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100 Introduction

From the start of the San Fernando Earthquake study, attempts

have been made to construct damage probability matrices from the Data

Base informati on 0 These ma tri ces gi ve the probabil ity that di fferent

damage states occur for various levels of earthquake intensity (i .e.,

Modified Mercalli Scale), Each matrix relates damage to intensity

for a particular class of buildings, The first guess at the various

matrices was admittedly crude since the Data Base contained relatively

little information, Presently (August, 1972) the Data Base contains

1663 buildings. with usable damage information for about 305 buildings.

The purpose of this report is to present the various damage

probabil ity matri ces whi ch have been constructed since the begi nni ng

of the project, The background of the construction of these matrices

also is given. Finally, future work in this area is recommended.

2,0 General Ba~~gr~q

Shown in Figure 1 is a damage probability matrix which repre

sents buildings of all height, age, structure type, and foundation

type groups. The assumptions made for this matrix are the same as

for the matrices in Section 4,0, This is a composite matrix which

includes all buildings for which both damage and building value

information exist,

For this particular matrix 8 damage state categories are used.

Shown in Figure 2 is a written description of these damage states and
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their associated ratios to present building cost. Both central values

and ranges for damage/present cost ratios are given, The last two

categories in Figure 2 have been combined into one category for the

matrix computation shown in Figure 1 The various damage levels shown

were selected on the basis of studying the results of looking in detail

at about 10 buildings in the area affected by the San Fernando earth

quake, The information on these buildings was obtained for M.l.T. by

the firm of Ayres~ Cohen, and Hayakawa of Los Angeles. By comparing

both the description of damage with the damage cost, the states and

corresponding ratios in Figure 2 were obtained,

Shown in Figure 3 is a map of the San Fernando/Los Angeles area.

This map gives the assumed boundaries between the several Modified

Mercal1i intensity zones,

In constructing the matrices, there are several sources of infor

mation available for both damage costs and building values. The various

damage cost and building value sources are explained in detail in an

Internal Study Report to be written shortly.

A computer program has been developed which computes damage

probability matrices by height~ age., structural type, and foundation

type groupi ngs " Both the damage cos t and bui 1di ng value sources can

be searched for in any preEspecified order and their values scaled by

a prescribed factor, Therefore, in the computation of a given matrix,

several damage sources can be selected and searched in a predetermined

order, Similarly;o building value sources can a-Iso be selected. By

scaling the several floor area categories, they can be converted to

a present bUilding cost value, In addition, the buildings can be

placed in any intensHy zone and the damage state cost ratio ranges



can be varied, The matrix shown in Figure 1 was computed by this

program,

3,0 Preliminary: Damage Matrices

In February~ 1972, a first set of damage probability matrices

were computed based on information avaiable at that time. From the

Ayres I Questionnaire survey results and the damage costs published

by Steinbrugge, et al" 184 building damage costs were used to con

struct several matrices. For buildings for which building values

were not available, it was assumed that this value could be computed

by multiplying the gross floor area by $25, This factor was obtained

by relating value to area for buildings for which both values and

areas were known. Presented in Figure 4 is a plot of present build

ing value VS, gross floor area As shown, $25/ft2 is the average

value, These values in Figure 4 ~nclude both present assessed

value and construction values.

FiguY'e 5 shows the 5 preUminary damage matrices which were

computed as described above. Note that the total number of buildings

for each intensity zone is given at the bottom of the matrices.

Where the number of buildings participating in the computation is

less than 10. the results are not too reliable, Buildings that were

constructed pr'ior to 1933 had no prov'/s ion for earthquake forces.

Hence, these bUildings can be consldered as haVing a UBC Code:

Zone 0 earthquake design strategy

In contrast. buildings designed after 194 were designed for

earthquakes and conform to a USC Code: Zone 3 design str'ategy.



Comparing the matrices for the two building classes~ the new buildings

faired much better than the older weaker structures.

Shown in Figure 6 is a matrix computed using only the buildings

for which Steinbrugge reported damage. All of these buildings are

over 8 stories and are modern (Post 1947) structures.

4.0 furrent Damage Matri~~.s.

There are approximately 300 buildings for which both damage cost

and bUilding value information are presently (August 1972) available.

Using the computer program described in section 2,0. the Data Base

was searched and the resulting matrices which were computed ar"e shown

in Figure 7. For the determination of the earthquake damage cost the

Data Base damage groups were searched in the following order:

Ayres II Questionnaire

Ayres I Questionnaire

BOMA Questionnaire

Ste1nbrugge Damage

The building value groups were searched for in the fOllowing order:

Ayres II Value

BOMA Value

Data Base Permit Value

Ayres II Area (tl mes $25. ft2)

Ayres I Area (times $25 Ift2)

Comparing the current matrices l!\Iith the prelllTrfnaty ones in Figure 5

there appear to be slight inconsistencies" Th s is primarily due

to small differences in intensity zone boundaries and con"ections

and additions to the Data Base made subsequent to the computation
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of the preliminary matrices,

500 Gene~2~lI~~E!., Av.sra~g~~,~~ID~.9§~~19~rip~?

In February 1972, an attempt was made to generalize on the

Figure 5 matrices and to develop lIaverageli matrices for different

design strategies. Shown in Flgure 8 is the matrix set which was

developed These matrices are directed to buildings between 8 and

13 stories high, Note that the Zone 0, M.M.I, VIr column corresponds

closely to the pre=193~ 8~13 story matrix 1n Figure 5, Similarly.

the Zone 3, M.M.I, VII column compares to the post~1947. 8~13 story

Figure 5 matrix. From these starting points other probabilities

were fixed by interpolation, extrapolation, and judgement, The Zone 4

strategy is intended to correspond to a base shear requirement 2 to 3

times the requi rement for the Zone 3 strategy.

From campa ng current and prelirrJinary matrices (Figures 5 and 7)

it is apparent that no one set of matrices is the llright ll one, As more

damage statistics become available, the matrices will change, Even

small variat'jons in the location of the intensity boundaries win alter

the probabil ity val ues, What i~· de:nredi s "average II probabil ity

matrices; average in the sense that slight variations in the para

meters (1,e ,intensity, zone locations, number of sample buildings,

etc,) will cause probability va at ons about the lIaveragell values ..

In another sense, if slml1ar earthquakes in similar cities occurred,

an average of the severa] samp'le mat res woulc! 9 Ife this lIaverageli

matrix.

The SLt of matrices shown in Figure 8 s an

on the Y'esul ts of the p\~f.d iminary me

tempt to generalize

n Figure 5, Shown



in Figure 9 is an updated set of generalized matrices partially

reflecting the results of the current mat ces shown In Figure 7,

Each matrix can be constructed by slid1ng the M.M,I. VIII column

to the left and raising it one row. A zero probability is placed

in damage state 7 and the extra probability number requlred to

bring the total to 100% 15 to the damage state 0 value

Hence, to construct any of the matrices only the last column of

probabilities is required Although the agreement with the Figure 7

matrices is not very good, these generalized matrices attempt to be

an average of all earthquakes -- including the San Fernando exper-

ience.

6 0 Future Work

In addition to redoing the mat ces after the last of the

questionnaire forms have been returned, thev'e are several other

sources of lnformation which shou1d be exploited This sectIOn is

devoted to suggesting future work which might lead to more complete

and accurate damage matrices,

As of this writing. neither the Veterans Administrat on

Hospital or the Holy Cross Hospital have been in uded in the Data

Base They both are probably n MeM,!, IX and hence wi not affect

the matrices constructed to date (only MM, ,lones VI, VII, and

VIII are consideredL However, they both ShOLl d be discussed and

put in their proper place

Ayres has completed the list of tHnldHi damage per the Los

Angeles County 1971 Disaster Valut~ Report EQ c o8 This report Q1ves

the reduction In assessed building and land a ue caused by the



earthquake. All building owners whose buildings sustained damage

could apply for a reduction. Approximately 150 owners of buildings

over 5 stories availed themselves of this opportunity. Although

some of the buildings overlap ones already studied, many are new

both to the Data Base and to the damage statIstics. Currently

Ayres is sending questionnaires to all these owners J w th the intent

of obtaining a detailed damage cost breakdown. Whether a damage

distribution is obtained or not, the ~()~l damage should be included

1n the Data Base. Since these statistics do not represent an un

biased sample (only damaged buildings are included), their inclusion

in the matrix computations should be done with care,

The damage permit application values from the damage lists of

the Los Angeles City Department of Building and Safety are complete

only through September 197L Presently Ayres is obtaining an updated

list for uSc The new permit values should be added to the Data Base

As of now none of these values have been used in the matrix compu

tations. This is because the permit values are for structural damage

only, and total damage may be 4 to 10 tImes greater, After updating

this information, it would be worthwhile to compare these values with

the corresponding total damage costs obtained from the questionnaire

surveys, dlsaster report values 9 etc After a con'elation Is obtained

and a "fudge" factor determil1ed 9 these permit values could be Lisedin

the matrix computation, Again care must be exercised since this set

of bul1dings ~Q~~ r~9!: inc'jude nOW~di)fnaged buj I1g5,

For about 10 to 20 buildings for which ~ have building damage

data, both present value and floor area statistics are missing. it



would be worthwhlle obtaining this lnformation and including these

buildings in the matrix computations

Presently Ayres (through Schader) is obtaining stt'ucture,

foundation, and soil information for all buildings for which we

have damage information After this work 1S complete, matrices

can be obtained for different foundation classes,



GROUP CHARACTER} Ies

NUM8ER OF BUi 305

HEIGHT: 5 to 00 STORIES

/\GE.:1800 to 9?2

STRUCTURAL TYPE: ALL TYPES

FOUNDATION lYPE: ALL TYPES

O,l\MAGE PROB,I\B III TY MATRIX

DAM.AGE STATE MERCALLI INTENSiTY

D.L\MJ\GE
STATE COST RATIO IV \j VI VI! VIII IX

UPPER BOUND

0 0,.00050 0 0 0 0 0 6/6 0 248 0 324 0.0

0 .. 00300 0.0 0 0 0 216 0 286 0 14· 0 0

2 0,01250 0 0 0 0 0 08 0 239 0 1is 0 0

3 0 03500 0 0 0 c 0 0 n 294- 0 0~,

4- 0,.07500 0 0 0 0 0 0 0 056 n 059 0 0v

5 0 20000 0.0 0 0 0 0 0 043 0 029 0.0

6 0.,65000 0 0 0 0 '0 0 0 021 0 0 0 0

7 1 00000 0 0 0 0 0 0 0.0 0 029 0 0

NUM OF BUILDINGS o o 34 o

FIGURE J: Examp Dafr~aQe



Ratio to Present t

° No Damage

1 Minor non~structural damage-~a few walls
and partitions cracked, incidental mechanlcal
and electrical damage

2 Localized non=structural damage--more extensive
cracking (but still not widespread); possibly
damage to elevators and/or other mechanIcal
electrical components

3 Widespread non~structural damage- possibly
a few beams and columns cracked, although
not noticeable

4 Minor structural damage--obvious cracking or
yielding in c few structural members; sub
stantia' non"structural damage with widespread
cracking

5 Substantial structural damage requiring repair
or replacement of some structural members;
associated extensive non-structural damage

6 Major structural damage requiring repair Of

replacement of many structural members;
associated non-structural damage requiring
repairs to major portion of interior; building
vacated during repairs

7 Building condemned

8 Co 11 apse

Centra1 Value

°

.005

02

.05

10

,30

LO

1 0

0" 0 0005

,0005,003

003~ cO 125

00125-,035

,20- 65

.65-1,0

FIGURE 2: Earthquake Damage States



FIGURE 3: Modified Mereall; Intensity Zones
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Earthquake Damage Summary

Name of Earthquake (Location):
Date of Earthquake:

San Fernando
February 9~ 1971

Buil~;ng Group Designation
Building Code or Age: P_r_e_-l_9_3_3 _

Height Zone 5_-7___
Construction Type: _

Probability Matrix

Mercalli Intensity
-

General Detailed
Damage 4- 5 6 7 8 9+

Cost Ratio

No Damage 0 0 67% 18%

Light 1 .001 33% 18%

2 .005 18%

Moderate 3 .02 28%

4 .05 9%

Heavy 5 .10 0

6 .30 0

Requires 7 1.0 9%

Rep lacement 8 1.0

1

TOTAL NUMBER BUILDINGS 6 11

FIGURE 5: Preliminary San Fernando Earthquake Damage Matrices

-13-



Earthquake Damage Summary

Name of Earthquake (Location) :__ sa_~ __~.:~~a~~~ . . .. _
Date of Earthquake: . ~ebru~.:y 9~.}97! .

Building Group Designation
Building Code or Age: P_r_e-_1_9_3_3 ------ _
Height Zone 8_-_1_3 _

Construction Type: _

Probability Matrix

Mercalli Intensi ty

General Detailed
Damage 4- 5 6 7 8 9+

Cost Ratio

No Damage 0 0 100% 3~%

Light 1 .001 21%
2 .005 37%

..

Moderate 3 .02 21%
4 .05 10~%

Heavy 5 .10 7%
6 .30

Requi res 7 1.0

Replacement 8 1.0

TOTAL NUMBER BUILDINGS 3 28

-

FIGURE 5(cont.): Preliminary San Fernando Earthquake Damage Matrices
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Eay'thquake Damage Summary

Name of Earthquake (Location): San Fernando-----------_. -----_..--.-.
Date of Earthquake: F_eb_r_u_a~ry 9_,_1_9_7_1_

Building Group Designation
Building Code or Age: Post-1947--------------_.
Height Zone 5_-_7 _
Cons tructi on Type : _

Probability Matrix

Mercall i Intensity

General Detailed Damage 4- 5 6 7 8 9+
Cost Ratio

No Damage 0 0 50% 20%

Light 1 .001 25% 20%

2 .005 17% 20%

-- --

Moderate 3 .02 8% 20%

4 .05 20%

-- --

Heavy 5 .10
6 .30

Requi res 7 1.0
Replacement 8 1.0

--'------- .-.

TOTAL NUMBER BUILDINGS 12 5

_._---------,._~_..,---~---

FIGURE 5(cont.): Preliminary San Fernando Earthquake Damage Mat;Aices
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Earthquake Damage Summary

Name of Earthquake (location): San Fernando
Date of Earthquake: February 9, 1971

Building Group Designation
Building Code or Age: Po_s_t_~_19_4_7 ------------------------------ ___
Height Zone_________________ 8-13

Cons tru cti on Type:

Probability Matrix

-

Mercal1 i Intensity
--

General Detailed Damage 4- 5 6 7 8 9+
Cost Ratio

No Damage 0 0 43% 20% 16%

Light 1 .001 43% 41% 0
2 .005 14% 24% 0

Moderate 3 .02 8% 0
4 .05 2% 16%

-

Heavy 5 .10 5% 50%
6 .30 18%

Requi res 7 1.0
Replacement 8 1.0

--'--------

TOTAL NUMBER BUILDINGS 14 60 6

FIGURE 5(cont.): Preliminary San Fernando Earthquake Damage Matrices
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Earthquake Damage Summary

San Fernando
February 9, 1971

Name of Earthquake (Location):---------------------
Date of Earthquake: _

Building Group Designation
Building Code or Age: -------P-o-s-t--1-9-4-7--------- . __
He1 ght Zone 14_+ _

Cons tructi on Type : , ___

Probability Matrix

Mercalli Intensity

General Detailed
Damage 4- 5 6 7 8 9+

Cost Ratio

No Damage a 0 20%

Light 1 .001 47%

2 .005 27%

Moderate 3 .02 6%

4 .05

Heavy 5 .10

6 .30

Requi res 7 1.0
Replacement 8 1.0

TOTAL NUMBER BUILDINGS 39

------

FIGURE 5(cont.): Preliminary San Fernando Earthquake Damage Matrices
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GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 54

HE !GHT: 5 TO I 00 STORIES

AGE 1800 TO j 972

STRUCTURAL
,.. ALL TYPESt

FOUNDATION ,1l,LL TYPES

DAMAGE PROBABILITY MATRIX

DJl.MiI.GE STATE ~1ERCALLI INTENSITY

[lA,MAGE
STATE COST RATIO IV V VI VII VIII IX

UPPER BOUND

0 0.00050 0 ° 0,0 0,,0 0 196 0,0 0,.0

0,,00300 0.0 0 0 0 0 a 4S1 0.333 0,,0

2 0.01250 0,,0 0 0 0 0 0 294- 0.0 DoG

3 0,03500 0 0 0,0 0 0 0 059 0.333 0,,0

4 0.07500 0,,0 0"0 0,0 0,0 0 ° 0,0

5 0.20000 0,,0 0,0 0,.0 0,0 0,333 0,0

6 0 .. 65000 0,.0 0,,0 0,0 0 0 0,0 0.0

7 'I, 00000 0.0 0,0 0,,0 0 0 0 0 0,0

NUM. OF BUILDINGS

FIG.URE 6

o o o

ge Bu dings Matrix

3 o



GROUP CHARACTERISTICS

NUMBER OL BUILDINGS: 35

HEIGHT. 5 TO 7 STORIES

,~GE: 1800 TO 1933

STRUCTURAL TYPE:

FOUNDATION TYPE:

DAMAGE PROBABILITY MAfRIX

ALL TYPES

ALL TYPES

DAMAGE STATE MERCALLT INTENSI

DAM,I\GE
STATE COST RA TlO IV Ii VI VII VIII IV• ~I\

UPPER BOLiNIJ

0 0 00050 0 0 n 0 0 ' ]";,(1- 0217 0 600 0 0v

0 00300 0,.0 0 0 0 ,1,43 0 O~·3 0 0 0.0

2 0 01250 0,0 0,0 0 0 0 348 0 200 0 0

3 0 .. 03500 0.0 0 0 0 l43 0 087 0 200 0 0

4 0.07500 0 0 0,0 0 0 0, L14 0 0 0 0

5 0,20000 0 0 0.0 0.0 0 087 0 0 0 0

6 0.,65000 0,0 0 0 0.0 0 043 0 0 0 0

7 1 00000 0.0 0,0 0 0 Ii 0 0 0 0 0u

NUM OF BUILDINGS o o 7 23 5 a

FIGURE 7: Curr'ent Sa ~erna
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CROUP CH!\R!\CTERI Ies

NUMBER Of BUiLDiNGS: 64

HEIGHT. 8 '13 STORIES

/I,GE: 1800 Tal 933

STRUCTURAL TYPE: ALL PES

CQUNDATION TYDE~ ALL DES

Dl\W,GE PROBABIL ITY fft,,iHRIX

DAMAGE STATE VIERCJl,L LI INTENSITY

O,l\,MAGE
STP,IE COST RATIO IV I{ Itt VII VIII 1 v,

'J "' 1/\

UPPER BOUND

0 0 00050 0 0 () 0 0 750 0 .. 089 0 500 00v

n 00300 0.0 0.0 0 250 0 25 0 250 0 0Cj,

2 0.. 01250 0 0 0 0 0 0 0 O. 0 0 0

3 0 03500 0 0 00 0 0 O. 96 0 250 0 0

4 0,07500 0 0 00 0 0 0.054 0.0 a 0

5 020000 0 0 0 0 () 0 0.) 25 0 0 0 .. 0v

6 0 65000 0 0 0 0 0 0 0 054 0 0 0.0

7 1,00000 0.0 0.0 0 0 a 0 0 0 0,0

NUM, OF BUILDINGS o o 56 o

FIGURE 7(con't): Current San Fernando Eart

-20-
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GROUP CHARACTERI Ies

NUMBER BUILDINGS: 4

HEIGHT: 14- TO 18 STORIES

AGE: 1800 TO 1933

STRUCTURAL PE: ALL PES

FOUNDATION TYPE: ALL TYPES

DAMAGE PROBABILI MATRIX

DAM/I.GE STATE MERCALLI INTENSI TY

DAMAGE
ST!~TE COST RATIO IV V VI VII VI II IX

UPPER BOUND

0 0,00050 0 0 0,0 0 a 0,250 0 0 0.0

0000300 0.0 0 0 0 0 0 250 0.0 0 0

2 0.. 01250 0 n 0 0 n n 0 500 0 0 0,0v v ~ v

3 0.03500 0.0 0 0 0 0 0 0 0 0 0 0

4 0.07500 0 0 0 ° 0 0 0 0 0.0 n n
v u'

5 0,20000 0 0 0 0 0 0 0 0 0 0 0 0

6 0.65000 0,0 0 0 0 0 0 0 a 0 0,,0

? 1 ,00000 0.0 0 0 0,0 0 0 (J n 0 0v

NUM. OF BUILDINGS o o o 4- o o

FIGURE 7(con't): Current San Fernando Earthoua Damage Matrlces

-21-



GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 46

HEIGHT: 5 fO 7 STORIES

f\GE 1947 TO 1972

STRUCTURAL TYPE: ALL TYPES

FOUNDATION TYPE: TYPES

DJ\MA.GE PROBl1,B IL 1TV MATRIX

DAMAGE STATE M~RCALL INTENS

O/lJI,1AGE
STATE COSI RAi 10 IV V VI VII VIIi IX

UPPER BOUND

n 0 00050 0, 0 0 () 1 000 0 200 0 308 0 0v v'

0,00300 0, 0 0 0 n 0 0 400 0, 154· 0 0u

2 0 en 250 0 0 0 0 0 0 0 200 0, j 5L;l 0,0

3 0,03500 0 0 0,0 n 0 0 J "16? 0 23 0 0v

Ii 0,,07500 0,0 0,0 0 0 0 033 0 on 0,0...;-

5 0 20000 0 0 0 0 0 0 n G 0 0 0 0~,v

6 0.65000 0 0 0 0 0 0 0,0 0.0 0,,0

'" I ,,00000 0 0 0.0 0,0 0 0 0 OT7 0 0./

NUM OF BUILDINGS o o 3 30 12 o

FIGURE 7(con 1 t): Current San ~erna 0 Earthqua Damage Matr ces
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GROUP CHARACTERISTICS

NUMBER OF BUiLDINGS, 'iGO

HEIGHT: 8 TO 3 STORIES

AGE: 1947 TO 1972

STRUCTURAL TYPE: ALL TYPES

FOUNDATION TYPE: ALL TYPES

DAMAGE PROBABILITY MATRIX

DAMAGE STATE tt:ERCAL L.I INTENSI

DAMAGE
SIll.TE COST RATIO IV V ~ fl' V" VIII rx~ .!. III

UPPER BOUND

0 0,00050 0 0 00 0 667 0 268 0 091 0.0

\ 0 00300 o n 0 n 0,22.2 0.431 0 182 0 n.U u v

2 0.01250 0,0 0 0 0,111 O. '169 0 09'1 0,0

3 0,03500 0 0 0 0 0.0 0 070 0 455 0,.. 0

4- 0,07500 0.0 0,0 0,0 0,042 0,091 0 0

5 a 20000 0 0 0,0 0,0 0.014 0 091 0.0

6 0,65000 a a 0.0 0 0 0 0 0,0 0 0

.,
1" 00000 0,0 0 0 0.0 °° 0,0 0,0i

NUM, OF BUILDINGS o o n o

i::'lGU'RE 7('c"on ' t\· C'i!f'r'O"1t C:>n FQIrV'l'nd n Fa¥'+h'r;; ·,Ik·:> DTm'g'e Maf'y,r",,,~ _ . . I "j. L.:, ,...,..!" -..)0. •. t.....! !.o.,,~~<J __ L" ,--;,-,0-.1-.0 a.fa It I '-' l"' ..... .,J



GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 22

HEIGHT: 14. TO 18 STORIES

STRUCTURAL

FOUNDt\TION TYPE: ALL

TYPES

TYPES

DJl.Mfl,.G E PROBABIUTV Mfl,TR IX

D!\r~AGE STATE MERCAllI INTENS

DAMAGE
STATE COST RATIO 1\' V VI VlI V1I1 IX"UPPER BOUND

() 0 00050 0 0 0 0 0 500 0.500 0 0 0 0v

0 00300 0 0 0,0 0 250 0 278 0 0 0 0

2 0 m250 0 0 0,0 0 250 0167 0,0 0 0

3 0.03500 0 0 0 0 0 0 0 0 0 0 0,0

4. 0",07500 0 ° 0 0 0 0 0 056 0,0 0 0

5 0,20000 0,0 0,0 0 0 0 0 0 0 0,0

6 0 65000 0,0 0 0 0.0 0 0 0 0 0,,0

7 I .00000 0 0 0,0 0 ° 0 0 0,0 a 0,

NUM, OF BUILDINGS o o 4 o o

FIGURE 7(con 1 t): Current San Fernando Earthquake Damage Matrlces
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GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 29

HEIGHT ~ I 9 TO i 00 STORI

AGE 1947 I 972

STRUCTURAL TYPE AI' rVPESL,L

FOUNDA Ll.ON PE ALL F:'::

DAf~AGE PROBABIU M.A. TRIX

D.!J,MAGE STATE MERCALLI INTENS

DA~1AGE

STATE COST RATIO or \/ V VI VII VIII IX
UPPER BOUND

(\ 0 00050 0 0 0 0 0 0 0 464- 0 0 0 0u

0 00300 0 0 0 0 r 000 0 '-'~;' 0 n 0 (\
.,) v' U 0

2 0.0(250 0.0 0 0 " 0 0 'i 4-3 0 0 00()

3 0. 03500 0.0 0 0 0 0 0 .. 036 0 n 0,0U

4- 0.07500 G. 0 0.0 0 n

°0 0 0 0.0u

5 0.20000 0 0 0 0 0 0 a 0 0 0 0 0

6 0.65000 0 0 0 .. 0 n 0 0 0 0 0 0,0v

7
,

00000 o. 0 0 0 0 0 a 0 0,.0 0 0t

NUM, OF BUILD NGS o o 28 o

FIGURE CUlt' (2-nt r: :erna Eo. ke Damage Mat.~ ces



MODlf lED ~1ERCPiL : I I~nENS
1'\u:.amage
"'{_., +p. IV V II r;; V
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Dama.ge
State IV

MODIFIED MERCALll INTENSITY
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iViCD I tU {'1ERCAL I l ~d
l'i
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FIGURE 9: zed Danld res


