalities, 17 were found to be dead at 
the scene, 2 were declared dead soon after admis-
sion to hospital, 1 died 6 days, and 1 died 18 days 
after the explosion. The age range was 17–56, 
and of the 21, 14 (66.7%) were male.

All 21 fatalities had multiple injuries, and died 
as a result of significant head injury, severe blast 
lung, or major haemorrhage. Fourteen of the 21 
(66.7%) had more than 1 of these 3 modes of 
death.

Based on the analysis, of the 21 deaths, 13 
people (71.4%) had evidence of all 4 blast injury 
mechanisms. Six people (19.0%) had evidence of 
three blast injury mechanisms. One person had 
evidence of two (4.8%) mechanisms, and one 
(4.8%) had evidence of only one mechanism of 
injury; both these casualties had a significant sec-
ondary blast (penetrating) injury to a vital struc-
ture and died rapidly after the explosion.

Despite initial reservations, it was possible, 
based on a knowledge of the injuries at post-
mortem together with a relevant publication [26], 
to state with confidence that the four deaths that 
occurred after arrival at hospital were not pre-
ventable. We were therefore able to confirm at the 
inquest that, on balance, all 21 casualties sus-
tained non-survivable injuries.

Although we were not tasked to provide an 
opinion on the location of individuals in rela-
tion to the seat of the explosion, we were able 
to confirm that the injuries were consistent 
with the location proposed in the witness 
statements. For the three fatalities who could 
not be placed accurately, it was possible to 
give an opinion that they were close to the seat 
of the explosion. Two individuals could be 
placed outside a building when the bomb 
detonated.
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The absence of detailed records presented a 
challenge but, as noted above, this was miti-
gated by the availability of additional sources of 
expert information. The variability in the quality 
of available information also presented a chal-
lenge and there needed to be an understanding 
that the standards of 1974 are not the same as 
today, and much of the information was recorded 
without any belief that this would need to be 
critically reviewed in legal proceedings more 
than 40 years later. The methods and techniques 
used in this work had been previously used, and 
the use of injury scoring was found valuable in 
determining a common way of describing the 
injury types and severities. Despite all this, 
some of the scoring methods, notably ISS, were 
seen as under-predicting the total burden of 
injury. NISS, in this limited set, was better, but 
still not ideal and clinical expertise, experience 
and judgement were seen key ways in which 
injury mechanisms and the overall survivability 
could be provided.

10.3.5	� Conclusions

As with our previous Inquest work [7/7], the 
value of a multidisciplinary team approach was 
confirmed. All conclusions were based on evi-
dence or expert opinion, and all team members 
confined their comments to their area of exper-
tise. The multidisciplinary and multiorganisa-
tional approach also provided internal group 
review that ensured that narratives were widely 
understandable.

The lack of contemporaneous hospital records 
was a potential problem but managed by cross-
referencing an open access peer reviewed publi-
cation with the witness statements and 
post-mortem reports. This was declared to the 
Coroner and caveated.

There was considerable variety in the narra-
tive description and detail of injuries in the post-
mortem reports but the images provided allowed 
us to interpret blast mechanism where written 
detail was lacking.

In this analysis, ISS did not appear particu-
larly helpful, as it appeared to under-score some 

injuries and injury complexes. This may be due 
to the fact that blast injury can result from differ-
ent mechanisms (primary to quaternary), and 
some injuries, notably lung trauma, may occur 
from several mechanisms occurring at the same 
time, when the explosion occurs. The effect of 
this may be cumulative, even though the individ-
ual components may appear less severe. In addi-
tion, severe head injuries and blast lung evolve 
over time, due to the physiological response. 
Thus, significant injuries, such as diffuse brain 
injury may appear less severe at post-mortem if 
death is rapid.

The effect on different mechanisms of injury 
has been reported previously [27], but to our 
knowledge no scoring system has considered 
blast detail, particularly in relation to lung injury 
from the different blast mechanisms, which 
occurred in most of the casualties we reviewed in 
this work. Whilst NISS appeared in this limited 
cohort to be better than ISS, there was no replace-
ment for training, experience and judgement of 
the medical experts in the group.

Based on this Inquest work, a number of rec-
ommendations were made to the Coroner. These 
are included at Annex 1.

�Annex 1

The panel’s recommendations to the Coroner, Sir 
Peter Thornton QC were as follows. The Coroner 
and the families of those killed have approved the 
inclusion of these recommendations in this 
chapter.

	1.	 The case review approach taken by the expert 
panel has resulted in a detailed understanding 
of the 1974 Birmingham bombings. This 
would not have been possible if the approach 
had been to produce separate reports without 
meeting in person and conducting a joint 
review.

We recommend that similar inquests fol-
low the suitably formed expert panel approach.

Recommendation owners: HM Coroners.
	2.	 The lessons learned by the expert panel are 

important and should be captured for the 
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benefit of others and to inform future 
inquisitions.

We recommend that the lessons learned by 
the expert panel are written up as a report to 
be published in the open literature.

Recommendation owners: Expert Panel.
Birmingham Bombings—1974 inquest 

Coroner.
	3.	 We acknowledge the complexity of the review 

we undertook in the context of the elapsed 
time since 1974 as well as lack of detailed 
record keeping in a form which facilitates 
such an understanding. This lack of detail 
made the panel’s work difficult and hampered 
the total progress that could be made. Detailed 
record keeping of all key facts would facilitate 
timely analysis of any future incidents.

We recommend that detailed record keep-
ing of the following facts is made following 
any explosive event by the Coroners/Police 
and separate digitised copies of these be held, 
ensuring that these are future-proofed to any 
technological changes:

	 1.1	 location of all individuals involved (fatal-
ities, survivors and uninjured);

	 1.2	 detailed and consistent injury recording 
of fatalities and survivors, post-mortem 
records, photographs;

	 1.3	 medical notes of all individuals involved;
	 1.4	 detailed plans of the location;
	 1.5	 details of explosives, device construction, 

detonation method, fragmentation;
	 1.6	 structural damage records; and
	 1.7	 building records and construction 

techniques.
	4.	 In particular, we would highlight the necessity 

to obtain information not only on fatalities, 
but also on injured survivors, as the ability to 
learn from other incidents in order to effect 
changes that could increase survivorship 
requires knowledge of current survivors, not 
only fatalities.

We recommend the keeping of detailed 
records for all those injured in a blast event.

Recommendation owners: HM Coroners/
Police.

	5.	 The injury ‘scoring’ systems currently may not 
adequately capture the complex injuries associ-
ated with blast. Such systems need to be con-

sistent and improved. A key point in this is that 
the pathologist reports did not have a standard 
form and, as such, the articulation of injuries 
were affected by individual pathologist reports.

We recommend that research is conducted 
to ensure a consistent method for injury 
recording that is appropriate for the review 
and analysis of blast injuries.

Recommendation owners: Academic com-
munity. Research funders.

	6.	 We were unable to conduct a detailed computer 
model analysis of the blast in the 1974 
Birmingham bombings. Validated computer 
models could be used pre-emptively to design 
new facilitates to mitigate the effects of potential 
explosions. Whilst we are aware these are being 
developed, validation is limited. Detailed analy-
ses of incidents such as the 1974 Birmingham 
bombings could be used retrospectively to 
improve computer model analysis.

We recommend that the information col-
lated as part of this inquest be released to con-
duct a detailed computer analysis of the blasts 
in the 1974 Birmingham bombings.

Recommendation owners: Birmingham 
Bombings – 1974 inquest Coroner.

Competent computer modellers.
We recommend that such computer analy-

sis be considered and commissioned for any 
future incidents.

Recommendation owners: HM Coroners.

DSTL/PUB120062.
© Crown Copyright 2019. Published with the 

permission of the Defence Science and Technol-
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