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Threatened Levees on Sherman Island
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ABSTRACT

Severe levee cracking was observed along a sectiun
of a levee in the Sacramento Delta araa of <california.
An extensive program of geotechnical -investigation and
treatment was parformwed. The results of the investiga-
tion point to the danger of considering only limiting
equilibrium factors of safety for highly deformable peat
soils, since large daformations may be initiated long be-
fore critical stability is indicated. )

INTRODUCTION

Sherman Island liss in California at the western
limit of the Sacramsnto-San Joaguln Delta. Like most of
the delta islands, it is predominantly below sea level
and protected by perimeter levees which were built over
peaty soils. The levees were origqinally constructed in
the 1860's, and have bheen enlarged periodically as the
adjacent land subsided. In recent years, the levees have
been maintained to the extent possible given the limited
available funding, and they are regularly inspected by
the local Reclamation pistrict. The island was flooded
in 1969 following a levee failure, but since that time it
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THREATENED LEVELS 57

has been kept whole through a program of careful inspoc-
Lion, ongoling maintenance, and 1apid response to problem
sltmations.

in the summer of 19490, a sizcable array of ciracks
developed along a reach of the lavee approximately 1000
f; long. The cracks were located in the landside berm of
thu levee, In the sides of the levee embankment, and on
the top of the lever. ‘they were vypleally aliyned alony
the levee q;viqq the general appearance of the toe of the
lever berm having beea pulled laterally outwards. Crack
movewents on the embankment progressed quite vapidly,
“ith the cracks frequently opening to a width of one or
twn o inches.  Vertical offsets as much as 12 in. also de-
veloped across some of the cracks. However lungitudinal
displacenent slong the cracks was not observed. Figure 1
SNOWSs A typical photograph of a crack; Pigure 2 presenis
a schematic sectioh through the lavee showing a charac-
teristic crack array.

figure 1 Plotograph of Crack

Tpe cracks extended across the levee crouwn into the
warerside slope and, in addition to stability concerns,
presenyed a very real Cthreat that San Joaguin River water
would flow reiatively unimpeded through them into the is-
‘and. Since the levec at this location is predominantiy
composed Of sand, erosion and piping could then easily
Sreach the levee and flood the island. The prospect of
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an island of 9,900 acres being flooded to a depth of 10
Lo 15 ft was extremely serlous. The cracking gccurred
ducing the pariod of low summer flows und following 4
years of drought. 1f flooding had vesulted, it would
have pulled saline water from San Francisco Bay far up
intoc the belta and could have reguired the temporary
closure of major water supply projects fur the State of
California.

Freating the observed levee distresns required re-
sources beyond those of the Reclamation District. How-
ever, Sherman Island is one of the eight western islanrds
nominated for the Threatened Levee Progran, administerved
by the Department of Water Resources [DWR) for the State
of California. Funding for remadial levee work was au-
thorized directly. :

During the wonths ot August to December, 1940, reme-
dial measures were applied at this main area of observed
cracking, as well as at other ayveas of levee distress.
This paper describes the investigation of factors atfect-
ing the levee cracking, the engineering of correctiv
measures, and the implementation of those tawaswies, ‘Lthe
paper also discusses the cracking phenwormenon, 1ts praba
ble causes and typical treatnents,
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Figure 2 Schematic Sectian Showing Typical Crack Array

FIELD AND LABORATORY THVESTIGN{IUN

The main site investigation techniguss used for the
program were borings. The borings provided informatic:
regarding the subsurface strata, plus sawmples for cifice

inspection and laboratory testing. Inclinometers were
installed in the borings tou provide infurmation regarding
ongoing lateral movements in the ground. MOSL  lmpor-

tantly, they also provided a means of monitoring deforzsa-
tions due to placement of levee fill and, thereby, a
means for controlling the filling process, addationa .
slte investigation work was performed by the DWR, 1nc::-d
ing monitoring crack widths over time, pecforming o
ited series of field vane strength tests, and sur.:. .,
of key levee sections.
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THREATENED LEVEES 159

The boring samples were routinely subjected to a ba-
=1¢  lavoratory testing program of moisture/dencity
Jetermination and Torvane strength testing. 1In addition,
selocted sanples wece used four consolidation testing and
Unconsolidated Undrained (W) shear strength testing.
Uirect Simple Sheer (DSS) testing was performed on one
sample of peat and one sample of the silty clay. The
field and laboratory data are introduced as appropriate
in subsequent sections of the paper.

SUBSURPACE CONDITIONS

The levees of interest are constructed along the
northerr bank of the San Joaquin River, which flows in a
deep channel on aan aligament which has probably been rel-
atively unchanged during the deposition of much of the
Shermer Island soil perofile.  Por present purposes, that
nwrotile can be considered as starting at depth with a
sand stralum below approximate EL -70 ft (HGVD). Pore
water head elevations in that stratum appear to relate
clrseiy toe the river surface elevations, suggesting that
thiere i4 hydreulic connection between the two, perhaps by
expusure ¢l Lhe sand stratum in the river bed.

abuve the cand is a layer of silty clay, most proba-
bly bay Mud laid down as the sea level rose following the
Jast Yce Age. The clay stratum is on the order of 20 ft
thick and overlain by peats which, in their natural
ctale, are up to about 40 ft thick and extend to the is-
land surfare. Upward seepaqge occurs through the clays
and peats from the artesian conditions in the underlying
sand, with secep water typically drained off, collected,
and pumped out of the island via a series of drainage
ditches flowing to a pumping station.

wneath the lzvees, the natural soil profile is mod-
ificd by the considerable weight of levee fill, with re-
~ultant settlement {up to 20 to 30 ft} of the original
prat surtace, accompaninrd by peat streagthening. The
tevee filis are typically aomposed of peat, dredge mate-
rials (sana, silt and clay) and sandy fill, with the
crown of the study levees usually consisting of rela-
tively uclean sand. In some Incations the levees also
appear to he loucated directly cver natural levees of the
San Joaquin River, which are indicated by layers of silty
material within the peat stratum and by higher material
strengths. These natural levees appear genarally to be
of very limited lateral extent, gyrading into the normal
tnick peat stratum beneath the levee berms.

Tre investigation and rermediation concentrated on
shree  insirumented sections across the levee. A site
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plan is shown in Figure 3, with the Jocat?on of sections
A, C and D, borings, inclinometers and plezoneters alsc
shown., A database for Section A was developed first ard
usad for analysis of the area, with data for Spctxuns_r
and D developed thereatfter. e three secllons were
found to be very similar, allowing data tron all sections
to be considered collectively.
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Figure 3 Site Plan of Main Crack Ares

rigure 4 presents the proeflle through the levee at
section A, including the subsurface soil strata. A th}ck
levee fill is apparent, overlying interbedded silts and
peats beneath the levee crest and thuught to be old natu-
ral levee deposits, which grade into thick peat depusits
beneath and beyond the landside berm. & silty clay de-
posit beneath the peat then underlies the entlrg 51t§,
above a deeper stratum of sandy solls. A& toe ditch s
present outside the berm.

The increased depth of levee till to landside of the
levee crown is notable. This characteristic was even
more apparent in Sections € and D. It is thought ko re-
flect increased compressibility of the peaty soils as
compaved to the natural levee depusits. The likely.;ause
of this situation is that the natural levee at the_nlgher
levels would typically have expericnced air drylnglqnd
stiftening during the deposition process (see discussion
below}. Thus levee filling on the landside of the natu-
1al levees would have caused greater compression qf the
subscils and experienced more settlewent than fxl{lng av
the levee crown, which appears to bBe located directly
over the highest area of the natural levee soills.
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rigure 4 Soil Profile at Section A

ETRE88 HIBTORY

Geotechnical analysis of the levee profile proceeded
t:y assessing the stress history at various offsets from
the levee crown using the results of consolidation tests.
The stress history was assessed for the virgin conditions
outside the original levee fill area (Borings A4, C4 and
d) and for the consolidated conditions bheneath the levee
embanknent . Figure 5a presents the assessment for the
virgin conditions, plotting the vertical effective stress
profile and the measured maximum past pressure data for
the vivgin soil profile. The vertical effective stresses
are low and the stress profile has a steep slope, re-
flecting the very low etfective welght of the peat soils.
The maximum past pressure data in the peat (PT) are seen
to be equal to, or very slightly higher than, the effec-
tive stress profile, exceapt near the surface where they
Lie signiticantly above the profile. The indication is
that the peat profile has probably experienced a surface
drying but is close to a normally consolidated condition
at depth.

The umderlying clayey {CE/MH) stratum has indication
¢f a nuch nmere variable stress nistory, with sone pre-
stress values lying well above the effective stress
profile and potentially corresponding to desiccated
layers fron the time of deposition. However some of the
prestress  values do fall near the effective stress
vrafile, so the stratum can conservatively be considered
as genesraily normally consolidated.

A corparison: of vertical effective stress and maxi-
wun pest  pressure data beneath the levee emnbankment
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(Borings Al, C! and D1) is presented in ?iqure 5b. A
mach higher vertical effective stress profile applies at
this location than in the virgin soils of Figure 9, r?:
flecting the addition of about 30 ft of gzll. Much
higher prestress values ate also evidant, with some of
the values falling very considerably above the effective
stress line. These very high values are not consistent
with virgin consolidation of weak peat and clay having
occurred under the levee loads. Instead they sugygest
that some areas it Lhe foundatiun solls had bheen heavily
prestressed long before the levee f@lls ?ere‘placed. A
possible explanation for this situation lies in the pres-
ence of natural levee deposits below the present leflee
embankment. Natural levees are subject to drying and
strengthening, and depending on the Erequency ot.flooéanq
and the height of the hanks, layers of highly consol-
idete@ material may nave formed in the study area.
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the conservative interpretation adopted for this
situation was to assupme that the soils peneath the levee
had been consolidated to their existing ver:1ca{ etfec
tive stresses only, and ignore the existenve of hithr
strength zones in the levee foundation soils. This a”
sumption was believed to yield lower bounu  assunpliois
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THREATENED LEVEEFS . 163

regarding 5031 strenqgths, and upper bound assumpt ions re-
garding potential settlement,

SHEAR S8TRENGTH ABSBSSMENT

an undrained strength model for the levec and €foun-~
agation soils was developed as the starting point for sta-
bility analysis of the lavee, using the SHANSEP process
described by Ladd and Foott (1974). The SHANSEP process
first establishes an appropriate normalized strength for
application to each soil, using the fact that the
undrained strength (s,] of a normally consolidated cohe-
sive soil very often bears a constant relationship to the
vertiscal effective stress {o,c)' of the soil. The rela-
tionship /Oy is therefore a constant, called the
"normalized sgrenqth." Normalized stvengths obtained
from DSS tests are often appropriate values for the sta-
ility evaluation of levees and embankments. Por the
present foundation soils they indicated s /o, = 0.37 [or
the peat soils and S, oye = (.25 for the silty clays.

The LHANSEP procedure then applies the normalized
ztrenyth values to the vertical effeckive ztress (o,.)
profiles at oappropriate locations, to yield undrained
strength {s.) profiles. This procedure was applied for
e4ach doring offset 1n the levee section. The SHANSEP
strength protiles were then compared with other strength
data to assess the reasonableness of the valuas obtainad.

The resulting comparisons are shown ikn Figure 6.
Figsre va relates to the levee crown {Borings Al, C1i, D1}
and shows the SHANSEP profile plus Torvane data and UU
data. . Jhe Tarvane was used to obtain a yuick indicatioan
uf undrained strength in «cohesive soils, amnd assemble a
siznable database of strenyth values relatively inexpen-
sively. Landva (1986) identified limitations of the test
1n peats, so definitive strength values would generally
not be expected, but the test Jdoes Indicate approximate
strengths end their vaviability. Figure 6a shows that
thie SHANSEP dats fall at the upper end of the ranye of
Torvane data in the peats and silts and usually within
the body of the Torvane data in the silty clays. The UU
data are all wuch higher than the SHANSEP values, perhaps
indicating that better quality cohesive and peat samples
~were selected for laboratory testing (in order to avoid
vests on silt samples which have little wvalwe). Figures
6b and AC show a comparison of SHANSEP and Torvane data
ar tha A2z, C€2, D2 and the A3, <¢3, D3 offsets,
respectively. Figure 6b again shows Torvane data lying
below the SHBANSEP strengths in the peats and above and
below the SHANSEP wvalues in the clays, while Figure é6c
shows the Torvane values to be generally ahove the
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SHANSEP strength profile. The ckfective utress vl
ii: progresa;ie)y reduced from quure.Aﬁ% rhrguqh b?é
reflecting veduced Lhickness ol levee rx:;. Figure ;!
presents the same conparison for the unlaaded vxrq;nffglf
profile {Borings A4, C4. D4) and also shows the Dth ielda
vane shear test resulus. The Torvana data are _niz
usually much higher than the SHAMSEP profile. The neli
vane data are alsc much nﬁgher, althungh .they w?nt(
rypically veguire wecorvection® to yield appropfdabe
design values. A carrection factor of about 2/; wWou the
reguired to yield the SIANSEP strangths, within thi
axpected range for the present solls. In_this c:a:;e,'E e
SHANSEP data have been estimated using an assuned un;‘oct
vertical effactive stress profile of about 600 ‘pip
throughout the peat, to include the -effect of surface

drying {sce Figure 5b}.
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Based on the above, the SRANSEP sprquth va{ues were
judged to represent a reasonable lbasis for desig?. ~§t
seems likely that the Torvane_data ovarestigatehﬁtzenqt §
in the very weak, virgin profile, probably in pntp Jue to
fibrous reinforcing of the soil by organic material. IE
then seems probable that this Torvaie pendency f?z
strength overestimation gives way to a slight teq@uaty
toc underestimation of strengths at the higher st;gas
Jevels peneath the levee embankirent posgxbly reflecting
an increased sample disturbance effect ulth.the Torvane,
plus the increased presence of silt withia the peaty
layer. However, to avoid the possibility of overestimat-
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THREATENED LEVEES 165

ing strengths below the leveae ambankment, the values used
in the peat for tablllty analyses were reduced slightly
from the SHANSEP values

The next stage in the stability assessment was the
development of strength contours within the foundation
soils for the Section A levee cross section. Based on
standard correlations, ¢ill naterial strength properties
of C=0, ¢=30° were also selected. By using the strength
uontouxs to divide the foundation s0il intu zones of
assumed uniform conditions, the stability model of Figure
7 was then obtained.
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STABILITY ANALYSIS

Stability was analyzed for a numher of conditions
dusing the above describad strength profiles, which are
considered to be genarally conservative. The factor of
safety for the pre-existing levee configuration was cal-
culatad ay 1,26, The increase in stability resulting
from plaving an 80 tt wide, 2 ft thick berm outside the
toe diten, plus a Fill connecting this new berm to the
criginal bernm was investigated. Tt resulted in a factor
st safely ut 1.38. These analyses and the critical sta-
bility surfaces are summarized in Figure 8. Addition of
a further 2 ft of fill over a width of 16 ft at the levee
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crown reduced the safety factor to 1,15. None of the in-
dicated factors of safety are such that major lnstabilitvy
would be expected, particularly in view of the conseiva-
tive approach used to select shear strengths. Factors of
safety close to unity would generally ke expected hefere
gross shear failure will ocaair.

ooy ¢ 0 e 4 e e
I ""'.‘f—""’h\\\ LEVEE Fill, i

N e et /

~ - CRIMICAL DRCLE
rEATS \~<' But PEATS D S TS
'-—.'*"‘"‘—)Q' e bbbt it = - ——————
SILTS AND CLAYS e e .
Tt T SANDS

{3} PRE-EXISTING LEVEE

I STAWLFOND BERM - Ty e

yeme T Evee me S

pEATS [/ SHIICAL CHCiE ™
EATS a1
— ren;aﬁo sms.

- s i e __..»g\__-———-—-pf‘ e el
SELYS AMD CLAVS

“TSANDS

(b] STABILIYY WITH YOE BERM ANO COHUNECTING St L
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CORRERCTIVE ACTION

Corvective actiun in the main area =f cracking con-
menced effectively on an emergency basis in Augusi, 1990,
with the placement of an 80 ft wide, 2 ft thick, silty
sand berm to the landside of the toe ditch below the
levee. The toe ditch was then c¢leared and a tae drain
formed in it. A connecting fill was next placed over the
drain to connect the ne» berm to the original berm, with
a thin dressing of material carried onto the origirail
perm to fil1l in low spots. Vet spots on the existing
berm due to seepage through the ewbankment were slso in-
dividually drained. Other than the use of clean sand in
the toe drain, plus localized use of drain rock wrapped
in filter fabric at ocalized seepage areas, the Fill =@a-
terial was all a silty sand obtained trom dredgud iwite-
ria) previcusly stockpiled on the island
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While these construction activities were proceeding,
the site investigation, testing and analyses described
earlier were underway and the inclinomaters were in-
stalled and monitored. The inclinometers indicated
lateral deformations on the arder of one or two ilnches in
the virgin peat under the new berm, but no ongoing move-
ment.s were measured in the levee crest and original berm.
Crack monitoring along the levee embankment also indi-
cated that movements had slowed very substantially,

At. that stage the levee was judged to be celatively
stable, based on both the stability analyses and field
observations, Tt was therefore decided to restore the
levee embankment. This process involved two steps, Lhe
first beiny to compact the embankment back tegether at
the crack locations, after which the full freeboard and
levee cCrown width were restored. In performing this
work, it was recognized that the peat s0ils could deform
excessively, resulting in levee cracking, long before
critical limiting equilibrium stability conditions (i.e.
safety rfactor = 1.0) would bhe developed. Accordingly,
the inclinometers were carefully monitored throughout the
rizstoraton work for any evidence that lateral deforma-
tions wight be developing. Such evidence would have been
evaluated with a »iew to ceasing filling activities or
removing tilt already placed.

The levee embankment was compacted using an BEssick
VF-S4T wvibrating sheepsfoot roller towed hehind a D&
crawler tracter, wnich provided a substantial vibratory
compactive effort with excellent maneuverabllity. It was
found that when the vibrator was applied with its longi-
tudinal axis above and parallel to a crack, the crack
wouxd close and heal in a very satisfactory wanner. By
this process the levee cracks were sealed and the in-
tegrity of the levee embankment restored.

The levees were next surveyed and areas and amounts
af freeboard deficiency nated. Starting first at an area
extending 200 tt on each side of Section C, the freeboard
«“as restored by placing up to 2 ft of materiat on the
tevee crown, which was also widened significantly to pro-
vide the standard 16 ft crown width. The Section ¢
inclinometers were monitored caretully durisg this fil)
placement | but no cubsurface movements were ohserved be-
nealth the crown or the original berm. The c<rown was
thereupon restored teo fuli design grade through the en-
tire area, vith no significant movements observed in any
of the crown or kerm incl inometers.
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DEFORMATIOR ANALYSES

The stability analyses and observed field behavior
strongly suggested that the levee distress was ot Fhe
result of a classical limiting equilibriun slope stabil-
ity faiiure. The problem appeared instead to relate te
deformation of the peaty foundation soils, vhich are
known to be highly deformable ang creep susceptible.
Figure 9 demonstrates this characteristic by conparinc
the deformation modulus valuas measured in the DSS tests
on the peat and the silty clay, with modulus values ’for 2
variety of cohesive soils. Generally, soils with lower
woduli are nore deformable [and probably wore creep sus-
ceptible, see Foott and Ladd, 1981). 7he peat has by fat
the . lowest modulus of all the soils (note the. logarithmic
vertical axis io Figure 9).
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Figure 3 Direct Simple Shear dodulus Values

Accordingly, the levee behavior was analyzed vsing ¢
deformation model to. assess possible causes of the ok
sarved cracking and the effectiveness ot the correctian.
The deformation analysis used a finite difference con-
puter program, FLAC ({Itasca Consulting ‘:;rm_zpf 198Y), amnc
a simplified model of the foundation conditicns beneati
the levee. The foundation scil strengths were simi:
those developed for the stahility analyses, and By
strass-strain relationships were useda. wizh this el
tionship, the soil hecomes very Ysoft" (i.e. extremels
low modulus) when its shear stress exceeds its shast
strength. The important initial tcdulus values for the
soil deformations were selected from the 0SS data, tc
give peat modulus values significantly lower than the
silty clay, which in turn had lower values than the legee
fill. Figure 10 shows the model and parameters used foi
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the analysis. Undrained wodulus values were used to as-
s¢ss the shor€-term, wndrained response to load applica-
tion.

The analytical procedure connenced uwith an assess-
ment of the initial stress conditions under the existing
leves, obfrained by “"turning on" the self weight of the
levee and allowing the foundation soil stressas to equi-
libriate under thoss conditions. The deformations pra-
dicted due to application of the 80 ft wide berm outside
the toe were then cornputed, to which were added the de-~
formations resulting from application of the tos drain
fill anc conpecting bern. Finally, the incremental de-
tormations resulting from placement of the levee crown
fill were computed. '
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Figure 10 pReformation dModei

The movement data wis recogaized to be very approxi-~
rate, almost conceptual in nhature. Their valwe was to
show how the foundation sclls would respond to the cor-
rective measures, 1n order that these measures <ould be
suitably selected, applied and contcolled. Placing the
rnew toe berm on virgin soil outside the original levee
section was calculated to result in sizeable deforma-
Liong, as the peat trirss to sqgueeze out from beneath the
f111.  1Thi:s process moves soll towards the levee, creat-
ing an ancreased lateral resistance at the levee toe,
»hich is further increasea by placement cof the toe drain
and connecting berm t£111. The result of this increased
toe resistance is that negligible movements are indicated
vhen the new crown fill 1s placed.

The response of the foundation soils to reinforcing
of the levee toe is further desonstrated by the analyti-
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al results af ¥Fiqure 1ii, which comparesb the zo0ncs :(.:.
ﬁighly stressed soil in the levee foundation foli‘o:t.'n
crown restoration without the anrc-asefd :og Lnerms[ (I'thi'
1la) and with thea (Flgure 1ib}. The .z:one ‘o 1{11:1
stressed soil with the enlarged perms 1S VIIUL.h. sm‘. “:
than without them, indicating enhanced stabilary axt :

3 -~tern creep deformations.
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KONITORING

At the time of writing t.his paper, nearly'mu; yej:'t
had elapsed after the correctiva work ‘wars pf;fo.ne ‘ 1”1
cluding a peciod of abnormally h;qh‘ uld?s.r’ . :i~
inclinometers wexe monitored on a.monthly, bast.f; fo t.r‘:ll
first few months after construction, and gpplo;\t‘mbbe
every other month thereafter. 'l_.'hc lgvee._s:urtagg a;l z;.u
inspected ragularly oy Raclamation District Personn 1w
cracking, wet areas, or any other abnurmal‘:txes or s r?
of distress. The inclinoweters are show:ng no of“fo‘jjf
movement near the levee embankment, a}thm:\gg c.u.:.:;.’.
movements of up Lo 4 in. have occu.rred under t.he. ne'..z'w‘.:
fills. The deformatilon pattern is snown On Fxgul‘r. .n.
The broad zone uf shearing is suggestive qf ureep‘?yy
movement in the newly loaded peat spils, ana .EherAe {:_shr,
evidence of cracking or distress on the nav f£ill su-:aue
and relatively few welL areas. The levee thecetore ap
pears to be stable and performing well.
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CISCUBSION DF LEVEE CRACXING PHENOMENA

The cracking problem addressed in the Sherman Island
Threatened Iovee work is an amportant phenomena which way
vecur widely, both on the island and in general whera em-
bankmengs are coustructed an soft, compressible
foundations. In this section, the potential causes and
appropriate correction are discussed. The purpose is Lo
summarize the lnformation learned on this project so it
will be readily available for future applications.
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Figure 12 Deformations at the Crack Area

One hypothesis for the observed leveas cracking was
that it represented the iniciation of a limiting equilib-
rium shear failure. The rapid decision to construct a
new and wider levee berm was made to stabiliza the levea
ayainst such a failure, recoqnizing that a serles of an~
ticipated high tides would apply additional destabilizing
load on the levee. Assessing levee stability against a
Jimiting equilibrium failure was therefore one of the
first steps in the yeotechnical engineering work. Param-
eters were conscivatively selected for these materials.
Neveythele§s, the analyses showed that the initial levee
confiyuration did not have stability factors of safety
low enough to explain the observed cracking as being a
fallure condition. A stapility failure would furtheimore
;end ;o "compressY the levee, whereas the ohserved behav-
tor involved ‘“stretching” the levee %to produca the
$zser¥ed ﬁeries‘ﬁ; tension cracks. Stability failure was
_herefure wpot judged to be a i i £ 0
therefore ne cr%ck%nq. realistic explanation for
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The observed cracking phenomenon may be more reason-
ably explained by considering the highly deformable and
creep susceptible nature of the peat soils present be-
neath and to the landside of the levee empankment . The
very low modulus valnes of the peat mean that it will
typically deform considerably at applied loads signifi-
cantly less than those required to cause ftailure. Thus
conventionally adeguate stability factors of safety are
not a guarantee against excessive deformatjions and lat-
eral movenents of the peat material, with vresultant
cracking of the overlying f£ill. This situation is par-
ticularly acuts when £ill is placed over virgin peat,
which may be very highly deformable until it has bhad time
to consolidate and strengthen.

A 1likely explanation of the chserved cracking is
therefore that the pre-existing lavee nad suffered set-
tiement and 1lateral movements of the underlying peat,
particularly beneath its sizeable berns. These movenents
were probably related to a lowering of Lhe water table on
the landside of the levee, which by zemoving buoyancy ef-
fects has a net result similar to adding lavee load.
{Watar table lowering was particnlarly likely to have oc-
curred near the main area of cracking, where ongoing
drought conditions were combined with a discontinuation
of periodic flooding of the adjacent fleld to cause un-
usually dry conditions.) The peat defermations could
then cause cracking of the levee which might typicaiiy
start at the leves tos and progress into the embankmert
area. Reports of cracking of the landside slope of lev-
ges at time of drought are not URCOMMON and probably are
frequently due ta this cause.

once eracked, the levee fill would tend to act as a
series of adjacent blocks of soil on 2 soft base, and
relative movements (e.g. as a heavy plock settles and
haaves up a lighter adjacent block) could be expected.
aAdditional external loading could also trigger relative
movements, which might explain why discovery of signifi-
cant cracking followed a period of high tides and he
placement of additional £i11 on the levee crown at the
main area of crackiny.

The greatest inmediste dangey following crackiny ney
pe the possibility of river watex penetrat.ng the craus
system to flow freely through it, potentizlly eccili
channels and ultimately washing out the levee. Sealin.
the cracks is therefore a priority. wWith a sandy levue,
this can be done effectively by vibratory cempaction, al-
though it should first be ascertained that bolh overall
and loca)l levee stabilities are adeguate and that lecal~
ized liquefaction under vibratory loads is not a problem
or can be managed. Treating a tendency for recurrence of
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the vracking then requires that the tendency for lateral
defornations of the peat be reduced. This objective can
ne achieved by reducing the shear stress levels in the
peat  fi.e. by increasing slope stability [factors of
safety) and/or by stittening tha peat. fsoth these pro-
vesses Lyplcally requira adding more load ovutside the
Jevee toe, which will typically result in additional set-
tlement of the peat (which may itself be a prohlem) anhd
may trigger additional lateral movement. ‘The most cost-
offective solution should therefore be established on a
case-by-case basis. Cnce adeguate stability is estab-
lished, the best course of action if further cracking oc-
curs may be compaction to seal the cracks, followed by
toral tevee reshaping, i1f necessary.

SUMMARY

This paper has described how a major problem in-
velving laevee cracking on sherman I(sland developed, was
investigated, and corrective actions were taken to miti-
gute its effect. ‘I'he cracking was addressed by widening
the bewms Lo increase levee stapility, closing the cracks
using vibratory compaction, and re-establishing the levee
crown. The cause of the cracking is thought to be defor -
mations uf peaty foundation soils, probably related to
extended drying of the island interior due te the drought
and changes in farming practices.
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APPENDI Y - UNTTSE CONVERSBION

L in. = 2.5% om

1 ft = 6.3048 m

1 Acre = 4046.9 m? = 0.40469 hectares
1 psf = D.0§4788 KPa
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