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SYNOPSIS:

Presently available analytical techniques were used to
achieve an uncerstanding of the observed behaviour of Atchafalaya
test sections during aﬁd shortly after construction and to
develop modelling techniques for the evaluation of alternative
designs.  The characteristic behaviour of the test sections was

identified and successfully modelled by finite element stress

and deformation analyses and by stability analyses. Measured

pore pressures agreed well with those calculated, but pore
pressure analyses gave little insight into test section
behaviour. Careful analysis of the foundation soil profile
was an important factor in the success of the investigation.
The usefulness of the methods of analysis was evaluatéd and.

different methods of stability analysis compared.
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INTRODUCTION

Three test sections were built along the Atchafalaya flood
protection levées in Southern Louisiana, U.S.A., in 1964/1965
to investigate the performance of new levee designs. The

sections were thoroughly instrumented and their performance was

" monitored during and after construction. Various methods of

analysis are used to study the basic behaviour of two of these
test sections during construction and the usefulness of the

various methods is evaluated.
TEST SECTION HISTORY AND MEASURED PERFORMANCE

Cons;ruction of flood protection levees to form the
Atchafalaya Basin floodway, part of the Mississippi flooé con-
trol system, began in the 1930s. In the south of the basin a
stage construction technique was used because of the deep, soft
foundation clays, and construction progress was very slow. In
1963 the design flowline through the floodway was raised to
allqw for the effécts of siltation. It then became clear ﬁhat
more rapid construction progress was required in the southern
region and so a new type of leﬁee design was developed. This
involved, an :nitial coﬁstruction stage of large berms with a
small crest, to be followed by a final crest lift after
gonsolidation had strengthened the foundation clay.
| .vThe two tes£ sections of interest, called Test Section II
and III, used this method of construction to give respective
design factors of safety of 1.1 and 1.3 at the end of the first
stage of construction. They were built over existing levees

.

alongside the Gulf Intracoastal Waterway navigation channel,



each test section being 1500 ft long and abutting the other.
The design and measured performance of these test sections is
described in detail by Kaufman and Weaver (1967).

Fig. 1 shows the Test Section III design and foundation
conditions and indicates the construction sequence used. The
original ground level shown was between El. +3 and +8 ft rising
to El. +17 ft at the existing levee. The water table was
generally just below ground surface. Test Section II was very
similar, but with smaller berms. .It is shown in Fig. 2'along
with typical instrumentation installed at three stations in
each test section. This figure also shows typical centerline
piézoﬁeter data obtained for the test section and Fig. 3 shows
typical deformations measured duriné and after construction.
The data for Test Section‘III are very similar, although the
movements were not so large.

The'pore:pressure'measurements indicate that very little
consolidation occurred during and shortly after construction
so that the test section behaviour during this ﬁime was
éssentially the undrained response of the foundaﬁion to the
applied loadsi. The behaviour of both test seétions was char-
acterised by large lateral deformations which occurred during .
construction and continued long after construction was com-
pleted. These resulted in excessive centerline settlemenfs
whigh réndered the performance of both test sections inadeéuate.
Lateral deformations for Test Section II can be seen in Fig. 3
in which the large movements which.occurred after the end of
construction (May 1965) and the shear deformations between El.

-20 and -40 £t, are particularly noticeable. This zone of



- large shear deformations is the region where most of the lateral
movements were generated, the overlying material tending to
move as a block. It is also the region where most of the pdst-
construction "creep" deformations occurred. These shear
deformations must have been associated with the formation
during construction of zones of highly stressed soil, and
understanding the presence of these zones is considered to be

the key to understanding the behaviour of the test sections.
OBJECTIVES AND COMPONENTS OF THE STUDY

The'tesﬁ section sites were very thoroughly investigated
prior to construction, the test sections were extensively
instrumented, and the foundation soils have been the subject
of a major laboratory testing program (USCE, 1968; Duncan,

1970; Ladd et al., 1972). Thus the.test sections represent a
valuable oppbrtunity to evaluate present analytic§1 methods with
little likelihood that inaccuracies and uncertainties in the
input data or measurement of behaviour will yield misleading
résults.

The objectives of the study were to apply the most ad-
‘vanced available analytical techniques to investigate thé
behaviour during construction of Test Sections II.and III, in.
order to:

) (1) Achieve a basic understanding of the test section
behaviour;
| (2) Develop mo@elling techniques which migh£ reasonably

be used for the evaluation of. alternative levee designs;



(3) Evaluate the analytical techniques thémselves, and
particularly their applicability to the very éoft, Ccreep
susceptable, highly plastic Atchafalaya clays.

The Normalised Soil Parameter (NSP) Concept and the Stress
History And Normalized Soil Engineering g;operties (SHANSEP)
method (Ladd and Foott, 1974) were used extensively in the work,
which became one of the major case studies used in the practical
development of these techniques.

The study involved investigatiqn of the geology of the area
‘and the stress history (overconsolidation ratio profile) at the
site, followed by the selection of appropriate soil parameters
for use in the.analyses. Finite elément models of the test
.sections were then developed and used for analyses of deforma-
tions, stresses and pore pressures. Various stability‘anélyses
were also made and the results of all analyses were then
combined to give an interpretation of the test section behav-
iouf. Finally the experience gained with the methods of
analysis was evéluated.

Details of the work are presented in Foott and Ladd (1973).
GEOLOGY OF THE TEST SECTION SITE

The Atchafalaya Basin lies wholly within the Mississippi
Valley formed during the lést ice age when the sea level
droppéd seve:rral hundred feet. ~Subsequent rise in the sea level
~led to thé deposition of a thick bed of sand and'gravel‘in the
bottom of this valley, followed by a layer of plastic clay as
the hydraulic gradients of the Mississippi River were reduced.

This clay is over 100 ft thick at the test section location.

i



The Mississipbi‘River has occupied sevéral routes through
the valley during the period of clay deposition. Along each
route, natural levees and adjacent backswamp deposits were
formed until the entire river course was elevafed'to the poiht
where a preferential route became available. The Atchafalaya
Basin (see Fig. 4) was formed in about 900 A.D. by the joining
of the natural ievees of two of these routes. 1Initially only
the Red River flooded into the Atchafalaya Basin leaving
characteristic red and dark brown deposits. This situation

‘,ended about 1500 A.D. when the Mississippi River.broke into the
basin and joined with-the Red River to form the Atchafalaya
River. Subsequentasedimentation has been very heavy to give
£he present-cdlay situation shown in fig. 4.

Fisk, Kolb and Wilbeft (1952) investigated the clay soils
in the Atchafalaya Basin and found them to be all backswamp
aeposits at the test section site. These are sedimented in
shallow pondedAareas formed behind natural levees by flood-
water and they tend to be laid down in regular horizontal
‘layers over large areas. Fig. 5 shows the data from a boring
at the test section site. The dark brown layer of peat at El.
-24 ft is the lowest layer of brown material in the profile and
it probably corresponds to the period when only Red River
deposits were‘laid down in the basin. It is apparent at the
same elevation in all borings outside the existing levee and

" it also appears in borings made through the levee, but at a
ylower elevation. It is indicative of regular Hofizontal virgin

e

deposits throughout the test section area, these deposits being

4

 “consolidated and vertically displaced beneath the existing levee.
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Aléo noticeable in.Fig. 5 is the'aramatic increase in
natural water cqntent‘and plasticity above the layer of brown
peat. Kfinitsky and Smith (1969) studied backswamp deposits
in the Atchafalaya Basin and identified three main depositional
environments:.lake, weli-drained swamp, and poorly drained
swamp. All are composedxiargely of highly plastic CH clays

but the poorly drained swamp gives the highest plasticity and

. the well-drained swamp the lowest, with lake deposits inter- -

mediate. It is likely that this upper layer is poorly drained

' swamp material corresponding to rapid sedimentation and

frequent flooding from the Atchafalaya River. The underiying

materials are from lake and well-drained swamp environments.

Other than this high water content layer and the underlying

dark brown peét layer, there is no regular layering apparent in

the visual classification boring logs. The soils below the

peat layer are therefore Ehought to be relatively uniform
deposits laid down by the MiSsissippi River before the formation

of the Atchafalaya Basin.
SOIL PROFILE AND STRESS HISTORY

Prior to any levee construction at the site, the entire

~area was level at El. +1 to +2 ft. Levee construction since

A

“the adjacent waterway to form the levees. This gave the

the early 1930s consisted mainly of excavating material from

Biiginal ground profile shown in Fig. 1. The site investigation
. program for the test sections consisted of five borings at each

. of six stations through the site. In each case the borings
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were located at the levee centerline and.at 105 and 180 ft
offsets to each side of the centerline. A major laboratory
testing program gave Atterberg limits, natural water content
(w,), total unit weight (y,) and gﬁconfined (U) and Unconsol-
idated Undrained (UU) strength data for each boring. Field
Vane (FV) tests were also performed'adjacent to each bofing.
Analysis of these data showed thaf borings at the same offsets
exhibited the same trends and values ét each of the six stations.
It was further found that these trends aAd values were sub-
_stantially the same for all the 105 and 180 ft offsets.l These

,pffsets were all outside the existing levee and it seems they

were indicative of the virgin soil profile prior to any levee

. construction.

Fig. 6 shows bands of.wn, Ye and FV data encompassihg the -
average lines drawn for each 105 and 180 ft offset. The
occurrenée of such well-defined bands testifies to the regular-
ity of the foundation soils and is also in&icative of some form
of detailed layering in the profile. 'It;can be éeen that below

El. -40 ft the trends in the y_ and FV data generally match each

>

.other very closely while the reverse trends are seen in the v

data. Thus around El. -50 and -80 ft there are high values of

-an

 Yt and FV strengths and low Yo values, with the opposite

-oécurring at El1. -65 ft. The likely expianation for these trends

.is that they correspond to variations in overconsolidation ratio
- (OCR) througah the profile, an increase in OCR typically being

accompanied by an increase in Ve and FV values and a decrease

in Wo- Geologically, this would suggest a change in depositional
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environment w;th an increased amount of désiccation when the
ground level was at the elevations now-ékhibiting'overcbnsolid-
ation. |

Thus it is likely that layers of overconsolidatéd soil
were present in the prgfilé at appfoximately El. -50 and -80 ft.
To evaluate this possibility further,i a detailed study of the
stress history of the gite was made; : The average Vertical
effective overburden stress (5&0) profile at each boring offset
was determined from Ye and pre-construction pore preséure data;
The maximum past pressure (EQm) data for each offset were also

plotted and again it was found that the data from each of the

105 and 180 ft offsets showed the same trend with depth. To

‘reduce the scatter in the values of E&m' many of the original

ocedometer test datav(USCE, 1968) were replottéd as strain vs.
log vertical stress using the same plotting scales fo; all tests.
?ig. 7 shows the resulting E&m data along with the values from
later tests run at M.I.T. on samples from a nearby borehole.
Also shown is an average curve through the data and the 5§§
profile for the 105 ft floodwayside (FWS) borings, which is
very similar to the profiles for all 105 and 180 ft offsets.
ihe effect of recalculating the data was to reduce the scatter
but with very little change in the average values indicated by
the original data. Accordingly, the average curve shown on the
figure was considered to represent the 3§m variation with depth
in the virgin soil profile. This revealed QVerconsolidated
layers which corresponded well with those indicated previously.

These layers were assumed to apply throughout the test section



foundation area, except where previous levee éonstruction had
added significant loading.. |

Beneath the levee centerline, previous construction had
raised the E&o valués above the E;m profile shown in Fig. 7.
Thus the soil in that region should be normélly consolidated .
except for a drying crust. This was found to be the case when
E&m data from the centerline borings were recalculated'and

compared to the E&o profile.
SOIL PROPERTIES

The propertigs‘of the £est section backswamp deposits were
investigated in the site investigation testing pfogram (USCE,
1968), in a series of special UU tests reported by Duncan (1970),
and in a testing program conducted at M.I.T. (Ladd et al., 1972).

As noted earlier, the NSP Concept and SHANSEP were used
extensively throughout the investigation. The NSP Concept
derives from the empirical observation that, for many clay
soils, samples with the same OCR but with different consolidatioh
stresses yield strength and modulus results (when sheared in
the same type of test) which can be normalised to give constant
values for all consolidation stresses. . Thus, for a specific
laboratory test, values of su/EQC (undrained strength/vertical
effective consolidation stress) can be obtained as a function
of OCR and applied to other consolidation stresses.. Similarly,
values of undrained modulus (Eu) can be nbrmalised with respect
to s, for a given stress level, type 6f test and OCR. Thé

SHANSEP method uses the NSP Concept in analysis by applying
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normalised scil parameters from appropriate consolidated

laboratory tests to the in situ effective stresses and OCRs.
This allows many of the effects of sample disturbance to be
overcome, sirce these effects reduce with incréasing consol-
idation. The laboratory tests are also chosen to model the in
situ stress system as closely as possible, thus including
undrained strength anisotropy in the analyses. Practical
experience with the use of SHANSEP had indicated that the
results of Direct Simple Shear (DSS) tests yield normalised
strength paraméters appropriate for stability analyses involving
long flat failure surfaces, and normalised modulus parameters
which seem to be reasonably suitable for finite element analyses
of similar loading situations on plastic clays. This latter
is a purely empiricalvobservﬁtion, but as shown by D'Appolonia,
Poulos and Ladd (1971), moduli have to be selected empirically.

The soil parameters used for the analyseg were su/6§c as a
function of OCR for plane strain compression, DSS and plane
strain extension tests. Also required were values of Eu/su as
a function off stress level from DSS tests, K (coefficient of
lateral earth pressure at rest) as a function of OCR, and pore
pressure parameters.

Fig. 8 shows Su/6§c versus OCR from consolidated-undrained
DSS tests. I13ased on a comparison of test results from normally
consolidated samples, these data were multiplied by 1.08 to
give plane strain compression values and 0.92 to give plane
strain extension values. Fig.. 8 also shows values of Eu/su at

different stress levels based on average data from normally
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consolidated DSS tests. In this figure, stress level is shown
as Aq/Aqf (ircrement of shear stress applied, Aq, divided by
the increment. required to cause failure, Aqf). These data were
used throughcout the finite element analyses, the variation of
modulus with OCR being small enough within thé existing range
of OCR values to be neglected. Ko values were obtainéd from
laboratory tests and found to agree well with those published

by Brooker and Ireland (1965) for a soil of plasticity index

(PI) = 40-80%. Considerable variation in pore pressure parameters

was found for the various types of consolidated-undrained tests
and it was not possible to select any average Va;ues for general
use in the analyses. However, a range of values was identified
for consideration in pore pressure analyses. _

The data preéented in Fig. 8 were obtained from the M.I.T.
laboratory testing program which used samples from below the
upper layer of high-water-content material described previously.
Specific tests for this material were not performed. However,
data from the USCE (1968) testing program indicated that the
same normalised parameters applied to both this upper mate;ial
and the underlying soils, and so the data of Fig. 8 were used

throughout the profile.
DEVELOPMENT OF FiNITE ELEMENT MODELS

The finite element models used the FEECON program (Simon
et al., 1974), a versatile program with a capacity of 500
elements and nodes. It allows both bilinear and hyperbolic

stress-strain representation of up to 25 different "soils" and

inclusion of embankment stiffness. The program allows modelling

'
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of the teét section loading sequence, but it contained nob
provision for re-evaluating the yielded zones in the foundation.
Thus, once an element was classified as yielded, it remained so
classified for the rest of the analysis, even though with a
complex construction sequence such as this (see Fig. 1), sub-
sequent adjacent loading will often result in a decrease in the
shear stress acting on an element. This problem was overcome
by modifying the'bilinear option of the program to enable it to
re-evaluate the yielded elements and restore them to an un-
yielded classification (and thus ascribe to them the much |
stiffer, unyielded properties), if the next 1oad increment
would result in a reduction in the element's shear stress level.
With this modification,.it was possible to correctly model the
construction seqﬁence with the bilinear method of stress-strain
representation. |
As noted earlier, very little pore pressure dissipation
" occurred during construction and so the end-of-construction
situation represented an essentially undrained loading of the
test section foundation. The practice developed for finite
element modelling:of undrained loadings is to use a value of
Poisson's ratio (v) close to 0.50 but still keeping the tefm
1/(1-2v) discrete. Also, the bulk modulus (K) of the soil is
kept constant at all shear stress levels. This represents an
attempt to model the high and constant bulk modulus which is
characteristic of an undrained soil, within the limitations of
the finite element formulation. For the test section analyses,

a value of Vo (vinitial) of 0.47 was used along with a
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corresponding Vy

representation. However, the value of v was found to be im-

(vyielded) of 0.49970 for the bilinear

1= 0.49, Vy = 0.49990.

The first stage in dgveloping the test section models was

portant and analyses were also made with v

the preparation of the sS4 profile through the test section
foundation. This was done using the SHANSEP method by applying
the normalisedvstrength parameters selected above to the stress
histories developed earlier. This involved the evaluation of
E&o and ng values at points throughout the foundation, cal-

culation of the OCR (EQm/EQQ) at each point, and multiplication

"to give s

of the corresponding s_/o. by that value of Evo a*

u’ “ve

The resulting profile is shown in Fig. 9, with discontinuities
at'El. -45 and -70 ft corresponding to the top of the over-
consolidated layers. The values shown are for the plane strain
compression stress condition, the computer program automatically
adjusting the value for changing stress systems. |

The next. stage involved the development of a finite element
grid and division of the.féundation into the 25 different "soils"
allowed in the program, each considered to have constant
properties throughbut its zone. The models were developed for
use with the bilinear option of FEECON. Due to the wide
variation in undréined modulus with stress level (see Fig. 8),
a procedure was developed to select an initial modulus for each
"soil" based on the average stress level in the "soil" at the
end of construction. This involved a preliminary computer run
using estima:ed initial moduli to evaluate the average final

stress level for each "soil." The modulus corresponding to
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that stress level was then selected from Fig. 8 and used for
that "soil" in a further computer run. After two or three
iteratiohs of this selection process, the final stress levels
showed little change from one iteration to the next and the
corresponding moduli were used for the analyses.

The finite element models also required input of initial
stresses. On the basis that the initial ground surface was
generally quite flat, the models were established using the
initial stresses which would exist with a horizontal ground
surface. For this condition, the initial stress ievel is given
by (Davis and Poulos, 1968):

1l - Ko

25,/940

where the appropriate’su is that for the plane strain com-
pression COnditiQn. |

Both ko and su/Evo in this expression are functions of
OCR, and so a characteristic value of initial stress level for
each OCR was calculated, ranging from 0.635 at OCR = 1 down to
zero at OCR == 3 to 4. A value of E&o was developed for each
"soil" which gave the appropriate initial stress level for its

OCR, and this value was used throughout the "soil."
DEFORMATION AND STRESS ANALYSES

The basic deformation and stress analyses used bilinear

stress-strain representations and Vi = 0.47. The highly stressed

and yielded zones are shown in Fig. 10 and the undrained
lateral deformations are compared to the measured deformations

in Fig. 11l. Results at the end of various construction stages
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(see Fig. 1) are shown and the construction stages themselves

are indicatecd in Fig.

shown in place.

10 by the amount of test section material

The end-of-construction lateral deformations agree

reasonably well with

the measured values, particularly in the

shapes obtained, although there is a tendency for underestimation

of the measured values to floodwayside, especially with Test

Section II. The lateral deformations at the end of phase 3 of

construction are also in reasonable agreement with those

measured. However, the predicted deformations for this inter-

mediate construction

stage should only be considered qualita-

tively, since the moduli used in the analyses were selected

for the end-of-construction stress levels.

The yielded and

highly stressed zones shown at the end of

construction lie generally in the El. -20 to -40 ft zone where

14

the largé lateral shear strains were observed in the foundation

materials. “hese same shear strains are clearly apparent in

the lateral deformations predicted by the models. Thus it

seems that the basic
behaviour reasonably
estimate the lateral

The models were

stress-strain option

models represent the measured test éection
well, although with a tendency to under-
deformations to the floodwayside.

then adapted for use with the hyperbolic

of FEECON. This option automatically

adjusts the modulus of each element based on its individual

stress level, and so

it served as a check on the modulus

selection procedure developed for the bilinear analyses. It

‘was not possible to model the construction sequence uSing this
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option but it had been observed with the bilinear models that
very similar end-of-construction results were obtained whether
or not the ccnstruction sequence was rebresentéd. Therefore

it was considered that by applying the test seqtion load in
regular increments across the full width of the test section,
the hyperbolic option could be used to investigate the end-of-
construction situation. Hyperbolic relationships were developed
which correspond to the modulus-stress level relationship used
for the bilinear models (Fig. 8) and analyses were made using
input data closely corresponding to that for the bilinear,

v. = 0.47 analyses.

I
The results of these analyses agreed quite well with the

bilinear model results. The lateral deformations were very
similar, indicating the suitability of the modulus selection
technique used for the bilinear representation. The highly
stressed zones were also reasonably similar, both showing
highly stressed material between El. -20 and -40 £t although
with some diZferences of size and precise location. This
variation results from the greater flexibility of the hyperbolic
model which, by assigning a modulus appropriate to the precise
stress level of eéch’element, avoids the over- and under-stiff
elements which inevitably result in the bilinear model from
assigning an average modulus for use throughout each "soil."
In both test sections, the variation became quite significant
beneath the floodwayside toe dike, the hyperbolic model for
Test Section III indicating only a small highly stressed zone
and that for Test Section II indicating none at all. This is

a region of large change in stress level from one element to
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the ne#t and the reason for the discrepahcy was the need to
apply over-stiff moduli to a few elements as part of the bilinear
averaging procesé. In such cases the bilinear model can and

did yield misleading results.

When a v. value of 0.49 was used in the bilinear models,

I
a major reduction in the size of the yielded and highly stressed
zones was obtained, pafticularly to the floodwayside. This wés
accompanied by a large decrease in the floodwayside lateral
deformations although the landside deformations were relatively
unchanged. An analysis using v; of 0.495 resulted in furtherv
changes of the same type. Hyperbolic models corresponding to
these‘vI‘= 0.49 bilinear analyses yieided similar results and
Fig. 12 compares £he results of hyperbolic analyses for Test
Section III using v, = 0.47 and 0.49.

Investigation of this v. effect showed that change in Vi

I
had little effect on the vertical stress iné:ements predicted

by the models but a large effect on the horizontal stress
increments and hence on the final shear stress levels. This

in turn affects the size of the highly stressed.zones, the
moduli used and the lateral deformations obtained. The physical
reason for this is the lower'compressibility associated with

an increase in Vi- Thus when loaded vertically, the less
compressible material tends to move out laterally more strongly
than does the more compressible, low Vi material, so generating
larger horizontal stress increments. This effect is more

noticeable beneath a wide loading than beneath a narrow loading,

for the horizontal stress increments are themselves larger
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beneath the wide loading. This explains why the effect is more
pronounced beneath the wide floodwayside test section slopes
than beneath the narrower landside slopes.

It is not possible to say which v_ value is fundamentally

I
the more correct. Examinationof the bulk modulus values assoc-
iated with bcth v, = 0.47 and 0.49 indicated that either could
be appropriate for the test section foundation assuming just a
slight amount of consolidation or incomplete saturation. Also,
small variations in the values of S, and Ko used in the analyses
can affect the results in a similar way to varying Ve Thus a
hyperbolic arialysis with Su values reduced 10% and Vi = 0.49
increased the highly Stfessed,zones.and lateral deformations

to give results similar to those obtained with vi = 0.47.

There are two additional factors which would influence the
modél predictions and which are not included in the models.
The first of thesé involves the assumption of Ko conditions
throughout the foundation and the associated neglect of initial
horizontal shear stresses. The oriéinal ground profile was
quite flat, but some horizontal shear stresses certainly were
present prior to construction, particulafly near the exiéting
levee. If included in the model, these would have caused more
yielding and larger lateral deformations. Approximate stability
analyses of the pre-construction profile indicated that the
floodwayside was less stable than the landside, and so this
effect would be more noticeable on the floodwayside. The

second factor cbncerns creep movements. Large creep deform-

ations were observed after the end of construction, particularly
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on the floodwayside of the test sections and especially at Test
Section II. Thevmechanisms giving the?e creep deformations

must have cavsed significant movements by the end of construction.
They are not included in the models but were the subject of a
separate investigation by Edéers et al. (1973).

Thus, it must be recognised that the models themselves are
not perfect &nd that an empirical content is uhavoidable.v
Absolutely correct values of the input parameters cannot be
obtained and all factors influencing the test séction behaviour
are not included in the model. However the results obtained
from the various analyses do lie within a fairly well-defined
band. Qualitatively there is.relatively little variation in
these results, with their concentration of highly stressed
zones and large lateral shear strains in the El. -20 to -40 ft
region. This was observed to be the major behavioural character-
istic'of‘the test sections. It is a very pronounced feature
in all the results and so it is most unlikely that uncertainties
and inaccuracies in the model are serioﬁsly affecting the
fundamental :ndications of the test section behaviour which are
obtained.

Having accepted an eﬁpirical content in the models, it is
appropriate o select parameter values which collectively give
‘gppd results. On this basis, the vy = 0.47_bilinear models
described above, supported by similar hyperbolic analyses to
check the end-of-construction yielded zones, are thought most
suitable. With judgement, it is considered thaf the techniques
used to develop them épuld be gpplied to similar analyses of

Atchafalaya clay foundations.
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PORE PRESSURE ANALYSES

Closed system piezometers were installed at'three stations
in each test Section, the piezometer tips being located as shown
in Fig. 2. Unfortunately no tips were 1o¢atedAin the deep
overconsolidezted layers.

Pore pressure increments were predicted using FEECON, which

calculates the increments by means of the Henkel (1960) equation;

- \ k
Au Aooct + aATOCt

where a and k are pore preSsure parameters, Au is the pore
pressure increment, and Acoct and AToct are increments Qf
octahedral normal and deviatoric stress respectively. These
two stress changes can be interpreted in turn as an increment
of hydfostatic stress and an increment of shear stress.

Based on the experiences of HOeg et al. (1969) and
D'Appolonia, Lambe and Poulos (1971), the basic predictions
were made with a and k values of zero, giving Au = Aooct'

Usiﬁg the bilinear model with vp = 0.47, increments were cal-
culated corresponding to the end of stages 2, 3 and 4 of
construction. The results are shown in Fig. 13, along with the
average meaqured~increments. A plot of the end-of-construction
predicted data compared to the average measured data on July 1,
1965 is also shown. This was six weeks after the end of
construction and it corresponds to the highest measﬁred‘pore
pressures, tne post-construction increases presumably being the
result of creep movements. As can be seen, the use of Acoct

generally resulted in quite good prediction of the measured
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increments, although there is a tendency to overesfimate the

measured values near the surface. This is probably indicative

of some consclidation or incomplete saturation in this region.
There is very little consistent indication of sizeable

pore pressure increments due to AT The reason for this

oct"*

became clear after AToct was calculated for various locations
in the foundation. In all cases it was found to be very small

compared to Ao this being a consequence of the very wide,

oct’
relatively one-dimensional, test section loading. Thus the
shear induced pore pressures were probably minimal when compared
to the hydrostatic increments. Also, if significant strain
softening had occurred in the foundation, it would typically
have been accompanied by additional, siieabie increments of

pore pressure due to  load transference associated with coilapse
of the soil structure. The absence of such measured increments
indicates that nb large strain softening (énd therefore no
progressive failure) occurred, at least in the soil around the
piezometer t:ps.

Hoeg et al. (1969) noted that a break in the pore pressure
vs. embankment elevétion relationship was obtained when the soil
around a piezometer tip experienced yielding. Knowledge of the
embankment elevation at which this break occurs can be ﬁsed to
deduce information regarding the in situ Su and initial stress
conditions. An attempt to use this technique was made by
eﬁamining the centerline piezometer data obtained during the
placement of the test section crest material (stage 4 in Fig. 1).
However, no meaningful results were obtained from.the analyses,

which for success would require a more detailed measurement
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program than that employed. (Note: The test sections were
constructed several yearS~before this method of analysis was
developed.) The inability to separate out creep induced pore
pressures anc¢ the effect of placing additional material in each
construction lift to compensate for settlement, are thought to
be the principal reasons for the lack of succesé. It is also
possible that this technique is not applicable ﬁo such plastic,

creep susceptiible soil.
STABILITY ANALYSES

The principal stability analyses were undrained circular
arc analyses using a foundation strength profile developed
using SHANSEP with direct-simple shear strength parameters.
This strength profile was ‘identical to the plane strain com-
pression profile of Fig. 9 except the strengths were multiplied
by 0.92 to convert them to DSS values. The results of the
analyses are presented in Figs. 14 and 15, showing contours of
factors of safety plus the minimum values and their corresponding
arcs. Test Section II is seen to have factors of safety of
approximately unity on both slopes, but with the value for the
landside slope some 6% higher than for the floodwayside slope.
The values for Test Section III are generally 10% to 15% higher
than thosé of Test Section II. The critical surfaces of Test
Section III gre'similar to those of Test Section II but there
is an additional region at the floodwayside toe dike which is
shown to be most critical. There is éreat uncertainty regarding

the accuracy of the factors of safety obtained in this region,
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since no borings were made at this offset and the strengths
are based on the general construction and geological histories
of the site. However, a large amount of material was placed
in the toe dike of Test Section III and it is very possible that
this region was indeed the most unstable part of the embankment.
The factors of safety obtained from these analyses are
thought to be generally appropriate, although they may be
slightly too low. Five months after construction, the floodway-
side of Test Section II was observed to be on the verge of
failure, with longitudinal cracks in the crest and large lateral
deformations. A factor of safety of ébout 1.0 would seem
suitable for this slope; Similarly, the large lateral creep
deformations of Test Section iII would indicate a low factor of
safety such as was calculated.
Effective stress circular arc analyses using the Simplified

Bishop method were also made, using c=0, ¢ = 24° for the

o for the over-

normally consolidated soil and ¢ = 50 psf, ¢ = 24
consolidated laYérs. These values are based on the results of
the M.I;T; testing program (Ladd, et al., 1972). The pore
pressure data were obtained from the highest measured values,
extrapolated thfough the rest of the foundation uéing values

predicted by FEECON with Au = Ao . The factors of safety

oct
obtained from these analyses were very much higher than those
from the undrained analyses and they are considered to over-
estimate the in situ stability by between 20% and 50%. The

cristical surfaces, however, were similar to those for the

undrained analyses. The main reason for these high values is
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thought to be the difficulties associated with obtaining
precise pore pressure data throughout the foundation soils.
Morgenstern-Price effective stress analyses of sliding wedge
surfaces similar to the critical surfaces from the Simplified
Bishop method, were also made. These agreed well with the
Simplified Bishop circular arc results.

To investigate the use of unconfined (U) and triaxial (UU)
strength data, circular arc undrained analyses were made for
the'floodwayside of Test Section III using the original design
strength profile developed from such data (USCE, 1968). The
factors of safety obtained were some 30% higher than those
obtained with the SHANSEP strength profile. They are considered
to overestimate the in situ stability dﬁe to overestimation of
the in situ strengths by U and UU tests, as discussed in detail
by Ladd and Foott (1974).

The U and UU strength profile for Test Section III had
originally been analysed using the undrained sliding wedge
method (USCE, 1968). Comparison of the results of equivalent
circular arcs and sliding Qedges showed that the arcs gave
higher factors of safety. A series of Morgenstern-Price
undrained analyses of sliding wedge surfaces was made to
resolve this difference. The factors of safety obtained agreed
well with the circular arc values and indicated that the sliding
wedge method of undrained analysis underestimated the factor of
safety of a trial surface. This underestimation was small for
long surfaces‘but became much larger (25% to 30%) with short

deep surfaces. It is thought to be due to the neglect of
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inter-wedge .sliding resistance in the sliding wedge method of
analysis usec. :

Finally, the method of undrained analysis suggested by
Bjerrum (197z) was used. This applies a correction factor to
the factors of éafety~obtained using field vane strength daﬁa,
the correcticon factor being a functionéof?the P.I. or the soil.
For the Atchefalaya clay with an average P.I. of 70%, the
correction fector is 0.70. Use of this method again gave results
which significantly overestimated the in situ factors of safety.
However, the location of critical circles was very similar to
those obtained from the SHANSEP analyses and use of a correction
‘factor of 0.50%0.05 would have given reasonably good results.
This value might be developed empirically for use with the
Atchafalaya clays, but it should not bé relied upon until it is
supported by additional experience.l

Table 1 presents the minimum factors of safety obtained

from these various analyses.
INTERPRETATION OF TEST SECTION BEHAVIOUR

It was earlier concluded that the most impoftant aspect
of the test section performance was the large lateral shear
strains which occurred between El. -20 and -40 ft and the
highly stressed zones which must accbmpany them. Understanding
these was considered to be essential to an understanding of
the test section behaviour.

Useful insight into the presence of these zones has been
obtained from the study. The basic reason for their presence

is found in the results of the stress history analysis which
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revealed the presence of overconsolidated layers below El. -45
£t through most‘of the test section foundation, and of an over-
consolidated drying crust above El. -10 ft. These layers have
both higher strengths and lower initial shear stress levels than
the intermediate normally consolidated material. Thus the
increment of shear stress required to cause an undrained shear
failure in the normally consolidated soils between El. -lO_and
-45 ft is considerably less than that to cause failure in the
neighbouring material. This is the basic situation which leads
to a concentration of the highly stressed and yielding material
in the El. -20 to -40 ft zone, with associated high lateral |
strains. |

The' confinement of the high lateral strains to this
 distinct zone is indicated by analyses of deformations, stresses
and stability. Fig. 16 compares the results of these analyses
by plotting critical arcs from the stabiliﬁy analyses élong
with the yielded and highly stressed zones and the lateral
deformations. These results are seen to.be compatible, with
good agreemen£ between the critical arcs and the yielded and
highly stressed zones and reasonably good agreement between the
critical arcs and the zones of high lateral shear strain.

However in these results it should be noted that only one
critical arc was tangent to El. -45 ft and similarly the yielded
zones are generally well above El. -45 ft, although the hiéhly'
stressed zonzs do usuélly extend down to that elevation. From
this it follows that the test section geometries and the strength

variations within the normally consolidated material, also
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played an important part in determining the characteristic
behaviour. Thus all of these factors must be considered in

evaluating the performance of levees constructed on these soils.
EVALUATION OF THE METHODS OF ANALYSIS

In evaltating the usefulness of the methods of ahalysis -
and particularly their applicability to the soft; highly plastic
Atchafalaya clays, the following comments apply.

The soil profile and stress history study yielded essential
data regarding the presence of the overconsolidated layers in
the foundation clay. This information evolved from analyses
of the maximum past pressure, field vane, unit weight and water
content data and from the geological. history. No indication
of the presenge'of these layers was obtained from U and UU data,
probably due to the effects of sample disturbance.(see Ladd
and Foott, 19745. Evaluation of the stress history was
faéilitated by recalculating the maximum past pressure data by
replotting the consolidation test results as strain vs. log
stfess using the same scales for all tests.

| The use of SHANSEP was essential in developing both the
finite elemen£ and stability models, which are believed to be
fairly reliable. The relative success of the finite element
analyses provided further empirical support for the use of
direct simple shear (DSS) modulus data, even with.this very
1dw—modulus Atchafalaya clay. A method of selecting moduli for
bilinear stress-strain relationships based on final stress

levels was developed and found to givé similar deformation
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results to thoée obtained‘using hyperbolic relationships. Use
of bilinear relationships did, however, result in some dis-
tortion of thke yielded and highly stressed zones. The value
of Poisson's ratio used to represent undrained loadings was
also found to be important, particularly beneath the central
portion of a wide loaded area.

Undrained pore pressures were modelled quite accurately
using Au = Acoct' The lack of a noticeable pore pressure

component due to ATOC was probably caused by the fact that

t

A was very small compared to Aoo Very little insight

Toct ct’
into the characteristic behaviour of the test sections was
obtained from the pore pressure analyses, and it is considered
that monitoring pore pressures would be of little use for
controlling constrﬁction with this soil, although such data
are required for consolidation anaiyses.

Undrained circular arc analyées.using DSS strength data
in a SHANSEP profile were found to be the most appropriate for
the test sections, further supporting the use of DSS daté for
this type of analysis. Use of U and UU strength data in this
caée gave too high results. Also use of the undrained sliding
wedge method of analysis was found to underestimate the factor
of safety, this becoming significant with short, deep, failure
surfaces. Effective stress analyses gave factors of safety
which were much too high, perhaps due to difficulties in getting
sufficiently accurate pore pressure data. Finallf the Bjerrum
(1972) method of using field vane strengths with a correction
factor was found to give factors of safety which were too high.

However use of a lower correction factor gave quite good results.

i
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It is concluded that the available methods of analysis
collectively gave a good representation of the observed
behaviour, especially regarding the fundamental mechanisms.

With judgement, it is considered that they could be applied with
confidence to the evaluation of alternative construction tech-
niques in the Atchafalaya region, using empirical data and

correlations from this study.
SUMMARY AND CONCLUSIONS

The performance during construction of two flood contrél
levee sections founded on a deep deposit of soft backswamp élay
was thoroughly analysed regarding undrained stability, lateral
deformations, excess pqre pressures, and zones of local
yielding. The first sfep in the analyses was development of
the stress history of the soil deposit, which identified
overconsolidated layers that strongly influenced the overall
behaviour. Normélised soil parameters, such as undrained
strength, undrained modulus, and Ko' were measured in the
laboratory as a function of overconsolidation ratio. These
data were then combined to compute the soil properties required.
for limiting equilibrium and undrai?éd finite element anaiyses.

Total s=ress circular arc stability analyées based on
édnsolidated«undrained:direct simple ;heaf tests gave reasonable
factors of safety whereas analyses based on unconfined compression
té;ts and field vane tests (with and without Bjerrum's correction
factor), erra=d on the unsafe side. Effective stress analfses
using end-of-construction,pofe pressures also gave factors of

safety that were too high.
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Undrained finite element analyses correctly located the
zones of maximum shear strain which were fundamental in

governing the overall behaviour.
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MINIMUM FACTORS OF SAFETY FROM STABILITY ANALYSES

[

Method of Analysis

Test Section II
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Test Section III
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Cirenlar arc, undrained with
SHANSEP strengths using
CKOUDSS data

Circular arc, undrained with
USCE (1968) strengths from U
and UU test data

Sliding wedge; undrained with
USCE (1968) strengths from U
and UU test data

Circular arc, effective
stress

Circular arc, undrained with
FV strengths and 0.70 correc-
tion factor (Bjerrum, 1972)

Circular arc, undrained with

FV strengths and 0.50 correc—

tion factor
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0.88 (toe dike)

T J19YL



4.

5.

9.
10.
11.
12.
13.
14.

15.

lé6.

FIGURES

Test Section III: Plan for Raising Levee Grade

Test Section II: Typical Section, Construction Sequence
and Piezometer Data (From Kaufman and Weaver, 1967)

Test Section II: Typical Settlement and Movement Data
(From Kaufman and Weaver, 1967)

The Atchafalaya River Basin (1952)

Typical Boring Log and Test Data

Bands of Average Natural Water Content, Total Unit _
Weight and Field Vane Strengths for Borings at 105 ft
and 180 ft Offsets From Levee Centerline

Estimated Maximum Past Pressure Profiles for 105 ft and
180 ft Offsets From Levee Centerline

Normalised Soil Parameters for Atchafalaya Clays From K
Consolidated, Undrained Direct Simple Shear Tests

Contours of Undrained Strength in the Foundation
Yielded and Highly Stressed Zones From Bilinear Analyses

Measured and Predicted Lateral Deformations From Bilinear
Analyses

Test Section III: Results of HyperbolicAAnalyses with

Vi = 0.47 and 0.49

Calculated and Average Measured Pore Pressure Increments
During Construction

Test Section II: Results of Undrained Slope.Stability
Analyses

Test Section III: Results of Undrained Slope Stability
Analyses

Comparison of Analysis Results



ELEVATION, FT (MSL)

60
40
20

20
40
60
80
=100

|

-120r

-140

250

L] L] L |
200 150 100 50 o}

LANDSIDE

50 . 100 150 200 250 300 350
FLOODWAYSIDE

Final gross grade Interim gross grode Existing
4 Waterway

SOFT TO MEDIUM CLAY (CH)

r

®a

e
L gt

A ST S RIS, P I T P 2 S B AT ™ £ P, L RO i T
e e P Sey et ee s T N st Tt e e e A S e ST p e
R ol O R S s, S SR e o SN, S VLA Y A I A

LEGEND

®
®

®

CAST FILL DIKE
SEMI-COMPACTED HAULED FILL
HYDRAULIC FILL BERM

HAULED FILL PLACED IN THIN LIFTS
(Later construction stage)

Fig. 1 Test Section III:

NOTE ENCIRCLED NUMBERS REPRESENT
SEQUENCE OF CONSTRUCTION

FIGURE ADAPTED FROM
KAUFMAN AND WEAVER (1967)

Plan for Raising Levee Grade



Yo

200

DISTANCE IN FEET

100 200 300

| T A B
LANDSIDE (LS)

T T v T T 71 ¥ M M LB
FLOODWAYSIDE (FWS)

1
+40 P | ~+40
R D roeo- A _-=—-~__ ,INTERIM GROSS GRADE -EL.27.0
1
n P [ v —
3 0F v T v C @ve T == 0
- v v Qv v
w : v v @7 v . 1
w
“ g0} v %3: . |+ INCLINOMETER J-a0
z v LEGEND
o } . : _— -
E v Qv v v PIEZOMETER
S -8o- v = SETTLEMENT PLATE 780
3 ®ve = ' SETTLEMENT PLUG
v
-I20L . 120
TIME IN MONTHS
[SEPT. | OCT ] NOV | DEC. JJAN'6S] FEB. | MAR. | APR_ | MAY [ JUNE | JULY | AUG. | SEPT. | OCT | NOV. | DEC. JJAN'66] FEB. | MAR. ]

Jor }—CONSTRUCTION SEQUENCE 130
w oot ]
= ]
- 2% t— : 25
woop 1
w g 4
U -+ ]
! 20 420
> I 4
w [ <
| e e ——— e ey -
W oL ¢ PIEZOMETERS | o J
v NG TiP ELEV] SYMBOL — e 1'%
o - ORI e e
- s . g —— ) L
% '°P e === CENTERLINE PIEZOMETER Jio
S 20 READINGS ]
WL F T ey T —— ]
a st (@ %0 [ —— - 5

Fig. 2 Test Section II: Typical Section,

.and Piezometer Data (From Kaufman and Weaver, 1967)

Construction Sequence -




SETTLEMENT -FEET

SETTLEMENT -FEET

ELEVATION -FEET M.S.L

TIME IN MONTHS

19684 1965

1966

ser]JocT. [nov]pec] Jan]Fer[Mar]aPR] MAY[JuN]suL]AUG] sER[OCT [NOV.[DEC| JAN]FEB [MAR]

0.0 -:a,-#” —st-—p3 - - r "
S
MOl o Locarion =g
20 Q120 :a: o
30| 2 °"§ I
. 55' LS
8 tst SETTLEMENT - PLATES
4.0
T
0.0 oy

//f,f,-".j

20

3.0

4.0

0.0

2.0

3.0

4.0

N:---72

=100

"

=120
!

DEFLECTION IN

1] 8 o o

8 16
INCHES

24 ] 8 18

SLOPE INCLINOMETER DATA

NOTE: FOR SEQUENCE OF CONSTRUCTION
SEE FIG.-2

Fig. 3  Test Section II: Typlcal Settlement and Movement Data

(From Kaufman and Weaver,

1967)




BATON ROUGE

TEST SECTION
LOCATION

GULF OF ,
MEXICO Atchafalaya
SCALE , Miles Bay

0O 10 20 30 40 . 50
R B ey

FIGURE FROM FISK, KOLB AND WILBERT (1952)

Atchafalaya
- ' River

Fig. 4 The Atchafalaya River Basin (1952)



ELEVATION, FEET (MSL)

- - N
o o o o
| I N

- 20 —

]
® N o o b o
©O o O o o o
| I I I

BRSNS S S N S S S SN S S S S S S S SIS S SN

BORING

NO.89-uE

(OFFSET 108
FEET FROM
LEVEE CEN-
TERLINE )

-

i

n

*Brown
Clay

L

Dk.Brown
Peat

It;.l

Groy
Clay
>With
Silt
Layers

Sand
And
" Gravel

TEST DATA

"%

TONS/SQ. FT.

WATER comen:;l SHEAR STRENGTH

20 60 100

0 02

0.4 0.6 08

wfg'r

DENSITY
PC.F

80 100 1201

L

.
i

-9
»
X o
1-—11 — o
Td ?
i |
o
< q,
. ATTERBERG TESTS
LIMITS g o~V

x-FV s-UU

-130 —*

FIGURE ADAPTED FROM USCE (1968)

Fig. 5 vapiéél Boring Log and Test Data




\WioL )

CLEVAIIUN, FEEI]

- 10

~-100
0

NATURAL WATER TOTAL UNIT FIELD VANE UNDRAINED
CONTENT, % WEIGHT, P.C.F SHEAR STRENGTH,PS.F

Fig.

40

6

80 120 70 80 90 100 110 250 500 750 1000 1250 1500 1750

Bands of Average Natural Water Content, Total Unit
Weight and Field Vane Strengths for Borings at 105 ft
and 180 ft Offsets From Levee Centerline



Ovo AND Oyn, TSF

1.0 2.0 3.0 4.0

+10
0
- 10
3
»
=
S -30
i—-
w
w
(T
- 50
2
o
=
> -T70
m t
- Ave G
Lt 108 1t to PWS
-90 o
\.
[ J
-110

o Recalculated data .
© MIT Data from 300 ft offset to landside

Fig. 7 Estimated Maximum Past Pressure Profiles for 105 ft and
180 ft Offsets From Levee Centerline



Su

Ql!
o
‘@

ve

o‘ 3 n 1 1 1 'l

1 2 4 6 810 20
OCR = O, 70,

1000 r y— A Z' i , sh
~T = Hor zonto ear
800 [ q h Stresa

600} \ _ Aq = (:h)mgg = Undrained
i L f Shear Strength,S, . |

400

200

100 + —
gof N\

60

40

NORMALIZED MODULUS (Ey/Su)

) 0.2 0.4 0.6 0.8 1.0

STRESS LEVEL (Aq/Aa4,)

Flg. 8 Normalised 8011 Parameters for Atchafalaya Clays From
K_ - Consolidated, Undrained Direct Simple Shear Tests




DISTANCE FROM LEVEE BASELINE iN FEET

300 200 | 100 o foo 200 300 400 800 600
¥ L] L} L) T ¥ ¥

L

TEST SECTION III PROFILE 40
TEST SECTION II PROFILE
A . o
— 1- 40
/ 1 80
-120 . - d-20

ELEVATION, FT (MSL)

UPPER BOUNDARIES OF OVERCONSOLIDATED LAYERS:
NOTE: STRENGTHS GIVEN IN psf FOR PLANE

STRAIN COMPRESSION STRESS SYSTEM

Fig. 9 Contours of Undrained Strength in the Foundation




(M.S.L)

FEET

ELEVATIONS,

400 300 200 00 O 00 200 300 400 500 600
40
o:
-80
120 END OF PHASE 2 OF CONSTRUCTION 5 e END OF PHASE 2 OF CONSTRUCTION )
40- 40-
04 W O R
w RIS
404 .|.|_ -404 ()
-80- « 801
. z
120 o -120-
P
>
[}
401 o 40
01 T 0
‘40J - 404
-80- -804
-1204 END OF PHASE 4 OF CONSTRUCTION (END OF CONSTRUCTION) "120° END OF PHASE 4 Of CONSTRUCTION (END OF CONSTRUCTION)
&¥® Elements close to Yielding Note: See Figure -| for Construction Phases o8 Elements close to Yielding Note: See Figure | for Construction Phases
exx Yielded Elements Yielded Elements

TEST SECTION I V TEST SECTION I

Fig. 10 Yielded and Highly Stressed Zones From Bilinear Analyses




«TO LANDSIDE TO FLOODWAYSIDE -

+202 85 FT LS 120FTLS 55 FT LS o 55 FT LS 120 FTLS 185 FT LS
o-
) "
\ \ !
o~ —40-
-
g ]
-~ _—80-
-
1o
& -120- 5 0 5 0o s 0 25 25 0 5 10 10 0 5 10
zf' END OF PHASE 3 OF CONSTRUCTION
© +20- ' - -
E 0~ : : : ; L
':'J . . ', / "" ) Lo
’ v,
w - 40- - L’l-:r v
» ’ ] ]
-804 ' : '
~1204 , ,
8 0 5 o 5 0 25 25 0 5 0 O 5 10 0 5 10
END OF CONSTRUQTION
TEST SECTION II |
+20q — :
- 1 2
0 _ ’ ] 4
“« K "(
é: =40 -~ - :
~ - 80~ . -
-
aJ .
W 1204 : »
5 0O 6 0 5 0 25 28 0 8 0 o0 5 10 0 5 10
é END OF PHASE 3 OF CONSTRUCTION
© +20- :
2
> °1 \ 7
71 (Y -
- S 8
W - 404 .
-801
-1204 "
5 0o 5 o 5 0 25 25 0 5 10 0 5 10 0 5 10
NOTES: END OF CONSTRUCTION
Deflections in inches TEST SECTION III

Offsets shown w.r.t. the Q o measured deflections
See Fig. 1 for construction _pheses . ... .wmeo e predicted deflections

=~ WM.aamsrvwad anﬂ Dvnﬂ'l ~rad Toatorad ﬁAanﬂmn#ﬁnna T e o




FEET (mSL)

ELEVATION,

FEET (MSL)

I

ELEVATION,

+ 20+
0 -

— 40 -

- 80 -

=120~

+ 20 -

0

=40 -

-804

~1204:

DISTANCE FROM LEVEE BASELINE, FEET

v

I

= 0.47 and 0.49

¥ ] L] LB 1 ) ¥ ¥ Ll L] ]
400 300 200 100 o 100 200 300 400 500 800
40 -
0-
40 -
80 - v = 0.47
-{20 -
40+
0-
40~
80 v;=0.49
-120 - '
S YIELDED ELEMENTS ELEMENTS CLOSE TO YIELDING
YIELDED ZONES - END OF CONSTRUCTION
TO LANDSIDE (LS) TO FLOODWAYSIDE (FWS)
l'[ | S
i\ ‘ll‘ . 'qi-
. )
| ' v;=0.47
5 0 5 0o 5 0 0 5 0 0 5 10
K '
L
| l‘ ? g ) L7
(N [ 4 " 4
LY (' Y] . [}
% § 4
4 ‘\.'1-0.49 r
5 0 5 0 5 0 10 5 0 10 5 0 10 5 0
185 FT LS {20 FTLS S55FT LS 55 FT FWS 120 FT FWS 185 FT FWS
Measured Deflections = «= == = Predicted Deflections
Offsets shown w.r.t. the levee centerline
LATERAL DEFLECTIONS IN INCHES - END OF.CONSTRUCTiON
Fig. 12 Test Section III: Results of Hyperbolic Analyses with



\1
o1 K i \ ¢ 5 3 . x
o8 Nl 12 R 1 <’§, I
7 : ]
BLST 1 -
::"IOO- 1651tLS | B5tLS ¢ 85 ft FWS|165 ft FWS 165 ft LS | 85 ftLS 165 tt FWS
g 0 20 0 20 0 2 0 20 0 0 20
= (o) 20 (o] 20 0 20 20
-
W
L e5ft 85¢t &  85ft I165ft 165t 85 Q 85ft I65ft
@ - b
5 cons'muc'rxou smcs 4
.: 9 . \‘
g 0 ; s A % ¥ % .
g AT TR TR YT INR YRR AR
w - i 1 % i — L % E
:! {l [ w g i '
-50.1 b — -t ,:} f » x I : ,
T H TN BV
\ M D | Al Lo
I | 77 |
-1004 165ftLS |85ftLs | € 85 ft FWS [165 ftFWS 165ft1S | 856tLS €< [85HFWS|I65fHFWS
0 20 0 20 0 20 0 20 0 20 0 20
: o} 20 0 [o} 20 (o} 20
TEST SECTION T
165t 851t € 85ft 65ft 165t asﬁ C 851‘1 165ft
—~—<h——4———-“=
CONSTRUCTION STAGE 2 °
oi L 'l YL ? 3 I: ‘\t ‘
H 4 ] y H { &\ \" AV ﬁ
h \ X ‘ L
K & * 5 R x .
s G* i ’ BRI
i . i af
i i o BN [ . : |
1: . | 1: :
—~ 1004 e5ftLS | 85ftLS ¢ 85 ft FWS 1165 ftFWS 165111.S [ 85ftLS € 851t FWS 65t FWS
i o] 20 20 (o] 20 0 20 0 20
cg 0 20 0 0 (o] 20 (o} 20
&
w 65ft 851t €  B85ft ©5¢
o | ]
& 7 —
s °1 ] MRV
] ¥
w i
-s0{ | R : ,
| j ;
* t —_ - — "{f
-100- 651 LS | 85 rtLS 4 85 1t FWS | 165 ft FWS liesttis | 85ttLs | € | 851t FWS |65 ft FWS
o) 20 0 20 0 20 (o] 20 [¢) 20 . 4] 20
o] 20 0 20 (o] 20 0 20

165 ft 85t .B85ft 1651t 165t 85% 85"

1651t

COMSTRUCTION STAGE 2

X,

TEST SECTION II

Pore Pressure Increments in Feet of wmer
Offsets given W.R.T. the &

—e—o— Average Meosured Pore Pressure Increments Notes:
—x--x—~ Pore Pressure Increments Predicted by

Bilinear F.E. Model with vV =047 ond AU'MOC'

Fig. 13 Calculated and Average Measured Pore Pressure Increments
Durinag Construction



(pasSL)

FEET

ELEVATION,

300
L

DISTANCE FROM

200
1

100
n

(o]
i

CENTERLINE IN FEET

100
-1

2?0

3?0 400

=700

LANDSIDE

Fig. 14

FLOODWAYSIDE -

Test Section II: Results of Undrained Slope Stability
Analyses




(MSL)

FEET

ELEVATION,

DISTANCE FROM CENTERLINE IN FEET

300 200 100 0 100 200 ' 300 400
L 1 1 1 L 1 A ]
=700
-600
-500 '
-400
' (o]
o N
2 v
7‘. 'S
'R
-300
' o
200 ﬂ:
('S
S 142
v v
h -
""oo 14 '
K . 4
-0 < -i
Fig. 15 Test Section III: Results of Undrained Slope Stability

Analyses



ELEVATION, FEET (MSL)

ELFVATION, FEET (MSL)

DISTANCE FROM LEVEE BASELINE IN FEET

400 300 200 100 0 100 200 300 400
ol ; " S e S
A S YL I T
-40F 1o o &2‘ ‘:.
-8oFf TEST SECTION I
“120™ 5557 Elements Close To Yielding (5] Yielded Elements
40
-gof TEST SECTION I
120" COMPARISON OF PREDICTED HIGHLY STRESSED ZONES
AND CRITICAL SURFACES FROM STABILITY ANALYSES
DISTANCE FROM LEVEE BASELINE IN FEET
400 300 200 100 0 100 200 300 400
40
Ok
LEGEND »
= /0T | (
-8ot L |/ Laterar | , 7 7 TEST SECTION I
Deformation
120l N
40r 10 Inches

°h -——————P'-"—_-

-80F TEST SECTION I /
~120 -

COMPARISON OF PREDICTED LATERAL DEFORMATION DATA
AND CRITICAL SURFACES FROM STABILITY ANALYSES

'ig. 16 Comparison of Andlysis Results



»

al

DSS

NSP
OCR

PI

Py

AT et

H

o K

i

I

1

0

1

APPENDIX - NOTATION

pore pressure parameter

cohesion

direct?simple shear

undrained Young's modulus

field vane

bulk modulus of compressibility

coefficient of lateral earth pressure at rest
pore pressure parameter

normalised soil parameter

overccnsolidatioh ratio -

plasticity index

undrained shea: strength

stress history and normalised soil engineering properties
unconfined compression test

unconsolidated undrained compression test
naturel water content

total unit weight

vertical effective consolidatiog stress (laboratory)
in situ vertical effective overburden stress
maximum past pressure |

pore;pressure increment

octahedral normal stress increment

octahedral deviatoric stress increment
Poisson's ratio |

initial Poisson's ratio

yielded Poisson's ratio

slope of Mohr-Coulomb failure envelope



APPENDIX - REFERENCES

Bjerrum, L. (1972). Embankments on Soft Ground. Proceedings,
ASCE Specialty Conference on Performance of Earth and Earth-
Supported Structures, Vol. 11, Purdue University, West Latayette,
Ind., June 1l1-14, pp.1l-54.

Brooker, E.W. and Ireland, J.0. (1965). Earth Pressure at Rest
Related to Stress History. Canadian Geotechnical Journal, Vol. 2,
No. 1, pp.1-1E.

D'Appolonia, D.J., Lambe, T.W. and Poulos, H.G. (1971).
Evaluation of Pore Pressures Beneath an Embankment. Journal of
the Soil Mecheanics and Foundations Division, ASCE, Vol. 97,

No. SM6, Proc. Paper 8213, June, pp.881-898.

D'Appolonia, D.J., Poulos, H.G. and Ladd, C.C. (1971). 1Initial
Settlement of Structures on Clay. Journal of the Soil Mechanics
and Foundations Division, ASCE, Vol. 97, No. SM10, Proc. Paper
8438, October, pp.l1359-1378.

Davis, E.H. and Poulos, H.G. (1968). The Use of Elastic Theory
for Settlement Prediction Under Three-Dimensional Conditions.
Geotechnique, Vol. 18, No. 1, March, pp.67-91.

Duncan, J.M. (1970). Strength and Stress-Strain Behavior of
Atchafalaya Levee Foundation Soils. Research Report TE70-1,
University of California, Berkeley, College of Engineering.

Edgers, L., Ladd, C.C. and Christian, J.T. (1973). Undrained
Creep of Atchafalaya Levee Foundation Clays. Research Report
R73-16, Soils Publication No. 319, Department of Civil Engineering,
Massachusetts Institute of Technology, Cambridge, Mass.

Fisk, H.N., Kolb, C.R. and Wilbert, L.J. (1952). Geological
Investigation of the Atchafalaya Basin and the Problem of
Mississippi River Diversion. U.S. Army Engineer Waterways
Experiment Station Report, Vicksburg, Mississippi,

Foott, R. and Ladd, C.C. (1973). The Behavior of Atchafalaya
Test Embankments During Construction. Research Report R73-27,
Soils Publicazion No. 322, Department of Civil Engineering,
Massachusetts Institute of Technology, Cambridge, Mass.

Henkel, D.J. (1960). The Shear Strength of Saturated Remolded
Clays. Proceedings, ASCE Speciality Conference on Shear
Strength of Cohesive Soils, University of Colorado, Boulder,
Colo., June 13-17, pp.533-554.

Hb6eg, K., Andersland, 0.B. and Rolfsen, E.N. (1969). Undrained
Behavior of Quick Clay Under Load Tests at Asrum. Geotechnique,
Vol. 19, No. 1, March, pp.l101-115. A




Kaufman, R.I. and Weaver, F.J. (1967). Stability of Atchafalaya
Levees. Jourrnal of the Soil Mechanics and Foundations Division,
ASCE, Vol. 93, No. SM4, Proc. Paper 5312, July, pp.1l57-176.

Krinitzsky, E.L. and Smith, F.L. (1969). Geology of Backswamp
Deposits in the Atchafalaya Basin, Louisiana. Technical Report

S-69-8, U.S. Army Engineer Waterways Experlment Station, Vicksburg,

MlSSlSSlppl.

Ladd, C.C., WJlllams, C.E., Connell, D.E. and Edgers, L. (1972).
Engineering Properties of Soft Foundatlon Clays at Two South
Louisiana Levee Sites. Research Report R72-26, Soils Publication
304, Department of Civil Englneering, Massachusetts Institute ‘
of ° Technology, Cambridge, Mass.

Ladd, C.C. ancd Foott, R. (1974). New Design Procedure for
Stability of Soft Clays. Journal of the Geotechnical Engineering
Division, ASCE, Vol. 100, No. GT7, July.

Simon, R.M., Christian, J.T. and Ladd, C.C. (1974). Analysis
of Undrained Behavior of Loads on Clay. Proceedings, ASCE
Spec1a11ty Conference on Analysis and Design in Geotechnical
Englneerlng, Vol. I, University of Texas, Austin, Texas,

June 9-14, pp.51-84.

USCE, (1968). Field Tests of Levee Construction, Test Sections
I, II and III, EABPL, Atchafalaya Basin Floodway, Louisiana.
Interim Repori, Department of the Army, New Orleans District,
Corps of Englneers, New Orleans, Louisiana.




