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18 April 1549

le The conference on Scils Studies, Potzmolo;y Investip~tions
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bound by LIBRARY BINDING CO,, Waco, Texas Date

~ was convened at 9:00 A. !. 18 April 15.9. The following personnel were

he Casagrande, Consultant, Earverd Univerasity
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ul Evorslev, Consultznt, Soils Division, WIS
Latizmer, Chief, Construction Division, VRC
Hans, Chlef, Bank Protection, EEC

Tiffeny, Tecthnical Ixecutive Assistant, viS
Fortson, Chief, Hydreulics Division, ¥TS
renwdck, Hydraulices idvision, VES
Livscomb, Hydraulics Divigion, VIS

Jolson, Scils pivision, WIS

Shocitley, Coils I“dvision, WES

Laxwell, Soils Divigion, %ES

Carber, Scils Tivigion, V7S

2¢ The first topic was 2 discussion of 1he bank failures at

¥re Jolrieon briefly reviewed the penerzl problen.

A movie of the slte was shown after which the sliles were cescribed 4n
some detzil and models of the elides were shown and discussed.
- lire Johnson discussed scour and fill in the revetted area during the

periods between construction end each failure. Lirse Latiner corented

that the problem probably would not have occurred or at least not have

been as severe if sufficient funds had been availzble t0 place the

required amount of revetsient. i‘re Haar corented that he had 2lwzys

thoucht of the fallures as Yconnection" failures, since he had often

observed depressions in *the lower bans Just below gzero VL which were

not connected to the thalweg. lie thought the trough or throat of the
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failure doveloped after the upper cepression had been fomed by scous
Mr. Lattmr- ésced 1f any studies had been made of the sand wzves that
have been observed (by sounding) moving down the thalweg against the
revetment. lir. Johnson said that no such investipations had been made
by the Solls Division, 1t being basiezlly a hydraulie problem.,

Je Y¥re Vaxwell discussed the plezometer inst=lletions and the dota
ovtained from Uiese installations. Ie pointed out thzt the readings
agreed very well with the theoreticel piezoretric surface and were there-
tcam probably relisble. He further etzted that thre seepage gradients
WE{I'&.EO low that the forces due to seepage, if truly reflccted by the
piezoneter data, were of no immorteice at any river stage, znd may hove
been zero at the time of failure or actually directed into the bank and
Lhereby increzsing its stability.

Le Lre Noxwell diacuased the split spoon penetration resigtance.
He stated that the conclusions drawn from tide investiration were that
scre account must be made for the iﬁcrease in pme‘t.fatim resigtance
vith depth when correlating it mith Censity, end on the basis of a rough
rethod of analyeis which took this into account he believed that the
deep sands behind the fallure on Range LB were less dense than elsewheres
He further stated that inflow of materizl had 2 considerable effect om |

the penetration resistance at this site, but the mere fact that the |

naterizl wonld flow 4in ec readily ight be an indication of its low
density. He stated that the elevation of the ground water affects the
peneiratlon resistance, in that it changes the effective overburden

pressures and that additional borings would be mzde at Reid=Sedford at

river stages corresponding to those a2t failure.
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Ce | Lkr. Johneon asked for discussions on the possible typeg cf failw
ures by Ir. Casagrande aund Ir. ivorsleve Lir. Tiffeny zs<ed for the floor
previous t.o their diacuniaq 80 ihat be might present the hydraulie
atnect-a of the problem. Hﬁl discussed the failure at Free iigrer Point
and commented that trexendous forces »ore at-work in the river which
- might =24ad to the general instability cf any portion of the banke. He
rointed cut the hydraulic' aspects of the¢ problem and thet the fzilures
al Reid-bedford were initiated by scour » regzrdless of what type they
might have beeny ie s, flow, intemal erosion, or externsl erosion.

¥re Johnson concurred with him on this lzi‘er belief but pointed out that

intensive scouriag has cccurred where tlere hove been no failures y and

that while scour st the tove is probably the basic factor it is not the

only facter.

6. Ir. Casagraide stuted that he felt that ihe failures corld not
e elther shear or direct scour, but that inlernsl eroszieon ﬁig}it have
been regponslible, since three-dimensional cancentration of flow due
lirgely to soil irregularities could cause erosion even under low total
differentials. It would be in the form of progressive baciward and
upward, fan-ghaped erosion nathse Vertical colums mizht be left between
channels which would tmpor*;:rﬂy support the overwurden, aud whiéh would
collepse after high waler stages. Uace ihe overburden wus disturbed, it
would have little or no shear strength a:';d would zppezr to fail by flow,
Pre Casagrande then stated thet the elue to the nuatier nzigl;xt be found in

gsearching the failure arca for iraces of cohesive overburden. Yre. Johnson

replied that this had veen done and such raterials were founde




Dr. Casagrande stated that the narrow neck of -.the feilure maseg him
suspiciocus thzt a Qoical flow failure did 'nbt occur; the shape being |
rore typical of inter:zsl ercsion. Ir. Johnson stated that no trzces of
erosion failures had been observed at low stages and reviewed the sound=
ing data available, according te wiich 1_:.he failure of neceseity hsd to
occuyr rapidly; in the ayaca of less than two weeks in one inetance. Ne
guestioned the likelihood of intarnzal ercoeion 28 & basic cause but
readily agreed that this possibility ghould be carefully invesiigated.
Ir. Casagrande stated that they right have been olzurring under water
for yearss lir. Tiffany stated thzt this was & corbined problex of soils
end hyirsulics and 1llustrated the forces and how they were acting 4n a .
g:etch of the hyiraulie conditions 2t Free Eigger Pointe Lir. Céugrmdn
asxed if it had ever been observed that these forces czused vibrations

in the bank. Jlire Hzes stated that he thousht it wes possible in some

bank materielse Dr. Casagrande asked if the bant was subj-cted to pounde

ing gimilor to wave action. Mr. Tiffany said that pressure fluctustions

had been nezsured, in terms of velocities, in ithe order of 3 to 6 foct
per second during low water stapes but might be doubled during "L'Lgn
watery ecour mnd shock may be very significant contributing factors,
Lre Johneon estated that Iree Niprer Point hes always been turbulent —

many tors have been turned around and broken up at that point. If these

fcreee have been acting for 5O years without gffecting the bank, how is
it that they suddenly removed so much mate-ial cveraizht? kr. Tiffany
replied that they micht have been meting on more resistant moterisls and

hed bro-en throuch into vezer materisls. Yr. lLatiner stated that, in




connection with posesible flow failures, it might be we)l to find out
if e very heavy freight had pone over the bridge zbout 2 mile below on
the night of the failure.

T ¥re. Jolmson asked Dr. Cmgrnnde if he could deac:ﬂbe how
intemalrerosion =i hi -have taken ploce in guch short periods =3 those
before the failures for which we have no hydrographic surveys of the
area = or if the ercsion existed for longer periods of time, how it
went viiletected by the tcrdrumﬁhic eurveys. Dre. Casagrende asked if a
hole 3= to 12=ft wide rmight be detected in the hydrozraphie survey.

're Fermwick s24d it could note Dr. Cusoorande maid that the erosion

could be tzkKing plaf:e throuch an Openinﬁ no lerger than 3 to 10 £4 in
dizmeters The overburden would be supported by srehing and the final
failures sel off by ihe powerful river forces of which Lr. Tiffany spoke.
& lct cf these failures may start and be stopped by ecil falling into

the openingg these would show up a&s only miner surface deprescions.

Ure Tiffany stated that the st:ge was set for fallure to take place by
ecour, Dr. Cazagraide asied I1f the forces seting 4n the failure nocket
zre violent. !r. Tiffary replicd that they were in the upstream portion
below the surface. ¥Mre. Johnson renlied that they could no’ be too vislent
and that sccvr could not be too effective =iace the shoulders of the fail-
ure on Ranre Lf! remained undisturbed for one ronth without protection.

Lre llaxwell asked 1f the forces of which lr. Tiffeny spoie actually re-

moved the soils or if they set up the conditions. Lr. Tiffany said it

vas combination of both which ultinately becane a slide.




8. The conference was adjourned for lunch at 12:30 P. ¥. and recon-

Je Ir. Johnson asced Ir. Hvorslev for his ideas on the failurse.

slide or intermal ercsion. ke also thouzht the neck of the failure
..could be either cause or effects The neck udght be the cavse in &n
erogion failure; i. e., all of the mcterial vas eroding thwough the necks
The neck might be the effect in a flow slide; 4. €s, the neck material is
rencved by tihe mﬁ}:er materials sliding oute Ur. Hazs then asked 17 the

pounding action of the mat might sot have some effect upocn the stebility
of the bank., be said that the feilures cenerally ccour in the downstrean
portion of the revetment where the hycdrzulic forces znd consequent
deepening may be in the orcer of 25 to 50 per cent of 4he criginzl) éepth,
10. lMr. Johuson briefly revicwed the lavoratory iests. He seid

that the purpose of the trlaxial tests was to reproduce flow fzilures and
to study critical woid ratios. I ithen discussed the typves of teste

iich wvare performed — t ¢ draized shear teste and the constzot volume
shear tests. lir. Carber presented tie test results zad ithe character-
iatics of each {ype of test acd failures obizinecd iherein. He emeluded
that it was possible te roproduce flow fzilures and thet there rgy be
critical eands rzther than critical void ratioss The conflerence was
adjourned to the leboratery where &ll members v’ inessed s conctant volume
shear test on sgande Although ¢ flow fallure d14 rot result, the lateral

effective siress was reduced with increzeing strain to about © mer cent

ct its initial values Lr. Casagrade stated thot the iest reeul s were




very interesting and thet t.ho S5:6~in. sample nay ba the solution to the
problem of Ql:l.ninating tesl errors due to membrane roaﬁnint, etec. Be
did not think that volume chenge eontrol vag too impertant =~ the hand
method could be imnroved bt_:t he would not atﬁﬁpt to refire the nroccdure
to any grezter extent.

1l. DPr. Casegrande then discusced the laborztory and field condie
tions in a comparative gense. He gaid that, at the tine of publication
of the triaxdel review, his opinion was that the tricxial tests were only
2 very rough approximetion of field conditicns and that laboratory results
will alwzys be on the unsafe side. In his opinion, liquefaction is not
8 likely in the laboratory ss in the field, since the lzboratory speci=-
men will develop more resistznce than it would in the center of a2 wniform
ress because of nonuniforn rirain and because of the required slowness of
the test. The speciren will also have & differeat eriticel void ratio
than ihe mass, beczuse the specimen has Leen rixed; the vcss is always
zore or less subdivided into sepzrate sirata, each rore wiiforr in pgrain
gize _t.han the laborztory sample. In & great number of cases, the field
vold ratio has been less than the critical void rotio from laboratory
tests, but stil)l flow failures occurred. At the present time Le fecls
lzboratory tests, &t lcast those nerformed prior to this investigation,
can not be directly applied and that rore resezrch on this is rec:ired.
Dre Casagrand~ concluded that he preferred & S-in. samplcr to a 3=in.

sanpler for obtaining samples of sand with & frogen plug sapler, but

that he hed no evidence to support his preference.

12, Ire. Johnson then sumiarized the topics which hzd been discussed




in the conference and asked Dr. Casagrande and f.lr- Bvorslev if they were
prepared to give an opinion on the relative possibility o'f_ each 'I'.yp. of
failure. They r:a.rt nots lir. Jomson then asked if ithey eonls say on
vhich tyre of frilure would further develooment be nost Justifieds

Dr. Césagrande said that all three causes were justified. KNe wzs 4n
favor of fullegcale tests &8 the best inveetige tional rethod to pr&ﬁ
flow slldes. He gald sand samples might be taken by hand in Gow caissons
in the field at low river stages. Laboratory tests are an mportxat part
of the investigation but caniot be depended upon tc give precise answers.
re Johnson gueetioned Dr. Casagrande as to how to investigate the possie-
bility of internal erosion and Dr. Caszgrande supgcested model testis.

Lr. Evorslev thought ercsion =ight just remove fines (as in filter
failures) and thereby reduce the criticel void ratio. Ir. Casagrande
thought that thie effect would only tske place on the surface and would
not be important. Nre. Latirer stuted that Prowns Point would be & food
epot to use for the field tests but questiored how it would be possible
to deternine what type of failure occurred. It was concluded that from
the soils viewpoint the investipation of the possibility of a2 flow
fallure should be continued and in additicn the possibility of failure

due to internal erosion should be investigated.
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