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The Methods for Investigating the Backward Erosion in Cohesionless Soil Foundation
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Abstract

The demand of water has been increasing rapidly caused by
the population and extension of economic activity while the
new water resource project is developed hardly. Under this
situation, it seems to force the government agency who take in
charge to review inevitably the heightening for the existing
reservoirs. The heightening of reservoir with additional water

pressure may result in the risk of leakage at dam foundation.

The dam foundation comprised with the cohesionless soil (PI <
7) is sensitive to be failed by backward erosion. Even the
reservoir has operated for a certain period though the safety of
the dam against backward erosion should be investigated. In
design stage, the underseepage might be evaluated by the
empirical equation of either or by the critical exit gradient
proposed. After that gave the adjusting factor for critical exit
gradient based on their upward flow tests. Including the physical
models showed the resistance of the soil related to the
coefficient of uniformity of the soil. These methods are applied
for a study cases of Mun Bon dam that had a history of leakage
to investigate the backward erosion within the dam foundation.
The results shows that the methods of the empirical equation
and the critical exit gradient are workable for the well graded
and internally stable soil foundation. In the other hands, the
method of the physical models conforms with the appearance

in the field.

Keywords: Backward Erosion, Cohesionless Soil, Hydraulic

Gradient, Exit Gradient, Coefficient of Uniformity
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aaﬁmmﬁlu{]aqﬁuL%‘laqwqaﬂssumslwa%maq ICOLD [1]
IRwiadunanisinadandy 3 @umae suldun 1) nslwadusius
Wou (Seepage through Embankment) 2) m'ilwa%’mhugmim
dou (Seepage through Dam Foundation) 3) mslnaduruiandou
Ejg Tusinideu (Seepage through Embankment into Dam
Foundation)
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1. Initiation TURBUANSIANLSUAUTY TIWuaYULEUN19vD9
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2. Continuation Tunaun1sAn@IzAaiiios Talunaainnns
ns84 (Filtering)

3. Progression Junaumsfinienziaiun Aungninenzlidouse
YR P =3
Audulnsewazdvunlngu

4. Breach Formation and Failure dunaun15inn15AuR Tan
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INITIATION - CONTINUATION — PROGRESSION
Concentrated leak Continuation of Er of the
forms and erosion erosion erosion hole to form
initiates a concentrated leak

#H442: ICOLD (2017)

— BREACH/FAILURE
Breach
mechanism forms

a wa A

U 1 nswvunisiidhdlesnnisinadurudidou

— BREACH/FAILURE
Breach mechanism

forms

pipe
initiates

#17: ICOLD (2017)

5UR 2 nspiunsfidhdesnnisinadusnugiusinideu

INITIATION PROGRESSION

Leakage exits the core Backward erosion

= CONTINUATION —
Continuation

—# BREACH/FAILURE
Breach mechanism
into the foundation and

of erosion progresses 1o form a forms

backward erosion pipe. Eroded soil is
initiates as core crodes transported in the

into the foundation foundation

#17: ICOLD (2017)
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U 2 1 Judedrsguuuunalnnisiniigriugiusiniliou
lagnsinlenzisudy (Initiation) BSUNAUFIUTINAIUTIIEUT
a ' . . s A a '
3endn gan1geen (Exit Point) lufiadesan  gaideniisusa
UsganSwauazisuinnisiandefiuainanaduinludnuaznse
KA (Boiling) UansiIng1aMIEHARIIUFURN 4 MNTEUUNTOIRUYINY
urldfivszdnsain afuazgnitanisenluegieneiiias
(Continuation)  &an1sianudadinfuazAse s Aazdeunduly
fumiler1 awLiuinge Exit Point aziUdsundasiunisfeunduly
v A T G G oa d o o o PR
fumileiniFeng MntutuAuTignineIzaziauldeusenuly
Tnse W30138n119U Progression aUNENINIIUI8MIE08e WHanIs
veefvedlnsunniuauiiugmangadivesiilounsenisindeu

# auihlviauinududeuls wseiin Breach and Failure

iii: Fell et al. (2015)

53U 4 Sand Boil MifinTuu3unngimivineuivesnisiu

2. 35n15M5298aUNSNANTEAUNAU

ludnillasiunuisnisnsieaeunisivadunufugiusnad

anuseulmsienisgninzdoundu fadl
2.1 Creep Ratio ¥84 Bligh (1910)

Tula.A. 1910 Bligh fansannisivaduniugiusndunduisusiv
TUausduivRmeannsdeUszaunisal (Empirical Equations) sag
3% Creep Ratio fsaun1s# 1 [2]

_ Lgiign
CCreep ~ TAH M
1087 Cereep MO Creep Ratio, Lpjign B AILE17INGATDS

wWuniennstuaduilaarnnasiulusuisiviazuuifg (Critical
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Seepage Length) miheifuuns, AH Ao anusisfnduessyaui
fumilotuazsuyingin (Head Difference) ieiduins
Creep Ratio f1Uaonsdsdetlitioandn Minimum Creep Ratio
Arvualilumisiei 1 Feldannsadnuinansinwndounduls
a < ' . o I e a & a
grusInlou aziudn Blish Selufinsd@nwingrusinmduiu
Medium Sand, Fine Gravel, Medium Gravel kag Coarse Gravel,

including Cobbles

@15197 1 Minimum Creep Ratio

Piping Material Minimum Creep Ratio
Very Fine Sand or Silt 18
Fine Sand 15
Coarse Sand 12
Gravel and Sand 9

Up.e. 2007 Ammerlann la@nw13svea Bligh Hiunsalfnwiaes
wilsiuugtn Mississippi Tuuszimaanigowsn wilsfigusinidu
nere1ulunTIn (Coarse sand and Gravel) lUaufinsngazidun

(Fine Sand) [3] 3U#i 5 uans Cereep (L/H) w09 Bligh fuszeuth

u
=3 '

2980 (o) dgiiudndsiindfdiulugfidn L/H d1ndn 18 v
18 - 43 §anu Sand Boil watila L/H u1nnin 43 aglaiiia Sand Boil
HJuuUain Creep Ratio Hoanin 43 lidvasadanenisesnwuunils

wawoudidigusndune

« critical locations

numerous and/or large

boils

* numerous pin boils or
several small boils

» no sand boils

@Tlollers 51

Hmax

——— Boundary ‘safe area’

—— Boundary ‘unsafe area’

Band width
=factor 3.5

e |10 i

o 10 2 1 4 s s 70 8
LH
7417: Ammerlann (2007)

P
3

UM 5 siumis Sand Boil nsdifinwvasndanuuiun Mississippi

WoR15UNUIN Creep Ratio 1Wudunduvesdratnss iyl

' v
A a

\adig (Average Hydraulic Gradient) MAinduusiialagiusinas
aun13N 2 wazdlrunduves Minimum Creep Ratio AA18AUAI

v

ansau1inga (Critical Hydraulic Gradient)

1

>~ 2)
Cecreep avg

~ .
Minimum Creep Ratio critical

Cereep > Minimum Creep Ratio

1 1

Ccreep Minimum Creep Ratio

lavg < Leritical
2lann

Ccreep

FS = Leritical .

lavg Min. Cereep

2.2 35 Critical Gradient 984 Terzaghi & Peck (1948)

Un.e. 1948 Terzaghi & Peck 3As18iN1slvadurIugIusINAIX
ndnnamans igadldiaasyduiningeiiganiseen (Bxit Point)
faunsit 3 Wemnsvduihusnaganiseeniimgenitainsyduh
nge uaneihilanaudululdiesiin Boiing fuvineth [a]

. _ ¥
le = ; (3)

Taedl i, o anszdurhings (Critical Gradient), ¥, o wihe
Yrmihasesueshudusmet (Buoyant Weight of the Saturated
Soil) waz ¥, A wiheminvesh (Unit Weight of Water)

Tugdle Design Standard No 13 484 USBR [5] laiuwuziidn
Snmauaulasndofiseniuld (Allowable Factor of Safety) sie

Boiling AMuMNgun 3NENNISA 4 warnansei 2

FS =t @

lexit

108N opr A0 a105zAUUNTULUARY (Vertical Hydraulic
Gradient) Ushiaugavdeen (Exit Point) F9azldainnisiesizinis

nady

5199 2 Snsrduasndengensulade Boiling

yiinvaadou Allowable F.S.
Woulmi (New Dam) 4.0
Wewdufiinisdesusy (Remedial Repair) 4.0
\Wouiduiifioguds (Eisting Dam) 3.0
Woudifigrunnd fiadesiioaifigane 208925

2.3 35msUsuun Critical Gradient

HaN1IMAeUN1TIvalun1swy (Upward Flow) luiesujinis
vosnIdevanevinu 1wy Tula.A. 2007 Perzlmaier et al léaueas
AMUFULAINENNNTVOS Terzaghi & Peck LlaynAanszAunIngs

Feaunsil 5 (6]

i, = (0.7 to o.s)w )
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lnefl I fie Auwgu (Porosity), Vs e wihethwinvaada

#1 (Unit Weight of the Particle)
2.4 WYUTI1889718HIMY89 Schmertmann (2000)

Tulp.aA. 2000 Schmertmann adun1INAGDUAIBLUUINABS
AeaIN (Physical Model) udanu3n ausumuespuildfinng
Weuuusiensinadu (Maximum point gradient, [pme) AuWUSHY
Andulszaniauaiianeveafingu (Uniformity Coefficient, C,,)

VYBIHUFIUIIN ﬁ’aLLam“Lugﬂﬁ 6 Fae lpmt WanaunTsi 6 [7]
lpme = 0.05 % 0.183(C,, — 1) (6

Ine# C, AeArduszansmuaiiansvesinfunilaain
deo/d1o

nauAuiifien C, feonin 6 Wunquiufilidadvauiniieanas
fu lmstainizseuinadinfudesuasiivesviann defihlna
Fun Waduldanmnsaimeiaiuldd Sailidefugnitamlddeg

NTUTULA Lpme wielsinsetuauInae (Prototype) Tnenas

fsaunmisfimesaluaunsa (7)

, _ (CpCLCSCKCACy Ca)ipme
(lpmt)Corrected - Cr )

Tail

ipme = Maximum point seepage gradient needed foe
complete in The flume test based on the soil coefficient of
uniformity

Cp = Correction factor for (D/L)

C; = Correction factor for total pipe length L

C; = Correction factor for grain size

C, = Correction factor, for permeability anisotropy. This is
for the anisotropy of the soil layer subject to backward erosion,

not the embankment core as a whole

C, = Correction factor for high-permeability under layer

C, = Correction factor for density

C, = Adjustment for pipe inclination

Cr = Correction factor for dam axis curvature

D = Depth of piping sand layer, in direction
perpendicular to @ (m)

L = Direct (not meandered) length between ends of a

completed pipe path, from downstream to upstream exit,

measured along the pipe path (m)

1:2

N e s

1.0 7

0:9—

0.8 —

0.7 —

0.6

0.5

Maximum point gradient needed

for complete piping in flume tests

0.4

(Corrected to UF flume geometry)

ipmT

0.3

0.2+

+ 71 Delft tests

0.1—

1

i

J

; e 37 UF tests
! » 7 other tests
|

3

| [ [
4 5 6 7

e
N —----

Sand coeff. uniformity 3ﬂ =Cy,
10

#47: Schmertmann (2000)
g'ﬂﬁ 6 NINAYWANTUSTENINAT Ly WaE Cy
ns1dunnuvasnis (Fyy) ldainnisiieuiiiouiv
Hydraulic Gradient (Ify) Tigrusinidouiigalag dsluaunisi 8
uen iy Schmertrann Ifuugihendnsndunnuasadefiiign
(Minimum for Factor of Safety) fisaufuld T13usgszsulonaves
MIRTR (Reliability) [8] fauanslumnssdt 3 Tentavesnsiivh
UAREIEAU %Lﬁaﬂlﬁmmgmwﬁau fail Reliability 90%  dwisu
Boutlsvuuszineh (Fitter)  daw 95% 3o 99% awlddwmiuidou
Alifisruvszneh weediinsanfesziunansenuannsitives

Wausume

— (ipmt)(.:orrected (8)
lfx

Epy
1087 (lpme) correctea 7@ Critical Gradient AUFULAAILA?
Wwag ip, fe Hydraulic Gradient USlaldgIudeuiyga x (Fen

o oA =
ALNRUINAT T ll']ﬂVl?j@)
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A191971 3 inaiandamdwaulaendefisigafisensuld Iuegsziu

TomavesnsivRluiiindu

RELIABILITY =
[1-p(F.5.<1)]
90% 95% 99%
Minimum for maximum single 2.6 3.2 4.8
value of pr
Minimum for average value of 1.4 1.7 2.4
fpx over L = Fp

wneg: By omnzdmsumslelysunsy Finite Element

Fp NE8IATUNTTUTEUIUUUURETY

v v

rLRuIITAsRT1@euinaudnedy Lunisasiaaeu

dnsrdrunulasadenedevanaunaddia (Limit Equilibrium)

YDILTI FIUNUTUADUNTIIUAUVDINTAA I TRUNGU

3. nsaAnE

o o a

Wouyauu suasszidiiu suneasys Jminuassvdun Ju

= a & o = A
LUBUAUNULUBDENED (Homogeneous Dam) ﬂﬂm@ﬂaﬂ‘ﬂ@ﬂ"dizuﬂm

v
o '

327 wns Aueduideu 880 was Fdeusaguugiusin
pzneunmeliaiaue Vssneusetuiumisaiune (Siltty Clay)
uazduneazBenisuunats (Fine-Medium Sand) funsnaduiu
Hutug fuanduguit 7 Tuwuuneadauansnisuiulsduiugiu
nuitedatunisivadu Tnenisversguveadevlinirseenlud
witerh angluideuiidunses Chimney Drain uaz Blanket Drain
wioufnda Relief Well Uinafiuiedifiotisssuisduazan
Arusuih

Touide 233 [91 8ue Wouyauudiiiumsneainaudaate
Tuideungaineuling. 2532 udausuiuiedusnaedna. 2532
dlotuil 4 ounanaw 2532 Ysinanirlusnafiuiszanm 20 &1u

anuamuas Iiuduegesind Weswinmglvudeudsuazlaa

Ll 3

fiiinsiuniang fusenideaniie JaiiliAndunnudnluaguinya
Tuudl 22 ganau wa. 2533 Uunmdilugnes fiftumintufie 131
dugnunaiuns seduthgeiuegnemng siliaanishitulugadi
1 (N1, 0+856) USassTUIBtduiedeuduginsunadu
HugugnansUsE 0.15 lWns Snwnrdveshillnassoonunidud
dinraqu fngneunsiovrvusonunfudiuiuuin
Feluguit 8 uansdnuazdoadaduiiodiiiiii feenunain
Rockfill Toe

907 2 (111.0+475) 1ATuvuaATeliey Yuavesgdaiiviu
HugudnasUTEIm 0.12 a3 wunznaufuniglvaluseniniu
dndudrunn Tunendsldiiansguimesiunudideunduad
Tu¥nfumsdadu vinliusmaiinidslvansoonuiogiaguiss an
ffowas vldanmsoudlodsunaznganisiiduvosifigails

°o &
GRISR)

31l 2 - q@Fal 1 - Sta. 0+856 szALN IMABANAINTIgINIITAL
nA9184 Rockfill Toe - Uil 24 RarAN 2533

3UN 8 Yaalindnuvineingn$aifl 1 vesdougavuiintulul we. 2533

n1sns1deunIsinIzdoundu windunisimszdiney
UFuUsatou wagvasliuusadeulnemsiiuiwneiivinlugugiu
570 (Cutoff Wal)  Tumsiasizilaidonnidisin nu.0+838 1usn

= a ¢ = ' A & a
wuildlunsimsginisinadu insgineglndusnmugnsin 1 uae
finani1sdrsrassdingigiusndaau seavinldlunisinszy

Wiy +220.42 w.smn. Fadusziui e Tuil 22 fanau w.a. 2533

a

dunuanURairuduiivesiukasiulaondainnsuvalseniu

a a

[10] wagAneninusvesrsial Yaumeuns [11] Inedena Expected

gl

Value 114lun153m5189 fepanuduidldlunisiwsnzvidinsu

Wouyauuuandfslumsen 4 dwsuanuanuvuinduvesian
Augmusnileu linudayaranisnageunisundaiu Tun1slinsei

o«

F981999A1 Typical Value v8sAuvULLLYBIRURYNaUianeIU

1glunsAesIes

= ' < o a co o A
M3 4 mmﬂmmmmi’ﬂumsamﬁwmm‘uLmauga‘uu

U oiehu | AAaudanh | sasdauwuasiu
(wu./Aund) Aauuan

Embankment SC, CL 1.00x10® 3
Soil Foundation | CL 4.80x10”" 9
Sail Foundation I SP 2.70x10* 1
Fine Filter - 3.82x10° 1
Coarse Filter - 4.80x10™ 1
Fresh Rock - 1.00x10* 1
Cutoff Wall - 1.00x107 1

woAnssuNsvaduanuuudiaesieuntsuiulsaleu wan1s
Aaseiiduadngadnsn nundnisiuaduriugiusnuinndig

Wau lnglanizuinadugiusinfunsneunsieiinisivaduuinnda

Unndumnsziiulinagnas (Vecton) innnituinmdy dwandly

a

JUM 9 wagguil 10 Lieiasauna1nsedui UShunlaainseau

U1ge laun 9an14dn Chimney Drain Uag 3AN19880A1UTNEUN

U 3
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Fafldraraszduinuszuna 0.140 uay 0.133 aruddu e
Wisuiisuiudaiaszduiiings denmdululédesinnsene
Frueth wazmnsyuunsesiuinelifiuseansam dafuae
gniiamneenluegiwiolion WuReatumnnsais@aluline. 2533
wunshduUshas et Snvarvenhitlvasenuniduiiinna
U

dmiungAnssunisivaduainuuudiasandanisuiuusadeu
ImmﬁuﬁwLLWﬂﬁUﬁﬁwijzuaugmsm Wudwmmmzﬁuﬁw‘%nmqm
341 Chimney Drain uazqansoandtuinetiianasedil 0.029
uaz 0.066 wiiuinszuumMhnuvestunsiiuthazdevilieng,
nslnaduuazusiuhluuinasuiehanas

NAN1IAIIFBUNSARLEITdoundunaazis dmsunsdineu
Usuusadeunandunsedl 5 SseaziBennismsaaouaznanly
eusteil

AIATIVEBUAET5VBS Bligh AultuAn Creep Ratio letviniu
14.67 Fa1nndndn Minimum Creep Ratio 983U Coarse Sand i3
Ay 12 szgusndndngdunguiiunsnoudeveiu nanis
mmaaumsﬁmmsé’auﬂé’ﬂﬁLﬁﬂ‘ﬁﬂugmﬂm%u

NM3RTIvERUMETRYRS Terzaghi & Peck FurnuAaInsesiuth
Angw (i) lawiadu 0.594 LLasﬂ'ﬂmmzﬁuﬁﬂuumaw%nmqﬂ
119000 (i) Al NRANTIATIZNSIvETaTUTUSUN SLA AR
Tugudl 9 fewinfu 0.026 Wavhvisaosdmuisuifiouiu azld
snsdulasnasiy (Factor of Safety, F.S.) iy 23.02

TusiueafedrAuisves Perzlmaier AurmAl i, lovindu
0.416 WoIUSBUTIBURY iy, A¢lSRINdIYaBRSBIWINTY 16.1
quiiudnen F.S. 90933 Perzlmaier #ini133wes Terzaghi & Peck usl
W 2 AlFAunnnidasdaunaiuaeadefisensuldfivini 3

N13M329@0U2835999 Schmermann 3118 udosRa1saunan
guUszavimiiuasiiiaue (Uniformity Coefficient, Cy,)
feluguit 11 LARILIARGZ YRt UALEIL 3 nau Idun ndufu CL,
CL-ML, ML, ngufiu SM uaznguiiu SP iiefiansunguiunzney
518 (SP) WudlAn C,, agsening 2.15 e 2.46 Feflertiosnin 6

fariuIaleisuas Schmertmann lunsasiageuaulasniela

Gravel Sand Silt & Clay
>4.75mm 0.075 - 0.002 mm <0.075 mm
100

~ L [
0 A L, CLwL b
| N\ L :
80
\ \ |
| |
o Coeft. of Uniformity, C, ' \ :
60 ey
g ‘ ‘ ‘ Uniformly H ;
£ 50 ¥ Graded
i Broadly H \ :
o 40 Graded : :
- IR .
30
| i
2 1 1 1 AVHEEEE -\ A
| H
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