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prescribe weapon danger areas of particular risk. This approach
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BACKGROUND
Commanders are usually not provided with
information that allows them to interpret the
Weapon Danger Area (WDA) for weapon
systems. Typically only one set of WDA is
available to them and they are expected to
interpret the WDA as a demarcation between
areas of safety and areas of hazard, regardless
of whether they are dealing with training or
operational scenarios. Commanders are
currently seeking to improve their
understanding of WDA to better achieve the
different objectives of training and planning
for effective operations.

Generally, it is difficult to
expect a single WDA for a
weapon system to be able
to provide maximum safety
during training while
offering minimal restriction
during real operations. This
is because in reality, the

Planning for operations entails addressing a

could reasonably be the criteria only
during operations.

of risk for training and for operations are not

different kind of risk from training risk. During

the same. For reasons of operational

military operations, the greater issue is the

effectiveness, troops can expect to be exposed

total number of casualties (fatalities). In order

to a greater risk during operations than that

that our troops are not rendered ineffective

which is acceptable during training.

by its own safety restrictions, the tolerance to
hazards needs to be at a higher level than

The extent to which the incapacitation criterion

peacetime training activities. This is required

the determination of WDA. In this approach,

affects the WDA depends on the weapon effect

so that the mission can be accomplished.

the selection of probability and severity criteria

concerned. For weapons that typically produce

Operations cannot be limited by minor injuries.

can influence the definition of WDA for a

large fragments, the difference is insignificant.

However, risks from lethal injuries from

weapon system.

This is the case for 155mm High Explosive (HE)

friendly fire will still remain a factor in

M107, illustrated in Figures 1 and 2.

operational planning.
The dimensions of the WDA in Figure 1,
The difference in acceptance thresholds for

determined based on a criterion of 4.8J

operation and training hazards suggests that

(appropriate for peacetime training decisions),

The question of weapon effects must be

we need two sets of WDA for these two

are almost identical in dimension to those in

addressed in light of the context in which the

separate applications. It remains for us to

Figure 2, determined based on a criterion

weapon system is used. We can easily perceive

agree on these thresholds. Without any work

of 80J.

that no sort of injury can be accepted during

on terminal effects, it is convenient to align

training. All minor injuries are to be

this criterion to that in Table 1.

This can be appreciated if we know that the
fragment sizes of M107 are wide-ranging and

investigated and the risk of which,
By any

We can intuitively associate the weapon effect

if we understand that it is only the large

judgement, only nothing more than the lowest

of "injury" as unacceptable during peacetime

fragments that get projected to the periphery

probability and negligible severity of injury

training. The effects of lethality or "fatality"

of the contours presented in the figures.

subsequently, is to be reduced.

can be accepted.
In line with this expectation, the fragment
energy criterion of 4.8J is the rational criterion
for severity in the determination of WDA for
training applications. This value of 4.8J is
associated with severe bruising or lethal
penetration of softer parts of the body. This
criterion is based on UK ESTC1 data shown in
Table 1.
Table 1. Criteria of Incapacitation

Energy level

Effect on personnel

1.5 J

Nuisance only, no wounding

4.8 J

Severe bruising or lethal penetration
of softer parts of body

14 J

Lethal penetration of any body part

1 Explosives Storage and Transport Committee, Part 1, Appendix 3 "Incapacitation Criteria"

(superseded document)

Variation in WDA with Different
Incapacitation Criteria

This paper offers a risk management model in

Training Hazard versus
Operations Hazard

Applying the appropriate WDA Template
(known locally as Safety Template) is important
for conducting safe training and effective
operations. The WDA demarcates the area
within which specific weapons or their
hazardous fragments may impact under normal
firing conditions. For all purposes, we would
expect troops to be positioned outside the
boundaries of the WDA. However, what should
this boundary be?
Conventional WDA does not explicitly state
the criteria for the WDA boundary. However,
present work in the development of
Probabilistic WDA (PWDA) has presented us
with a choice of criteria. We can now consider
the opposing demands of operational
effectiveness versus safety with flexibility to
effectively deploy troops in order to accomplish
a mission.

perception of hazards and the acceptable levels
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Figure 1. 155mm M107 Ground Burst Weapon
Danger Area (4.8J Hazardous Fragment Criterion)
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Figure 4. 40mm HEDP Weapon Danger Area
(80J Hazardous Fragment Criterion)

Figure 2. 155mm M107 Ground Burst Weapon Danger Area
(80J Hazardous Fragment Criterion)
Figures 3 and Figure 4 show the WDA for 40mm
HEDP. This ammunition has a range of
fragment masses that are significantly lower
than those of 155mm M107.

For peacetime training (range safety), only the
lower-risk WDA may be acceptable. However,
for operations, troops may be required to
operate with the WDA shown in Figure 4.

The difference in size between the 4.8J WDA
and the 80J WDA is significant in this example.

Benefits of Different Criteria
Recognising the difference between training
WDA and operations WDA allows both training
and operational activities to be carried out
with the same weapon systems to their most
effective extent at the most appropriate level
of safety.

Risk Acceptance

consideration necessary for training and
operational planning. The probability of
hazard occurrence is the other parameter.

Risk Categories & Management
Risks should be categorised in consideration
of the severity of the hazard and the probability
of it occurring. A common way to present risk
is the matrix format shown in Table 2.

The issue of weapon effects, as discussed above,
is only one of the parameters of the risk
Table 2: Mishap Risk Categories (Department of Defense, 2000)

Probability

Figure 3. 40mm HEDP Weapon Danger Area
(4.8J Hazardous Fragment Criterion)

Severity

Catastrophic

Critical

Marginal

Negligible

I

II

III

IV

Frequent

A

High

High

Serious

Medium

Probable

B

High

High

Serious

Medium

Occasional

C

High

Serious

Medium

Low

Remote

D

Serious

Medium

Medium

Low

Improbable

E

Medium

Medium

Medium

Low
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Figure 4. 40mm HEDP Weapon Danger Area
(80J Hazardous Fragment Criterion)

Figure 2. 155mm M107 Ground Burst Weapon Danger Area
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Table 2 shows the matrix of Mishap Risk
Categories that is currently in use. Each mishap
is assigned an alphabet (A to E) to indicate the
probability of it happening, as well as a Roman
numeral (I to IV) to indicate its severity.

criterion of lethal penetration (refer to
Table 1) can also be considered. This WDA
will be less restrictive than the WDA for
training, so that closer combat operations
can be possible and effective.

a. For any given event (e.g. training with a
particular weapon system, storage of
flammable substances, etc), a number of
mishaps can be identified a priori.

If we deliberate upon the possibilities and
combinations in Table 2, we can reduce it to
fewer options for consideration as illustrated
in Table 3.

b. Based on its severity and
probability, each mishap is then
allocated a mishap risk
category (HIGH, SERIOUS,
MEDIUM or LOW).

Table 3. Example categories from Annex
to MIL-STD-882D (Department of Defense, 2000)
Severity
Probability
Occasional

C

Critical

Negligible

II

IV

Operations (Not applicable)

c. Finally, the appropriate authority
needs to be identified for
Improbable
E
Operations
acceptance of each mishap risk.
The authority is required to
acknowledge and accept the risk
associated with the hazards before the
Applications of Risk
event is allowed to take place.

Training

Categories
for PWDA Determination

Thus, applying this concept of Risk Categories
to WDA determination, it is possible to define:
a. Injury during training as an event of
NEGLIGIBLE severity (IV) and IMPROBABLE
probability (E). An energy level of 4.8J is
just on the threshold of penetrating skin,
and thus, is the likely agreeable reference
value for NEGLIGIBLE severity. Higher
energy levels than this would imply
acceptance of serious wounding of
personnel, even death. These are scenarios
that are strictly unacceptable for
routine training.
b. Fatality during operations as an event of
CRITICAL severity (II) and OCCASIONAL
probability (C). Under the situation of close
combat, operations scenarios, only CRITICAL
severity mishaps matter to the commander.
Anything less severe can be tolerated. We
postulate that a higher energy criterion
such as 80J can be the criterion for WDA
determination. Alternatively, 14J as a

The concept of Risk Categories has been
successfully applied in system safety in general.
It is also suitable for use in our perception of
risk in WDA application.
In the example of M107 that has high energy
fragments, the energy criterion does not
change the WDA significantly. The differences
in the PWDA safety distances vary at most by
25m. Such a distance is negligibly small from
an operational viewpoint. It is only the
consideration of acceptable probability that
would significantly influence the safety
distances to be observed in the field.
With weapon systems that produce fragments
of lower mass, both the selection of
incapacitation criterion and the command
decision on probability of hit influence the size
of the WDA Template.
With this knowledge, the WDA Templates to
be used by troops for training and operations

can be different and they should be determined
after considering the weapon effects criterion
and the probability of the hazardous event
that is acceptable. As a general statement, in
the determination of PWDA, the weapon
danger area determined must take into account
the combined effect of severity and probability,
rather than either severity or probability on
its own.

CONCLUSION
The WDA for a fragmentation weapon has to
be determined by taking into account both
the hazard of its weapon effects and the
probability criterion. This can be expressed for
convenient interpretation in the general form
of a Risk Category Matrix (refer to Table 2).
Specific to the WDA, a reduced matrix shown
in Table 3 would be adequate.

the development and acquisition phases for
the weapon system. The decisions on
probability should be made prior to establishing
a training doctrine or planning a mission.
With this risk management approach, training
as well as operations can be carried out
effectively. The objectives of operation need
not be compromised by the safety required
during routine training.

REFERENCES
Department of Defense (2000) Standard Practice
for System Safety. MIL-STD-882D.
Oei Su Cheok (1998) 155mm HE M107 Probabilistic
Weapon Danger Area. Presented at IRSAG 1998.
Oei Su Cheok (2001) Using Probabilistic Weapon
Danger Area. Presented at IRSAG 2001.

The weapon effects and the severity criteria
should be established early, preferably during

BIOGRAPHY
Oei Su Cheok is Project Manager (Armament Systems Division). He guides
and implements system safety and provides system safety support for projects.
He also supports project needs on weapon danger area prescriptions, drives
Knowledge Management in Armament Systems, and is Secretary to the
Weapons Systems Safety Advisory Board. His involvement in Safety Risk
Management has seen him contributing various ideas as Singapore’s
representative at the International Range Advisory Group. A Public Service
Commission scholar, he obtain his BEng (Chemical Engineering) from the
National University of Singapore in 1985.

Wong Kai Jiun is Project Assistant (Armament Systems Division). He provides
software utilisation and development support in the area of weapon effects
and is involved in the promotion of safety culture in his division. A Public
Service Commission Overseas Merit Scholar, he obtained his Bachelor of Arts
and Master of Engineering (Mechanical) degrees from Cambridge University,
UK in 2003. Involvement in the project on Weapon Danger Area has been a
great source of satisfaction as it allows him to contribute towards the
protection of soldiers who defend the country. .

101

Weapon Danger Area Variation with

Incapacitation
Criteria

100

Table 2 shows the matrix of Mishap Risk
Categories that is currently in use. Each mishap
is assigned an alphabet (A to E) to indicate the
probability of it happening, as well as a Roman
numeral (I to IV) to indicate its severity.

criterion of lethal penetration (refer to
Table 1) can also be considered. This WDA
will be less restrictive than the WDA for
training, so that closer combat operations
can be possible and effective.

a. For any given event (e.g. training with a
particular weapon system, storage of
flammable substances, etc), a number of
mishaps can be identified a priori.

If we deliberate upon the possibilities and
combinations in Table 2, we can reduce it to
fewer options for consideration as illustrated
in Table 3.

b. Based on its severity and
probability, each mishap is then
allocated a mishap risk
category (HIGH, SERIOUS,
MEDIUM or LOW).

Table 3. Example categories from Annex
to MIL-STD-882D (Department of Defense, 2000)
Severity
Probability
Occasional

C

Critical

Negligible

II

IV

Operations (Not applicable)

c. Finally, the appropriate authority
needs to be identified for
Improbable
E
Operations
acceptance of each mishap risk.
The authority is required to
acknowledge and accept the risk
associated with the hazards before the
Applications of Risk
event is allowed to take place.

Training

Categories
for PWDA Determination

Thus, applying this concept of Risk Categories
to WDA determination, it is possible to define:
a. Injury during training as an event of
NEGLIGIBLE severity (IV) and IMPROBABLE
probability (E). An energy level of 4.8J is
just on the threshold of penetrating skin,
and thus, is the likely agreeable reference
value for NEGLIGIBLE severity. Higher
energy levels than this would imply
acceptance of serious wounding of
personnel, even death. These are scenarios
that are strictly unacceptable for
routine training.
b. Fatality during operations as an event of
CRITICAL severity (II) and OCCASIONAL
probability (C). Under the situation of close
combat, operations scenarios, only CRITICAL
severity mishaps matter to the commander.
Anything less severe can be tolerated. We
postulate that a higher energy criterion
such as 80J can be the criterion for WDA
determination. Alternatively, 14J as a

The concept of Risk Categories has been
successfully applied in system safety in general.
It is also suitable for use in our perception of
risk in WDA application.
In the example of M107 that has high energy
fragments, the energy criterion does not
change the WDA significantly. The differences
in the PWDA safety distances vary at most by
25m. Such a distance is negligibly small from
an operational viewpoint. It is only the
consideration of acceptable probability that
would significantly influence the safety
distances to be observed in the field.
With weapon systems that produce fragments
of lower mass, both the selection of
incapacitation criterion and the command
decision on probability of hit influence the size
of the WDA Template.
With this knowledge, the WDA Templates to
be used by troops for training and operations

can be different and they should be determined
after considering the weapon effects criterion
and the probability of the hazardous event
that is acceptable. As a general statement, in
the determination of PWDA, the weapon
danger area determined must take into account
the combined effect of severity and probability,
rather than either severity or probability on
its own.

CONCLUSION
The WDA for a fragmentation weapon has to
be determined by taking into account both
the hazard of its weapon effects and the
probability criterion. This can be expressed for
convenient interpretation in the general form
of a Risk Category Matrix (refer to Table 2).
Specific to the WDA, a reduced matrix shown
in Table 3 would be adequate.

the development and acquisition phases for
the weapon system. The decisions on
probability should be made prior to establishing
a training doctrine or planning a mission.
With this risk management approach, training
as well as operations can be carried out
effectively. The objectives of operation need
not be compromised by the safety required
during routine training.

REFERENCES
Department of Defense (2000) Standard Practice
for System Safety. MIL-STD-882D.
Oei Su Cheok (1998) 155mm HE M107 Probabilistic
Weapon Danger Area. Presented at IRSAG 1998.
Oei Su Cheok (2001) Using Probabilistic Weapon
Danger Area. Presented at IRSAG 2001.

The weapon effects and the severity criteria
should be established early, preferably during

BIOGRAPHY
Oei Su Cheok is Project Manager (Armament Systems Division). He guides
and implements system safety and provides system safety support for projects.
He also supports project needs on weapon danger area prescriptions, drives
Knowledge Management in Armament Systems, and is Secretary to the
Weapons Systems Safety Advisory Board. His involvement in Safety Risk
Management has seen him contributing various ideas as Singapore’s
representative at the International Range Advisory Group. A Public Service
Commission scholar, he obtain his BEng (Chemical Engineering) from the
National University of Singapore in 1985.

Wong Kai Jiun is Project Assistant (Armament Systems Division). He provides
software utilisation and development support in the area of weapon effects
and is involved in the promotion of safety culture in his division. A Public
Service Commission Overseas Merit Scholar, he obtained his Bachelor of Arts
and Master of Engineering (Mechanical) degrees from Cambridge University,
UK in 2003. Involvement in the project on Weapon Danger Area has been a
great source of satisfaction as it allows him to contribute towards the
protection of soldiers who defend the country. .

101

