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enstruction Yard and Hauling Foads

Finally it's expected to utilize an impertant volume of saprolites for the
construction yard (and also saprolitic sails) and the hauling roads.
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DAVID CARRIER ( the United States)

I just have a question. Can amyone cament on the use of gecphysical methods
for exploration for dam foundaticns in general and for the termite holes in
particular? I'm thinking especially of electromagnetic and resistivity
methods.,

JOi ChDMAN  (Brazil)

In Tacurui we ran several series of seismic and electrical resistivity mapping
techniques on both abutments, We did not do any magnetic geophysical work but
neither the seismic nor the electrical resistivity surveys showed anything at
411 that reserbled "canaliculas". I'm afraid that the target size, although
big for the size of the problem, is too =mall for detection with most
gecptyysical methods.

VICIOR DE MELLO (Brazil)
I've been thinking about what Dr. Cadmen said, and on the one hand, I feel

that Dr. David Carrier has in mind some of the high resolution modern
' geophysical methods that have had sach a tremendous development and a

115



I:

fantastic use in new areas such as off-shore platforms and  sulbmarine
investigations and so en. It seems to me that the questicn is well put. It is
a problem of trying to develop higher resolution methods that might be able to
detect these =mall discontinuities such as are being detected in much more
difficult conditions in subwmarine investigation. I think that that's part of
your question. I'd summit to the audience that we lock for a development along
that line.

CLOVIS R.M.LEME (Brazil)

I'd also like to make a ocorment on that subject about soils  from  southern
Brazil. We have had many dams built in basaltic areas and it is quite common
to find a depression in the foundation. We find a depression in the rock
beneath the dam and this kind of depression we kept by using the old fashioned
geophysical methods.

MARTO MARCTIO ALNVAKEMGA (Brazil)

I'd like toremind you that the basic conditions for soil to be collapsible are
that it must have a natural moisture mich lower than total saturation and have
high porosity. Thus, any soil that fulfills these conditions may collapse in
spite of its type and origin. Since collapsibility is a structural phencmencn,
small deformations should be studied. Soils should be tested in labaratories
at the end of a certain loading in the cedometer test when the sample is
flooded., In compacted soils, collapse can anly take place in the dry sids,

In relation to the termite procblem, this is ot so dire because there is an
apprexcimate surface delimitabtion in organic deposits since termite mounds have
a blackish hue. This halps in the preparation of geotechnical imestigation
prograns.

RUI T. MCRI (Brazil)

I'd like to comment on the aspects of collapsibility just brought up. Mircio
Alvarernga Jjust sald that the origin and type of soil does not have any
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influence en soil collapsibility. Our experience and certainly that of many
others is that seil origin is wvery important in determining a soil's
properties, For exanple, in sedimentary soils sedimentation produces a
different cementation from that in residual soils.

Tests carried out an different basaltic soil samples with similar properties
show that surface soils with the same moisture content but which are colluwial
are collapsible, '.-‘t.jherea.s the residual soils directly below are not
collapsible,

MARTO MARCIO ALVARENGA (Brazil)

There are various ways, Mori, to make s0il collapsible and one of these is
through loss of comentation. What I want to emphasize is that this is not an
exclusive property of clayey soils. You can find cemented sands which collapse
when the cement is dissolved, not immediately but it will enly be a question
of time, of solubility, and other factors which I feel we shouldn't go into in
great detail here.

VICIOR DE MELID (Brazil)

Allow me to coment briefly on this subject. I believe you both are right, but
the main point is that we would like to try to quantify to what degree the
consaquences of oollapsibility, and differentiated settlesent due o
collapsibility, not collapsibility itself, would be acceptable in a foundabion
because ergineers know that to a greater or lesser extent this phencomenon
exists in wvarious places and under varying circumstances. The problem is to
lmow to what degree it is acceptable or not. In the amall dichotomy between
collapsible and non—collapsible soils we try to quantify and this is where T
think the fubure will be. Coincidentally, FProfessor ITeonards will hold a
seminar at Purdue before the San Francisco meeting at which he will present
data on 600,000 cubic yards of compacted material excavated from Teton Dam. He
hopes to show that dam cracking was due to collapsibility of the soils placed
an  the dry side of the dam, ete. I recently saw that slightly decorposad
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sandstene with a very small amount of clay is collapsible. A year and a half
ajo, groundwaber in various regions of the state of Sao Paulo rose
exceptionally due to the El HNind hydrological phenomenon and  namercas
factories settled several centimeters due to cocllapse, an absolutely
umnacceptable situation. Thus, our problem of knowing which so0dl is and  which
is not oollapsible is more a question of quantifying the degree of tolerance
of collapsible sodil.

MARIO MARCIO ALVARENGA (Brazil)

Just a comment since you mentioned foundation collapse. I'd like to  remind
those present that Professor Milton Vargas was the first to bring up this
subject in Brazil. He dealt with the oollapse of foundations in residual
basaltic soils in the state of Sao Paulo,

CHATEMAN

Basically we have dealt with two subjects here: temmites and collapsibility.
There may be other matters which may alsc be discussed. Would Mr.Viotti like
to say something on collapsibility and deformations?

CRSSTO BAVIOTTL (Brazil)

I'd like to coment on two aspects related to dam foundations: the behavior of
the foundation of Sao Simao dam with respect to collapsibility and settlement
devices. At Sdo Simfo dam we have two settlement devices: one on top of
eolluvial and natural residual soil and the cother on top of saprolites, while
the reservoir was filling up we had a settlement of 15 centimeters.There had
already been thirty contimetres of settlement before the reserwoir began to
fill wp. The saprolitic scil had also collapsed some 4 centimeters, There were
n» signs of distress to the dam itself. The dam foundation is on basaltic
saprolites. We also have an inclinometer at another position in a slightly
higher sectien and at this position we noticed a shear deformation after
Filling, We saw around o centimeters of shear deformation despite the fact
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trench because  we mun into the kind of difficulties you have presented here.
Furthermore, we hear that excavating a trench below the water tahle would mess
up the foundation completely and you end Up with a worse product than if you
leave it aleme. Cur practice is to excavate what we call a exploration trench
which is a trench that willserve to let us know we are within residual soil
and that there are no materials that should be removed. Once we know where we
are we procesd as soon as possible to £ill up the exploration trench. So  this
confims 1008 what Professor Mello and Mr.Viotti have said.

low a comment on the question raised by Mr, Sierra: if the saprolite should be
qr::-:taiﬂrrnt.mrea@eriﬂmEﬂutasapmlited:esn&ttakegrmtmﬂym
m'tgainan}rthhlghygrmiﬂngaaapmlite. When we use high pressures all we
are doing is destroying the structure of the soil with no practical purpose.
When you rmﬂgrcmtismhanyuacmetﬂthermk,mtthemdrmﬂchmthe
upper part of the rock without open cracks. There is where grout is needed but
not in the saprolites. Thank you. .

VICIOR DE MELID (Brazil)

May I conment on that? This is a very interesting point to begin with., Thank
wfwma@nrtmmathe_sisﬂutmallagr@em.

It's much better to stop on the saprolite as a geametric excavation and never
think of going deeper because of all the troubles that Cassio Viotti and
others have mentioned.

If you do have to go for any reason, for instance as Mc. Sierra pointed out
with respect mmmplmthsinthecase::faﬂmaretefacedepm, if
}m&:nheuemgutﬂmrmk,thranitshm;ldalsnteage-:xrel"_wicm-aﬁm,
etc. but definitely sound rock and T think we are all in agreement on  that

account,
“Now the basic question that you seem to disagree with but T think that if we

g0 a little deeper we might agree with, is with respect to grouting of
saprolites, We all agres we definitely do not grout this soil but saprolites
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tend to hawve waakness planes which are especially low in tensile strength.
They are fregquently low in schistoing also but especially low in tensile
strength and, therefore, they are susceptible to penetration of grout by
h:,rlu:]:aulic fracturing techniques (clackage).

So yvou get a crisscross of cement clay, which can be sbxlied to be as close as
possible to the properties of the "in situ" material and by doding that you can
try to reach such unusual discontinuity such as “canaliculas" and so on.

So I agree with you with respect to the damage you can do, especially if you
are dealing with sedimentary rocks and so on. But there are conditions where
you accept the temporary damage and the surgery as a risk and after the
surgery, after the patient has been stitched up, presumably you have improved
him.

oscar METIA ( Colambia)

I just want to make a remark on this. Here we come to a problem which I'm
going &mf&rmasﬂmﬁanaralﬂanturtlﬂaftenmna:ﬂt}mtis: what is

the saprolite?

I fairly agree with Victor and I think the lower part of the saprolite was the
tvpe of crack up here vhich I was calling the top of the rock, but it is again
a mattar of semantics, That is all. Thank yoa.

VICTOR DE MELIO (Brazil)

Thank you very mach and forgive my having committed the gross error because I
myself have always insisted that there is no such thing as a saprolite. A
gaprolite is of sommething. So we have to say saprolite of gneiss, of
sandstone, saprolite of =schist or whatever, Unless you say what the parent
rock is, there is no such thing as a saprolite. Thank you for reminding me
that in trying to be brief T committed a very gross mistake. Thank you.
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cone across termite mounds  during our investigations and we Jdon't £ind
chambers and excavations what do we do? Thank you.

JOHM CADMAN (Brazmil)

In answer to your guestion, I would say the following. There are several small
dams in Brazil that have never been filled because of the termite "canalicula”
problem. In fact there was a very interesting reference given approximately
150 year ago by Walter Bates, the English naturalist, when he came to Brazil.
He remarked about a dam that failed, near Belem. His explanation was the
"salva"  ant and not the termite. Today we know it was not the "saiva" becanse
the "sainma" makes wvery shallow gallery systems. It could well be that failure
of this small dam in Belem, 150 years ago was due to termites.

Your question about whether we should be on guard 1f we find termite mounds; I
would say yes, althouch we mast remember that there are thousands of
varieties of termites and I'm not sure if all the varieties make such deep
subbterranean galleries. I would say that in tropical areas, even if you don't
see  mounds, you should expect that there would be this type of gallery system
in residual soils, In the galleries of Tucurul we never found a single termite
in the galleries. We did find termites making galleries recently in Samuel,
but in Tucurui the galleries were what I would call "palecgalleries®,
excavated, who knows, how many years ago.

I think that this is certainly not a problem typical only of the Brazilian
Mmazon. I'm sure in other regions of Brazil this type of gallery will be found
and T would expect that in certain regions of Asia or Africa they also exist.

VICTOR DE MELLD (Brazil)
May I answer the question that was asked of me? I really want to congratulate
Mrs. PRegina Dias on her suggestion of ancother index., Basically, what we are

gathered here to do is to try to get better indices, practical cnes, frem all
possible fields, to help in creating a new vision of how to face these soils,
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Mow, in respect to Mr. Pugh's gquesticn. In Iy state-of-the—art paper on
penetration tests back in 1971, I tried to suggest that il se=ms vVery
difficult to solve for at least three unknowns. We have studied penctration
resistance. It basically is intended to measure strength. And strength, in
general, in soils should depend at least on a ' or B 1 or ¢ 'The three
parameters should ocome in.  How, if we faced the SPT with the same level
sirplicity with the mingr changes such as are baeing introduced steadily in the
CPT ar CPTU and so on and so forth so as to be able to do a mltiple
profiling, alternating SPT data with ons, two or three samplers that maimize
the ane ecase C: the ancther case g another case # we could get three
gsimiltanecus equations to begin to get some of these intuitions that our
neurclogical and legical computer works out and that can not be proven. Until
now I have only been able to prove for sands, pure sands with laboratory
condition overburden stresses I have given by USBR test results and
incidentally they have been recently confivmed by ancther paper that is coming
et in  "Geotechnigue" in which they prove oy thesis that SPT measures
resistance and not compressibility. It is an index more or less. It sSeoms in
the same Family. when materials are stiffer they tend to be stronger and less
copressible but sometimes they can fool you. For instance, the foundations of
furi dam had SPT results going on way up to about 25, 30 or more and they were
collapsible. Thank you.

O, MOURA FILHD (Brazil)

My job as a discussicn leader is te encourage discussicn but I'd like to say T
am sure you all have heard what Professor Karl Terzaghi gaid on one of his
trips to Brazil - that it was one of our tasks to study and get to kKnow
residual soils better. This is really one of our tasks. I thus propose that we
advance the studies and conoepts of the structures which will be built on
tropical soils so that less soil needs to be removed and treatment prooesses
may be improved. This point of wview is held by most of the panel members here
today and mary of you in the audience. A few steps have already been taken.
For example, at abutments, there is less soil removal than at places where
the dams are lighter. To be able to make this type of cecision it is very
fmpartant to krosw how soils behave. We know for sure that porous, lateritic,
saprolitic, tropiecal soils have two typical Mohr envelopes depending on the
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VICTOR DE MELIO (Brazil)

I'd like to ask you a question. Fram your chscrvations, was the rupture due to
piping, instability or samething else?

CLAUDIO WOILE (Brazil)

Rupture was problably due to piping through the soil of the abutwent, possibly
where it meets the main part of the dam althcugh the dam was designed for

overtopping and was permeable. The dam was small, some five meters high but
the water went over the abutment rather than over the gablon wall of the dam,

VICTOR DE MELLO (Brazil)

I wonder, are we talking about an earthfill or rockfill dam? Could it hawve
been a gabion dam which was basically a kind of a retaining wall?

CLALDIO WOLLE (Brazil)

That's right. A spilling crest about 5 meters high, in the riverbed and with
no special breatment at dam-abutment contact.

VICIOR DE MELIO (Brazil)

Do you think that this was an invitation to rupture or not?

CTAIDIO WOLIE (Brazil)

Yes, without a doubi.
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ﬂ-sec:c:nd point T feel is dmportant is the question of piping; piping is still
cne  of the big worries in dam foundations. Although I agree with Professor de
Mello that it is much better to avoid the phenomenon, charge the physical
universe, as he said in his Rankine lecture, sometimes this is not feasible.
We mist deal with the problem. Having to deal with the problem, I feel that
tests related to an analysis of the piping phenomenon are inadequate because,
for example, the pinhole test constitutes rapid loading in relation to . I
feal that pipirg should be carried out by some sort of slow test, As we
discuss slow and fast slope stability testing, I feel that in the case of
piping we should make a distincticn between slow and fast leading, since our
physical intuition, comon amongst geotechnicians, is develosed encugh for us
to recognize fast loading, but we haven't developed physical intuition in the
case of Iinterceptos the cohesion of drained tests. Thank you.

VICTCR DE MELIO {(Brazil)

Mr. Chaimman, we want to thank the audience for their presence and all  thedir
support  in this session. As a brief sumary, it seems to me that we really
face tremendous problems ahead of us, of new indices, of detection methods
that may improve ouwr knowledge, and principally, recognizing what the main
problems are. From what I've gathered from this session, the principal
problems have been pointed out as ocollapse settlements, which are vary
ufavorable at a wvery unfavorable moment, guestions with  respect  to
construction oconditicns and acceptance of level of excavations {everybody
secmed to agree to stay as high as possible; the question will be +to define
how  high  is  possible) and  finally questions regarding these many
discontinmuities that create sespage problems and their consequences, whether
they lead to piping or big flows, whether to economic or safety questions.
These are the main problems we have to face in trooical sites. Thank YO very
mich  for the cpportunity of making my swmary, and among other things, I have
to include in my summary my apologies for having presented some ideas and
possibly  esaggerations that may lead to wrong impressions., My desire was to
stimilate discussion., Thank you.
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I want to take this opportunity to thank the Brazilian enginesrs for giving me
the honor of presiding at this sessicn, the General Reporter of which is
president of the Intermnational Society for Soil Mechanics. I also want to
corgratulate the engineers of Brazil for the depth and understanding they have
shown not only in their scientific publications but also in the works they
have accamplished in the country. I hope you'll be able to find yvour way to be
ane of the first in all aspects of science, technology and culture. Thank Yo,

135



