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A barrier-based approach to risk
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Bowtie and SMS
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2. Runway
i Excursion: 2.1
Hazard: Large CAT Fixed
Anything which is wing aircraft -
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Top Event:
A point in time which
describes the release
or loss of control
over a hazard.
The undesired safety state.
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Threat : UAV
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Prevention Control:
Any measure taken which acts against
some undesirable force or intention,
In order to maintain a desired state.
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Excursion: 2.1
Large CAT Fixed
wing aircraft -
Landing
Operations

Inability to
make a stop

] . - within the
1. Flt Crew land = ﬂ: H: H: H Hﬁ -] expected
slanificantly Ll ll hd - [~ landing
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(zone or speed) account stable /| aircraft within stable | | around if approach is accurate flare and | | around if the flare will reguiremen
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Escalation Factors:
A condition that leads to
Increased risk by reducing the
effectiveness of controls.

An escalation factor cannot
directly cause the top event or
consequence.
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Flt Crew task |—
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continued landing
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Effective CRM leads to
ather FlIt Crew
member intervention

A control that manages the
conditions which reduce the

Aircraft Operator

effectiveness of other controls.
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To describe how the escalation

factors are managed.



g, Runway Recovery control

Large CAT Fixed

wing aircraf - A control that acts on the likelihood
or severity of a potential consequence.

Landing
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landing and collision with
distance y - w, o structures,
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Using bowtie within risk matrix and
hazard register

Severity of

O ftcorme Likelihood

Hazard Outcome

List of bowtie The worst Using ICAO Considering
threats credible {5x5)or ARMS the
outcome linked (ERC) matrix barriers/control
to the particular consideringthe s within the
I Mex Tareat:1 threat via the severityofthe  appropriate
| top eventwithin outcome bowtie - how
the bowtie likely is the
threat to cause
the outcome?

||
1

Inherent Risk

Risk

Calculate the
score based on
the chosen
matrix

Mitigation

Ifthe scoreis
unacceptable
and requires
mitigation, refer
to the bowtie
for possible
changesto the
system —
remember to
consider
transfer of risk
which is easily
identifiable on
a bowtie

Severity of
outcome

Consider the
effectiveness of
the new or
improved
mitigations
(controls) for
reducing the
severity of the
outcome

Likelihood

Consider the
effectiveness of
the new or
improved
mitigations
{controls ) for
likelihood of
the threat
escalating into
the outcome

Residual Risk

Risk

Calculate the
new risk score
based on the
new or
improved
mitigations



Using bowtie within a risk matrix and hazard log.pdf

ldentify Safety Risk-Priorities
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I d e n t I f S af et ATCO takes into Fit Crew maintain
account stable | aircraft within stable |

approach | approach criteria (as |
. - . = requirements when defined in SOPs)
Risk Priorities
instruction

Ellmmatlon

Elimination
ining/ proflme

Training/ proficie

Control ownership: A/C operator, aerodrome, ANSP

Control type: policy/procedure, training/
proficiency, engineered devices
Control function: elimination, prevention/

reduction, mitigation.

Control effectiveness: very poor, poor, average,
good

Control criticality: standard, critical
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../../研究案/SMS/ICAO SMM3 & Annex 19/SM tools/HIRM_Wsht_Enhanced_R5.xlsx
https://www.cgerisk.com/products/bowtiexp/
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Significant Seven
in UK

Loss of Control
Runway Excursion
CHIT

Runway Incursion
Airborne Conflict
Ground Handing
Fire

Bowtie templates
Bowtle webviewer

OO0 @ 0® e

Significant Three
In Talwan

@ Runway Excursion

@ Loss of Control

® CHIT
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https://www.caa.co.uk/Safety-initiatives-and-resources/Working-with-industry/Bowtie/Bowtie-templates/Bowtie-document-library/
https://www.caa.co.uk/Safety-initiatives-and-resources/Working-with-industry/Bowtie/About-Bowtie/How-does-bowtie-work-/
AC120-049 104.11.11.doc

How were the bowtie templates
created by the UKCAA

O UKCAA# 52 2 7 « 102 ApM AR S 2 & 50 11 &
A g s N R A 2 BRI A S
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How were the bowtie templates
created by the UKCAA

O &%= B £~ ¥ qag JJUKCAA Y % E 11 1% core
bowtie £2 2 i supplementary bowties > &) 4 4+ %t
Runway Excursion :

1. Inability to stop within distance (landing
operations) <core bowtie>

2. Loss of directional control (take-off and
landing)

3. Acceleration or take-off not as expected (take-
off or departure)
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! https://www.caa.co.uk/Safety-initiatives-and-resources/\Working -with-industry/Bowtie/Bowtie-templates/B = @ Civil Aviation Authority [GB] & | | S .. o~
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Bowtie risk

assessment models

About bowtie
Bowtie elements

Creating a simple
bowtie

Identifying safety
risk priorities

Implementing bowtie
into safety
management

Bowtie templates

How were the
templates created?

» Airborne Conflict 5.1 Close proximity (Class A Airspace) T8 (785 KB)

+ Airborne Conflict 5.1 Close proximity (Class A airspace) (Vi (213 KB)

» Airborne Conflict 5.2 Close proximity (Class G Airspace) T (91 KB)

« Airborne Conflict 5.2 Close proximity (Class G airspace) ¥ (71 KB)

» Airborne Conflict 5.3 Close proximity (Procedural (non radar)) T8 (266 KB)

+ Airborne Conflict 5.3 Close proximity (Procedural (non radar)) (Vi (74 KB)

» CFIT 3.1 Terrain separation deteriorating (arrival or departure (general)) T8 (634 KB)

+ CFIT 3.1 Terrain separation deteriorating (arrival or departure (general)) (Vi (227 KB)

« CFIT 3.2 Terrain separation deteriorating (Non-Precision Approach) T (75 KB)

= CFIT 3.2 Terrain separation deteriorating (Non-Precision Approach) [V (58 KB)

» CFIT 3.3 Terrain separation deteriorating (Precision (IMC or Night)) T8 (230 KB)

CFIT 3.3 Terrain separation deteriorating (Precision (IMC or Night)) (3 (70 KB)

Fire 7.1 Hidden area fire (aircraft electrical systems) 1] (447 KB)

Fire 7.1 Hidden area fire (aircraft electrical systems) Vi (165 KB)

Fire 7.2 Cargo Fire (combustible materials) T8 (306 KB)

Fire 7.2 Cargo fire (combustible materials) [V (86 KB)

Fire 7.3 Fire external to pressurised areas (fuel and combustible components) 8] (233 KB)
Fire 7.3 Fire external to pressurised areas (Fuel and combustible components) ¥ (77 KB)
Ground Handling 6.1 Outside mass and balance envelope (Landing operations) 1] (830 KB)
» Ground Handling 6.1 Outside mass and balance envelope (Landing operations) (¥ (223 KB)

.

.

.

.

-

.

.

-
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.co.uk/Safety-initiatives-and-resources/\Working-with-industry/Bowtie/Bowtie-templates/Access-the-bowtie-templates/ - Q|| B2
. 2 [Ur=E] (8826) danny@asc.. | M Access the bowtie templat...
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“| Current UK CAA Sig 7 Ver 11 { !H _
> @fg 1. Loss of Control

> gp 2. Runway Excursion
> glp 3. CFIT

> g 4. Runway Incursion

> g 5. Airborne Conflict
4 gfg 6. Ground Handling

@® 6.1 Loading operations . (.

® 6.2 Ground operations 1

® 6.3 Cold weather condif
> glp 7. Fire
> g8 8. Umbrella




Core Bowtle

|£J|£J|£J|EJ|:J Expand level: lij2)s)4a)s|se Display profile: [all = |EJ |£J

2. Cargo holds are
mis-loaded (e.g.
incorrect
distribution) by

Loading Staff

™

H

Final loadsheet does
not include accurate
Last Minute
Changes

™

-

Dispatcher only
supplies final
loadsheet to Flt Crew
once feedback
between Loading
Supervisor and
dispatch have been
completed

Handling Agent

Good

Policy/ Procedure

H

Loading error
exceeds design
margins

Loaders complete
loading in accordance
with load plan and
aircraft specific
procedures

Loading Supervisor
detects and recognises
error by visual versus
documentation check
and advises dispatch

Dispatcher detects
error by reference to
completed load plan

and takes appropriate
action

Handling Agent

Poor

—

Loading Supervisor
detects, recognises
and corrects error
during loading
procedure

Handling Agent

Policy/ Procedure

Elimination

Handling Agent

Policy/ Procedure

Prevention

Handling Agent

Poor

Policy/ Procedure

Prevention

Flt Crew detect,
recognise and correct
loading error via
walkaround

Safety margin built
into the certified mass
and balance envelope

(as per Threat 1)

Aircraft Operator

Policy/ Procedure

Prevention

Manufacturer
Good

Policy/ Procedure

B

Loading operations
for large CAT fixed
wing aircraft at UK
Aerodromes

6. Ground
Handling:
Aircraft
significantly
outside the
operational mass

and balance
envelope




Supplementary-Bowtie

|£J|£J|£J|Ej|ij Expand level: lL)2)2a)s)e Display profile: | Basic ~ |EJ |£J

H

H

H

H

H

H

-

-

-

-

-

L

re to
it/
mn
afe

Impact/ damage
detected by equipment
operator/ driver and
Supervisor advised

Impact/ damage
detected by third party
and reported to
appropriate person

2. The aircraft
internal structure/
systems is damaged
during cargo
loading/ unloading

(e.q. fire protection,
hydraulics, door
locks and latches)

Impact/ damage
detected via pre-
departure inspection
by Maintenance
Engineer

Impact/ damage
detected via pre-
departure inspection
by Flt Crew

Impact/ damage
detected via pre-
departure walkaround
by Ground Staff

Appropriate
Maintenance Engineer
inspection and
assessment post
impact report or
detection of damage

™

™
-

™
o

™
o

™
o

L

Manufacturer ensures
systems within cargo
hold comply with
design standards and
regulations

Loading Staff adhere
to relevant equipment
and loading /unloading
operation procedures

Loading staff detect
impact/ damage and
report made to
Supervisor

Loading Supervisor
detects and recognises
damage before doors
closed

3. Moving aircraft
collides with ground
vehicles/ obstacles

(prior to aircraft

moving under its
oWn power e.g.
pushed or towed)

H

H

H

Appropriate
Maintenance Engineer
inspection and
assessment post
impact report or
detection of damage

H

-

-

L

Aerodrome Operator
designs ramp ensuring
sufficient space is
available for
operational
requirements or
variety of aircraft

types

Ground Staff adhere to
pushback/tug
procedures

Impact/ damage
detected by Ground
Crew and Supervisor
advised

Appropriate
Maintenance Engineer
inspection and
assessment post
impact report or
detection of damage

MBowTieXP

large CAT fixed wing

aircraft at UK
Aerodromes

6. Ground
Handling:
Significant
ground damage
undetected prior
to aircraft
commencing
take-off
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Consolidated Barrier Strength Value (CBSV) Approach

v

O 5 Bowtle/\%’%—zz RETEEH AT At s b s A
7}‘?]5]:]3"7 - r’-l’ I— 7 ]ﬁ%
Sheet 6: Likelihood Table

Level Descriptor Likelihood Description

Certain/ frequent Is expected to occur in most circumstances.

Likely/ occasional Will probably occur at some time.

Possible/ remote Might occur at some time.

Unlikely/ improbable |Could occur at some time.

Exceptional/ May occur only in exceptional circumstances.

| New )
\ Location
Hazard §
Threat l \ A%

Control
" e

” Threat ii



../../出國報告/2016SAA/State Safety Programme (SSP) Implementation 10to14Ocr16/Supplementary materials/Selected/HIRM_Wsht_Advance_CBSV_4Oct16.xlsx

Assess Likelihood Value of Risk Index

Step 1 - Assess Consolidated Barrier Strength Value (CBSV)
of Unsafe Event (or Consequence) - Sht 6A

Step 2 - Derive Likelihood value of Unsafe Event (or
Consequence) based on the CBSV obtained — Sht 6B
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Sheet 6A - Barrier Strength Value To Likelihood Correlation <<<
Table 1 - Barrier Strength Value (BSV)

Barrier Strength Barrier Streneth Description Barrier Strength Value (BSV)
Poor Weak, superficial or insignificant Barrier 1
Fair Barely viable or adequate Barrier 2
Satisfactory Reasonable or acceptable Barrier 1 3
Good Effective, recognised and established Barrier 4
Excellent Best or most robust Standard/ Regulation/ Practice 5

Table 2 - Consolidated Barrier Strength Value Assessment
Barrier Sequence # Assessed BSV

*Note to Consolidated BSV:
1. BSV summation of the actual number of barriers OR
optimum number of barriers, whichever is the lesser.

2. Where actual number of barriers exceed the optimum

LILIEIE

number of barriers, select the barriers with the highest BSVs.

oo =1 | | | B 2 o |—
W

<<< Consolidated BSV (# 1 to 6)
D <<< Consolidated BSV (4 optimum barriers - # 2 to 5)

Table 3 - Optimum Number of Barriers

Severity Value of Optimum Number of Applicable CBSV-
UE/C Severity Descriptor Barriers Optimum CBSV* | Likelihood Table

1 Insignificant 2 10 Table 4A

2 Minor 3 2 15 Table 4B

L3 Moderate L4 20 | Table 4C]

4 Major 6 30 Table 4D

5 Catastrophic 8 40 Table 4E

*Note to Optimum CBSV: Optimum Number of Barriers multiply by 5 (highest BSV).




Table 4A: CBSV-Likelihood Correlation (Severity Value 1)

CBSV Range Likelihood Value | Likelihood Descriptor
0-1 E Certain/ frequent
2-3 D Likely/ occasional
4-5 C Possible/ remote
6-7 B Unlikely/ improbable
8-10 A Exceptional/ impossible

/T able 4C: CBSV-Likelihood Correlation (Severity Value 3)

Table 4B: CBSV-Likelihood Correlation (Severity Value 2)

CBSV Range Likelihood Value | Likelihood Descriptor
0-2 E Certain/ frequent
3-5 D Likely/ occasional
6-8 C Possible/ remote
0-11 B Unlikely/ improbable
12-15 A Exceptional/ impossible

Sheet 6: Likelihood Table

CBSV Range Likelihood Value [ Likelihood Descriptor
0-3 E Certain/ frequent
4-7 D Likely/ occasional
8-11 C Possible/ remote
(12-15) LR Unlikely/ improbable
\ 16-20 A Exceptional/ impossible

Table 4D: CBSV-Likelihood Correlation (Severity Value 4)
CBSV Range Likelihood Value [ Likelihood Descriptor
0-5 E Certain/ frequent
6-11 D Likely/ occasional
12-17 C Possible/ remote
18-23 B Unlikely/ improbable
24-30 A Exceptional/ impossible

Table 4E: CBSV-Likelihood Correlation (Severity Value 5)

CBSV Range Likelihood Value [ Likelihood Descriptor
0-7 E Certain/ frequent
8-15 D Likely/ occasional
16-23 C Possible/ remote
24-31 B Unlikely/ improbable
32-40 A Exceptional/ impossible
7-Jan-14

Level Descriptor Likelihood Description
E Certain/ frequent Is expected to occur in most circumstances.
D Likely/ occasional Will probably occur at some time. .
C Possible/ remote Might occur at some time. 5 L
B Unlikely/ improbable |Could occur at some time.
A Exceptional/ May occur only 1n exceptional circumstances.
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