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Panel report: Geotechnical conditions in Buenos Aires City
Rapport de spécialistes: Conditions geotechniques dans la ville de Buenos Aires

Eduardo Nufez, Universidad de Buenos Aires & Universidad Catdlica Argentina

Irn accordance with the gectechnical characteristics of the foundation subsocil,
Buenos Ailres City can be diwvided in tweo main Zones:

Underlying these formation the "Puelches"
the Pligcene Period are found,

. The first one,
sents 1n the upper levels,

which covers the principal urbon area of the city, pre-
daposits belenging to Pleistocene. These

deposits include silty and clayey soils, preconsolidoted by desicecation
with loyers or lenses of cemented so0ils by calecarecus impregnaticn. The
total thickness of these sedimentory deposits is obout 25 to 4% m; this
part of the profile is the locally so colled "Farmacidn Pampeanc".

In the second cne, principally locoted oleng the Riachueleo Volley soft
depeosits of clays and plastie silty cloyey soils, undfor laase to

medium sandy soils,

arg found thaot are included in the lecally nomed

FostPaompeano formation beleonging to the Holocene.

fine aond dense sonds thot correspond to
Into these dense sands there is a layver or straotum

of plastic clayey silt or silty cloy, a wvery plastic soil, approximately 10 m or
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Fig 1.- Buenops Aires City plan
showing the ground elevation.
Far elevatien=5% m, the notural
elevotion corresponds to the
Fost Pampeano Formation.
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a little thicker, This greenish gray or blueish clays are very stiff and generally
normally consolidated under the loads imposted by the biggest thickness of the
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Fig., 2.- Simplified typical
stratigraphic profile of

the Pampeano Formation near
rivers Parand, de La Plata

and Riochuele {horizontally
not in scale).-

Fig. 3.- Typical prefile
through the Pampeanc
Formation.-

Fig. 4.- Typical prefile
through the Parpeane and
Fost Pampeanc Formations, -




Fompeana profile.

It is generolly accepted thaot the lower part ef the pompeano prefile was formed

by depasition of particles tronsperted by the wind in a fluvial environment ;
instead, it is coensidered that the upper part was built by esolic depesition sub-
seguently tronsported and redeposited under water; this later environment trons-
formed locolly the structural chorocteristics of the particles: that is why, they
are denominoted as "modified and redepeosited loess", The alternote action of wet
and dry environment, of leocal ercsion, of redeposition and dessication while
raising the formotieon, finolly preduced strato almost 60 m thick in some locations
near the city.

The presence of calcium carbonote in form of nodules, aond calcium oxides as
impregnaticn of motrix, produced cemented zones of the profile; its strength ond
thick stratoc are wvariables with a discontinucus dppearence of lenses of 0,5 to
1,5/2,0 m thick.

It can be conceived that scils were redeposited and desiccoted below relatively
small thick layers; the high wvalues of suctien generated interporticles eguivalent
high pressures and produced the decreasing of volume., If we were to use some
expression to link effective pressures with sucticn - as has been done fer instonce
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by Bishop or more recently by Freudlund, and if we were tc admit the sequential
alternance of redepcsition - desiccation - wetting acting during all the time of
deposit formation, it would be possible to conceive that in the past pressures as
high as 5 to 10 kg/cm?2 were developed, A ratic value of effective stresses in
between Kg = (1-sin@') ond 1 can be expected if during the process of formation
the mass of soil maintains its continuity or has wery small little fissures.
Instead, if the drying process were developed in o period of time that produces
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ar important cracking ond consequently less of lateral confining pressures, the
additionol verticol lood action may produce a Kerit, condition by lateral
expansion, On the other hand if in this cracking condition, it weére possible to
fill the werticol fissures with mixtures of segil with some cement material, 4 later
process of wetting or fleooding may produce, if the fillinmg has reached sufficient
strength, a vertical exponsicn that raises the wvalue @'h/ T'v up o 1 or higher
ard an inclusive near foillure due to vertical expansion combined with null lateral
stroins.

The preconsclidation of the lower =spil laoyers of the profile, thaot probaobly werse
sedimented under water in o fluvial environment, can be expldined due to the actien
of the drowdown of water table, capillary effects and suction due to the evasorao -
tien process, Anyway, it seems to be clear that de preconselidoticn ratic to  the
present time must be lowering with the depth. Taking intc account that the tertiary
clays appeor to be normally consoalidoted under long time lcads, the strength of the
pompeano scils - those that exibit high weid rotios even without oppreciaoble
cementation - only can be exploined due to an cvercensolidotion phenomencn as was
described before,.

The skeleton strength in the portion of the prefile where the structure i1s anen,
but wvery stiff to wvery hard, is due to cement occting among particles. These
cemented strata or lenses dre lecally nomed "teosca" soil. When the cementaotion is
very hard the triaxial resistonce under a confining pressure of 1 kgfem2 is hetween
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10 to 20 kg/cm2. Due to wvariability of cementotion, it is common to obtain values
comprised bastween the latter lower walue and & kgfcwz, and, when Lthe cloyed silty
matrix is net cemented the strength falls down to about 2 kgfem2. In this case the
strength of the skeleton particles is coused only by the preconsclidation shown
oefore,

The local investigation performed te obtoin somples from the ground and the N
values, usually include as a routine standard dynamic penetration zests using o 24"
irnside diemeter sampling tube with o thin shee ond plastic liners. For any condi -
tion this procedure permits to get a prelimimary ideo of scil resistance using
correlations with the N - SPT  walues., It alse provides sufficient quantity of




soils to determine the motural woter content, the physical preoperties and the
granulometric characteristics, When the sails are not cemented, their relotively
low sensitivity ollows teo perfor triaxial tests and their results are considered
only as an rough index of the actual stremgth of the moterial. Additienally, when
the degree of soturation is less tham 100% the multiple stage techmnigue is used to

estimate the undroined intercept cohesion ¢y and friction @@, wvalues. However,
when it is required to perform rigorous studies to investigote the dactual stress -
strain - strength relaticenships, block samples are recovered from gopen pits or

desp shafts, Many times, o Deniscn type double wall sompler, at least 5" in dia -
meter, has been successfully used.

Ouwe to the great variability of cementotion it is not unfreguent to obtain a wide
range of results. Values of ¢, between 0,5 to 2 kgfem2 and @, betwesn 102  to
252 are common. Due to the macroporous structure of these soils, and perhaps to
some rest of loessian structure that con be seen in the form of =mall wvertical
holes into the undisturbed moss, the wverticol permeaobility is higher than the
horizontal., In dewatering problems - whers the predominant permeability dis  the
horizontal - the coefficient of permeability wvalues obtoined is in the crder of

-4 =5 . . .
10 to 10 crmfseqg. These porticulor characteristics of the macro strusture of

these scils permit to understand why samples obtoined below phreatic level, when
tested im the trioxial chamber without back pressure, appedrs as noan scturated due
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to the loss of water from the holes. This high capacity of drainoge - mere remarked
in "tesca™ soil - has permitted to design foundations using shear parameters
cotained from averaging results of triaxial tests with partially drained samples.
Taking into account thaot the soil skeleton has relotivelly low defermability, this
method to design foundationm gives results in occordonce with gctual small deferma-
tian of structures, When these are shalleow foundaticns - individual, combined and
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continucus feoctings - the allowable pressure commenly uséed are 2 tao 6 kgfemz; far
rafts the usual values are of the order of 3 to 5 kg/cm2, The uniaxiaol consolida-
tion test results, cbtained from conventionol ocedometers or using the triaxial
chamber following prefixed stress paths, when they are introduced inmte calcula -
tions, generally overestimaote the actual settlement of the structures. This is
true due to the difficulties to obtain undisturbed somples of inhomogeneauslly
cemented soils, On the ather hanmd, it is wvery difficult te apply "in situ” - to
this type of seil fermation - explorotion devices as static or dynamic penetro -
meters, dilatemeters, and =0 on, due to the presence of cemented lenses or strata
that prevent to advance with the measure teol. That is why exploraticn metheods as
wdsh boring cembined with standard penetrotion tests of samplers to allow to
recover representotive somples of soil, sistematicolly are so widely used,
Shallow foundotions are generally used in this pampeance formation; however the
architectonic trend to concentrote loods on small numbers of columns can force
the use of piles. In these cases generally bored pilles - designed up to 2,20 m

in diameter and 1.B00 Tn of allowable axiol load - are commenly emploved. The
concrete structures of high expresswoys in B.A. rest on bored piles or cilinders
of circular or rectangulor cross section,

In zones where the presence of soft soils {pnatpamneunu} averlaoying the wvery
stiff pampeano formation require piles, these piles rest on or are built through
these preconsolidoted inheomogirnucuslly cemented seils, Many times, and due to
requirements of design loods, the tips of the piles must enter the dense puelches
sands. Hence, the pampeanc soil-pile intercction has been carefully studied,
Commonlly, the shaft friction is considered of the same value of undrained
cohesiaon cy for scils without cementation; when this cementotion exists, o reduc-
tien factor less than one is applied. For bored piles it is generally necessary
to take intoc considerdaticon the periphericel remelding ef soil dnd the probable
use of concrete with high water/cement rotic. Fer this type of piles the wvalues
of friction adopted to desigm ore generally minimized. When the piles are ahbove
the water table, additives are used with the concrete to improve the shaft
behaviour when it is mecessary to inclreose the frictional resistanmce along the
shaft, The shear porameters obtained from drained and consolidated-undrained
trioxial tests performed under high stress level ars commonly used fe estimate
the point resistance. When highly cemented soils are loaded heavely, the wvalue of
shear parometers must be reduced; in this cose a @ wvaolue of 20% seems satisfac-
tory., In the knowledge of the outhor the greatest point resistance at fallure
into "tosca" is about 100 and 120°kg/cm2., When ore used driwven piles with displa-
cement of soil always the "refusal” ore reoched in the "tosca" soil,
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In connection with open excavation, for retaining temporary structures design we
use @ total pressure diagrom with some particulaorities: al its magritude is sgual
to the pressure produced by an equivaolent fluid with Teq = 1/4. Tw ; bB] the

distribution of the horizental pressures presents twe rectongular blocks of Hf2
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of height; the upper portign has a constant pR = 0,15 Tw.H and PR = 0,1 ?w.H
in the lower one. Hence, B80% of the tetal earth pressure acts on the upper half
of the cut, and the 40% on the lower part, The resultant P is located ©O,55.H
above the bottom of the excavotion, As we know, for stiff fissured clays Terzaghi
& Peck suggested o total earth pressure that can be asimilate to P = % e _HZ
with T&q = + fw if the structure can be kept to g minimun and the édonmstruction
time were short. If this were not the case, Teq ®Y, . In all cases the applica-
tion peint of the ferce P is ot the middle of the cut. It con be ocbszerved that
for preconsclidated by desiccation spils of Buenos Alres the earth pressure
diagrom gives at least half the value that can be expected using the conventional
diogram as presented by T&P, Apparently, for excovation with )
H2>Hnaw = Bo/37 . ta{452+¢/2) +the earth pressure is greater than the values
obtained using the previus commented diaogram. Theeretically if the horizental dis-
plaocements are null the magnitude of earth pressures should be similar to the Kg
cendition, Faor Ko Ka o, qu —= %+ : for Kad Ka <1 i TEq“‘?" .
For excavation with H agpproximotelly egual te He , when reinferced concrete piles
are used as passive tiebocks, it es better to use as totol earth pressure
P = %-F +1fw.H2 distributing the greater unit pressures on the upper half of the
cut, Piles dre desigrned using the allowable stress on the concrete and steel for
-'f'lf ¥ , but using £ €1 for yielding strength values of these materials,
The construction of big underground conduits for sanitary purposes has permitted
to observe the bahaviour of these soils in tunnel circular excovation with o
digmeter around 3 te 5 m, Generally, it is possible to make the excavation in form
partly manuol or with some kind of milling machine, When the roof is inte or
immidiotely below cemented non fissured secils, it is possible to advance without
significaotive temporary suppoert structures. Instead, when working ;qtu preconsoll-
dated formaotion without cemantation - especially in highly fissure zones or with
little K rotio, it is necessary to use o temperary support structure. The thrust
iz small but the instability appeors in the correspeondence with the crown where
the development of chimenys or foll of block is common.
Te finish, the Post-Fampeano --Holocene =- can reach arcund 30 te 35 m thickness;
intg the urban areas this strotigraphic condition oppears principally in corres =
pondence with the Riachuelo Valley, but generally with less thickness. Out aof the
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City it 1s common to find it aleng the vallevs formed by the rivers that draoin
transversally the high terrace of Pampeano toward the Porand cor La Plata rivers.
In the upper portion of the profile it is common to meet loocse finme silty sands
stratao or lenses interbedded or within soft clays or plastic silts. The lower
portion of the strata is generolly ceoenstituted by soft plastic clays or very




plastic silts probobly of marine origin.

This deposits are normally consoclidated and force the use of deep foundation teo
support important structures. These foundation are generally piles resting on, er
inte the underlying pampeana formation or within the puelches fine dense sands ;
the lotter conditien is common when the thickness of the soft soils is very large,
The mechanical behaviour of this modern soft clayey deposits is well interpreted
and can be predicted using similar approaches as developed for normally conseli -
doted clay deposist widely studied in Seil Mechanics.

I wish to show you some slides of a great cpen excavation made in La Plata City
near Buenos Alres City. The formation is the Pompeanoc. The water table is lower
than the normal condition due to pumping to obtain fresh water for population
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consumption, The depth of excavation reaches about 24 m, forming o square of 115
m width. Small bered piles were used - 35 cm in diometer - located almost
horizontally cennected to vertical cast in ploce reinforced beams, ot the same
time that the excovation advanced, 2,5 m apart, and connected between them with
shotcrete reinforced with a ligth steel mesh, 3" thick. This temporary support
system, conveniently connected to the structure of the building, integrote the
final support structure. This solution reguires only a small machine with @
helicoidal auger.




