10

15

20

25

30

SYSTEM AND METHOD FOR ECONOMIC ANALYSIS OF BUILDING
PROTECTION MEASURE FIELD OF INVENTION This invention
relates to an economic analysis method for building protection 5 measure.
BACKGROUND OF INVENTION  Building owners in prominent cities
are advised to enhance the security and safety of their buildings along

with the globa ¥ vty A BighilE: TEHIRSHO R 40 ANQR MIGyANAISY SIS

may be adopted. In ISion | g 10

appropriate measurééﬁ&%@ﬁ@vﬁe%@i%@ﬁ%e&%&%@ﬁg assess

the economic benefits of eaﬁéﬁf‘ II\T\VE (ﬁ a systematic
?ﬁem toei

approach to this analysis may caus r'spend more than

Tiezeksasyits s vt bipt o ssee choorditheirdiyddinge the @ttackedldimisprotection
disclosure outlines a systematic framework to analyze this issue. 15The

MeagYt&sent value of economic losses (L) due to a terrorism attack can be
represented mathematically as follows: L=C*I(T)* vI_ _ Where C

represents the value off %%Q&B{R@Faﬂg IE,P\“HE‘BN;sents the time
Bl T eresenbie miteshineialack ecadviskd)ts BRHBAKA®Re security and

function that 20 equals one at time T and zero otherwise (i.e, if time =T,

safety pf dheip Liifiagstalnrg 1o e egiRah AP aigRoadaiashiggerism. Various
secutitgert eyl i sahidgted hasepted. histeidek datarrikwirdsGuad ge@nsioncin choosing

value, is calculated fro.I an assessment ay field experts. aince ther?his ,
aPPr Rl IS USSR R0 OIS LD FeRIAT] 2T deRes 6 economic
benelisiatfleeddte malsmnmaiﬁhe _d:@dkedbsa; Byam{eaﬁbdﬁﬁmjbamhbmldhﬁg analysis may
causg"%ﬂ%rr.ﬁ t?ozéitﬂé?%ééﬁds' feance, 'F‘%eesgsggg}gxég?gﬁgé?seeﬁfgtﬁ%%ﬁhghouId their

~Tinancial impact of an attack and spend _ rity of their _
buildingriipgattackestedine disclosiee Righesea vy siamateveanmesrark to analyze this
issuedgencies affect both C and T. A protective measure can reduce the

damage to the building and thus lower the amount of loss C. At the same

thie, HE WMt D BERGTEMOLSGS thh deferi8oadRbidisRoaitack can be

reprdgiine@maehemagiziany he falitdirg, which lowers the probability of an
ZF?{%@#H”E T. T represents the time (in days). For example, increasing
attd off dfstance not only lowers the loss L due to the attack of a
Mydadsiel €oaapresdn tbuhelsa esl ad ds she pusiaabbiytioé [Etacy slick e sents the time

(in dgggflgrgrgeﬁ@ggh{otgvﬁw(%eth gﬁ%‘?:‘l)(n%curs, I(T) is the indicator function that
equals one at time T and zero otherwise (i.e. if time =T, I(T) =1, oriftime # T, I(T) =
0), V' represents the discount factor for time T and is tabulated based on historical
data at hand. C, an economic value, is calculated from an assessment by field experts.

Since there is uncertainty associated with C, T, and v, the loss L itself is a random
variable. The random nature of the loss L makes it difficult for building owners to
assess its significance. Hence, they may underestimate the financial impact of an
attack and spend less on enhancing security of their buildings.

Protective measures suggested by some government agencies affect both C and
T. A protective measure can reduce the damage to the building and thus lower the
amount of loss C. At the same time, the existence of a protective measure can deter
terrorists from taking an action against the building, which lowers the probability of an
attack at time T. T represents the time (in days). For example, increasing stand-off
distance not only lowers the loss L due to the attack of a roadside car bomb, but also

reduces the probability of having such an attack. Therefore, to evaluate the economic
1
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benefits of a protective measure, we need to analyze its total impact on

the loss L. The best protective measure is the one that leads to the lowest

value of the loss L. A successful analysis of the loss L hinges on our

ability to quantify the uncertainties associated with C, T, and vT.

Construction engineers are the experts 5 who can assess the distribution
benepitshefvalpeatestiveshaeds areattelneesLitoTaeglyan dedeieddsymet on the loss L.

The BESBR¥EIIGE EEEFEVE Fﬂ%aéHéetﬁﬁf‘léﬁ%‘sﬂf@ fattwEeh i te of the loss L.

Terrorism SeCUI’It experts can I'OVI e an assessment on the 5 robabil I

ﬁaﬁﬂ%ﬁéﬂ!br%ﬁbﬁl}mﬂi b@%e'%ﬁgeltohmﬁﬁa&(‘ deie g)bnt@nequannfy the

unce$@3mie@,cﬁ§§6bfatéﬂd\ﬁiﬂw©n”ITe'HﬁHfaﬂfo@cﬁi§trEtﬁﬁﬂ¢|é'r@iﬁéétﬁsaé@e the experts
capable o based on current

uts on |sc untf
who F e P TR R VALUE 105 aUHT AnrRack GCCLr. They can
also disﬁdmstlmeoéimaﬂ_toawhneragcmeeﬂwmabmmg:mewlwnluwmstubutlon of C.

Ter Qs DS S e A PG b T e bty that a
partiesianinelldingevelpeetttidesges afuenaiiackiadkpghdidgtabutienseeial, economic,
and élﬁ%%mﬂéf’ﬁ%%t e ﬁ%&gegﬁﬁgr@%Y@@ﬁ%%S&PB%\ﬂﬁhg inputs on

an attack. ~ Due tq the complicity of the problem, computer software
the gﬂfs‘f@h‘ﬂ% ﬁ%@@isa\(y t@%ﬁ%r@t’é tﬁérﬁ%ﬁtsrﬂ%rr'ﬁ%e%‘én&b@% aﬁ‘fbdca%ﬁ?'o long-term
econ@%,@gumg@l@omputatlon The system should be robust and flexible to

eet emands uilding owners of20v rious types, be. it la
DS RN IoSh b, GRS BeeRAILEd byriy ARIEG Kssdrat Butions of C.

T, aridgh-benwixonﬁxcaheb@ﬁnaﬁ&wrmnammgmle ahdhaopeoiaiodtyfaaandistribution of
be ruled uch canse e otentlal devastatin |n terms of

L FolP R RIE L S et 6T SR EUP T A5 5 & RTIER o7 ThE epected foss

due t@oanctﬁtm@k Fonehiisiededim rbaddirgsovre tsshavie lmempu@ﬂhmraihﬁn&igeﬂects the

wors?%%(%ré%@é‘ﬂéns g?%%r%lt%%ﬁpblic was urged to be mentally prepared and

ready for a quick recovery should an incident take place. One of these
farerienthataermiedtis ehdhefRie eI GOSaRRBIoSRBWRARCRYGERRY tsffnecessary to

|nteg\“ﬁ18thﬁ%bﬂﬁ59t§yﬁdfﬁhtﬂ§sg‘ )ik mackage & yrasah auickle BBmBetation. The

In the countries where land is vast and less densely built-up, the planning

systesp gioklthoerRRut 8R3A dleH Big: iR @ &St BIfuAEL aRS from tFilsJ"d'”g owners of
variolRafgies, wbeitea&g@mﬁlgn’mnnam@msed f@relgﬂvmdamedr\/@w%@n

detonated, is However he same r qU| ent is impractical
oLt B HE BRI i e, T8 <IRaiior b Thasiial fodible as. the
probabdﬂ;emmhmgibburmlhag cdmﬂs@usfme:&dmbmjeammranermﬂensally devastating in

termé%Yeﬁgléﬂ%?C%%ﬁélr%%ﬁﬁ&ﬁ 'N%B%ﬁﬁ%‘fﬁb‘ﬂttﬁt\%b”é{%%%ﬂ i H?/@éxg Fgeconfldence

yS met Ing pI‘OteC 10N Mmeasure.
For tatsorragienaiuliigie enevroer foh augdaes proteetoir raehsnereisepstidsamnd the general

publiBCRAWIFEEE to be mentally prepared and ready for a quick recovery should an
incident take place. One of these terrorism attack risks is that of an improvised
explosive device going off, whether borne by a vehicle, in a left package or through a
suicide bomber.

In the countries where land is vast and less densely built-up, the planning
guideline of a 30m stand-off distance for buildings away from the roadside, where a
vehicle-borne improvised explosive device (VBIED) can be detonated, is possible.
However, the same requirement is impractical or costly in high building density places,
e.g. Singapore, where land is scarce and high building density is needed for economic
reasons.
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Using the first prediction model to determine the function between the first
estimated cost and stand-off distance; Using the second prediction
model to determine the function between the second estimated cost and
stand-off distance; 10Determining the function between the combined
estimated cost and stand-off distance based on at least the first estimated

cost and the second estirdhkﬂ&Uﬂ'é@Nd@&l@cQﬁﬂBﬁtermined
RS B NRIAISAR e 985 AhaalLGe LSRR $95Kic method for

stm tes for use In an economic eC|s he fir
building fueigctiaemeasrss land space cost and stand-off 15 distance. The

ARCUShBFRRICR, Qgelrﬁéﬁﬁ)@”ﬂp%gﬁ%nﬁrﬁé’éﬂﬁ?“\@%?@ is disclosed,

cost and stand-off distance The first prediction model is: Y1= KID, Where
COMpYis{aghe land space cost, D (stand-off) is the stand-off distance; the value

uefrgl thorapsitipnabietiand ersde! Tiee seeontineedisonunesehishddreen the first
K2/D, Where Y2 is ta C{% FE;Iectlve system cost, 20D(stand-off) is the

es“%%gi eliRphsLan I§'8€S depends on factors including the level

Uefr;gctte@tsta’cemtqrre@isml asthe torddtectitnaldenfaimdtivanoeteasts. the second
ining the, abov nc1 groduces a third curve which illustrates

esthﬁ??#%o%tglngog??sn re%ted (?)pathe stand-off distance. Based on a
Dpteﬂa@nnméheehmmmenb&l\gem lingitatiominethrastifhdis@ncesthand stand-off

dustaFﬁf&’kf Bﬂf éefY%taéH ﬁﬁh@ﬁ%&t%d"fﬂ&%’éé‘éﬁ@\é%ﬁﬁ%@d cost;

the ties O com cost estimates for use in an economic decision
Baﬁ@dm@ﬁr@@t@ﬁ@éﬁlvﬁ@damlmmﬁmnéaté@wmai teaskemaabihwnaluralities of

comBhféﬁt@@@ﬁfsﬂﬁ@%f@rqmé'ﬂ?@@bégﬁm|Eh§ék'5i5§|6ﬁ3t estimate function

and the secgnd cost estimate function tos%ether 30Retr|evmg one of the

TR SAIEIMbIMArEok: Biitwielod DRIdYRRIM e S%%eL&%sﬂm%”d stand-off

dlstafuf@t@hé)%@wmtb@emmimhaﬁ@@ét stineatas etichstandredrdisianmetiztive system
te the,p ?(r)fpt where the combined cost estimates will be at the minimum

cost Sﬂgéé?é‘ﬁn qhs ac%??espondlng stand-off distance. The minimum value
Théctinsbipeddiotibestntades &1d XbereKpbndWh stand-bfislistendarmdnsipace cost, D

(stanq?@}')"‘?g’tﬁé%gﬂg-gﬁ 8l§tance; the value of K; is proportional to land costs.

The second prediction model is: Y2= Ky/D, Where Y2 is the protective system cost,
D(stand-off) is the stand-off distance; the value of K, depends on factors including the
level of protection system, as well as the construction and maintenance costs.

Combining the above functions produces a third curve which illustrates that the
total cost is related to the stand-off distance. Based on a predetermined requirement
(e.g. the limitation on stand off distance, the requirement of protection level and
budget etc.), we can retrieve one of the pluralities of combined cost estimates for use
in an economic decision.

The function between the above mentioned combined cost estimates and the
stand-off distance is obtained by adding the first cost estimate function and the second
cost estimate function together.

Retrieving one of the pluralities of combined cost estimates, as mentioned above,
is to use the function between the combined cost estimates and stand-off distance, to
locate the point where the combined cost estimates will be at the minimum and
determine the corresponding stand-off distance. The minimum value of combined cost

estimates and corresponding stand-off distance can be obtained, if K; and K, are
3
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determined. If the stand-off distance is determined, the combined cost
estimates is depending on the value of K2. The value of K2 is basically
depending on the level of protection system during certain period, as the
protective system cost normally remains the same during this period.
Therefore, the combined cost estimates is related 5 to the protective

deterpinesh dhdhRestplithalswistrofeliapetesminedidbeveapiact 0ok estimates is
depefiFigniiethesing JBeqiey e TRENNRAIIRDGE . RATEHINNJEB SREIHEE B8 The level of

of protection level and budget.  The system develo[;ed for the economic

pProteghiasisYStpmdtclifonome8Edi8s BEHE udedths aRr ive t8ypi8mngost normally
remaﬂi’(ql%I &'ﬁ@d@,@ﬁ'ﬁ' 2 aﬁ?ﬁ@émfiécb@ﬁgée'ﬁlﬁldrélf&@f}ﬂjﬁg é_@rﬁbﬁﬁ@h G&Qeelsﬁh ﬁlfqﬁiates is related
and t termine land use and space plannin ring the research phase
to theRiQRRINREHELHA AN ARIDH AR SIS G e A gk e system can
be dé¢ersmnetaksiggitthlsogimmse ssentiwented omiath bdnditsedson nilaeroequirement of
P [ | fQr t evant authorities to assist in decision making and
protegém%%/é?r%r{qgﬂs‘a ésclbst planning tool for developers to establish the
Jé\mﬁmmtfdﬁw@@m@ wvm@ewﬁmnadﬁ@aiw_ste aégsotﬂaﬁnermmsures can be
usedESISHPARNOL A [YiHee0R PSRk AR SaRER ISR SE A protection
A tool for carrying out Life Cycle Costing analysis. BRIEF DESCRIPTION
systenrteie mé@ﬂﬁi@l%nfi@ﬁ%yﬁétﬁ&%ﬁpﬁ@ mlansingiguring the research

phas@Ventsyelobigieift @H%W@@%Fﬁ@ﬁ@ﬁﬁﬂﬂﬂiﬁ’a@?%@ﬁﬂ Bargandeél for effective
. distance and the corres ondln% ﬁgd c?st it has incurred  Figure 3

decigipRBNPe tERRDRATTAS fRlIBvere iHorcement cost and
Asthe stabeboffi distangadSiHereé Hsistatrsdhmmiabenshiphesvaeifgsion making

combined cost of protection (land cost + reinforcement cost) and the
anst&esioMtiitbe BEST MODE  Example 1. Case study on economic

) ildi - : : )
A B e R O & o T T o e
Aspao&itienangbmed g tloo by alegistepiaohars in master-planning of the land usage
and assist designers in design solution.

A tool for carrying out Life Cycle Costing analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a hypothetical site plan of this invention

Figure 2 illustrates the relationship between the stand-off distance and the
corresponding land cost it has incurred

Figure 3 illustrates the relationship between the protection reinforcement cost
and the stand-off distance

Figure 4 illustrates the relationship between the combined cost of protection (land
cost + reinforcement cost) and the stand-off distance

BEST MODE
Example 1. Case study on economic analysis for building protection measure in
the development of a typical high-rise building in a high-density city
1. Economic analysis for building protection measure in the development of a
typical high-rise building in a high-density city
For this study, a typical high-rise development in an urban context is assumed

4
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typical high-rise building in a high-density city For this study, a typical
high-rise development in an urban context is assumed (See Figure 1 for
the hypothetical site plan). It is chosen as it is likely to be a more costly
development and without much stand-off. As a result there is greater
likelihood for it to need protective features. Typically, enhanced security

(Seednigpretdctintagayniaiketicd sdedetmhdiashehessmrascitticalikieleto be a more
costiiPR& ISR YHOGRRBUERM NI 1Klng designgs whetbReis greater likelihood

consequences of a terrorist attack are S|gn|f|cant Critical assets need not

for it ga pRedRIRIREHY adCAIUERes, but could also be important data, key
W@Hﬂ?amﬁw ﬁb@Jﬂmﬂﬂoﬁﬂﬁ%étIW‘PﬁgH’lﬁé’[%ld@t@fsaH@@%d where there

o LD B e Sl Bk Sk or when e
constnical degheise baﬂmngtlraadiwhaiens@mtyant \V@ribigalpedeetyeneed not be just
thoué%"flt{f{eassrvgmgglg? (&){e% %BQI%% %?P gje%Ierise g%&%g I capablllty in

an owner woul 0 consi er e imeter
a teashpobtetiicgrsHoRsethe amntbamroatbma gaihkkily thhiplepks wm:l{mr important

Interﬂéﬂm%@eﬁ@c&&aﬂdscamng incorporating barriers like planter boxes
and anti-ram bollards with softer things like thorny plants are likely

blupordysis teritgingrRERirsiivbireinalegias dastheofuelarment of a typical

high- gpyétr@bp@iﬁ§1rﬁhthﬁﬁ¢.@@pry,fyaeﬁpl points, systems like automatic
ytractable bollards and in some cases guard houses with greater

IR PO B4E: BrHHIRSiCPAteBRoS IRAKPY0 RaiiRBEE the security of a

bu|IdmanIemammtb>annd%eehmiaIalcwmrtsoaodrrguldamepmat@ndbfense as the first
uardhouses which need to cated f

line $0Cre |Sor|1nf ] n urban ¢ XPeéol unI| anﬁénces will be
M 918 complex rc))ro?)e?wmrgquwe Aor& A r%g KciMan a&dlpg
allowsgbt. Héﬁm@mmemtamapfr]@elrmer@opabnegtlbarmemsdrbeeptarﬁlamlleemlsucand anti-ram

bollafd¥§it Q?&ﬂft%?ttﬂtl ST fR ﬁgy%ﬁ{g%@tm{ﬁgrg%\{%%@m entering

the building comp ten be supplemented by a trusted .
P@fﬂae@é@mm@mrwqw&dﬂﬁ@dg@owwm@@mb@h@ﬁ@fropfaﬁ@ﬁéckoInts At

thesE SRRy opithar Pﬁé‘s'é’?ﬁéﬁf@q’i@eoégﬁﬁﬁﬁw&r%@FH@fHHVé"%FFards and in some

impractical. owever, not all buildings can exclude vehicles within their

cases ALk ROMRSSNNL A BAHRE RISWSHIION dRbaBlAAbAG BRI REGiection) would
haveofta bbidisgnepeniéaegh ths isndennderiiableckiomeaspraiegtionl anie ofperational

oo e G IR R AR B RS SRR S5y rom tne
compﬂmahnopeewllllEEm\mhmmoaa kzan ch caie ab arsily rcan ceddiéih read) costhe seats

qfh\éenHSﬁtﬁﬂV‘??f%%ﬁm%tFere)é%%&@HO? ‘{?étcﬁé(%?ﬁd\}gﬂ ‘é%hwhuch have the

mspectlons ce, ther a need to pro ull INgs an occup ants
poterigliiet eae v iaégaiftsranh e oty ﬂﬁs@&@lﬂf&\/ﬁwﬂ@l@ rntenevidie trualdmg complex.

This qﬁﬁ}ﬁ‘iﬁt@ﬂd 6%5%9{>Pféﬁ?éMté*6UWr§' S8, ¥ agaibn Ma9HiiFol incoming

the Consequences of the initial blast and can cause progressive collapse

goodss ¥RNiRGiINY MRingLaiAkBIURIFRRRELIAYCERIsEY either expensive scanners or

decanting content which is impractical.

However, not all buildings can exclude vehicles within their complex. Quite often
car parks are built in the basements or lower floors of a building, even though this is
undesirable from a protection point of view. Even if car parks or inspections can
exclude the risks of improvised explosive device (IED), it may not be feasible to
completely eliminate smaller sized IEDs which can be more easily concealed, e.g. in
the seats of vehicles, haversacks, etc, except by more intrusive and thorough
inspections.
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5 spacing of links in column reinforcement and other structural protection
measures are needed.  The next protective measure may be directed at
flying debris from walls, windows and glazing elements resulting from a
blast. For windows and glazing, systems such as protective film with

chorin stem, wind fabr| el cable catcher 1 stem
R AR B R T T B SR P AR YRR T8 etfects of
blastavaildble tedinotrgeto provide a)polwnprenembtheedmﬂm@shaadrrm@ of primary
to heI caich o0 h Id he debrl Ot erg en|n s in walls
st el o AR ToaGBIBas AR o AU il (R it blast and
can mhsmm@geﬁmmamdlhmiemmheehehbmndflmugote&’tinng&.ﬂ@ﬂweohmteqmdxetlng, closer
spachh { énfﬁlucd% a br%arsetI ngggtr%d mail roo tog rnt in o mltl%at{%on
P qulns S DIaSPetfetsor a parce ? F fet erE) mb. (%; CSstARaTy: YSIS 0
needib@. protective system  Having gained an understanding of the protective
technologies and the need for putting them in place, building owners are
AaeReyinaiesivampasys sTanle doasssatdyingndarsistirorrwalls, windows
and g%%ﬁ?@'@ﬁf@ﬁ@ pedaNAy EFisiNg Ity Foremiiste WEOXISPRIRARG, systems such

udget is a key prerequisite for implementing protectlve measures.

as P{RigidiiuHthgY ProRBRVE HkhsURIE Ban WE Vo hB R ih BIBR: Or cable catcher

systemslamatadiquoeﬂﬁeemkbwcfgme geeats bresiepagieicedn. For walls, there is
e divided into design gnd constru

tecti
availghlf SR CLPRECS AR A T RER R S pd At St el vstem to
help bHE&ELH. @ hDkbite & dristtiendpestiigesn ey wolikdaalstz o dauprbiection, e.g.
M&Eﬁ%ct}%% ‘\??Crﬁ‘x’% é‘?&!eﬁo"&' ng ‘%ﬁé %}R}%t*ﬁ‘é 9&&%%’8 HE‘W% Pk | in the chain
rom several to more than ten perc owever, thisis'su Jecte o actu
of prei@giimental conditions and hence may vary. The value and importance

eiiher PR hRReId8 hednaiecie bRy hieitecitgradifyroom to contain or

determine the protection level required which inturn influence the cost of

mitigate geRRsImBRRIEH eCtST‘Plfead%Fﬁﬁlﬁrn'ﬁg@’a%me protective

(Pgasyesarithibie @Mﬁtﬁpﬁm@@% ig{efigrmdesign can have a significant
igggact on the qverall c t. While bun r-like walls anf C%H‘I rs ma

y
Y BRSANE r&t’%éﬂb 04 Qb 8 RERlgsiiisR 7S ahdine need for
puttimgnimeencial ydaces mmmmglmnewea/menafarwhg mwmpatedcmaﬂub cost of such

n creat e..Protec S
mea g R L R e A B A R AR B By  reaisic
provigiersdutibastirdgetbis @d@ytamer@qsﬂsm:éuy Iﬁlﬁ&ﬁwetmmr@t@@tlve measures.
With IR FURREGSHPIRRRBUHAIR SRVIGESHSLIERIE SN ASMEE] E{“Ilmplementation

ventilation, air conditioning, lighting, etc, may be affected or modified with
process i%‘t’@ﬂil!l'&ﬂéﬁfbm@eﬂﬂ%@écﬁbﬁ kREA8N#E89The cost involved in

medifieaionr aned e%ige AdRessaTiFasésysirIas Wild1erGigrPamCkBAgtruction cost

o the overall cost equatian,
Cosﬂs 8 , long-ter macfntenance and upgrading cost (Cost M&U).

{neasures are

a ) Design & Construction Cost (Cost D&C)

As a rule of thumb, protective technologies will increase the total building
construction cost from several to more than ten percent. However, this is subjected to
actual environmental conditions and hence may vary. The value and importance of the
assets that need to be protected and their vulnerability determine the protection level
required which in turn influence the cost of the protection measures.

The degree of integration of protective measures with the architectural and
interior design can have a significant impact on the overall cost. While bunker-like

walls and barriers may give cost-effective protection, these will not be acceptable in
6
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Protective design costs are naturally higher than conventional building

design as 10 it is a specialized field often involving highly sophisticated

computation efforts and creativity. Additional design efforts are also

required of the conventional building consultants (namely, architects,

structural engineers, M&E engineers, etc) to interface the building
publiglepriepeningrejatenenu@n tpretadinss warkyevaleadstinthrita@sparency and

openPENSIQny Of BIRIACHY @ FRSASYFRS M%WW&Q&RW@%IE?ME R&E Bfend in with

consider, besides the construction cost of the protection works, the

the %%ﬁié@r%‘?&ﬂ@ﬁ&%o@?é%ﬁ%‘%uﬁl&@gnr%?ﬁﬁ/%lﬁbrﬁfam I\?f&\?t'ons are to be

acceﬁ%ﬁ@ée@\ﬂfbﬁ@@ﬂw dhe ﬁﬁméﬁatwb@rm@@@ngwan@@lso the
Ejéassomated |n remental desnﬁn cost of the other consultants in the
E‘(&i 2 el

PIhAHE K55 8¥368H%§de?88 GRs TIPRRR VRRLERGRed!r conditioning,
lightiagti-ete) hokgrdsevaiidaeglice anledsied foumitldigheuimtmetisgida of the protection

mea g B TR ARAC RIS PSR A O e AME M steme il

ollars per se m Iementa n costs for range
needsm/bmfaltt@@muﬁ@oﬂt@e\cﬁmbagah@ﬂUatjoﬂars Construction costs for

W%&i@@k@é@%ﬁg%ﬂ?g%" r%ﬂﬁ?&ﬁ% @ﬁé‘?%r‘?%gf’ﬁ/@ﬁt%nﬁr BaMding design as

are tabulated based on surface area. Total implementation costs

it is appReaiAlized fisldreiieAntt viviRg diigh siRaRhisieaemcmRiialing efforts and
creal‘iﬂ?lﬂrzeAadlﬁ’@hﬁroé%@@% MAtbieO M RO IRAfliReRIXSHiaih8UBbHentional building

ecute term Maintenance and ading Cost M&
CO”SHFQ'&@nQ'é @B%QHW%@WH&G%W %‘ﬁel_ﬁe’\g%g épa*s&ira.ré% to interface
the bsm@a@medwmmeﬁﬁbyeﬁmmrsmnm the hotidtitigs wejos.components

n duct Ilfec cle PfSt g gars, or more. Dulri. the . i

IR G SRS BTSB! Wi R S SRR, i oiect, ome
will raieueototme:oamdes dﬁaeidmmghe therddrnatidranebdynafimibs gptbtection works, the

assoet# %'89|H§Fé'm§ ?%%@dg}g %HBBEO'BW&E@ mst'az?ﬁ\gg% rehONIEE services.

or the Protective W in a building,

Addltb@u@aeﬂséo H%%o@%%n@ﬁféﬁ helv Betecierkvaikadnd agleee Maldmdra associated
mcre'i%‘i‘é'ﬂﬂéraaé@gﬁe@d%{“%@ 'Eﬁé‘fetﬁéP'%&%gﬂﬂ%'ﬂéthﬁ fﬁ?éoﬁﬁﬁ%t?haﬁ‘éﬁld also be

in the Protective Works are as follows: A) Change in the risk scenario 5B)
consigergdind tear of product as it reaches the end of the product Life Cycle

A¥Psedugthegioablised Kriasdalided i Ibelieainieomantendnset least a four digit
sum per set to construct; whereas automatic retractable ones would cost a few
thousand dollars per set. The total Implementation costs for bollards range from
several thousands to tens of thousands of dollars.

Construction costs for column jacketing and window protective systems, on the
other hand, are tabulated based on surface area. Total implementation costs
approximate a few thousand dollars each. Similarly computed according to size, a
blast protected mail room costs at least a six-digit sum to execute.

b) Long-term Maintenance and Upgrading Costs (Cost M&U)

It is generally accepted by the Industry that the Life Cycle of a building is
assumed to be 60 years, or more. The building's major components generally have a
product life cycle of 5 to 10 years, or more.

During the Life Cycle of a building, the building would be subjected to
transformation due to the reasons of adapting to the demand and dynamics of the
building occupiers, responding to economic changes and the trend of such changes.
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E) Building been renovated What constitutes long-term maintenance and
upgrading costs (Cost M&U) are 10 questions often asked as one
considers the life-cycle costing. For most of the protective systems,
maintenance cost is no higher than that for normal building systems and

materials. The life-span is also similar to normal building materials, e.g.
Sormiaritedpis e dimtestivan\éeresingsiatathinad cbikdings cafe also needs to

cons@é?ﬁ%ﬁymé%f%WEWﬁ a“d'ééi?%fseﬁ?énﬁlﬁlﬁr?&@%@ﬁgﬁémmr%ﬁ during its

a similar life span of about 15 ears, or more, Similar to that for solar

Life @uﬁwﬁﬁﬁem@fémwr%%rﬁé%roghﬁﬂgﬁma.ﬂberﬁ&mg@ﬁ%wﬁé}%ﬁ%%follows
m}au:ﬁ@ﬁgtgqrﬂﬁteﬁgd@@éh@fmmed way, so that the performance of the
S IS npt comprom lack of knowledge. For exam duri
B Ao Rl A B et As s e e e S B BTOGHGERTE Cycte
memmeﬁwwabmﬁheoaclaadhszephn of the protective systems will
@Qﬁgﬁeréh [SRIREEI R and the maintenance regime. Of course,

reme exposure and lack of maintenance can abbreviate or
edBoddingsedn kmavated For instance, anti-ram bollards and column

W'%%H&Yﬁdgé ?Bﬁ@%@?rﬂ‘?ﬁ%m@%éﬂé@aéﬁd"rﬂ%%@@& ¥68ts: Rost M&U) are

more, respectlvey A recommended upgrade perio wolld rotate
quesHRimPESEh 85/ RyiceNe pepagidesstdher tHe-ayslR eeRfingontarfanest of the

prottivi¥ HgEtan, omamerﬁ@rcerqﬁ@@ﬂve cast, HYQHE@YtﬁEﬁ’ lpre iInéR GHBRRRAI building
land an future Ial rices. (3). Economic anaJ sis for buildin t%TL;{Jré)tectlon
51 ket

systems,anid mateda %ﬁ.H&easmé&.@lémaam tt&ﬂﬂ ng materials, e.g.
norn@mmeatwn@é@rf@ﬁecbmm Jkaekedmgl amdr@rfmstaMe@Mrmatﬁetwtcher system

; éﬂnolo +R0e can ad tas at| |nfor C(J_Iaw roach b Io?%qn f about
orwin e\fgtlons%lp%ro? gpgfqa the cos pro%c‘?ﬁ er?e Rlureg gan ot abou
10 yeamd@Iffmletancsamllmfdoehkiahmnr@tae opiitral ibmbirfeien will be some cost for
bwldﬁi% HFﬁfef’i‘iQﬁéeefg%PQHHﬁé‘P?dyﬁﬁ %Qnt?%@%%@émgl?ﬁngﬁtm%?med way, so that

tematic approach to assist in ma |ng an ecohomic decision. For this

the priiesaranGe RétHR SStanatyds MRlueeRnEMY i aas fiest pasticabrkAmuMiedge. For
examBldetIOnng e faveihbetwesit iR drss psidnaiedzgst Bad sitb@iihgly altered,

istance; Using the second prediction model to determine the function

ren %@ﬂﬁe@‘?fﬂé%%%@ﬁﬁgé‘fﬁnated cost and stand-off distance; Ascertaining

thedusnetien hesveermtios ﬂ@énbmdcﬁmm@yecbm@twnﬁ@émdr@fbdmap@eure usage
based an the first estimated.cost and the sé%iond estl ated cost; And

and & JOAIY SRS SRY BEmiTle G Gatid) 'tsf@re%ﬁ%%?c 8@8‘%?&59 and lack of
mainbasedoengane ddtbreniiedd mqmdimerttse Tisefathaaatietihod will be

%?%Q?ﬂf@egrgﬁﬁq thI Stg’\élmgrﬂﬁ %g:rl?&tﬁ%gtellve life span ]pf more than

a Ascertalnlng a pIur ty O II‘S cost estimate on 0 stand- )
10 yemsaaas 100ukIng0a R af pradiciiosem trRPEClivalye Arr@re netaantest upgrade period

wouIS'Péfhfé@%LﬂEH’ é’éﬁfﬁ%sy&ﬂ]ﬁe?%adtﬁ’ﬁg‘?&‘&%@@sl@%ﬁﬂﬁbﬂé%ﬁ}@?gﬁ%ea{rom a four

through stand-off alone increases with each incremental metre of land
to sixJigis Stem @r¥urpose of simplicity and clear description, the

slangroffcdinianee sk fai HiNas HUbRKSRIts Wil ’shiaRGrapi du Rife ignd prices.

r(]g)t.clggglrggrqweig)anna}ysm for building protection measure

Instead of making a subjective judgment on the optimal combination of protection
based on stand-off distance and protective technologies, one can adopt a systematic
informed approach by looking at the relationships of the cost of land and the cost of
protective features vs. stand-off distances, before identifying the optimal combination.

Computer-aided economic analysis can be used in implementing a systematic
approach to assist in making an economic decision. For this purpose, the method of
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15 regard, cost increment is in direct proportion to stand-off distance.

(See Figure 2) Figure 2 may be represented by the following equation:

Y1=K1D (equation; = Where Y1 is the land space cost, D (stand-off) is

the stand-off distance between an infrastructure, e.g. building, and a

public access area, e.g., public road (See Figure 20 1). K1 is a variable
analysiasreitanssesiagéne tinue eslisiion imegeutaude @roungingeTivection between

the fYélués‘Pina]té%oHB’sP%Héo%fﬁa'ﬁfte@Bﬁ&é’s@ fh@‘%lé@@n\é%?é’&?é’tlon model to

factors |nclud|r§? but not limited to, location, type of land use, built-up

deteraingn i thengHar bewﬁ%e%ﬁ%%%u%ﬁtméf%% c@%@e%*t?rﬂgf@if distance;

Asce@(‘amfﬁgqmgﬁéfwwf\déﬁéﬁ%Mﬁﬁﬁaﬁ%ﬁ@@ﬂrﬁa@é&&&mﬁﬁbféﬂﬂ off distance
orderﬁ enhapce t}%hagro ectlonl%%éfJ %ctlve feat res on the building for

base Qb ALt SFHEEHS e SrdlltBeR5EeH n%@é”&%ﬁ RRlkdtig Gxtracting at
leastfaae pootbitied Bstienasedreashfmyedovobtninaeasignstzaskdffon predetermined

reau R ot M BN 78 e SR e R ol orge following

paragtgphsuitant relationship between 30 cost and stand-off distance is a

%%%E@éﬁ@lﬂ'ﬁ%@gﬁj FAAM  Plird 2 16 I RBECSE S i HP?JP!%{Y{B%ff distance

equation: equatlon Where Y2 is the protective system cost,
usingoA St dRegidive Rl off distance between an infrastructure, e.g.

Iméildingraprt afHPlin Regas T ISR r 8rihe ARG ieAshEReG fHeWRAY-KR @istance, the
a varlable constant whose Iu? nigue to each mfrabstructlLYJ)e or
cost gilRFRLSHMVHITR wa%a @;tj%'ﬂ UIFFEARFS iMdl (Rgigmental metre of

land lihzteld tayaisedeVet@f protpatiposty siesing®ign and cismstrdesenpsts, the stand-off
and maegl nani and u ﬁradln sts etc Exam Ies of these gosts hav
S

cistaig Wit AULEHBUINH the BETEVEE SOOI Sy oAy °0)- In this
regattie postegtiveesygdns in c)lve@tepnaapmiglarplwaﬁtyrmﬂﬂfndla’@:hcest(See Figure 2)

Figuf%s?%?/sb%sr%&gggﬂ'ﬂe éﬁwgﬁgrpn at least the plurality

rst cost estimates and the p ura |ty ost estimates
Xdrmibiking@Ae aliRAd equations produces a third curve which corresponds

WHS 19T Q?Hﬁ’@?rﬁﬁdoigé’@éb&&q 0OSisph e N RFieqdyRiiBatdiRsare between

stand-off distance (See Figure 4). This function can be used to help

an '”fﬁ?cﬁH@"HH( ?n@cq)tmpé%@eﬁ a.a'aht&% %%eﬁﬁ)?é@t?or?s@stBHPH?HQad (See Figure
KHISQda lvafa%cbm@ﬁmdatewnw \vamérmmqu@m@aetﬂmamm@fur@ or building.

alltl f compjned cost estimates. Normall mumv lue of 15
o B2 o UL G LAV o 10 G HBHED i BB g by factors
|nclumeg;duetsp@hhiersiaodJOﬁailsnant;q)es obtarrdadsm mglsulp deasdynio the area.
d lannin
B R atG o IR e A S SRR M, RIS stana-of
distama%emae@wi@pew@lvmmdﬁiple 4m to 12m respectively, where
e srdebingd eARkisdewaw: pritéetidm p%’ﬂét@'&ﬁ(ﬁez?’e%f&“%'ﬁeﬂw%o%ulldmg for

~_of land space/stand-off and the cost of protective systems will be at the
reinfraaMEM. purposes, e.g. structural protection like column jacketing or fagade

protective systems, are employed. With increasing stand-off distance, the
corresponding cost for the protective measures will decrease as the effect of the blast
on the building structure is weakened. Therefore, the resultant relationship between
cost and stand-off distance is a decreasing one (See Figure 3). This may be
represented by the following equation::

Y2=Ko/D (equation II) ;

Where Y2 is the protective system cost, D (stand-off) is the stand-off distance
between an infrastructure, e.g. building, and a public access area, e.g., public road

9



10

15

20

25

30

In arriving at an economic decision to decide on the amount of stand-off

distance and protective systems required, a risk and vulnerability

assessment together with a blast mitigation and protection study may

further be performed to complement the 25 above-described analysis. 2.

The benefits in developing a system for economic analysis of protection
(Seerhigisigd ). Thidscasasiaile peNdastanhaseuive datiniKuethe each infrastructure
or bUNGIRSITMEGARISST MIMFOSIIYRERAPBNB YNNG MENGIIEVBIRRSL limited to, the

professionals and other related organization can take into account when

level cAhRQIRS HRSte SHSH Me 4GRS R FRILMGHPRITDTEsighAgMRaintenance and

upgradilines 915 restevatiRgrayising thldrososis Was ke aptedsmatéscribed in the
.cost Lgrovjded are i”l';é%aﬂve as manyF sts should.be based on each
I

PrevigH® & SHERHOAMT Hdd AR BV A HRALRCH Y& 58 Ent,
_dépA_lsdhslgainim@enpbuimmmfenbmbipanemweesmmawaswhmd@bn of stand-off

distalfl8 OREE HONENEL St fgrmaﬂ A BFOMQ?%&%‘P BeiRee ’%‘Sa%gisﬁ%' plurality of
guide When considering profection 10’ measures. 1n cértain pfeaces, and

secopdcessh@atiinateased several times over the last few years. In the total

@ﬁ@%ﬂ@ﬁ%%@%ﬁﬁm%%i%ﬂﬁ%ﬁ% QI t@@r@%onds to the

developmeént cost a _ about 20% to 25%
relatigngRiRofl aeTMdrReRPEbS! IRaRaNE, AEpiariiectraiivesars Ragg-off distance

(Seedg$RA4E. Splanning is very critical in ensuring the commercial viability of

the development. ~ The system deyeloped for the Economic Analysis of
TSRO MEAL RS B3R Q R B B cRR B PR RBL SIBR OR Qs tance and
protaotienzysfdantbuse asddsisassol am g g inindel atouinentdagandiban retrieve

S hase. Apart from being g tool for effectjve decision ing, it also
one B B R b M S IR Al s TG value of

combiledante@aithestiosatie asdimiin skitidiongndkiag o cest piaaniisy. waen and the

correﬁrﬂgﬁy@%m!ofﬂrﬂsrﬂ%e@ %@35@&%9%\@ @@8%5#’5%‘%& jon making,

) € ngineering tool to assist 9] anr)ers In mast_er-p anning
i.e. detayrinMOdasidiures e SAIAGRBIGH RBIGtBROtESAasdENR g imgasures. It should

be n&iIGKeletROREING 2RadHIMORMPESHA TN nge THEIREERD SRYEIAPRA Bfor example

the economic analysis of protection measures can be used as an effective

4m 18 bPIOr SRSV RN KNG SHP thm SOMRIRGTh RS hdodRtal JBiRiiBAhe point where
the cdisipitesd poBestiversy sieaeestlodesti land tse eost spare lletvingystems will be at

the n%‘r‘ﬁ'n’% m.

In arriving at an economic decision to decide on the amount of stand-off distance
and protective systems required, a risk and vulnerability assessment together with a
blast mitigation and protection study may further be performed to complement the
above-described analysis.

2. The benefits in developing a system for economic analysis of protection measure

This case study provides an instructive outline of the protection measures and
cost information. Building owner, developer, professionals and other related
organization can take into account when enhancing protection measures during the
planning, designing new buildings or renovating existing buildings. It is worth to be
noted that the cost provided are illustrative as many costs should be based on each
unique situation. In addition, the actual cost is, to a large extent, depending on when to
implement the protective system due to the high inflation rate. However, the
information provided can be used as a useful guide when considering protection
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20the development feasibility study phase. Apart from being a tool for

effective decision making, it also possesses the following benefits: As a

macro Planning tool for the relevant authorities to assist in decision

making and cost planning. As a cost planning tool for developers to

establish the development budget. 25As a Value engineering tool to assist
meagiaedels ineriasteplaaaningod the tasdnaigydnanaassmissausigidigigs over the last

few fé‘é‘i‘gn Sm%‘é"td‘fa‘PQH%ISBFﬁ\éﬂg @6@t‘-'f§n‘8%b%§fﬂ§%8&&ﬁ‘lﬁﬁé 408%0% t070%

What is claimed is: An economic anal sis method for building

of th%r@@étﬁﬁvﬁié’gﬁe@iﬁ&%cﬁﬂﬂr@@sCQ@(?HH&%%’H&QWWW&Wt 20% to 25%
of thesionratesvs eotmesitotost Staﬁﬂ&f@%@é%ﬁ@ﬂg@ff@@ﬁ%ﬂ@'ﬁW@sage and space

e R oL Pen
dlbeabiystd modevie kb edstoerstiradies asraituActainsid stbhRdeddotistaMeasures can be
usedbgg%% é?f%%l[?\?? Qﬁ PAW égf%?gﬁ %:ﬁ?ﬁt e%“ ?ltﬁlg’ 8P%W§ Bé"ér%% %p ce planning

second cos ates; an etermln requiremen

duringttes/idg\el remienvd ed si | jlustlivhs @lﬂaembﬁwwﬁreshmaga@ftst@r effective
decidlbAhRERRYTHC §8' B8sessed tﬂéefg‘l%%ﬂﬁjqoéé}?éms"? wherein the first

prediction mode |st e function between theland space cost and stand-off
Asdtara®roT Réasedoa d peeditibrenietky an trrutiBofitiegolo rsgistnntr@decision making
ngrote t|v ﬁstem cost and stand-off distance. 3. The method of claim
RiAThe frst prediction model is: Y1= KID, Where Y1 is the land

Assaamscmariau(fgatomdﬁ) iddhelsipand-odf essteyih the valuelopkit budget.
proportional to land costs.
As a Value engineering tool to assist planners in master-planning of the land usage

and assist designers in design solution.
A tool for carrying out Life Cycle Costing analysis

APPLICATION
The system developed for the economic analysis of protection measures can be

used as an effective tool for decision making, in terms of determining the optimal
stand-off distance, protective system employed, land use and space planning during
the development feasibility study phase. Apart from being a tool for effective decision
making, it also possesses the following benefits:

As a macro Planning tool for the relevant authorities to assist in decision making

and cost planning.

As a cost planning tool for developers to establish the development budget.

As a Value engineering tool to assist planners in master-planning of the land usage

and assist designers in design solution.

A tool for carrying out Life Cycle Costing analysis
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4. The method of claim 2, wherein the second prediction model is:
Y2=K2/D, Where 20 Y2 is the protective system cost, D (stand-off) is the
stand-off distance; the value of K2 depends on the level of protection
system, and the construction and maintenance costs. 5. The method
according to any one of claim 1 to claim 4, wherein the function between
Claim&: combined cost estimates and the stand-off distance is ascertained by
baddin tge first prediction model and the second prediction model
Wha 6&@&% 180 65The method of claim 5, wherein the economic decision is to
1 fiAch theomyatmial stangs s indettand d arouictiter tive teysiemnBfasure that comprises:

Ascertaining a plurality of first cost estimates as a function of stand-off distance
using a first predictive model;

Ascertaining a plurality of second cost estimates as a function of stand-off distance
using a second predictive model;

Ascertaining a plurality of combined cost estimates as a function of stand-off
distance based on at least the plurality of first cost estimates and the plurality of
second cost estimates; and

based on a predetermined requirement, retrieving at least one of the pluralities of
combined cost estimates for use in an economic decision.

2. The method of claim 1, wherein the first prediction model is the function between
the land space cost and stand-off distance; The second prediction model is the
function between the protective system cost and stand-off distance.

3. The method of claim 2, wherein the first prediction model is: Y1= K{D, Where Y1
is the land space cost, D (stand-off) is the stand-off distance; the value of Ky is
proportional to land costs.

4. The method of claim 2, wherein the second prediction model is: Y2=K»/D, Where
Y2 is the protective system cost, D (stand-off) is the stand-off distance; the value of K,
depends on the level of protection system, and the construction and maintenance
costs.

5. The method according to any one of claim 1 to claim 4, wherein the function
between the combined cost estimates and the stand-off distance is ascertained by
adding the first prediction model and the second prediction model together.

6. The method of claim 5, wherein the economic decision is to find the optimal
stand-off distance and protective system.
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