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ABSTRACT

A brief account on the characteristics of the seismic
region and events in Chile reveals interesting
indices in understanding the present day Chilean
seismic design code. The present article points out
someof themost important provisionin the Chilean
code that could have led to the relatively small
number of casualties at the seismic event of
February 27 2010. By comparing the Chilean code
to the Romanian one, the goal is to underline the
differences and the similarities regarding both the
conceptual and formal aspects. Observations are
pointed out by means of comparative graphs of
significant parameters. Based on statistics of
recorded damage published after the earthquake,
some comments are made about the importance of
the quality of seismic codes and of the
effectiveness of their enforcement.
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1. SEISMICITY OF CHILE

Chilerepresentsapoint of specid interest to
the earthquake engineering, ason theterritory of
thiscountry thereareregionswith oneof thehighest
degreesof saismicity intheworld.

Themain seismic sourcein ChileistheNazca
subduction zone. Inthisarea, Nazcatectonic plate
subductswith arelatively high velocity (80 mm/
year) to the South Americatectonic plate(Fig. 1.).
Asaconsequence of thiscollision, the model s of
the seismic source which affects Chile can be

REZUMAT

Un scurt istoric, precum si caracteristicile zonei
seismice si cutremurelor de paméant din Chile releva
indicii interesante in intelegerea actualului cod de
proiectare seismicd chilian. Articolul de fata
evidentiaza unele dintre cele mai importante
prescriptii din codul chilian care ar fi putut conduce
la numarul relative redus de victime la evenimentul
seismic din 27 februarie 2010. Prin compararea
codului chilian cu cel romanesc, se urmareste
evidentierea deosebirilor i asemanarilor, din punct
de vedere conceptual, dar si formal, dintre cele
doud coduri. Observatiile efectuate sunt puse in
evidentd pe baza graficelor comparative ale unor
parametri semnificativi. Pebazastatisticilor privind
avarierile inregistrate la cutremurul mentionat, sunt
efectuate unele comentarii privind importanta
calitatii codurilor de proiectare seismica si a
eficacitatii aplicarii acestora.

Cuvinte-cheie: Chile, cod seismic, cutremur, factor
de comportare / reducere, coeficient seismic,
spectre de proiectare

described as: subduction interface and intra-slab,
crugtd faultsand background saigmicity [ 1]. All these
lead to shallow crustal earthquakes, typical for this
area.

Theearthquakethat |ed to the greatest number
of casudtieswasthe one on January 24" 1939, at
local hour 23:32, with M, =7.8, M, =8.3 and the
epicenter at Chillan. Theearthquakewasashallow
crustal one (60 km deep) and caused the loss of
30.000 human lives. A pproximately 3500 buildings
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Nazca
plate South American
late
Antarctic
plate

Fig. 1. Pacific Tectonic plates from South America
and Pacific Ocean [2]
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Fig. 2. The epicenter of the February 27" 2010
Chile earthquake [5]

collapsed a theinitia shock; after the aftershocks,
95 9% of thecity wasdestroyed. Thedectrica power
went down, the drinkable water supplies were
serioudly damaged and most of the representative
buildingsinthetown weredestroyed [3].

The earthquake with the highest magnitudein
Chile is, at the same time, the strongest ever
recorded in the world, with amoment magnitude
M, =9.5. It occurred on May 22, 1960, &t thelocal
hour 14:11, with the epicenter at Canete. It affected
mainly Valdiviacity, henceitsname: “The Great
VddiviaEarthquake’ . Asaconsequenceof theinitid
shock, tsunami wavesformed and affected thesouth
of Chile, the Hawaii Archipelago, Japan, the
Philippine Islands and the west coast of theU. S.
The damages could not be estimated accurately
because of the large surface affected by the
earthquake. Different sources mention casuatiesof
2231, 3000 or 5700; as regarding the economic
losses, sums between 400 and 800 million USD
were estimated. In Valdivia, 40 % of the housings
were destroyed. Themost affected were concrete
structures, one of the main causes of the damage
being thelack of aseismicdesign. Thetraditional
wood dwed lingsbehaved better; most of themwere
still standing, athough someof them werenot safe
enough for occupancy [4].

From 1973 until nowadays, in Chileoccurred
13 seismic eventswith magnitude over 7 (USGS).
Amongthese, oneof themaost important aretheone
in Santiago, on March 31985, with amagnitude
M =8.0, and 177 casudlties, and the one on July
30" 1995, in Antofagasta, with only 3 lost human
lives

Given thenumerous selsmic eventsand dueto
the devel opment of earthquake engineering and
seismic design, efforts have been madein Chileto
implement advanced design codes. After the
earthquake in 1960, the Chilean government
financed theresearch work for aseismic design code
for new buildingsand, in 1993, accordingto AIR
Worldwide®, al the Chilean codeswerereviewed
to include the newest methods and techniques
available. Starting with year 2003, the local
authorities have gradually introduced, with the
ass stance of theAssociation of Chilean Structura
Engineers, a regulation by which seismic and
structural computationswereto beverified by an
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independent professional, authorized by the
Congruction Minigtry.

Thesemeasurescould represent oneof themain
reasons for which the number of casualties was
relatively low (about 300 according to some
reviewed estimations[7]) a themagnitudeM =8.8
seismic event of February 27 2010. Theinitial
shock took place at the local hour 03:34, the
epicenter beinglocated at about 325 km south-west
from the capital, Santiago de Chile, and at
approximately 115 km north from Concepcion, the
second largest city in the country, having over
200,000 habitants. Thelatter wasthemost affected
one(Fig. 2).

The seismicmotion of theinitial shock lasted
for gpproximately 3 minutes. During themonth that
followed, 257 aftershocks (until March 20™), 18 of
which had amoment magnitudegreeter than 6. The
epicenters of these aftershocks extend on avery
large area, dongtherupture surface (Fig. 3).

Thedepth of the hypocenter of theinitial shock
wasestimated at 35 km. Initialy, atsunami warning
was issued for Chile and Peru, which then was
extended for the entire Pacific area, with the
exception of the west coast of the USA and of
Alaska. Theextension of thetsunami waveswas,
fortunately, smaler than expected. In Concepcion
city, strongly damaged buildings and fires were
reported and theaccess of rescueteamswaspartidly
hampered dueto damaged infrastructure[9].

2. THEPRESENT CHILEAN SEISMIC
DESIGN CODE

2.1. General

Thepresent seismic design codein Chile (with
theindicative NCh433.0f96) [ 10] wasimplemented
in 1996 and has not been updated since then. For
theindustria buildings, aswell asfor baseisolated
systems, separate codes have been enforced in
2003. Asaconsequence of the effects of the last
recorded earthquake, the one on February 27t
2010, nowadays research is being carried out in
order to updatethe NCh433.0f96 code[11].

According to the Chilean code, theterritory of
thecountry isdivided into threeseismic zones(1, 2
and 3), which specify the pesk ground accel erations,
A, (Fig. 4and Tablel).
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Fig. 3. The epicenters of the aftershocks
following of the February 27t 2010

Chile earthquake [8]
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Fig. 4. The NCh433.0f96 Chilean code: seismic
zonation map of the PGA values for the
North region of the country
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Table 1.
Seismic zone Ao
1 (at the border with Argentina) 0.20¢g
2 0.30g
3 (shores) 040g¢g

The code provides aclassification of the soil
typesinto four categories (Table 3), aswell as of
thebuildings, according totheir importance, dsointo
four categories(Table 2).

Asregarding thesaismic design procedures, the
code specifies two methods:. the static method
(corresponding tothemethod of thestatic equiva ent
laterd forcesinthe Romanian code) and the spectra
moda analysismethod.

Table 2.
The importance class of the I
building
A (high importance) 1.2
B 1.2
Cc 1.0
D (low importance) 0.6

2.2. The static method

The static method is applicableto structures
which satisfy thefollowing conditions:

- arebuilt on soil type C (unsaturated sands
and gravels, cohesive soilswiththeundrained
shear, s, between 0.025 and 0.10 MPa) or D
(cohesive soilswiths = 0.025 MPa) and are
located intheseismic zonel (withthe PGA =
=0.20g—-Table l);

- do not exceed 5 stories or 20 m height;

- for the structureshaving 6 to 15 stories,
the application of the method is permitted
provided that: (1) theratios between thetotd
building height and themodal vibration periods
withthehighest trand ationd equivdent massin
“X” and “y” directions are at least equal to
40m/ sand (2) thedistribution of the horizonta
salsmicforcesof the static method issuch that
shearsand overturning momentsat each level
shdl not differ with morethan 10 % with respect
to those obtained through a spectral modal
analysiswith the same base shear force[11].

Additionaly, the applicability of themethod is
limited to the zoneswith A =0.20g.

The base shear force, Q_, is determined
accordingtotheformula:

Q, =CIP (2.1)
where C=saismic coefficent; | =coefficient taking
into account theimportance class of the building

(Table2); P=thetotd weight of thesuperstructure.
Thesasmiccoefficient, C, isgivenby:

C= 2.75x A, ng_*@g

grR ¢eT g

where n, T' = parameters depending on the

foundation soil (Table 3); A, = peak ground

accd eration; R=seismicresponsereductionfactor;

T =thevibration period of themodewith thehighest

trandational equivalent massin the direction of
andyss.

(2.2)

Table 3.
Foundation S To T¢
soil is] | [s] n P
| 0.90 | 0.15 | 0.20 | 1.00 2.0

Il 1.00 | 0.30 | 0.35 | 1.33 15
0l 1.20 | 0.75 | 0.85 | 1.80 1.0
v 1.30 | 1.20 | 1.35| 1.80 1.0

Thevdueof thesaismic coefficientislimitedto
aminimumvalueof A/ 6gandto maximumvaues
accordingto Table 4.

InTable4, Sisacoefficient depending onthe

soil type.

Table 4.

R Cmax

2.0 0.90StAs/ g
3.0 0.60 S As/ g
4.0 055SxAy/ g
5.5 0.40 SxAo/ g
6.0 0.35SxAo/ g
7.0 0.35S1Ao/ g

Thedistribution of the seismicforcesover the
height of thestructureis proportiona with themass
and the height of each floor with respect to the base
of thebuilding, asfollows:

F. = N'Ak—xpkao (2.3)
o A ij

j
j-1

T Y

where
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and Z =thedistancefromfloor kto the baseof the
building; H =theheight of thestructure.

According to NCh433.0f96, the structures
withtwo or morelevelsand withnorigid digphragm
a the uppermost storey may be computed asif there
was such adiaphragm. Nevertheless, in order to
design afloor which cannot play theroleof arigid
digphragm, eech dement resstingsaismicforcesmust
be designed to resist ahorizontal acceleration of
1.20F, g/ P, timesthe corresponding mass.

The results given by the static method,
determined by applying independent seismicforces
on two directions, must be combined with those
obtained from theaccidenta torsionanayss. Thus,
a eachlevd, torsional moments, computed asthe
product betweentheequivaent staticlateral load at
the given storey and the accidental eccentricity,
should beapplied:

+ 0.10bkka/ H for thesaismicactioninY
direction
+0.10b_Z, / H or the seismic actionin X
direction
whereb,_and bky arethelargest dimensionsof the
structure, inthe Xand Y directions, respectively, at
story leve k.

This prescription is similar to that in the
Romanian code P 100-1/ 2006, with adifference
inthecomputation of theaccidenta eccentricity. In
the Romanian code, the accidental eccentricityis
computed withtherdation:

e, =+ 0.05L (2.5)

wheree, =theadditiona eccentricity of themassat
level i with respect to the position of the gravity
center, applied onthesamedirectionat al levels;
L, =thedimension of thefloor perpendicular tothe
direction of thesaeismicaction.

2.3. The spectral modal analysis method

The spectral modal analysismethod canbe
applied to structureswith regular vibration modes
and critical damping ratios of approximately 5 %.

In this method, the design spectrum is
determined with:

s =1 'Aa (2.6)
R

where| and A havethevaluesgivenin Tables 1
and 2 and a (fig. 5) is an amplification factor
determined for each vibration mode, n, with the
formula

1+45§

&IIO

Tf

1+ gT
To ]
in which T = the vibration period for the n-th
vibration mode, T,, p = parameters depending on

thetype of foundation soil (Table3).

(2.7)

Thereductionfactor R (Fig. 6) iscomputed
as
R =1+ T— (2.8)

01T, +
Ro

where T" =thevibration period of themodewith
the highest trandlational equivalent mass in the
directionof andysis; R, =thegloba reduction factor
of thestructure, givenintablesby the Chilean code.

For structureswith reinforced concretewalls
or withwallsand frames, NCh433.0f96 alowsfor
asmplified computation of the reduction factor,
according tothe expression below:

R =1+& (2.9)
AxT *Ry+N

where N = number of storiesof thestructure.

The amplification
e factor, a

0 0.5 1 15 2 25 3
T[sl

—Type | foundation soil ——Type Il foundation soil

Type lll foundation soil ~ ——Type IV foundation soil

Fig. 5. The amplification factor, a,
for the four soil types in the Chilean code
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12 Reduction factor, R*

Tl

= Sgil type | - 3D frame structures, structures with RC structural walls, steel structures with braced frames

-Ro=11

= Soil type | - Reinforced masonry structures, with RC elements - Ro=9
= Soil type | - Wood structures - Ro=7

= Soil type | - Reinforced masonry structures - Ro=4

——Soil type | - Reinforced masonry structures (clay bricks) - Ro=3

= = Soil type IV - 3D frame structures, structures with RC structural walls, steel structures with braced

frames- Ro=11

= = Soil type IV - Reinforced masonry structures, with RC elements - Ro=9

Soil type IV - Wood structures - Ro=7

= = Sail type IV - Reinforced masenry structures - Ro=4

= = Soil type IV - Reinforced masenry structures (clay bricks) - Re=3

Fig. 6. The reduction factor, R*, for foundation soil
types | and IV and different types
of structural systems

R*

Reduction factor, R*, for structures with structural walls or
with both walls and frames

Number of levels
Soil type | - Structures with structural walls or with more walls than frames - Ro=9

== Soil type | - Dual systems mostly with frames - Ro=4
= = Soiltype IV - Structures with structural walls or with more walls than framesi - Ro=9

= = Soil type IV - Dual systems mostly with frames - Ro=4

Fig. 7. The reduction factor, R*, in the Chilean code

for structures with reinforced structural walls
or with both structural walls and frames
(dual structures)

Depending on the amount of the contribution
of wallsor framestothelaterd forceressting system,
R, cantakethevalues4or 9.

Thevariation of thereduction factor, R, with
vibration period and structurd systemtypeisshown
inFig. 6, for thesoil typesl and IV. Thediagramsin
Fig. 7 were obtained by plotting the ssimplified
formulaof thereduction factor for soil types| and
IV. For theintermediatetypes|l and I11, thevalues
of R arein between.

Theupper and lower limitation of theseismic
coefficient in the Chilean norm, mentioned
previoudy, inthe paragraph about the static method,
isasovdidfor themoda responseanayssmethod.

Fig. 8 shows, for comparison, design spectra
computed according to the Chilean code, for
reinforced concretestructures, by usngbothanaysis
methods. Thefollowing valueswere considered:
foundation soil typelV; A =0.40g. Asfor theva ues
of thefactorsR and R, they were correlated in order
to correspond to the sametypesof structures(R =
=11 and R=7for reinforced concrete structures,
R,=R=3for masonry structures). Onecan notice
thesmall differences between the spectracomputed
with theformul ae given by each method.

Design spectra

TIs]
= \odal response spectrum method for soil type I - Ro=11
= Modal response spectrum method forsoiltype - Ro=3
= Modalresponse spectrummethod for soiltype IV - Ro=11
—— Modal response spectrum method for soiltype IV - Ro=3
= = Staticmethod forsoil typel - R=7
= = Staticmethodforsoil typel - R=3

= = Staticmethod forsoil type IV- R=7

= = Staticmethod forsoil type IV- R=3

Fig. 8. The Chilean code: design spectra for
two seismic analysis methods
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3.SOME COMPARISONSWITH THE
ROMANIAN SEISMIC CODE,
P100-1 / 2006

Despitethetotally different seismic contexts of
Chile and Romania, the basi c concepts of thetwo
codes arefundamentdly thesame. Thisalowsfor
someinteresting compari sonsto be made.

3.1. Static method

In order to eliminatetheinfluence of the peak
ground acceleration, A, the valuesof the Chilean
seismic coefficient C, as computed in the static
method, were divided with A/ g. A normalized
design spectrum, denoted by C*, was thus
determined, for different Rvalues. Thelower and
upper limitsof C, specified by the Chilean code,
wereasodivided by A,/ g. Theresulting spectrum
isandogous, assgnificance, tothenormdized design
response spectrum in the Romanian code, P100-1/
2006, which will be denoted here by b*
(b*(T)=S,(T)/a,). By plotting the Chilean
normalized design spectrumfor R=7 and for soil
types | and 1V, the continuous line diagrams in
Fig. 9wereobtained. Thesmal circular markerson
thegraph, located at the extremities of the constant
vauezones, show positionswhich areand ogousto
the ordinates at the corner periods, T, in the
Romanian code. Thenormdized design acceleration
spectra, accordingto P 100-1/ 2006, were plotted
on the same graph, with dashed lines, for the
maximum and minimum va uesof thecorner period,
T.,i.e.0.7and 1.6. Thenormalized design spectrum
for the Banat zone, with T_= 0.7, was al so plotted.

Fig. 9 shows the differences between the
normali zed e asti ¢ response spectraspecified by the
two codes. Thesedifferencesaregiven by the specific
characteristics of each seismic zone in the two
countries, but also by the different approach in
cons dering theeffectsof ground conditionson code
spectra. Accordingly, the spectrain the Romanian
code reflect the characteristics of the subcrustal
Vrancea earthquakes, respectively of the shallow
crustal Banat seismic events. Inthe Romanian code,
the normalized elastic response spectra do not
depend onthesoil type, their shapebeing established

Normalized designspectra

1,00 -
1 — = PL00-1/2006, Tc=0.7, =6.75

080 %“ — - PL00-1/2006, Tc=L.6, G6.75

mn = =P100-1/2006, ¢76.75, Banat

% 0N — NOM33.0196, Soi Type IV, R7
o0 — NCH33.0196, Soi Type |, R7

Fig. 9. Normalized design spectra, C* (according to
NCh433.0f96, static method: continuous lines)
and p* (according to P100 1/2006:
dashed lines)

Maxi mum seismic coeffigents
0.6 -

0.5 | Gra(FO)=0587 (Te-ls =15, 30,329

04l Guax(@) =0.468 (i1 Type v, R=2, A;=0.400)
O 03]

0.2 4

0.1+

i (CL) =0.063 (Soil Type I, R=7, Aj=0.20g) '
. ower limit) =0.033 (Soil I, R=7, A;=0.200)

0 05 1 15 2 25 3 35 4

T[Sl

Fig. 10. Maximum and minimum seismic coefficients
according to the Chilean code (continuous line)
and to the Romanian code,
with A = 1 (dashed line)

only based onthe corner period, T... Onthe other
hand, the Chilean codereflectsthe specificity of the
shdlow crugtd saismicactivity affecting thiscountry,
classifying the spectrafunction based on afactor
depending ontheground conditions, S(Table 3). A
significant feature of the Chilean spectrais the
absenceof thelinear part Stuated betweentheorigin
of thegpectrum and the horizonta upper limit. Thus,
the Chilean spectrum hasashape somehow similar
to the spectrain the previous Romanian seismic
codes, P13-63 and P13-70.

Fig. 10 shows, with continuousline, diagrams
of the seismic coefficient, C, for the highest and
lowest values of the reduction factorsgiven by the
Chilean code, i. e. R = 7 (the maximum value
correspondsto reinforced concrete structures) and
R =2 (the minimum value correspondsto specia
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structures that cannot be included in any other
category) and for soil typesl and IV.

On the same diagram, seismic coefficients
according to the Romanian code were plotted with
dashed line, for themaximum and minimum va ues
of the behavior factor specified by thecode, g, i.e.
g=6.75 (maximum valuefor reinforced concrete
gructuresof ductility dassH) and g=1.50 (minimum
allowed valuefor reinforced concrete structures).
TheA,anda, vauesinthetwo codeswerechosen
accordingly, inorder to obtain the maximum and

Normalized elastic
acceleration spectra

3.5

o (NCh433.0f96) and B(P100-1/2006)

0 0.5 1 15 2 25 3 35 4
T[s]

3z, soil type I alfa, soil type Ill

beta, Vrancea, Te=1s

32, soil type |
= = beta, Vrancea, Tc=0.7s
= = beta, Banat, Tc=0.7s

= lfa, soil type IV
beta, Vrancea, Te=1.6s
Fig. 11. The amplification factor, a, in the Chilean code
(continuous line), as compared to the normalized
elastic acceleration spectra, § (T) in
P 100-1 / 2006 (dashed line)

Reduction factors, R* and behavior factors, q

R* max=11.43

R¥min = 3.68

Tl
= Reduction factor, R* for soil type |- 3D frame structures, structures with RC structural walls, steel
structures with braced frames - Ro=11
Reduction factor, R* for soil type IV - Reinforced masonry structures (clay bricks) - Ro=3

= = Behavior factor, ¢=6.75 for RC structures (P100-1/2006)

Behavior factor, g=1.5 (P100-1/2006)

Fig. 12. Reduction factors, R* (Chile, spectral modal
analysis method) and behavior factors, q (Romania):
minimum and maximum values

minimum possiblevauesof thesaismic coefficients.
Dueto lack of data, it cannot be confirmed whether
the chosen combination of Chilean parametersis
actualy met onared ste. Theconsidered vauefor
T is that for the city of Focsani (T = 1), which
waschosenasitislocatedinthezonewiththehighest
a, specified by the Romanian code. Thecomputation
of the seismic coefficients according to P100-1/
2006 wasmade by considering L = 1intheformula
of the seismic base shear force, according to the
equivalent lateral static force method. For both
codes, computations were made for the case of
ordinary buildings (importancefactorsequal to 1).

Thevduesof thesaismic coefficientsinthetwo
codes lie between the corresponding highest and
lowest curves. It can be observed that both the
highest and the lowest values of the seismic
coefficient (0.587 and 0.033, respectively) are
obtained for the Romanian code.

It should be mentioned that the Romanian code
does not specify a lower limit for the seismic
coefficient, asdoesthe Chilean code. Such alimit
was introduced in 2010 by the adoption of the
Eurocode 8 (EN 1998-1:2004) as a national
standard. The Romanian National Annex to this
European norm specifies that the values of the
normalized design spectrum, b*, should not be
below 0.2. Interms of the comparisonin Fig. 10,
thiswould mean alower limit of 0.016 for C.

3.2. Spectral analysis method

By andyzingthespectrd andyssmethodinthe
Chilean code, it can benoticed that theamplification
factor, a, has, asacorrespondent in the Romanian
code, the elastic design spectrum, B (T). Fig. 11
displays acomparison between the variation of o
and s withvibration period.

In what concerns the reduction factor in the
mentioned method, R’, its correspondent in the
Romanian codeisthebehavior factor, g. Unlikethe
Chilean code, the Romanian code (inasimilar way
to Eurocode 8 and to the American codes), does
not specify avariation of the behavior factor qwith
thevibration period of thestructure.

The maximum and the minimum val uesof the
reduction factor in the Chilean code, and of the
behavior factor, g, in P100-1/ 2006, respectively,
areshowninFig. 12.
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Further andysisof the February 27,2010 Chile
earthquake, including processing of some
significant ground motions recorded during the
event, can befound, among others, in[17].

4.FINAL REMARKS

Therecent seismic event in Chileon February
27" 2010 brought once again into attention, dueto
therelative reduced number of casudtiesgivenits
magnitude (M, =8.8), theimportanceof theseismic
design codesinthe mitigation of earthquakeeffects.

The NCh433.0f96 Chilean seismic code
providesaset of coherent ingtructionsfor earthquake
design, including detailed procedures for the
evauation of seismic designforcesaccordingtothe
specific saamicity and soil conditionsof thecountry.
However, Chilewasnot spared of building damage
and collapse during the earthquake. According to
preliminary reports, among the causes could be
identified: very largepesk ground accel erationsthat
reached 0.56g locally [ 15], much larger effective
spectral ordinatesat certain stations, as compared
to those predicted by the code[15], poor detailing
of reinforced concrete shear walls[ 18], [19] etc.

Apart fromthecausespeataningtouncertainties
inherent to earthquake hazard assessment, building
damage and collapse, especidly those of high-rise
reinforced concretewall structures occurred also
due to some deficiencies of the NCh433.0f96
Chilean seismic code. For instance, the satisfactory
behavior of these structuresduringtheMarch, 1985
Chileearthquake encouraged Chilean code-writers
to pay less attention to the specific provisions
concerning their design and detailing. As a
conseguence, eventhoughtheclausesB.1and B.2
of the 1996 code specified that the appropriate U.S.
codes (ACI,AlISC andAlSl) should be used, until
the revision of the national codes, for the
dimensioning and detailing of concrete and steel
structures, this requirement was waived for
reinforced concretewall structuresby clauseB.2.2
of the same code. Subsequently, most of the
observed damagein structural wallswasdueto the
lack of confinement of boundary elementsat wall
endsandtoinsufficient measuresfor ductiledetalling
(19 requirementswhich wereincluded inthe ACI
318-95 code, but not inthe Chilean code. Itisworth

noting that, according to astudy cited inthe above
reference, from 640 Chilean buildingswith more
than 10 storiesand built after 1950, 76.7 % were
reinforced concretewall structures, while 21.6 %
used wall-frame systems. Taking into account the
previously presented regulatory context, such a
categorical predominanceof wall or dua structures
would suggest an extreme vulnerability of the
medium- and high-rise building stock in Chile.
However, according to the statistical datacollected
after the 2010 earthquake, that was not the case.
An estimation made by Rene Lagos, citedin[19],
revealsthat, if only structures built between 1985
and 2009 are considered, just 4 buildings collgpsed
and about 50 had to be demolished. This is
equivdent toapercent of 0.5%faluresfor buildings
with 3 or more storiesand of 2.8 % for buildings
with 9 or more stories, from thetotd building stock
intheandyzed category. Moreover, if dl engineered
structuresin Chilearetaken into account, it results
that lessthan 2.5 % of those suffered damage and
that, out of about 400 casualties, less than 20
occurred in engineered structures. The explanation
of theselow figures can befound in the advanced
nationally available know-how in the field of
structural design andintherigorousstructural and
seismic review of building designs, required by the
Chileanlaws[19].

The above aspects point out once again the
importance, for themitigation of earthquakeeffects,
of the quality of seismic design codes and of the
effectivenessof their enforcement.
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