‘;f_h‘gj‘:r—‘;d.ﬁda.u

ook Ol s

VY40 Jlu ¥ o e «‘.MJ'}L: ISYE)

] FRL TR KX )

2 bl i g (A (5 youly OSBRI 3T (w9
i P 510 vy dwlo Cuoglio g (IS0 ulw 49

Vgé.’u.ao U’~'~‘°| ‘\*‘:’L.’."J‘J. J& Aosws dow

)\‘ﬁ,& QK.:.J‘J s)lﬁ..i.'z\.)—\

L;a)'\.wl bbi eK..iJ‘J GU‘JQ& L;me@-» w\-»;)l ‘;“’L‘-":’)ls =Y

mzomorod@shirazu.ac.ir

DYRL/ENYT 50

[Far/an] il s qb

oy 3 e oty OF e e a5 L cl (SB lase oS elye op Sl 1SS S e —0dy
3l SRl d JRS slaly o st Sl SRSl ar s b Rl e o0l e e b s (S S L o W55 e
o3 el a5 e GlaediS o Gl 4 el 5 Dode SlaedeS ot S eslizal Ceal Sl a0 il b daies LS S
sy amle ok pdy el odd eslizal (md SIS s ey amle g pdy SRl POl gl Skl s b e ele 51 e
[CICIRUCCRp s o g oilesl 55 calime slada 3 cobiel Ly b cilite Glado s b S 5 e 5 I s 40 L2 5
Sledalie JB IS0 4 lo b Of 4 olal ous o 055531 b oS ol o Sl (22 Sl s anle gy Galu b o 515 0L

S5 e b & old Ly b 0ss50 4SOl e 5,8 e 518wl Sl 5 L o5 S s gl lle a8 bl anl ials

A5 0T 65Lid Cslie oy Ve Il Eely 2 SIS

Gl Jos Ol (bl funs o (edisS coti (lails S s Gulu b (S glaaw (Sl Olods”

ST C PR AUV SV Ui ¢ SR S { PR (I
st LTy 5 4 e ulg 5o 5 (S slaesla
5dens A N Jle B oS s e olas Le el
5 Sl ey Sl S S slade o5
Olpe a0 (b B rizman (ol o3 A=l Ll 8
o 3 g SB st 5 ol Jule s
edhe (il b Y] s e g s 2L 51 O
53 ogllal BT gyl Lol Je 53 oolas bl
2 A Qs eon el OF g5y Joe Sl ol
Jla=l Ws w0 S8 g5l e s s il b
5 Sl mlbnd sbul 5 bae SLSL s 5 oS

3 Over Topping

63

Ao .

ool K owsy ol o0l sl 4 Ll
S b Ul 5 S pslte (K55 5l s Sape
b eoen 5 ol G 4 K ko slakis 5l of
G Gy, O3 Ol Crge 4 &S cl gunl p olse
ot e Al sl Y SO0 4 e S
N B N e AT
A PR .

Sl ensae T s s 5 T (Satel) LS,
3 S sl paer 4 S oglacile gl 1y
St O3l Je sl e g los Ko

5wyl K osbul Coge 4Bl anw s S s &S

1 Piping
2 Internal erosion


mailto:mzomorod@shirazu.ac.ir

Qb‘h}&dﬁ&aww&&ﬁuﬂ R

o 03 wblisy S L 5 LS e 8 S ol
s i D3 e 55y 003 Gl Ly ol
b ol et 5 (S Slopar 03 i
DS 1 e Slaul b e andls slag s s Lsd s

DY OV ]ass

SOy S Y
‘gfi’ﬁ};’.’; u,:‘ BE) ol edlaal S
ailaie 3168 ol Ve el SISl e 5, Lz 51505

o el
Y- R UCIUV R O PR U QO COM Sls L
S5l s 5 sdudls gla bl (S sanaib
0kl bl 5 C 5w edd eslizel S g,
A bl ASTM D4318 ; ASTM D422
el ool (V) o 53 eslizal 3,5 S ol
b o3 eslital 5y Sl Ganails e (V) IS

cdas e OLAS T, e

odd oslanal 2o S Sls ey anle Dlasiie =) Jyur

Soil Plasticity Plastic Liquid
Types Index Limit limit
SC 11 14 25

Table 1. Index properties of Kaolinite clay sand.
S Sl ey anle i dils e ) IS

100

80

60

40

Percentage Passing

20

0
0.001

0.01 0.1 1 10

Sieve Size (mm)
Fig. 1. Grain size distributions of Kaolinite clay sand.
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Fig. 2. Schematic diagram of Hole Erosion Test Assembly.

el o eals 0l HET byl el YU K5 s
Voo o 5l cslite da b cewsVL of 055 a3
Cows ol 5 GVl laadaize Cad (Conl e Lo
Waes S5 sl S sl B
oVl gladkise 3 Of da sdias Ol o e g5
Vel e bces Gl O s ol
dsb 5o o Sl G b a5 e Lo

RO NP

& 905 (5 wosleT —\-F
O ool o Lmbesl s ek eslizel glad s
Bad e osbl wgy Casby Ao 5 e Sl o pasi
Ualesl 5,00 LS lunl s cuwnts gl ses gl
bl s el e ag ok, Ao elll
Lo eSS el cusby Ao Lol (ST
S5 B Oy sk e S skl Sl
55 Sl o il b ialesl LJB Oles 45 sl
ASTM D 698 515 (tlesl sltal Glas ¥ ¥

LSL—f L: o Cw‘ L;Lmujw 6\;: W DJS VS\J:A

b5

S glisS ol cushyse i S5 i
Aoos Vv sgde s S G gady sl

DVl el se i S 51 2i
Cados b lsisas 51 eslinal gl Lhasn onl o
R
2 o olsl ASTM D 698 5kt bl o515

Sl pa ol

g:,\..wl ol 4\:“)1 (Y) Jj.’s} DL LAM).Q..:

ale it el oo She s e Sosb Aoy Sl -Y o

old &)&Q}L&ﬁéh“))é\ﬂﬂjﬂg)\: o

3% | 2% | 1% | 0% | % Asan additive
Optimum water

104 | 109 | 11.7 | 12.7 %)
Maximum dry

185 | 1.86 | 1.85 | 1.88 density (gr/icm?)

Table2. Optimum water content and maximum dry density of
Kaolinite clay sand at different percentages of Polyvinyl
acetate.
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Fig 3. The sample preparations and placing it in the special
frame of the Hole Erosion Test.

5o YA BN Sl a8 wsed ol Jes Ol Sde elid
WGWJ:J;CJB%%%J'HJLA&FQJ
033 51 g o eV El g i Sl 2 st e 3
(ot o S eslital b a3 cpl o3 s
Gl OV 2t sl aised 3 3 L s g s
HET oKais 55 a5 5550 Joee 5o B alolBSl ad>

T 5208 s 0L 3L Lol 5o 5 50 0ls Ll 3



\T"\O JL.«/V A)w/rﬁbjue)‘jé

e s (ordige (225 — oole s

i O g 3 sl Gl 035 0 la el 31 sl e =0 S
Sk
0.0011 -
0.001 -
0.0009 -
0.0008 -
0.0007 -
0.0006 -
0.0005 -
0.0004 -
0.0003 -

0-0002 T T T T T T T T T 1
7 9 11 13 1517 19 21 23 25 27

R%=0.9995

Eroded masses rate (kg/s/m)

Shear stress (N/m2)

Fig. 5. A Sample of the curve, Eroded mass rate Hydraulic
Shear Stress.

Sy anle oy Slil o b U e gl 5o
sslinad Sliwl iy b il glados Sl and SIS
Lo gei oslize (g5l Jos (slales Sode 36 45 il 0l
Spd e sty Caliee S5 0Ll S
awle b don ¥ 5 Y O slanss s ol s b
5 oedkd Sl ladised 5 et S5 2P Sl
035 Ly Ty 5 o33lemr (utn (G g0l s el
Fade tre g Yoo w00 Sgsde 0Ll S s
A bl
ol bl by b 56 @ 5 A Y Q) sl IS s
Glads 53 g5 by anle Sl sl
A3 ol 05, YA €ge e due frr 5 Yer e 00
AY Sl b e S e | b aged Sl fus b
Sgh o L Gl sy sl el (S O3 s 6 e
ol 5 &S o 5,8 sk DS bl 5 00 s Sl S
Bahe Sl b sals
Ll ool ghls ey S S el of W ol
s b Lo mSIL oS el 58 e ki
3 e3S Oamlun; S 1 oy K0 5 el LSty ol
bV s e s st i (Ribes St

U,Z.“:wae CJ—' upu I se J_}J.;- U'l‘ BE RSO I W

Bah e amle p5 g0 3 Gl oS ed s
| = —log( C,) )

(Teed) b5 0 ool 55 pali Gl A4S Slle - Jsar

Group Efosion rate Description
number index (1)
1 <2 Extremely rapid
2 20-3 Very rapid
3 30-4 Moderately rapid
4 40-5 Moderately slow
5 50-6 Very slow
6 >6 Extremely slow

Table3. Qualitative description of rates of progression of
internal erosion or piping for soils with specific erosion rate
indices (Wan and Fell 2004)
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Abstract:

The two most common causes of embankment failure are embankment overtopping and internal erosion.
Internal erosion of soil resulting from seepage flow is the main cause of serious hydraulic structures (dykes,
dams) failure, in terms of the risk of flooding areas located downstream. The erosion characteristics are
described by the Erosion Rate Index, which measures the increase in erosion rate with respect to an increase
in the hydraulic shear stress; and the Initial Shear Stress, which represents the minimum hydraulic shear
stress when erosion starts. The Erosion Rate Index ranges from 0 to 6, indicating that the changes in erosion
rates in response to changes in hydraulic shear stress can differ by up to 106 times across different soils.
Coarse-grained, noncohesive soils, in general, erode more rapidly and have lower Initial Shear Stresses than
fine-grained soils. The challenge in predicting failure due to internal erosion is characterizing the material
properties relevant to the rate of failure. Therefore, it is very important to improve the erosion resistance of
soils using appropriate and cost effective techniques. In order to control internal erosion and treat erodible
soil, the important point is to use modern stabilizers instead of traditional ones which are harmful. In this
study, polyvinyl acetate polymer material has been used as a treatment for the erodibility of kaolinity clay
sand. To conduct this research, kaolinity clay sand has been treated with different percentages of polyvinyl
acetate polymer and it has been tested with hole erosion apparatus in different hydraulic gradients. The hole
erosion test (HET) is one of several available procedures for characterizing the erodibility of cohesive soils
that might be susceptible to internal erosion, in dams and levees. It was first developed in a constant-flow
configuration (Lefebvre et al. 1984) and more recently in a constant-head configuration by Wan and Fell
(2004). The HET utilizes an internal flow through a hole pre-drilled in the specimen, a flow condition similar
to that occurring during piping erosion of embankment dams. In the constant-head configuration, the test
head is typically doubled, starting from 50 mm, until progressive erosion of the pre-drilled hole is produced.
Measurements of accelerating flow rate through an eroding pre-drilled hole in a test specimen yield estimates
of the critical shear stress and erosion rate coefficient. The initial and final eroded hole diameters are used to
compute initial and final friction factors, and intermediate hole diameters are then computed according to the
flow rates measured during the course of the test. Result showed that the erosion rate of kaolinity clay sand is
extremely rapid and polyvinyl acetate polymer stabilizer increased the resistance of kaolinity clay sand to
erosion. It was also found out that with the addition of polyvinyl acetate polymer, the erosion type changes
from extremely rapid to moderately slow. Adding polyvinyl acetate polymer caused the unconfined
compression strength of kaolinity clay sand to increase by 60%.
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