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1 SYSTEM AND METHOD FOR RI SK ASSESSMENT AND
MANAGEMENT FI ELD OF THE | NVENTI ON The present .
invention relates to a system and nethod for assessing
the 5 risk of a hazardous activity, event, or
situation, and in particular, to a nethodol ogy and
format for presenting the nunerical val ues associ ated

wi t3Y STEMANDSME THO DFORERI KA SSESENIENT ANDI@%NNGEMENT

conveni ent documentation and visualisation. _
BACKGROUND The ability to assess and nanage ri Isk :Mi an
sy veryday life, particularly ere
certa??ﬁag?'ﬁ?\ﬂ%’gﬁr%s result in mshap. As such,

ri sk asbegpsesent imertiodsemtes twoavsasteasand methed féroRisessing the
of. thgoreti C anal ysi s and practical managenent of

I . !

hE¥aPLR hege S;?rcé'f’l&éﬁvﬁﬁ@OféﬁfHaB‘a@md nepatiipepR|tp A
SHR#K B8 S | At Ref : .
K tlogy, B (OBl e sahsS e e EA VP bidedd with
aplrch Aekssiatabulay aod grapisiealfermatfontonbenienndsduapentation and

| . W.th other relatively mnor factors.
ﬁu‘."gp%'}s:g 'éﬁly, wor kpl ace m shaps have occurred and
evoked the attention of concerned people throughout
the history of human civilisation. In particul ar, 20
r BAGIKI=REY shown that anal yses of mning accidents

L] 1941. Ho is
e sessnia PO st i Fahade Bk AR mhBHRY AP Bl
aeneryaap Giereattidutely webrt coredil atB@Eaes ay rckak ih midiap. As

VWhile risk assessnent

inth t three decades. : _ _
2%%%5@@%@%5%2%'@3% YPIwY anestablisbed sopiafoétheoretical

. i nri ol .faor the
TBRSTENG GHEAEHT ALY TR, R b B
dGehetallytspeakingoak essessraeriitakesito cassidefzaion the probability

LS%@%@IES gﬁtil Q:f ﬂﬁﬁ%{%ﬁ éé)crurfqr?fgilqr{({;ﬁ%ggqrviyﬁtsm%g%nsequences of that
C@ﬁﬁia@?bRﬁwg"Jon[He?r‘?é}aﬂwagiﬁgr ggncgg,%nt devel oprent s

have shown that organi sa governnments are
convi ndistorigally heotdetarde mishaips3tavel cotueedi ancesvokent therattention

P e L R T N —
| eeords hdiskhaws tsanmilysteafminidd addiGertd alE HeeAt dffed out

of hazards and the _
as early as 1941. However, risk assessment and control have become an

important topic and management tool relatively recently, that is to say, in the
past three decades.

While risk assessment and management have been closely tied to
safety management systems and considered a prime tool for the elimination
and mitigation of mishaps, it has been difficult to demonstrate a business case
for investment in safety for many industries and professional activities,
particularly those considered “low risk”. However, recent developments have
shown that organisations and governments are convinced of the benefits of
planned investment in risk assessment and resulting safeguards as a proactive
defence against workplace mishaps and losses.

Risk assessment deals with the identification of hazards and the

evaluation of the magnitude of the risks associated with such hazards. At the
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eval uation of the nmagnitude of the risks associ ated
wi th such hazards. At the 2 outset, it nust be noted
that any risk assessnment can cover only a rel evant
portion - marked as "local danger"” in Fig. 1 - of the
entire spectrumof risk in the activity or process or
situation. Typically nost risk assessnent

nedtset] o mgstese notesli that aty Atk Bbsésshinti candcover bARCA F&1Bvant
nunber of independent paraneters, mainly

f
8? 8Birt Meykedes gpcalstanger diddg ot —fthe rafre Spretrum of risk in
Sﬁ,\gec{déigry ()ﬁgrdgesbto?.s%?ﬁ uence. Most proposed

nmet ho 0gl es vary in e ‘manner in which the conbi ned

ef f ectTmicﬂlyandsﬂisleasmem?@thdd@lﬁg%gm‘dg&&ibr dtﬂ'% kdAR) is a
' | uat i and _deci si on- nmaki ng,, the P, S, and
VNGHSh phy UlpEf idRRESeEhParARsters: roainly, prabaBishelP) of

' b 4 ' al
poSduiRrReLrs M, N8 sKabliy(E) 0Bt sohReqddtiie? MBKEiroposed
i methnslolegies ¥ant intthe niannarde wthignthef careined sgifect 6f Pdand S is

I I in,Fig. 2. This provides a visual
r%%sreeggﬁ{%ipiccﬂ%e (?"sceﬁje_ risk level within the spectrum
f'rom e aicoesialbgtioras 88 Eish-MARMGS Y PASOYNG Fevalues may
matrix. 15 Conmonly, a risk matrix i s enployed to

dpe plodipdnd anatrix (e s tablehwith Rand S\alorg the weticaleahd

= 1 : q e ) :
SRRt 4o U3bh KB e RSB URAOR ESa B85 Fgtea n e
diablecatethe inrésctiohwfipeir spécified AV EsaR Fi. 2.i s prdvides a
matrix format, as | This is known as

n Fig. 2.
YRl reRigseBtationoiNpe isg'k?veé within the spaatore frem thevlewest to
t i j ers ("ranks") may be
a@gpgﬁgédé %%%%%tggtgggﬂ?lnﬁ#gyand severity levels
(st ar t Cagnmdnli, éIiSkimHtriKﬁHeemlpMyesih ttb,di@mdybfml ilitygau severity
nb be multiplied or otherw se manipul ate
R B o BB, 5 Bl e e S B 209
i . . L _ |
b onSon PO fnd SRRCrR 1RE JTBRE feif TBlibed fo
neategores of agl, uala malrixdotroat, las in &iig. &bl Elsis im&nawneadQualitative

exRl ai » The resulting risk matrix is referred to
ag%kﬂ}dﬁ@ i‘cal ", or "Pseudo-Quantitative", latter

meani nfs aatimpeelde AL tha GudRtatiVl piéth8Y 2Mirmbeld (“@inks”) may
data is available for both (or all) paraneters of

rPeRssigpedialie Pebabilgnanssementtlevels (stecing yiles!” dorthe
URGRsHOaHE tELE RFel numbers may be multiplied or otherwise manipulated

according to a variety of methods, to obtain the risk rankings, as in Fig. 3. The
use of numbers simplifies communication and decision-making, although they
do not confer actual value to the variables, as already explained. The resulting
risk matrix is referred to as “Numerical”, or “Pseudo-Quantitative”, latter
meaning not really quantitative.

Where quantitative data is available for both (or all) parameters of risk,
probabilistic and mathematical techniques are used to determine
consequential risk in a quantitative fashion, and the resulting risk matrix is
known as “Quantitative Risk Matrix”. Examples of quantitative data may be
parts per million of a toxic component in drinking water, dollars cost per

accident, etc. Academicians, scientists, practitioners, and administrators in this
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30 consequential risk in a quantitative fashion, and
the resulting risk matrix is known as "Quantitative
Ri sk Matrix". Exanples of quantitative data may be
parts per mllion of a toxic conponent in drinking
wat er, dollars cost per accident, etc. Acadenicians,
scientists, practitioners, and admnistrators in this

fieltliteivd deamtevittetid matidmaties amd RBddd16giaB®behind risk
net hodol ogi es behind risk assessnent and its

appiasemari Anddisrarnlication i fighmanagemenguant i tat i ve
dat a ig\p%xg'q'uami ti(/%a?é‘gé\PJnaB;feff%%n@ﬁé?gzéxg};é?é’afngeters of

risk, en relatrve values of various :
(Bsly.or'whedi retdtivienesduesiof varfousparametdapeid “Hiddaim? fre§sency of
as frequent as "l ow' reqéjencyq, the resulting risk
TRIPIREED 15 EPR TS 45 TRAUETAR 1w HRqUECH NS Tavilangrigk
| MERiV R refiffed f@é@%@ﬂ—?@%nfﬂ%@i\/@“ lﬁﬁ# %g'i%@% QU
where rel ative or actual values of an ar e
avathematcal manipulaans.i ng R may be cal cul at ed and

esent ntitative

. to .
Bem - quiBuiEl Whers FeBlif Shroalidties of FarmkuS ase available, the
I RBOEIMgSR in&Bé calcldtbd Anduibttedid'Ssale, tWrEQeﬂ%‘agﬁﬂgétive or

vary across wide spans - to an arithnmetic scale
r enl-adantifatiygypiciurgioftloe risld | ocati ons of risk points.

Thi e [cul arl enat i en ti cal es

vary foREedE festnedinBt BRI VaIG: 5 e SRpaaty vary

aadrews did¢ apans o toidn arithmelit sehicdsitdraresultéd ii BRI Hidfbrted
obl.emip the graphical representation of the risk

B{OB?HOW%OP@%PO'BE%tWﬁ QY be pasiciariy problerpatie whenttime scales

~ w . ”

ot Trom Sal8 o ueBhdes, YldinRAy kst ey bBhTTh %y dollprs tgmilions

Tof dollars.oheesuitirng pnﬁm@d\i?m@s;@ahé@l Ire;getbﬁgttaﬂtbﬂtof(th@g@k plots is
logS = Copstant), is often used such that the

e Poaiouss LSRRtk pprRaanietias (o - bonsiands wil be n the

W ofeHBeRb iR AkhioR e RAfiEuPRADIBREAG ntbfbrdfider st and.

In nost “existing quantitative risk assessnent and

manageheveraoyre these disadveantagesd, atlbgﬁoa_lpbldtmbg% g

in_which t d and , results are . ]

o SRR pWBp dBef i dna g perd B drddes briasineststraignt

efrsad, whicHhrs Siheiablotddpictidieseadisl @iddeistant h the

intricate workings of the system 25 As such, there is

a needInBopt eXistiRg auantitptive tek assgssmardandemanagement

an?fﬁ\?‘;ﬁe\/@%ﬁb%rlgtfotﬁaéf {FOARS 30 G WP harhed i LRl G e s and
results are graphically presented are not very user-friendly or easily
interpretable by those unfamiliar with the intricate workings of the system.

As such, there is a need to provide an improved risk assessment and
management system that enables simple qualitative and quantitative
assessment of risks which can be readily understood and interpreted by users.

Any discussion of documents, act, materials, devices, articles or the like
which have been included in the present specification are solely for the
purpose of providing a context for the present invention. It is not to be taken
as an admission that any or all of these matters form part of the prior art base
or were common general knowledge in the field relevant to the present

invention as it existed before the priority date of each claim of this application.
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assessnment of risks which can be readily understood
and interpreted by users. Any discussion of docunents,
act, materials, devices, articles or the like which
have been included in the present specification are
solely for the 30 purpose of ptoviding a context for
the present invention. It is not to be taken as an
adm ssion that any or all of these matters form part

Qr art base or were common general
kéU\MMﬁ%@ Of tHE INVEINTION evant to the present f
e TARBB HRSAMAIBHIGE 8 BB o fghins sucn o

| mﬁmﬂs@ﬁ" Ehrmlgﬂmmmg't lwils be mmlefstoaa lt@ nnplﬁ?fthé\m’idﬂusmn of a
vari ati rises" or

i se" ons such a? onp
S3HAst PBmet, Intader of st @ QR W Bl el§MaRikyiniagers or steps, but not
' ﬂh%' é&&il&éﬂor%f §n¥'5 ottt eiéheheRBYer 6rr‘§t89e5r é’lrou?tcﬁ%herﬂénts

group of elenments, integers or-steps,
emmgm’S@mstépSany ot her el enent, |nt eger or step, or
gr oup ngnt s o a

d
310U BB v sBAHT R e Bl A e

t%@hﬁlcﬁm@efof 8Fgai @ﬂi@ns PrdsetatRine ARIHiBbIEEGh, and management of
mani ation, and management of to hazards |nvo ng

rh%zr@rﬂémol\a@g &isls hexed aaa@ssmentsarmhdmmpngnabagemm on

PRSP S 1 1

pr obab() | t YREBRivitg data refatifg e theTp RdbidditP CRHSf twabor more
W t qln sai d process, and data relating to the severity
(9f°

oGsringWERINGERIE PrRcasspand data ralalinarc thersevrety (S) one
PEORRSSr mbre tFrLéﬁ Sﬁgeééc{ﬂrﬂﬂq W}ﬁlr{ﬁf&%ﬁo8~£s§r obabi l'ity and

severity as NrAUM t o maxi mum
vaI ues(iiqs sDeﬁnrhgdUe range pf Petbiabilingahd eevarigeasothe span from
uI ti n k %R?m as ﬁﬂ‘e product of the m ni mum and
rmlw %sm § e§as(§%0| ling the ranges of
the | 09 'tb%ﬁm %hé¢§n§’é oPFé%*BlﬁPigl Hléky(Fng hebroques! dr¥he
(S, rlsk such That P, s are now

r@mlﬁwmaed raexm]wn ualuleagjelsP(aD}dlSo% t he sal d step

Bg:rggn ge §Fa'é{}%/ n%bbégbfﬂl? @ﬁ%f%"@gé’%% ?!n quagab'“ty (P),

i %ﬁrﬁ?%ﬁbﬁdﬁis@d(@%@cﬂﬂthé‘ﬂ P, Shend & \%‘-h@@é:éfé’ﬁoﬁ/%&%%ented as
(vi) Conputing the ercentage rank and val ue of risk
f Bercgntages (0- 00%) the said step belng known as “normalisation”;

(v) Determining the percentage of any values of P and S specified
as intermediate stations within their respective ranges;

(vi)  Computing the percentage, rank and value of risk for any
intermediate combination of probability and severity specified, through
expressions derived from mathematical principles; and,

(vii)  Comparing the risk results against acceptable and unacceptable
criteria to determine whether the risk is tolerable, and hence to be managed
with suitable control scenarios.

In one embodiment, expected to be the most common, data relating to
probability (P) of mishaps occurring within said process may be in frequency
units such as number of mishaps per year; or in levels of relative qualitative

measures, along with brief descriptions. Likewise, data relating to a severity
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25 internedi ate conbi nati on of probability and

severity specified, through expressions derived from
mat hemati cal principles; and, (vii) Conparing the risk
results agai nst acceptable and unacceptable criteria
to deternmine whether the risk 3s tolerable, and hence
to be managed w th suitable control scenarios. 30 In

Of8) RTbORItEE® With rﬁPéﬁﬁFé @ec&rﬂng@wimﬁtﬁ@ﬁhc@em b&&t Bost units
relatin probability (P) of msh ag; occurring

wWhHa as 8Q||Qf3m0§b§§%m"ﬁd3ﬂpbér imlevelscpfar Ivemmlailtatls'ecmemnres

crigEpah o RRReREls ¥aBh e vAy BIS wkorfislhartEnages

Lwltlelm salculddgchfron thil metﬁeﬂwalcaﬂémﬂe‘symﬁs deSiloped.
associ at ed S Qoccurring within thegproce

may be'l ?PQ;E%'E em?pggn it eatagelalng tarrsobakitityd&) apdirLata
Ofelatthd @V%\%é@{: S‘)%Q%'b%eo fH thedbiniof %Qﬁtlé'iﬁ? 'Ieve?é ﬁ'ggkrred to

wth Dbrief om these val ues
aagl ranksg fortlagie sf dejmltlvéaaum&hcal dless. fin gorch leases, the method

SRR D o a8 R R S ety oes
dﬁ‘f@ste?%‘f@&élﬁﬂg Fa‘hk§%%kééhté®sd'fﬁ% ré§ o‘P"t}‘\é/Eh{t %Q% cerrlpute

itative levels (refer as ran
ﬁn@l gisplav Reing, ther $ame asallers aclual valuks eas eepplidie

val ue, T ARl rofhells iioghE HaeSHctnelraopraliation, and
S§l@b$d¢@1ehﬁné@albélld?ﬁf§rémp@%ﬁne8h@hrb@ﬁﬁ RﬁoWHesl%ySléeﬁﬁear and
to conpute 10 and di splay R being the sane as

a@xreneniial mathematieaipglatiomshipsoetweerrrobahilityf, senputys and risk

and subsequent
evaﬁ?ﬁe‘t{g ﬁggirag g%%‘ép g%létgnq)%\}réﬁpgﬁ]%kﬁﬁﬁ% NG npl e Iinear
and qu;)oneAUt(ﬂhatita()h@m% caktbrafieh af chRosén Bangét eRR defined by
obabi|ity, severity, and risk states, speciall

IHRHRIEIMUN @BFdNaKiME levals ehirepabilly @ay sevesiatand hence
Orii00% calibration of chosen danger range defined by
the i nput m ni mrum and maxi nrum | evel s of probability

and se(odr i t'y"rarwﬁmrnhaimxeof raw kdatg kgndr thmnsfrwmmlam @b improved
d and t ni ulatlont01 r
isERtaliofon; tes: o {835k QU | $TigPlRNed principles of

e n xponential (that is,
I gé@éﬂgﬁgg{ﬂg{ﬁs@gﬂ?@?%ﬁver&%{\gsSI on of risk in
(

dol | ar or Expressiccupt enk i dodlars éar pther dunrency) per year, or in
other input quantitative measures, or in qualitative product terms, depending
on the input; and,

(d) Determination of any one of the three variables probability,
severity, and risk, given the other two, in terms of either actual values or
percentages, depending on the data given.

According to a second aspect, the present invention provides a novel
graphical format consisting of the following:

(@) A diamond shape for the risk domain, extent defined by the
probability and severity levels input, as in Fig. 7(e). This diamond shape and
the underlying exponential transformation lead to the name claimed and
trademarked, as “SAFER Diamond”:

(b) The bottom corner taken as the origin for the risk zone,
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ot her input quantitative neasures, or in qualitative
product terns, depending on the input; and, (d)

Det erm nati on of any one of the three variabl es
probability, 25 severity, and risk, given the other
two, in terns of either actual6values or percentages,
dependi ng on the data given. According to a second

aspreesporidivey Bd é@eﬁﬁtnSkﬂ\(EG\Ivé@tnCPéd?MbdlénQePQ)VELCD)) as defined by
graph| cal format consisting of the follow ng: (a) A

» Shape for the risk domain, extent deflned by

t he 3&?” °$ﬂ9't5%}:§rrﬁ€é§gal§% &5 'tltsé( Bes\gﬁni ufzgp%ZCci)rpesponding
et(p“dlﬁ)éﬁ’t rlalk” (tl-hgiw&‘t(ﬁredtbl@lalnged drmmbyeasamﬁn@a ®ly1tRE user;
and t Fm E’ 'SAFER D anond”; (b) The bottom

o ehng et By

cor ner i gige o the,ipmord epsesenting P axis for
ggfdﬁb%%;?ﬁ‘i‘agégt%f ttén)geecfz e thﬁsr\qjhst’ gé\%\fs%g%)?ﬂé%g%m fépresentlng
t @k @xisagor heevesitk mrceh’agess k(Thendwoc @dges plesitinations omay be

i haNERH et FIER agiB R oA, it fge s therutcome)

di anong)r eprTRE PMhhdS |Rcma@dsa>té§ maﬂ(é&pﬁrb[%érbﬁbftages from 0% at the
percentages and the ri | ower edge

r eYPEWEY q)tFRjn cerns(ite Aﬁéﬂmtwqtqmemofa@\esncl(nﬁdeaxes along

te an i,f the
| BRI B o R ol BREGE “BFioal proigSians:
out cong) ) (Eheﬂ&&tldﬁl 2BAtre Iin@Cﬂrérﬁetﬂead%ﬁﬁ)n‘?%h%’r fo'the tog corner
percentages fromO0%at the 10 common bottom corner

15eERNtedhewange pf Bsk ievels from Q%dplw@%,axels al ong
h , |u a
11 g o L OOl R A v, o

f tHighestel dletabbarRisk” lmeﬂ—ﬂtR) leviet; esOtpe reshinfierk Imégréfnetﬁ@f&lémgnd
the ra je 061 ri sk | vels from0%to 100% (g) Location

of the P & 5’5’[559%@RbakHPtYLﬁﬁVﬁét\Yelandaﬁﬁ stafus of any
I'Tl!aﬂi?@sés J&h@rﬁwheaﬁbﬁllf F|é3r8 6l fhd 84 frko @S benchmark

lines on the dianond Mappi ng o esired
pr obabin pog, emb@@mew,, tlmurersemlk isteaition wRyaingludeather dapabmty,
t he dianond. In on

cTalith RbRie toHea5 sheeieShebs chpiRuprapr e daamtle Scieenshot of

C@RRAI isishown in Fig. 10, to compute all the necessary quantities from given
data, and to present graphically the data and results in the formats described
herein, leading to answers to practical questions such as the following:

(@)  What is the expected risk loss for a certain combination of
probability and severity?

(b)  To achieve a desired risk protection, what investment (or
insurance coverage) should be planned for? What P and S options are
available to control risk within this limit?

(c) How are losses of the same value R incurred by two
combinations of P and S different?

(d) If the project can afford only x dollars for risk protection, what risk
percentage must be set as “Unacceptable Risk Limit"?

(e)  If risk loss below y dollars is insignificant in the overall budget,
what risk percentage may be set as the “Acceptable Risk Limit"?
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froma single conpact spreadsheet conputer program a
sanpl e screenshot of 20 which is shown in Fig. 10, to
conmpute all the necessary quantities from gi ven data,
and to present graphically the data and results in the
formats described herein, |lealling to answers to
practical questions such as the following: (a) Wiat is

the ex@pct etlorédlicd BrsridlObf @c@ﬂéh&héka?@%@éﬁﬁﬁé ?J‘anes ed level,
probabi |l ity and severity? 25 (b) To achi eve a desi reJ

rﬁf Probakility Gandve reghiaed; *Pﬁ(/ésttﬂiﬁ@nthe(rbrby hcm umanmyc enits s of severity
SN Ha3 rappt Be PeaR AT pblliahs; Phn s Sy B riggase)? or

Haee aeesd®sses of the sane value R ncurred by tvvo

conbi nati.ons of P and different? 30 (d) If th

proj ec @Peaa%fea'ab‘%ﬁ &%t ﬂa% SATER RQjamongids @ Vﬁféétllﬁdﬁtefac'ﬂve
t ga

Rk cplrHining $pa BN ariBis PAngBfost ProWBEAR Bing tools and

|b|eanﬁsT| cant in the overall budget, what risk

e E9®, BluaSicl asnigl 5 orAiurainieaatos toblaumian wstorical
t @ata Qﬁé'ﬁ]%écﬁ\é@énaﬁ&s RIRPARIS o fagénpr*é‘éeﬁﬁﬂl"tgﬁ%ng darﬂj quide

units, then, by how many units s of “severity
t fwbungzdieactions; r educed (or, perhaps, even be all ovved to

? b
that 110 saFlmgERadhs BoaSuabisihiquy PERAER, Sbsitas:
t ool conbi n{ing sDEBGf FasdesPdRatfEbles’lo MEind £8anger state:
prowdlngthefollovvlngtools and benefits: ?

numeri cal afl)wel Fixgd nymaben f 4P andtSerangesi e tooI to map

manage prestit o B dNCaN I Bk anaT R A "

di rect i ons; (iif)b) Ellecasm@ttbaiefmfe dlé@rlwmdsalbvélé dffprobability and
current practice, such as: i) ranges of

variabl es to def SRETRY ggﬁg:@,tegsqr&sgf ”Séﬂ fo avaisl @ higwier
gl;l Ipsawgng ‘Tﬁ@gl’(?\%ntl()h"@/ggésds?ﬁtgi ﬂ#@g?lgé\%éj |stéh%‘6n9ﬁéirn't§(by=
various | evél) s obDepelopiaty ali the meckssary parameters uniquely to scale
from just two end values or levels of Pand S; and,
(i) Providing continuous instead of step-wise functionality.

(d)  Potential to integrate to a common convenient base, with a
standardised format and scope of risk assessment, the present wide variety of
format and scope of risk matrices in use around the world which militate
against proper comparisons of risk findings from different sources;

(e)  Potential to be a handy and convenient device for experimenting
with and evaluating various risk management scenarios:

) Potential to add one or more factors (beyond P and S) governing
risk with the same methodology and format as the present 2D case presented:;

(9) Potential to apply not only to industrial and workplace risk, but
also to financial and other losses;

BRIEF DESCRIPTION OF THE DRAWINGS
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severity and categories of risk, to avoid anbiguity.
(c) The invention overcones the above-listed
constraints by (i) Developing all the necessary
paraneters uniquely to scale fromjust two end val ues
or levels of Pand S; and, 20 &ii) Providing

conti nuous instead of step-wi se functionality. (d)

Pot ent Bphvayoofi eXapgslaionly, @eﬂaﬁ%@oﬁmb&rﬁnobﬁ%rred

with a standardised format and scope of risk

a@obediments of He prsertinvention willriesillystsatedayr thetacenthpanying
S '%Rﬁnég' risk matrices in use around the world which
milita agai nst proper conparisons of risk findings

from dFiglies ént steows t28iindbgy apedPit Bielingéntich B6d asbeciskd
and conveni ent device for experinenting wth and

eVSPYSH®hg various risk managenment scenarios: (f)

POtemF@gréri :%%vm ﬁt%cé’%&hﬁaﬂ%q{% rﬁgﬁ&%%&cp?&%c with

governi nmet ho or na
aestahw'mder@ms@@sm ppocessased;  (Q) Pot ential to
apply ot 05 to in ustrlal and wor kpl ace ri sk, but

3o al SHOUEE LR NpIGe gAY SRRl MG Ry ETer cal ranking to the
DERHRAE @k Aatrbt6r EGOMI DICS 8 By way of exanple only,

certain parts of prior work and preferred embodi ments
of t heFigure éntisianbabdity and iseverity iplatdoraat arithmetictseale

ure 1 - shows termn nol ogy
useo%ﬁﬂﬁ@%%gﬁg%géﬁet‘%dqﬁﬁaﬁ sociated 5 discussion;
Fi gur eFidure 5{)Whowsta inéa plated 4 Ladyi &/ antd abtarwafri%dlsﬁlaymg
accordance with established risk assessnent

pRYREsBaliscoMpys @f epnstayfdisk; a typi cal method of

o1k BB shlys SBEE 6ot BETaEhak FFianipie
sever i Figupd 6t $leoves) (a)rd nmmatm S(bﬁh?perbblm\!\/lzﬁﬂeé aﬁd }M;)d& log-log
OWs a I near p 0

38? i.n the data; Figure 5(a)
Pt gYpron At ﬁxstamsaus%g |fﬁptﬁs§§'ﬁ gatahand Fgasbtser figk
CadRYhef constant risk; Figure 5(b) shows a
logarithm'c plot of the sane data as in Fig. (5(a);

Figure 7 — shows the steps in the evolution of one embodiment of the

method of the present invention; Figures 7(a) and 7(b) are essentially the
same as Figs. 5(a) and 5(b) repeated for completeness of the evolution
sequence;

Figure 8 — shows the step in one embodiment of the present invention
corresponding to the scaled alteration of a rectangle log-log plot to a square
log-log plot;

Figure 9 — shows the step in one embodiment of the present invention
corresponding to the rotation of a square by 45 degrees counter-clockwise to a
diamond shape; and,

Figure 10 — shows a screen shot of one embodiment of a spreadsheet

application of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Terminology Used
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15 Figure 6 - shows (a) a risk matrix, (b) hyperbolic
zones and (c) a log-log plot of prior art systens
used to represent data and results for risk
assessnent; Figure 7 - shows the steps in the

evol uti on of one enbodi nent of9 the nethod of the
present invention; Figures 7(a) and 7(b) are

essentv\mllbu/stbhsar%pteﬁmn%l@ga/ EXi86- in WM& hrtdtdvstkBlace risk

repeated for conpl eteness of the evolution sequence;
Fngnagement, s‘ﬁb(ﬁ;@sf)ﬁé of clapity and iy vamoﬂsexmnplecdnly ttbe following

gtlre?vﬁ Q{ngnW| Mﬁér]g%%%'l% Orgge)ﬁpgadﬁ%ﬂé{}l Becfgregm&gdpgmly to Fig.

l6g-10g plot; 25 Figure 9 - shows the step in one
enbodi gent of the present invention corresponding to
t he roﬁgﬂﬂﬁh of a square by 45 degrees

?Oung%hgbébgggg ro}/\fﬁl? gmpa ﬁ I%@(ﬁrl]{'tég\goﬂéjg%gmﬁgnents,

spriobatidibeand sepgity c4fazand bgenéTellprefeEsrltb poteetidlidamngeBGvhich
%TAI LED SC[‘ZEII PTI ON. OF PREFI%R ED EMBODI MENTS
SSATIER 5% SCBOMNST I\ TS o CaiEaPASOBNR] FORSRES BRFSE 5

g‘?b'f:é%ﬁ'bn gfrllthfHéO&éfﬁgefdréé '@%&ﬁ{%‘?&ﬁr}g %Qﬁﬁ?% ?é‘a°1 when it
t eampossibly lewd o advefee @weots Imel am:ldar&s $x bdszienedr; when it can
BRI Rt bhsecienZng T 100k GBS bPe together

CRfPeat s as “‘mighapabi ity and severity. "Hazard"
generally refers to potential danger, which becones

risk is realised to the personnel or

asset s Hl@q&rm {;&98@ &'tk gpé@éﬂ% %é:qgﬁgg%)ﬁgliﬂﬂé d8RGer to

of ana ys S. anger 1S

pmpblte/ ahaMaﬂm drbtie ends @F ahich aidsotFally dentifialsie. Global
sses, can result in |long-term adverse

c ARIEY s ABdadef eﬂmle absiiggtion, @ndiis pentioged there onbftergraphasise
t et tHat BAPSInd every activity in the real world will carry some risk, and

also will not be exposed to all risk.

Local danger

This term represents a sub-set of the global danger, covering only
“feasible” (practically realisable) and “credible” (believable) dangers, and/or
those dangers chosen for analysis, namely dangers whose probability and
severity and hence risk are relevant to the user. This is the danger range over
which the user wishes to, can, and must exercise control, through risk
assessment and management. The word “user” will refer to any individual or
organisation such as a company, or government) who will assess and manage
the risks involved in their project or task.

Lowest credible danger (LCD) level

The LCD level is the bottom level of local danger, below which dangers
will be irrelevant, as decided by the user. This term can be defined as the
user's “Zero (0%) danger” state, representing the “minimum or lowest” level of

dangers assessed. This zero danger is not complete absence of danger, but
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G obal danger This termcovers the entire spectrum of
dangers fromno danger to 15 conplete anni hilation,

both ends of which are not fully identifiable. d oba
danger is an indefinable abstraction, and is nmentioned
here only to enphasise the fdBt that any and every
activity inthe real world will carry sone risk, and
ateferswolthe medleban sxans abigificarce togke ubef:aif a(#@r&ﬁéue%%nger
Thi s tern1represents a sub-set of the global danger,
0%98?”ﬁ§p@ﬂly "feasible" (practically realisable) and

‘credi n'@es( Q%d“ﬁgqﬂ ﬁér gﬁgggligvel and/ or those dangers

chose rs whose probability
and sTéIuerHCtD leved isthectepriewd oficcal dbﬁgﬁmfabb\?etvhﬁcm&ﬁﬁgers will
This i,s the danger ran over i_ch the user w shes

t B9AIRLE I A d5aneq by t'a%Hﬁ%ﬁhl& WiHRRyHefinekasg he user's

ASRRPE dah eﬁ%@at@afbgﬂéﬁmn thBe g unt agh%étt’: gen\%gégaangers

to any individual i 'satlon Suc _

oassgssednhiist Y00 dawget |samiéls<5 uﬁimmbtafaimer stdte, butgkfers to the
1AL t hei,r t st credible

(iR ERuetyo Ay brBaflsamilty bydie westinE puieiar daveer beyond

ofhat @ewlt. danger, bel ow whi ch dangers 30 will be

|rrePevant as decided by the user. This termcan be

def i neHighest Beceptable dangesr o (0% danger st at e,

t dan
nescas s BhingSrs B ReET T IRGBR iR e st danGe. betow
dehiperthelngép mafyﬂﬁ@f:én&@ei‘éaeaddeb?étﬂé %@Caené‘l‘h‘iial and routine part
| nS| gni fi cance to the user, §nt3o{]léﬁsrml | er er up

t 8 hraworsonAt desqryinesf invastm geeffqnqccm)fun & furber
\:E(l}},thgz@lthb%sgpe top level of local danger, above
ng

ers will 5 again be irrelevant, as deci ded
by theLuwest uriddceptuble daageief i ned as the user s "100%

danger” state, re enting the "maxjmum or ghest "
Ievgl P'%Fﬁﬂ@é?{eg §L€s'§¥a' Ofﬂﬁf@eiomblaéh@éredll@lerraﬂge above

t I
uﬂ@g}g‘l tpgbl [ FSW?&%&?&A%EPPS%%G?%% %searl}gg?’asmnal or
ofolenapld paryef theawgek, abgfortider inhestnsrit of timk) efoghesfunds for
aFuCrﬁtDetr %gn{srofjlyln%ebeyond the capability of the user.

Risk categories

Risk is the combination of probability of occurrence and severity of
consequence and any other factors contributing to a mishap. Risk is broadly
divided into three categories:

0 Acceptable risk:

The lower zone in credible danger, bounded by the HCD and the
lowest unacceptable danger.

(i) Unacceptable risk:

The upper zone in credible danger, bounded by the LCD and the
highest acceptable danger.

(i)  Tolerable risk:

The middle zone in credible danger, bounded by the highest
acceptable danger and the lowest unacceptable danger, and
refers to the controllable part of credible danger.



10

15

20

25

30

This termrefers to the | evel of danger, within the
credi bl e range, bel ow which the danger nay be

consi dered acceptable as a normal and routine part of
the work, not deserving of investnent of time, effort,
or funds for further control lby the user. 15 Lowest
unaccept abl e danger This termrefers to the |evel of

danger Lowktttolerbble igkqdir@ye range, above which the
danger_nust be_considered unacceptable even as an

occaS| bhartersr LTRxarsessrem the hightest Receptakle @anga‘r mnurreughly

fon Lk ,,f s.for. furth
con ! réﬁHﬁHS t8 th%e%%rel\;ﬂhb i ry 8ISB[P9 {Iﬁlé aa§%§sm%rot
Rmm@dmeg;es | ‘U ARBKitgestf l"efe?rs @0 rms nai A8 RefasbhabgPractival”,
of occurrence and severity of consequence and

ol FREPSEiet rarhicalty ananinieries tanglenui) the arex st {the bottom and
b%ﬁﬁﬁ '1r¥cre§ﬂﬁ§%ﬂ'w |'nEFé%lqu ﬁ&gﬁ?‘& o‘?ﬁ‘jl g(go) mA\Ce %ﬁ@ﬁ%&? and

risk | ower zone dan

t alsolafdnestwwrhdivideohiats threazoees ab latreddy gescnlﬁed )
Unaccept abl e, i sk: The er zone in credi bl e danger,
bounded! Sif gf'g) hi ghest accept abl e danger.

30 (iiThe temme R Snééssf?om-rth@ IGWEEH t?na?d?:@ dtﬁe aﬁﬁgérbéﬁd roughly

danger, bounded by 't hi ghest accep ta e da
ﬁ@r respansts torthe (‘élelmhab IM;AH% binit” larmklstlngfraksassessnlmnt

part of credi ble danger. 11 Lowest
o (&lﬁo.;aoci @gngk (LTR) The term LTR arises fromthe
hi ghesRaakugbagé,e danger and roughly corresponds to

the "Lower ALA imt" in existing risk assessnent
met hod&ragations of prolpability; severity, giskreict mayAs dove Asahtatlvely as

» | |
AP et HighEiete,. BrLAE RS AR RrER su B Minor
V\ﬁl\docﬂenamf’r tdajony etd. tAiternativeds ithgy reiydbd geRiddesrnetdly as ‘1,
and al so often shown divided info

t [ras é o e@ge Igurgf)ﬁ@sa%ﬁe YRegs: theyeay or may not refer to actual values

(e.g. probability of ‘3" may not mean 3 times a year) or even relative values

(e.g. severity of a fracture assigned rank ‘2’ will be many times more painful or
costly than just twice as painful or costly as for a bruise which may be
assigned rank ‘1’). The word “Rank” will herein be used to denote the order of
magnitude of any aspect of danger, with the implication that smaller numbers
will refer to less danger (unless otherwise specified). It will also be used
specifically to refer to the logarithm (to the base 10) of a number; thus, 100
being 102, 2 will be the rank of 100.

As will be apparent from the description below, the present invention is
directed to extending the known systems and methods of assessing the risk of
any hazardous activity or situation so as to improve the application of the
principles applied therein in an easier and quicker fashion. The present
invention develops mathematical relationships from existing principles to
enable risk assessment of a wider class of problems than previously possible,
and their comparison on a common base.

The mathematics and methodologies behind existing risk assessment

and risk management systems and methods are based on the principle that
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Hi ghest tolerable risk (HTR) The term HTR arises from

t he | owest unaccept abl e danger and roughly 10

corresponds to the "H gher ALARP Limt" in existing

ri sk assessnent methodol ogi es. Rank of danger

Gradati ons of probabi Iity, se\lérity, risk etc. may be

done qualitatively as "Low', "Mediunt, "H gh", etc.,

Orisk\{R)Mis @l fuBEties o ﬁ@iu@rﬁﬁertcﬂ?rﬁ@ep%l#@'énﬂFaréW\é\:@Fs 'malﬂigl probability
"Moder at e”, "Major etc. Alternative t hey may

grARE@CRUERER ij pynighap and seyerity (§) of Its conkenuengeber s

(e q " e ciiinql¥iet P a8 S BB e s tEHr B (Rt jsed n
ovamétsmfmlyat IT\h@seahalyﬁi'nclL(dia g. severi ty of a fracture

assigned ra will be many tines nore painful or
cost |gyz3 I} hanE?‘E%ttngt@vf gk aaéh%mtﬁ'fS@P’ﬂ@m Oéemhqblléx apgdseyerity in a

br ui Se”wrﬁh}rﬁ%dn f us ghggt%gvéﬂ Ecnp&t ons tggﬁoﬁﬁé 8f cells in

"Rank" w eno e or
magni t theeriskf matrix, as;sémtzvmrh Rjg.nz;;er with the
irrplica} on,t hat. snal refer to | ess

danger\" unl é§§'gﬂpﬁé?wg%rss(ﬁé‘8ﬁ§ §é‘al)""c’t?elb”\'/t/)’ and-geygritylevels
used h§ivaed 4 Yorttﬁe{l&fv@ét) taﬁdttﬁﬁ kéﬁ&ﬁlbﬁé“ﬂéraﬁﬁtot? fhe two

base 10) of "a nunber
the r alekelst— onadding S tavhd lober f trae tym lefvetsm t he

descri pti on t he sent |nve tionis directed

to ext @ﬁ?di n@gﬁ VYPﬁ b%}@é’&?ﬁ HE" E%&s of

assess{ing t RRiltigljikg Yhe prebabiiy ahd @egeairaris )és%rhown in Fig. 3 —
situation so as to inprove the application of

pri nci yhigh laémnwtpﬁwmpractlsa easi er and qU| cker

‘; :IS glt ?gns kol r?e;s?nﬁ’léa . %W ﬁgtﬂé%%lg%ss @3’%? oansg%rgg(@%' C8scribed,
ricslexaspis saecdptabled (‘Wodd) “toleraisled { Madaithgnand Natacceptable”

DL AR e Sl ot o b SOBRCL 9T on @ comon
exi sti Qﬁo“ 8kt §§|E§5tﬁé"§%e %B% rrék‘?‘:kum%e %?lat t%%ﬁ/e:s{ ggﬁteriorate

and nethods are based on e princi
(R |smaotajemabilemr uma@capmttiemsbfs i ndependent
parane

inly [ it of .occurrence of
m shap i nd Q@‘@SP#DQG‘% ag:pe rigks Eéﬁ&@@ﬁf%‘e‘” PHigation according
conbi n@ﬁaﬁiérg%yqff dBnfds: S may be assessed and
categorised in vari ety of ways. These may i ncl ude:

(i)  Avoid the unacceptable risks until they are brought down to

tolerable or acceptable levels.

In order to provide a visual representation, a plot of probability (P) and
severity (S) values to arithmetic scale may be developed. As is shown in Fig.
4, in instances where time scales vary from days to decades, and injury costs
vary from a few dollars to millions of dollars, the location of practical risk points
within the plot can vary widely. As such, generally the plot is highly distorted.

Further, with risk being usually taken as the product of probability and
severity, contours of constant products (P.S) representing constant risk, will be
hyperbolas. [Note that the period between the variables will denote
multiplication.] As well as being difficult to interpret mathematically, such
contours are also very difficult to plot and/or visualise from most graphical

representations. This is shown in Fig. 5(a) and Fig. 7(a), which depict a linear
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5 (i) Locating a risk as the intersection of
probability and severity in a risk matrix, and
assigning qualitative descriptions to groups of cells
in the risk matrix, as shown in Fig. 2; (ii)

Assi gni ng nunbers ("ranks") td3probability and
severity levels (starting with 1 for the |owest) and

t plxb of akd by 6turet datamagigixOlvith h@pé%llc%@nhﬁ#@o? copétant risk in
addh@eOSt the |ower of thé two levels; (iif)

ABHINRREYGRIOR/ Bﬁﬁ'ﬁlrlslkt%at%gQﬂ%eaf@rSho)Nrremeade bands.

k
g/lﬁloflv'nprl'ﬁ' ré%th‘érsmﬁﬁghlle tp%pﬁj%@% h%r %%r\Z?c,r? ?l‘g@s in
Rpedbabdﬁ}egndlses'enWyprbhﬂe ddistoresatantharsticgney] aaé% I%g plot is

preV|oust descrlbed 15 for exanple ‘accept abl
9\7 “"tolerable"” ('Mediunm), and "unacceptabl e"

X o SUAPRICRISYIB 400 1, BL BoRA o 1RRUBEN 33 1ARES Uidigt

to (i) Set asid e acce ess
uhmes WPNely agesionpler ot dseplctrﬂrw eagier ablirdeystanda Earpe Bbeand

oF ikt SRt g Piaor Brsstme iualign e mthe
co@stréqb@ndnﬁg bhbhrﬁé&m plotd6r Fi@aSGag%fnﬁhh @kw %hbbl scales

they are brought down to toler
| @@@lgsboth oBHayes, the risk senthura will baat 46e|rNcﬁeethataﬂh|eon a

LRl BUBRIRIY kBl BB EREE Lol B s e

26nd, Risk inosdaseserorniig eriginThaffed) 8k y&tdmflé@eb#@‘%f% 5(b),
decades, a costs vary froma few dollars to

mawargadh %Bgﬂéﬁ%ﬁ?mqlh@q? naleftoporer. phesignment of risk categories
b e

r cemktobes. ng usual ly taken as the product of probability
and se Itéf cont rs of constant products (P.S)

repres t’@oﬁé’f triskjaggesgent werk @&W'B@)Mﬁ%k matrix

[ Eﬁgtﬁé Wﬁ%alitlggvef’tzéétrﬁg(nﬁtz‘@? Qw ‘ﬂ)el | SIJC%E iem:l\)g lants (Fjg. 3).

i iberyseaf thanbeatesicatediyaleatscis gem:raltmrefareﬁj el&athearsg of
d/ or Vi sual i se. from nost graphical

bt 1R e Ase iR MANIERHON b apd ke th e lower
7&8helond of Brgipidations. Pld?§§ﬁcﬂ§str%é§sr95 uf‘F@ié 5%' Ere not

data matrix, with hyperbolic contours const ant
i generally used as commonly.

It will be appreciated that a variety of computer programs and
spreadsheet packages has been developed to carry out the simple
computations discussed above. Programs are also able to graphically display
the results to develop requisite presentations. Expert systems have been
occasionally invoked for specific applications to broaden the use of the risk
matrix.

Recently, as risk assessment has become widely accepted as the
leading indicator of safety management systems, the general assessment
procedures have been formalised, and standard risk assessment forms and
procedures have come into routine use. Figure 6 shows examples of such a
formalisation of the risk matrix, hyperbolic zones, and log-log plots described

above. It will be appreciated that the use of the term "Effect” in Fig. 6(b) is



10

15

20

25

30

arithmetic plot. Basic risk categories are shown as
shaded bands. To address these problens, particularly
where wide variations in probability and severity
provide a distorted arithnetic plot, a log-log plot is
5 used. In such a log-log plotl4d the hyperbol as are
reduced to inclined straight [|ines, which are sinpler

t andlegbas tawttib ess bethel teriingevaritng. ao%b@d’érﬁ:eaﬂlm ti erminology

depict such a log-log plot for the same
g%%f‘éﬁgd"as in the corresponding arithnetic plots of

F' g. 5ff\§)br%rﬂg o@s&ribgé @Erlle'rzoALEﬂFLQ%m lfs"ﬁe{ gvalﬁgf’i | on

both lo contours

t laasestslment@rpmdme] with oiuinsdrical ETRNnd/ BITRESo @S &@é%ﬁ)nally
t he tours ovvard t he hi her end. Ri sk increases
mﬂﬁg‘?ﬁésaﬁl@ ﬁue%a?i%wgh KRRV &FAIBF t corner of Fig.

5(b) Thgg\’athgsrls‘khﬁaf??ﬂé’N&@allg’lﬁg%éfstté?)‘?nﬁﬁﬁﬁ,sﬁfatssgssment

corner. Assignnment o orres 1n
nﬁthnjquesusﬁd avithnettier bedinémgticad treaum\ehts Iseihy pesdrokd dor

V?ééaéféon OMI sk 15 contours. Most of the current

P%ork is done usi ng the risk matrix
f or mat Ak rprél\!d@hsly%létéé !h%r ﬁéséﬁt‘ |Elver$t orPlised r?w%tl#?ﬁétr ical

nuneri cal uivalents (Fig he use o

n[ﬁi@frlQItSéanSe va}gm%d]frgm Ehegabweaﬂles,crlpedfee(rstleg mineipleseand

cBfovHes. Ao fblodf ahfadgt B 8eiline B Mdioal yauesin tabuiar

oagarglrsmlcalrfermﬁ’ﬂ for soAveieAiSddduPsEntatioNand Wldﬂa%atléw
and 7 ?ge not generally used as commonly. It will be

appr ecil 3548 achigveq ydntegrgting ”@o‘ﬁ’ﬁu’tseCPf mpbgblaws(/%\md severity
I d ryry,. o
o SR R R Yo o

aEsds abeach of thearginigealgivendi Asmayrr%wtbhthé esulrisk (ﬁ() can then be
vel,o UISIt pr.ese S, ert systens have

b@gy]eloge guaoﬁ%m W"'HO&E%’@G@C@& %%@Bfﬁ%c%fﬂégﬁégﬂeo@ﬁd in

t@r,glhgagﬁ{gthe use of the risk matrix. Recently, as

ri sk assessnent has becone w dely accepted as the
| eadi n§uchd¢wrdrandfbmm¢ compadgtioeya capablbhm oftthe system of

P Bt AR RIS banrld e PR MACRualEHEany ok At e prime

puatSsles €8, Baxed wr@ﬁhenmaw%ﬂa%rrﬁsﬁ in Ebgiérn‘t‘a%a shows
exanpl es of such a formalisation of the risk trix,

hyper bdhe @raphieal foenat oiihelpsgsentinentioncalsbpdovides a unique
presentation in a diamond shape, which, like the ALARP triangle, shows risk
increasing from the bottom towards the top. However, the diamond-shaped
risk zone is a considerable improvement over existing representations as it
offers extensive quantitative significance and the ability to be manipulated in
an interactive fashion.

To assist in understanding the manner in which the method and system

of the present invention departs from existing methodologies, reference is
made to Fig. 7.

Fig. 7(a) shows an arithmetic plot of P and S data which is typical of
conventional methodologies described above. The plot shows constant risk (R

= P.S) contours in the form of hyperbolic parabolas. A is a sampling point at p
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above. It will be appreciated that the use of the term
"Effect” in Fig. 6(b) is 14 analogous to the use of
the term"severity" in accordance with the term nol ogy
used herein. As briefly described earlier, ALARP is
nostly a qualitative risk assdéssnment procedure, with
nunmeri cal LTR and HTR bounds occasionally 5 marked as

VeSOl andigss 20.t e ghaded H&\d@né{resﬁéée%taﬂ_guénd Uﬁ%cééﬁtgble risk
matrix is typical lP/(ht he nbst common ri sk assessnent

té%'FﬁﬁcfQ’é”%}% els,@ 5@{nlde"r0rratherrat|cal treatments

r ev ofiBhy (X shete adgTos Blosa theseReidata ek = log p) and s* (=
"W@P’Qf(éé?ah dRof®irRlel \ﬁglﬁ ginBWndﬁl\ég%db%eq'ﬁer HiBérBSh@Bg?’aeoolas of

descri bed existing prin
nﬁt&@%c@gyumm\mbmme straighd dines tdieping memrnwdrds alt 4es,
in tabular and graphical format for convenient
docuneﬁ?ﬁhi%ﬂh@rﬁgeﬂﬁ stibgadsta Q@heramlgsaﬁ)hs @)hami/eébl) bﬁ/Flg 7 are

[ [ t and ty
o oty oSO e e
H oscale fro

ranges given. Assessnment of the task risk (R) can then

be debig Jﬁe)dsfamathaorrmdnfwaruon abfth® plotcbySsquieeAhad br stretching),

nits. Such forward
RUEE i dGe 3 SeRalet Al i orBaR 2b) bPeodes o Sewarooy Bisim referred
0] I AS t t
oo A th?éﬁﬁ%f?tmq”i‘*&*'@%ﬁbi&ﬁ%;@% o9 coBufiy pecome
elatatad byan @pgleaBa form or in percentages. The
gr aphi E@ format of the present invention also

provi dEY-  (dhshews the ég@ﬁtaétceo@f the methashohthes hegsent invention,
V‘Whﬁ'!h ﬁéél%@ (Hb‘?nﬁh@&pattﬁéf %Eﬂ{a‘? ra é%sv‘@f i @(Q?]Zg%rfﬁ) 'S (5 to

fromt ot't om t owar Wever
dBﬁhtmG-wﬁ)é’patbng betk 7 @nd $ samscdfh@ idaefdter] to as Step A-2 in the

t
FREFHEE e B e 95 e ek at anle
At ed
o2 T S5 AL B s s

nﬁ&@@@tlmaxeystem of the present invention departs

from exi sting nmethodol ogies, reference is nade to
Fi g. 7As examples of this process, sampling point A is now at P = 50.0% and

S =77.4%. For comparison, acceptable and unacceptable levels are marked,
at 21.8% and 87.3% respectively.

The steps of the present invention described to obtain graphs (c) and
(d) enable the transformation from a log-log plot to a normalised exponential
plot displayed in percentages, which is a considerable improvement over
existing methodologies. These are referred to as steps A-1 and A-2 in the
invention.

Further, by rotating graph (d) by 45° anti-clockwise, the plot assumes a
diamond shape with the normalised exponential risk contours being at angle B
to horizontal. This diamond graphical representation, represented as step B in
the invention, is a considerable improvement over existing graphical

representations and offers considerable quantitative significance as well as an
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30 Fig. 7(a) shows an arithnetic plot of P and S data
which is typical of conventional nethodol ogies
descri bed above. The pl ot shows constant risk (R =
P.S) contours in the formof hyperbolic parabolas. A
is a sanpling point at p 15 d60.1 and s = 20. The
shaded bands are acceptabl e and unacceptabl e ri sk

z abitity, tof Iog evalakitddenedrsinedrabtie RRRAich, Q\Ihl(ﬁ" G/ill t?éc@mé‘ lElﬁﬁ’érent
a_l og -I%%é&ot of the same data in p* (= log p) and S§*

| gnEih emaficat dsvelandeniPeldwnown net hods. The
hyperbol i ¢ parabolas of 5 the risk contours have
becone straight |ines, sloping downwards at 45. Each
oMATféENMéFﬂ@AhITREA&TMEMTgener ate graphs (a) and (b)

of Fig are. s ? r| or. art nmet hods. Subsequent
repr esé‘ﬂt eg%qu‘edgﬁ ﬂt ﬁéeﬁ? ipyeRtion, |'HVBHPQ@1W0F‘$Q§1 example
7 pFIscifey Vi pAres, rfé)%hf\)l(:PJé(;tLb@l%vspfTc?1 BesiBl Pty %ré@%ﬁ@; ﬂg ations of

or stretching) that the rectangular
gV&W'@bPSBdm@ﬁIae@qaéolk)ws'l'hl s is referred to as

Ste |nthe|nv t|o I,n.d so, the 45 risk
contd s Rpecone ?% leObaqp'lﬁ}ﬁ Qvepty, @ng risk; @jso used as
shows the subst anCGSLFBCschBtefoméHB%Fbllﬂf/ d\Rrity, %ﬁﬁi”ﬁs

i nvention whi ch scales ("normalises") the actua

rand@s SfRP (0. 05 t'Rankbog. lagdo bags 0o of pEotW)lity cseverity, and
0- 100% al ong both |or nd s' axes. This is referred to

as Step A-2 in the invention. The nornmalised

expdPest iRl ri sk=capéreehtagarfer fid tdnki ftigefralisew! e

16 to 45. The percentage P, S, and R val ues are now

equal |y spaced al orfPongstialoalye ohrebabjiity,sexeptye andfrisk

t hi sgprocess, sanpl |

20 S'= 77.4% For é%%%@pqégﬁrﬁﬂg%gugmgle gﬁﬁvggqu”%"mﬂmed
unaccept abl e | evel speicenhageked at 21.8% and 87. 3%

res tively. The s . of e present invention
desgﬁ‘cti?étak obt a| %ﬁ:tr?éefig v@lee (d) enable the

tr ansycrpt Hon fEO'ﬂ@hb rge%lé’bglheto a normalised
exponential plot diSplayed I n percentages, which is a
constulscaipt HLi nprovRarge fromelowest exhighesigvalues, ranks, or

met hodol ogi es. These are refer e(g th {a steps A-1 and

A-2 in the inventiSHCeRGoERee: (B \RINRg aRKaBh%@9e —

by 45 anti-cl ockwi S@we&h@l@é,%nﬂ?@ﬂ%‘@eﬁ for probability, severity,

or risk
Subscript i = |-th state, intermediate between L and H
Subscript il = Range from lowest to intermediate values, ranks, or

percentages, i.e. (intermediate value, rank, or %age —
lowest value, rank, or %age), for probability, severity,

or risk
(a) Forward computation of percentages:

(i) Values to Ranks:

The conventional method of multiplying actual probability (P) and
severity (S) values to obtain the risk value (R) may be represented as:

R=P.S .. i et i e M)
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di anond shape with the normalised exponential risk

contours being at angle /3 to horizontal. This

di anond graphi cal representation, represented as step

Bin 30 the invention, is a considerable inprovenent

over existing graphical repredéntations and offers

consi derabl e quantitative significance as well as an

16 abisi Higcussdie pesvdbugly el idlatith itdtShstHd Weeth888b8Rs, as in
which will beconre apparent fromthe mathemati cal

d BV fRairife problemairerxariations IRitha VaKeTvalsAfor probability and

oo RNV B dinetaf, S RaERal, BB b€ hore S Eh i % sraporm Ea

To!)dedisdogilog egdieaknhadifoltpwsiot at i ons of  vari abl es
used are defined as follows: P, S, R = Val ue of
probabidg Ry= I6g¢¥eFidy § and risk; alsg used as
subscri pgt foré%robabqlity, seve?ity, and risk 10 P*, (2a)
Sor, REpge=pagkg=i.e. log to base 10, of probability,
severity, andksri sk P, S, "R ="Percé&nhtag& forthe ™

R
K, t | - mal | sed tial value of .
or obab T bSaaBiNT yetdiact iRTble. Gearlatierer of magnitude
r Eearksng rﬂasgbbompuﬁla@etﬁeoegleiw@n'tss%ﬁ' %%@@é&emte@aq case, the

Subscript L = Lowest credible value bscript H =
HIefYds Wil pls@i be i fedative tsupscri pt HL = Range from

| onest to highest val ues, ranks, or percentages, i.e.

( hi ghebt thealogelpg rdnmhainprisk@grtourd) namelyttheabeleof spaelfied values
or Oéa?_e) *erV\PIi ba |,,I,|tg/, severity, or risk, o
SHbECKT Bt P k= Will PR 4 4pes slaping dewnweeds asvisnicteddn &igd 5(b) or

SpRphPt i L = Range fromlowest to internediate

(2b)

values,” ranks, or percentages, i.e. (internedi ate
val ue, ,; zi\-\r!hl %age .- 25 | owest val ue, rank, or
%age) , ' ks B nePeent ’e everity, or risk (a) Forward
conput zﬂ]l on of .ger,ce ta(tqes: ,
e normalisation functions connecting the percentages P/ and S and

consequent risk Ry, with the corresponding ranks P*, S;*, and R* combine the

two steps that achieve graphs (c) and (d) of Fig. 7, and will be as follows:

Pi' =100 x (P*— P_¥) I (Py* - P*), which may be compactly written:

P =100 (PiL*I PuL®) = Cp. Py *, with Cp = 100/Pu.* ... (3a)
Also, S =100 (SiL*/ SuL¥) = Cs. SiL*, with Cs =100/Su.* ... (3b)
R" =100 (Ri*/ RuL*) = Cr. RiL* with Cr = 100/RuL* ... (3¢c)

Cp, Cs, and Cr may be thought of as "Scaling factors" to convert respective
ranks to percentages.
Example (Part 1):

Probability:

Given probability values: P, = once a year = 1/365 = 0.00274 mishap per day, Py = once

a week = 1/7 = 0.143 mishap per day, and, P, = once a month = 1/30 = 0.0333 mishap
per day

Hence, P.* = log 0.00274 = -2.562, Py* = log 0.143 = —0.845, and, P* = log 0.0333 = —
1.478
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(i) Values to Ranks: The conventional nethod of

mul tiplying actual probability (P) and 30 severity
(S) values to obtain the risk value (R} may be
represented as: R=P.S .

(1) 17 As discussed preV| ouslly‘B inrelation to

exi sting nmethodol ogies, as in many real-life probl ens
t he vagf at—i0<ﬂ4§——i(n215529=im1e7r vals for probability and

severh a}ge) gen ral lo?/ onenti al , it wll be nore
conve Yéﬁt? T Aot (1) to its log-1log
equi V&h&;nbb%?s/f/;ﬁﬂ OYing "—%2’3171}99053/” log S . (2b)’

V\hen tpteamediate pomteP;’ d=ai869 [1-9 41718){(— a\ﬁaZ)] ab$ ex1 ashé' éBelIf%at ive
orderg of . magni tude ("ranks") may be input as the
equi vaf;eﬁ{’"s of log values. In such case, the results

W Il absm ghen sévelilvaliésy Bodt@eBishabls) Nsidpes, S 9560? d, S;= $8000
domai n, risk contours, nanely the loci of speci g

val ue&encss Skr Iqe=200=2530), Swii=1/dg w0a54l69ﬁ@gds$,*b=prpmgooo 3.903
downwgr ds, 4 & dep,ct n Fig. 5(b) or Fig. 7(b).

(i) Ranks 10 pejfbcen?‘gggées The nornmalisation functions
conneBY Eag3)hes pe@a‘/e?rﬁQagetlsP and S;' and 15

conse ﬁeent risk R', with the corres ondi ng ranks P*1,

PRVIOUTK | Hid af’%@” ‘tW@?%S Hat achi eve
h [
gf aIO ﬁ;te(n%d:?fé‘go:ﬁzds) =Qfy 7 (?'9?3@2'36@ %’%“M 69? %ﬁg%ob ONS.
con‘paﬂﬁ&y vvrltten ;' = 100 (PiL* | PHL*) :CP. P;
(L S; L* %‘Qgﬁ@!ﬁ" J”@é"&fpeédﬁw (dechi%)mP& Bofespor day
o _( Phs, /% = Boozﬁleéb@ é&dqoer/d é}é'rﬂ— 2o, 1-43%0 53~L$775cgbetr@ay and R =
thougPtp‘3‘3)”?“3001%7 @ééf’?’rﬁg”yf actors to E:onvert respect ive

r anks ghAksR&Y, TSl Le .t bahi
25 G vgn protﬁiéqn & gmﬁ 5(5822 gna?é aaszg"gr@”: &3%4 +4.699 =
0. 0627 p“@% : :onceavveek:1/7:
O 143Rmslgm4ge@2@@¥,41agd Pl = once a nonth = 1/30 =
0. 0333 ni shap
By Eq. (3c), Cr=100/4.115 = 24.3

Intermediate point value R/ = 24.3 [2.425 — (- 0.261)] = 65.3%

(iii) Inter-relationships between rank ranges and scaling factors:

It may easily be confirmed that at LCD level, P*= P.*, S;*= S.*and R
=R/, and P/, S/, and R reduce to 0%. At HCD level, P* = Py* Si* = Sy* and
R* = Ry*, and P/, S{, and R} reduce to 100%.

From R_.*= P.*+S_* and Ry* = Py*+Sy*,
we have: Ry*— R.* = (Py* + Sp*) — (PL* + SU*) = (Pu* — PL*) + (Sy* -
SL%)
ie. Ruy," = Py " + Sy * (4a)
Hence, from Eq. (3a, b),

100/Cr = 100/Cp + 100/Cs = 100(Cp+Cs) / (Cp.Cs)
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per day Hence, PL* = log 0.00274 = -2.562, PH* = 1o0g
0.143 = -0.845, and, P,* = log 0.0333 = - 1.478 18

PHL* 0. 845 - (- 2.562) = 1.717 By Eq. (3a), CP = 100

/ 1.717 = 58.2 Then, obviously, =0, and PH =

58.2x1. 717 = 100% I nt er nedi até9po| nt P,' =58.2[-

1.478-(- 2.562)] = 58.2x1.084 = 63.1 % 5 Severity:

Aggi n, QiGes GLCsY(Cy+es) ue,s Cgst per m shap, _SL = (4b)
$200, SH = $50000, and, Si $8000 Hence, SL* = |l og "

é%bﬁégﬁ%?r%ﬁewsg%% Or ORE 33&5@%3&? 00

(3b), CS =100/ 2.398 = 41.7 10 Then, obviously, SL'

= 0, and SH = 41.7x2. 398 = 100% I nternedi ate point

S =Efakmple (Contfded, PArt3pl) = 41.7x1.602 = 66.8% R sk:

Note that risk = (nmishaps per day). (dollars per

m shaPy.” = SBSFI1at’E+H@98 hy SThids | cRifimin@® FQQ28)4x200 =

$0. 55 per day, RH = 0.143x50000 = $7150 per day, and

R = BASIO(BBIBETRHE~4I292) &8 244341 TREh K 2430@/sq, teentirming earlier
conseepmpatedivaiek. RL* = -2.562 + 2.301 = -0.261, RH =
-0.845 + 4.699 = 3.854, and, R1* = -1.478 + 3.903
2.425; RHL* = 3.854- ( 0.261) = 4.115 By Eq. (3c),

115 = 24. I pt er medj at e 0| nt value R
@’%f'ztafghwi begvagny] S a8l BRareppiages:
I nt r-rel i onships between rank ranges and scal i ng
f act ﬁ?‘? %«a Eadidiy b (Sehmay hewitien, aefteruemraeg@hent of
Pthetenlﬁg Si* = SL* and R* = RL*, and P;' S;', and
- reduce to O% At HCD |l evel, Pi* = PH, Si* = SH*,

and R_f = o and R reduce to 100%

25 Froﬁf RL*"%BF’PL’?uS!'_E-L )alréHlRH* = PH* +SH*, ~we have: -  (53)
L* _ (PH + SHt) - (PL* + SL*) _ (PH* - PL*) +

( gpqrm EOBK'&)) and (3b), this may be re-written in the alternative form:

”9“

R'= (P'Pu*+ S{.Sw*) /Ru* . v e e .. (5b)

Example (Continued, Part 3):
From Eq. (5a),
= 100 x {[(- 1.478) - (-2.562)] + [3.903 -2.301] } / 4.115 = 65.3%
Again, from Eq. (5b),
R/'= (63.1 x1.717 + 66.8 x2.398) /4.115 = 65.3% also

In the form Eq. (5b), we may note that the risk percentage is simply a
weighted average of the probability and severity percentages, the contribution
of each factor being proportional to its rank range.

It also offers a method to compute the risk percentage from the
probability and severity percentages.

Just as Eq. (5b) relates R’ to A and S/, it may be rearranged to give P!
or Si' in terms of the other two variables, as follows:

P = [Ri'.(PuL* + SuL*) — Si".Su*] 1 Pul*

- (Ri'.RHL* - Si'.SHL*) / PHL* (50)
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i.e. RHL* = PHL* + SHL* ... ... ... ... ... ... (4a)
Hence, fromEq. (3a, b), 30 1 00/CR =1 00/CP + 1
00/ CS = 100(CP+Cs) / (CP.CS) 19 or, CR = CP.CS/
(CP+CS) ... ... ... ... ... ... (4b) which is an

al ternative expression for CR29 100/ RHL* in Eq. (3c).
Exanpl e (Continued, Part 2): 5 PHL* + SHL* =

1. 717+8;'398=RY. F L Peeafiing. g Eq. (4a) By Eq.
(4b), CR = (gﬁéﬂgwﬁ%a fw(ﬂfé ,24|{L'1+41. 702) = 24.3

al so, confi enrpgreac] i:igf:ms*??algﬁtﬂ ed val ue. (b) . (5d)

Rel at i onshi ps between d R percent ages: "10
Noting that Ri* = Pi*+ Si*, Eq. (3c) may be witten,
after rearrangenent of the ternms: R' = 100 x (PiL* +

Si L*) Exdfhpie (continued, PaRrd): From Eq. (3a) and (3b),
this rm))(/ beeFCeO-V\Timtetg(r: i%] the alternative form R’

Pi ' . PHofn By, 8ic) wSlbt' s 4 6RBl 115 - 66:8'x 2.398)}/1:717 =63058se to
(15 Exanp[ eEICI 2 Sti gﬁed, (Part 3%: From Eq.)} (:SaLé—R;" =
100x( [ ‘C-'gi”.ahsfge-réc’ﬂz. 885 enpeatiigutable 99 ey sesimsbpaces ggrried.
Agai n, 5h) o 2 ‘=63, _

* 717%@%@E%é@é?%?*l’l@‘”’glxé‘lsT1%%%33%1TW)}t’ Re9P 51852g|ose to
(5b), owsinshyelusdBe, thealiffetehee atiribitalpe todenteagiecingl Sadep ytried.
wei ghted average of the probability and severity

per centagiEian: Whgbshogliibeithiausevestty pestentage feveldertaoeb heithep%

pr opor probatiiky, tooefalnghe merlat 5@pme. 25 It also offers a

net hod te the.ri [cent a fromthe .

pr obabllz'l%?‘t )E/é)g?fg & t‘)fg(gég‘géif gé;ég% THhs33%s™ 28% ( 5h)
relates Ri* to Pi' and Si', it may be rearranged to
give P;' or Si' in ternms of the other two variables,
afc)MbmasedRisk-ComboursPHL* + SHL*) - Si', SHL*J |
PHL* 30 = (R'.RHL* - Si'.SHL*) | PHL* ... ...

(5¢)  The normalisation of widely disparate P and S ranges to the same
percentage range of 0-100% affects the orientation of the exponential risk
contours. This is explained as follows.

If the rank ranges of P and S are equal, that is if Py.* equals Sy,
meaning if the log-log plot Fig. 7(b) is already a square, then the modification

step (A-1) will not be necessary, and the exponential risk contours will remain
at 45° to the horizontal.

In the general case however, probability and severity are quite different
entities, and their risk ranges may well be different. When normalisation

changes the rectangle log-log plot into a square plot, the risk contours will shift
from their 45° orientation.

From Fig. 8, noting that AB = P,y *, AD = Sy *, when the rank rectangle
ABC D is changed to the square ABC'D', the 45° risk contour BD' marked 1
moves to the position BD" marked 1'.

Noting that in the square ABC'D', AD' = AB = Py *, we get,

D'D" = CC' (AD/AD) = (Sw.* = Pac*)( P/ Su*) = (1 — Pl Sul®)
P
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20 Si' - LR'"(PHL* + SHL*) - Pi'PHL*J / SHL* _
(R".RHL* - Pi'.PHL*) | SHL* ... ... ... ... (5d)
Exanpl e (Continued, Part 4): 5 FromEq. (5c) we get:
P,"= (65.3 x 4.115 - 66.8 x 2.398)} / 1.717 = 63. 2,
close to original value 63.12lthe difference
attributable to too few decimal places carried. From

Eq. (58hgkeqget : =San" AN'GRBS = tad" H%Aé' = Eﬁ@é}é’A)sB] 1& Eg) }

/| 2.398 = 66.9, close to original value

di ff ttributablg t0 t,00 Few degi pal. Ges
ciarrie(reg.nceqejlest: aﬁ:gﬁ glf"' s_hgqu&*He/ 'F\Le} Eg‘vlaﬂpgk/

ercentage level _forsa job J_w,th 6 ‘Zo_ 0 probability,
Itoo r et aig the ri 5Kt ?1500}(3 ‘FEM Ed%s) Sét?f‘ WeHgEPHL™E] !

(50 x 4.115 - 60 x 1.717)} / 2.398 = 42.8% (c)
Nomal | Seglerpfartation: efuisk: conteurn8rahbi sat j that it wi del y
disparate P and S ranges to the same 15 percentage
range Bf=0{480%tant ¢Rf¢/ She)jori entation of the .~ . (g)
exponential risk contours. This is explained as

foll I r i I
o ovapol e agh RSP s SHACERHE) pekfacea 1o

Fidgntify( e i etatioredaythés sgrrwral, cabenas helookdisti aaidernthe usual

R T e S T e

I'n the general case however, probability and severity
are quite different entities, and their risk ranges

may wel L be differeng. n normal i sation changes the
rect ang )éawpé%kéo@gf"ﬁ? O{Ja'l\'é\%fo a square plot, the risk

t our | Lk sEromthei L entaki on, 25
From Fl g e (3R REE {hafPap L G2 STIE g,

the rank rectangle ABC D is changed to the square
ABC D, the 45 risk contour BD marked 1 npves to the

it ' ‘. Not j that in the square
Ao b Coadtrs TG iR andhgk Vales Set o-the aer appy also be
(PiEkRed offithd FihaPifaphicatte) reserQatioR"\w E;%H tBﬁBOoiP ;ﬂﬁ/idin the
21 Angle a = taér#p(AD'/BB) = tan-"' Ij\ - %5‘ / 9
user a visual guide for judging the rest of the contours in the domain.
This rotation of the risk contour from the horizontal need not be
considered a disadvantage. The slope of the contours also provides a visual

cue, if not a warning, of the unbalanced refinement between probability
estimates and severity estimates.

Clockwise inclination (— ve B) signifies that the severity estimates are
more refined, spanning over a wider rank range, than the probability estimates.

Counter-clockwise inclination is the reverse, the probability estimates being the
more refined.

It will be appreciated that the more skewed the contours, the more the
unbalance between the probability and severity estimates. Hence the user may
re-examine the analysis if such unbalanced refinement is warranted, and try to

make the P and S ranges as nearly equal as possible.
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= tan-1 [PHL* - (1 - PHL*/ SHL*) PHL*] / PHL* = tan-1
[1- (2 - PHL*/ SHL*) ] = tan' (PHL*/ SHL*) Angle of
rotation of risk contour, f3 = 450 - a, that is, 5 Q=
- [45 - tan"1(PHL*I SHL*)J ... ... ... ... ... (6)

The negative sign in front of 22he square bracket has
been added to identify the rotation in this general

c fdjeRasersleascdmpatatiom d¢levels frsiPercen :ion that

counter-clockw se rotation is considered positive. 10
Exan’pl@ié&iﬁﬂ@ﬂ&&%it 5): FromEq. (6) we get: /3 =

- [45 - tan' (1.717/2.398)] 9.4, clockw se. Contours

for t hByUgRTangingiEsavaldaeb, aed chywe get:user may al so be
marked on the final graphical representation, with the
intention of; v BVi€iRI(CA he... 15 user a.visual guide for (7a)
judging the rest of the contours in the domain. This
rotati on of gf'hregr4 glg tour fromthe horizontal need

not be congl5 deﬂ:ed Ig'gi%s]ad\'iént age. The sl ope of "the™ (7b)

contours al go b Lgdes~a visual cue, if not a
war ni ng, of %fjhe%B%Zﬁﬁed'"r ef i Hement™ bet ween = = (7€)

probab'l[iI; i,éﬁ! est i!ma_t es and severity estimates. 20
G ock ' :on (- ve f3) signifies that the
severity estimates are nore refined, spanning over a

wi der P¥rhrkinggéiloa ofdra t(fe, br anhb), IWe getest i mat es.
Counter-clockwi se inclination is the reverse, the

probabi | i t yPestli0f#’es..bei ng.the nore.refiped. It will (8a)
be appreciated that the nore skewed the contours, the
nore the 2§, angalgmce, bet ween the probability and (8b)

severity estimates. Hence the user may reé-exam ne fhe
anal ysi s i fRSH%Al@:bal anced refinenment is warranted,
and try to Imke tHe P and”S ranges &5 nedtly &gual “as

i ble. 22 d tati f ls f
Por cenNagdESs b Shpct i, 0590908 RS Bympinairaias SOl step.
Esg., (3a, b, and c), we get: Pi* = PL* + Pi'/Cp ...

(7a) 5 S* = SL* + Si'/Cs ...

(8¢)

(7b) R = Pz 107k ¥ £Br1cy) e (T (9a)
Si = 10A(S.* + S;/Cs) R (-1
R =10MR* + R'Cr). ... e e e (S0)

Equations (7) to (9) give us a method to determine ranks and actual
values of probability, severity, and risk, from their respective percentages, thus

enabling decision making on the consequences of various scenarios. It is also
clear that, R = P.S,

Example (Continued, Part 6):

The actual values for the given credible percentage danger limits in Example, Part 4,
i.e. fora P, =60%, S;= 42.8%, and R, = 50%, may be determined from Eq. (9) as:
Pi=10%(-2.562 + 60/ 58.2) = 10~(—1.531) = 0.0294 mishap per day,

i.e. 1 mishap in 34 days

Si=1072.301 + 42.8/41.7) = 10"3.327 = $2125 per mishap
Ri=107(-0.261 + 50 / 24.3) = 10".797 = $62.60 per day

Also, since R, = P..S;, we find, 0.0294x2125 = $62.60 per day, as above.
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(ii) Rank to value: By taking antllog of Eq (7a, b,
and c), we get: Pi = 107"P;* ...

(8a) 10 Si = 10"Si* ... ... ... ..(8b) Ri
= 10"Ri * ... (80) I\Ieedl ess to say,
Eqs. (7) and (8) may be combi?8d into a si ngl e step,
as: P, = 10n(PL* + P;"/Cp) ... ... (9a) 15 S =

107 ( SL* Furth@r ddc@gohs may ngdbg madR orrwtldiiel Ris*codt itoleh 46 or not.
... (9¢) Equations (7) to (9) give us a
rret hod to determ ne ranks and actual val ues of

pr obabMaryymogepemttatiofd end 'c&hblrﬁétﬁmstéf%dta 'éﬁa %%bMStrons
per cent ages, . thus. enabling decision making

caF?sea% leeall 6f Whish way ai¢ Bnthei werssttandmgawfstbe pZO)blem
ChaatekOThr v sy o OIS RN T i

daameﬂersmats in Exanple, Part 4, i.e. for aPb, =
60% = 42, / and R 50% may be determ ned from
Eq. ( gfoggs mayt: g,prgpalrgd (fOl'zS%’QISﬁ;IO@(pf/daSQ apyl also entry of hand-

LO9GabE3H) o255 PO ool L i

$eaneerped. -mishap R = 10A(-0.261 + 50 / 24.3) =
10n1. 797 = $62.60 per day Also, since R =P;.S;, we

day, as above.
FW’L}%r IC%IC%?FS]%@SF@Q @&%@FHQGEMN%EQMLTISH s cost
|
conb nar vcoap diousyBlyrphiaP R EhGH0R of Rl ds generaly
athe kgstwaycte add aghysical slgelfluadm & meadnmgbfeifst T}dtﬁvanables and
ation,.o 0

ol BAE 3t B BBl it ot I Fiohiem ahiisies raanagasment of the

FeoloEionay be prepared for subm ssion of data and al so
entry of hand- cal cul ated or machi ne-conputed results
in a cBhowrertmragtigedhe riply mstrix céctangleds theuseal format in which

the dangers for various job steps are mapped, so that the risk status may be
visually appreciated.

In accordance wit the present invention, graphical representation is
achieved by rotation of the risk square (following invention Step A-1, the
modification of the rectangular log-log plot of values to a square plot, and
invention Step A-2, scaling to represent percentages of P, S, and R) by 45°
counter-clockwise as shown in Fig. 9, constituting the invention Step B.

Such a graphical representation provides the following benefits:

1. The P*and S* axes are both at 45° to the vertical, confirming
their equal status as independent variables, in contrast to the conventional
horizontal-vertical independent-dependent representation, which
conventionally implies that the vertical variable is dependent on the horizontal
variable.

2. The combination of P* and S* giving the risk R*, can now be
actually represented to scale (as at A in Fig. 9) instead of requiring a third axis
perpendicular to the P-S plane for 3D format, or simply entered textually or
symbolically in the P-S plane.
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10 GRAPHI CAL REPRESENTATI ON OF DATA AND RESULTS As
previously discussed, graphical representation of
results is generally the best way to add a physica
significance to the nunbers and variables, and to
enabl e better understandi ng of24t he probl em and better
management of the 15 solution. In current practice,

the rigk maTheriskesiabeing \)e‘itlédlepr*éﬁlé@safWSUEFmstM‘r‘é' é?fhow or
Be dangers for various job steps are mapped, so th

lghyeklos pay $éatha POy located i the derpaisci at ed I'n

accordgnce r

repr esgnt at mh atdﬁﬁlog tﬁaqﬁl%éé\'/me%?'% I'ﬁﬁ'isal?f@ fq_ﬁ R&remgrked on

stheadiag(dro) 1hmmomptabﬂ€tytdr othesivige éF the ridkastatus under evaluation is
tion o rectangul ar | og-1og pI ot of val ues

dif
tgn@elggq?glyéeﬁpgﬁlsa fd invention Step A-2, scaling to
represgnt p%@%&ﬁﬁﬁ?m"tﬁ\/\ﬁgen@rij%@e@ l?k\ék‘}:%n L{rswnl be inclined

count er-cl ockwi se as sho const i
i Hvthet h@lioﬁffd;bthefangie B I@BH;IS]anaddvaatagesanhattlt wguléi clearly
b fit P *
DRBg 36 i feR TR B Giarios fo% WaKh tos AR vAlUR (e ey i
eduRdrsPertday) %Sthb%@@ﬁﬁé@erdé{té?@'n@ﬁ maybé Jits ferbht. As
the conventional horizontal-ver
i Baewe iRl Eg. Qd@ﬂ%ﬂﬂ@ﬂmmrﬁpﬁeéemm Abnwitiwbomponents

GERARRL B 13T RpB s he (CEAP DY Sl g1 afgst o have the

ceafmIertatal o0 avEYagiI58%. th Fadtalltthed psititsMire eﬁ‘%ﬁ‘e QQP“He
actually represented to scale (as at Ain Fig. 9)

i ﬁ%%%ﬂf%?@'e‘&dﬁ? idiginand Hilpwews & onpﬁwedégwecmmv be clearly
" B4 08 ] S0 o8 Bl BCSA b mor
THean 58%! Wiilst tes mathvenaiicalapproanh \deslda:e\ﬁaﬁchonﬂrm this, the

R HELHaMing RROBREIHS SFeEHe i n addition < he t ol er abl e

e e Bt S M v, I8! R pfitnallef dpRhE™

urRFesentatioat more benefifs mm;ede antitipatee ogni sabl e. 5.

\Tmhﬁ fa tV}IIh ael quageg:lg%eeogt% ?aﬁhouga}msﬁ\e a%eovreI r%léthce%];t?cuarl Séna|y3|s of
the data and the graphical representation of the results can be carried out
manually (with some means of finding the logarithms of quantities), they can
be more quickly, conveniently, and correctly performed by an appropriate
computer system. Clearly, the computerisation of the two parts of the present
invention will bring invaluable advantages to the method and system proposed.
In the area of risk analysis and management, the usefulness of
computerisation both computationally and graphically is well established and
there are numerous public domain and proprietary computer programs and
packages available for risk management.

By presenting the system and method of the present invention in a
computer package, the accuracy, speed, interactive processing, report
facilitation, graphical manipulation, etc. of the present invention can be readily

realised. This is particularly true with respect to:
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to the horizontal by the angle /3 itself is an
advantage in that it would clearly show that even for
di fferent scenarios for which the risk value (e.g.
loss in dollars per day) is the sanme, the percentage
risk may be quite different. As to shown in Fig. 9,
the three points A, A, and A", with conponents

(759%P+35%5) As(16§9BHEQ bne%%rémvgdsq@th tH@}foﬁ\PH%ﬂFon and

to have the sanme total |oss, averaging 50%
aPlotiing aee gimniified and their ereurasienshied by thealisé ef/ed)mpnters

d
olear| o sedheabTeaLieab einod il ok syParHes tnot gniy
estatichly 60 speified sdmBihatisnsrof P akkl §hisu aﬁQc%o Hhhardlcally
ﬁmﬁe ti ?a \)}Eroach woul d cert ai nly confirm
tHISQ W %”‘i BSBe SHRPTiIS Mavediwitiin éhediaseendiso thet snap
tB@alﬁﬁﬁén@ﬁﬁ&W%%ls'im{sem%?r@el mafeW th this normalised

di anond representation, nore %enefl ts may be

ant i ci Pytveay of eéxample dméy ahppeesaritaavdriion it Mt@dll&%apted
hemati.cal ,anal ata

Pl foe TR BB iSR ot BraRstadahadt dusias M E00saL Belodlistraterthe

oubvuougwbme dfthé hvapiBpmeans of finding the
| ogarithms of quantities), they can be nore quickly,

conveniregn¢ gmbnsiment, rtle@spgeqdeh(eet pneugram raay compute all desired

agﬂéﬁ@gérs?&eg%engﬁﬁ%%tdﬁéa ﬁaﬁﬁ g %“@ttlﬂp%géﬁﬁ:yssed above. The

| DMiginiel vantdde HF dpreatishedty @ih@t BHNRGE ROSSy Bﬁe'irﬂﬂlg quantity is

nmet hod and system proposed. 25 In the area of

aﬁat%atscaélw @nﬁlﬂﬁ%tgetaémousmr te@throogh 4o afl the steps which involve

t at |1y an [a
USRS UL heF OB LRI (2B SRBEASALE wor
d tryraiunh vandwmomar&isantera@tméw &nhd peeidean® calfse R&URBESased on
le f risk rrana enment. By presenting the
%ME\% Tro?ettur'ﬁfor egplts ﬁée savarbard presentedan ithe sameosheet or in
cggpég@f enP@pka@e, the accuracy, speed, interactive

procesSing, report facilitation, graphical

rranl puﬂ'he|fm$t oredpening shéet gities prdgram/@amlaémh@ olloeng details,
articularly true with

" 88 Dt the S5B3RS in Kb o yutr DRSS R bt o i B i Belove
b@bﬁeém&@@w%@awg@aga&' gme@%@p% SikfipLi fied and

their accuracK ensur ed use of conpufers. 2.
The gr édhi cEchpef mmtttdlataa arnserobvabilibearck pavetity valuesatonverted

20 YorcRhMdeR NIRRT LESEAVRLAR! et of P and

(b)  The SAFER Diamond, with the data points shown along the two
P*and S*axes, and one or more additional locate-risk requests as at A.
Optional display of user-set LTR and HTR levels, as well as any selected
contour.

(c)  Tabulated percentages and actual values of P and S for every
10%, as well as the risk value R, for every 5%.

(d) Input and results for any risk desired to be computed and
displayed on the diamond, for specified P*and S*.

(e) Display of one of the three values P, S, and R, with the other two
values input.
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5 display P, S, and R as the cursor is noved wthin
the di anond, so that snap eval uations and deci sions
may be nade. By way of exanple only, the present

i nvention can be readily adapted for use with a
version of a spreadsheet (usir® M5-EXCEL(r)) to
illustrate the obvious benefits of the invention. 10

In one( f¢rrbOdldmetsmﬁélﬁoﬁgﬁ@(@dﬁ%@ttoWawéﬁ&l TRY VERERULEP, S,
aI I q:gsn red quantities depending on data input, as
t

e equations discussed above. The uni que

advant e ﬁerﬁ%f@ﬁﬂftn{%\g vefhaltalli@d focrgz%ﬂggféaqrhyg G}glsg})lllty, to

i nput qua |ty|s |ca

c areveadl prdgranytrash, and td bmtectteihs uekt froni migleading r8&lits from
quant| with no further effort on the user's part.

TH"N %fﬂts the user to 15 try out varl ous scenari os

inter aWd'dW%Jn)él §Iﬁ\§etd(8P bﬁ’@et&?ﬁnl% r\nk?g‘t?l?l? g)qm for

the findings. Tabular results ar ave% presen

othe h@ﬂﬁat?éloghé@dlog t9 the swhsmgqyand gxhpalat;s dispreyed s the first
K eni ng sheet of the programcarries the follow ng
epggtl as per the screenshot in Fig. 9, with

|l etter The raplﬁlbé can. be ﬂuﬂhbhﬁéflde‘élttok%ﬁbﬂﬁ’eggr ' more interactive
correspon desi gnat i ons nar k

pﬂ?ﬁwl@at"%’é})?@@ﬂ%ﬁﬁﬁ dispjaytofdasalts. and pr obabl lity and
severity values converted to percentages. [Note
provi sitowilt dre qppiréciateidv éhatatrze ep‘rEsgnt] lr(\lehtlﬂihepﬁj\ﬁtféé a novel

h
0L R A 5805 AP aBRAT  ekdSabiD b for ri

I agsesEnser®Sand rﬁangéerﬁéht GRakt %ﬁPH%h%ﬁ poiEhtaCt Pﬁsﬂﬁas been
and HTR | evel s, as Il as any sel ecte cont our.

ToBMCsstatask thie g agf@gvadmbyathe umenvan@emmfsmg and S for
every 10% as well as the risk value R, for every 5%
(d) | nphx aﬁdcom@utatbnébrcecﬂm}qué sthictesioredlides badely spread-out

nd, 3 d t he di anond, for
R Bafbintgr Seibad) SimBart Ange GReadextRbertiak percentage
vgbal@s and SompiteRintét-tdlafibiesHidd Hethden M?Ldl‘eﬁsk '?Q&Brs for the
f) Conversions from percentage to value and v
Véa apglyspto mvestigateRisk scenarios and to make fea3|ble management

decisions; and

(B) A mode of graphical presentation which interactively depicts
various features of the analysis in a simple and convenient format built into and

around a diamond-shaped risk zone.

The system and method of the present invention starts with a
conventional combination of probability (P) and severity (S) to determine the
risk (R) state, and thereupon automatically calibrates the P and S data from
the minimum and maximum levels input by the user. The system and method
of the present invention also computes all further required quantities forward or
backward, providing numerical as well as graphical presentations to map the
data and results, enabling quick practical decisions, resulting in an efficient
management of risk.

It will be appreciated that the system and method of the present



Every itemof input data is validated for consistency

and feasibility, to prevent programcrash, and to
protect the user fromm sleading results from 5 wong
data. Additional sheet (or sheets) will supply nore
details in tabular formfor tXe conputations |eading

to the summary and graphics displayed on the first
shwehtiod heargsaphi @8 gatarely bHd tdwivehrdit nesli¢® t@réWéI&’é”e current
for nore interactive 10 mani pul ati on of data and
dPERleS o8N i gxpeyiment with vateusfigh BEnagemarnt scenaios.
presen t t and

Gual i ¢ At ERE O BpBletkEF By RSHE s P Iy Bimerous

r varkatmssmuﬂoemoddmdtlm awmltnddeﬁﬁtthéwmlérmbﬁ RRPshown in the
denonstrated, this is achi eved

pot ent.i al

b;“rp?fﬂféc Pmbéﬁfmeﬂtse%'ﬁiﬂqtQeﬁemngsfrm)thﬁ spdhelissoperhthe
t e a
B SRe P d o T e Gl ol ik rore, to
pbeceonsidgeed Brall ispants avipsirative andneot mstddtiveshi ps
between major risk factors for the safety analyst to
i nvestigate risk scenarios and to make feasible
managenent deci sions; and 20 (B) A node of graphica
presentation which interactively depicts various
features of the analysis in a sinple and conveni ent
format built into and around a di anond-shaped ri sk
zone. The system and net hod of the present invention
starts wwth a conventional conbination of probability
(P) and severity (S) to determne the 25 risk (R
state, and thereupon autonmatically calibrates the P
and S data fromthe mni mum and maxi num | evel s i nput
by the user. The system and nethod of the present

i nvention also conputes all further required
quantities forward or backward, providing nunerica
as well as graphical presentations to map the data
and results, enabling quick practical decisions,
resulting in an efficient 30 managenent of risk. It
will be appreciated that the system and nethod of the
present 27 invention can serve as a handy and
conveni ent device to anal yse current
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probl enms, and to experinment with various risk
managenent scenarios. It will also be appreciated by
persons skilled in the art that nunmerous variations
and/or nodifications my be made in the invention as
shown in the 5 specific enbod8nents without departing
fromthe spirit or scope of the invention as broadly

dEsiE ChatMSTHEF ININEETHESINMVENTRIN ARE AS FhgLefwee, to
be considered in all respects as illustrative and not

restrictive. 28 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE

AP, FO—A%hod]for&dF%P“fgdn&?th%ng 35' %Frhqul .n a

process conprisin recel ving ‘to a

pr obabli) i t yrédejving dateredatirmptoea p‘rcﬂdmﬁl&y (B) oftww 6f MYre mishaps
rocess, and dséa relating to a severity

( b5 Olufin Rt SAEES0ass rneiidle delaRhad @ SevBHOL K5 of tho or more
?r‘% ?ﬁ‘uﬂggﬁiwrltgwgt@% oe&%%é’@sg a‘g@ B ycjjn |E§ QSI'u\égqo sgﬂ)t fceived
séa_ ity (S) values as the span fromthe mn| rrumto

ek ()" o SEfang g of avoRatali (RS yaieaand Savetinu i) values
(B3 tiend éﬁfro%ﬁihéetﬁlmmbmffo ﬂ%&%ﬂh%lué&@c&e[ﬁ?‘ c val ues

of pr obabl lit , severit risk (R and

scal i nfjiik hedﬁé'wg@@ engerad rlsﬁd&b naisrthe eroduaie of 'Ehecmmrtntmalm and

( % ues are represented as

p?raé(én g%F@ (%Q ljaésl’S (v) determi ning a percentage

of any(lv)al uebtahﬁlnﬁ’l@gailtﬁn&pwués eflpAsbabiiliy 9“’)”%@\/@1{“? (S), and
%ﬂ/? th|n their respective ranges; (v i)

G3dng &g Eapgesraiike é@qyrmarm&vaiﬂ% pueh that (Bhy(S), and

[ I| (P) and
vablis ?Fffé\?“’?%eﬂéé hetbefta08s Roroper |
conpar (Mg t Hetecmining aobafrcelktalgesni laing \@gms"BﬂP@ﬁd@bp@dnﬁed as
cce beci rlato det er m ne whet her the
- Pgmieiet drfigrewithinghak desreqivesanges agod i t h
sui tab co
oLl m 0 o CofRUtiRG IRLERtags, rehiBrd PS8 cE PEary
251t¢nn)ed1ateo¢mnbmamm of mczhadwmy (ecama seenty (8) valses dpecified;

pég ess is in units such as nunber of m shaps per
or in levels of relative qualitative neasures,

aI ong (vii)  comparing the computed risk results against acceptable and
unacceptable criteria to determine whether the risk is tolerable, and hence to

be managed with suitable control scenarios.

2. A method according to claim 1, wherein the data relating to a probability
(P) of one or more mishaps occurring within said process is in units such as

number of mishaps per year; or in levels of relative qualitative measures, along
with brief descriptions.

3. A method according to claim 1, wherein the data relating to a severity
(S) associated with said one or more mishap occurring within the process is in
units such as dollars cost per mishap; or in levels of relative qualitative

measures, along with brief descriptions.
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with brief descriptions. 3. A nmethod according to

claiml1l, wherein the data relating to a severity 30

(S) associated with said one or nore m shap occurring
within the process is in wunits such as dollars cost

per mishap; or in levels of ré@Pative qualitative

nmeasures, along with brief descriptions. 29 4. A

gt hodpagepiod ot dinga ik 1, WIRKBitheld A ating 't@b'd?sbabmty
to_a probablllty (P) of one or nore aps oc urri

wWRHf rpr@mrdﬂpre;mmmmmgmtawmue\pm@ssmohthe data relatlng

SR E el BSRiRBH bR &1 Tt Pl RHseof s Witin the
vptaeess driclpde badinhédistearslusS e pidbabilitNabd sk ey,  units or
qual ltatlve | evel s, along with brief descriptions. 5.

AqvRItRLE levelss éior'i@ wih @F'Qfﬂ@%cr'ﬂﬂﬁﬁiiel n the step of
defining a range of resulting risk (R) values from
sai d associ ated probability (P) and severity (S) data

rBcei vAdneﬁrpdtm:oexdlegdiedlalm 1, Whereimihtastep of déﬁnlng a range of

e S Y5 Rl A e SR AL A e L ety (5)
qHa Hehé%ﬂ%a%@%&&ﬁ%&f 1;6 tﬁ@tcoﬂYe@Jtéﬁ% ﬁf refative m%@ﬁ#&t@s of risk

according to any one rec
afrpanqttualltalbmg@atanapgen irelatieé Dr@istqf nndtgmmdeg: thleedquantltatlve

n}jm I evel s of 15 probability,
&su&,s aré:“n 4VEKaP*e. A method according to any of

the precedi ng clalns wherein, once the basic
tenpl ate has been set, formard or reverse conputations
t - f i n& mathagfageordigg t@@ayran@. aféhe precasting claime, wherein a local

SR gt By 62 D BRI AR AR AT o

wheshability adévenat iadd risk- adJ ust nent of val ues and scal es
with revised inputs of data is possible. 25 9. A

nmet hod according to any of the preceding cl ains,
erei I t
Dici of HTeUBc aenG 0 B 21 1S pPRectFLIblsh ) Eigrell, e the
r basikttemptate diaksdreepr s forwdrdlat eveesedcompufatipns to fmd any of P,
d, di b| nari os.
ggo 'dr}faltv%tn Qottﬁerr t\?v%t Ia(r:eI a;gled a%rtr?e Ivalug ?acn orlpch’centage

level.

8. A method according to any of the preceding claims, wherein, automatic

re-adjustment of values and scales with revised inputs of data is possible.

9. A method according to any of the preceding claims, wherein, the
invention enables and facilitates:

(i) Decision-making for the given data;

(i) Projection of results for other predicted data; and,

(i)  Experimentation for anticipated, credible scenarios.

10. A method according to any of the preceding claims, wherein, the
potential has been created to apply the same methodology to include, in
addition to probability P and severity S, additional parameters such as



10. A nmethod according to any of the preceding clains,
wherein, the potential has been created to apply the
same net hodol ogy to include, in addition to
probability P and severity S, additional paraneters
such as 30 exposure, which na9 affect the risk |evel
wth simlar facility of conputation and graphi cal

pegsedra! whithafapbifatitee riRrevd); with similar facility of computation

and graphical presentation as obtained herein.



