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PREFACE

This report is one of a series of internal study reports
issued under NSF Grant GK-27955X on Optimum Seismic Protection for
New Building Construction in Eastern 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.
The reader is referred to the report by R. V. Whitman et al.[1] 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

K1 = Number of building types

K2 = Number of design strategies

K3 = Number of damage states

K4 = Number of intensity categories

DELTA = Discount rate



Vectors

[Number of buildings of type i1 (K1 eTements)

NUMB (1)

t

CRPL{I} = [Construction cost of type i building]l (K1 elements)

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

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

CDR(K) = [Ratio of repair cost to construction cost for damage statz k]
(K3 elements)

XINT(L) = [MM Intensity characterizing intensity category 1] (K4 elements)

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

category 1] (K4 elements)

Matrices

CIR(I,J) = Initial cost penalty for building type I designed under strategy J,
expressed as a fraction of "zone 0" construction cost for building
type i. (dimension: K1 X K2)

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

expected to be in damage state K following an earthgualke with

intensity in category L. (dimension: K1 X K2 X K3 X K4)

2. PRINCIPAL COMPUTATIONS

The annual expected losses expressed as a fraction of the “zone 0"

construction cost, for type I buildings designed under strategy J is

K4 K3 |
c(I,8) =z CC{I,d,L) =z cCCC(I,d,K)
L=1 K=1

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



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(1,d,L) = §=1 P(I,d,K,L) x COR(K) x (1 + CIR(I,Jd)) x RISK(L)

K4
CCC(IJ.K) =% P(I,d,K,L} x CDR(K)(7 + CIR(I,J)) x RISK(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,d) = CIR(I.J) + D*E‘ET‘K c(1,d).

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)'], can be inter-
preted as the effective design 1ife of the building.

The best design strategy, J(I), 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

K
TEC(J) = TECR(I,d) x CRPL(I) x NUMB(I)

Z
I=1

and the best overall strategy is J* for which

TEC{J*) = min TEC{J)
J



Unless each “suboptimal” strategy J{I) {the best if ¢~y buildings cf
type I are considered) coincides with the overall optimal strategy J¥,
there will be a non~zero "cpporiunity loss" whose expected value is given
below.

' K1
TEC{J*)} = TECR(T,3(I)} x CRPL{I) x NUMB(I)
=1

e e B a

In the analysis which follows, only one buiiding type is involved, i.e.,
K1 = 1 and NUMB{1} = 1. The opportunity loss is of course equal to zero

in this case.

3. PROGRAM LISTING AND INPUT-QUTPUT FORMAT

A listing of the computer program is given in Appendix A, end
details of the input data format are presented in Appendix B. A typical

program printout is shown in Appendix C.

ar



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 with respect to the choice of damage probabilities,
P(1,d,K,L}, can be assessed indirectly by comparing the expected future
losses associated with the various design strategies.

Table 1 gives the damage probabilities for modern tall buildings
for the five design strategies considered {i.e., these correspond to
Zones 0.1,2,3, and 4; the last has a zone factor of two). These were
estimated from preliminary results obtained from the San Fernando earth-
quake damage data.

Table 2 lists the damage state categories, described (i) by
words, (ii) in terms of the direct cost of repairs, cy» and (iii) in terms
of associated non-physical costs, cé. Both C and c'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
computations, and that different discount factors can be applied to them.

The earthquzke intensity categories correspond to various levels
of Modified Mercalli Intensity (note that the fractioral values V1.5 and

¥11.5 are used). The earthguake occurrence probabilities are chosen on

"o
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TASLE 2

J B
Cr €k
Repair Costs Non-Physical Costs
(Ratio to Con- (Ratio to Con-
Description of Level ¢f Damage struction Cost) struction Cost)
Mo Damage 0 0.0
Minor non-structural damage--a few walls
and partitions cracked, incidental mechanical
and electrical damage .001 0.0
Localized non-structural damage--more extensive
eracking (but still not w,desp?eaa) pessibly
ﬁa;@gﬂ to elavators and/ur other m&chan1ca1/
elactrical components .005 0.005
Hidespread non-structural damage--possibiy
a few beams and columns cracked, although not
noticesbie .02 0.1
gewmcbvaous cracking or
tructural members: sub-
al gral damage with wide-
cy .05 0.2
damage requiring repair
structural members;
pon-structural damage .10 6.5
Mador structural damage requivring repair or
replacement of many structural members;
associated non-structyral damage requiring
repairs to major p0?t1an of interior; building
vacated during vepairs .30 1.3
Building condemnsad 1.0 2.5
Collanse 1.0 5



n contained in Internal Study Report Ne. 7 (2] on

Tre avray of values labelled "Tow risk" in Table 3

~nal Study Report No. 7, of
the relationshin betwesn sanual risk and intensity. See also in Fig.l.

sk” and "high risk” constitute progressively

rasentations of the risk of earthquake occurrence in

The most useful rasults are the annual expected cost ratios,

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

These quantities wili be denoted here by Cj and €°j, respectively. They

are based on computaiions in which the damage state cost ratios, CDR{K),

are taken scual to the repair costs Cy and the non-physical costs c‘ks

ted future loss under strategy j, Lj, is the

:1 and non-physical costs. Assuming

{6 and &) may have to be applied to the

Three sets of valuss of L., corresponding to different cost componants and
discount faciors, are given in Tabies 5a {only repair costs; § = 0.05),
Bh {§ = 0.08; &'= .03} and Be {6 = 0.05; ¢' = 0.020).

rabie & gives several estimates of the initial cost

increases axprassad as fractions of the "zene 0" construction cost. (In
the program these are denctad by L R{d}; here the syrwol Aj is used for

notational convenience.) The estimates in the first oolume correspond to the

To determine ihe baest sitratagy based
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on minimus expected cost 1t suffices to add the fractional initial cost

increases, A., to the expected fulure losses, L., given in Table 5. A
J

hos SN SN PY

Tist of resulting optimal strategies is given in Table 7. Either Zone 0

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

CONCLUSION

The tentative conclusion is that there is 1ittle benefit to he

axpected from earthquake design in the Boston area uniess one or several

I

of the critical parameters, i.e.., the risk of higher intensity, the vrisk
of total damage and the non-physical costs, take on values beyond the

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

wedo

ndead preliminary, and may be very sensitive to assumptions made about

guantities that are still being studied.
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APPENDIX A

H

of the Cemputer Program
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C PROGRAM FUK £XPelTED FUTURE LUSS AND TCTAL PRESENT COST COMPUTATIOGONS
C

C BY DeWe FNOR F.H.Ve
('_..._..—..___—_-. S~ . . —— St v T S i i " A e o D i o e . oy e e o A oD T A o S (T o . ot e e e o S
=== KL viIMENSIUNS
DIMENSTIUN NUMB(B80) CRPLIJJIIZJISTAR(EBC),CPLOSSIBO)Y
C——=-- K2 UlIMLENOLUNS
LIMENST U 1£UNt(5),TEC(b).IICOST(S) XFCCSTI(5)
{———— K3 DIMENDLUNDS
pIMenSIun 1DAM{S) ,CCRII)
C———- K& UIMENSIUND
DIMENSLUN RISK{6) +XINT(S)
(== Kl BY K2 vIMENWSICONS
DIMENSTIUN CIR(BO, 5).fELK(du,5),C(EC 5)
C—=~ K2 BY K3 wiMeN2ICNS
DIMENSTUN CLNTLAM(S,9)
C———= K2 BY K& 0lMind IONS
DIMENSIUN UNTINT(S,6)
(——--— K1 BY Ko BY K33 K1 BY K2 8Y Ké3; K1 RY K2 HY K3 BY Ké&
DIMENSLIUN CCCL809599) 90013005961 9P(5454G46)
C
DIMENSTuUn 11TLE(Z2D)
L .............................................. - S o
C READ INPUT |
c_-__._..---—-..--..--.--— v —— <~ — " — T " " —— - " <l . o W o S S P N s~ S B DO D o . e . O S o
C

REAv(Syiuuae) IILITLE
REAUIDy4UULY KLeK29K3 3Kl 1 yDELTA,, XNU
DU 120 1s1,.+Kli
 REAUILDy Luus) NUMBLTI ) »CRPLIL I HCIRIT 4J) ed=1,K2)
120 CONT INUL
REAULD 1UJ3Y) (LZCANE(JY,yd=i,K2)
REAU{Dy luu9) (LILAMIK) oK=19K 2}
REAU(S 91007} (CURIK) yK=] 9K3)
REAUID 9 LUUd I IXINTIL) 4L =14K4)
REAU(D Vo) (RISK(L)yL=1yK4)
DO 130 I=1,4Kl
DO 13u Jd=l,K<d
DU 430 K=1yK3
KEAU(D, LUJ0) (P LI adyX L) s =19K4)
150 CUNTInUL

14U CUNTInNuE

10 DO 3V J=i,b
TICUSTIJ)=uU.
XkCusTidr=vu.
TEC(J)=u.
DO 3V i=is0u

R duced from %‘5\%
I7 bzgtrocwallable copy)




Clladi=v.
DO 2J K=1,y9

20 CCLtiadsKi=U,
00 20 L=is0

30 CCLLsdall=va
DO 40U i=1lyouU

- 40 UPLUSHLLI=D.

DO 6V J=1,>
DU su K=1,9

50 CNTUAMIGIRI=D.
DO 69 L=iyo

00 CNTINT(JdrLi=0.

SUPL=yY.
C
C ———————————————————————————————————————————————————————————————————
C PRINT INPUT
c ———————————————————————————————————————————————————— - - P
C
WRITE Qedvudd TITLEK} K29 K29K4, 11 ,CELTA, XNU
WRITE{G2002) K1,K2
DO 121 i=1:K1
121 aRITE(Oscwu3 ) L oNUMBUI) gCRPLIUIIZ(CIRII ¢J)yd=1,4K2)
WRITE G2 IU4) (TZONE(JI 4d=14K2)
WRITElbs20ub} LICAMIK)sK=LK3)
WkITE(02uvbl CER{K) 3K=1yK3)
WRITE(O32UVTILAINTIL)Y yL=1 9K 4)
wRITE (L s2uub) {RISKIL)L=1,K4)
C
C""'"’""f ———————————————————————————————————————————————————————————————
C BEGIWN CALCULATICNS OF INTERMECIATE WMATRICES
C_—-—...__--._-—--—— - ——— S . S S L e 2 drin T . iy S S D A o T o " i YA e T A S T Ul U el i S i k> S S S . s .
C

VO ¢lu 1=1¢Ki

JMIN=1

DO 2iV Jd=1,Ke

wRITE(6 20110 1 ,120NE(J)
WRiTE{OsQUUYI

DU 19U mR=1,K3

DU L8V L=19K4

180 CCCULadeRIZLLLET I oK) MPLTgd 9Ky L)XCDR{K)IHRISKIL) * (1, ¢CIR(T44))
Cliadd=ClLaddtLCClIyI,K)}

190 WRITECO22010) (PUIsJdeKsL)pl=1yK4)
TECR(Tsd)=Cinl Ly Ji¢CLEyJ)*( XNU/DELTA)
TF(TECR{L s JMINI «CTLTECR(LI9dY ) IMIN=J
DU <uy L=1,K4
DO U0 K=1yK3

200 CCULpdol)3CClLadg L) #PUlsds KoL )*CORIK)I*RISKIL I®(La+CIR(I,J))
JSTAR(LI=dM]n
WRITE(61200T) (XINTIL),L=1,K4)
WRITE(0e20Lcd ICCIIvdoLld oL =1yK4}
WKITELO22UIS ) SILAMIK) 4 K=4,4K2)
WRITE(O»2ul3) (CCCUTLodeKPok=1,K3)
WRITE(ws2014d Liled) s TcCREE L)

/8
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CUNT INUE :
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[STRI=1
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DO ceuv 1=14K1
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XKECUSTLJI=XFLUSTUJI+C{L JI*CRPL{TIXAUME(T])
AFCUST(UI=AFCuSTLIIXXNUY/ Ol TA
IF(TECULSTRT I euToTECIJI) [STRT=J

WRITElOyeu33) LZCNELJ)yTeL (J) sTICCST(I) o XFCOSTH{U)

——— e <

————

—

250

26u
280

300

* x k

400

—

—— s e o i S T W s . Yt . O WO o S B - s S — o st P ———

CIUNTRIBUTIUNS WUE TO VARIUUS CAMAGE STATES {(FOR EACH STRATEGY)

———— v —— i — T ——— T ——— —— . — — — " —— . - ", o ——— —— - — " _— . T <> S - = o o o S . o .

DO 240 aAn=1,K3

DU 230 1=1sK1l

CNTUAME Iy KISOCNTCAMIJ g K3+ CC (T dyK)*CRPLIT)I*NUMB(T)
CNTUAMIJ RISCNTCAMIS 4 K)IXXNU/DELTA

WRITEloscuide) LCAMIK) ,CNTUANTIJ,K)

WRITElO,¢U32)

. - A Y - — . T Rl T - A W Vi S e S R W W G G YD - Y - . ——— T i g T S e v T T Ay — - ———- - — > = 3 T > r————- i ——

- — " ———— " - v TS D R WS S et W M G VI T AN s A S - — - o e T T A o T G S T T = s - - T > - ———— — g

DU 26V L=11K4

D0 €50 I=1.Kl

CNTINTUd s LI=UNTINT LS LI +CC{ T o Jo LIXCRPL{TI®NUMBI(T)
CNTINT{JaLd=ONTINT I LI*XNU/DELTA

WRITE (L 2ustd XINTIL) JCNFINT(J,L)

CONTinNUL

WRITE(L2J937) LICNE{ISIKIT)

DU 30V I=1,K1

J=JISTAR{LY

OPLUSSTEIIS (T ECRTI T ISTRTI-TECR{TJ) J*CRPLUTI*NUMBI(T)
SUPL=>JdPL+UPLUSS ()

JSTAkli)=lcunedd)

WAKNING *% JLOTAR IS Nuw [LONF VALUE (FOR FINAL PRINTICUT)
WRITElo92d38) (1 ¢JSTARILI ZUFLOSS{T),yi=1.K1)
wRlleloy2usw) SOFL
REAU(2yluu?) (LDR{K) K=1,K3)

IF (CUKILI) 403,140,140
CUNT INUE
CALL EXIT

FORMAT(9159/,4F10.3)
FbRMAT(llU.FlU.Z,CFlO.S)



1U06 FURMAT oRLiVeS)
1007 FURMAT{IUL3 41}
1008 FURMAT {ZuUuA4)
1009 FORMAT {915}
1010 FURMATLLUFG.2])

2001 FURMAI(Y1EAPCLTED FUTURE LUSS AND TOTAL PRESENT COST COCMPUTATICNS

13/ == mmmmms mmm e e s e e — e ——

l'J'.ddA#,/.

ZPOnuMben Ur GULLEING TYPCYc oevecase
3% NUMBER LFE DESIGN STRATEGIEScessw
4% NUMBER Ub UAMAGE STATESencesceas
DV NUMBER ut INTENSITIES . aeeceacaents 134/,
&' SPECLIHIEL TimE HORIZuN CUDEeeeee' 9134/,
7' DISLUUN[ RA‘L..............o.-."r‘th/
B' ANNUAL WJARE CCCURRENCE RATEsee? 9 F4,24/)

1134/,
v134/7,
11347,

Y/

2002 FURMATI®ITYPE® 55Xy "NUJIF* 34X, INITIAL *,10X,"INITTAL CCST PENAL

LETES MATRIA (9135 X 302,%)%,/410Xy*BLEGSyTX,*COST?,/,"

'95X,

2V mmmm =t g Ry Ve m et O K o e e e

3--1)

2005 FURMAT(4551404F15.256F15.0)

2004 FURMAT(*JUESIGn STRATEGIES :7,1015)

2005 FUKMAT('UFUK UWMAGE STATE : ', 2X,1CI1C)

2006 FURMAT (¢ REPAIR/INITIAL CJST RATIO =9,10F10.5)
2007 FURMAT (Y OFUk McRCALLY INTENSITY *4,13{3X,A%4,3X))
2006 FORMAT (' PRUBABILITY OF JUAKE IS *,1CE10.4)

2Uu9 FURMAT (*UDAMAGE PROBABILITY MATRIX FROV INPUT 2%,/,¢ —-——-e ———m——

2010 FURMAT(iuF13e5)

2011 FURMAT{YABULLDING TYPE® g3 430Xy"STRATECY* 134/ 4 ———==-mm ———=1,

1Y ==, 30Kk, ' ——r—mmm —— VA
2012 FURMAT X 'Ll =", 12X,1lUELV <4}
2013 FOKMAT LavuXytLll ='.14X,1Jt13.4’
c0Ll4 FURMAIL®Q%y  'C = %4Eld.e,/,'0%', 'TECR = %,E10.4)
Soss ORMAT (" LTOTAL EXPECIED cusT CALEULATIENSS, /s
1. “““““““““““““““““““““““ ',/y
SPOFUR SERKATCLY ¢ [3,4/4Y —— —=——mmem —- 19/ 7
LY0TUTAL EXPclLIEDL CCST eewseet! yFlZ242,/7,
2'0{‘\11-11“. LUST.......-....' 7F1202'/'
3YUEAPELTEY FUIURE CCSTeeee? yFl2.2,/,
6'eLunlkivuiluNs DUE TO Tdc VARICLS fANACE STATES :2',/7,
T S Yol
7' UUAMALE STATE! 912X, ¢ CUNTRIBUTICNY ./,
8' """"""" 'plZX"“ ““““““““ "/)
£U34 FURMAT I Llss1uXsFlb.4)

2335 FORMATLSoCUNIRKLIPUTICONS uJdt TC THE VARICUS INTENSITY RANGES
1V e e e e e e e e Y/

LPUINTENDLETY KANGE'ylZX,‘LUNTRIPb?ICA',/'
LV mmmm—m—m——— e ¢ L,12Xytmmm ————t ()
2036 FURMATILUAsA4312XyFlbe4)

2057 FURMATLTLY g Ayt ke dataikk Ykhdhhdkohohk b ke kkkoksxke o/ 6%,

L% UvVeRALL UPTIMAL STRATeLY IS ¢,12,v *xt ,/,6X,
LR N e e R R L L ]

<«J36 FURMAT('6UPPUKTUNITY LJs> COMPUTATICN 2%,/

Y9/



Lt mmmmmmmmm o oo oo Yo/
l'UBLUG'gQX,'SUBGPT[MAL'.%X.'CCVPUTAT!OA',/
2' 'YPt'ngg’)TRATEGY',/'. “"""IQX,' ““““““““ 'g‘tx,' ——————————
3730153 0URxel59HBA4F14.4))

2039 FURMAT(*o>UMMATICN OF UPPJURTUNITY LCSS CCMPUTATIONS =*,F12.4)

END

21



o0

Gata Format

o

s

3

Tty



)

Format (2084)

Columns 1-80 of ¢ will be prin

+

beginning of the cutput

Contyol Card -~ Format {(515)

Cotumn 1-5 K1 ~- The integer number
ax 80}

nigmber

e
(&3
B
]
L)
o
!
H

The integer number
{max 6)

21-25 11 -

Control Cayd -

Format (2F10.3)

Colun 1-10 -~
13-20 -~ Average annual rate

formation Cards - Formatl

The Time Horizon code

as a title gt the

o
;

of building types for this

of design sirs

af damage states

of intensities for this run

£

of earthguake occurrenss

(110,F10.2,6F10.5)

=10 Mumber of buiidings of

11-20  Repiacement cosit

231-30 Imitial cosi penaliias |
3140 strategy (K21

i,

- 2ach building type must be

input,




Strategy Card - Format (515)

Each five columns represents a Strategy Number (usually ifnput wil®

. 2, 3, 4). There should be K2 numbers on this card.

Damage State Card -~ Format (915}

0,1, 2, 3,4,5,6, 7,8}, There should be K3 numbers on this card.

Repair/initial Cost Ratio Card - Format (9F8.4)

Fach 8-column field represents the Repair/Initial Cost for one Damage
State. There would be K3 numbers on this card also {each field

corresponds with a field on Card F, above).

Modified Mercalli Intensity Card - Format (6A4)

Each 4-coiumn field on this card represents a Mercalli Intensizy.

There should be K4 Fields filled in, usually with & Roman Numeral.

Earthouake Risk Card - Format (6F10.5)

1

Each 10-column field on this card represents the probability of
occurvence of earthquake in the corresponding Mercalli Intensity
Ranga. There should be K4 fields, each corresponding with a field

on Card H, above.

Damage Probability Matrix Cfards - Forwmat (6Fi0.5}

The Damage Probability matrix should be input as Tollows:
a. On each card there shouild be K& probabilities, one {or each

Mercaili Intensity.

3 - . [ | 1793 £ o ph . = e Dlmmoarie S de
b, There shouid be K3 of thess cards, cne for gsch Damage State.
c. Dasign




d. this should be vegeated for esch buiiding, i.e., Kl times
X1 sets of K2 sets of K3 cards each}.
Total number of damage probability cards input should be

K1 x KZ x K3.

K. Additional Repair/Initial Cost Ratio Card -~ Format {9F8.4)

Same as G. Fach time this card is repeated (there is no limit
on the number} a complete run is performed using all of the
previously read data with these new repair/initial cost ratios.

If a -7 is placed in card columns 1 and 2, the program terminates.

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

£

[

S



APPENDIX C

Typical Program Printout

The output shown herein is for the case in which the "High Risik”
g e n o e
occurrence probabilities (Table 3) and the Initial Cost Increases A§§

(Table 6) are used. The damage state cost ratios, COR(K) are equal to

Ssrs?

c t 2c‘k {Table 2), and the discount rate is 0.05. This is eguivalent
to evaluating the expected future losses using the formula

1 ;
] U
=3 g0.0% ¥3 0.025 7 3§ .




EEPIOTED CLTURE LLSS ANY fulab #RualNT CLST Q,LMWLYA‘(H‘!\S

stida LT EVITY STLUY
BLUILLING T¥PESasocccoo
CES LR STRATEGELdocaos
FAMALE STATEScac canoo
INTENSITIES coccorass e,
TIME BURELUN CUVEoasas
E")IS?UU'\% RAYE coocanscdoossccacssceideUd
FRAL GUAKE GCLURRENCE %aliaoco 1.00

- o

_¥yPE . WC.ub o ENLTRAL . INTUUIAL CCST PENALYIES MATRIX € _IX_ SV _
BLDLS Lust
1 1 BUUUILG YU 8.CCCAS 60320 ©.02230 @. 05030 "7 @®.08501
CHEISISN SYRATRGIES @ 0 ¢ 3 e e o
TASAGE SEATL ¢ 2 R M T g T T T gmT T T g e g
ATR/ZINITIAL CLST KATIu = Jed G.02142  0.08500  5:.22030  0.45000 £.1000C  2.90000  &£.00000 11.000
MEREALLY IAFENSITY v vi V1.5 vit VIS

S2ILETY Ul QUARE 1S vesouur-Jviv. l‘uQJE ~3Lu.suCOE-C2C, 1600(- 322.4009€-030,23008~05

n.wilulNG TYPe 1 . . . . . >TREIFGY @

Yo SUUGY Gesuu0d  0.207%00 0.04700 0.0
LVeBIURY W 3duvw00 __ W.3GCCC . B,21000 . 0.01000 _ o s e
V.G2000 U.luuCl U.350C0 €.370L00 0.10CC0
0.9 Ye1du00 Jes9002 €.21039 0.25000 .
. 0.0 N JedsCLO © €. 1€C00 0.30C00
Vel Ve V.9 €.C7¢CO 0.25002 ) N _
0.0 Vev Jed c.C 0.06C00 ,
0.4 A Dl B0 Q.02CCQ .l R
0.0 g EP) 0.0 0.21000
FUR MERCALLY INTENSITY vy | CovILS vit vits )
cc = Q.AquL’JhJ.laéhf-dﬁJ.LSXBE—O!F.}&CZE—OBP.1392E—03F.3452F—C5 i}
_FOR CAMAGE. SfAlk_,__ v i .2 4 ‘ 5 5 7 ,d__
fCe = Jed CoT1928E-gulf L4 TESE~ c«b 23956 020.10856-030.6270E~040.6960E~060. 4800E~0H0 443235
£ 2 C.46But~L3 ' N o
TECR = €.10C%t 0l - 1. = 0.008 il ;
SGILDING YYPE b . . e L STRAYEGY i . B} .
CAMAGE PRCEALILIIY WAIRIA FkUA INPUI 5 . . o T L o
. c.ssCco 092000 4.42000  9.24000 0.C5090  ©.04000 T oot T
e CaC20C0 Ul UT00u. ¢e35v0Q J.35CC0 . C.27C00 ____ 0.,08C00
| 5.0 0.0luvy V. 19uGC J+31GCO €.23C00 0.15000
. 6. 0.0 WeVeuCO_.  J.J8GO0 _ . 0,17CC0 . 0.30C00 e
; 0.0 V.0 ded J.J3CC0 0.09007 9.206230
0.0 Ul YY) Jed €.£5000 9.18G00 o .
0.0 0.0 ved Jod G.¢ ©.04000
o 000 90 VRRY) ded. 8.0 _%.01000. e
0.0 6.0 ) Jau ¢.€ 9.0
FUR MERCALLY INIENSIYY tv x Y TS | viLs vit C VIS
cc = . Veluale- uaL.etesE ~959e TE11E-04C. 11 S7F-030.1107F~C3),2133E-05
/__£0R DAMAGE STATE_ 3 .oy L I 2 14 s . le .7 _.. =8
e = 209 0.7247E-350.4021F-243,1395E-030.76)7E~042.44B6E~040,064TE~060.2404E-060.0

T = 0. 3CROE-U3

. FECR = €.ICCSL UL =~ | = 0.009 . Reproduced from % , 27

best available copy




EXPICTED FLYURE LLLY ARNU Juliat et T COLBT CedrUTATITAS

e SListTEVITY STLuy T i
NUMBER OF PULLULING IVPESoccuosve
BUMBER CF CESION STRATEGILSoason
AUMBER OF FAMALL STATES.aaasoese

L NUMRER OF INTENSITItSosoooassons.
SPECIFIEL TIME 5URICUN CUDEsaseo
DISCOUNT RATE casossdooacasonsaslsid

ANNUAL QUAKE LOCURRENCE Ma8Ta . eela00

OO

L TYPEL NCLUY o ANITLAL . INITLAL CCST PENALTIES MATREX § X S) _ . L
BLDGLS LusT
1 1 BOULIUU. U 8.CCCUY G.23302 9.02200 ©.05070 ©.08507
DESIGCN STRATEGILS 3 0 i 2 3 4 - oo
TTFOR DAMAGE STATE 5 TS T Ty T T T T Ty S 2
REPAIR/INITIAL CUST RATIu =  Jau 0.301J4  0.01500  2.27020  0.45000  1.i0000  2.50000  6.00000 11.000:
FOR HERCALLY IRTENSITY v ¥ vi vI.5 Vil viis ~
SROPAEILITY UF QUARE IS Ue40uuL-Jiv. 1403E-330.3000F~C2C. 160CF-020.4003E-030,2006~05
BUILDING TYPE 1 SIRBIEGY @
TAMAGE PROBASILITY MATRIA FRuM LaPUl :
C.S7CL0 NPTV e4UV0d 2.20200 0.04900 0.0 T
e £,03000._. MBI L WM. 3Ww00 L W.3GCCe L 0.231000 o O 0000 e _
0.0 UeL20d0 beZuuCQ J.350C0 €.37000 0.310C00
G. 7 Qo y Je1JU00 Jess002 C.21029 3,25000 .
0.0 L 0.0 Vel RPN YT c.1Cceo 0.30C00
£.0 4.9 N 0.d C.C70C0 ¢.25009 ) i )
0.6 0.C Uev Jod C.C 0.06000
e 06 Ba0 MRV Bed  RGC L 0,02CC00 I
€. 0.0 Jed Jad 0.0 ©.21000
FOR MERCALLY INTENSITY W Covt vi.s | vii vils )
cc = JedfuuL-JJJ.1J64E~J%J,AS!EE—OZb«leZﬁ—OBVQRBQZE'OBF.BGBZF—CS .
' i
— FORCCAMAGE SEAYGLG o3 1.7 . |3 4 oo fesoo b e L7 "ZJ'“Q’ -
ree = Ja0 C,??ZGE—JJCe4765E-C&bn25966—0~O.10855—03@c6270E—0 0.6960F~080.4800E-080.4433F 1
C = C.48Bub-L3 T T
TrCR, = £.10C%E U1 — L. = 0.003 i
BUILDING TYPL 1 ~ SIRATEGY 1 o
CAMAGE PRCEAGILIIY MAIRIA Fhud tnpul = T 7ToTTmmemm T . e N
£.$8C00 Ua92J0u Jowlu00 U.24000 0.09000 2. 04000 o i
e £eC2CC0. . UaUTLOG Ve3bC00 . . 0.27C03 ____ 0.08800. . _ ) .
i 0.0 0.01u00 NIRRENTYS J.31CC0 £.23C00 055000
- f G.2 . 0.0 VeUAUGO. 3.JuC00 0.17CC0 0.30400 o L ]
H 0.0 V.0 Jod Jo33CCQ G.0500%3 0,2000G
0.0 Vo Wau Jod £.03000 0.318600 i L
0.0 U0 N Jed g.C §.04900
U U ¢ T ¢ K * 22 USRS PRV o3, ST * P ¢ S .
i 0.0 0.0 N 3.0 $.¢
FOR MERCALLY INTENSITY v v [V V1.5 v VIS

/

cC =
‘Zv_hfgﬁl DAMAGE SYATE. 1 _ . g

‘ H i
,u.iu43L~d>Le&lééﬁmdap»3211{~0§koiRZ?F~039u2107F~i33@?333E“05

'

[ N Y SR SO SO .3 [ 5L SRR - SO USSR
//' ear = Fed 0o 7267~ 253a402 1620404 1395E-030.T637E~040,4%84E-140,464 TE~061)e 2404E-260,0
g o= 0.3CRGE~UD
TECR = Co1CCS%E UL ~ b = 0.002 ; W
TECR = Lolbist i - 093 Reproduced from ]
best available copy. e




BUILUING TYPE 1 - e . .. YIRATECY 2. - . -
CAVACL PRUBABILITY MATREX BRUM INPUT o e e am B

TLegb00u
D 0400u

U.440dd

VedulQ

3.271000
0.4 CEC

0.14000
£, 33000

0.010V0

veiuCo

L UeW2a00 .

Ueu

V.25C00
0.30030
V2000

£.29000
. .0.13000
€.C8CO0

- 0.20000

€.03000 .
0.0
TN T

TR IR P S
Vedd

NEE'A

. 0.15009

T 0.17200

0,15000 _._

0.2CCC0
0.16C00

0.03000
0.01CCQ .

cic
[ <

. 0.0

vi.s

Jad

v”f"

vi

7T FORMERCALLY INTENSTTY 0V
e 2 CC = BN VPR P A4 S 1

FOR_DAMAGE SIALL &
[ 9

2

) 2 P S

Ve

0.0

177 vits T

-53736-050.4521F =040, 651667040, B264E~04041742F.-05

1.6

1

SV SR - S (T, SYRUNEI D { .l 8
C-SBG&:—J&%.3625E~C4£.SZO\E*OQO.5867f—040.2733E-049.BSXSE—O&O.ZQZQE’OQ0.0

'8

e L g T T T e e s s s _-_M_ e e ;
TUTRCR 20,1024 01 <1 = Tplonq T T T T o e A
—- -BUILDING TYPE 1. - - 2R AT EGY 3 e e -
}w_QAMAGE PROBALLILITY MATRIX Fhul INPUR e e e e e —_
T 77 Y.ccooo "T0.97000 1 0L4uL00  U.30000 o.2¢c000 o.15c0d T TTTTT oTTT”
Cal LaRAVQR Wbl 2,30C00  ___ _0,40000 _0,2CC00 I
0.0 0.0 U. 15900 U.2uCCO 0.25000 0.25000
e 800 B 2N - S VY L 9ewb000___ _€.18000 0.15CCO e o
0.0 0.0 J.0 3.0 0.05000 0.1502
e e Q00 R0 WU NOTE S 0.0 _..9.08C00 __ e
0.0 0.0 J.u [ ) 0.0 0.02¢00
PR ¢ YL ¢ U LY el Qs 0590 0,0 — -
0.0 ¢.0 'Y u.d G.< 0.0
""" FOR MERCALLY INTENSITY wo T T "‘M_"V‘i‘”'“—' vi.s it [Tvias TTTTrhrmmem T o m
— e L —Uev UeB6I0L-UGU. L €3CE-040.4T740F-0 39&9&0410 1027€E-05 .

i FOR DAMAGE S1ANL ¢
[dd

Y )
0%

2 e Y
2.5120t-J50.267TE-04D. 54268 ~

J 1

&_
18735 OQO 3608[ 0§3 +Z378E-060.0

€= 0,1c8551-u3 ToTTTm T o " T" T T T
TTUHECR = C.iCt2t Ol == ooz T T TUTTILTTTTTTTTTTOT Tttt eTTTTATT T T e e
_OBUNLDINGLYYPE L . STRATEGY. A oo .
_LAMAGE PROBABILITY MATRIX FRJM INPUL 22— o — oo o T -m" T T _ SN
R P X T T1.0UU0U  0.Y5000  © 3.50000  0.42000  0.35000 o
. 0.9 Qell — V8000 Wa4w£CQ 0.40000_ Q.300Q0 e
3 0.0 0.0 V.u v.luCo0 €. 15000 0.25CCC T
b 0.0 0.0 . . ... Vel o 0Wd . 0.05000 __ 2.08C00. . - —
0.0 0.0 V.U J.o C.C 0.02C50
N IEURUR 1% E, Vel Qe 9.9 ‘0.0 ._.0.0 —— N
0.0 0.0 J.0 v.J 0.¢ 0.0 - )
0.0 _.0.0 Jay 9 ed Q.¢ 2.0 .
0.0 U0 N FI) 0.0 0.0 o
CMERCALLY INTEWSITY IV "T (2 U T R A T E B2 £ T - Tt
€C = S T SR 'Y N L 21276~ 060 6338E~ oso.uaes o«b V2I3€E~06_ .
. DAMAGE SIATE @ 0 1 4 I R S 1.6 R I R
ce = YPR) 0.1582¢t- Jsb.aesee csb 924 76— osb 37535 c75. p.o 0.0 ja.0
TEAE6E- L4 T T T T T K
TTECR = GL1CESE wl 1, = G085 T TTTomTTrTmmemmeam mm -+ S
e . . Reproduced from e e
) ' best available copy. .



CL. BUTLDING TyPE 1 e SIRBTEGY Z ol o e

______ e —— . g —— -

- S et 3 s i ot o P 3k, o e B p ek vt e e e O oA A A A 17 2 % S it e 2 A e 1220 o 18 e 5+ e e

L CAMAGL PROBABILITY MATRIX FRUM INPUT 5 L e B P -

e s - e e Amim s e e e e e % e e e

€.59CCC Ga9b00u U, 44030 2.27002 0014000 G.12000
e Ca01000 . .. 006000 . Ue369CQ . Q.w{CCO . 0.33C00 _ . 0.i5000 et e
5.0 V. 01UVY V. 18UCH V.25000 €.29600 0.2CCC0
L ULJ2300 . 0.J6300 ____ 0.13000 0.20000
Ueu 0.122000 €. LHCOO 0.16C00
Q90 eV . ... . C.03006 . _.0.15030

Vod 0s2 0.0 G.03000
Vel DEYY) 0elo . 0,010C0

Je Jou 6.0 0.0

TR Vi ,!_...,‘”:S . | TR ; Uiie e e e e, R -
- __‘,,Q.9<9.4t7uuguu531_3!:«0')’4._@‘3?1(-';-049eﬁﬁléﬁ—()’v;‘o.B?béE-DfabaH‘;?F:~OS, e

T T T P ey e ] " SO DU U, G- S f2._ .18 .
Uou C.5802t—0 50026256~ C4la52616-040. 58476040, 27336~040.3515F—060.2424E-060,0
. T T 1T e e e e e e e e e
_-‘ECR =00417022'f_- Ul - i’;'bjo"‘z'}"‘"'” T T T T e nenme e Tt T "'“' T "‘;“.""'_"‘"’ T — T -
_._ BULLDING TYPE ) SR e e L. 2 EPAYEGY 3 — e e - SR . . .
Yo DAMAGE PROFALILITY MATRIN Fhum INPUT . & el
T yLeccoo T T0.97060  0.4su00  0Jiuoea T g.2¢coe (g isced T T e
[P ¢ e D RBGGN NP NI Ma2CCO 0.4C0C00 . 0.2CL0Q —
G.0 6.0 U.15u0C U.20CL0 0. 23000 0.25000
IR P B Qa0 W0 9e9n000_ . L.AC000 . 0.15CCO. L
0.0 0.0 ot JoJd . G.05000C G.150173 *
000 0e0 e Ve 8D 008000 .
Q.0 0.0 Jed Ua 3.0 Ga.02CG0
J— 0:0Q S £ 7 b o 3:0. L
0.0 [FR+} Qe Gad 0o € J.0
TURORTMERCALUY INTENSETY  dv N T T T T vikes T T T vy T T T e e
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TOTAL BAPECTEL CoOST CALCULAY LONS

FOR SYRAYEGY O

FOTAL oAPECTED CUSTeeoess BOT74874.00
ERNTITIAL COST. . vmsncsanss SOGOG000.00

EXPECTED FUTUME CUSTesss  T4881.38

CONTRIBUTECNS DUE TO THE VARIDUS DAMAGE STATE: s

DAMAGE STATE CUNTRIBUTIURN

Ga0
1266.4844
7623.,3477

38332.7650
173660382
4003 1. 9700
111, 3599
?ée i939
{03999

) NG e (0D

0 wed W £

CONTRIBUT IO DUE TO THE YARIOUS IRTENSITY RANMGES ¢

. . o . s BB 3T i mnm caa v mms MOl e imse  wem S im o e e s wom vee s o ko ks e s vemA e 2D i S e

INTENSITY RANGE CONTRIBUTION

1y 441.5991
¥ 1702.35793
¥ i 24287.%766
Wiek 25625.5820
Vii 22665398
vils 557.12%55

n,
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TOTAL EXPECTED COST CALCULATLONS
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" FOR STRATEGY 1

" TOTAL EXPECTED CUSTeaeoe 8073304.00
TUINITIAL COSTevescosesses 8023994.00

EXPECTED FUTURE CUSleess 49317.05

IRV

"CONTRIBUTICNS DUt TO THE VARIOUS DAMAGE STATE> :

o —-——— A A o ——— - >

LAMAGE STATE _ . CUNTRiBJTIUN

- ———— g —— = = ——— N T —— — a” o -

0 0.0
— o I | . 1159, 5459
2 6433.4609
e .3 e - . £€8322.0469
4 421T1.8047
RN EESTRUNERTNTE £ Y & £ X L 2 72 S
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wccmneuncns DUE TG THE VARIOUS INTENSITY RANGES

- a— e S S e . G S —— o ——— D D - - -
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TJOTAL EXPECTED CUST CALGULATIUNS
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""" FOR STRATEGY 2 7

TOTAL EXPECTEC CUSTeeess 8195358.00
TTINITIAL COSTeecacosccees 8159996.00
" EXPECTEC FUTURE COSloeeee  35369.10

"CONTRIBUTIONS DUE TO THE VARIOUS DAMAGE STATES :
\

. CAMAGE STATE .. .. CONTRIBUTION
0 0.0

1 928, 3257

2 5800.1289

_ o 3 14818, 0409

4 9354.6875

- SNV o 4374.8807

é 56.2361

‘ S 1 . 38,7840
8 0.0

" CCNTRIBUTICNS OUE TU THE VARKUUS INTENSITY RANGES ¢
. INTENSITY RANGE . . GUNTIK|UUTICN
B v T 14846719
. B vV oo . 859.7109
VI 7233.2031
- VIS . 13626.9938
VII 13222.7344%
I 2 § - i 278.6546



.TOTAL EXPECTED COST CALCULATIONS
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FOR STRATEGY 3

TCTAL EXPECTED COSTeeees BG16862.00

e o e

INITIAL COSTeveacenscces 5399993.00
EXPECTED FUTURE COSTeoos 16875.86

T CONTRIBUTICAS DUE TO THE VARIOUS DAMAGE STATES :
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_ . I0TAL EXPECTED COUST CALCULAT LUNS
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“"TFOR STRATEGY &

" YOTAL EXPECTED COSTeeeeo 8682891.00

R N T

INITIAL COS5Teeeevececaes B8679992.00

" EXPECTED FUTURE COSTeeee - 2904.08
" T CONTRIBUTIONS DUE TO THE VARIUUS DAMAGE STATEs 3

_ ___ CARAGE STATE CONTRIBUTION
] 0.0
1 317.1194
2 1103.3801
e 3 1479.5803
4 6.0048
e e B 040
[ 0.0
- 7 0.0
8 0.0

CONTRIBUYICNS DUE TU THE VARLIOUS INTENSITY RANGES @

. UNTENSITY RANGE ~ CONTRIBUTION
Iv 0.0
e o v Vel
vi 50.0399
VST » 13- Co . L A0L4.h 423 .
vil 1821.4529
- VIiS - 20.4496
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