th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

IMPLICATIONS OF COMPLEX SEISMOTECTONIC SITE CONDITIONS
ON SEISMIC DESIGN OF LARGE DAMS

M. Wieland"

' Chairman, ICOLD Committee on Seismic Aspects of Dam Design, Poyry Energy Ltd., Zurich, Switzerland
Email: martin.wieland@poyry.com

ABSTRACT

The implications of complicated seismotectonic sitmditions on the selection of the dam tyged th
seismic design are discussed. As a case studydpesed Rudbar Lorestan dam in Iran is u3de dam i
located at a distance of ca. 1.6 km from an adst, which is capable to produce earthquakéh &
maximum magnitude of up to 7.5. The site is at mavagorge with almost vertical abutments anddhar
several faults and other discontinuities in thetfdat of the dam, which can experience moeats durin
strong earthquakes. The discontinuities (old faydists, bedding planes etc.) in the dam foundediee shoi
and are not seismogenic. The following dam typesdiscussed: RCC gravity dam, earth core roc#ln
and concrete-face rockfill darbue to the topography a concrete dam would belléus solution. For sit
with active faults embankment dams are recommergetCOLD. At such a site, foundation movements
acting at several discontinuities and ground sltpalact togetherThe peak ground acceleration of
horizontal component of the safety evaluation emrdike at the dam site is estimated as O.Faul
movements in the footprint of a dam are probabéyrttost severe conditions a large dam may experiemce
may cause severe cracking in concrete darherefore, the seismic analysis must be carriedfauthe
cracked dam, which is a difficult task.

Concrete damembankment dam, fault movement, dam founde
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1. INTRODUCTION

The seismic hazard is the most severe hazard fnenmatural environment to be considered in thegdest
large dam projects located in areas of high seigmithe earthquake hazardasmultiple hazard as besi
ground shaking, earthquakes can causaigplacements along potentially active faults ia ¢tam foundatio
(if) fault movements in the reservoir, resultingtiie loss of freeboard and/or may geteraater waves in tl
reservoir, and (iii) they can trigger landslidesl aock falls into the reservoir, causing impulsivaves, etc.
It is also a welknown fact that the earthquake hazard is one ofléhst known hazards. Especially
estimate of the ground motion at the dam site ier dtrongest etlirquakes with a very low probability
occurrence is difficult and associated with largeertainties. Therefore, thorough investigation is neec
for the estimate of the ground motion of the diéferdesign earthquakes.

This paper gives an overview on the geologic anshsgectonic settings of the dasite, and the desi
aspects of dams, which can cope with both severdgemke ground shaking and displacements i
footprint of the dam. Due to the vulnerability adncrete dams and especiallicla dams to displaceme
along discontinuities in the dam foundation, theémmoncern of the seismotectorstudy is related to tl
identification and assessment of movements in #me undation during strong earthquakese presence
active faultsand the possibility of movements along discontiegiin the footprint of the dam during str
earthquakes may have severe consequences ondbiosebf the dam type and the dam site.

Moreover, due to its size and location in a higldgtonically stressed region with nuroes faults
reservoir-triggered seismicity (RTS) causedthg filling and/or operation of the reservoir igitg likely.
Although, this may not be a direct concern for sagety of a weldesigned dam and appurtenant struct
RTS can still trigger mass movements into the k@serdamage buildings and infrastructure, whickehao
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been designed against earthquakes, and may cdagecmcerns of the pofation in the downstream valle
These psychological concerns have to be takenustyiorhus, at such sitessaismic monitoring system m
be installed in the dam and reservoir region piaothe construction of the dam. This system mush the
operated for several years and shall cover thetieation period, as well ake phases of filling and operat
of the reservoir.

The present paper is mainly concerned with theiptalearthquake hazard tife proposed Rudbar Lores
Hydropower Project located in the Zagros Mountaimdg in Iran, a tectonically very active region.

2. DISCUSSION OF SEISMOTECTONICS OF RUDBAR LORESTAN DAM SITE

The Rudbar Lorestan dam project is located withan Zagros fold and thrust belt in the south of Adigr:
city in Iran. The height of the proposed dam is &58nd the reservoir volume is about 200 millioh m
The geologic and seismotectonic setting can be suined as follows:

1. The dam site is located within a narrow valley wittry steep walls. Dolomites of Dalan forma
(late Permian) have formed both valley walls (Big.

2. The met important and closest active structure to thedddu Lorestan dam site is
Saravand-Baznavid fault (SBF), a segment of thed&lylain Recent Fault (ZMRFIhe ZMRF is
Quaternary right-lateral fault located between #swmuthwestern part of Centrdtan and th
northeastern part of the Zagros active folded lrelthe west of the country. The ZMRF is a strue
formed by a succession of individual fault segmeriise forizontal slip rate along this fault
estimated at 10 - 17 mm per year.

3. The SBF with a length of ca. 100 km is an activdtfdt is located along the Dorud fault (a segr
of the ZMRF), which was ruptured during the Jan8y1909 Silakhor earthquake (Ms 7.4).

4. SBF is located at a distance of about 1.6 km frieengroposed Rudbar Lorestan dam site.

5. The most important seismotectonic feature visibltha dam site is the F1 fault. This stri&igy faull
is located in the left abutment and has the divaadf the river. Dip of the fault plane is nearly*@&nc
the maximum fault offset is about 6 m. This fauithaa length of less than 1 ki not a seismoger
fault. An adit excavated perpendicular to the F1 fau#t slaown that there are several parallel f
within a distance of 10 m. Reliable dating of thestrecent fault movements was not possible.

6. Another fault is located in the right abutment oradly called F10. In spite of features similarthose
of F1 fault, it was concluded in an early projelsape that this fault was a joint.

7. There are numerous other faults and discontinufgiesfaults, joints, bedding planes, ¢tat the dar
site, which have different orientations.

RS

Figure 1: Rudbar Lorestan dam site in Iran: Viesnfrdownstream to narrow gorgedam site (left) and fat
surface (F1) perpendicular to dam axis at left miewmt during excavation of access road (right)
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Several seismotectonic investigations were perfdrimg different international and local exper#ss the
seismotectonic conditions at the dam site are gemgplex,different interpretations of possible movemen
the footprint of the dam were presentéd.fault movements in the footprint of dams haireat implication:
on dam safety, the optimum dam type had to be wedebasedn the seismotectonic assessments pres
by the seismotectonic experts.

The following is a brief summary of the history thle seismotectonic assessment of the damasiteth
resulting changes in the dam type:

» The narrow valley with an aspect ratio of cresigtento dam height of about 1 and the goodk
properties at the site were the main factors ferdhginalconsultants to propose an arch dam. At
time it was assumed that the dam site is stable.

e Further site investigations and the congtinn of an access road, which showed the F1 &utie lef
abutment (Fig. 1), called fan updated study on the dam type. At that tinvea concluded that |
was active (and F10 was a joint) and that horizantavements up to 0.50 m could occurairsingle
event along this fault. It was also assumed thaithximum fault width was less than 0.5For the
design of the dam a seismotectonic model was sedcih which the two abutments can mc
relatively to each other along fault F1. A companif different dam types (ardravity dam, gravit
dam, embankment dam) has shown that an RCC grdaity with a slip joint at the left abutm
would be the most economical solution. As a refeeguroject the Clyde gravity dam in New Zeal
which also has a slip joint, was used.

* The additional seismotectonic investigations cdrio@t in connection with the review of tiCC
gravity dam with a slip joint clearly indicated thhe seismotectonic model used was optimistic a
important features such #e blocky structure of the relatively brittle koi the footprint of the dar
which was formed by different types of discontirest(old faults, bedding plangeijnts etc.), and al:
the width of fault Flof at least 10 m, were notetaknto accountlt is now assumed that moveme
can occur along severaf the discontinuities in the footprint of the dasmring a very stror
earthquake at the SBF located close to the dam Hiierefore, the proposed slip joiot the RC(
gravity dam would no longer be feasilds other joints would have to be added and sinterio
possible to prevent movements at the discontirsulie structural means. It was alsssumed that
will be extremely difficult to predict the maximumlisplacements, which could occafong th:
discontinuities in the footprint of the dam. Basedthese changes in the basic seismotectonic ¢
assumptions (design criteria for fault movementisgre is a need for further clarification on
optimum dam type.

The seismotectonic situation at the Rudbar Loredtan siteis such that it cannot be predicted reliably \
will happen during a very strong earthquake atnarby SBFThe dam site is unique as any other dam
however, the special features of the site and tingilications on the selection of the dam tygals fol
additional investigations and studies.
In international guidelines (ICOLD, 1998) the followi statements related to a dam with potentiallyve
faults in its foundation can be found:

« “Recognizing and a@pting the existence of a capable fault in the danmdation requires dras
steps. The site should preferably be abandoneavouf of a tectonically more stable one.”

« “There are cases when it is not possible to fitgkctonically more reliable sitén such cases, concr
dams should preferably be eliminated as an adwsabloice and an embankment dam
conservative features is to be considered.”

» “Situation may develop when fault activity potehttd a dam site is uncertain and the geologist in
charge cannot make decisive conclusions as todpabdity of the foundation fault. Then the ¢
engineer must formulate the decision considerihthalissues. But a general rule in such situatis
to lean towards the side of safety because thereatf the problem requires quite a conserv
approach.”

« “While special joints in concrete dams can be ithiced with a measure of confidence in cases
a well defined fault movement is expected, stitkitnains rather a mitigating feature whickghtiturr
quite ineffective if some unexpected kind of movetriatervenes.”
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» “To date, no dam that was designed to absorb thienfewement has ever been put through the
Thus the main validation criterion in our desigiiee successful performancs,itterly lacking in thi
case.”

These statements are quite clear as far as theygenis concerned, i.e. an embkeent dam with imperviol
core; and there are also doubts about the reliahifi slip joints in concrete gravity damblowever, th
knowledge about the seismotectonic situation atRbdbar Lorestan dam site is stithited and therefor
allows different interpretations by different exigeiMoreover, there are other non safety relatédria suc
as project costs, contractual obligatioagailability of construction materials, time schiegureferences
dam type etc., whichave an impact on the optimum dam type, althobgtuttimate goal is to get a safe di

3. DISCUSSION OF OPTIMUM DAM TYPE

As pointed out earlier the damill be located in a narrow gorge with good qualibck, which favour
concrete dams. Howeven view of the uncertainties with respect to possimovements in the footprint
the dam an embankment dam would be the preferdeticgn Relatively few smbankment dams have b
constructed in a narrow gorge such as Rudbar Lame@table 1); howeveconceptual studies have shc
that embankment dams are feasible for this site.félowing types of embankment dams can be consilie

1. Earth core rockfill dam (ECRD);

2. Asphalt core rockfill dam (ACRD); and

3. Concrete face rockfill dam (CFRD).

The main item needed as a basis for the selecfidgheodam type is the seismotectonic design caitéfi
displacements along discontinuities in the footpoiithe dam are small (in the range of feantimetres) the

any type of embankment dam is safe and even cengravity dams could be considered. However, fe

Rudbar Lorestan dam site, where earthquakes witlagnitude up to 7.5 are possible at very closenist
displacements at the discontinuities in the footpaf the dam can be much largé&arlier studies ha

assumed maximum movements of fault F1 in the raf@® -50 cm and more recent estimates have gi

value of at least 100 cm in a single event. Besitiese numbers no other information is availatite
displacementsTherefore, it is prudent to assume movementsgattiscontinuities in the range of sew

decimetres. This will automatically exclude coneretams at this narrow site when matean on

discontinuity is crossing the footprint of the dam it will not be feasible to design any concreaendwitt

more than one slip joint.

s

Fig. 2: Damage of Zipingpu concrete face rockfdhdcaused by the magnitude 8 Wenchuan earthquake in
China (May 12, 2008): Joint opening at crest (laft)l spalling of concrete along joints of face glidht)

Today RCC and CFRD dams are ‘in’. They represeatsthte-of-theart of dam construction. However, «
disadvantage is that hardly any of these relatimely dam typebtas been exposed to strong ground shi
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and even less is known about their behaviour ufaddt movements. Important results are expecteah fitwe
observations and studies made after the May 128 ¥0énchuan earthquake in Chinghjere the 156 m hig
Zipingpu CFRD (epicentral distance: 17 km) and 182 m high Shapai RCC arch dam (epicentral dist
12 km) were subjected to very strong ground shakifigure 2 shows some typical damage observ
Zipingpu CFRD.

In Sections 4 to 6 the seismic performance of CEFRIXC dams, and ECRDs discussed when subjecte
strong ground shakingh detailed discussion on the vulnerability of diffat dam types to fault moveme
and design solutions are given by Wieland et &I08a, 2008b).

ACRDs may also be feasible and due to the inhdkexibility of asphalt the vulnerability of the dsalt core
to in-plane stresses may be much less than thiaeaoklatively rigid concrete face under seismitoacIn the
case of fault movementse thickness of the asphalt core must be widesoetthat the watertightness afte
strong earthquake causing movements at discon@gawtn be guaranteddowever, as experience with
seismic behaviour of ACRDs is very limited, mordogk have tobe undertaken to study the seis
behaviour of these dams. Batt outlets will be needed to lower the reservopeesally for dams which a
vulnerable to seismic action.

In the dynamic analysis of the dam it can be asduthat fault movements and gral shaking can |
separated, i.e. in the first step the deformatiemmd cracks caused bgult movements or movements al
discontinuities are determined; in the second #tepground shaking is then applied to the dam, ke
deformed or cracked by fault movement.

4. SEISMIC ASPECTS OF CONCRETE FACE ROCKFILL DAMS

The seismic safety of CFRDs is often assumed tsuperior to that of conventional rockfill dams v
impervious core. However, the crucial element irROE is the behaviour and pemfeance of the concre
slab during and after an earthquake.

The settlements of a CFREaused by very strong earthquakes are ratheculiftio predict and depend on
type of rockfill and the compaction of the rockfiluring dam construction. Dependion the valley sectic
the dam deformations will also be nonform along the upstream face, causing diffee¢nsuppor
movements of the concrete face, local bucklingoimgression zones etc.

In many cases, CFRDs are analysed with the equivileear method using a twdimensional model of tl
highest dam section. In such a seismic analysiatively small dynamic stresses in the concrete fae
calculated. These simple damodels have to be complemented by models, whicb aislude th
crosseanyon component of the earthquake ground motiowedlsas the inelastic deformations of the «
body. For such a dynamic analysis, a thiaeensional dam model has to be used and the actetietwee
the concrete face and the soil transition zoneg brisodelled properly.

Due to the fact that the deformational behaviouthaf concrete slab, which acts as a rigid diaphréay
vibrations in cross-canyon direction, is very diffiet from that of the rockfill and transition zomaterial;the
cross-caygion response of the rockfill may be restrainedheyrelatively rigid concrete slab. This may resu
high inplane stresses in the concrete slab. The seismieddhat can be transferred from the rockfilltte
concrete slab are limited by the fian forces between the transition zone of the ridlckfid the concrete sle
Due to the fact that the whole water load is suigabby the concrete slab, these friction forcesgaite higt
and, therefore, the in-plane stresses in the ctnalab may & sufficiently large to cause local buckli
shearing off of the slab along the joints or to dgmthe plinthif the vertical joints do not allow for enot
movements (Fig. 2).

Until recently this was still a hypothetical scanawhich seems to havesbn confirmed in the case of
Zipingpu CFRD (Fig. 2).tlis necessary to look carefully into the behaviotithe concrete face under
crosseanyon component of the earthquake ground shakipgo now the seismic safety of concrete fac:
cross-cayon motions has been largely ignored. Therefdrés also not so obvious that CFRDs are r
suitable to cope with strong earthquakes than ctioveal embankment dams. The main advantage
CFRDs is their resistance to erosion if water selepmigha cracked face. If the material zone below the
is properly graded, it wilhot be eroded. This eliminates the possibilityarfie leaks developing underne
the cracked slab.
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As a defensive measure to limit the effect of cnagkgenerous filter ahtransition zones have to be provic
which satisfy modern filter criteria (e.g., to ha88®to 40% sand with fines in the finest transitiome).

The damage of the concrete face of the Zipingpu[ZE&used by the May 12, 2008 Wenchuan earthqui
China clearly demonstrated that CFRDs may be vabierto strong ground shaking (Fig. B)is assume
that they are also vulneralile movements along discontinuities in the dam éafion. As experience with t
seismic behaviour of CFRDs is still verynited, more efforts have to be undertaken to stindy seismi
behaviour of these dams.

5. SEISMIC ASPECTSOF ROLLER COMPACTED CONCRETE DAMS

Most roller compacted concrete (RCC) dams are gravitysdand, therefore, their earthquake behavic
similar to that of conventional gravity dams. High seissiresses occur in the central upper portion afity
and arch-gravity dams.

The main difference between RCC and conventiorality dams is the dynamic behaviour of mass coat
In RCC dams, the terle strength in a lift joint may be a fraction thiat of the parent mass concrete.
means that in case of a strong earthquake, hoakordcks are likely to form along these interfad@ssides
there will also be opening of vertical contractjoints. As gravity dams are designed to carry theldoa
cantilever action and not by arch action, the fdaromeof vertical cracks, or the opening of contragtoints is
not a critical safety issue.

It has to be assumed that horizontal cracks exremndthe upstream to the downstream face of a danthar
completely separate the upper portion of the dam fthe remaining part. Such cracks protect the ir@ng
dam parts from further stresses. Also, the damrdefbons will be mainly due to crack opeg. Thus th
posteracking dynamic behaviour of concrete blocks safear by cracks or joints can be modellec
relatively simple rigid body models.

The concrete blocks are allowed to slide alongdfaek surface and to undergo rocking motions. bhes
cumulative sliding motion, which governs the dynastiability of detached blocks. The dynamic overtitg
stability is less of a problem as the rocking motaf a detached concrete block is generally a sévie
process. Because of the large thicknafsgravity dams, a sliding movement of severalaretnay be need
before a detached concrete block will fall downstr@arthquake stability analyses are required consig
uplift pressure along the sliding surface.

The cracking pattern in an RCC danay be quite similar to that observed in the ugyetion of the 106 |
high Sefid Rud buttress dam, which was severelyadgu during the June 21, 1990 earthquake i
northwestern part of Iran. There, the main cracksetbped at the horizontal lift ijits, which were ni
properly cleaned before concreting of subsequéstdind thus exhibited relatively small shearing tansile
resistance.

Once cracks develop, it may be assumed that thaydtostatic uplift pressure acts in this cragading ¢ ¢
further reduction of the shear resistance of tlaglad lift joint as compared to the uncracked daon.post-
earthquake stability analyses full hydrostatic pues should be considered.

From the point of view of dynamic stability of carte blocksseparated by cracks and joints, horizc
cracking planes of RCC dams are more favourable iticined cracks.

In several RCC dams “bedding mortar” or “bedding’ntias been placed on lift surfaces, which increas
tensile strength. This special trewnt prevents cracking and leakage under the meguént modera
earthquakes. The bedding mortar has been placed lifb joints, not just in the upper parts of dam
Based on a qualitative assessment, it can be aertithat the seismic safety RICC dams under stro
ground shaking is most probably satisfactory, asks in the highly stressed central upper portiothe® dan
will develop along the horizontal construction ifidees. This is favourable for the dynamic stailiff
detached conete blocks during strong ground shaking. Howewathér studies and observational evide
are needed to support this conclusion.

6. EARTHQUAKE DESIGN ASPECTS OF EARTH CORE ROCKFILL DAMS

The seismic performance of most earth core roolifiths has beesatisfactory. The only dams that have |
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known to fail completely as a result of seismickshg were tailings or hydraulic fill dams, or relatly smal
earthfill embankments of older and, perhaps, inadtgdesign and construction.
The main recommmalations for design and construction of embanknaambs subject to severe earthqt
shaking are as follows (ICOLD, 2001):
* Foundations must be excavated to very dense miaterieock; alternatively the loose foundation
materials must be densified, or removed and regladtn highly compacted materials, to guard
against liquefaction or strength loss.

< Fill materials, which tend to build up significgmare water pressures during strong shaking must not

be used.

» All zones of the embankment must be thoroygidmpacted to prevent excessive settlement dar
earthquake.

« All embankment dams, and especially homogeneous daumst have high capacity internal drainage
zones to intercept seepage from any transverskiggacaused by earthquakes, and to assure that
embankment zones designed to be unsaturated remaiiter any event that may have led to
cracking.

» Filters must be provided on fractured foundatiockrto preclude piping of embankment into the
foundation.

* Wide filter and drain zones must be used.

e The upstream and/or downstream transition zoneddie self-healing, and of such gradation as to
also heal cracking within the core.

» Sufficient freeboard should be provided in ordecdwer the settlement likely to occur during the
earthquake and possible water waves in the resetueito mass movements etc.

* Since cracking of the crest is possible, the arédtth should be wider than normal to produce longer
seepage paths through any transverse cracks tlyademelop during earthquakes.

The design of defensive measures for embankmend datim potentially active faults in their foundatics
discussed by Wieland et al. (2008b).

7.EMBANKMENT DAMSIN NARROW CANYONS

High embankment dams in narrow valleys are stibatroversial issue although thenee several examples
such projects with satisfactorily performing daribe most significant projects with length to heightios
less than about 1.5 are listed in Table 1. In thsequent Sections the maimncerns usually discussed am
experts advocating or opposing such dams are Yraificussed, i.e. (i)tess relief features inside
abutments; (ii) arching and hydraulic fracturinig) (novements along the abutments; and (lepsg versu
vertical core.

Table 1: Examples of existing high embankment disnmsrrow valleys

Name Year of Dam Crest L/H Type of | Type of Sealing Valley
Completion| Height, | Length, Dam Element Shape
H (m) L (m)
Chivor, Colombia 1975 237 310 1.30 ECRD Slopinggcor  V
Golillas, Colombia 1978 120 110 0.9P CFRD Concfate \Y
Chicoasén, Mexico 1980 240 306 1.28 ECRD Vertioat c U
Guavio, Colombia 1989 247 380 1.5¢4 ECRD Slopingcar V/U

7.1 Sressrelief features

Abutments often exhibit features indicating stredgef caused by the absence of the lateral sindmsn the
valley became subject to erosion. The stress rigatires are more or less parallel to the slopdseovalley
The steeper the valley walls the more pronouncdicdb@ithe relief features. Detrimental consequertfdfe
stress relief are open joints or also more orles®rmly loosened zones parallel to the valleypskn

Ideally, the loosened zones should be removed béfmvarea of contact with the core but this ca
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technically impractical and uneconomical. Hencesséh zones mustebtreated by consolidation grouti
However, complete watertightening may not be fdasibd there remains a risk of piping through tlaema
filling the joints which could not be reached by throuting work. It is therefore essential thatiefi asc
cover the abutment beyond the core.

7.2 Arching and hydraulic fracturing

All earth cores in embankment dams are suscepbiacking and most cores are believed to haveke
even these are usually hidden by the dam’s shetistlaerefore not vible. The most detrimental form
cracking is transversal cracking usually causedemgile stresses which develop as a result of rdiftea
settlement of the core zone or because of mateoialdifferent stiffness in the foundatiomifferential
settements may develop along steep abutments. Thisopteon is particularly critical in the upper paf
the dam where the vertical stress is low and un@btgpose tensile cracking. In addition, seepadbspar
short. Arching, both in transversal amshgitudinal direction, can produce stress conditishich are prone
hydraulic fracturing. Such conditions can occuraa®sult of arching of a narrow vertical core betwéwc
rigid steep flanks of a valley. The most efficiemty to mitigate the hard of hydraulic fracturing is -
provide a fully intercepting system of filters addhins, designed very conservatively. The archiffigceis
very sensitive to the shape of the valley, evethéncase of very narrow conditions.

7.3 Movement along the abutments

The interaction between core and abutment rockilisascontroversial issue. Some experts argue tthexte
should be no slippage between core and abutmeht agitrespondingly rough rock contacts, while ot
promote the preparation of smooth contact surféaesitating movement along the abutmeMovemen
along abutments is however a fact that has beeiredeby measurements.

7.4 Sloping versus vertical core

In very narrow valleys sloping cores are usuallgf@mred, especially with higdams. The weight of t
upstream shell on the core tends to reduce théngretmd therefore increases the compressive sgr@sdbe
core, which is essential to diminish the possiitit crack development or hydraulic fracturing.

8. CONCLUSIONS

At sites where movements along discontinuities {$ajbints, bedding planes etc.) in the footprihthe dan
are possible during strong earthquakes a flexitvibaskment dam, such as a wadisigned earth core rock
dam, is the safest option. Thistise case when an important fault capable of leayghquakes and surf:
breakage is passing a dam site within a distanede# kilometres and when the rock formations atdhe
site may experience movements along pre-existisgoditinuities in théootprint of the dam. Although, su
sites should be avoided whenever possible, thismoape a feasible option in regions of high sestyisuct
as the Zagros Mountain Range. However, the proyiwfitimportant faults may have direct implicatioms
the available dam options. An issue, which has lexgely ignored up to now.
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