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Abstract—Subsurface erosion in river banks and its details,
spite of its occurrence in various parts of theldidras rarely been
paid attention by researchers. In this paper, daéne concept of
the subsurface bank erosion has been investigateceftical banks.
Vertical banks were simulated experimentally bysidering a sandy
erodible layer overlaid by clayey one under unifiyrrdistributed
constant overhead pressure. Results of the expeisnaee indicated
that rate of sandy layer erosion is decreased byinarease in
overburden; likewise, substituting 20% of coars® (8m) sand layer
bed material by fine material (1.4 mm) may leadataecrease in
erosion rate by one-third. This signifies the intpoce of the bed
material composition effect on sandy layers erosioa to subsurface
erosion in river banks.

A major cause of such unanticipated erosion mayusow
of seepage, with attendant removal of soil pasidie the
exfiltration zone, and consequent instability ofdarlying
strata located above the zone of soil loss. Figudeshows a
site where seepage flow out of a sandy layer @hgénd out
of the streambank, and the overlying more cohesipper
bank layer was undermined and collapsed [5]. Adogrdo
figure 2, collapse of undercut soil layers may ipdiyt or
totally obscure the exfiltration zone where thesinal erosion
was initiated [6]. Quite often, internal erosion sdndy soil
creates approximately cylindrical conduits, or ‘gdf
Consequently, this form of erosion has been calpping",
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. INTRODUCTION

by percolating waters which remove solid particles to
produce tubular underground conduits". Figure 3wshan
area of streambank in which multiple cavities wereated by

EROSION of streambanks is a combination of: (1) laterafeepage outflow and where soil loss was extengive [

erosion of the bank toe by fluvial entrainment wfsitu

bank materials, often tented fluvial erosion; ard) (nass
failure of the upper part of the bank due to ggavit

In one hand, streambank failure occurs when grigmital
forces that tend to move soil down slope exceeddtees of
friction and cohesion that resist movement. Thik oisfailure
is usually expressed by a factor of safety (FSjesgnting the
ratio of resisting-to-driving forces or moments.nkRa may fail
by four distinct types of failure mechanisms [11) (planar
failures, (2) rotational failures, (3) cantileveilfires and (4)
piping and sapping failures (Figure 1). Steep bamemonly
fail along planar failure surfaces, with the fadurlock sliding
downward and outward into the channel [2]. High)digi
sloped stream banks (bank angle less than 60°)lydad
along cursed surfaces. Cantilevered or overhangamks are
generated when erosion of an erodible layer imadifi¢d bank
leads to undermining of overlying, erosion-resistagers [3].
Streambanks may also fail by exfiltrating seepaugt iaternal
erosion known as piping and sapping [4].On the rotiend,
streambank erosion can occur at times and in placgs
consistent with common theories of tractive foroes@n.

Banks and shorelines may fail long after periodshigh
stage and in locations where deposition would keipated
(e.g., on the convex or bar side of bends).
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The detrimental effects of concentrated seepagioauin
cohesionless soils have long been recognized.

Instability in soil embankments caused by seepatged
internal erosion was described by Casagrande ard
importance of this erosion mechanism to the sadétgams
has been demonstrated repeatedly by Terzaghi [@eier,
the significance of piping / sapping in bank andrshine
erosion has not been widely recognized [8]-[9]. Thheortant
influence of antecedent moisture on the erodibditwoils has
long been understood as has the role of pore-vpagssure in
slope stability [10].
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SIGNIFICANCE OF PIPING / SAPPING

Fig. 2 Collapse of layer undercut by piping / sapgb]

Piping and sapping are significant erosion mechasis
because of their role in the initiation of drainagatterns.
Recognition that through flow may be important il r
formation is relatively new, especially in the oexit of
experimental demonstration. Piping and sappingrapertant
also because of their widespread geographic ogumere
erosion by seepage outflow has been noted in méfeyenht
geological settings (alluvial banks, glacial tem;aand residual
and colluvial soils), as well as in many differdotalities.
Finally, piping / sapping is important because e vay this
mechanism interacts with other bank and shore peaseto
influence sediment transport.

Fig. 3 Cavities of |caI p|p|g / sapping ros[

A. Formation of Drainage Patterns

Infiltrating precipitation commonly passes througioil
zones of decreasing hydraulic conductivity betwé®s soil
surface and the pedological parent material; saglers of
lower relative permeability tend to retard vertidbdw and
promote lateral flow. If this lateral flow emergeg an
exfiltration face where the surface elevation iwéo, a rill or
gully may be initiated. Piping has long been redoegh as an
important factor in gully formation, but the meckan was
considered more important in arid climates thanhimid
zones. Other and more research has shown thatgpipin
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significant in the initiation of a total drainagatfern [4].Much
of the emphasis on piping as an initiator of regladrainage
has been prompted by the demonstration that thrlaghis a
very important component in the hydrologic system a
watershed [4], [8]. Some investigators have evescsiated
that seepage is the dominant factor in the formatioregional
drainage systems [4], [8]. Piping is consideredaomfactor
in the formation of submarine canyons and has Iseemwn to
be the cause of both very large erosional featanesminute
features in drainage ditches [2], [4], [8].

B. Geographic Distribution

While piping has been shown to be important in the
formation of drainage patterns, it also has beemvaho be an
erosion mechanism operating on streambanks anctlstes
throughout the world. Piping / sapping erosion Heeen
documented in almost anywhere in the world e.g.tralia,
Canada, China, Northern Ireland, Iran, Poland, Sudad
United States [2], [4]-[6].

C. Geologic Distribution

The most commonly noted occurrence of piping
streambanks has been in alluvial soil deposits evhibie
natural layering associated with alluvium favors@entration
of flow in more pervious strata, and more cohetwyers tend
to bridge over cavities, allowing conduits to forf].
However, piping and sapping have been noted inialac
terrain where the heterogeneity of the soil depositay
concentrate flow and where secondary features asgbints
in precompressed deposits also may lead to lockfleer and
exfiltration.

Frozen soil zones can retard and concentrate flow t
produce sapping, and the piping / sapping mechamiagnact
in concert with freeze-thaw mechanisms to causéruts®n
of soil structure and loss of soil from a bank boreline.
Numerous instances of piping / sapping operatinty wther
mechanisms have been seen in lakeshore bluffs.ng?ipi
occurred even in lacustrine deposits consistingntefrbedded
silts and varved clays when the lakebed deposits e®posed
by excavation below the water table [4]-[5].

D. Influence on Sediment Transport

Piping / sapping removes soil grains from exfilvatfaces
and transports those grains away from the exiitnazone. If
the piping occurs in a streambank or shoreline,displaced
material is particularly susceptible to furthernsport and
working by currents, waves, and other bank / spbenomena
[4]. The structure of the in situ soil mass is diged, and the
displaced soil grains tend to be loose and erodible
Furthermore, formation of cavities in a seepagdl@mutzone
commonly undermines strata located at higher eievat
Tension and shear stresses are created in thecundizyers,
cracks form parallel to the face of the bank offpnd blocks
or slabs fall from the face. The fallen blocks asidbs are
disrupted and weakened, and thus are more erodible.
Moreover, the presence of blocks or slabs that fellen onto

n
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the lower bank causes significant interference Wity when
the bank is inundated during subsequent periotiigbf stage.

Turbulent flow around the displaced soil masse$ lve
more effective in eroding those masses than woale: been
the flow over the bank prior to the piping / sampiand

consequent collapse of upper strata. Wave actithlogimore
effective in breaking down fallen slabs and blotian would
have been the waves breaking on the shore befengiping /
sapping and collapse. Soil loss from a site willalseelerated
greatly if piping / sapping is severe there. Pipamgl sapping
also will occur wherever concentrated seepage awitfis
sufficiently intense to cause removal of soil ggaipiping /
sapping is not related by necessity to planformsitarations
in a stream or to proximity to a body of water @tlthan the
source of the seepage outflow).

Piping can be caused by infiltrating precipitatibg,lateral
flow from a surface impoundment, or by leakage fram
pipeline or tank; thus, piping can occur and magrelve more

TABLE |
CHARACTERISTICS OF TESTS AND THEIR RESULTS
Single  Grain-size Water Critical Erosion
Test s 50 Water
No Load  Distribution (mm) Level Level Rate
(kg) Type H (cm) He (cm) (cm/min)
1 10 1 1.6 60 30 10
20 1 1.6 60 35 6.67
3 30 1 1.6 60 50 1.92
4 10 2 11 45 35 4.76
5 20 2 11 45 40 2.17
6 30 2 11 60 50 0.95
7 20 2 1.1 60 40 10.5
8 20 3 14 60 59.9 6.8
9 20 4 35 60 58 2.29

likely when the stream itself is relatively inaivPiping and
subsequent collapse of undercut strata can ococelegations
far above the stream or lake level and during jlsriof low
discharge and / or low stage. When the stream $loodwhen
winds drive waves onto the shore, an irregular igonétion of
erodible materials may await the onslaught of augeor
waves because of the operation of piping and sgppiprior
times. Whether or not the erodible failed mateisapresent
will depend upon whether or not all conditions resesy for
piping / sapping to occur were met [4]-[6].

Ill.  EXPERIMENTAL STUDY DESIGN

As mentioned above, subsurface erosion most odecurs |

non-cohesive soils. Also existence of layers ofl suith
different hydraulic conductivity in river bank iecessary for
gathering seepage flow. This experimental study adease for
modeling subsurface erosion in a sandy layer iiver bank
with vertical slope.

A. Flume Experiments

According to figure 4, flume experiments were cdrout
in a 60 cm long, 40 cm high and 6 cm wide of a nete.
One of the walls was made off Plexiglas which helps
observe the present phenomenon and erosion's preasty.
At the bottom of it there is a tank made off plagtipe with 5
cm diameter. Next to the Plexiglas wall you can seer for
measuring erosion level. Water enters from topla$tc tank
and provides the required water height to make csade
hydraulic gradient. For making fixed the heightdter, there
are some holes in selected heights. Water cometll upe
selected height and extra water goes down fromshated
doesn't let it go up. The bottom of tank and enexgeriment
box connect to each other by a rectangular holba site of
4*4 cm. Water enters sandy layer through this hBkech of
Clay and sandy layers with 4 cm thickness was mbunside
of experiment box. In order to impose overheadgunesto the
soil layers, a rigid plate with the size of 4.55%0 cm was
put on clay layer.

The overhead pressure was supplied by exertinghglesi
load to the mid-point of the plate and thereforerted to the
soil layers' surface uniformly.

Fig. 4 Side view of experimental flume

B. Soil Conditions

The experiment was carried out for two layers, gdagler
at the bottom and clay one at top. Clay layer ligls bohesion
and trivial infiltration. In this experiment theleoof this layer
is to prevent water infiltration from walls and thstribute
overhead pressure to lower layers more uniformlye Foil
properties which were used in this study could laessified
according to table I.

C. Experiment Procedure

The main steps of this experimental study can
summarized as follows; At first the selected sasad poured
in box and was distributed uniformly with 4 cm thiess, then
clay layer just like the previous layer and the satrickness
was poured over it .After that the rigid plate veastled on it.
The slope of frontal part of soil is unstable andill collapse

be
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with a little shake. For solving this problem dugrithe pouring
the soil inside the box, a plastic plate was logtatefront of it

and after pouring soil and before exerting the bead
pressure, at first the water was entered into we sowly.

Water with infiltration in sandy layer was rise aatracted
into the upper clay layer. After about 30 minutee twater
humidifies the whole upper layer. Now by removihg plastic
plate and because of high cohesion of clay layer,vertical
slope is stable. In all steps, it was tried to keafe the soil
against the effect of external forces like strokel severe
shake which affect soil's compaction. Then, ovedh@assure
was exerted for all experiments for 18 hours artdrahat
water enters to the box slowly. A selective phoapdr of the
experiment was shown in figure 5.

Water level by opening the tap in a controlled nergoes
up. The holes in selected height make it possiblkeep the
water level stable in that height. In lower watevel, none
erosion was observed but through the raising oemkvel
and passing the critical level, erosion starts. €hesion of
sandy layer starts from forward side and develops the
backward. In order to compare the erosion proaesiferent
experiments, the measurements was monitored fod ani
band. It is important to remind that the proporéitmlevel of
water for beginning the erosion was recorded agit&cat
water level.

In this study 9 sets of experiment were tested

Characteristics of these tests and their resulte semmarized
as table I.

IV. RESULTSAND CONCLUSION

According to above mentioned subsurface erosiorivier
banks and its details, in spite of its occurremcearious parts

Fig. 5 A sample view of the experiment

of the world has rarely been paid attention by aeseers. In

this paper, an experimental study has been plaroed

investigate the subsurface erosion in river velrtieanks.

This study aimed to find out the: (a) variationeobsion rate
due to overhead pressure changes, (b) variationriti€al
water level for beginning of erosion due to ovectheeaessure

changes, and (c) variation of erosion rate due ifferdnt
effective particle size. According to the resulte tabove
mentioned goals were investigated accordingly; fEgu6
shows the variation of erosion rate due to overbarchanges
for Dsg=1.6 mm and H=60 cm. In the same way, figure 7
shows the variation of erosion rate due to overbarchanges
for Dsg=1.1 mm and H=45 cm.
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Fig. 6 Variation of erosion rate due to overburdkeanges for
Ds=1.6 mm and H=60 cm
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Fig. 7 Variation of erosion rate due to overburdkanges for
Ds=1.1 mm and H=45 cm

Figure 8 shows the variation of critical water lever
beginning of erosion due to overburden change®fgrl.1
mm and B3y=1.6 mm.
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Fig. 8 Variation of critical water level for begimg of erosion due to
overburden changes forg1.1 mm and Ey=1.6 mm)
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Figure 9 shows the variation of erosion rate dudifferent
effective particle size (£) for load=20 kg and H=60 cm.
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Fig. 9 Variation of erosion rate due to differeffeetive particle size

(Dsg) for load=20 kg and H=60 cm

Results of the experiments are indicated that oatsandy
layer erosion is decreased by an increase in oxeehby
likewise, the rate of critical water level for beging of
erosion due to overburden changes erosion is isecehy an
increase in overburden; and finally, substituti@§®of coarse
(3.5 mm) sand layer bed material by fine materlaft (mm)
may lead to a decrease in erosion rate by one-tfihis
signifies the importance of the bed material contoseffect
on sandy layers erosion due to subsurface erosioriver
banks.
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