
OPTIMUM SEISMIC PROTECTION FOR NEW BUILDING 

CONSTRUCTION IN EASTERN METROPOLITAN AREAS 

NSF Grant GK-27955X 

Internal Study Report No. 10 

EVALUATION OF EXPECTED LOSSES AND TOTAL PRESENT COST: 

PRELIMINARY SENSITIVITY ANALYSIS 

Erik H. Vanmarcke 

John W. Reed 

Dennis A. Roth 

July 1972 

Department of Civil Engineering 

Massachusetts Institute of Technology 

Cambridge, Massachusetts 

REPRODU.CED BY 

NATIONAL TECHNICAl!. 
iNFORMATION SERVICE 

u. S. DEPARTMENT OF COMMERCE 
SPRINGFIELD, VA. 22161 





50272 -101 

7. Author(s) 

E. H. Vanmarcke, J. W. Reed, D. A. Roth 
9. Performing Organization Name and Address 

Massachusetts Institute of Technology 
Department of Civil Engineering 
Cambridge, Massachusetts 01239 

12. Sponsoring Organization Name and Address 

Engineering and Applied Science (EAS) 
National Science Foundation 
1800 G Street, N.W. 
Washington, D.C. 20550 

15. Supplementary Notes 

I--------------------~--~------· ---- ----
·16. Abstract (limit: 200 words) 

8. Performing Jrganization Rept. No. 

No. 10 
10. Project/Task/Work Unit No. 

---------------------~ 
11. Contract(C) or Grant(G) No. 

(C) 

(G) GK27955 

13. Type of Report & Period Covered 

--------------------- ------I 
14. 

- -----~-------~-------~ 

A computer program to evaluate expected future losses due to earthquakes and to de
termine the best strategy for earthquake protection of buildings based on a minimum 
expected cost criterion is presented. The program can be used for analyzing the seis
mic performance of a particular building or of a mix of buildings of different types. 
The input information required is identified, and the principal computations carried out 
by the program are s.ummarized. Details of the input data format are presented and a 
typical program printout is shown. The results of a preliminary sensitivity analysis, 
in which the effects of the following input parameters were investigated, are examined: 
the earthquake occurrence probabilities; the damage state cost ratios; the initial cost 
penalties; and the discount rate. The sensitivity with respect to the choice of damage 
probabilities, can be assessed indirectly by comparing the expected future losses 
associated with the various design strategies. The damage probabilities for modern 
tall buildings for the five design strategies considered are given. The damage state 
categories are listed in terms of the direct cost of repairs and in terms of associated 
non-physical costs. 

~-------------------------------------------------------------------------------------~ 
17. Document Analysis a. Descriptors 

Earthquakes 
Computer programs 
Buildings 
Damage 

b. Identifiers/Open-Ended Terms 

c. COSATI Field/Group 

18. Availability Statement 

NTIS 

(See ANSI-Z39.1S) 

Cost analysis 
Design standards 
Engineering costs 
Probability theory 

c 
I 

19. Security Class (This Report) 21. No. of Pages 

ii-a 
f--20--. -se-cu-r-ity-C-,·a-s-S-(T-hi-s-p-ag-e)------1-2=-2-.. ¢ :-p,r'-!c-e--)J-'./--' 4-'---;-

-;j ,;;(- -' j{ It .~ 
See Instructions on Reverse OPTiONAL FORM 272 (4-77) 

(Formerly NTIS-35) 
Department of Commerce 





PREFACE 

This report is one of a series of internal study reports 

issued under NSF Grant GK-2795SX on Optimum Seismic Protection for 

New Building Construction in Elstern Metropolitan Areas. The general 

methodology has been presented in earlier study reports and in a 

report based upon an oral presentation to the National Conference ,on 

Earthquake Engineering held in los Angeles in February 1972 

(Reference 1). 
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EXPECTED FUTURE LOSS AND TOTAl PRESENT COST COMPUTATIONS 

A computer program has been written to evaluate expected future 

losses due to earthquakes, and to determine the best strategy for earth

quake protection of buildings based on a minimum expected cost criterion 0 

The re.der is referred to the report by R. V. Whitman et ale [lJ for 

overall methodology, terminology, etc. The program can be used for 

analyzing the seismic performance of a particular building or of a mix 

of buildings of many different types. The input information required is 

identified in Section 1, and the principal computations carried out by 

the program are summarized in Section 2. Finally, Section 3 refers to 

Appendices A, B, and C in which detailed information is given about the 

program. 

1. INPUT DATA 

Constants 

Kl = Number of building types 

K2 = Number of design strategies 

K3 = Number of damage states 

K4 = Number of intensity categories 

DELTA = Discount rate 



Vectors 

NUMB (I) = [Number of buil di ngs of type i] (Kl elements) 

CRPL(I) = [Construction cost of type i building] (Kl elements) 

IZONE(J) = [Number characterizing design strategy jJ (K2 elements) 

IDAM(K) = [Number characterizing damage state kJ (K3 elements) 

CDR(K) = [Ratio of repair cost to construction cost for damage stata k] 

(K3 elements) 

XINT(L) = [Mi~ Intensity characterizing intensity category 1J (K4 e1lements) 

RISK(L) = [Annual probability of occurrence of quake with intensity in 

category 1J (K4 elements) 

Matrices 

CIR(I,J) = Initial cost penalty for building type r designed under strategy J, 

expressed as a fraction of "zone a" construction cost fot building 

tyP€ i. (dimension: Kl X K2) 

P(I,J,K,L) = Fraction of buildings of type I designed under strategy J 

expected to be in damage state K following an earthqualce with 

intensity in category L. (dimension: Kl X K2 X K3 X 1(4) 

2. PRINCIPAL COMPUTATIONS 

The annual expected losses expressed as a fraction of the "zone A .. 

construction cost, for type I buildings designed under strategy J i!i 

K4 
C(I,J) = L: 

L=l 

K3 
CC(I,J,l) = L: ccC(r,J,K) 

K=l 

where CC(I~J,L) =. the contribution to the expected losses due to intensity 



category L, and CCC(I,J,K) = the contribution to the expected losses due 

to damage state K. These contributions are related to the damage probabil-

ities, the earthquake occurrence probabilities and the repair cost fractions 

in the following way: 

K3 
CC(I,J,L) = E P(I~J,K,L) x CDR(K) x (1 + CIR(I,J}) x RISK(L) 

K=l 

K4 
CCC(I,J,K) = ~ P(I,J,K,L) x CDR(K)(l + CIR(I,J)) x RISK(L) 

K=l 

The total expected cost of earthquake protection for a building of type I 

designed under strategy J, again expressed in terms of the "zone 0" (or 

strategy 0) construction cost, is given by 

TECR(I,J) = CIR(I,J) + DE~TA C(I,J). 

The first term is the initial cost penalty (which vanishes when J = 0), and 

the second term represents the average discounted future losses due to 

earthquakes. The reciprocal of the discount rate, (DELTA)-l, can be inter

preted as the effective design life of the building. 

The best design strategy, JeI), for building type I is that which 

minimizes the total expected cost. 

TECR(I,J(I)) = min TECR(I,J) 
J 

If a common strategy must be used to design many different types of buildings, 

then the quantity to be minimized with respect to J is 

Kl 
TEC(J) = E TECR(I~J) x CRPl(I) x NUMB(I) 

1::1 

and the best overall strategy is J* for which 

TEC(J*) = min TEC(J) 
J 



Unless each "suboptimal II strdtegy J(I) (the best if C"'ly buildings cf 

type I are considered) coincides ~"ith the overall optimal strategy J*. 

ther'e win be a non-zero Ilopportunity 'loss" i'lhose expected value is given 

below. 

Kl 
TEC(J*) ::::Z TECR(I~J(I)) x CRPL(I) x NUMB(I) 

In the Q,na1ysis which follm\ls?< only one buildhlg type is involved. i.e., 

Kl = 1 i.md NUMB(l) ;: -1. The opportunity loss -is of course equal to zero 

in this case. 

3. PROGRAM LISTING AND INPUT-OUTPUT FORMAT 

A listing of the computer program is given in Appendix A, and 

details of the input data format are presented in Appendix B. A typica'j 

prcgrMi pr"i ntout is shown "; n Appendi x C. 



SENSITIVITY ANALYSIS 

This section examines the results of a preliminary sensitivity 

analysis in which we investigate the effects of the following input 

parameters: 

the earthquake occurrence probabilities: RISK(L} 

the damage state cost ratios: CDR(K) 

the initial cost penalties: CIR(I,J) 

the discount rate: DELTA 

The sensitivity \'Jith respect to the choice of damage probabilities, 

P(I,J,K,L), can be assessed indirectly by comparing the expected future 

losses associated with the various design strategies. 

Table 1 gives the damage probabi1ities for modern tall bui"ldings 

for the five design strategies considered (i.e .• these correspond to 

Zones 091.233~ and 4; the last has a zone factor of two), These we I'e 

estimated from preliminary results obtained from the San Fernando eilrth

quake damage data. 

Table 2 lists the damage state categories, described (i) ~, 

words 9 (i i) i 11 terms of the di rect cos t of repai rs, ck ' and (i i i) in terms 

of associated non-physical costs. c~. Both ck and c l

k are expressed as 

fractions of the construction cost. We will see that physical and non

physical costs do not need to be combined until the final stage in the 

computati ons ~ cmd that dHferent di scount factors ca.n be ilPpl i ed to them. 

The ec;rthque:ke -intensity categories correspond to various levels 

of Modified Marean; Intensity (note that the fractional values Vl.!) and 

Vl1.5 are used). ~he earthquake occurrence probabili es are chosen on 
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TABLE 2 

Damage States 
Ck 

Description of Level of Damage 
'1: " 

Repair Costs 
(Ra ti 0 to Con
struction Cost) 

o No Damage 

1 Minor non-structural damage--a few walls 
and partit~ons cracked. incidental mechanical 
and electrical damage 

2 localized non-structural damage--more extensive 
cracking (but still not widespread); pDssibly 
damaae to elevators and/o: other mechanical! 
;0' ,,",'" :;:: .. ,~ '"' -) 1 rO~Don"",J-", ~",l't;'_~f ~\".C:.~ ~~Hi, ~~C~I~<~ 

3 Widespread non-structural damage--poss1bly 
a few beams and columns cracked. although not 
noti cec.b 1 e 

4 Minor structural damage--obvious crack1ng or 
y12! ng in 2 few structural members; sub
stantial non-structural damage with wide
spread c'c"?lckinq 

5 Substantial ztructural damage requiring repair 
01" rep J acement of some strLlctura,-' members; 
associ d,tect extens OJ ve nOB-si:ructura'l damage 

6 Major structural damage requiring repair or 
rep 1 c~cerr£nt of many s tructura 1 members; 
associated non-structural damage requiring 
repairs ~o ~ajor po~tion of interior; building 
vacated oU~lng repalfS 

7 Building condemned 

o 

.001 

.005 

.02 

.05 

.10 

.30 

1.0 

1.0 

c\ 
Non-Physical Costs 

(Ratio to Con
struction Cost) 

0.0 

0.0 

0.005 

D. 1 

0.2 

0.5 

1.3 

2.5 

5 



the basis informa.ti::H"l (;ontainedin Internal Study Report iIIo. / [2J or~ 

BOSt0~ sei~mic risk. of values labelled II'low ri.ski' in rablE:~ 3 

y'epresem.:s ;'1 ~)\:~st e::; ,jiiia ,as gi ven i 11 Internal Study Report No.7" of 

the T~e1ationship betvveen '.J1l1ua-' r-isk and intensity, See also in Fig.1. 

more conservative represen tions of the risk of earthquake occurrence in 

Boston. 

The mDst useful resuHs are the annual e~pected cost ratios, 

C(I,J). given in Table 4a (repair costs) and Table 4b (non-physical costs). 

These quantit'ies '1dn be denoted here by Cj and C!j~ respectively. They 

are based OD computations in which the damage state cost ratios~ CDR(K), 

are taken ea~al to the repair costs ck and the non-physical costs elk! 

respectivaly. The total expected future loss under strategy j, Lj' is the 

sum of contributions d~2 to physical and non-physical costs. Assuming 

d-lsco:,nrt '(i:lctors (6 a.na 8') may have to be applied to the 

different 105:; cDmpcne:lts, L.; takes the following form: 
.J 

Thl~ee S(~ts of V2;~·!W:=;S of Lj" cOrl"'esponding to different cost components and 

discount f&ctors, are given in Tables 5a (only repair costs; 8 = O.05)~ 

5b (8 = 0.05; 8'= 0.05) a 5c (6 = 0.05; 61 = 0.020). 

tlCiilS of the il zon €! 0" construction cost. (In 

the orocram these are , " 
the syt~ol Aj is used for 

notational convenience.} estimates in the first ~alumn correspond to the 

9gs i-:>"'l :..,. ..... ~ J a To determine "l-tle best stl"at::lgy based 
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on minimum expected cost it suffices to add the fractional initial cost 

increases. Aj9 to the expected future losses. Lj $ given in Table 5. A 

list of resulting optimal stfategies is given in Table 7. Either Zone 0 

or Zone 1 is optimal in all but one of the cases studied. 

CONCLUSION 

The tentative conc1usiol1 'is that there is little benefit to be 

expected frcm earthquake design in the Boston area unless one or several 

of the c'('itic;:::-l pa,rdmeters" 'j .e. ~ the risk of higher intens"ity, the dsk 

of toto,l da[i']ag~~ and the non-physico'] costs, take on values be}lond thE! 

bounds considered herein. It must be emphasized that these bounds are 

indeed preliminarY9 and may be very sensitive to assumptions made abuut 

quantities that are still being studied. 
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u I Mt: NS i Ui'4 (,. (. C , tj 0 , 5, I) ) ,( C , 30 , 5,6 ) ,P ( 5, 5 t 9,6 ) 

c 
UIHtNSIUI'411Tlt(20) 

L----------------------------·---·---------------------------------------
C M~AU lN~~r. " 
C-----------------------------------------------------------.-----------
C 

R E Au ( ~ , 1 u u d J • tTL E 
REAu':;"iUuiJ KL,K2,K3.~~.11,OElTA,X~U 
DU l~u 1=1,1(1 
R E A~ J ;, I J. J \J ~ ~ 1\ U M B ~ I ) , Cr{ P U 1) , 'C I P ( I ,J) • J = 1 • K 2 » 

1.£U CONTINUt: 
REAu,~,luJ~J (!I(~E(JJ,J~1.~2. 

RtA~':;'fluu~~ 'l[AM(K),~=l,K!) 
ktAu ~!i, lJu n ((.IJR (K) ,1<-). ,KJ) 
REAu(;" l\JJd)' Xi NT' l) ,l-1 ,J\'t» 
RlAP'~.~vvo~ iKISK'L~,L;1,K4' 
DO 1.j J t = 1 , K l 
DU lj~ J=1,K.i 
LJU ~jO I\=I,/(3 
kEALJ~:>, J.uJ~) 'P (l ,J ,l<,L) ,L;: 1 ,K4' 

Ij U (uN T ~ IVUt. 

C . 
C-----------------------------------------------------------------------
C IN!TIAL.ILe CUMPUTEC ~KRAf$ 
C------------------------------------------------------------,-----------" 
C 

14U CUNTINuL 
1 0 DO ~ u ~ = L , :;, 

TICU~T4J)=u. 
Xf- C u S T , J j ::: J • 

H:C(J}=u. 
DO ~u ~=!.ou 

Reproduced from 
best clVaiiable copy. 



C 

t'l.J~=u. 
DO 2J K = 1., ~ 

~O LCL'l.J.~J=v. 
DO ~U l=l,o 

3U CC(I.J.U=v. 
LJD 4U 1=1,0.1 

40 (JPLu!),>' l. J =iJ. 
DO bU J=l,~ 
OU ~ U K. = l. , "J 

~iJ CNTUAM'J,~l=iJ. 
00 tiU L=l.,(') 

~0 CNT1Nr'J,L)=iJ. 
$UPl=V. 

C----------------------------------------------------------------------
(. P k 11>4 1 H"P U T 
C---------------------------------------------------------.------------
C 

c 

wklTt(~,~JulJ I ITLE,Kl,K~,K.?,K4,11,CElTA,XNU 
.RITt(Q,lJULj ~1,K2 
00 iLl l=l.,K.l 

121 ~KITt'o.,~ujl ',NUMB(I',C~PL(I),(C[Q{I,J).J=1,K2' 
WRl.c,o,~J~4J (IICNElJJ,J=l,KZ. 
WRl1c'b.2JU~j lICAMIK),K=1,K3) 
~kll~(~fZ~u~~ 'tCR'K),~=1,K3). 
wRITt(b,~uJ7j'~1~T'l),L=1.K.~' 
wRllt(o,2UUijj ,RtSK(L),l=1.K4) 

c-----------------------------------------------------------~.-~~--------
L B c ~ 11" C IU. C u l AT LeN S U F { N r t. K ftI Eel ATE fiI ~ T f< ICE S 
c-----------:--------~-----------------·----------------------.-----------

C 
UO C::lu 1=1.1\1 
JI'1 I N= 1 
DO £lU J=l,KL 
~Kllt'b,~Jll' t.I2CNE(J' 
\IW R , r i:: , '" , ,\,Iv ~ # 
UU l.9U J\'=l,~j 

DO its.;) l= 1, K't 
lao CCC'l,J,~)=~~~,I,J,K)+~ll,J,K,l'*COR(KJ*RISK(l)*{l.+crR(I,J)) 

C(i,J~=C'lfJi+LCC(l,J,K) 
19U .RIT('b.LJL~) lP(I,J,K,L),l=1,K4. 

lt~k('tJ~=C4~'1,J)+C(I,J'*(XNU/DElT~) 
If(IEC~(l.JN'~i.GT.TEC~'l,J'. JftlI~=J 
DO ~uu lsl,l<.t.t 
DO ~viJ K=l.K.J 

200 CCll.J,lj;C(.(I,J,L)+P'l,J,I<.,l)*CCR(Kt*~lSK(l)*(l.+CIR((,Jt, 
J S TAl< , L j;: J M 1 i~ 
~Klft~b.ivU7J (X[NTIL),L=1.K4) 
wRITt:'o.~J.l". (CC(I,J,L},l=1,K4' 
wkiJt:(b'4JJ~~ 'I[AM(K),~;~,K~) 
wRIJt:'b,LU1Jj (CCC([,J,KJ,K=lt K3 ) 
WRlll~o,201~' L'I.J),TcC~",Jl 



~l() CUNliNUt 
L-----wkITt our SUtiuPTIMAl SfKAfcGIES ~ERE If DESIRED 

l~TRr=.l 

c 

UO ida J=.i..,Ki 
DO ~~oJ 1=1.,1"-1. 
T~C'J)=IL~(JJ+rECR(I,Jj*~~PL(I)*NUME(I) 

1 ICU~I(J~=1 lLU5T (J)+CIK' 1,J '*CRFL( I )*NLf-1B(I) 
22J X~Cu~l(J)=XfCu~T(J)+C(ltJj*CRPL(Il*~UMP(I) 

xfCuSf(JJ=AFCu~f(J'*XNJ/ucLTA 
IF(TtC(tSTKTi.~T.rE(Jj. lSTRT=J 
WkITL'b,~~jjl lZCNE{J),I~C(J),TIC(ST(JJ,XFCOST(J. 

(------------------------------------------------------------.---~-------
C LJNIKlbUllUNS ~UE TO VAKIJUS [A~AGE ST~TES (FOR EACH STRATfGY) 
c------------------------------------------------------------------------
c 

OU £'tu l\=l.,Kj 
DLJ LJU 1=1,1(1 
c~rUAM'J,KJ;CNTCAM(J,K)+~CL(I,J,K).CPPl(I)*NUMB(I' 

eN r UAM' J , K j = C Nrc A~ (J , K) * .< .. w 10 El fA 
wRl1t'D,~~j4) lCAM'K),GNTUA~lJ,K) 
wR ITt' 0 t ~ .. n:;J j 

c------------------------------------------------------------.. ----------
~ ~~NJ~.RUJt~N~ yL~ TO VA~!~U5 INTE~SITY RANGES 
c------------------------------- -----------------------------.--~-------
c 

(JU ~bV L-l.,K"t 
OU £!)U I=L,Kl. 

2~O cNTINr'~,l'-~~TI~T(J,L~~CC'(,J,L)*C~Plfl)*NU~B(11 
cNrl~J{J,l.=~Nrl~T(J,L-*.<~U/DElTA 

20u wRITt(u.lJJci xlNT(L),CNf,NTeJ,l, 
.280 CUNl1 NUt. 

WR1T!:(o.LJ3n lICNE:{ ISfKfJ 
j)U JUJ I=!,Kl 
J:J~TA~\U 
OPlu;)~ (U=' J t.tl{ ( I, I STRT i-rt:(R{ I, J)) *CR pl( I )*NUMB( I) 
SU~l=~uPL+uPLu~S(I) 

3UO JSTAK(11=I£uNt4J) 
C *** "Ak.Nlf~v ** J~rAR IS NJ~ lL(NF VALUf (FOR FINAL PRINTClJT) 

Ii R 1 It: , () , L J .. :Hn 'I, J S TAR l 1 J , J fLO S S ( I » , [= 1, K 1 ) 

c 

.Rllt'b.2J3~i ~OFl 
kt::~~(2' luv7 ~ '~DR(K' ,1<.:1 ,I\~) 
If "Uk'l) ~JJ,1~),l4J 

400 CUNILNUt 
CAll !:XIT 

c-----------------------------------------------------------------------
c _. f+JKMAT~ fAr t:'''t;;i'C T S 

c----------------------------------------------------------------------
l. 

lJOl FOKMAI'~I~t/,~flO.3j 
1003 f~RMAT(11.oJ,flu.2,tF10.5j 

If 



lUOb F~~MAr'ti~!Vo~J 
1007 F0~MAT'lv~j.4} 
lUJb ~UKMAI{LJA~h 
luO'J FOkMI\T~'JI~J 

IJI0 fURMAf(lJF&.)) 
LUOl f-UkMA' "lEAI-'t:LlEC FLJfUt<.!: LuSS flU) T(TAl PRESFNT CCST C(MPUP,TICtJS 

1',1,' -~------ ------ ---- --- ----- ------- ---- ------------,,/, 
l' J' ,L JA'T, / , 
L'OI~Ui1tit:t\ ur- uuLLCli~G T'(~c,) ••••••••• ,13,1, 
3' NUMtilK ~f Dt~IGN STRArE~lESe •••• ',13,1, 
4' NUI'1tH:K. UI- UAMAGE STAT!::~ •••••••••• tIl,!, 
5' NUMbER u~ l~lENSlrIES ••••••••••• ',13,I, 
b • S,... tel H !; \J H M E HeR I lL ,'4 CuD E ••••• • , 13 ,I , 
7' DISL~U~r RAIL •••••••••••••••••• ·,f4.2,1 
8' AI'lI'JUAl ~JA"i: CCClJRRE.'H.t KATE ••• ', F4.2,/) 

2U02 FUkMAll'JTVPt',5X,'NU.JF',4X,' r~ITIAL ',lOX,'INITIAl e[Sf P[N~l 
IJIE~ MA)KIA {',I3,'X',,~,'j',I,lOX,IRlDGS',1X,'COST',I,t ----·,5X, 
2'-----· t~A,~-----------' tLO~,'------------------------------------
3-- t) 

LUUj FuKMAr't~,llU,r15.2,6flj.~) 
20{)4 FUKMAf(lJut!>IlI''i Sri{ArElilE~ :',10I5) 
2UO~ FU~MAT"vrUK U~MA(E STAT~ : " 2X,lCIICJ 
2006 FGf.,f'tAl ,. RtPAIK/INITIAl £:.,,))T RATIO :', lOFIO.I)) 
2007 FOkMAJ"JF~k. rU:RCAllY INfiNSITV 't10(3X,A4,3X)) 
lJO& FORMAI{' PK~UA1j{lITY OF."iJAKE IS ·,lCEIO.4) 
2u09 FUKMAI{'JUi4MAlIt: PRi)BABllif¥ ~.6TRIX F~O~ INPUT :',/,' -,----- ------

1----- ------ ---- -----',1' 
2UI0 FU~MAr'luflJ.~) 
LOll FUkMA1('.Ll:IJiLUtNG TYPEt.1J,3')X,'STRATFCY·,I3.t,' -----,--- ----', 

I' --·'3UA"-------- --',/j 
2J12 fURMAT~1~X'·~L =',12X,lJEiJ.4) 
Lul~ FOkMAlt1JX,'~~~ =ft14X,lJtlO.~) ,J 14 F U r<.M A I ( • i.J' t 'C = " E 1 J • ~ , / , • 0 ' t ' TEe R = ., E 10 • 4 ) 
Lv33 ~0kMAr"lrurAl EXPECTfU CJST CJlCUl~TI(NS',I, 

l' ----- -------- ---- ------------.,', 
L'Of-Uk ~IKATt:l.iY· ,Ud,' --- -------- --',/1, 
l'OjUT",~ t:)(j.)c~it:C CCST ••••• • ,F12.2,I, 
Z'OINiTLAL ~u~r •••••••••••• • ,F12.2,/ t 

3'vEAPt:LTtD fUIURE CCST •••• ' ,Fl?2,1, 
6'6Cuf'4IKtuufluN~ DUE TO fd':: VMHCLS (AMAGE STATES :',/, 
7' ------------- --- -- --- ------- ------ ------·,1, 
7 ' U U A M A ~ t ~ I Art.' t 12 X , , CJ I Ii r ttl e UTI [ ~ t , I , 
8' ------ -----. ,12X,'------------·,/) 

iu~~ ruRMAr'11J,1~A,f14.4) 
2J3~ FO~MAJt'uCU~JklPUTICNS JJt Te THE VlRI(US fNTfNSITY P~NGES :',/, 

" ------------- --- -- --- ------- --------- ------·,/ r 
l'ulhILN~'TY ~ANGE',l2X,·C~~TRIPUTIC~·,', 
2'---------- -----·,12X,·------------·,/l 

iU3& fURMAr'iJA,A4,L2X,f14.4j 
20jj f-UkMAI'·l·.~A.·****** •• *.********.***********.******·. f,6X, 

it. UYt.kALL UPJIMl\l ST,{ATtllY ts ',I~,' .' ,/,6X, 
3·*********~****··*·***··~******·******') 

~JJb FURMAT"bUPP~K1UNITY lJS~ C(~PUTjTr(~ :',I? 







INPUT Df\T!~ FORlvl/U 

Format (20Alt) 

Columns 1-80 of this card will be printed as a title at the 

beginning of the output. 

B. Control Card - Format {5IS} 

Col umn 1,-5 K1 The integer number of bun d'l ng types fOf~ tU S j'!,,m 

6~·10 K2 -- The 'integer number of design stl~i;:\tegies for tJrs 

run (max 5) 

11,,,15 K3 -- The integer number of damage states 

(max 9) 

16-2:) K4 -- The integer number of intensities for this run 

(max 6) 

.21,-25 The Time Horizon code (not used at present) 

c. Control Card 

Col umn 1-10 O-l scount Rate 

Average annual rate of earthquake occurtence 

One ca fot l~ach bun di ng type mllS t be input. 

Go 1 umn -i ~ i 0 Number of bull di ngs of t.ype i 

11 Replacement cost of building 

21-30 Initial cost penalties design 

s t'rategy (K2)J 



E.~ Strateg\;t Card __ ~, __ ..:l;_~.< __ 

Each five columns represents a Strategy Number (usually input wile 

be O~ '1 ~ 2. 3~ 4)0 There should be 1<2 tll"lmbel"s 011 this ca.rd, 

tach five column field represents a Damage State Number (usually 

0,1, 2. 3~ 4, 5.6,7,8). There should be K3 numbers on this card. 

Go Repair/InitiaL Cost Ratio Card Format (9F804) 

Each 8-column field represents the Repair/Initial Cost fOi~ one Damage 

State. There would be K3 numbers 011 this card also (each fiel::! 

corresponds with a field on Card F, above). 

H. I\J1odifi ed ~ierca n i Intensi ty Card Format (6A4) 

Each 4--co1umn field on this card represents a Mercalli Intensi':y. 

There should be K4 Fields filled ins usua.lly with a Roman Nume:"al, 

I. Earthquake Risk Card 

Each lO-column field on this card represents the probability O",~' 

occurrence of earthquake in the corresponding Mercalli Intensity 

Range. There should be K4 fields. each corresponding with a fleld 

on Card H, above. 

J. Damage Probability Matrix Cards Format (6FlO.5) 

The Damage Probabi"lity matrix should be input as fol1ows: 

,1.0 On each card there shou~ d be K4 probabi"! iti es, one fOl~ eC.d 

b. Thel'e shcu1d be K3 of these cards. one for c:;;sh Damagi2 Stateo 

c. There shaul d be K2 sets of K3 cards e.?ch" (H"<:: for each D8S i 



d,ihjs shot/lcl be l"epeated foY' ei'ich bui1ding~ i "eo" K"l times 

(Kl sets of K2 sets of K3 cards each). 

Total nl1mber of damage probability cards input shou"ld be 

Kl x K2 x K3. 

K, Additional Repair!Init~jAl Cost Ratio Card - Format (9F8.4) 

Same as G, Each time this card is repeated (there is no limit 

on the number) a camp 1 ete run is performed us i ng a 11 of the 

previously read data with these new repair/initial cost ratios. 

If a -1 is pla.ced in card columns 1 and 2, the program terminates. 

** To end program the last card must have a -1 punched in columns 1 and 2. 



,4PPENDIX C 

Typica 1 Program Pri ntout 

The output shown herein is for the case in which the IIHigh R-ls/<." 
f ~ ~ 

occurrence probabilities (Table 3) and the Initial Cost Increases tlj!} 

(Table 6) are used. The damage state cost ratios 9 CDR(K) are equal to 

ck + 2c i

k (Table 2), and the discount rate is 0.05. This is equ1v~len~ 

to evaluating the expected future losses using the formula 



[':IWllfP Of PI.; 1L/)!f'ic, Hf't£ •••• oc 0 0 

r,IH'(nt~ ~=F CE~lLi''c S'ff.!.Art(;a&.;,oQ ~OG"'. ~ 

~',rJi~':~(;Q GF r6f:ii>.ll ~rA1LSQ<3("(c,.~~C'Q ~ 

C.I)[ ", i{ !1><1 U":'IIll~. G GO" c .............. t; •.. ~_~_' ____ ""' ____ .... . 

$f'[.lf;U; TIl"'. hLi<!dJr, ['U;.!t •• o •• ! 
n i S [(JUN c R,I\ T E ':> c> ~ G (,", ~ 0" '> {j " <l 0 Q 0 ... .. Q 0 U • v:> 
t~~UAl QJAKE LCLU~R[Nl[ KAI~ ••• I.J0 

"~_.v.l'Pf __ . ___ ~~_.LJi INITIAL LCST PfNALTIF5MATRIX I 
(It OL.!:. 

1 Ij.CCCJJ 

o 
r;;:' D.~",.;GE 5t Aft :"" -·-----IJ -.. ----- .-,---- ------i·--- -
~~-AII/!NIIIAl t~Sr ~AII~· J.J D.lJIJ) 0.01500 

.. 
O.~5000 

:CD': )lUl(lilLY I/l.HI\!S liY IV V VI '11.5 VII VI15 

@.050'0 

'''':''PI,-!TY ul tJU/,,,[ 15, IJ."UHNL-JJ.V. 14JJE-JL.J.JuCOf-C2C.l!>OCf-:l2J.4QOOE-030.210ll:-05 

(::.Jl'LilING lYP( 

r--- ._- fj-

(.,00000 U.O')o 

.----- .--.---- -.- ---- -----------_._--_._---_. -----
C~MAG£ PROe~6ILIIY XATMIA tkuM j~pur : 

C.~7ClO ~.wuv~~ J.'~~O) J.Lv~ao 0.04100 0.0 
_ .G •. 03009 _____ .IJ.\.I tlJIJI/ ____ u.JJ~OO ____ .\.I.H;CCC ____ ._0.21000 O.OlOOO _______ . ______ . ___ . ___ ._._._. 

0.0 . 0.~2~JU ~.~u~CO J.j~CCO C.31LCD O.lOCCO 
G.l o.~ J •• )J~O ) •• ..100) C.210)1 0.25000 
D.O U.O ~.J JaJ~CCO C.ICLeo 0.30COO 
C.O 1.1.0 u.J J.J C.C7ree 0.2')00) 
0.0 0.0 u.~ J.J C.C 0.06COO 

_____ 0.0 ____ . __ 0. () ______ ._ ... lh J ___ _____ .J,~ __ __ .C. C ______ ._._0 ,02ec o. ____ . __ ~ ~ ____ ~_~~ __ 
C.t 1.1.0 ..I.). J.J 0.0 O.)ICOO 

fUR M£RCAllY !t;!tr.:.llY 1\1 : Y : VI 'VI.5 \ III ( LillIS 
CC ; ~.~/~VL-J~J.IJ64E-J~J.£51BE-0!~.J6C2E-0~U.13q2E-03r.34eZF-t5 

___ f.UR [; AMA(,ic~ f!l L: __ ------;:-J-----c-. ;q2d~':-J-4c:~ it ~[-(i.~.; 3<;('f'-O~0 .1085E::ii1~Zi1oE-oto~~ 9t.OE=-O~o:. !80iE:O~O:}4':;';~ 
c aC.~6ev~-~3 

~llll[)ING nPl 1 .. _ :.lRAlEGY 

._------------ ...... _ ... -"---------- ----"--_.- --.--
~AMAGf P~Cf~blllIY MAtHIA FkU~ INPUI : 

- (.fiSteO 0.'.I2JuU J ... L~OO ,).lJOOO o.CQCOO 0.04000 
~_: ... u._C. C2 (LO .. ________ U. () 700J_ ... __ ._. __ oJ, j.>"; 00"--__ "". j:'C CO ..... __ .. _ C. 27C0:1 P.08COO ____ _ 

i 0.0 0.01000 v.li~CC J.JICOO C.:3COO 0.15000 
. 0.::> 0.0 .\I,u"'~GO_.. v.JdGOO O.I7(CO 0.30COO 

. J
'_~ ____ . 0.0 41.0 J.V J.JJCCO 0.OQ001 O.20GJO 

0.0 0.0 .o.u ').J C.C5000 P.1SCOO 
0.0 U.O ~.J V.J o.e G.040QO 

_ O.Q._o. __ . ___ v.t) ___ -___ ... ,J •. J J_.J .. _____ Q.O ________ 'l.OFOO .. __ 
0.0 0.0 .J.II ~.J C.t Q.o 

"'-"ReAllY 1"ltN~llY IV' -, II , VI 1 Vlt.S VII: V1I5 . 
CC " _ .Jo!lI"3t:-J!>~.¢>16IiE-J:.>;J.li~1£-OltjC.1l57f-03().1107F-C3').213H-OS 

'c O.3CBut-UJ 

HCR '" C.1CC<'~ OL - \. ::; o.oa~ Reproduced from 
best available copy. ,-._. 



i' 

NUMlll"R [J~ ~U!Lldr,(, ~n)lS,>oo"',,_,, 

~u~nl~ [F [f~lG~ ~TkAr~GIL~ ••••• , 
IIUMBf R OF r~MAll ~rAllS ••• H 00.. 'j 

.. MJ'Hlfl< OF [Nlt.l\;,lTlt:O' •••••••. "H, .. " 

SPECifiEr Ill-a ~,LKJnJI', LUJt ••••• 1 
DISC(JUNT [<,'n •••••••••••••••••• u.iJ? 

,I\NUAl QUAKE LCCUKR[~C[ KAI~ ••• 1.J0 

_.,1"1'[ .. , _. f\i[ .• Ui 1i\J1TIM 
Ell 0(,5 LUST 

--~-------.--

1 8uuuJuv .. JU 

OESIGr- STRf.H.GllS 0 L 

!NlfIAL cesl PFNAlTlfS MATRIX! IX_" 

(!).CCCJJ (l.003QJ @.050,)0 cP.085()) 

3 '< 

r 0 ROAM '\G E SlAT l : ! 2 
0.01500 

) 

a.2?0)O 
4 
0.45000 

5 -6'--'''--' r-- - .... --. 'l 

REPAlR/lN/f rAl LuST ~Allu ~ O. JJUJ 1.10000 2.90000 6.00000 11.OJO 

FOR Hll>.CAllY 1i\lt:NSITY IV II VI VI.5 VII VIIS 
PR(JF~ellITY ul (JU/,j\[ Is V.'tOVJL-,)lU. 14JJE-Jl v .5uCOf-C2C.160Cf-J2).4000[-Q)O.2)O)E-05· 

eU!'!.DING lYP( 

[IMAGE PROeft&ILITY MATKIA ~kuM !~PUI 

(.<:7((0 <J.')\iv,;,u !oJ" (tl.,)...JOJ J.LU~::Ja 

C, 03009_,. , .. ' .... vov<h1(J1I - .. .. _". ~J.jJvOO . __ ._ .. ,\.1.;11; cce 
0.0 tJ.I.LvJu u. "'J>._ CO v.3~CCO 

0.3 (J,() J"JJ'JO J .. JOOJ 
0.0 0,0 voJ J •. Jc,CCQ 

c.O 0-;>0 v.v J.J 
0.0 0.0 U.V v.J 

_____ !J.u _,_,.-___ , _.' lI~v .. __ ... _ .. ____ .J.) _____ _ 
V.V J.J, J.) 

f (1/l fl t R CAll)' IN! U,;:o. ~ lY 
CC ~ 

c. C.46ev!-L3 

HLP. C.lOC",t U1 - !. c 0,009 

fJlJIlOINC 1YPL 

eMIIIGE PRCf.lIlliUI'( MA/kJA fhul,1 !Ni'UI : 

C .. S3CCO 
.Co C2CCO 
0.0 
o.a 
0.0 
0.0 
0.0 
0.0 
0.0 

lJ,'oI2JuoJ 
u'1UifJO.J 
O.010L10 
(La 
iJ.U 
v.1.! 
lid) 

0.1) 
O.IJ 

J.~~JOO J.~jOOO 
, .. ,,', j,:>y 00 _____ v.3 ~coo 
O.l~vCC J.J1CCO 
u.u~vCO J.JdCOO 
J,J J.JJCCO 
V.U J.J 
.... 0 J.J 

__ •• _~~ • .) I) J _. ___ ..... __ .~_Q J 
oJ o~\ J ... .J 

0.C4~)O;J 0.0 
... ~.21000 0.01000 

C.31(00 0.10CCO 
C.210J1 0.25000 
C.IC(CO 0.30COO 
C.C7lCO 0.2S0~1 

C,C O.Obeaa 
.. .0. c ..... , ______ O,02CCQ, __ . __ .. _________ , ________ --.... 

0.0 0.11000 

0.C90·')0 
G.nco:; 
C.33COQ 
O,l.fCCO 
0,,09001 
C.C5000 
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CCNTRIHUT(CNS DUE TO fHE VARIOUS DAMAGE STArtS 

DAMAGE 
---..:.~--

STATf 
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TOTAL f~PECTlD GOST ~AlCUlAT'ON5 
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IOTAL Exp~CT£O ~OSI CALCULATjUNS 
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.. TOTAL EXPECTlO COST CALCULATIONS 
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_ ... -.lOYAL ExPECTtOCuST CALCULAI!UN~ 
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