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SUMMARY

The realization of anm eccnomically reszonadle poliey of
rural areas reconstruction giving priority to thé replacement
~ of the most potemtially vulnerable dwellings necessitates the
devéelopment of methods for predicting the extent of the loss
:hioh will be incurred in the rural dwellings of various

ypes.

__In this paper, the scale of losses for specific types of
dwellinigs was arranged in form of damage probadility matrices,
containing distribution the mumbér of dwellings according to
degree of damage corresponding to different earthquake inten-
sity and an estimate of loss occasioned by this or that
degree of damage expressed as the ratio of cost of hypotheti-
cal repair to total dwelling cost.

Using these matrices made it possible to obtain values
for the average probable degree of loss in dwellings of a gi-
ven type during earthquakes of varying intensity.

INTRODUCTION

Ae the experiernce of earthquakes shows, thé greatest sco-
fiomic losses fall on rural areas(1)(2).0mly for the last 30
yéars 9 earthquakés with intensity 7-8 MSK scale have been oc-
cured in the Georglan SSR térritery. And if the urban communi-
ties have practically avoided the damage, in rural areas nume-
rois villages were subjested to destruciion and damage. The
predominant share of 1l6ss falls on individual residential sec-
tor - dwelling houses have been destroyed, domestic property
demaged, live-stock lost, )

* The héavy loss in rural areas is explained mainly by the
laék of any earthquake countermeasures in mest part of old im-
dividual dwellings. '

" In splte of the faot that in resemt yedrs individmal con-
struction in rural areas is carried out according to the Ear-
thquake Codes, vulnerable dwellings, considering their long
lifetime, will be predominating for long periocd.

' Thus, in condition of predominant shere of petentially
Vulnérable dwellings in thé rural areas, the only radical mea-
sure,allowing to reducée economic 1oss and timely accept econo-
mically effective earthguake protective measures, is predice
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tion of expected loss in dwellings.
PREDICTIOE OF AVERAGE PROBABLE LOSSES

Aceording tc the official earthquake zoning map,ths fer-
ritory of the Georgian SSR is located completely im & seiemi-
cally active region with mexrimum expected intensity 8 MSK.,
Therefore,we have considered in the psper the prediction of
expected losses during the earthquekes of 6,7 and 8 intensity,

~  In the rural regions of thée Geocrgian SSH,due to climatic
peculisrities and availability of local comstruction materi-
als certain types of individual éwellings are allocated in
certain geographical zones of the republic. As has been alre-
ady mentioned there are not any earthquake couniermesasures in
most of them. From these dwellings we have considered three
the most widespread types - #tone masonry structures the most
vulnerable to the earthquske, brick masonry structures less
vulnerable than stene structures and finglly wooden ones the
least wvulnerable to the earthguake effect among all types of
atructures.

The loss scale for the sach type of dwellings has been
compiled in the form of so called deamage probability matrices
(3)+In latters were assumed five damage states characterized
both by word description and quantilétive evaluation expressed
as repair cost ratic to the $otal dwelling cost.

The description of each damage has been compiled on the
basis of the sctual data observed during inspection of the
lsst heavy earthquakes in the Georglian SSR.

As for the guantitative evaluatien of the damage states, .
due to lack of sn actual data,these values have been establi-
gshed by cost interpretation of the repair works for standard
structure among each type of considered dwellings.It was ta-
ken assumption, that certain damage steté s méy be experien-
ced by any number k of different elements of the dwelling
structure, For example, in a stone masorry structure damage
of the fourth atate%pa:rtial collapse of walls) may develop in
one, several or &t last in all walls, The rest walls of the
same structure not damaged by the fourth state, have been con-
sidered as damaged by the lower state(s-1), i.e. by the third
demage state(large, widespread cracks in walls), '

Estimating the repair cost of different works for an each
damage state(cost of repair of damaged walls Cw, injection of
eracks Cc, plastering of walls Cp and etc.) in k=1, 2, 3....
n elements of the structure and suming them up, we have got a
oumber of a qnantitie% of the total loss for the each certain

damage state:
Cs = D (Cwk + Cok + CPk + eaa) )
k=4
For present purposes we have considered only the extreme
values Csm and Csmx of the total losses., Dividing them omn

the replacement cost of the structure Cd we have got for each

ga‘nage state minimum and meaximum values of the relative
08868 :
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DREyy, = Cogq, / Cd 5 nasmax"a Copey / O (2)

The next important step was establishing a relationship
between earthquake damage state of a2 structure s and s gro-
und motion intensity I. Sinee botk the sitrenth of siructure
and the local ground moticn pattern are to a large exbent ran-
dom im mature, 1% would be logical to express this relation-
ghip in & probabilistic manner,

Proceeding from the resulis of the statistical amalysis
we have aessumed probabilistic distribution of damage states
among dwellings Psi according to the aocrmal law,ieking as a
basis the gquantitative distribution of MSK scsle(d). In the
scale each intensity is estimated only by the two highest da-
mage statés, Smax to which correspond 5% of the total damaged
dwellings,and Smax-1 -about 50%. Taking the normal digiribu-
tion, the next lower damage states Smax-2 and Smax-3 musi co=-
rrespond 42% snd 3% respectively from the total dwelling mum-
ber, Then the sum of probabilities of all possible meanings
of random valus Pei is umity.

Having & mumber of relative loss values DRs for eech da-
mage states with probabilities Psr, damage probability matri-
ces were constructed(Table 1), The average probable loss va-
lues corresponding to sarthquake intensity I was defined as:

5
ADRI = DRs Ps1 (3) -
P

DRs ~ ratio sf cost of repair to replacoment cost
for damage atate s ;
Ps1 - probaebility that a strusture will experience
dsmage state s subject to earthquake inten-
gity I
I - earthquake intensity ;
s - dsmage state.

The solution of matrices comstructed for different iypes
of dwellings, 8llowed to obtain the minimum and maximum avera-
ge probable loss values, For stoneée magsonry structures for 6,
7 and 8 earthquake intensity the values compile 1 - 3%%, 14 -
-~ 22%% and 28 - 46%% of the totel dwelling cost respectively,
For brick mesonry struectures the values ave aboéut twice lower
and compile 1 - 24%, 6 - 11%% and 16 - 22%%, For wooden stru-
ctures save to the action of modérate earthquakes, for 7 and
8 intensity the values compile 0.5 = 1%% and 1 = 4%% respec-
tively. .

ESTIMATION OF AVERAGE ACTUAL EABTHQUAKE LOSSES

Por particular type of rural dwellimg the reliability of
the predictions made earlier haeve been confirmed by the apaly-
sig of data regarding losses sustalined by xural dwellings du-
ring the Dmanisi sarthquake of 2 Jenuary 1978, in Georgis,
which in epicentral area reached intemsity 8.

The sarea hit by earthquake is located in mountainous re-
gion of Georgia characterized by harsh winter conditions. Cli-
mate conditions and availability of local traditional

wheres
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building materials explanes the similarity of dwelling strue-
tural types. The predominant dwelling type in region is rough
stone structure with clay or wesk lime mortar having thick
walls and wooden rafter roof, Hence according to classifica-
tion mentioned above this structure may be related to the
first type - the most vulnerable to the earthquake,

For the purpose of assessment of actual sarthquake los-
ses we have analyzed thz insurance payments covering losses
of about 9.000 dwelling units in epicentral srea. The value
of the insurance payment after the eaxrthquake has been esti-
msted as the sum of expenditures necessary for repair or com=-
plete replacement of the dwelling,

According to the size of insurance payment and require-
ments for reconstruction, categories of losses r have been de-
termined, The latters quantilslively correspond to the necessi-
ty, availability and expsediency of reconstruction works. Each
of loss categories has besn congidered in relative values LRr
a8 ratio of insurance payment Lr to underwriting cost of the

dwell Ié
1ng IRr = Lr/Ld 4)

For undamsged dwellings was given a loss index zero., For
dwellings having light or minor damageée(falling pieces of pla-
ster, minor cracks in walls),where decorating repair was née-
ded for rebuilding, loss has been estimated of 4-8%% from the
underwriting cost 6f the dwelling. In the dwellings under se-
rious damage(large,widespread cracks in walls), where capital
repair was need, the loss was sstimsted at wide range and com-
piled 15-25%% from the underwriting cost 6f the dwelling.There
wers no cases of total collapse or ruine of the dwellings in
epicentral area. As for the dwellings with collapsed parts of
walla, they were beyond ecomomic repair and therefore were de-
molished, For these dwellings, taking into account the remain
part of materials afier demolishing, the loss was estimated
at 55-63%% from the underwriting cost of the dwelling.

On theé basis of the insurance payment lists data, compi-
led for each of 56 inspected villages, quantiliive distribution
of the dwellings according to the loss category were made.
Using isoseismal map of area hit by earthquake these distribu-
tions for villages under the same earthquake intensity I were
organized in corresponding groups.

For every single one of the three groups was considered
the ratio between thé numbeér of dwellings Nr belonging to the
less category r and the total number of dwellings Nt

¥rt = Er/Nt (5)

Values Hri and LRr allow to comstruct actual loss matrix
for stone masonry structures affected by 6, 7 and 8 earthqu-
ske intensity(Table 2).

By solution of matrix we have got the values of the ave-
:ag‘ai:chial losses comapoixding to the certain sarthquake in-

ansity

AILR1 = = Nrz LRr (6)
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For 6, 7 and 8 earthquake intens gones the averags ac-
tual observed loss compiles 7 - 12%%, 17 - 23%% and 35 - 43%%
of the insurance cost of the dwelling,

CONCLUSICHS

A comparison of predicted and actual observed values of
average losses shows satisfactory agreement for areas with 7
and 8 earthquake intensitiem. As for ares with 6 earthquake
intensity, at this point predicted values are lower than cor-
responding actual ones, The latter epparently confirms the
vulnerable point of the MSK scale taken by us as the begis of
assumed relation between damage states and earthquake intensi-
ty. It shonld be remainded, that in MSK scale move up from 6
to 7 intensity 1s accompanied by damage inerease on two units

while from 7 to 8 intensity - only on unity.

The investigation could be considered as preliminary. In
future it would be desirable to widen such investigations,
using greater number of initial engeneering-economical para-
meters.
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Fable 1 - Damage probabllity matrix
for stone masonry structures

Eﬁthuake
Damage Damage engity
] state Deseription of damage ratio | (%)
(%) 6 7 8
1 | Light Plaster cracking, thin 1=5 | 50 3
cracks in partitions |’
2 | Minor Minor cracking in T.5=-15| 5 | 42 3
walls,falling of large
pieces of plaster
3 | Heavy Large, widespread 18-25 50 | 42
cracks in walls
4 Destructiver Partial collapse of 35=60 5 | 50
walls '
5 { Collapse Total collapse of a 60-100 5
structure
Table 2 - Actual earthquake loss matrix
for stone masonry structures
, Ratio of insurance| Earthquake
) payment t6 under- intensity
B Lose category |writing cost of a (%)
dwelling
(%) 6 7 8
1 (Undemaged 0 12 4 3
2 |Decorating repair 4-8 66 52 17
3 |Capital repair 15-25 28 23 23
4 |Beyond economic 55-63 4 | 21 57
repair
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