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1.0 Introduction

From the start of the San Fernando Earthquake study, attempts
have been made to construct damage probability matrices from the Data
Base information. These matrices give the probability that different
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
1ittle information. Presently (August, 1972) the Data Base contains

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

The purpose of this report 1s to present the various damage
probabiiity matrices which have been constructed since the beginning
of the project. The background of the construction of these matrices

also is given. Finally, future work in this area 15 recommended.

2.0 General Background

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 1s 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 hasis of studying the results of looking in detai?
at about 10 buildings in the area affected by the San Fernando earth-
quake. The information on these buildings was obtained for M.I.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 1in Figure 3 is a map of the San Fernando/Los Angeles area.
This map gives the assumed boundaries between the several Modified

Mercalli 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 vaiue sources are explained in detail in an
Internal Study Report to be written shortly.

A computer program has been deveioped which computes damage
probability matrices by height, age, structural type, and foundation
type groupings. Both the damage cost and building value sources can
be searched for in any pre-specified 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, building value sources can aiso be selected. By
scaling the several flcor ares categories, they can be converted to
a present building cost value. In addition, the buildings can be

placed in any intensity zone and the damage state cost ratio ranges
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can be varied. The matrix shown in Figure 1 was computed by this

progran.

3.0 Preliminary Damage Matrices

In February, 1972, a first set of damage probability matrices
were computed based on information svaiable 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, 1t 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 include both present assessed

value and constructicon values.

Figure 5 shows the 5 preiiminary 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
Tess than 10, the results are not too relisble. Buildings that were
constructed priov to 1933 had no provision for earthquake forces.
Hence, these buildings <an be considered as having a UBC Code:

Zone 0 earthquake design strategy.

In contrast, buildings designed atter 194/ were designed for

earthquakes and conform to & UBC Code: Zone 3 design strategy.



Comparing the matrices for the fwn building classes, the new buildings

faired much better than the oldsr weaker sivruciures.

Shown in Figure 6 is a matvrix computed using onty the buildings
for which Steinbrugge repcried damage. AVl of these buildings are

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

4.0 Current Damage Matrices

There are approximately 300 buildings for which both damage cost
and building value information are presently (August, 1972) available.
Using the computeyr program described in section 2.0, the Data Base
was searched and the resulting matrices which were computed are shown
in Figure 7. For the determination of the earthquake damage cost the
Data Base damage groups were searched in the following crder:

Ayres 11 Questionnaire
Ayres I Questionnaire
BOMA Questionnaire
Steinbrugge Damage

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

Ayres II Value

BOMA Value

Data Base Permit Vaiue

Ayres 11 Area (times $25.7F12)

Ayres [ Area {times $25./Ft%)
Comparing the curvent matrices with the prelimirary ones in Figure 5
there appear to be slight inconsistencies. This is primarily due
to small differences in infensity zone boundarics and corrections

and additions to the Data Base made subsequent to the computation

Y



of the preliminary matrices.

5.0 Generalized Average Damage Metrices

In February 1972, an attemp{ was made to generalize on the
Figure 5 matrices and to develop "average" matrices for different
design strategies. Shown in Figure 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. VII column corresponds
closely to the pre-1933, 813 story matrix 1n Figure 5. Similarly,
the Zone 3, M.M.1. VII column compares to the post-1947, 8-13 story
Figure 5 matrix. From these starting points other probabilities
were fixed by interpolation, extrapeliation, and judgement. The Zone 4
strategy 1s intended to correspond to a base shear recuirvement 2 to 3

times the requirement for the Zone 3 strateqgy.

From comparing curvent and preliminary matrices (Figures 5 and 7)
it is apparent that no one set of matrices is the "right" one. As more
damage statistics become availabie, the matrices will change. Even
small variaticns in the location of the intensity boundaries will alter
the probability values. What is desirved is "average" probability
matrices; average in the sense that slight variations in the para-
meters (i.e., intensity, zone lecations, number of sample buildings,
ete.) will cause probability vaviations ebout the "average" values.
in another sense, if similar earthquekes in simiiar cities occurred,
an average of the several sample matrices would give this "average"

matrix.

The setl of matrices shown i1n Figure 8 s «n altempl to generalize

on the results of the pretiminary meirices shown in Figure 5. Shown



in Figure 9 is an updated set of generalized matrices partially
reflecting the vesults of the curvent matrices shown 1in Figure 7.
Each matrix can be constructed by sliding the M.M.i. VIIT column

to the left and raising 1t one row. A zero probability is placed

in damage state 7 and the extra probability number required to

bring the total to 100% 13 added to the damage state 0 value,

Hence, to construct any of the matrices only the Tast 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 Fernandoc exper-

ience,

6.0 Future Work

In addition to redoing the matrices after the last of the
questionnaire forms have been returned, there are several other
sources of 1nformation which should 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 Velerans Administration
Hospital or the Holy Cross Hospital have been included in the Data
Base. They both are probably in M.M.i. IX and hence witl not affect
the matrices construcied to date (only M.M.I. zones VI, VIL, a&nd
VIII are considered). However, they both shouid be discussed and

put in their proper place,

Ayres has completed the list ov building damage per the Los
Angeles County 1971 Disaster Value Rewurt E(Q-28. This report gives

the reduction in assessed huilding snd land vziue caused by the
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earthquake. A1l building owners whose buildings sustained damage
could apply for a reduction. Approximately 150 owners of buiidings
over 5 stories avaiied 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, with the intent
of obtaining a detailed damage cost breakdown. Whether a damage
distribution is obtained or not, the tctal damage should be inciuded
in the Data Base. Since these statistics do not represent an un-

biased sample {only damaged buildings are inciuded), their inclusion

in the matrix computations should be done with cave.

The damage permit application values from the damsge iists of
the Los Angeles City Department of Butlding and Safety are complete
only through September 1971. Presently Ayves is obtaining an updated
list for us. 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 demage
only, and total damage may be 4 to 10 times greater. After updating
this information, 1t would be worthwhile tv compare these values with
the corresponding total damage costs obtained from the guestionnaire
surveys, disaster report values, etc. After a corvelation is obtained
and a "fudge" factor determined, these permit values couid be used in
the matrix computaticn. Again care must be exercised since this set

of buildings does not include now-duemeged buidings.

For about 10 to 20 buildings for which w: have building demsge

dats, both present value and floor arca statistics are missing. it



would be worthwhile obtaiming this information and including these

buiidings in the matrix computations.

Presently Ayres (through Schader) is cobtaining structure,
foundation, and soil information for all buildings for which we
have damage informatior., After this work is compiete. matrices

can be obtained for different foundation classes.



GROUP CHARACTERYSTICS
NUM=sER OF BUILDINGS: 3685
HEEGHT: & to
AGE: 1800 1o 1972

STRUCTURAL TwpE:  ALL TYP

FOUNDATION TYPE:  ALL TYPES

DAMAGE PROBABILITY MATRIX
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FIGURE 1@ ITxample Damgge Probabil ity Mat: ix



Ratic to Present Cost

Description of Level of Damage Central Value

No Damage 0

Minor non-structural damage--a few walls
and partitions cracked, incidental mechanical
and electrical damage .001

Localized non-structural damage--more extensive

cracking {but still not widespread); possibly

damage to elevators and/or other mechanical;

electrical components 005

Widespread non-structural damage- possibly
a few beams and columns cracked, although
not noticeable 02

Minor structural damage--obvious cracking cr

yielding in & few structural members; sub-

stantia® non-structural damage with widespread

cracking .05

Substantial structural damage requiring repaiy
or replacement of some structural members;
associated extensive non-structural damage 10

Major structural damage requiring repair or
replacement of many structural members;
associated non-structural damage requiring
repairs to majer portion of interior; building

vacated during repairs .30
Buiiding condemned 1.0
Collapse [

FIGURE 2: Earthquake Damage States
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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: Pre-1933

Height Zone 5-7

Construction Type:

Probability Matrix

Mercalli Intensity
Damage -
General Detailed Cost Ratio 4 5 6 7 8 9
No Damage 0 0 67%| 18%
Light .001 33% ) 18%
2 .005 18%
Maderate 3 .02 28%
.05 9%
Heavy 5 .10 0
.30
Requires 7 1.0 9%
Replacement 8 1.0
TOTAL MUMBER BUILDINGS 6 11

FIGURE 5: Preliminary San Fernando Earthquake Damage Matrices
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Earthquake Damage Summary

Name of Earthquake (Location): >2n Fernand -

Date of Earthquake: February 9, 1971

Building Group Designation
Building Code or Age: Pre-1933

Height Zone 8-13

Construction Type:

Probability Matvrix

Mercalli Intensity
] Damage - +
General Detailed Cost Ratio 4 5 6 7 8 9
No Damage 0 0 100% | 3%%
Light 1 .001 21%
2 .005 37%
Moderate 02 21%
.05 10%:%
Heavy .10 7%
6 .30
Requires 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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Earthquake Damage Summary

Name of Earthquake (Locatfon): San Fernando

Date of Earthquake: February 9, 1971

Building Group Designation
Building Code or Age: Post-1947

Height Zone 5~7

Construction Type:

Probability Matrix

Mercalli Intensity
: Damage - +
General Detailed Cost Rékio 4 5 6 7 8 9
No Damage 0 0 50% | 20%
Light .001 25% 120%
2 .005 17% 120%
Moderate 3 .02 8% 20
.05 20%
Heavy .10
.30
Requires 7 1.0
Replacement 8 1.0
TOTAL NUMBER BUILDINGS 12 5

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

Name of Farthquake (Location): San Fernando

Date of Earthquake:

February 9, 1971

Building Group Designation

Building Code or Age:

Post-1947

Height Zone

8-13

Construction Type:

Probability Matrix

Mercalli Intensity
Damage - +
General Detailed Cost Ré%io 4 5 6 7 8 9
No Damage 0 0 43% |20% | 16%
Light 1 .001 43% 141% | 0
2 .005 14% 124% | O
Moderate 3 -02 8 |0
4 .05 2% 116%
.10 5% | 50%
Heavy
.30 18%
Requires 7 1.0
Replacement 1.0
TOTAL NUMBER BUILDINGS 14 60 6

FIGURE 5(cont.):

Preliminary San Fernando Earthquake Damage Matrices
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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: Post-1947

Height Zone 14+

Construction Type:

Probability Matrix

Mercalli Intensity
. Damage - +
General Detailed Cost Ratio 4 5 6 | 7 8 9
No Damage 0 0 20%
Light .001 47%
2 .005 27%
Moderate .02 6%
4 .05
Heavy 10
6 .30
Requires 7 1.0
Replacement 8 1.0
TOTAL NUMBER BUILDINGS 39

FIGURE 5(cont.): Preliminary San Fernando Earthguake Damage Matrices
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GROUP CHARACTERISTICS
NUMBER OF BUILDINGS: b4
HEICHT: & 70 100 STORIES
AcE: 1800 1O 1972
STRUCTURAL TYPE:  ALL TYPES

FGUNDATION T¥PE:  ALL TYPES

DAMAGE PROBABILITY MATRIX

TAT

DAMAGE STATE MERCALLT [NTENSITY
DAMAGE
TE COST RATIO 1y y Vi Yilt VI IX
UPPER BOUND
4 0.00050 0.0 0.0 g.0 0.196 0.0 0.0
i 0.008500 0.0 0.0 3.0 0.45%1 0.333 0.0
2 0.01250 0.0 0.0 0.0 029 0.0 0.9
3 0.03500 0.9 0.0 0.0 0.052 0.333 0.0
4 0.07500 0.0 0.0 0.0 0.6 0.0 0.0
5 0.20000 0.0 0.0 2.0 0.0 0.333 0.0
6 0.65000 £.0 0.0 0.8 0.0 0.0 0.0
7 i .00000 0.0 0.0 0.0 0.6 0.0 0.0
IUM. OF BUILDINGS 0 0 0 51 3 0

FIGURE 6 Steiabrugge Buildings Matrix
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GROUP CHARACTERISTICS

NUMBER OF BUTLDINGS: 35

FOUNDATION TyPE: AL TYRES

DAMAGE PROBABILITY MATRIX

DAMAGE STATE

MERCALLY INTENSITY

DAMAGE
STATE COST RATID TV Y Vi Vil VIl X
UPPER ROUND
0 0.00050 0.0 0.0 g.714 0217 0600 .0
i J.00300 0.0 g.0 0,143 0 943 0.0 2.0
2 0 01250 0.0 0.0 2.0 0.348 0.z200 0.0
3 0.03500 0,0 0.0 Q. 142 O 0RY D700 00
4 0.07500 D0 0.0 0.9 Q.174 0.0 0.9
5 g.20000 Q.0 g.0 0.0 0.087 0.0 4.0
4) 0.65000 ¢.0 a.n 0.0 0.043 0.0 3.0
7 100000 3.0 0.0 0.9 0.0 0.0 0.
NUM ., ©F BUILDINGS 0 G 7 23 5 )
FIGURE 7: Cuyrent Sar Ternarde Sxrihouaks Do s Malrios
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DAMAGE STATE
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DAMAGE
COST RATID 1
UPPER BOUND

FOUNDATION TYeE: ALL TYRES
DAMAGE PROBARILITY MAIRIX
MERCALLT INTENSITY

Y il Vi o ¥lIi iX
000050 0.0 0.0 0.750 0.08% 0500 0.0
£.00300 0.9 0.0 g.25¢ 0 125 0.250 0.0
0.21250 0.0 8.0 G0 0.357 0.0 8.0
0.03200 0.0 0.0 o ¢, 168 0 250 Q0
0.07500 0.0 0.0 g.0 0.054 0.0 0.0
0. 20000 0.0 0.0 0.0 0.125 0.0 0.0
0.0 0.0 0.0b4 0.0 0.0
0.0 0.0 0.0 2.0 0.0
0 4 56 4 0

San Fernando Earihoveis Dawage Matyices

FIGURE 7{con’t): Current

GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 64

HElGHT. 8 10 13 5SHORI

AzE: 1800 TO 1833

STRICTURAL TYPL:  ALL TYPES
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GROUP CHARACTERISTICS

NUMBER OF BUILDINGS: 4
HEIGHT: 14 70 18 STLRIES
AGE: 180C 70 1833
STRUCTURAL Ty¥PE:  ALL TYPES

FOUNDATION Typr:  ALL TYPES

DAMAGE PROBABILITY MATRIX

DAMAGE STATE MERCALL T INTENSETY
DAMAGE
STATE  COST RATIQ iy v 1 VI VIl iX

UPPER BOUND

0 0.00050 0¢ 0.0 ¢ e 0.2580 00 c.0
! 0.00300 0.0 0.0 oo g 250 0.0 0.0
2 0.01250 0.0 0.0 0.0 3800 00 0.0
3 0.903500 0.6 n.G g0 20 0.0 0.0
4 0.07500 00 0.0 6.0 0.0 0.0 8.8
5 0.20000 g.0 0.0 0.0 0.0 8.0 0.0
6 0.65000 3.0 G0 0.0 3.8 00 G¢.0
/ 1.00000 0.0 02 2.0 0.0 09 .0
NUM. OF BUILDINGS 0 ¢ 0 4 0 a

Moarps s Ao F e w o o
amage Malviges

FIGURE 7{con't): Current San Farnande fartnouaks
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GROUP CHARACTERISTIES

NHMBER OF BUILDINGS: 45

RElGHT: 5 '8 7 ST0RIES

STRUCTURAL Type:  ALL TYPRES

FOUNDATION TYPE: ALL TYPES

DAMAGE PROBARILITY MATRIX
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CROUP CHARACTERISTICS
NUMBER GF BUILDINGS: 130
AGE: 1947 TO 1972
STRUCTURAL TvPE:  ALL TYPE

FOUNDATION TYPE:  ALL TYPES

AMAGE PROBABILITY MATRIX

DAMAGE STATE MERCALLT INTENSITY
DAMAGE
STATE  COST RATIO 1V ¥ Vi VIl yiil EX

UPPER BOUND

G £.00058 6.0 0.0 0657 0268 0027 G.0
i 0.09300 8.0 0.0 0.22z 0.427 0.182 0.0
2 0.01250 0.0 0.0 g1y g.168 0 081t 0.0
3 0.03500 0.0 0.0 0.0 0.070 0.455 0.Q
4 0.07500 0.0 0.0 0.0 G.042 0,081 0.0
5 0.20000 0.0 0.0 0.0 0.014 0.0917 0.0
6 0.65000 0.0 6.0 00 .0 0.0 0.0
i 1.00600 ¢.0 0.0 8.0 g.0 0.0 0.0

NUM. OF BUILDINGS 0 0 18 /1 T a

FIGURE 7(con't}: Currant San Fernendn Farthauake Damage Matrices
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GROUP

CHARECTERISTICS

NUMBER OF

BUILY

?

[}

INGS: 22

RETGHT: 14 70 18

FOURDATIGN T

e

PEr ALL TYPES

DAMAGE PROBABILITY MATRIX

DAMAGE STATE MERCALLI EINTENSITY
DAMAGE
STATE  COST RATIO v y ¥ Vil VILE bX
UPPER BOUND
0 G.00C5¢ 2.0 URS 0.500 €.568 0.0 8.0
i 2.00300 0.0 C.0 0.25¢ 0.278 0.0 0.0
2 g.01260 0.0 0.0 0.250 € 167 0.0 0.6
3 0.03500 0.0 8.6 0.0 0.0 0.0 8.0
4 0.07500 0.6 0.0 0.0 0.056 0.0 0.¢
5 0.20000 0.0 0.0 040 0.0 0.0 3.0
5 0.65000 - 0.0 0.0 0.0 00 .0 0.0
7 i.00000 0.0 0.0 6.0 0.0 2.0 0.0
NUM. OF BULLDINGS it 0 4 '8 0 g

FIGURE 7{con't}:

Current San rernande Farthguake Damage Matrices



GROUP CHARACTERISTICS

GEo 1847 7O

STRUCTURAL TYPE:
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