Centro Regional de Sismologla para América del Sur

Dr. Aoder Abgmres

IONIK Secer

Cables : Commis
Yelax @ 20008 PE PB LI
Facubulie : 81-%4 319268

FECONDITIONINS OF EXISTINMSG QDOECE HORISING

T MITIGSTE TH=E EFFECTS OF EARTHCR WS

June 1991



RECONDITIONING pF EXISTING. ADOBE HOUSING TO MITIGATE THE
EFFECTS OF EARTHQUAKES

SUMMARY

In Feru, ae e the case 1 &ll of Lhe fndean countries,
adobe:  has bee fgid will continue ko be one of the wost papular
tradational bataldang natoriale ror houstag, rural wchoole  and

olbicr  public  lLuwildinge. [t 1. esztinmated thalb 634 of the rural
populaticne and TUL7%4 of caty dwellers live 1 adobe constructions,
—predomirantly sdobe "bracls", and "tapial'”. or mud-wallse.

The roacon tor 1his type of consliructicdsy 22 undoubtadly  1ts
low casts Ly (e a=e of raral constructions. the preparstion o
the neceszary malterials reduiares very modesl cnounts  or  noney,
CHteEs Lhe aebter tals are fouwnnd locally ot jmrecblically no cost, and
vzl f-consbruction s possible. Under harsh climatic ©onditions,
a1 addalranal incentive for uce of «dob? 1e  Ltte good thermal
inslation properties.

Mevertheless . the behaviouwr of adobs conmcetructions during
varthquel es. s clearly inadeguate. Thetre /e co many esanples, a
memorable we 15 the 71 may 1274 Ferd carthqgual.e. rmorth of  Lima,
which +hi1lloed mmore than S0,000 persaens, J0,d00  anaccounted foir,
L300, 0l aftected and more Lhan &0,000  cuonstrucrtons dectroyed,
practicsell , all of adaohe.

A great deal of rescarch hes been carriec cubt with adobe and
naw lecnnalogies e avallable for the construction  of tuture
adobe houees . Hawever ., cuch praogroess doese ol address the problem

of  willione of  peeople w0 eartghaboe-prone areas, who live  in
cotanbang cddobe houses, «imply aghoring btha poscabailaity that thear
p&Ethular camsnthiity could be devastated iy an earthguabe. New

recipes for "reanforced!” adobe and new bualding ltechniques that
have been and are being develaped, Jo not in any way «olve the
HSroblem  of the vast niumber of people now livaing n precarious
wdobe housing.

* Therefure, Lt 1z absolulely. ecessary; to iznitiate and carry
oult projects oriented to the reconditionung of edistaing adobe
houeing =0 we to effectively mitigate damagss and  reduce the
number of fatalilies caused by futurs earthguakes. Specafically,
the objectave iz to avold the rapid collapse of a construction,
allowing the habitanb. enough time to get out and save thear
lifew. local maloriale and cimple technigues will  be used to
lower costs Lo & very modest sun, 2o peoprle 1n poor  conwunities
will find 1t possible e i1umplement ihe "do—-1t-yourself"
s byrucions, and to do =0 wilithout having to depend on  estternal
funde  or oulside exportisz. The message 1o "vawcanate  your  home
against  wearbhguali.es and zave youwr 1ife". -1t pust be made . clear
Fhat although severe warthguabos will probably cause  signiticant
dﬁhmge tey thelr homes, they will still be dive, auvle to rebuild,
ane not buried by their homne.



1, BACKGROUND

Tn Feru, atud Lhesaghoat the dndean region, adobe has been
2nd w5 oo af Lhe o of ctignal matenrials for building houses. 1t
i oestumatod that o o ADYZ of the rural population and 37%  of

the ity duweller=s 1i.v wn adaobe homes {(Fef 1), or predominantly
arlaohes; a smaller number uze "tapial” (mud-walls).

The reason for —onctriictions cf this type is undoubtedly the
low co:ty 1n rural arcas very l1ittle money is required to acquire
snd pronere the maler-als= necessary to build a bame cr & school,
wwnce bheze ore fourd Tocally and self-construction iz customary.
In cald climates, an additional consideration for its use, is
that =scdobe has good thermal inculation properties.

Neverthnlecs, “hre  reeponse af  2dobke housee tao =eilsmic
gdomands in general 10 been poor.  HMany disasterz with high dzath
omnte . have ccoiured, moshbly in the develoning world., The worst
cage wn batin Amer v Rhis centuwr ey, with the highezt numberz  of

Totalities Aol g~ d, m&s bhe T1 May 19770 sarthquale, north  of
I ima v the Dopaariment of ancazh. that l!ailled ove- 50,000
IR ST ATy R T o0 vnmaccaan bed fFor oand 150,000 1njuwreds Aand motre

Lhiads & D0 hamee tiere doa=traoyved. mast of them built of adobe
(Fef.2).

The poar reosponze Lo seismic —induced vibrations is a result
nf  nherent mechan- i1 Timitotions oFf the matei ial. massive-
walls, — fragile ond of low resistance, and design def=cts which
dao not kate into azcount the mechanical limitations such as: long

a
walla wathout brecaneg #

rancversxl elements, excessive hszight from
T1loor t3 zZerling. “nd inadequate wall to wall joints and between
walls asnd  roof (Ret. Z). After overy impor tant earthguake a
zeries of pamphlebts and manuaels have heen published with

instructiones and recommentations on haw Lo improve the seismic
Lyshavicunyr 2f sdobe constructions. Gome of Lhe recommendations
contain contradictary appreciations and, in genéral, most if not
all e ik kased on research which would 12d led to good
resul ko,

Dince 1977, tha Engirneering Deparitment of the Cathnlic
tUnivers1ty of Féru (FIIC™) has paid speciasl attention to research
arientod to improvang the ceiesmac behawiour of adobe
constructiaons (Fef. 4, ", &, 7, 8 and 7). Mew materials have been
tosted = well a= different tvpes of construction design to
aenable new  adobe houvsing to resiot seismic vibrations. As a
result, new constiruction technologies, developed for adobe
reinforced with reeds b=z been tested with full-~zz2le meodels, on
the  PHCF ehaking ' 100 dnstallzd in the Structures Laboratory,
(Ref. 3).

2

The Internaticnel  Nevelopment Feszesrch Centre  (IDRCY) of
Canada funded = vrezearch  proje~t {(Ref. 2) &t FUCP that
studaied *the rezpor: .o o+ adebe houso= Lnder zimulated =arthguake
conditionz=. The =hai vy Lable &8 PULF, the only me of ils kEind in
Latin ameracon, supror!s & maxiovm tocad of 15 tons, mevez up  and



down and from side to side up to 15 centimeters 1in each
direction. The intensity antd characteristics of the movement are
selected to match actual acceleragraph recorde of earthquakes in
Feru. The purpose of the 1DRC~funded project was to develop
improved construction technigques and better materials for adcbe
houses, schools, «nd public buildangs, in ruwral distracts.

As a result of many years of research at FUCF and other
Andean anstitutions, the Technical ADDBE Code for Construction
E-080 was adopted in niovember 1983, and is the norm ftor all new
adobe housing (Feif{. 10).

Nevertheless, the succese of learning new techniques to
improve the swismic response of new cdobe housing will not stop
fulture earthquahes from hilling thousande ot people and damagang

beyond repasr many thousands ot homes all over the developing
warld., The criteria uswed lo invesligale how to build better adobe
houses are not directly applicable to existing adobe

constructions. which 1z of course the real problem from the point
of view of pre-rent vulnerabilaty and raish.

Therefore, 1t 18 mecessary to pursue projects oriented to
recondibioning etisking adobe constructions, so as  to mitigate
damage caused by future earthgquake shalking, making use uf local
materiales and simple do-it-yourself techniques, at a cost, &0
mwodest, that LtLhe procedure can be massively applied. Although
tmportant material damage may still occur. the lifes of the
habittanis will be spared (Ref. 11, 12).

P OBJECTIVES

The principal objective of the Froject is to evaluate and
decide on s1mple strengthenig procedures that wi1ll =nable
enisting a&adobe housing, as a function of site charactericstice,
and dimensions and type of construction, to be reconditlioned to
the extent that they will resist ceismic solicitations. and
guarantee the cccupants sufficient time, before collapse., to get
out and sawve their lifes.

The wpecitic Lashks, are the folluwing:

a. To establish « methodology to characterize types of eiisting
adobe housing, to determine prevalent shapes and sizes of
the majority of constructions. Much of thie worl has been
already Jone by the Instituto Nacional de Investigacion v
Normalicacion de la Vivienda (ININVI) (Ret. 13).

.b. To establish « simple procedure to evaluate the seismic
wgfety of «n wericting adobe house «nd to determine 1f 1t is
necessary to rewnforce it or not.

. To develop eimple reintforcang procedurcs thabt make use of
local materials Lhat can be applied without the help of
profeassionale. _
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Fe sy out b-tic and dynamic tests on the FUCF  =haking
lable: o eva iuste the nrocedure{cs) maost zppropriate o meet
the basic cbiicsotivyn of the Frolect. Tome nf the results of
past  resesrol ' FUCF on properties of materials and
dmr-ahle i a7 will be sery useful.

Dis=emination af the technoleogy developed with manuals., and
Yideo tapes in spanish and quechua as well as by field
demonstration=z. The mescage will reach pecple making use of
techniques sucze=:fully applied to nation-wide vaccination

CAMPEEIgNsS . “Gimple low cost measures will protect you and
your  family 1rom possible death, as A result of an
earthgquake which is likely to occur when least expected”.
Other possible ainducements *to be considered are, for-
example, tay 1ncentives, discounts in price of seeds
fertilizer. Malot demarstration prozects. 1in selected
lacalities will 2 carried out undetr different conditions.

WORKE PLAN AND SCOFE
The prozect will consist of three stages:
Flanning, labouratory worb xnd regional workshop.

Cropzration oy widea cassetes, manuals and pikot
Ceacmis bration project=s at selected =zites. ‘

fuszt—-e2arthguale evaluation, dissemination of roesults and
spplicestion thyouchout developing world.

Th= first «<tage, o he carried out mostly in Feru,
sesentially by FIICF, will alseo involve the Feruvian—Jdapanese
Conter  for Farthguabte Research and Mitigation of Disasters
TCIGMID) at lLhe Mational Engineering Universaity and  ININVI.
The tasks tn be performed include.

-

- Revaisiorn, ©* Lhe laiterature; characteriration of adobe
construztions an the coast and in  the mountains
(sierral; classaification of typircal construction
details. Available reports on imptroved adobe building
technigues 11n Feru, the Andean countries and, Mexico
will be analized.

- on the hasis of research resul ts of other
investigations and prior experience of FUCF, the most
promising procedur=s far strendthering existing

dwellings will be =zelected. The fundamental elements of
the experusental preogram will be defirneds numbe and
chiarectoristics of specimens, siZe. reinforcement
details, anztrumentation, intensity. displacement and
accaleration of the shaking to be applied for dynamic
testing.
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- Fruparotion ot detalled plans., censtiructlon «nd testing
of the szpecinens on  the FLUCF shaking tablez. All
activities to be recorded on video tape.

- Test resulte of the «bowve and coriesponding analysis
and wnterpretation will lead to practical

recommandations «id simple reinforcemant procedures. At
the <ame Lime, bthe resulbts will make 1t possible to
eetablish a simple procedure for the svaluation of the
selzmic wateby of an exastimg wdobe dwelling and decide
1f 1t dogs or does not need to be strenhgthened.

- A% a4 Tinal step, a regional worte<hop will be oiganilzed
to present and discuse the worl carvried out a&and  the
results obtained. A prelaiminary  vergion af the
Anetruction manual will be discusseds 1t waill present,
in clear and concise tzemes, procedures Lo determine af
i S necwessa™y Lo rewntorce the construction and how
to yo about at.

The csweond phace comprilses  Jemonstration projwecls at
dafferent swelected sikes 10 Feru and., f possible, i other
andodn couwntries. The number of zuch projects and locations
will e decirded s a result ot consultations, size of adobe-
duelling wopulation at rick . level nf vulnerabality  and
hazard potential, «and o Lhe drffz=rent cans truction
characterisiice and Toundation fsoll conditions. se & result
of Lhe aaperiencdes  dgained 1 Lhe field wath the pilrlot
PrOJec b, aoomultidieciplinary tnternational  worl ang  group
will  prepare the final version of the marnuwalszs  for massive

-

rlistrabution. probably with the help of the medio.

At Flile point, Lhe Final Reporbt on the  Frogject  wall he
praerared and presentled.

The third phase will be carried oul after «an earthqgqualke
striles a reglron where a sagniticant number of constructions
heawve  beaen  rewnforced os recommnendsd by  this Froject. A

gdetarled post-varthguake <study of the wffects of the
gat'thguube will Le lhe real test o1 the » alue of this work.
If, Aas 1S eupeched, the results confarm aor escead

expectations. Lne project, will have met its {bjective, - to
Save | LTes. '

As « result of a positive post-esrthguale ovaluation. or
even kefore, 4t would make: einss to consider saimilar
programs throughoult the adobe devoloping wor ld.

4. DURATION AND BUDGET

This proposal hns been prepared by Glaoiranco Gtarzi F. and
iz Zegarra C.,  bobl Principgal Profeoscrs  ab PUCF, al  the
reque«t of UCERESTE, in the sparat of the ILNDR. “ prancipal

objective of IDNDR 13 lo save lifes; to reduce the mortality. If



nothing vs done to rrobtect Lhe millaons now living, studying  and
work ing in precerious adobe conetructions., in earthguake—prone
areas, no  mattsr what 1 done to improve the guallity of new

R

coanstructions or Lo ordeopt pelicies regarding hetter uwse of the
and, vy to predact swrnt=, thoueand of ~talities will =till be
o resnll g f earil jrares, pprobably e2ven many  wore than  Jduring
e s os ades omply bhecavse of the ever inorzasing uwrban
rapulatinon concer Lroation,

The Tirzt tuo phases i1l he conclud=d in thres years. This
“rncludez  the preliminarv disseminabion of results, tha pilot
clemonstration prrojects and distrabution of manuale and video tape
te target areas. This aspect of the praject is, of course. a
contiraetang = ffort, whaoch will be the responsability of local and

s 1on . pkharit o~ aad commonity arganizations.

.

A detazled  prejoect document has to be prepared,  waith  the

prarticipatiaon of oy Foo =i nuperts from andean countries,
vhcluchvrg Forog,
T -timabtog oozl - - owrddcers of pegrd tude - are as faollowus, far
e el o) phorees
- Fre-trajsct recting o Tiralizce % Q000
dretz:led projeclh document
- Hooorariium 122.000
L Frrnject Di-ertor (Fart time:}
a0 - Tée Z7 L 000
T Francipal investigators (Fart htims)
T w A 7g, 00
7o Technical Susst=tant 211 Eime
SO0 T SO, a0n
1 Gucial Sgiendt oot full btime
Y5 [ & BRI & D)
- Gecretarial cerviees (full time) i 12, N
(Camagunicat ione, sccouvntanag)
- Disgemination 0, 200
Fublicebioh cozts (Manual) and
Yideo Tapss 14 500
Distributibin AL 000
Tinel report (LO30 copiesh 1R 000
ey . -
- Trternational MWor Dshop in Lima AL B00
- Filol demaotishrabiran projects (b)) HO L D00

% 1A ez e

TOTAL & 297.500



The approxamate cost of & thaird plhiacw - post-earthaunake sisd
month evaluation., puolications of the mrtigation value of  the
project. ihcluding  technical selocwlc response s btudies of the
strengthened adobe caonstructions, 18 ectimatzd at $ HI, 000,

Drescminaglion «nd application in other countries, ocutside of
the andean (Latin  Amerioan?) region -~ other then pPrimary
distribution of a comprehensive report. is not coneldered within
the scope ot the Froject.
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REGIONS OF THE WORLD
WHERE EARTH
CONSTRUCTION IS
ABUNDANTLY
REPRESENTED.

(Source: CRATERRE)
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