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Abstract. The diversion of natural river courses and sub- ings, as a result of laying foundations of this type of material,
sequent filling by alluvial deposits or anthropic intervention has been reported in cities such as Quito (Ecuador), Puebla
has been hidden by urban development in the majority of thgMexico) and Cali (Colombia), amongst others @&juez,
cities. The research we conducted involved monitoring thel994; Vehzquez, 1995; CENAPRED, 1999; Arizabaleta et
evolution of a river course and reconnaissance of the originahl., 1981; Ferandez, 1998; Granda et al., 2001; Soriano et
morphology of the fluvial systems. Our research was appliedal., 1995).

to the section of the River Beiro that flows through the city  This study describes the application of dynamic penetra-
of Granada, Spain. The research has been carried out usingn to measure the degree of consolidation and compaction.
geo-technical methodology based on reconnaissance via dydsed in conjunction with historical maps, this allows us to
namic penetration. This allowed us to determine the differenfocate alluvial deposits and monitor their geographical evo-
degrees of consolidation and compaction in the areas corrdution in urban environments, thereby providing us with in-
sponding with the former course of the river, which are now formation on the geo-technical impact of these deposits on
filled by alluvial deposits. In addition, we have backed up our buildings.

findings with information provided by historical maps of the  The study area that we have chosen is the River Beiro that
city of Granada. The results have identified an area whereifiows through the historic city of Granada, a city that dates
buildings are at risk, as evidenced by the detrimental effectack to the Roman Era (Go#lez et al., 2002; Ubric, 2004;
registered in the buildings in this area. Pastor, 2004). The province of Granada is located in the
south of Spain and forms a part of the region of Andalusia.
The capital lies more or less in the centre of the province and
has a population of around 250000 inhabitants. The area
with which we are concerned lies towards the north of the
city and takes in the entire route of the Beiro River through

River courses that have been recently filled by alluvial de- ' - P .
posits are often areas with considerable geotechnical impacf,he city and the areas that come under its influence. The river

mainly due to the detrimental effect on the buildings con- 1S currently culverted (Fig. 1).

structed on this type of terrain. As a consequence of their

recent formation, these alluvial deposits have little or no con- . . ]

solidation, generally have high water table levels and are un2 Geological and geomorphological setting

able to support heavy loads (iquez, 1995). Obviously ] ) ]

these alluvial deposits do not coincide with the current coursel "€ City of Granada is located in the central area of the
of the river: over the years, river courses are diverted due td3€tic Cordillera. This range is considered to be an area with
natural causes or as a result of the elimination of meander§ignificant interior tectonic activity (Galindo-Zaldivar et al.,
by anthropic intervention. In heavily built up urban areas 1999). .The Betic Cordillera and the R|_f Mountains m_North—
with a long history, the river courses that have been filled®n Affica represent the western terminus of the Alpine oro-
with alluvial deposits have been hidden in the majority of the 9€N- They are separated by the bed of the Alboran Sea, which
cases. This represents a risk when carrying out constructiofONSists of rocks that are similar to those found in the Rif-

work in this type of environment. The deterioration of build- Betic range (Comas et al., 1992; Platt et al., 1998). The
unique features of these westernmost Mediterranean chains

Correspondence tal. C. Heriandez del Pozo are the result of their position between two large conver-
(ichdp@ugr.es) gent plates — Africa and Europe — that have been exposed

1 Introduction
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Fig. 1. Geographical location.

Fig. 2. Geological setting of the Betic and Rif Cordilleras within

to variable directions of relative motion since the late Creta-the framework of the western Mediterranean (Galindo-Zaldvar et

ceous (Dewey et al., 1989; Srivastava et al., 1990; Mazzolf'ﬂ" 2003).
and Helman, 1994; Morel and Meghraoui, 1996). The rocks
of the.le-Betlc range are usually divided into three main The Granada Basin, which is located in the centre of the
zones: the Internal Zone, the External Zone and the Flysc

. . etic range, is one of these Neogene-Quaternary intramon-
Zone. The External Zone represents the passive contlnentrilane basins (Reicherter, 2001: Braga et al., 2003) and is one
margin of Iberia (Gada-Herrandez et al., 1980). The Inter- ' ! 9 N

. : of the most seismically active zones of the Iberian Peninsula
nal Zone consists of a stack of metamorphic nappes (Egeleéa

and Simon, 1969) from the Palaeozoic to Triassic ages alon Rw_z e_t al,, 2003; Marn—AIga_rra etal,, 2003). The sedimen-
ry infill of the Granada Basin documents various Neogene-

éuaternary tectonic and sedimentary phases. Shallow marine
Tortonian-Messinian carbonate and evaporite facies are over-
— The External Zone, consisting of rocks from the Meso- laid by terrigenous and lacustrine sediment, which, in turn,

zoic to Tertiary ages; are sucpeded by Pliocene to Qu_aternary alluvial and collu-
vial sediments (Lhenaff, 1979; Gil-Zepeda, 2002).

— The Flysch Zone, which mainly consists of Early Cre-  The study area is located on the NE edge of the Granada
taceous to Early Miocene deep marine clastic depositdasin. The bedrock in the area is a conglomeratic formation
(Wildi, 1983); known as the Alhambra Formation, which dates back to the

period between the Pliocene and Lower Pleistocene (Fig. 3).

— The Internal Zone, which is a tectonic environment with This formation is composed of alluvial fan deposits (Keller
compressional structures and extensional structures (Dgt al., 1996) and is covered by detritic sediments, of an allu-
Mets et al., 1990). vial nature, which date back to the Late Pleistocene (Ruiz et

. . . al., 2003). These sediments present many characteristics that
The Rif-Betic range also contains o other types of ZO0N€,,re associated with processes arising from climatic change,
aIthqugh these areas are by no means as prevalentas the arGihich is highly representative of the Pleistocene. Lastly, dur-
detailed above: ing the Holocene, these materials were covered by alluvial
sediments that can be linked to the activity of the fluvial net-
work (Lupiani et al., 1988). In addition, it should be borne

— NeogeniC_Cuaternary vulcanism. in mind that the Clty of Granada and its population have pro-

voked many changes in the relief as a result of agricultural

Geochronologic data gathered from volcanic or sub-activity and urban planning.

volcanic rocks cropping out in the Betic and Rif Chains con-

firms that tholciitic magmas to calc-alkaline magmatism has

accompanied the extensional processes (TorreséR@tal.,, 3 Systematic analysis of the technique

1986; Zeck et al., 1989; Moaiet al., 1994; Bellon et al.,

1983; Di Battistini et al., 1987; Heémdez and Bellon, 1985; The method we propose requires an extensive knowledge of
Hermandez et al., 1987). the geotechnical properties of the area. This knowledge has

can be classified and described as follows (Fig. 2):

— Tertiary post-Orogenic basement;
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Fig. 3. Geological setting of the Granada City (Lupiani et al., 1988).

enabled us to identify the sedimentary sequence from the outhe next. The transitional blows identify the existence of an
set with a reasonable degree of accuracy. Observations madenbiguous area that lies between two different levels, where
in this manner must be backed up by a significant numbeiit is impossible to state whether we are dealing with one par-
of field tests in order to demonstrate the feasibility of the ticular sediment type or the other. Clearly, the ideal situation
method. would involve the existence of a substratum of rock underly-
The system we employed may only be used when theng the network of rivers: in this case the transitional blow
boundary being sought lies between two materials with con-area would not exist and old river courses would be clearly
trasting geotechnical properties. identifiable.
We conducted the following field tests: This study model has an important application in the
search for and discovery of the boundary that lies between
— Standard Classification of Soils for Engineering Pur- highly compact and semi-soft sediments in urban systems,
poses (Unified Soil Classification System), 2690 testsyhich would otherwise remain hidden by the edifications
(ASTM D 2487-00); and infrastructures of the city. Our interest in studying the
. . . . _geotechnical impact of the River Beiro via this system, arises
— Standard Guide for selection of soil and rock Sampllngfrom the fact that this method is highly suited to the inherent

devices used with drill rings for environmental investi- L . ; ; ;
i . characteristics of the area in question, which are outlined be-
gations (ASTM D 6169-98) and standard practice for low: d

thick wall, ring-lined, split barrel, drive sampling of

soils (ASTM D 3550-01); — Significant levels of material with a low degree of com-
— Standard Test Method for Penetration Test and Split- ﬁ\?;?.ncylnthe areas that come under the influence of the

Barrel Sampling of Soils (ASTM D1586-99).

— These materials are the result of alternate beds of
Holocene-age fine soil (mainly clays) and loamy clays
interspersed with granules, which are not found in any
of the other areas of the city of Granada;

Many other tests could have been used, including some that
not only locate the boundary that we are seeking, but also
provide information on its physical state. However, the tests
we have used are the most common, given their ease of use
and low cost. Thus, the large body of data obtained over the
years by applying these tests in urban areas has proved useful
in this case.

The method that we propose is extremely reliable when

determining the depth below ground level at which a highly Many of the buildings that have been constructed in ar-

resistant stratum or Ieyel occurs, providing 'that this level lies eas close to the river show physical signs of deteriora-
below another level with a much lower resistance (Fletcher, tion.

1965; Moretto et al., 1970; De Mello, 1971, Lacroix et al.,

1973; Skempton, 1986; Liao, 1986). On the basis of these considerations we can draw the follow-
In the event that there is a less marked difference in theng conclusions:

physical properties of the strata, the boundaries are more dif-

ficult to identify, and research must be backed up by in-depth — The materials making up the deposits that have filled the

knowledge of the area and extensive statistics that identify ~ former course of the river, which are in some instances

what we refer to as the “transitional blows”, or the number almost 16 m deep, were formed by soil that was eroded

of blows registered at the boundary between one level and  and then swept along by the river.

— Thick beds of completely granular material from the
Pleistocene age, which are much more competent, un-
derlie the aforementioned soils;
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190 test drillings and approximately 35 Borro-type continu-
ous dynamic penetrations. The number of tests involved is
equivalent to a borehole every 30008.min other words,

a borehole exists for each square section of approximately
180x 180 m (Heriandez, 1999).

The information we provide, whilst not exhaustive, is at
the very least extremely comprehensive. The map divides the
study area into a total of eighteen 35800 m blocks. Those
blocks in which there is no available data have been labeled,
and must be considered with a great deal of caution.

Given that we will be working with blow values, we have
used the S.P.T. (Standard Penetration Test) value: any other
values have been adapted to suit this model (Fig. 5). The
proposed methodology should define a S.P.T. value for the
transitional boundary between the fluvial deposits (Holocene
age) and the underlying substratum in the area (Pleistocene
age). On the basis of a large number of test drillings we have
determined that S.P.T. values of between 25 and 35 corre-
spond with what we have referred to as the transitional blows.
On this basis we can state that higher S.P.T. values corre-
spond with the underlying competent sediments of the River
Beiro flood deposit area.

Using this data, we have drawn up a strata simulation map
using depth isolines, which indicates the surface of the com-
petent material that is currently buried beneath the alluvial
deposits (Fig. 6). As the map shows, there are a total of six
significant “depressions”, which reach depths of up to 16 m.
Figure 7 is a three-dimensional representation of the results
Fig. 4. Grid map of the study area indicating the location of the show_ing the reSl_JIting religf afterthe.elimination OT the afore-
boreholes. The sections for which no data is available have beer'zlmz"m'oned alluvial deposits. The diagrams obtained are the

shaded. In addition, the map shows the current course of the Rive?jireCt res.ult OT a mathematic_al interpolation using precise
Beiro below the city. data obtained in the different field tests. The following pack-

age was used: M.D.T., Version 3, Revision 8, published by
— These sediments are unique when compared with thd CP-1.T. S.L. in 1998. The three-dimensional representation
other sediment types in the city, as they are associate@f the data allows us to identify those areas with a higher

with the sediments deposited by the River Beiro; proportion of alluvial deposits.
The first conclusion that we can draw from these studies

— The materials that actually form the substratum in this relates to the size of the sedimentation area of the river as it
area of the city consist of alluvial sand and gravel datingpasses through the city of Granada: at one stage, the volume
from the Late Pleistocene age; of flow of the river must have been much greater. Indeed, it

. ) . must have been, if not the most important, then at least one

— These granular sed_lments presenta conS|_derany h_'gh%f the most important rivers in the city area. This can be
dggree of compaction when compared W"Fh the soil atexplained by the fact that, during the Holocene age, the sed-
higher levels (Holocene-age alluvial deposits); imentation of fine soils gave way to an erosion phase, which

— We believe that the deterioration of the buildings in WaS caused by the subsidence of the city and the simultane-

the surrounding area is a direct result of the fact thatOUs UPlifting of the surrounding area (Lupiani et al., 1988).

their foundations rest on the aforementioned alluvial de_Mqreover, the city of Gr_anada has givenrnse to changes In the

posits. relief as a result of agricultural activity and urban planning,
and rivers have been canalised since ancient times (Quesada,
1988). This has provoked a reduction of flooding with sed-

4 Application iments and has accelerated the erosion process. In addition,

extensive asphalted and built-up areas prevent infiltration and

We have drawn up a map of the area that shows the coursiecrease the flow rate of the river (Lupiani et al., 1988).

of the River Beiro and the surrounding area. This involves a The second conclusion that can be drawn is that only a

surface area of 3002250 m and we have indicated the sites small section of the current course of the river coincides

of the boreholes that have provided data (Fig. 4), which datawith the route that connects the depressions that have been
have been taken from 85 geotechnical studies that involvedietected. In the centre of the study area there are two

B

Beiro Rivg'r

o
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Fig. 5. (A) Three-dimensional representation illustrating the variation of SPT values in relation to (Bp@ross section with SPT values.
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Fig. 7. Three-dimensional representation wherein we have gener-
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that is present throughout the city of Granada (lower image). We
have used this simulation to show a detailed representation of the

petent material with isolines of equal depth. The culverted course ofitudy area (lower image).
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tests, confirm the first interpretation of the stratigraphic se-
guence of the Beiro area and its surroundings. Any common

geotechnical penetration system may prove suitable when
attempting to determine the depths of lithological or com-
paction changes, providing that the variations are easily mea-
] _sured and display significant variations of resistance to pene-
depressions of a depth of 15 and 17 m that have been fillegation. The tests that we have carried out to locate risk zones
by alluvial material. make use of geological and geophysical reconnaissance tech-
Independent of the studies carried out up to this time, weniques (Gocihico, 1990; Fitterman et al., 1991; Rogers et al.,
carried out a comparative analysis of the materials, in order1996; Miller et al., 1997; Maus et al., 1999; El-Hussain et
to confirm or reject the initial hypothesis of differentiation al., 2000; Gourry et al., 2003).
between the alluvial deposits (Holocene age) and the under- |n 1970, Ripoll identified former river courses in the city of
lying level formed mainly of gravel and sand, which forms valencia using historical documentation and limited geotech-
the substratum of the area (Pleistocene age). The granultical data. Searches for former river courses via primar-
metric values of the samples tested are shown in Fig. 8. Aly geotechnical methods have been conducted by Brillinger
total number of 598 samples were tested. The plot of th1985), who called attention to the need for detailed re-
data shows that there are two main groups: one formed ogonstruction of fluvial deposits under major cities, in order
fine particles, corresponding to the soil deposited by alluvialto safely and cost-effectively manage urban development.
means; the other group consists of larger particles, which corThese areas often give rise to many different types of geo-
responds with the substratum in the area under study. technical problems, and therefore prior knowledge of the ge-
The Atterberg Limit tests were carried out in accordanceographical situation within the urban layout is extremely use-
with the Standard Classification of Soils for Engineering Pur-ful.
poses (Unified Soil Classification System) (ASTM D 2487- The ideal situation, in the case of techniques based ex-
00). A total of 737 tests were carried out (Fig. 9). In this caseclusively on penetrometric geotechnical reconnaissance, in-
the values are equally decisive and differentiate two clearlyvolves recently formed alluvial soils that present a medium
defined groups. The first group is made up of clays and mucbr low degree of compaction, which rest upon soils with a
with low or medium plasticity, which correspond with the higher degree of compaction as a result of their age or differ-
sediments deposited by the river (Holocene age). The seconeint composition. If the variation of resistance to penetration
group is made up of values with very low or, in the major- is identified, most methods of penetration will be able to pro-
ity of cases, zero limits, which correspond with the material vide reliable results when determining the depth at which the
forming the substratum in the area or the granular levels.  two different materials make contact.
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This has proved to be the case with the River Beiro, lying — The data obtained show that the current course of the
west of the capital, which is currently canalised and covered river does not coincide with the old course of the river.
as it passes through the city. The large number of penetra- At one point the course of the river must have been some
tions in the area surrounding the river's course through the 400 m to the west of its current course;
capital has allowed us to apply this methodology, wherein

we initially determined the depth at which the base of the al- — From this point, the original course of the river flows
luvial material of the river lies and subsequently produced a through an area that is made up of thick alluvial de-
three-dimensional model. posits between 12 and 15m, and largely coincides with
The results obtained are highly illuminating, as detailed the current course of the river. Downstream, we find
below: two hollows or basins, where we registered the thickest

alluvial deposits (17 m);
— Firstly, the volume of this river valley (although the
name of river is badly applied in view of its low or even ~ — On the basis of the models we have made, we suggest
inexistent water level) suggests a much higher volume that the evolution of the system can be split into 4 dis-
of flow in the past (Fig. 10); tinct phases (A-D). At the outset, the riverbed was made
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Fig. 13. Location of the buildings where deterioration has been
observed.

historic plan using orthophotography, taking important build-

Fig. 12. Comparison of the current course of the river and the courseings as axial points: the Cathedral, the Church of Santa Ana,
as charted in 1796 (Topographical map of the city of Granada, Dal-3nd the Convent Del Carmen (Fig. 12).

mau, 1796). We have observed that in the Western sector of the study

area the current course of the river is separated from the for-
mer course by approximately 200 m. Moreover, in the East-
ern sector, the current course also varies in relation to the
former course. This evolution is shown in Fig. 11, phase C,

Subsequently (Fig. 11, Phase B), during the Holocene ageqnd coincides with our interpretations. Finally, the original
the meandriform stage gives way to a straight channel, as §ourse gradually comes closer to the current course of the
result of the erosive capacity of the river during this period River Beiro (Fig. 11, Phase D).

(Lupiani et al., 1988). The meandering ceased and the river Clearly this interpretation of the evolution of the river must
flowed in a course that was straighter than the original coursdée backed up by other techniques that corroborate the loca-
and that of the current course. tion of the courses that have been identified. Nevertheless,

The first historical references that mention this river, andthe evolution we propose represents a starting point for fur-
the now non-existent village that bore the same name, datéher research.
back to the 14th century, although archaeological remains The areas of Holocene-age alluvial deposits appear to co-
from the Roman era (contemporary with the reign of Em-incide to a considerable degree with the areas wherein detri-
peror Vespasian, A.D. 69-79) have been found in the areanental effects have been observed in buildings (Fig. 13).
(Ferrandez-Guerra, 1867). This fact can most easily be explained by the existence of

In order to trace the possible variations in the course of thesignificant alluvial deposits that have been used to support
River Beiro over time, and corroborate any data that werethe foundations of the aforementioned buildings. These
obtained, we referred to one of the most well-known historicholocene-age sediments are cohesive are made up of and
city maps of Granada: Dalmau’s 1831 plan (Dalmau, 1796).inorganic soils, generally soft loamy clays that are consoli-
We began by superimposing the current city plan onto thedated or in the process of consolidation. Whilst the bearing

up of material from the Pleistocene age, and was mean
driform in nature (Fig. 11, Phase A).
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Fig. 15. Classification of the pathologies.

Fig. 14. Deterioration in a building in the Calle Parej&benes, Insufficient

which led to the building being evacuated and demolished. beari;;;?;a‘:“y

capacity may fall within acceptable levels, consolidation set-

tlements and differentials are usually of great importance. In

the study area pile foundations will have to be driven into the

most competent material (Pleistocene).

The lack of damage to buildings in neighbouring areas

provides further evidence to support the view that the dam-

age to the buildings has been caused by the alluvial deposits. Differential

When the building boom occurred in the city of Granada be- 225%

tween 1960 and 1970, it was common practice to build with-

out a geotechnical report. The use of foundations that weréig. 16. Causes of the pathologies.

adapted to granular soils in areas with alluvial deposits soon

led to the appearance of detrimental effects due to sediments:he causes that determine the pathologies under study are

In some cases the detrimental effects were so considerablepresented in Fig. 16.

that it was necessary to evacuate and demolish certain build- pyring the course of the study we observed that the major-

ings at the beginning of the 1970s (Fig. 14), and we are stillity of the buildings in this area are composed of six storeys.

observing persistent damage in older buildings. In addition, existing documentation has shown that the foun-
A catalogue or inventory of existing and corrected patholo-gations of these buildings were constructed via spread foot-
gies has been drawn up. The criteria proposed byidMa ing, with a length and width of 2 m in the vast majority of the

1978; Cigni, 1976; Zelger, 1976; Croci, 1978 and Rgdez,  ¢ases, and with a bearing surface depth of 1 m (Fig. 17A).

1984, were used to create the inventory. A total of thirty- o, the basis of fifty-two direct shear tests under consol-

one pathologies were identified in the buildings, of which jgated drained conditions (ASTM D 3080-03), we calcu-

eleven could be described as major (Fig. 13) and the remainpted the internal friction angles and cohesion of the different
ing twenty as minor problems. We consulted the archivesmaterials. Moreover, we measured the density of the soils

of several public institutions in Granada, and we interviewedy;jz the Hydrostatic Balance Method (UNE 103-301-1994)

the affected parties. In addition, we visited the various work (rig. 174).

sites where restoration is currently taking place. The classi- sing these data a study was carried out to determine the

fication of the pathologies is _shown in Flg_. 15. settlements and limit pressures of the materials and the foun-
The study shows that existing pathologies are not the resulfjations wherein the thickness of the alluvial and anthropic

of the inherent edification defects, the construction system OHeposits was variable (Figs. 17C and 17D). The peak value

the quality of the materials. Therefore, we can infer that wesg, the settlements was limited to 3.5cm (NBE-AE, 1988),

are dealing with a geotechnical problem that is attributable togng from this point on buildings may be subject to patholo-

two main causes: gies. The values obtained are shown in Figs. 17B and 17C.

Finally, we produced a comparative graph of the loads de-

rived from the structures of the buildings on the basis of their

heights (Fig. 17D).

— Foundation support is not applied uniformly. This is  On the basis of the calculations that were carried out and
mainly due to variations in the thickness of the com- of the most frequent building typology (6 storeys) and foun-
pressible strata close to the foundation level. dation model in the area, we can classify the area into the

following zones:

— The buildings rest on soils with insufficient bearing ca-
pacity;
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Main Parameters:

Layered terrain: Weighted average

Loads acting on the foundation: Derived from the structure
Pressures: Boussinesq model

Settlement: Logarithmic method

Safety factor: 1

Foundation geometry model:

Foundation type: Spread footing
Foundation length: 2 m.
Foundation width: 2 m.

Bearing surface depth: 1 m.

Layer properties:

Aluvial and anthropic deposits: 3

= Unit volume weight 16.5 kN/m

= Angle of friction Between 20 and 26°

= Cohesion Between 10 and 15 kN/m?

= Elasticity modulus Between 7500 and 22500 kN/m?

Elastic settlement (Centre settlements in cm.)
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Fig. 17. (A) Main parametergB) Settlements(C) Limit pressures(D) Loads derived from the structures.

— Zones with thickest alluvial and anthropic deposits of
between 14 and 8 m:

— These zones display significant settlements;
— Bearing capacity in these zones is very low.

— Zones with thickest alluvial and anthropic deposits of
between 8 and 6 m:

— These zones display moderate settlements;
— Bearing capacity in these zones is low.

— Zones with thickest alluvial and anthropic deposits of
less than 6 m:

— These zones display low settlements;
— Bearing capacity in these zones is acceptable.

The identification of these zones allows us to create a graphic
representation of the risk of the appearance of pathologies in

the buildings (Fig. 18), whereby the zone is divided into three

areas:

— High Risk Area Significant settlements and low bear-

ing capacity caused by a considerable amount of re-
cent alluvial and anthropic deposits. Possibility of
the appearance of fissures, that advances at a rate of
1 mm/month. Zone with considerable social and eco-
nomic repercussion as a result of this geotechnical prob-
lem;

Moderate Risk Areal.ow bearing capacities and mod-
erate settlements. The social and economic repercus-
sions of the model can be described as moderate. Prob-
ability of the appearance of fissures, that advances at a
rate of between 1 mm/month and 1 mm/year;

Low Risk Area Settlements are generally insignificant

and bearing capacity will range between suitable and
moderate. Where fissures appear, their rate of advance
is less than 1 mm/year. The socioeconomic implications
of the problem will have little impact.
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5 Conclusions

The system and methodology that we have used, based ol
S.P.T. values (Standard Penetration Test), represent a useft
and functional tool when defining areas of geotechnical risk,
and in particular, when attempting to locate river courses that
are currently hidden beneath the city, and which are filled
by alluvial or anthropic deposits. In the case of the city of
Granada, in the areas lying next to the River Beiro, we find
zones of soft cohesive soils and zones made up of granulal
soils, which appear to occur erratically. The soft cohesive
soils represent the alluvial deposits of the river during the
Holocene age, which were deposited on top of the underly-
ing competent bed that is mainly made up of granular ma-
terials (Pleistocene age). The geotechnical repercussion o
these alluvial deposits on the subsoil of the city is clear. The
model we propose has allowed us to detect these areas, whic
are currently hidden beneath asphalted and edified areas, an
thereby identify the areas wherein buildings are exposed to
high risk.

The technigue used in the city of Granada may be able to
explain and define the causes of some of the damage reg

istered in the buildings, in particular when the buildings in  a. characteristics oo el Sedtchnical
question lie close to the current course followed by the river. e Between 14.and 8 m. Sglicantsetlomertaml
This knowledge will allow us to calculate the risk of laying = Bl B Moderate settiements with
foundations in these areas, to adopt the appropriate measure ot s
and to warn of the need to carry out exhaustive reconnais- — zem moderate bearing capacty
sance testing of the subsoil. B Bdstngbudings | P e | stvancoofreoss | reperovesions.
Our results have allowed us to identify the existence of Bl Highrisk > 1 mm. / month Severe
_I-|o|0cene-a_ge al_luvial d_eposits that are the res_ult of the activ- B Moderate sk Betwsen { o/ morth Considerable or
ity of the Beiro River as it passes through the city of Granada. O —— <1 mmslyear inslonificant
Up to now, geological cartographies made no reference to : :
these materials, as they are hidden beneath roads and builc® ™" "o el ey Recommended foundation type
ings. From a geological point of view, the work we have L Very detailed Deep foundation
carried out has allowed us to complete existing cartographies m Detailed Deep foundation
by including these deposits in the study area. Lastly, we O Moderate Shallow foundation

have defined the evolution of the River Beiro and surround-
ing area, using historic maps of the city of Granada, amongstig. 18, zones classified according to Risk of Pathology Appear-
other resources. ance.
The technique we propose is clearly limited in that, in or-
der to distinguish between two types of material, the mate-
rials in question must possess contrasting geological prop-
erties. This has proved to be the case in the study we have
undertaken, wherein soft alluvial deposits rest on top of a bed
of competent material. AcknowledgementsThe authors wish to express their gratitude
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